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Summary

This thesis is the result of three years of research from January 2011 to December 

2013 examining the role of cognition in HIV infection in an Irish specialist HIV service. 

This had not previously been examined in Ireland. Four studies were undertaken which 

were all linked. The first examined the prevalence of a positive screen for cognitive 

impairment. The second examined the cognitive profile of HAND in Ireland in the post 

highly active anti-retroviral therapy era. The third study investigated the magnetic 

resonance imaging (MRI) features of HAND with voxel based morphometry (VBM) and 

diffusion tensor imaging (DTI). The final study explored the immunological, 

inflammatory and degenerative biomarkers of HAND in cerebrospinal fluid. All of the 

studies were cross-sectional in nature.

The primary aim of the study was to explore the inflammatory degenerative 

continuum in HAND. A high prevalence rate was demonstrated of a positive screen for 

cognitive impairment. The cognitive profile was shown to be predominantly an 

amnestic, dysexecutive profile with cortical features. MRI showed both inflammatory 

and degenerative features on VBM and DTI with cortical atrophy and abnormalities 

across multiple DTI measures. CSF examination demonstrated that there was 

trafficking of activated T cells into the CSF of these patients with HAND despite viral 

suppression. All of these features highlight the roles that inflammation, immune 

activation and neurodegeneration play in this condition. The key findings of this study 

should hopefully add to the ever burgeoning literature on HAND and help to improve 

our understanding of this condition.
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1 Introduction

1.1 History of HIV Infection

Human immunodeficiency virus (HIV) first gained public notice when the United States 

Centres for Disease Control (CDC) and Prevention published a report, on five 

homosexual men in Los Angeles who had pneumocystis pneumonia, in their Morbidity 

and Mortality Report in June 1981. This was caused by a type of Pneumocystis carinii 

which is now recognised as a separate distinct species Pneumocystis jiiroveci. All five 

patients also had evidence of current or previous infection with Cytomegalovirus 

(CMV) and candidal mucosal infection. Three of the patients who had been tested 

were noticed to have abnormal cellular-immune function. At the time the CDC 

suggested the possibility of a cellular-immune dysfunction which was related to a 

common exposure which then predisposed previously healthy individuals to unusual 

opportunistic infections (1).

In September 1981 in New York, a case series was published in the Lancet of eight 

homosexual men with Kaposi's sarcoma (KS) with unusual features of younger age at 

onset, poorer prognosis, previous history of sexually transmitted infections and 

positive antibodies for CMV and hepatitis B. Hymes et al postulated that sexually 

transmitted infections may have played a role in the pathogenesis of this unusual form 

of KS (2). Masur et al reported 11 cases of pneumocystis pneumonia in December 1981

in the New England Journal of Medicine. The affected patients were either drug users.



homosexual men or both. Absolute lymphocyte counts, T-cell counts and lymphocyte 

proliferation were all decreased suggesting a cellular immune dysfunction (3).

The CDC set up a special task force on Kaposi Sarcoma and Opportunistic Infections in

1981. The acronym AIDS for Acquired Immunodeficiency Syndrome was given to the 

condition in September 1982 by the CDC (4). At the end of 1981 and throughout 1982 

more cases were reported throughout the USA of unusual opportunistic infections 

occurring and cases were also reported in the UK, Haiti and Europe (5-8). Infections 

were also noted amongst haemophiliacs (9). Cases were being described in Africa at 

this time which suggested that heterosexuals were also at risk of this disease (10,11).

1.2 Isolation of the Causative Virus

The virus itself was not isolated until 1983 when Dr. Luc Montagnier and his team at 

the Pasteur Institute in Paris isolated a T-lymphotropic retrovirus from the lymph node 

biopsy of a patient with signs and symptoms that often preceded acquired immune 

deficiency syndrome (AIDS), however they were uncertain if it caused AIDS or not. 

They named the virus lymphadenopathy-associated virus (LAV) (12). Robert Gallo and 

his team in the United States of America isolated the same virus and called it Human T- 

Lymphotropic Virus Type III (HTLV-III) but they also demonstrated a clear relationship 

between the virus and AIDS (13-16). The virus was renamed in 1986 by the 

International Committee on Taxonomy of Viruses to Human Immunodeficiency Virus

(17).



There are two species of HIV; HIV-1 and HIV-2. HIV-1 is the virus that was initially 

discovered by Dr. Luc Montagnier and Dr. Robert Gallo. It was previously termed both 

LAV and HTLV-III. HIV-1 is more virulent and more infective than HIV-2 and is the cause 

of the majority of HIV infections globally. HIV-2 has lower infectivity compared to HIV- 

1. It has remained largely confined to West Africa due to its lower capacity for 

transmission (18, 19).

1.3 Structure of HIV

HIV is a lentivirus which is a member of the retroviridae family. It is a single-stranded, 

positive-sense, enveloped ribonucleic acid (RNA) virus. Its hallmark is the reverse 

transcription of viral RNA to deoxyribonucleic acid (DNA) by reverse transcriptase 

enzyme. This is a unique characteristic of retroviruses. The DNA is then integrated into 

the host's genome as a provirus. All the other non-retroviral viruses lead to the 

transcription of new RNA from a DNA strand.

HIV has a two layer phospholipid envelope derived from the host cell. Envelope (em) is 

a HIV protein that is embedded in the viral envelope. In retroviruses the expression of 

the env gene allows them to target and attach to specific cell types (20). HIV RNA 

codes for nine genes (21). Three of the genes, group specific antigen (gag), polymerase 

(pol), and env, encode structural proteins. HIV trans-activator (tat) and regulator of 

expression of virion proteins (rev) have an essential regulatory role. The remaining four 

genes are also involved in regulation but are not necessary for replication in all cells.

Tat is a viral transcriptional transactivator (22). Glycoprotein 120 (gpl20) and



glycoprotein 41 (gp41) are the primary glycoprotein envelope proteins contained in 

HIV. They are coded for by env. Gpl20 is involved in determining viral tropism through 

its binding to target cell receptors. Gp41 is involved in the fusion between viral and 

cellular membranes (23).

1.4 Genetic Variability

HIV is very polymorphic and exists as a quasispecies, meaning that it consists of 

multiple genetically related variants. RNA viruses carry a much higher mutation rate 

than DNA viruses due to the high error rate in replication (21). The genetic diversity of 

HIV is due to this high viral replication rate along with its ability to recombine. This 

genetic diversity has been classified into subtypes called clades. The sequences within 

any one subtype are more similar to each other than to sequences from other 

subtypes throughout their genomes. They represent different lineages of HIV and 

there are some geographical associations. The use of clades or subtypes describes 

genetic clustering patterns and is a useful system for organizing viruses by genetic 

similarity. In Europe and North America the most common clade is subtype B while 

subtype C is the dominant form in Africa and Asia (24).

1,5 Viral Tropism

Viral tropism refers to the cell types that a virus can infect. When gpl20 binds to 

cluster of differentiation (CD) 4 cells or macrophages it opens up a binding site 

allowing for attachment via two chemokines. Viruses which attach via the chemokine

receptor CCR5 are called R5 tropic viruses and they primarily infect macrophages. X4
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tropic viruses attach via the chemokine receptor CXCR4 and primarily infect primary 

CD4 T cells. Viruses which can use both chemokines are called dual or mixed tropic 

viruses (D/M tropic). After binding, gp41 then facilitates fusion of the host cell 

membrane and the viral membrane thus releasing the virus into the host cell 

cytoplasm and allowing the infective cycle to begin (25).

1.6 Epidemiology of HIV Infection Globally

In 2013 an estimated 35 million people worldwide were living with HIV. In 2013 there 

were an estimated 2.1 million people who were newly infected with HIV and an 

estimated 1.5 million people died as a result of AIDS in the same time period (26). 70% 

of all new infections occurred in Sub-Saharan Africa in 2012 although the rate of new 

infections in adults had decreased by 34% since 2001. The rate of infection continues 

to rise in the Middle East, North Africa, Eastern Europe and Central Asia (27).

1.7 Epidemiology of HIV Infection in Ireland

HIV became a notifiable disease in Ireland in September 2011. In 2012 there were 341 

people newly diagnosed with HIV in Ireland. This gives a crude notification rate of 7.4 

per 100,000 population. Since the early 1980's, 6,629 people have been newly 

diagnosed with HIV in Ireland (28). This number reflects solely patients who have been 

diagnosed. Tuite et al reviewed patients accessing HIV outpatient care in the Republic 

of Ireland over a 12 month time period from 2009 to 2010 and revealed that 3254

patients accessed HIV outpatient care in that time period (29).



Men who have sex with men (MSM) accounted for 49% of all new infections in 2012 

and heterosexual contact was the route of infection for 38%. Intravenous drug users 

accounted for 3.8% of new infections in 2012. There were five cases recorded due to 

mother to child transmission. The country of infection was sub-Saharan Africa in all of 

the five cases. No children born in Ireland in 2012 were diagnosed with HIV. Probable 

route of transmission is not available for the other patients at this time (28).

Men who have sex with men have accounted for the highest number of new infections 

since 2009. 72% of new infections in 2012 were among men and women accounted for 

28% of new infections. Based on the available geographic information, Irish born 

patients accounted for 36% of new infections. In 2012, 48% of patients newly 

diagnosed were born outside of Ireland (28).

15.5% of patients newly diagnosed in 2012 were co-infected with one or more sexually 

transmitted infections (STI) (syphilis/gonorrhoea/chlamydia). 7.3% of patients were co

infected with hepatitis C and 5% were co-infected with hepatitis B. At the time of their 

HIV diagnosis, 34 (10%) people were diagnosed with an AIDS defining illness. 

Pneumocystis pneumonia (PCP), Kaposi's sarcoma (KS), Pulmonary Tuberculosis (TB), 

extra-pulmonary TB and oesophageal candidiasis accounted for respectively, 32%,

24%, 12%, 12% and 12% of AIDS defining illnesses (28).



1.8 Mode of Transmission of HIV

HIV is a blood borne virus. It can be transmitted sexually, through the use of 

contaminated needles in the intravenous drug using (IVDU) population, from mother 

to child and via infected blood products.

1.9 Mechanism of Infection

HIV primarily infects CD4 positive T cells, macrophages and dendritic cells thereby 

suppressing the infected individual's immune system and predisposing them to 

opportunistic infections and some malignancies, most commonly Kaposi's sarcoma and 

non-Hodgkin's lymphoma.

Dendritic cells contain a receptor named DC-SIGN which is a HIV specific dendritic 

receptor. It binds HIV-1 at its gp-120 domain. The cell is not required to be directly 

infected. HIV-1 is then transported to lymphoid tissue. Replication of HIV occurs in 

regional lymph nodes. Dendritic cells act as antigen presenting cells. Naive T cells are 

primed and rapid infection of T cells ensues. The entry of HIV-1 into host cells depends 

on binding at the chemokine sites CXCR4 or CCR5 (30). There is progressive depletion 

of CD4^T cells if the infection remains untreated.

T lymphocytes are part of the cellular immune response which involves the adaptive 

immune response. Cell mediated immunity involves the activation of macrophages and 

natural killer (NK) cells, the production of antigen-specific cytotoxic T-

lymphocytes, and the release of various cytokines in response to an antigen.



The activation, proliferation and function of helper T lymphocytes are crucial to an 

effective immune response (31). Dendritic cells act as antigen presenting cells. They 

are part of the innate immune response. After migration to local lymphoid tissue the 

dendritic cells mature and are distinguished by surface molecules. They are then 

involved in the activation of naive T cells (32).

Antigens from pathogens that replicate in the cytoplasm are brought to the cell surface 

by major histocompatibility complex (MHC) class 1 molecules and are presented to 

CD8^ T lymphocytes. This results in differentiation into cytotoxic CDS"^ that cause 

apoptosis of infected target cells. Cytotoxic CD8^ control virally infected cells and 

tumour cells. Antigens from pathogens that replicate in intracellular vesicles are 

brought to the cell surface by MHC class 2 molecules and are presented to CDA"^ T 

lymphocytes (32).

There are two types of effector CDA"^ T cell, called T helper cell type 1 (THl) and T 

helper cell type 2 (TH2). Intracellular antigens activate the THl pathway and 

extracellular antigens stimulate the TH2 response. THl cells induce B cells to produce 

immunoglobulin G (IgG) and induce phagocytosis. The humoral immune response is 

initiated byTH2 cells. Naive antigen specific B cells then produce IgM antibodies (32).

HIV mediates its main effect on the immune system due to the infection and

destruction of the TH lymphocytes. HIV infected CD4^ and CD8^ cells are more

susceptible to apoptosis than TH lymphocytes in HIV negative individuals although HIV
8



endeavours to ensure productive infection and avoid apoptosis. The CD4'^ cell is more 

susceptible to apoptosis after binding of env. Uninfected cells also undergo apoptosis 

induced by HIV proteins gpl20, tat, nef and vpu or activation induced cell death (31, 

33).

1.10 Primary HIV Infection

HIV commences as an acute, systemic infection. It is referred to as acute HIV, primary 

HIV or acute retroviral syndrome. It is often described as a "mononucleosis like" 

illness. 40% to 90% of patients develop symptoms attributable to acute infection with 

HIV (30). Symptom onset usually occurs ten days to four weeks after infection (34, 35). 

Patients may present with fever, myalgia, skin rash, night sweats, lethargy/malaise, 

arthralgia, pharyngitis, cervical adenopathy, oral ulcers, headache, thrush and cough 

(35). Diffuse lymphadenopathy may be present on physical examination. The rash 

associated with acute HIV infection may be diffuse and may affect the face, trunk, 

palms of the hands and soles of the feet. It occurs in 20% to 40% of patients (34).

Neurological findings may be present also at the time of acute infection. Neurological 

manifestations include aseptic meningitis, facial nerve palsies, encephalopathy, 

peripheral neuropathy and acute inflammatory demyelinating syndrome (AIDP) (30, 

34).

Laboratory findings include anaemia, lymphopenia, thrombocytopenia and mild

elevation of hepatic transaminases. The syndrome typically lasts up to two weeks but



may last several weeks. Seroconversion is terminated with the formation of HIV 

specific antibodies. They are usually present within three weeks of infection (30, 35).

During seroconversion HIV RNA levels are elevated, often to millions of copies per 

millilitre of blood. Levels of p24, a HIV glycoprotein antigen, are also elevated in acute 

HIV infection. These are present prior to the development of HIV specific antibodies 

and aid diagnosis in the early stages of infection. The level of RNA viraemia decreases 

to a nadir and this coincides temporally with the emergence of HIV specific CDS^T cells 

(30, 35).

1.11 Diagnosis of HIV Infection

Diagnosis is made by the detection of antibodies to HIV-1 or HIV-2. This is first 

performed on a reactive enzyme immunoassay and then confirmed with a Western 

blot assay or an indirect immunofluorescence assay test. Detectable HIV nucleic acid 

(DNA or RNA) is also required and this is performed via polymerase chain reaction 

(PCR) testing. As stated above, in early infection HIV p24 antigen may be detected and 

used for diagnostic purposes (36).

1.12 Chronic HIV

After seroconversion patients enter into a clinically latent phase of HIV. It is also 

referred to as chronic or asymptomatic HIV infection. There is still active replication of 

HIV throughout this phase. Cell mediated immunity responses are activated and cell

death also occurs during this time period through the mechanisms described above.
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There may be persistent generalised lymphadenopathy during this phase of the illness. 

During this phase quiescent CD4'' memory T cells and macrophages act as reservoirs 

for latent infection (37). In the later stages of this phase, the viral load rises and the 

CD4'^ T cell count drops leading to symptomatic infection. Patients may develop 

constitutional symptoms of HIV and become susceptible to opportunistic infection. 

Disease progression is variable but without commencing highly active antiretroviral 

therapy (HAART) patients tend to develop AIDS defining illnesses within a mean time 

period of 10 to 11 years (38).

1.13 Classification of HIV Infection

The World Health Organisation (WHO) classifies HIV infection into four clinical stages 

based on the presence or absence of symptoms and the degree of symptoms if present 

(Table 1-1). The CDC also divides HIV infection into stages on the basis of CDA'^T cell 

count and percentages and the presence or absence of AIDS defining illnesses (Table 

1-2).

Table 1-1 WHO Classification of HIV Infection

Clinical Stage 1 Asymptomatic

(Asymptomatic) Persistent generalized lymphadenopathy

Clinical Stage 2 Moderate unexplained weight loss

(Mild Symptoms) (<10% of presumed or measured body weight)

Recurrent respiratory tract infections sinusitis, tonsillitis, otitis

media and pharyngitis
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Herpes zoster

Angular cheilitis

Recurrent oral ulceration

Papular pruritic eruptions

Seborrhoeic dermatitis

Fungal nail infections

Clinical Stage 3

(Advanced

Symptoms)

Unexplained severe weight loss (>10% of presumed or measured

body weight)

Unexplained chronic diarrhoea for longer than one month 

Unexplained persistent fever (above 37.6°C intermittent or

constant, for longer than one month)

Persistent oral candidiasis

Oral hairy leukoplakia 

Pulmonary tuberculosis (current)

Severe bacterial infections (such as pneumonia, empyema.

pyomyositis, bone or joint infection, meningitis or bacteraemia) 

Acute necrotizing ulcerative stomatitis, gingivitis or periodontitis 

Unexplained anaemia (<8 g/dl), neutropenia (<0.5 x 109 per litre)

or chronic thrombocytopenia (<50 x 109 per litre)

Clinical Stage 4

(Severe

Symptoms)

HIV wasting syndrome

Pneumocystis pneumonia

Recurrent severe bacterial pneumonia

Chronic herpes simplex infection (orolabial, genital or anorectal
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of more than one month's duration or visceral at any site) 

Oesophageal candidiasis (or candidiasis of trachea, bronchi or 

lungs)

Extra-pulmonary tuberculosis 

Kaposi's sarcoma

Cytomegalovirus infection (retinitis or infection of other organs) 

Central nervous system toxoplasmosis 

HIV encephalopathy

Extra-pulmonary cryptococcosis including meningitis 

Disseminated non-tuberculous mycobacterial infection 

Progressive multifocal leukoencephalopathy 

Chronic cryptosporidiosis (with diarrhoea)

Chronic isosporiasis

Disseminated mycosis (coccidiomycosis or histoplasmosis) 

Recurrent non-typhoidal Salmonella bacteraemia 

Lymphoma (cerebral or B-cell non-Hodgkin) or other solid HIV- 

associated tumours 

Invasive cervical carcinoma 

Atypical disseminated leishmaniasis

Symptomatic HIV-associated nephropathy or symptomatic HIV-

associated cardiomyopathy

WHO Classification of HIV Infection from WHO Report on HIV AIDS Programme: WHO Case Definitions of 

HIV for Surveillance and Revised Clinical Staging and Immunological Classification of HIV-Related Disease 

in Adults and Children 2007 (39).
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Table 1-2 CDC Staging of HIV Infection

Stage Laboratory Evidence Clinical Evidence

1 Laboratory confirmation of HIV infection

and

CD4+ T-lymphocyte count of >500 cells/pL

or

CD4+ T-lymphocyte percentage of >29

No AIDS defining illness

2 Laboratory confirmation of HIV infection

and

CD4+ T-lymphocyte count of 200-499

cells/pL or

CD4+ T-lymphocyte percentage of 14-28

No AIDS defining illness

3 (AIDS) Laboratory confirmation of HIV infection or documentation of an

and AIDS-defining condition

CD4+ T-lymphocyte count of <200 cells/pL (with laboratory

or confirmation of HIV

CD4+ T-lymphocyte percentage of <14 infection)

Unknown Laboratory confirmation of HIV infection and no information on

and presence of AIDS-defining

no information on CD4+ T-lymphocyte

count or percentage

conditions
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CDC Staging of HIV Infection from Revised Surveillance Case Definitions for HIV Infection Among Adults, 

Adolescents, and Children Aged <18 Months and for HIV Infection and AIDS Among Children Aged 18 

Months to <13 Years — United States, 2008 (36).

1.14 Treatment of HIV Infection

The first clinically available medication for HIV was zidovudine. A trial was conducted in 

1986 comparing zidovudine to placebo in HIV positive patients with AIDS, manifested 

by Pneumocystis pneumonia or advanced AIDS related complex and stratified by CDA"^ 

T cell count. The results were published in 1987 and they showed that the use of 

zidovudine decreased mortality and the frequency of opportunistic infections in 

patients with AIDS (40). In subsequent years dual therapy, combination of zidovudine 

with didanosine or zalacitabine was shown to be superior to therapy with zidovudine 

alone. Dual therapy proved to be more effective at controlling viral replication and 

prolonging survival in HIV positive patients with and without AIDS (41-43), however 

there was still significant morbidity and mortality associated with HIV infection.

In January 1995 Ho et al published viral dynamics data in Nature and presented at the

11th International Conference on AIDS in Vancouver later that year. This data focussed

on the rapid turnover and the genetic diversity of HIV by demonstrating that HIV

positive patients produced up to 10 billion virions a day. It clearly highlighted the need

for a better treatment strategy (44). A number of seminal papers were published soon

after which established the superiority of combined antiretroviral therapy or HAART

(45, 46). This marked the beginning of the era of combined antiretroviral therapy.

Significant reductions were shown in morbidity and mortality with a 60 to 80%
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reduction in the rate of AIDS, death and hospitalisation (47). Time to development of 

AIDS and time to death were prolonged with HAART (48). Life expectancies in 

developed countries for HIV positive patients are now approaching that of the general 

population thanks to successful treatment with HAART (49, 50).

Highly active antiretroviral therapy refers to the combination of drugs which have 

different viral targets to achieve virological suppression in patients with HIV. The list of 

antiretroviral therapies is shown in Table 1-3. There are a number of fixed dose 

combinations available also which improve adherence to therapy.

HAART drugs are classified according to their mechanism of action. Entry inhibitors 

(fusion inhibitors) interfere with binding, fusion and entry of HIV into the host cells. 

Maraviroc targets the chemokine receptor CCR5. Nucleoside reverse transcriptase 

inhibitors (NRTI) and nucleotide reverse transciptase inhibitors (NtRTI) are 

nucleoside and nucleotide analogues which inhibit reverse transcription. They both act 

as competitive substrate inhibitors. Non-Nucleoside reverse transcriptase inhibitors 

(NNRTI) inhibit reverse transcriptase by binding to an allosteric site of the enzyme. 

NNRTIs act as non-competitive inhibitors of reverse transcriptase. Integrase inhibitors 

inhibit the enzyme integrase, which is responsible for integration of viral DNA into the 

DNA of the infected cell. Protease inhibitors (Pis) block the viral protease enzyme 

necessary to produce mature virions upon budding from the host membrane. Pis 

prevent the cleavage of gag and gag/pol precursor proteins.

Table 1-3 List of Drugs Used in HAART
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Nucleoside and nucleotide reverse Non-nucleoside reverse transcriptase

transcriptase inhibitors (NRTI) inhibitors (NNRTI)

Zidovudine Nevirapine

Didanosine Delavirdine

Zalcitabine Efavirenz

Stavudine Etravirine

Lamivudine Rilvipirine

Abacavir

Tenofovir disoproxil

Emtricitabine

Protease inhibitors (PI) Integrase inhibitors (II)

Saquinavir Raltegravir

Indinavir Entry or Fusion inhibitors (FI)

Ritonavir Enfuvirtide

Nelfinavir Maraviroc (anti-CCR5)

Amprenavir

Lopinavir

Fosamprenavir

Atazanavir

Tipranavir

Darunavir
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1.15 Recommendations for Commencement of HAART

All patients with a CD4^ T cell count less than 350 are recommended to initiate 

therapy. Recommendations for patients with higher CD4^ T cell counts are shown in 

Table 1-4 (EACS Guidelines 2013). It is recommended to commence HAART in patients 

with cognitive impairment in the setting of HIV irrespective of €04"^ count.

Table 1-4 Recommendations for Initiation of HAART

Present Condition CD4 Count
350-500 >500

Asymptomatic HIV infection C C
To reduce transmission of HIV c c
Symptomatic HIV disease
(CDC B or C conditions) incl. tuberculosis

R R

Primary HIV infection C C
Pregnancy (before third trimester) R R
Conditions (likely or possibly) associated with R R
HIV, other than CDC stage B or C disease:
• HIV-associated kidney disease R R
• HIV-associated neurocognitive impairment R R
• Hodgkin's lymphoma R R
• HPV-associated cancers R R
• Other non-AIDS-defining cancers requiring C C
chemo- and/or radiotherapy
• Autoimmune disease - otherwise unexplained C C
• High risk for CVD (> 20% estimated 10-yr risk) C C
or history of CVD
Chronic viral hepatitis:
• HBV requiring anti-HBV treatment
• HBV not requiring anti-HBV treatment
• HCV for which anti-HCV treatment is being 
considered or given
• HCV for which anti-HCV treatment not feasible

R
R
R

R

R
C
C

C
Taken from European AIDS Clinical Guidelines 2013. R = use of HAART is recommended, C = use of 

HAART should be considered and actively discussed with the patient (51).
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1.16 Historical Nomenclature for HIV and Cognitive Impairment

Many terms have been used to describe cognitive impairment or dementia secondary 

to HIV over the years. The term "sub-acute encephalitis" was first used in 1983 by 

Snider et al (52). In 1986 the term "AIDS dementia complex" was introduced (53, 54). 

"HIV encephalopathy" was another term used which was introduced in 1988 by Levy 

and Bredesen (55). Criteria were developed by the American Academy of Neurology 

AIDS Task Force for AIDS dementia in 1991 and the term HIV-1 associated 

cognitive/motor complex was introduced (56). The most recent term, HIV Associated 

Neurocognitive Disorders (HAND), was introduced by the American Academy of 

Neurology (AAN) in 2007 (Table 1-6) (57). "HIV encephalitis" (HIVE) should only be 

used to refer to the pathological features of HIV in the brain with the typical 

multinucleated giant cell encephalitis.

Table 1-5 Clinical Staging of the AIDS Dementia Complex 

Stage 0 (normal)

Normal mental and motor function.

Stage 0.5 (equivocal and subclinical)

• Absent, minimal, or equivocal symptoms without impairment of work or 

capacity to perform activities of daily living. Mild signs (snout response, 

slowed ocular or extremity movements) may be present. Gait and strength

are normal.
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stage 1 (mild)

• Able to perform all but the more demanding aspects of work or activities 

of daily living, but with unequivocal evidence (signs or symptoms that may 

include performance on neuropsychological testing) of functional 

intellectual or motor impairment. Can walk without assistance.

Stage 2 (moderate)

• Able to perform basic activities of self-care, but cannot work or maintain 

the more demanding aspects of daily life. Ambulatory, but may require a

single prop.

Stage 3(severe)

• Major intellectual incapacity (cannot follow news or personal events, 

cannot sustain complex conversation, considerable slowing of all outputs) 

and motor disability (cannot walk unassisted, requires walker or personal 

support, usually with slowing and clumsiness of arms as well).

Stage 4 (end stage)

• Nearly vegetative. Intellectual and social comprehension and output are at 

a rudimentary level. Nearly or absolutely mute. Paraparetic or paraplegic

with urinary and faecal incontinence.

Taken from The AIDS Dementia Complex by Price and Brew in 1988 (58).
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Table 1-6 AAN Updated Research Nosology for HIV Associated Neurocognitive Disorders

HIV Associated Asymptomatic Neurocognitive Impairment (ANI)

1. Acquired impairment in cognitive functioning, involving at least two ability domains, 
documented by performance of at least 1.0 standard deviation below the mean for age- 
education-appropriate norms on standardised neuropsychological tests. The 
neuropsychological tests must survey at least the following abilities: verbal/language, 
attention/working memory, abstraction/executive, memory (learning, recall), speed of 
information processing, sensory-perceptual, motor skills.

2. The cognitive impairment does not interfere with everyday functioning.
3. The cognitive impairment does not meet criteria for delirium or dementia.
4. There is no evidence of another pre-existing cause for the ANI.

HIV Associated Mild Neurocognitive Disorder (MNO)

1. Acquired impairment in cognitive functioning, involving at least two ability domains, 
documented by performance of at least 1.0 standard deviation below the mean for age- 
education-appropriate norms on standardised neuropsychological tests. The 
neuropsychological tests must survey at least the following abilities: verbal/language, 
attention/working memory, abstraction/executive, memory (learning, recall), speed of 
information processing, sensory-perceptual, motor skills.

2. The cognitive impairment produces at least mild interference in daily functioning (at least one 
of the following):

a) Self-report of reduced mental acuity, inefficiency in work, homemaking or social 
functioning

b) Observation by knowledgeable others that the individual has undergone at least mild 
decline in mental acuity with resultant inefficiency in work, homemaking or social 
functioning

3. The cognitive impairment does not meet criteria for delirium or dementia.
4. There is no evidence of another pre-existing cause for the MND.

HIV Associated Dementia (HAD)

1. Marked acquired impairment in cognitive functioning, involving at least two ability domains, 
typically the impairment is in multiple domains, especially in learning of new information, 
slowed information processing, and defective attention/concentration. The cognitive 
impairment must be ascertained by neuropsychological testing with at least two domains 2 
standard deviations or greater than demographically corrected means.

2. The cognitive impairment produces marked interference with day-to-day functioning (work, 
home life, social activities).

3. The pattern of cognitive impairment does not meet criteria for delirium.
4. There is no existing evidence of another, pre-existing cause for the dementia.

Taken from the 2007 American Academy Updated Research Nosology for HAND (56).
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1.17 Neurological Complications of HIV

Snider et al in 1983 are credited with the first detailed pathological review of the 

neurological complications of AIDS in 50 patients (52). Neurological complications may 

occur as a direct result of HIV itself or secondary to immunosuppression. The timing of 

presentation and the CD4^ T cell count are related to the type of neurological 

complication. 1-4% of patients develop neurological complications during 

seroconversion. Aseptic meningitis, meningoencephalitis. Bell's palsy, AIDP, brachial 

neuritis and transverse myelitis may develop during seroconversion or with a CD4^ T 

cell count over 500. With CD4'' T cell counts between 200 to 500, tuberculous (TB) 

meningitis, AIDP, distal sensory polyneuropathy (DPSN) and polymyositis may occur. 

With CD4'^ T cell counts of less than 200, opportunistic infections predominate. These 

include cryptococcal meningitis, toxoplasmosis, cytomegalovirus (CMV) radiculopathy 

and encephalitis and progressive multifocal leukoencephalopathy (PML). Other 

complications at this level of immunosuppression include primary central nervous 

system (CNS) lymphoma, vacuolar myelopathy and herpes encephalitis (59, 60). The 

incidence of neurological opportunistic infections has decreased in the HAART era 

from 13.1/1000 patient years in 1996-97 to 1/1000 patient years in 2006-07. There is 

also an increased risk of stroke (59, 61). Seizure disorders are also more common in 

the setting of HIV with reported prevalences as high as 11% (62). HIV associated 

neurocognitive disorders may occur at any CD4^ T cell count but HIV associated 

dementia is associated with a nadir CDA"^ T cell count of 200 or less (60).
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1.18 Prevalence of Cognitive Impairment in HIV

Prevalence in the Pre-HAART Era

In 1986 Navia et al described the clinical features and pathological findings of AIDS 

Dementia Complex. AIDS dementia complex was described in almost two thirds of 

autopsied patients (53, 54). Prior to the introduction of HAART up to 20% of patients 

with AIDS developed HIV dementia and it was associated with a high mortality rate 

with a mean survival of six months to one year after the development of dementia (63, 

64). Prior to HAART mild neurocognitive impairment was described in 30% of patients 

with asymptomatic HIV disease and in up to 50% of patients with AIDS defining 

illnesses (65).

Prevalence in the Post-HAART Era

The incidence of HIV associated dementia has declined in the post HAART era. This 

decline was evident even in the early years of the post HAART era with a 50% decline 

in the rates of HAD as Sacktor et al demonstrated by examining the incidence rates of 

HAD between 1992 to 1998 among homosexual men taking part in the Multicentre 

AIDS Cohort Study (66, 67). In a recent study published by Heaton et al only 2.4% of a 

tertiary referral clinic HIV positive population taking part in the CNS HIV Anti-Retroviral 

Therapy Effects Research (CHARTER) Study had HIV associated dementia (68). 

Cognitive impairment in HIV positive patients however continues to be an ongoing 

clinical issue (69, 70) despite good virological control of HIV (65). HIV associated 

dementia remains an independent predictor of time to death (71).
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Prevalence rates of 20% to 50% of HIV associated neurocognitive disorders have been 

demonstrated in large prospective studies in the United States, Europe and Australia 

(68, 70, 72-75). Chan et al demonstrated a prevalence rate of 22% in a South Asian 

population in 2012 (76). Wright et al found that 12% of patients attending ten centres 

in the Asia-Pacific region had moderate to severe cognitive impairment secondary to 

HIV (77). Patel et al found a prevalence rate of 14% for HIV associated dementia in an 

adult Mala\A/ian cohort (78). Lawler et al demonstrated a prevalence rate of 37% in a 

cohort of HIV positive patients in Botswana (79). 60.5% of a HIV positive Indian cohort 

had mild to moderate cognitive impairment with no functional impairment (80). 

Heaton et al demonstrated a prevalence rate of 34.2% in a HIV positive rural Chinese 

cohort and in the same study noted that 39.7% of those co-infected with HIV and 

hepatitis C were cognitively impaired (81). Pumpradit et al found a prevalence rate of 

37.5% of HAND in a group of Thai patients on HAART (82). A study of South African 

patients commencing HAART showed a prevalence rate of 42.2% of mild 

neurocognitive disorder and 25.4% of the group had HIV dementia (83). The numbers 

studied in the developing countries are smaller compared to the larger trials in the US 

and Europe but still demonstrates a consistent pattern of cognitive impairment in the 

setting of HIV infection. This data illuminates the fact that HAND is a significant issue 

for patients worldwide and has not disappeared with successful viral suppression.

HIV clade or subtype has been speculated to influence the frequency of HAND. Clade B 

predominates in the USA and Europe while clades A, C and D are more common in sub 

Saharan Africa. Clade C is the predominant subtype in Asia. Results have been

conflicting thus far. Sacktor et al reported a higher risk with clade D than clade A in
24



Uganda but the number of patients infected with clade D in the study was only 9; 8 of 

the 9 patients met criteria for HIV associated dementia (84). In a study of a paediatric 

population in Uganda, children infected with clade A subtype virus performed worse 

than children infected with clade D (85). An Ethiopian study found no significant 

differences between a HIV positive group and a HIV negative group (86). Clade was not 

determined in this particular study but clade C is the most common subtype found in 

Ethiopia. Other studies in countries where clade C is also common, such as Botswana 

and South Africa, have shown high prevalence rates of HAND although clade type was 

not determined (79, 83). Clade C predominates in India where rates of cognitive 

deficits of over 60% were reported (80). The reason for the conflicting evidence on the 

influence of subtype is unclear but may relate to multiple factors including 

methodology, ascertainment bias, lack of power due to small numbers, lack of control 

populations for some studies and lack of genetic subtyping (87).

1.19 Neuropathogenesis of HIV

1.19.1 Pathological Features

Pre-HAART Era

HIV is neuroinvasive (capable of entering the CNS), neurotropic (capable of infecting 

cells within the CNS) and neurovirulent (capable of causing neurological disease). HIV 

has been found in the cerebrospinal fluid (CSF) of patients during seroconversion, 

suggesting that HIV enters the CNS early in the course of infection (88-90). In an early 

post-mortem study of IV drug users who died prior to developing any symptoms 

related to HIV infection, PCR studies demonstrated low levels of HIV in brain tissue.
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Pathological examination demonstrated a low grade lymphocytic meningitis, 

perivascular lymphocytic cuffing and perivascular macrophages in patients who had

not developed AIDS while in those with AIDS, giant cell encephalitis was the most 

common finding (91). Oster et al demonstrated global neuronal loss of 37% in the 

brains of patients with AIDS (92).

Post-HAART Era

HIV enters the brain through infected monocytes and lymphocytes. They are used as a 

"Trojan horse" mechanism to cross the blood brain barrier (93). Neurons are not 

infected directly by HIV. Microglial cells and macrophages are the primary targets for 

productive HIV infection within the CNS as they both possess receptors for CD4 and 

CCR5. Microglia cells act as the brain's native immune response cells. Perivascular 

macrophages and microglia are derived from bone-marrow cells that settle in the CNS 

during development and throughout adult life. It has been postulated that HIV may be 

spread within the CNS through cell-to-cell contact between infected macrophages and 

microglia (94). Astrocytes are also infected by HIV despite their lack of receptors for 

viral attachment but in a more restricted fashion (95). Astrocytes, oligodendrocytes 

and neurons are ectodermal derived cells unlike the mesodermal derived microglia 

and macrophages.

HIV can cause an inflammatory reaction upon entry to the CNS which may be 

manifested by a T cell reaction with vasculitis and leptomeningitis. There is also 

upregulation of MHC class II antigens, increased number of microglial cells found and

increased production of cytokines (96). Perivascular microglia are likely involved early
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in infection and the parenchymal microglia become involved in the later stages of 

infection (95). The chemokine receptor CCR5 is the dominant receptor used within the 

brain (97). There is proliferation of astrocytes and intense perivascular lymphocytic 

and macrophagic infiltration has been seen at autopsy which has been postulated to 

be related to immune reconstitution inflammatory syndrome (IRIS) (98).

The pathognomonic feature of HIV encephalitis (HIVE) on histological examination is 

the presence of multinucleated giant cells. These cells are the fusion of infected and 

uninfected microglia and macrophages and they stain positively for HIV antigens. 

Together they provide evidence of productive infection by HIV within the CNS. This 

pathological feature was present in 20-50% of patients who had autopsies performed 

in the first fifteen years of the HIV epidemic (99). HIVE has a predilection for the basal 

ganglia and white matter and affects the neocortical grey matter, cerebellum and 

brainstem to a lesser extent (100). Other pathological features of HIV include myelin 

pallor, axonal loss, microglial nodules and gliosis (99). There is also disruption of the 

blood brain barrier and apoptosis of astrocytes. This leads to dendritic and neuronal 

loss (101). Asare et al demonstrated a correlation between the reduction in pyramidal 

neuronal density and the severity of HAD (102). A correlation has also been 

demonstrated between the density of apoptotic astrocytes and rapid progression of 

dementia (103). Fischer et al further evaluated the neuronal loss seen in the pre- 

HAART era by demonstrating that large neurons were more susceptible than small 

neurons to the destruction caused by HIV and that the pattern of reduction in the 

number of large neocortical neurons was found in frontal, temporal, parietal as well as

in occipital regions (104). CD8'^ positive lymphocytes were the primary cell type found
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in the CNS infiltrates of patients without AIDS. CD20 positive B lymphocytes were also 

found in significant proportions (99).

1.19.2 Role of Monocytes and Macrophages in the Post-HAART Era 

Glass et al performed immunocytochemistry analysis on sections of frontal lobe and 

basal ganglia from the brains of a prospectively characterised cohort of 51 patients 

with AIDS who were stratified according to severity of dementia. They found a highly 

significant correlation between the degree of macrophage staining and the severity of 

dementia. They did not find a significant correlation between the presence of gp41 

positive cells and the degree of dementia. They found that the presence of productive 

HIV infected cells did not correlate with HIV dementia and was in fact present in the 

majority of patients with AIDS therefore HIVE is a pathological description and does 

not correlate with a clinical syndrome. They concluded that HIV is necessary but not 

sufficient to cause HIV dementia and that indirect mechanisms are likely involved 

which may be mediated through the actions of macrophages and microglia (105). 

Despite HAART the degree of macrophage and microglial activation remains similar in 

treated patients (99).

The contribution of activated perivascular macrophages to the development of HAND 

has many potential mechanisms. They release viral gene products and a significant 

number of proinflammatory cytokines which all have potential toxic effects on 

neuronal function. Chemokines and their respective receptors are essential 

components of neuronal physiology and they play a significant role in the balance
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between neuroprotection and neurodegeneration within the CNS. Their roles involve 

migration, differentiation and activation of cells and also the proliferation of glia and 

neurons (106). Cytokines are soluble proteins that are involved in cell signalling and 

immunomodulation. Chemokines are a subset of cytokines which are capable of 

inducing chemotaxis in neighbouring cells. Their name derives from their function, 

chemotactic cytokines.

During HIV infection CD14'^CD16'^ monocytes expand, especially during progression of

chronic HIV infection to AIDS (107). They have been found to correlate with the

presence of AIDS dementia along with CD14"^CD69^ monocytes (108). These CD16'^

monocytes act as a reservoir for HIV in in vivo studies and are also more susceptible to

HIV infection. They may be capable of re-infecting the brain through continuous

trafficking of infected monocytes across the blood brain barrier (109). Ancuta et al

demonstrated that CD16^ monocytes undergo transendothelial migration across brain

microvascular endothelial cell monolayers under the effect of fractalkine (110).

Fractalkine is a chemokine expressed in the brain, lymph nodes and intestinal cells

(109). Stimulation with tumour necrosis factor (TNF) resulted in high expression of

membrane bound fractalkine while stimulation with interferon gamma (IFN-y) resulted

in low expression of membrane bound fractalkine. Expression of vascular cell adhesion

molecule 1 (VCAM-1) and intracellular adhesion molecule 1 (ICAM-1) followed the

same pattern. Stimulation with TNF and IFN-y prevented transendothelial migration of

CDIS"^ monocytes in response to soluble fractalkine. They postulated that CD16'^

monocytes which are pro-inflammatory may be a contributing factor to the

neuropathogenesis of HAD mediated via disruption of the integrity of the blood brain
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barrier secondary to the accumulation onto brain microvascular endothelial cells which 

express fractalkine, VCAM-1 and ICAM-l (110).

Soluble CD163 is another marker of activated macrophages. Brudo et al compared the 

level of soluble CD163 in the plasma and CSF of HIV positive patients across three 

groups: neuropsychologically normal, asymptomatic neurocognitive impairment and 

mild neurocognitive disorder. There was elevation of soluble CD163 in the plasma but 

not the CSF of patients with ANI and MND though the levels were higher in those 

patients with MND than those with ANI or who were neuropsychologically normal. It 

suggests persistent monocyte activation and may be useful as a marker for 

neurocognitive impairment (111). In HIVE CD163VCD16^ macrophages have been 

found in brain parenchyma and also appear to represent the primary cell population 

involved in productive infection (109).

Clay et al examined the role of monocytes in an animal model of simian 

immunodeficiency virus (SIV) and demonstrated that trafficking of infected monocytes 

into the choroid plexus stromata and perivascular spaces of macaque monkeys 

occurred within 12 to 14 days post infection. These cells expressed the monocyte 

activation marker CD16 and the macrophage marker CD68. Neuroinvasion coincided 

with the appearance of proinflammatory chemokines CXCL9 and CCL2 (also known as 

monocyte chemoattractant protein 1 (MCP-1)). Prior to the establishment of 

neuroinvasion, peak viral loads peaked on day 11 and peripheral blood monocytes 

counts increased rapidly between days 4 and 8. These monocytes also demonstrated

an increased ability to release CXCL9 and MCP-1. Clay et al demonstrated acute
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monocytic infiltration in an animal model (112). Ragin et al found a positive correlation 

bet\A/een levels of MCP-1 and subcortical brain injury in HIV (113).

1.19.3 Role of CD8^ T cells in the Post-HAART Era

Immunological factors involved in the neuropathogenesis of HIV related cognitive 

impairment may include the changes that occur in T cells as people age and this effect 

may be further exaggerated in individuals who are HIV positive. Cytotoxic CDS'" T cells 

play a central role in the control of intrathecal viral replication (114). Valcour et al 

hypothesised that the risk of cognitive impairment could be increased due to the loss 

of the specific cytotoxic CD8^ immune response as people age (72). CD4'^ T cells are the 

main cell constituent of CSF in HIV negative individuals whereas in patients with HIV, 

CD8"^ T cells were the major cellular component of CSF (115). Miller et al described 

pathological features of two cases in 2004 of a syndrome that has since been termed 

CD8 encephalitis. Both patients had advanced HIV disease. One patient developed an 

acute onset rapidly progressive encephalopathy and the second patient developed 

worsening of a pre-existing encephalopathy after initiation of HAART with a resultant 

increase in CD4^ T cell count and a marked reduction in HIV viral load. There was 

evidence of HIV DNA present in the brain tissue of both patients along with diffuse 

microglial hyperplasia. The most striking feature was the intense perivascular and 

intraparenchymal infiltration of CD8^ T cells in the absence of CD4^ T cells. They 

suggested that the recruitment of CD8^ T cells into the CSF was due to the 

redistribution of lymphocytes in peripheral blood secondary to immune reconstitution 

(116). This suggests that while CD8^T cells may play a crucial role in the control of viral
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replication, they may have a detrimental role in the setting of immune reconstitution. 

These findings have been supported by further studies since then (117, 118). There is a 

significant morbidity and mortality associated with this condition. Lescure et al 

described CDS encephalitis in 14 patients; 5/14 died within 13 months of initiation of 

HAART. 5/14 patients had an excellent outcome with no sequelae and 4/14 had 

persistent cognitive deficits (118). While this is obviously a florid presentation, it may 

be possible that CDS"^ T cells in smaller numbers or with a less dramatic influx into the 

brain play a role in the development of HAND.

1.19.4 Role of Microbial Translocation in the Post-HAART Era

The structural integrity of the gastrointestinal tract may be compromised in HIV 

infection which may result in bacteria entering the bloodstream. Elevated plasma 

lipopolysaccharide (EPS) is an indicator of microbial translocation from the gut. IPS 

induces monocyte activation and trafficking of monocytes into the CNS. Elevated levels 

of EPS were significantly associated with HAD. EPS was also more elevated in patients 

with AIDS who used intravenous heroin and/or ethanol and in patients who were co

infected with hepatitis C. Another potential mechanism for EPS induced transport of 

HIV-1 across the blood brain barrier is via a p38 mitogen activated protein kinase 

(MAPK). After HIV infected macrophages are stimulated with EPS, expression of E- 

selectin and VCAM-1 is induced (109,119,120).
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1.19.5 Viral Proteins in the Post-HAART Era

Extracellular viral products such as gpl20 may cause toxicity of brain microvascular

endothelial cells resulting in disruption of the blood brain barrier. The presence of

gpl20 induces toxicity and alters the expression of tight junction proteins in brain

microvascular endothelial cells. Kanmogne et al explored the mechanism of toxicity to

the blood brain barrier due to gpl20. They demonstrated that exposure to gpl20

resulted in decreased blood brain barrier tightness, increased permeability and

increased migration across the blood brain barrier. The endothelial cells expressed

HIV-1 co-receptors CCR5 and CXCR4. They were able to restore blood brain barrier

integrity upon removal of gpl20. Gpl20 mediated monocyte migration and increased

permeability of the blood brain barrier were blocked by antagonists of CCR5 and

inhibitors of protein kinase C (PKC). Gpl20 resulted in increased release of intracellular

calcium and also activated three isoforms of protein kinase C. Specific PKC inhibitors

were capable of blocking the gpl20 mediated effects on the blood brain barrier.

Gpl20 mediated effects on the blood brain barrier are exerted through a CCR5/CXCR4

receptor mediated PKC activation mechanism (121). Khan et al also examined the

mechanisms of gpl20 induced cytotoxicity. They determined that the cytotoxicity

required the presence of IFN-y and activation of p38 MAPK, however they were only

able to demonstrate toxicity in the brain microvascular endothelial cells derived from

children and not from adults (122). Another mechanism of gpl20 induced disruption of

tight junctions is mediated by proteasomal degradation of zonular occludens (ZO) 1

and 2. The protein 14-3-3 tau seems to counteract the down regulation of ZO-1 and

ZO-2 but gpl20 also increases expression of 14-3-3 tau (109). Gpl20 reduces glial cell

line derived neurotrophic factor expression resulting in dysfunction of the nigrostriatal
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dopaminergic system (123). Bachis et al injected gpl20 into rat striatum and 

hippocampus. The gpl20 was then sequestered by neurons and underwent retrograde 

transport to distal neurons. Evidence of apoptosis was seen in neurons internalising 

and transporting gpl20. The chemokine receptor CXCR4 mediated the retrograde 

transport of gpl20 and apoptosis. They hypothesised that this could explain the 

widespread neurodegeneration seen in HIV despite the relatively low number of cells 

productively infected in the CNS and that the primary cell type infected consists of 

macrophages and microglia (124). Gpl20 also alters glutamate signalling and calcium 

homeostasis. It can also result in dendritic alterations in cultures of human nervous 

tissue exposed to gpl20. This mimics the pathology seen at autopsy of patients with 

cognitive impairment in the setting of HIV (125).

The viral protein transactivator of transcription (tat) also affects tight junction proteins 

and reduces expression of occludin, ZO-1 and ZO-2, in brain microvascular endothelial 

cells. Tat also induces adhesion molecules and chemokines in astrocytes and microglia 

which results in increased trafficking of monocytes into the CNS (109). The presence 

of tat results in neuronal cell death and excitotoxicity which is partially dependent on 

N-methyl-D-aspartate (NMDA) receptors. Neuronal apoptosis is enhanced by the 

combination of tat and TNF-alpha (123). Bruce-Keller et al genetically engineered rat 

glioma cells to produce tat and subsequently infused it into rat striatum or 

hippocampus. They found that tat, which was injected into the rat dentate gyrus, was 

transported to the CA3/4 region of the hippocampus and from the striatum to the 

substantia nigra. This resulted in behavioural abnormalities, neurotoxicity and reactive

gliosis. The authors demonstrated that tat induced neuronal damage could occur at
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sites distant to the site of infection and this demonstrated the role that tat plays in 

neuronal, glial and synaptic disruption in HAD (126). It has also been shown that tat 

can induce mitochondrial dysfunction and neuronal cell death at concentrations lower 

than that required for long terminal repeat (LTR) transactivation (127). There is also 

interest in differences in tat sequences across viruses and its possible role in variation 

of neurotropism in different clades. Mishra et al demonstrated that clade C tat is less 

neurotoxic when compared to clade B tat possibly due to differences within the 

dicysteine motif in the neurotoxic region of clade B tat at position 31 (128). Choi et al 

investigated tat sequences in the blood and CSF of 60 HIV positive individuals with 

clade B infection. They identified that a higher number of mixed bases in CSF tat, a 

measure of increased viral population diversity, was associated with HIV associated 

neurocognitive disorder (129). Tat appears to exert its clade-specific effect on HAND- 

related pathogenesis through its influences on the migration of mononuclear 

phagocytes into the CNS and also through direct neurotoxicity which is mediated 

through NMDA receptors (87). Nath et al demonstrated that tat did not require a 

continuous presence to exert its neurotoxic effects but was capable of causing 

neuronal damage and glial cell activation with a single exposure. Exposure to tat for a 

few minutes induced release of proinflammatory cytokines for several hours. They 

hypothesised that the mechanism behind this prolonged cytokine production was 

probably due to maintenance of a positive feedback loop by tat induced activation and 

cytokine production and that it was independent of extracellular calcium. They termed 

it a "hit and run" approach whereby a transient exposure resulted in an initial cascade

of inflammation which was then able to continue to propagate even in the absence of
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virus. They suggested that this may explain why measurement of viral load in the brain 

is not an accurate marker of viral damage within the CNS (130).

The viral protein vpr disrupts calcium homeostasis via downregulation of plasma 

membrane calcium ATPase. The calcium elevation induced by vpr impairs glutamate 

signalling in neuronal cells (131). Neuronal apoptosis has also been demonstrated due 

to vpr (132). Nef can induce apoptosis of brain microvascular endothelial cells (133). 

Nef has also been shown to cause neuronal damage through immune activation 

mediated by MCP-1 and result in spatial and recognition memory deficits in rats (134).

1.19.6 Cytokines and Other Molecules in the Post-HAART Era

Factors released by HIV infected microglia and activated macrophages include TNF-a, 

interleukin-13 (IL-13), interleukin-6 (IL-6), phospholipid activator platelet activating 

factor (PAF) and the free radical nitric oxide (NO). Insulin-like growth factor binding 

protein 2 (ILGFBP-2) and monocyte chemoattractant protein 2 (MCP-2) are 

upregulated. ILGFBP-2 blocks the neurotrophic effects of insulin growth factors 1 and 2 

(IGF-1 and IGF-2) and therefore reduces neuronal survival. TNF-a and IL-13 release a 

neurotoxic cytokine L-cysteine and this interacts with the NMDA receptor. Gpl20 also 

releases L-cysteine and is dependent on TNF-a. There is increased production of HIV in 

macrophages due to the presence of TNF- a. When NMDA receptors are stimulated, 

neurons release PAF which increase glutamate release with resultant excitotoxicity 

(123). PAF increases the vulnerability of neurons to dendritic alterations (125).
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Nitric oxide is released by macrophages and microglia. It is involved in blood-brain 

barrier breakdown in inflammatory conditions (135). Milstien et al did not 

demonstrate any increase in nitric oxide levels in CSF of patients with HIV in the pre 

HAART era (136). In the post HAART era Li et al measured metabolites of nitric oxide 

and found significant elevations of nitrite and nitrate in the CSF of patients with HIV 

but did not identify any correlation to cognitive status. They also examined the levels 

of 3-nitrotyrosine modified proteins, which are another measure of nitrosative stress, 

and these were significantly elevated in the CSF of patients with HIV and correlated to 

active dementia and a previous history of intravenous recreational drug use (137). Lisi 

et al demonstrated that antiretroviral agents, efavirenz, nevirapine, darunavir and 

atazanavir, increased nitric oxide production in microglial cells activated with Gpl20 

and IFN-y. This effect appeared to have been mediated by inhibition of arginase I 

activity (138).

Neopterin is a marker for monocytes, macrophages and microglia. Its primary 

stimulator is IFN-y. Levels of neopterin correlate with the release of reactive oxygen 

species by macrophages. The enzyme indoleamine 2, 3-dioxygenase is induced by IFN- 

y, tof and ne/simultaneously with release of neopterin. This enzyme results in 

macrophages producing the neurotoxic factor quinolinic acid therefore neopterin is 

part of the neurotoxic cascade in HAND. Hagberg et al reviewed the experience of four 

centres with CSF neopterin. They found that CSF neopterin levels are usually elevated 

in patients with untreated HIV infection and that neopterin levels increase with 

worsening immunosuppression. High levels were particularly seen in patients with HIV

dementia and CNS opportunistic infections. Neopterin levels decrease with HAART but
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levels can remain mildly elevated even in those patients who are virally suppressed 

(139).

Quinolinic acid (QUIN) is a product of tryptophan metabolism and is produced by 

monocytes upon stimulation by IFN-y and HIV proteins. It is an excitotoxic agonist at 

NMDA receptors (140). There is also evidence that QUIN exerts its neurotoxic effects 

through more than just its effect on NMDA receptors. Free radical formation 

contributes significantly to the damage caused by QUIN (141). Heyes et al examined 

the relationship between CSF QUIN and cerebral atrophy on MRI and found that 

elevated levels of CSF QUIN correlated with worsening atrophy in regions sensitive to 

excitotoxic injury, i.e. striatum and limbic cortex, but not in regions more resistant to 

excitotoxicity. They also demonstrated a relationship between CSF QUIN levels and 

higher HIV-1 RNA levels in CSF (142). CSF QUIN levels decrease with antiretroviral 

therapy (143).

The expression of MCP-1 by astrocytes is induced by HIV and QUIN. There is 

upregulation of MCP-1 expression in patients with HIVE. A correlation has also been 

shown between higher MCP-1 levels and poorer outcomes (140). "Elite" controllers are 

patients who maintain undetectable HIV RNA levels without HAART. Probasco et al 

demonstrated that elite controllers had similar levels of neopterin, MCP-1 and IFN-y 

induced protein 10 (IP-10) to HIV negative subjects and HIV positive subjects who were 

on HAART (144). Sevigny et al looked at markers of immune activation as predictors of 

time to death in advanced HIV infection and higher levels of MCP-1 trended towards

statistically significance with a p value of 0.08 (71).
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1.19.7 Role of Astrocytes in the Post-HAART Era

Astrocytes are involved in the maintenance of the integrity of the blood brain barrier, 

maintaining low levels of excess excitatory neurotransmitter glutamate through re

uptake in order to avoid neuronal excitotoxicity. They are also involved in the genesis 

of neurotrophic factors. Astrocytes are infected with HIV despite lacking a CD4 

receptor however they are not capable of de novo viral replication. Infected microglia 

release arachidonic acid, which is capable of impairing astrocytic mediated re-uptake 

of glutamate thereby leading to excitotoxicity. Astrocytosis also results due to the 

release of cytokines and is a pathological feature of HIVE. When astrocytes are 

stimulated by pro-inflammatory cytokines they release chemokines which increase the 

entry of macrophages into the CNS across the blood brain barrier. Astrocyte apoptosis 

may propagate macrophage activation and also causes loss of neurotrophic support for 

neurons (100, 123).

1.19.8 Synaptodendritic Injury in the Post-HAART Era

Synaptodendritic injury occurs in HIV and a number of neurodegenerative disorders 

such as Alzheimer's disease, Parkinson's disease and amyotrophic lateral sclerosis. The 

normal synaptodendritic network is complex and has a high degree of branching. The 

injured network is pruned and there is retraction of dendritic spines, dendritic beading 

and aberrant sprouting. This results in disruption of normal communication and 

impairment of directed transport of organelles and molecules along axons. While

synaptodendritic injury occurs throughout the brain in HIV, there is a regional
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vulnerability with the striatum and hippocampus being most affected. Dendritic 

beading results in neurons losing their capacity for long term potentiation (LTP). LTP is 

involved in synaptic plasticity and is essential for memory formation. Neurofilament 

protein (NFL) has been measured in CSF and is a marker of axonal injury. It is elevated 

in patients with HIV dementia (125). Brew et al also examined the role of NFL and 

demonstrated that elevated levels of NFL correlated with the presence of HIV 

dementia, increased with severity of dementia and decreased with commencement of 

HAART (145). Abdulle et al also demonstrated the value of NFL as a marker of axonal 

injury and as a useful marker of ongoing damage in the CNS (146).

1.19.9 Compartmentalisation in the Post-HAART Era

The CNS may act as a sanctuary for HIV. There may be compartmentalisation of HIV 

within the CNS as the blood brain barrier may limit penetration of HAART into the CNS. 

Compartmentalisation is described as the development of discordance between 

plasma and CSF HIV viral loads. Viral suppression in the CSF has been found to 

correlate generally with plasma viral load. HAART induces viral suppression quickly, 

sometimes as quickly as within two weeks of commencement of HAART (147). Typical 

assays clinically available detect viral copies to less than 40 or 50 copies per millilitre. 

There are assays available that can detect single copies per millilitre. In one study 

greater than 80% of patients on HAART for 60 weeks had persistent low level viraemia 

of 1 copy/ml with a median number of 3.1 copies/ml (148). This low grade viral 

replication may be contributory to inflammation within the CNS and therefore play a 

role in the neuropathogenesis of HAND. Desplats et al demonstrated that HIV positive
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patients classified as having latent infection in the CNS at the time of death 

(determined by high levels of HIV-1 DNA, no detectable HIV RNA or p24) had cognitive 

deficits and markers of neuroinflammation as evidenced by increased levels of 

chromatin modifiers (149). Despite evidence of low level viraemia within the CNS, HIV 

viral load no longer correlates as closely to HAND and significant evidence has not 

been produced to prove the hypothesis of CSF viral evolution in patients on HAART 

with successful viral suppression (150).

1.19.10 CNS Penetration Effectiveness of HAART

There is significant interest in the therapeutic role that CNS penetrance of 

antiretroviral therapies may play in this disease process. The blood brain barrier limits 

entrance of HAART into the CNS and this is further compounded by the protein binding 

of HAART in plasma (61). Letendre et al developed a ranking system of antiretroviral 

therapies based on effectiveness of CNS penetration. They analysed data from over 

400 patients and found that patients on regimes with lower CNS penetration 

effectiveness (CPE) scores were more likely to have detectable CSF viral loads. This 

study suggested that poorer penetration of HAART drugs into the CNS appeared to 

allow continued replication of HIV in the CNS as indicated by higher CSF HIV viral loads 

(151). In 2010 the ranking system was revised and the new system was more strongly 

correlated with CSF viral loads (152). A cross sectional study of 2636 participants on 

effective HAART showed better neurocognitive performance in those receiving higher 

CPE HAART (153). However other studies have not been quite so conclusive in their 

support and validation of the CPE ranking system.
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Garvey et al examined data on over 22,000 HIV positive individuals and investigated 

the relationship between the development of CNS disease and CPE score. CNS disease 

included HIV encephalopathy, PML, toxoplasmosis and cryptococcal meningitis. CNS 

diseases were more common in patients on regimes with a score less than or equal to 

four and less frequently in those on a regime with a CPE score of ten or greater. These 

results were not statistically significant (154). Lanoy et al investigated the association 

between survival and CPE score.

At the beginning of the HAART era, the CPE score was significantly correlated with 

survival after severe neurological complications, while in the late HAART period, the 

additional effect of CPE score was negated by the more powerful antiretroviral 

regimens associated with plasma viral load control (155). McManus et al did not show 

any increased survival benefit for patients taking HAART with high CPE scores (156). In 

a prospective study of the validity of the CPE ranking system, 49 patients with mild to 

moderate HAND were randomly assigned to receive ART regimes with either high or 

low CPE scores. They did not find any statistically significant differences between the 

groups in term of their neuropsychometric performances (150). Vassallo et al followed 

up 256 patients for two years. They underwent neuropsychological testing and were 

categorised into one of five groups: cognitively normal, abnormalities within one 

cognitive domain, ANI, MND and HAD. Patients who cognitively deteriorated had a 

lower CPE score at the beginning of the study period and at the end of the two year 

follow up. The authors suggested that HAART with better CSF penetration may be

protective against cognitive decline (157). There is unconvincing evidence currently to
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support the ongoing use of the CPE ranking system to select HAART. While there may 

be inconclusive evidence to support the use of the CPE score to prevent cognitive 

impairment, the CPE ranking system may provide useful information about the 

possible neurotoxic side effects of HAART. Marra et al studied a cohort of 101 patients 

and they found that patients on regimes with higher CPE scores actually had poorer 

neurocognitive performance (158). It is possible that neurotoxicity secondary to 

HAART plays a role in the development of HAND.

1.19.11 Neurotoxicity Due to HAART

NRTIs induce toxicity in peripheral tissues via disruption of mitochondrial function and 

Pis damage proteasome function (159). Robertson et al evaluated the effects of 15 

different antiretrovirals on neurons in rat forebrain cultures. The highest 

neurotoxicities were seen with abacavir, efavirenz, etravirine, nevirapine and 

atazanavir, while the lowest neurotoxicities were found with darunavir, emtricitabine, 

tenofovir and maraviroc. They did not find any additive effects with combinations of 

drugs used clinically. They saw beading and pruning of dendrites with a corresponding 

decrease in microtubule associated protein-2 (MAP-2) staining on the neurons 

suggesting neuronal damage. The decrease in MAP-2+ processes was a sensitive index 

of neuronal damage. The antiretroviral compounds also caused destabilisation of 

neuronal calcium homeostasis and showed a reduced response to glutamate. The 

concentrations required for neurotoxicity were within therapeutic concentrations 

(160). In an earlier study Robertson et al found that neurocognitive performance 

improved for up to 96 weeks in patients who had discontinued HAART. These patients
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were stable both virologically and immunologically. They accounted for practice 

effects. They postulated that neurotoxicity due to HAART could have been implicated 

in these results (161).

1.19.12 HIV and Ageing in the Post-HAART Era

The interaction of HIV and the ageing brain is a growing area of interest. 

Neurodegenerative disorders such as Alzheimer's disease. Frontotemporal dementia 

and Parkinson's disease, are characterised by the deposition and accumulation of 

abnormal proteins within the brain including ubiquitin, amyloid-beta, tau and alpha 

synuclein. Amyloid-betai.42 is the main constituent of amyloid plaques. Tau and 

phosphorylated tau are markers of neuronal damage. Brew et al examined the CSF of 

121 HIV positive patients, 20 patients with moderate to severe Alzheimer's Disease 

and 20 healthy controls. Amyloid-betai-42 levels were significantly lower in patients 

with AIDS dementia complex (ADC) compared with those without ADC and with the 

negative controls. Total tau levels were significantly increased in ADC Stage 2. There 

was a significant increase in phosphorylated tau levels in each of the ADC stages 

compared with the healthy controls and the patients with Alzheimer's Disease (162). 

Clifford et al measured amyloid-betai.42, total and phosphorylated tau levels in 

patients with HIV and normal cognition, HIV positive patients with cognitive 

impairment and HIV negative patients with Alzheimer's Disease. They found that 

amyloid-beta levels in the CSF of patients with HAND were similar to those in patients 

with mild Alzheimer's dementia however total tau and phosphorylated tau levels were 

normal or slightly depressed in patients with HAND compared to patients with
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Alzheimer's disease (163). The reason for the discrepancy in the phosphorylated tau 

levels is unclear but may be related to HAART, age of the participants or perhaps to a 

subcohort who had more neurodegenerative or Alzheimer's Disease like features.

Gisslen et al demonstrated reductions in soluble amyloid precursor proteins alpha and 

beta in patients with ADC and CNS opportunistic infections. They also demonstrated an 

elevation in total tau levels in some patients with ADC without the concomitant rise in 

phosphorylated tau. This suggests neural injury without accumulation of 

hyperphosphorylated tau. The authors postulated that these changes represented 

pathogenetic pathways to brain injury in ADC which differ to that in Alzheimer's 

Disease (164).

Khanlou et al examined tissue from the National NeuroAIDS Tissue Consortium in the 

United States of America for the presence of alpha synuclein and amyloid-beta in 

patients between the ages of 50 and 76. They found neuritic alpha-synuclein 

expression in the substantia nigra of 12/73 HIV positive patients and none in the older 

control cases. They found amyloid-beta deposition in the frontal and temporal cortical 

regions of 35/36 HIV positive patients examined (165). Achim et al examined tissue 

from the frontal cortex of 43 patients with HIV and HIV negative age matched controls. 

They found amyloid-beta staining in the pyramidal neurons and along axonal tracts. 

Patients with HIVE had greater levels of intraneuronal amyloid-beta staining compared 

to HIV positive patients without evidence of HIVE. The authors suggested that long

term survival with HIV might interfere with the clearance of amyloid-beta and worsen

neuronal damage and cognitive impairment HIV positive individuals (166). Ances et al
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performed imaging with the radioactive tracer Pittsburgh compound B (PiB), which 

binds to amyloid-betai-42, on a group of 10 HIV positive individuals with normal 

cognition and 20 matched HIV negative controls. They did not demonstrate any 

increased uptake which would have been suggestive of amyloid deposition in the HIV 

positive patients (167). A further study was carried out on 16 HIV positive individuals, 

11 of whom were cognitively normal and 5 of whom had HAND, and 19 HIV negative 

controls, 8 of whom were cognitively normal and 11 patients with symptomatic 

Alzheimer's disease. Again there was no evidence of increased PiB uptake suggestive 

of amyloid deposition. The patient group were significantly younger than the control 

group (range of age in the patient group was 37-68 and range of age in the control 

group was 48-89) so this may have affected the outcome of the study and perhaps the 

amyloid deposition would be more obvious in an older HIV positive cohort (168).

Table 1-7 Summary of Neuropathogenesis

Neuropathology

Pathological Findings Lymphocytic meningitis

Multinucleated giant cells with encephalitis

Perivascular Lymphocytic and macrophagic

infiltration

Myelin pallor

Axonal loss

Microglial nodules

Gliosis

Inflammatory and Immune Activation Effects and Roles

Activated macrophages and monocytes Release viral gene products and proinflammatory

cytokines

CD163 is a marker of activated macrophages

Expansion of CD14VCD16* monocytes

Migration of CDlE'^cells across BBB increased by
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fractalkine

TNF + VCAM-1 increase membrane bound

fractalkine

IFN-y and ICAM-1 decrease membrane bound

fractalkine

CD8*T Cells CDS encephalitis

Loss of specific cytotoxic CDS immune response in

aging

Microbial translocation Increased LPS induces monocyte activation and

trafficking into CNS

LPS induces expression of E-selectin and VCAM-1

on macrophages

Neurotoxic and Neurodegenerative

Mechanisms

Effects and Roles

Viral Proteins

Gpl20 Toxicity of blood brain barrier

Activates protein kinase C

Cytotoxicity requires presence of IFN-y and p38

MAPK

Degradation of ZO-1 and ZO-2

Dysfunction of nigrostriatal dopaminergic system

Alters glutamate signalling + Ca** homeostasis

Tat Affect tight junction proteins

Decreases expression of occluding, ZO-1, ZO-2

Increases trafficking of monocytes into CNS

Neuronal cell death and excitotoxicity - partially

dependent on NMDA receptors

Neuronal apoptosis increased by tat and TNF-a

Mitochondrial dysfunction

Vpr Disrupts Ca** homeostasis

Impairs glutamate signalling

Nef Apoptosis of brain microvascular endothelial cells

Causes neuronal damage mediated by MCP-1

Platelet Activating Factor Increases glutamate release
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Increases vulnerability of neurons to dendritic

alterations

Neopterin Elevated in CSF and remains mildly elevated even

with viral suppression

Induces release of QUIN

Correlates with release of reactive oxygen species

by macrophages

QUIN Excitotoxic agonist at NMDA receptors

Forms free radicals

Correlates with cerebral atrophy

Monocyte chemoattractant protein 1 (MCP-1) Upregulated in FIIVE

Associated with poorer outcomes

Mediates neuronal death caused by nef

Astrocytes Astrocytosis - feature of FIIVE

Astrocyte apoptosis propagates macrophage

activation and causes loss of neurotrophic support

for neurons

Synaptodendritic injury Retraction of dendritic spines, dendritic beading

and aberrant sprouting

Disrupts normal communication and impairs

axonal transport

NFL is a marker of axonal injury

HAART Mitochondrial dysfunction

Beading and pruning of dendrites

Destabilisation of neuronal Ca** homeostasis and a

reduced response to glutamate

Increase NO production

Ageing Decreased levels of amyloid-beta

Normal or low levels of tau

Neuritic a-synuclein expression in substantia nigra

The neuropsychological profile and the MRI characteristics of HAND will be discussed 

in detail in chapters 3 and 4 respectively.
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1.20 Conclusion

HIV has evolved into a chronic disease with the advent of HAART. Although the 

incidence rates of HIV associated dementia have decreased significantly in the post 

HAART era, it is evident that a milder spectrum of neurocognitive disorders is still quite 

prevalent. The exact aetiology of HAND remains to be fully elucidated despite many 

advances in our understanding of this disorder.

The role of on-going inflammation and immune activation in the aetiology of HIV 

related cognitive impairment is intriguing and may exist despite viral suppression in 

the primary blood compartment. Whether the on-going inflammation and immune 

activation are as a direct result of primary HIV infection in the CNS, a consequence of 

the CNS being a reservoir for on-going HIV replication despite adequate viral 

suppression in the primary blood compartment or as a consequence of HAART remains 

a subject of great interest and debate. It is also an area of ever burgeoning research. 

Whatever the mechanism of the initial inflammatory insult, there is evidence that low 

level inflammation continues even in those who are virally suppressed and does not 

require a continuous viral presence. It is most likely that the initial upregulation of 

inflammation and immune activation stems from a number of sources and pathways. 

This inflammatory cascade may then induce excitotoxicity resulting in neurotoxicity. 

This may be contributed to by HAART and also directly by HIV and its viral proteins. It is 

obvious that the neuropathogenesis of HIV is multifactorial and it is probably the result 

of the interaction of all these factors that contributes to the development of HAND.
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Normal function of the brain requires a delicate balance between neuroprotective and 

neurodegenerative processes. These are tightly regulated to maintain normal neuronal 

function and it is likely that HIV disrupts this balance through many potential 

mechanisms as evidenced above. This also has implications for therapeutic 

interventions as it will be necessary for any successful intervention to be able to block 

or reverse the damaging effects of HIV, its resultant inflammatory cascade and 

neurodegenerative mechanisms without causing further disruption to this fine 

balance. This challenge is not unique to HAND but is also faced by researchers in the 

wider neurodegenerative field.

1.21 Hypothesis and Outline of the Thesis

The literature review in this chapter highlighted the extensive research that has been 

carried out to date on HAND and the advances made thus far in our knowledge of the 

disorder and its neuropathogenesis. Despite the wonderful advances in HIV care in the 

last thirty years and the transformation of HIV from a devastating diagnosis without 

any treatment to a chronic disease manageable with HAART, there remains much to be 

learned about HIV and its impact on cognition. Gaps remain in our knowledge about 

HAND and it remains a condition worthy of further investigation. The primary objective 

of this study is to make a meaningful contribution to the knowledge base about HAND. 

To date no study has been carried out in Ireland assessing the prevalence or clinical 

features of HAND in Ireland.
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The overarching hypothesis of the study is that HIV associated neurocognitive disorder 

has both inflammatory and degenerative features. It likely that there is an 

inflammatory and immune mediated process early on in the disease process and that it 

becomes a neurodegenerative process later on. This hypothesis is based on the 

literature surrounding HAND that was discussed in this introduction. There is 

overwhelming evidence of both inflammatory and degenerative mechanisms involved 

in the neuropathogenesis of HAND. It is the hypothesis of the study that initially most 

of the inflammation is driven by immune activation and upregulation of inflammatory 

cytokines and that while HIV can have degenerative effects early on, it is later in the 

disease process that the degenerative phase becomes the predominant feature and is 

driven both by HIV and the excitotoxicity associated with the earlier inflammatory 

phase. Unfortunately it was beyond the scope of the study to fully elucidate this 

hypothesis as it would require considerable longitudinal follow-up and was not 

possible to complete within the time period of the study. My aims were to 

demonstrate that there were both inflammatory and degenerative features present in 

an Irish clinical cohort of HIV positive patients with cognitive impairment and to 

establish a well characterised cohort of patients who could be followed up 

longitudinally to further elaborate on the natural history of HAND in the post-HAART 

era and to establish the roles that inflammation and degeneration play over time.

The studies that were carried out for this PhD were all cross-sectional and were 

imperative to establish that there is a high rate of cognitive impairment in our clinical 

cohort, to examine the neuropsychological profile of patients in the post-HAART era

and to examine the neuroradiological and CSF features of that cohort. Chapter 2 will
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discuss a cross sectional study examining the rate of a positive screen for cognitive 

impairment in the HIV positive population attending our institution. Chapter 3 will 

discuss the neuropsychological profile and neurological features of patients with a 

positive screen for cognitive impairment who have had a formal neurological 

assessment. Chapter 4 will discuss the neuroimaging findings of patients with HAND. 

Chapter 5 will discuss the results of flow cytometry, cytokine analysis and tau and 

amyloid studies carried out on CSF of patients with HAND. Chapter 6 will discuss the 

implications of this research and future directions.

Throughout the thesis, the literature reviews contain studies that were published in 

the English language and were found through PUBMED and Google Scholar searches. 

The majority were published in the US, Europe and Australia however studies were 

included from Africa, Asia and South America as the clinical cohort studied were from a 

number of countries and therefore it was important to include studies that had 

examined cognition in their own cultural setting.
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2 The Prevalence of a Positive Screen for Cognitive Impairment in a 

Cohort of HIV Positive Patients Attending an Irish Clinic

2.1 Introduction

2.1.1 Outline of the chapter

This chapter focuses on the cross sectional prevalence of a positive screen for cognitive 

impairment in a cohort of Irish HIV positive patients and the factors associated with it. 

The candidate expected to find a high prevalence rate based on international 

literature.

2.1.2 Guidelines for Screening of HIV Associated Neurocognitive Disorders 

The European AIDS Clinical Society (EACS) recommends screening all patients without 

a highly confounding condition every two years for cognitive impairment. Highly 

confounding conditions include severe psychiatric conditions, abuse of psychotropic 

drugs, alcohol abuse, sequelae from previous central nervous system opportunistic 

infections (CNS-Ols) or other neurological diseases and current CNS-Ols or other 

neurological diseases. The 2013 guidelines from EACS recommend asking patients 

three questions every two years and if they reply "yes, definitely" to any one of the 

three questions then evaluation for cognitive impairment is suggested (51). The 

questions are outlined in Table 2-1. When this study commenced the 2009 EACS 

guidelines were in place and they suggested that HIV positive patients complaining of 

memory disturbance should be evaluated including neurological examination, 

cerebrospinal fluid examination and MR imaging of the brain. It suggested that
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patients who were asymptomatic should be screened for cognitive impairment using 

the international HIV dementia scale if they had detectable plasma HIV RNA, had a 

nadir CD4 count less than 200, ongoing depression or were on HAART that had limited 

CNS penetration (169).

Table 2-1 Screening Questions Suggested by EACS

1. Do you experience frequent memory loss (e.g. do you forget the occurrence of 

special events even the more recent ones, appointments, etc.)?

2. Do you feel that you are slower when reasoning, planning activities, or solving 

problems?

3. Do you have difficulties paying attention (e.g. to a conversation, a book, or a 

movie)?

For each question, patients can answer: a) never, b) hardly ever, or c) yes, definitely.

2.1.3 Screening Tests for HIV Associated Neurocognitive Disorders 

The HIV dementia scale (HDS) was developed to screen for HIV associated dementia in 

the 1990s by Power et al. The sensitivity, specificity and positive predictive value of the 

HDS to detect HIV associated dementia were 80%, 91% and 78% respectively (170). 

The International HIV Dementia Scale (IHDS) was developed by Sacktor et al in 2005 for 

use in international settings. This was validated in patients in the United States and in 

Uganda and the sensitivity and specificity did not differ significantly between the two 

groups (80% and 57% in the US group and 80% and 55% in the Ugandan group) (171).
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Zipursky et al carried out a systematic review of the literature on the evaluation of 

brief screening tools for HAND. They focused on studies that evaluated screening tools 

by comparing them with a reference standard or criterion (n=31). The majority of the 

studies were conducted in the USA but were also conducted in Australia, South Africa, 

the UK, Germany, Belgium, Netherlands, Switzerland, Uganda, Kenya and India. They 

performed a meta-analysis for the HDS and IHDS. They concluded that these tools are 

not ideal for detecting a range of neurocognitive impairment and are best used to 

detect HIV associated dementia (172). Kamminga et al also reviewed screening tests in 

HAND and restricted their review to studies in the post HAART era. The screen that 

was the most valid was the demographically adjusted HIV Dementia Scale but only in 

the setting of HAD. They concluded that it was inappropriate for use in the post HAART 

era where ANI is the most common form of HAND. The CogState computerised battery 

was found to be similar to the neuropsychological battery used in the study but it was 

only performed in patients with advanced HIV and 11/60 participants were assessed as 

AIDS dementia complex stage 1 or 2 so this is likely to have inflated the study findings 

(173, 174).

The Brief NeuroCognitive Screen was developed by the AIDS Clinical Trial Group to 

identify people with HAND. It was validated by Ellis et al and had a sensitivity of 65% 

and a specificity of 72% to detect HAND (175). The trail making tests A and B assess 

visual conceptual and visuomotor tracking, psychomotor speed, mental flexibility, 

attention, visual perceptual abilities and executive speed (176). The digit symbol test 

assesses processing speed, visual scanning, sustained attention, associative learning

and sequencing (177, 178).
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2.1.4 Risk Factors for HIV Associated Neurocognitive Disorders 

Risk factors for HAND that have been demonstrated to date include a low nadir CDA"" T 

cell count (68, 179-181), older age (180, 182) substance abuse (183-187), lower 

educational level (181), co-infection with hepatitis C (185, 187, 188), CCR2 

polymorphisms (186, 189), the 2578G variant of CCL2 (MCP-1) (186, 190), TNF-a 308A 

allele (186, 191) and systemic features such as low haemoglobin, constitutional 

symptoms and a low body mass index (64, 101). Apolipoprotein E status, particularly in 

older patients (186, 192), has also been associated with HAND in some studies, 

although a recent study from the CHARTER group did not demonstrate any increased 

risk associated with apolipoprotein E4 carrier status (193).

2.1.5 Functional Consequences of HAND

HIV associated dementia remains an independent predictor of time to death. Sevigny 

et al followed a cohort of 329 HIV positive patients with CD4 T cell counts less than 200 

at time of recruitment and HIV dementia was statistically associated with time to 

death with a hazard ratio of 6.1 (71). These patients were followed up between 1998 

and 2002. In a Canadian cohort study of 1651 HIV positive patients followed up from 

1998 to 2008, HAND was associated with a higher mortality rate with a hazard ratio of 

3.1 (194). Heaton et al examined a cohort of 267 patients and found that patients who 

were neuropsychologically impaired demonstrated a high rate of functional 

impairment in the areas of work assessment, finances, medication management, 

cooking and shopping. Within this cohort there was also a statistically higher rate of 

unemployment in the patients who were neuropsychologically impaired (195).
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Woods et al demonstrated that patients with prospective memory ("remembering to 

remember") impairment had poorer medication management (196). Prospective 

memory refers to the ability to carry out a future task or intention. Impairment in 

prospective memory is associated with dependence in activities of daily living (197). 

Hinkin et al also demonstrated that HAND was associated with poor medication 

adherence (198). Ettenhofer et al demonstrated that older HIV positive patients with 

neurocognitive impairment or substance abuse problems were more likely to be less 

adherent to their antiretroviral regimes (199). Albert et al demonstrated that patients 

with HAND who had low scores on executive and psychomotor tests were more likely 

to rely on fixed medication schedules in order to avoid forgetting to take their 

medications (200).

Blalock et al demonstrated that employment status in patients with HIV tended to 

fluctuate due to the severity of their medical condition (201). Van Gorp et al examined 

predictors of the ability to return to work in HIV positive patients who were out of 

work. Memory function was the most important predictor of return to employment 

(202). Van Gorp et al in an earlier study examined the relationship between 

neurocognitive impairment and employment in 130 HIV positive patients. Patients who 

were unemployed performed poorer on neuropsychological tests of memory, cognitive 

set shifting and psychomotor speed (203). Rabkin et al examined predictors of 

employment in 141 HIV positive men and found that lifetime depressive disorder, 

physical limitations and cognitive impairment all represented significant barriers to 

employment. The patients who were unemployed performed worse on
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neuropsychological tests of memory, executive function and psychomotor speed when 

age, CD4 T cell count and physical limitations were accounted for (204).

Marcotte et al completed neuropsychological assessment and a driving assessment of 

40 HIV positive patients and 20 HIV negative control subjects. Driving was assessed 

with two driving simulations, a useful field of view test and an on-road assessment. 

HIV positive patients who were neuropsychologically impaired were at an increased 

risk for impairment of on-road driving but HIV positive patients with normal cognition 

were similar to HIV negative controls. Executive dysfunction was the strongest 

neuropsychological predictor of failing the on-road driving assessment (205).

2.1.6 Psychiatric Disorders in HIV

Depression is the most common psychiatric disorder associated with HIV infection and 

is more prevalent in HIV positive people compared to the general population (206- 

209). Women are at increased risk for depression from early adolescence to their mid- 

50s. Women have an increased lifetime risk of a major depressive order 1.7 to 2.7 that 

of men (210). Symptoms of depression include depressed mood, loss of interest and 

enjoyment, reduced energy leading to increased fatiguability and diminished activity, 

reduced concentration and attention, reduced self-esteem and self-confidence, ideas 

of guilt and unworthiness, bleak and pessimistic views of the future, ideas or acts of 

self-harm or suicide, disturbed sleep and diminished appetite. In order to meet the 

diagnostic criteria of a depressive episode at least two of the following symptoms 

should be present for two weeks or more: depressed mood, anhedonia or increased
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fatigability along with two of the remaining symptoms described above (211). 

Diagnostic criteria for anxiety are described in Table 2-2 (211).

Table 2-2 Diagnostic Criteria for Anxiety from the ICD-10 Classification

Generalised Anxiety Disorder

A. A period of at least six months with prominent tension, worry and feelings of apprehension, about 

every-day events and problems.

B. At least four symptoms out of the following list of items must be present, of which at least one from 

items (1) to (4).

Autonomic arousal symptoms

(1) Palpitations or pounding heart, or accelerated heart rate.

(2) Sweating.

(3) Trembling or shaking.

(4) Dry mouth (not due to medication or dehydration).

Symptoms concerning chest and abdomen

(5) Difficulty breathing.

(6) Feeling of choking.

(7) Chest pain or discomfort.

(8) Nausea or abdominal distress (e.g. churning in stomach).

Symptoms concerning brain and mind

(9) Feeling dizzy, unsteady, faint or light-headed.

(10) Feelings that objects are unreal (derealisation), or that one's self is distant or "not really here" 

(depersonalization).

(11) Fear of losing control, going crazy, or passing out.

(12) Fear of dying.

General symptoms

(13) Flot flushes or cold chills.
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(14) Numbness or tingling sensations.

Symptoms of tension

(15) Muscle tension or aches and pains.

(16) Restlessness and inability to relax.

(17) Feeling keyed up, or on edge, or of mental tension.

(18) A sensation of a lump in the throat, or difficulty with swallowing.

Other non-specific symptoms

(19) Exaggerated response to minor surprises or being startled.

(20) Difficulty in concentrating, or mind going blank, because of worrying or anxiety.

(21) Persistent irritability.

(22) Difficulty getting to sleep because of worrying.

C. The disorder does not meet the criteria for panic disorder, phobic anxiety disorders, 

obsessive-compulsive disorder or hypochondriacal disorder.

D. Most commonly used exclusion criteria: not sustained by a physical disorder, such as 

hyperthyroidism, an organic mental disorder or psychoactive substance-related disorder, such as excess 

consumption of amphetamine-like substances, or withdrawal from benzodiazepines.

Significant cognitive deficits in psychomotor speed, attention, visual learning, memory 

and executive function have been shown in the first episode of a major depressive 

disorder (212). In the pre-HAART era Hinkin et al did not find any significant difference 

on neuropsychological test performance between HIV positive patients with high and 

low scores on the Beck Depression Inventory (213). In the post-HAART era Castellon et 

al examined the components of depression and their relationship to neurocognitive 

performance in HIV. They divided the Beck Depression Inventory into three factors: 

self-reproach, mood-motivation disturbance and somatic disturbance. Mood-
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motivation disturbance was associated with poorer performance on tests of verbal 

memory, executive function and motor speed (214). Kalechstein et al demonstrated 

that depression predicted procedural memory deficits in HIV (215). Cysique et al 

conducted a prospective longitudinal study on 227 HIV positive patients and did not 

find any association between depression and neuropsychological performance (216). 

The conflicting evidence on the link between depression and performance on 

neuropsychological tests may be due to differing methodology in relation to 

depression scales and clinical interviews.

Morrison et al demonstrated that there was a higher rate of a major depressive 

episode and more symptoms of depression and anxiety in HIV positive women than in 

HIV negative women (217). Sewell et al found that there was no significant difference 

in the rates of anxiety between HIV positive and HIV negative homosexual men but 

they found that compared with the general population both HIV positive and HIV 

negative homosexual men reported more symptoms of anxiety and stress (218).

Depression and anxiety have been associated with non-adherence to HAART (219, 

220). Treatment with anti-depressants improves adherence to HAART (221, 222). 

Ickovics et al examined the impact of depressive symptoms on mortality and HIV 

disease progression on HIV positive women. Depressive symptoms were associated 

with HIV progression (223) however Rabkin et al demonstrated stability of mood in HIV 

positive homosexual men despite HIV progression (224).
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Cell-mediated activation and inflammation contribute to depressive symptoms and are 

mediated by interleukin-1, interleukin-2, interleukin-6, tumour necrosis factor alpha 

and interferon-gamma. Serotonin depletion may occur secondary to the upregulation 

of pro-inflammatory cytokines and there is an increase in oxidative and nitrosative 

stress pathways with resultant neuronal apoptosis and neurodegeneration (225). HIV 

also results in upregulation of pro-inflammatory cytokines and it is possible that the 

increase in depressive symptoms and episodes in HIV may be secondary to the 

neuroinflammation of HIV infection. HIV also results in enhanced degradation of the 

serotonin precursor tryptophan (226). Schroecksnadel et al found that among 152 HIV 

positive patients, those who were not depressed had lower plasma levels of neopterin, 

lower rates of degradation of tryptophan, higher CD4 T cell counts, higher 

haemoglobin levels and better quality of life scores than patients with depression 

(226). Warriner et al also examined the relationship between depression and markers 

of immune activation in HIV infection. Neopterin levels were higher in those who were 

depressed compared to those who were not depressed but only for patients taking 

anti-depressant medications (227).

2.1.7 Description of the Study Site

St. James's Hospital is the largest university teaching hospital in Dublin with 950 beds. 

The Genitourinary and Infectious Diseases (GUIDe) Clinic provides the largest 

outpatient service in Ireland for patients living with HIV. It also has outpatient clinics 

for patients with sexually transmitted infections (STI) and other infectious diseases. It 

has a dedicated inpatient service for patients with HIV and other infectious diseases.
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The service is provided by consultants in infectious diseases and genitourinary 

medicine, a medical team composed of specialist registrars and senior house officers, 

clinical nurse specialists, health advisors, medical social workers, a clinical nutritionist 

and a dedicated pharmacy team. Three HIV clinics are held weekly, including one for 

patients co-infected with hepatitis C. There are four STI clinics a week, two of which 

provide a walk-in service. There is a weekly infectious diseases clinic.

Competing needs in a busy outpatient HIV clinic setting affect ability to screen all 

patients for cognitive impairment. Prior to the initiation of this study there was no 

formal screening programme for cognitive impairment in place at this institution. A 

retrospective study carried out over a six week period by the PhD candidate from 

August 2010 to September 2010 reviewed 500 consecutive patients attending HIV 

clinics in St. James's Hospital to examine if the use of surrogate markers could help to 

identify patients at risk of cognitive impairment. Only 7/500 charts reviewed had 

documentation of patients being asked about cognitive symptoms and all seven 

patients had cognitive symptoms. Surrogate markers only identified a small percentage 

of patients (13.8%, 69/500) as being at risk of cognitive impairment, considerably 

lower than international prevalence rates therefore the need for a prospective 

screening programme was highlighted (228).

2.2 Study Aims

Aim 1: To determine the prevalence of a positive screen for cognitive impairment in 

the HIV positive population who attend St. James's Hospital.
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Aim 2: To assess risk factors for the development of cognitive impairment in the HIV 

positive population who attend St. James's Hospital.

Aim 3: To determine the prevalence of a positive screen for anxiety in the HIV positive 

population who attend St. James's Hospital and the risk factors for a positive screen. 

Aim 4: To determine the prevalence of a positive screen for depression in the HIV 

positive population who attend St. James's Hospital and the risk factors for a positive

screen.

2.3 Methodology

2.3.1 Study Design and Recruitment

This was a cross-sectional observational study. Patients were recruited from the 

outpatient HIV clinics at St. James's Hospital, Dublin. Recruitment commenced on 22 

December 2010 and was completed on 11 February 2013. The PhD candidate attended 

three weekly HIV clinics to recruit patients and all cognitive testing was carried out by 

the candidate in order to limit any potential bias in the methodology of testing. 

Patients were recruited during their routine outpatient appointment. They were given 

a patient information leaflet (see Appendix 1), signed a consent form (see Appendix 2) 

and completed testing on the same day. Unfortunately, ethical approval was not 

granted to include a HIV negative cohort in this study or any of the subsequent studies 

and therefore limits our interpretation of the results. A HIV negative group would have 

been preferable in order to control for sociodemographic features and also substance 

abuse.
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2.3.2 Determination of Sample Size

2200 HIV positive patients attend St. James's Hospital. The prevalence of cognitive 

impairment ranges from 20% to 50% according to international literature reviewed in 

chapter 1. A prevalence rate of 35% was chosen for the purposes of calculating the 

sample size. A Raosoft sample size calculator was used to calculate the sample size. 

With a population of 2200, a margin of error of 5%, a confidence interval of 95% and a 

prevalence rate of 35% a sample size of 302 HIV positive patients would be required.

It was anticipated that a minimum of 302 patients would be recruited into the study 

but in order to ensure that we had adequate numbers in each group, patients with a 

positive screen for cognitive impairment and patients with a negative screen for 

cognitive impairment, to carry out multivariate analysis; our plan was to recruit 600 

patients into the study. A total number of 600 patients recruited should yield 

approximately 200 patients with cognitive impairment. This then allowed for at least 

10 patients per variable in the multivariate analysis and also allowed for possible losses 

due to incomplete or missing data.

2.3.3 Inclusion and Exclusion Criteria

Patients were included in the study if they were HIV positive, attending the outpatient 

clinic in St. James's Hospital, over the age of 18, capable of giving informed consent, 

had sufficient use of the English language to be able to participate and were willing to 

voluntarily participate in the study.
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Patients were excluded if they were HIV negative, under the age of 18, had insufficient 

English to partake, had a physical disability or limitation which affected their ability to 

complete the cognitive testing or were unwilling to participate voluntarily in the study.

2.3.4 Screening Tools Used

Patients were screened for cognitive impairment using the Brief NeuroCognitive 

Screen (BNCS). This test has been validated for use in HIV positive patients (175). There 

is no one ideal test for screening for cognitive impairment in the setting of HIV 

however the BNCS was chosen as it was validated in the setting of HIV infection, it was 

less likely to miss patients who were only mildly impaired compared to the HIV 

dementia scale which tests for patients who are more significantly impaired and there 

was normative data available in a wide age range for the three subtests within the 

BNCS. The components of the BNCS were Trail Making Test Part A (TMT-A), Trail 

Making Test Part B (TMT-B) and the Digit Symbol Test. A copy of the BNCS is in 

Appendix 3. All three subsections of the test were timed. The candidate ensured that 

each participant understood the tests involved in the screening process by asking 

patients to explain back the tasks they were asked to perform and patients completed 

a sample of each test prior to undertaking them. The participants were aware that the 

tests were being timed.

For Trails A and B patients were told to connect the dots in sequence: numbers 1 to 25 

for TMT-A and alternate between letters and numbers starting at number 1 and then 

letter A and so forth for TMT-B. Patients completed a sample of TMT-A (numbers 1 to
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5) and a sample of TMT-B (numbers 1 to 5 and letters A to E) prior to completing the 

tests. If the patient made any error it was corrected immediately and the patient was 

directed back to the last correct target. If the patient was unable to locate the next 

correct target assistance was provided after ten seconds and they were pointed to the 

next correct target. If the patient was unable to complete TMT-A within 180 seconds 

or TMT-B within 240 seconds, testing was stopped and the scores recorded as 180 or 

240 seconds. For the digit symbol test, patients completed a sample consisting of 7 

boxes with the numbers entered and they were required to enter the matching 

symbols. The key with numbers 1 to 9 and their respective symbols remained at the 

top of the page throughout testing. Patients were then required to insert the matching 

symbols for as many of the printed 93 numbers that they could in 90 seconds. All tests 

were timed using the stopwatch function of an iPhone. Three scores were recorded for 

the BNCS: time taken to complete Trails A, time taken to complete Trails B and the 

number of correctly matched symbols in the digit symbol test completed in 90 

seconds.

Anxiety and depression were screened for using the Hospital Anxiety and Depression 

(HAD) Scale (see Appendix 4). This is a 14 item questionnaire consisting of 7 items 

relating to depression and 7 items relating to anxiety. This was completed by the 

patients but the candidate remained present to assist or answer any questions that 

they may have had.
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2.3.5 Determination of a Positive Screen for Cognitive Impairment 

A positive screen for cognitive impairment was defined as one standard deviation 

below the population mean on two tests or two standard deviations below the 

population mean on one test based on the BNCS validated screening tool (175). The 

BNCS has been used in other studies with HIV positive patients also (153). The 

normative data for the Trail Making Test (TMT) were taken from a meta-analysis 

published in The Handbook of Normative Data for Neuropsychological Assessment 

(176). For the meta-analysis 28 studies were included for TMT-A and 29 studies were 

included for TMT-B. The studies included were published between 1980 and 2004. The 

countries in which the studies were carried out included England, Canada, United 

States of America and Australia. Participants ranged in age from 16 to 91 years of age. 

Education ranged from 8 to 16 years. Over 6300 participants were included in the 

meta-analysis. Scores for TMT-A were adjusted for education by adding 1.31 for every 

year of education below 14 and subtracting 1.31 for every year of education over 14 

between 12 and 17 years of education. A similar adjustment was made for TMT-B by 

adding or subtracting 6.45 for every year below or above 14 years of education. The 

normative data for the digit symbol test were taken from the Weschler Adult 

Intelligence Scale Revised (WAIS-R) normative data (229).

A positive screen for anxiety or depression was a score of 11 or greater on the 

respective sub-sections of the HAD Scale (230). The HAD scale has been validated for 

use in patients with HIV and has been used in a number of international settings (231- 

234).
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2.3.6 Ethical Approval and Data Protection

The study had full ethical approval from the combined ethics committee of the 

Adelaide and Meath Hospitals Incorporating the National Children's Hospital (AMNCH) 

and St. James's Hospital (SJH). All patients who participated in the study were given 

patient information leaflets to read and were given the opportunity to ask any 

questions that they had prior to agreeing to participate in the study. The voluntary 

nature of participation was emphasised and that refusal to participate would not affect 

their ongoing medical care in any way. Written informed consent was obtained from 

all participants. The study was conducted in accordance with Good Clinical Practice 

guidelines and the Declaration of Helsinki.

Data was initially collected using a paper case report form in the clinic setting (see 

Appendix 5). Data was subsequently transferred to a password protected 

computerised database using Microsoft Access 2010 (R). All identifying information 

was treated in a strictly confidential manner. A copy of the data dictionary is attached 

in appendix 6.

Data was pseudo-anonymised. Each participant was assigned a unique study 

identifying number. This study number was entered on the paper case report form 

which did not contain the patient's name or medical record number. An excel 

worksheet was created to link the unique study ID number and the participants 

medical record number. This document was encrypted and password protected and 

only accessed by the PhD candidate. It was necessary to pseudo-anonymise the data to

ensure that there was not duplication of data and to be able to give patients the
69



results of their cognitive screening at any point in the future also if they requested it

again.

Hard copies of the case report forms were stored in a locked office in the Department 

of Neurology in St. James's Hospital. The consent forms were also stored in this office 

but did not contain any reference to the unique study number. These documents were 

only accessed by the candidate. The pseudo-anonymised database was encrypted and 

password protected and could only be accessed by the candidate.

2.3.7 Data Collection and Data Recorded

All demographic data was collected at the time of review in the HIV outpatient clinic 

and clinical data that was not available at that time (e.g. nadir CD4 count, antiretroviral 

history, results from T cell lymphocytes and HIV viral load tests that were taken on the 

same day) were recorded subsequently when the data was available.

Demographic data collected included gender, nationality, handedness, age at the time 

of the study, highest level of education reached and number of years spent in 

education, employment history, smoking history, alcohol history and history of use of 

recreational/illicit substances.

Clinical and disease related data collected included year of diagnosis, mode of 

transmission of HIV, endorsement of cognitive symptoms, nadir CD4^ T cell count, 

current CD4'^T cell count and current HIV viral load. Medical history was documented
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specifically for the presence of co-infection with hepatitis B or C, hypertension, 

hypercholesterolaemia, diabetes and history of infection with syphilis. If patients were 

co-infected with hepatitis C, their hepatitis C PCR status was also documented. 

Neurological disorders and neurological complications of HIV were recorded 

(cryptococcal meningitis, CNS TB, toxoplasmosis, encephalitis, PML, IRIS, epilepsy, 

neuropathy and stroke). Psychiatric history was also recorded (depression, BPAD, 

anxiety, schizophrenia and psychosis). Medication history was also recorded (lipid 

lowering medications, anti-hypertensive medications, anti-epileptic medications, 

methadone, benzodiazepines, anti-depressants and anti-psychotics). Antiretroviral 

history was recorded. It was documented if patients were naive to HAART, currently on 

HAART, had only been on HAART to prevent mother to child transmission and if they 

had been on HAART previously but were not currently on HAART. Date of initiation of 

HAART and date of most recent regime were documented. The current regime was 

documented separately and all previous regimes were documented together.

Clinical and disease related data were gathered at the time of screening the patient for 

cognitive impairment, from interrogation of their paper medical chart and electronic 

notes used by the Genitourinary and Infectious Diseases (GUIDE) clinic and review of 

the cards used by the GUIDE Pharmacy department. Blood results were taken from the 

electronic patient record (EPR) at our institution. EPR was initiated in 2006. Blood 

results required from time periods prior to this were taken from the older electronic 

systems (St. James's Patient Administration System (PAS) and the old St. James's 

Laboratory system). All efforts were made to ensure full data collection where

possible.
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Viral suppression was entered as a separate variable and was defined as a HIV viral 

load less than 50 copies per ml. The CPE score was calculated for each individual 

patient also based on their current regime of HAART.

2.3.8 Missing Data

The only missing data points in this database are four nadir CD4^ T cell counts from 

patients who were diagnosed in countries other than Ireland, date of commencement 

of HAART for one patient who commenced HAART in a different hospital and current 

CD4^ T cell count and viral load from one patient who also attends services in a 

different country and had bloods taken there. Missing data was excluded from 

individual analysis involving those variables and only patients with data on all variables 

entered into the multivariate model were used in the multivariate analysis.

2.3.9 Role of the PhD Candidate

The candidate recruited and consented all of the study participants. The candidate 

performed all of the neurocognitive screening and statistical analysis. The candidate 

created and maintained the study database.

2.4 Statistical Analysis

Statistical analysis was carried out using SPSS Version 21 (SPSS Inc., Chicago IL).

Qualitative (categorical) variables were presented as absolute number (N) and relative

frequencies (percentages). Continuous variables were presented as absolute number,
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means with standards deviations (SD) and medians. Descriptive analysis was carried 

out on qualitative variables using Chi square (X^) testing to examine intergroup 

comparisons. The Bonferroni correction method was used to adjust for multiple 

comparisons. Fishers exact test was used where cells contained less than ten data 

points. Continuous variables were examined using the independent samples t test. 

Where data failed to meet criteria for parametric tests, the Mann Whitney U test was 

performed for continuous variables. All tests were two tailed and statistical 

significance was set at p<0.05.

Multivariate analysis was performed to identify predictors of the presence of a positive 

screen for cognitive impairment. Binary logistic regression was carried out and the 

method used was Enter. Only variables that were statistically significant on univariate 

analysis were entered into the model.

2.5 Results

2.5.1 Results of Entire Cohort

There were 604 patients recruited to the study. Their characteristics are described in 

Table 2-3. 51.5% of the study cohort had a positive screen for cognitive impairment 

based on the predefined criteria outlined in the methodology. Of note, the first 96 

patients recruited to this study were also recruited to the CRANIum study, which was a 

cross-sectional epidemiology study in Western Europe and Canada and was conducted 

to describe and compare the prevalence of a positive screen for neurocognitive 

impairment, depressive symptoms, and anxiety in an HIV-positive population either
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naive to HAART or on HAART. They found a positive screen for cognitive impairment in 

41.5% of patients and a greater percentage of women compared with men had a 

positive screen (51.78% vs. 35.1%; p < 0.0001) (235).

The majority of the study cohort were male (78.8%), mean age was 40.9 (SD 10.2) 

years and 70.9% were Irish. Mode of transmission was heterosexual in 32.8%, men 

who have sex with men in 49.3% and due to IV drug use in 15.4%. Just over 83% were 

on HAART and 88.7% were virally suppressed. A study was carried out nationally 

looking at HIV positive patients accessing care and from July 2009 to June 2010 in St 

James's Hospital 1745 patients accessed outpatient care. The majority were male 

(68.2%) and Irish (62.6%). Their mean age was 40.2 (SD 9.5) years. Mode of 

transmission was heterosexual in 42.9%, men who have sex with men in 32.4% and IV 

drug use in 22.2%. The majority were on HAART (80%) and virally suppressed (88%) 

(236). The study cohort is fairly representative of the overall cohort attending St 

James's Hospital.
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Table 2-3 Characteristics of Study Group

Characteristics in = 604)
11

Handedness Right 555 (91.9)
Left 49 (8.1)

Gender Male 476 (78.8)
Female 128 (21.2)

Symptoms Yes 246 (40.7)
No 358 (59.3)

Country of Birth Ireland 428 (70.9)
Europe 52 (8.6)
Africa 100 (16.6)
Asia 8 (1.3)
South America 12 (2.0)
Other 4 (0.7)

English as a first Yes 468 (77.5)
Language No 136 (22.5)

Mode of Transmission Heterosexual 198 (32.8)
MSM 298 (49.3)
IVDU 93 (15.4)
Vertical 3 (0.5)
Other 12 (2.0)

Virally Suppressed Yes 447 (88.7)
(n=504) No 57 (11.3)

Hepatitis B Yes 47 (7.8)
No 557 (92.2)

Hepatitis C Yes 118 (19.5)
No 486 (80.5)

Hep C PCR Positive Yes 73 (61.9)
(n=118) No 45 (38.1)

Hypertension Yes 67 (11.1)
No 537 (88.9)

Hypercholesterolaemia Yes 100 (16.6)
No 504 (83.4)

Diabetes Yes 15 (2.5)
No 589 (97.5)

Syphilis Yes 140 (23.2)
No 464 (76.8)

Cryptococcal Meningitis Yes 2 (0.3)
No 602 (99.7)

CNS TB Yes 5 (0.8)
No 599 (99.2)

Toxoplasmosis Yes 12 (2)
No 592 (98)
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Encephalitis Yes 5 (0.8)
No 599 (99.2)

PML Yes 4 (0.7)
No 600 (99,3)

IRIS Yes 1 (0.2)
No 603 (99.8)

Epilepsy Yes 15 (2.5)
No 589 (97.5)

Neuropathy Yes 25 (4.1)
No 579 (95.9)

Stroke Yes 5 (0.8)
No 599 (99.2)

Depression Yes 145 (24)
No 459 (76)

Bipolar Disorder Yes 7 (1.2)
No 597 (98.8)

Anxiety Yes 22 (3.6)
No 582 (96.4)

Schizophrenia Yes 2 (0.3)
No 602 (99.7)

Psychosis Yes 7 (1.2)
No 597 (98.8)

Lipid Lowering Therapy Yes 66 (10.9)
No 538 (89.1)

An ti-h y pe rte n s i ves Yes 63 (10.4)
No 541 (89.6)

Anti-epileptics Yes 16 (2.6)
No 588 (97.4)

Methadone Yes 71 (11.8)
No 533 (88.2)

Benzodiazepines Yes 79 (13.1)
No 525 (86.9)

Anti-depressants Yes 66 (10.9)
No 538 (89.1)

Anti-psychotics Yes 19 (3.1)
No 585 (96.9)

Employment History Employed 323 (53.5)
Student 49 (8.1)
Unempioyed 211 (34.9)
Retired 21 (3.5)

Smoking History Smoker 278 (46)
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Non smoker 214 (35.4)
Ex-smoker 112 (18.5)

Aicohol History None 119 (19.7)
Units per week 1-10 units 289 (47.8)

11-20 units 100 (16.6)
21-30 units 40 (6.6)
31-40 units 12 (2.0)
> 40 units 21 (3.5)
Hx of ADS 23 (3.8)

illicit Substance Use Never 385 (63.7)
Current Non iV Use 94 (15.6)
Current iV Use 9 (1.2)
Previous Hx 118 (19.5)

Antiretrovirai Therapy Naive 95 (15.7)
On HAART 504 (83.4)
MTCT 3 (0.5)
Previous exposure 2 (0.3)

Positive Screen for Yes 148 (24.5)
Anxiety No 456 (75.5)

Positive Screen for Yes 55 (9.1)
Depression No 549 (90.9)

Positive Screen for Yes 311 (51.5)
Cognitive Impairment No 293 (48.5)

Age (in years)

Time since Diagnosis 
(years)

Nadir CD4 Count

Current CD4 Count

Years of Education

Exposure to HAART (total) 
(years)

Exposure to HAART 
(current)
(years)

CPE Score

HADS - Anxiety Score

HADS - Depression Score

Mean (SD) 
Median (range)

Mean (SD) 
Median (range)

Mean (SD) 
Median (range)

Mean (SD) 
Median (range)

Mean (SD) 
Median (range)

Mean (SD) 
Median (range)

Mean (SD) 
Median (range)

Mean (SD) 
Median (range)

Mean (SD) 
Median (range)

Mean (SD) 
Median (range)

40.9 (10.2) 
41 (18-77)

8.2(6.9)
6.5 (0.03-28.9)

235.6(102.3)
222(1-907)

563.3 (252.7) 
541 (19-1525)

14.3 (3.9)
14 (0-26)

6.1 (4.75) 
4.9 (0.01-18.7)

2.9 (2.06)
2.6 (0.01-12.2)

7.081 (0.8711) 
7 (5-13)

7.576 (4.401) 
7 (0-21)

4.568 (4.0323) 
4 (0-20)
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There were 311/604 patients (51.5%) who had a positive screen for cognitive 

impairment. They were more likely to be female (p=0.000011), endorse cognitive 

symptoms (p=0.041), to have been born in Africa (p=0.000001), speak English as a 

second language (p<0.000001), to have acquired HIV through heterosexual 

transmission (p=0.000012), to not be virally suppressed (p=0.005), to be co-infected 

with hepatitis C (p=0.012), to be PCR positive for hepatitis C (p=0.004), to be on 

methadone replacement therapy (p=0.000032), to be on benzodiazepines 

(p<0.000001), to be on anti-depressants (p=0.036), to be on anti-psychotic medications 

(p=0.004), to be unemployed (p=0.000001), to consume no alcohol per week (p=0.03), 

to have a positive screen for anxiety on the HAD scale (p=0.041), to have a positive 

screen for depression on the HAD scale (p=0.003), to be younger (p=0.004), to have a 

lower nadir CD4^ T cell count (p=0.023), to have a lower current CD4^ T cell count 

(p=0.011), to have fewer years of education (p=0.012) and to have higher scores on 

both the anxiety (p=0.027) and depression (p=0.000033) subsections of the HAD scale. 

The presence of neuropathy (p=0.007), syphilis infection (p=0.007), 

hypercholesterolaemia (p=0.002) and being on lipid lowering therapy (p=0.002) were 

all associated with a reduced likelihood of a positive screen for cognitive impairment.
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Table 2-6 Results of Binary Logistic Regression of Study Cohort.

Odds
Variable Wald P Value Ratio Confidence interval

Symptoms 5.098 0.024 1.7 1.073 -2.696
African country of birth 34.051 <0.000001 11.075 4.938 - 24.839
Neuropathy 5.474 0.019 0.229 0.066-0.787
Use of benzodiazepines 12.828 0.000341 6.746 2.373 - 19.176
Unemployed 6.969 0.008 2.163 1.2-3.835
Alcohol consumption > 40 units 4.443 0.035 0.228 0.058-0.902

Logistic regression analysis showed that the main factors predictive of a positive 

screen for cognitive impairment were the endorsement of cognitive symptoms, being 

born in Africa, the use of benzodiazepines, being unemployed and consumption of 

more than 40 units of alcohol weekly. The presence of neuropathy predicted a reduced 

likelihood of a positive screen. Being born in Africa contributed the most to the model 

followed by the use of benzodiazepines.

There were 79/604 (13.1%) patients taking benzodiazepines. Of the 79 patients taking 

benzodiazepines 53 (67.1%) were male; 73 were Irish (92.4%); 74 were on 

antiretroviral therapy (93.7%) and 59 of the 74 patients on HAART were virally 

suppressed (79.7%); 64/79 were unemployed (81%); 56 were on methadone 

replacement therapy (70.9%); 52 had acquired HIV through intravenous drug use 

(65.8%); 3 (3.8%) and 24 (30.4%) patients respectively were currently using illicit 

substances intravenously and non-intravenously. These are all potential confounding 

factors that may contribute to the association between the use of benzodiazepines 

and the presence of a positive screen for cognitive impairment.
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There were 100 patients in the study cohort who were born in Africa; 86/100 had a 

positive screen for cognitive impairment; 36/100 endorsed cognitive symptoms; 

45/100 were male; 9/100 spoke English as their first language; 88/100 acquired HIV 

through heterosexual transmission; 89/100 were on HAART and 77/89 (86.5%) were 

virally suppressed. Univariate analysis showed that the only significant variable among 

the African patients contributing to a positive screen for cognitive impairment was 

younger age (p=0.05). Mean age in the African patients with a positive screen for 

cognitive impairment was 37.36 years and in those with a negative screen it was 42

years.

When comparing the African patients to the rest of the study cohort, the African 

patients were more likely to be female (p<0.000001), to be younger (p=0.003), to have 

acquired HIV through heterosexual transmission or vertical transmission (p<0.000001), 

to have had CNS TB (p=0.000127), to be students (p=0.000052), to not drink alcohol 

(p<0.000001), to never have used illicit substances (p<0.000001) and to have been on 

HAART to prevent maternal to child transmission (p=0.021). They were less likely to 

speak English as their first language (p<0.000001), to be co-infected with hepatitis C 

(p=0.000018) or syphilis (p=0.008), to be on methadone replacement therapy 

(p=0.000257), benzodiazepines (p=0.001) or antidepressants (p=0.005), to be smokers 

(p<0.000001) and had a shorter duration of HAART therapy (p=0.007). None of these 

factors definitively explain the increased prevalence of a positive screen for cognitive 

impairment amongst this patient group but the lack of English as a first language and 

cultural factors that cannot be accounted for may be contributory however all patients

had sufficient proficiency in English to participate in the study. Clade or other unknown
87



host factors such as genetic predispositions may contribute to the increased 

prevalence of a positive screen for cognitive impairment within the African patients.
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There were 211 unemployed patients in the study; 70.6% (149/211) were male; 75.8% 

(145/211) were Irish; 33.6% (71/211) had acquired HIV through intravenous drug use; 

29.4% (62/211) were on methadone replacement therapy; mean age was 41.18 years; 

mean nadir CD4 T cell count was 198.828; mean current CD4 T cell count was 527.63; 

mean length of education was 12.1 years and mean duration of HIV diagnosis was 9.33

years.

Patients who were unemployed were more likely to endorse cognitive symptoms 

(p=0.000001); to be male (p=0.000307); to have acquired HIV through IV drug use 

(p<0.000001); to be co-infected with hepatitis C (p<0.000001); to have epilepsy 

(p=0.013); to have a previous history of depression (p=0.000247); to be on anti

epileptic medications (p=0.006), methadone replacement therapy (p<0.000001), 

benzodiazepines (p<0.000001), antidepressants (p=0.000044) or antipsychotics 

(p=0.013); to be smokers (p<0.000001); to have a positive screen for anxiety (p=0.008) 

and/or depression (p=0.000001); to consume greater than 40 20 units of alcohol per 

week or to have a history of ADS (p<0.000001); to have been diagnosed for longer with 

HIV (p=0.002); to have a lower nadir CD4 T cell count (p=0.000046); to have a lower 

current CD4 T cell count (p=0.001); to have fewer years of education (p<0.000001) and 

were less likely to be virally suppressed (p=0.000214) or have syphilis (p=0.001). All of 

these characteristics are likely to influence cognition in this group and contribute to 

the higher prevalence rate amongst patients who were unemployed.

94



i/)0)
JQre
re>
reu
OU)Q)
reu

ou
>

“O

(/)
a;

0^oc

“OOi
reQ.
Eou
c0^
reQ.

“O0)
>oQ.
E0ĉ
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On univariate analysis the presence of neuropathy was associated with a reduced 

likelilood of a positive screen for cognitive impairment and on multivariate analysis 

the fresence of neuropathy was also less likely to predict a positive screen. The 

numbers of patients with neuropathy in our cohort were small (n=25) and the type of 

neurjpathy was not classified further as to whether it was due to antiretroviral 

therapy or directly related to HIV. Due to the small number of patients with 

neur)pathy in the study group, it is difficult to draw any significant conclusions about 

the plationship between neuropathy and cognitive impairment.

2.5.2 Results of Irish Patients

Anal’sis was also carried out on the predictors of a positive screen for cognitive 

imparment in the patients who were all born in Ireland. All of these patients spoke 

Engli.h as their first language and would not have had any cultural issues with the 

cogntive screening tests as they would all have been accustomed to the concepts used 

in thi screening tests through the Irish education system. The characteristics of the 

Irish jatients compared to the rest of the study cohort are described in Table 2-11 and 

Tablf 2-12. The Irish patients were older (p<0.001), had been diagnosed for longer 

(p<0301), had fewer years of education {p=0.000003), had been on HAART for longer 

(p<0301), were more likely to be male (p<0.000001), to have acquired HIV through 

intravenous drug use (p<0.000001), to be co-infected with hepatitis C (p<0.000001), to 

havea history of depression (p=0.000022), to be on methadone replacement therapy 

(p=0300003), benzodiazepines (p=0.000006) or antidepressants (p=0.000003) and 

were more likely to be smokers (p<0.000001).
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Table 2-15 Results of Logistic Regression Analysis of Irish Born Patients - R^was 22.7.

Variable Wald P Value Odds Ratio Confidence Interval

Mode of transmission - IVDU 3.835 0.05 0.398 0.158-1.001
Absence of neuropathy 5.45 0.02 0.282 0.098-0.816
Use of benzodiazepines 11.94 0.001 5.411 2.077 -14.099
Unemployed 0.011 6.463 1.803 1.145-2.84

IVDU - intravenous drug user

On univariate analysis female gender (p=0.041), endorsement of cognitive symptoms 

(p=0.01), acquisition of HIV through intravenous drug use (p=0.000486), not being 

virally suppressed (p=0.00029), co-infection with hepatitis C (p=0.000007), previous 

history of stroke (p=0.041) or depression (p=0.016), being on methadone replacement 

therapy (p<0.000001), benzodiazepines (p<0.000001), antidepressants (p=0.006) or 

antipsychotics (p=0.002), being unemployed (p<0.000001), smoking (p=0.000037), 

current non-intravenous use of illicit substances (p=0.002), positive screen for anxiety 

(p=0.04) or depression (p=0.001), lower nadir CD4 T cell count (p=0.047), lower current 

CD4 T cell count (p=0.007), and fewer years of education (p<0.001) were all associated 

with a positive screen for cognitive impairment. Presence of neuropathy (p=0.034) was 

associated with a reduced risk of a positive screen for cognitive impairment. IV drug 

use as a mode of acquisition of HIV, being a smoker and current non-intravenous drug 

use were all statistically significantly associated with a positive screen for cognitive 

impairment in the Irish group but not for the entire study cohort. This is likely a 

reflection of the demographics of the Irish patients recruited to the study. On 

multivariate analysis the factors associated with a positive screen for cognitive 

impairment were IV drug use as a mode of transmission, use of benzodiazepines and 

being unemployed.
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2.5.3 Results of Patients Co-infected with Hepatitis C

Hepatitis C is a known risk factor for HAND (185, 187, 188). Sub-group analysis was 

carried out on patients co-infected with hepatitis C. Patients co-infected with hepatitis 

C were predominantly male (86/118, 72.9%) and Irish (106/118, 89.8%). Over half 

(66/118, 55.9%) endorsed cognitive symptoms. The majority were on HAART (111/118, 

94.1%) and 85.6% (95/111) were virally suppressed. Just over half were on methadone 

replacement therapy (64/118, 54.2%). The majority were unemployed (83/118, 

70.3%). Three quarters were smokers (90/118, 76.3%). Ex-lVDUs comprised 44.9% 

(53/118) of patients co-infected with hepatitis C but 6/118 (5.1%) were still currently 

injecting drugs and 38/118 (32.2%) were using illicit substances either orally or via 

inhalation. Almost two thirds of patients co-infected with hepatitis C (73/118, 61.9%) 

had a positive screen for cognitive impairment.
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Table 2-16 Predictors of a Positive Screen for Cognitive Impairment in Patients co-infected 
with Hepatitis C - Univariate Analysis using Chi Square Analysis or Fisher Exact Test.

Positive Screen Negative Screen P Value

Characteristics (n=73) (n=45)

n n m
Symptoms Yes 49 (74.2) 17 (25.8) 0.002

No 24 (46.2) 28 (53.8)

Gender Male 50 (58.1) 36 (41.9) 0.172

Female 23 (71.9) 9 (28.1)

Mode of Transmission Heterosexual 17 (73.9) 6 (26.1) 0.369

MSM 5 (45.5) 6 (54.5)

IVDU 47 (61.8) 29 (38.2)

Other 4 (50) 4 (50)

Virally suppressed Yes 55 (57.8) 40 (42.4) 0.178

No 13 (81.2) 3 (18.8)

Hep C PCR Positive Yes 51 (69.9) 22 (30.1) 0.04

(n=118) No 22 (48.9) 23 (51.1)

Lipid Lowering Therapy Yes 0 (0) 4 (100) 0.019

No 73 (64) 41 (46)

Methadone Yes 48 (75) 16 (25) 0.002

No 25 (46.3) 29 (53.7)

Benzodiazepines Yes 46 (82.1) 10 (17.9) 0.000016

No 27 (43.5) 35 (56.5)

Smoking History Smoker 61 (67.8) 29 (32.2) 0.044

Non smoker 7 (500 7 (50)

Ex-smoker 5 (35.7) 9 (64.3)
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Predictors of a positive screen for cognitive impairment in the group of patients co

infected with hepatitis C were the endorsement of cognitive symptoms (p=0.002), 

being PCR positive for hepatitis C RNA (p=0.032), being on methadone replacement 

therapy (p=0.002), benzodiazepines use (p=0.000016), smoking (p=0.044) and fewer 

years of education (p=0.022). Being on lipid lowering therapy was associated with a 

reduced likelihood of a positive screen for cognitive impairment in this group (p=0.019) 

but only four patients within this group were on lipid lowering therapy so these results 

have to be interpreted with caution. On logistic regression analysis the factors 

associated with a positive screen for cognitive impairment within this group were the 

endorsement of cognitive symptoms, being PCR positive for hepatitis C RNA and the 

use of benzodiazepines.

2.5.4 Results of Female Patients

Female gender was associated with a higher rate of a positive screen for cognitive 

impairment in this study group and subgroup analysis was carried out on the 128 

female participants. Demographics of the female patients in this study are outlined in 

Table 2-19. They were more likely to endorse cognitive symptoms (p=0.028), to be 

African (p<0.000001), to have acquired HIV through heterosexual transmission 

(p<0.000001), to be on benzodiazepines (p=0.006), to be students or unemployed 

(p=0.000005), to be non-smokers (p=0.01), to not drink alcohol (p<0.000001), to have 

a positive screen for anxiety (p=0.007) and depression (p=0.000019) and to have a 

lower nadir CD4 T cell count (p=0.01).
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Table 2-20 Demographics of Female Patients (Linear Variables).

Age (in years)

Time since Diagnosis 

(days)

Nadir CD4 Count

Current CD4 Count

Years of Education

Mean (SD) 

Median

Mean (SD) 

Median

Mean (SD) 

Median

Mean (SD) 

Median

Mean (SD) 

Median

Exposure to HAART (totai) Mean (SD) 

(days) Median

CPE Score

HADS - Anxiety Score

Mean (SD) 

Median

Mean (SD) 

Median

HADS - Depression Score Mean (SD)

Median

Women

(n=128i

39.313(8.85)

37.5

3148.5 (2237.35) 

2637

203.82 (144.65)

198.5

539.055 (255.21)

526.5

13.81 (3.94)

14

2267.417 (1681.88) 

1886

7.07 (0.896)

7

8.49 (5.04)

8

5.688 (4.85)

4

Men P Value

(n=476)

41.319(10.5) 0.054

41

2940.826 (2575.03) 0.063

2243.5

244.178(165.85) 0.01

227

569.857(251.88) 0.221

542

14.41 (3.9) 0.127

14

2212.997 (1750.32) 0.768

1768

7.09 (0.865) 0.869

7

7.33(4.19) 0.026

7

4.267 (3.73) 0.008

3
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The predictors of a positive screen for cognitive impairment in female patients were

younger age (p=0.007), African country of birth (p=0.000144), use of benzodiazepines

(p=0.004) and shorter duration of antiretroviral therapy (p=0.005). On logistic

regression analysis of the female patients the only variable that was significant was the

use of benzodiazepines (R^ was 47.4, WALD 11.388, p=0.001, OR 16.196, 95% Cl 3.214

-81.627).

2.5.5 Results of Screening for Depression

There was a positive screen for depression in 9.1% (55/604) of the study group. 56.4%

(31/55) were male; 83.6% (46/55) were Irish; 38.2% (21/55) acquired HIV through

heterosexual transmission, 27.3% (15/55) acquired HIV through homosexual

transmission, 30.9% (17/55) acquired HIV through IV drug use, one person (1.8%)

acquired HIV through vertical transmission and one person (1.8%) through

occupational risks; 92.7% (51/55) were on HAART and 39/51 (76.5%) were virally

suppressed; 65.5% (36/55) were unemployed and 61.8% (34/55) were smokers.

Median age was 40, median duration of diagnosis was 7.3 years, median nadir CD4

count was 227, median current CD4 count was 545, median years of education was 12

and median duration of HAART was 6.2 years. There was a history of depression in

37/55 (67.3%) of those with a positive screen for depression. Of the group with a

positive screen for depression, 6/55 (10.9%) had a history of an anxiety disorder.

On univariate analysis a positive screen for depression was associated with female

gender (p=0.000019), acquisition of HIV through IV drug use (p=0.001), lack of

119



virological suppression (p=0.001), co-infection with hepatitis C (p=0.000059), a history 

of depression (p<0.000001), a history of anxiety (p=0.01), being on anti-epileptic 

medications (p=0.025), methadone replacement therapy (p<0.000001), 

benzodiazepines (p<0.000001), antipsychotic medications (p=0.00002), being 

unemployed (p=0.000012), smoking (p=0.048), consuming more than 40 units of 

alcohol weekly or a history of alcohol dependence syndrome (p=0.003), a previous 

history of illicit substance abuse (p=0.007), a positive screen for cognitive impairment 

(p=0.003) and fewer years of education (p=0.001). Logistic regression analysis showed 

that a history of depression and the use of anti-psychotics were independent 

predictors of a positive screen for depression. These factors likely reflect patients who 

had a diagnosis of depression and were on treatment for a psychiatric disorder.
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Table 2-23 Characteristics of Patients with a Positive Screen for Depression - Statistically 
Significant Variables.

Characteristics

Positive Screen 

(n=551

Negative Screen 

(n=549)

P Vaiue

n m n m
Gender Male 31 (6.5) 445 (93.5) 0.000019

Female 24 (18.8) 104 (81.2)

Mode of Transmission Heterosexual 21 (10.6) 177 (89.4) 0.001

MSM 15 (5) 283 (95) Std Residual

IVDU 17 (18.3) 76 (81.7) for IVDU was

Vertical 1 (33.3) 2 (66.7) 2.9

Other 1 (8.3) 11 (91.7)

Virally Suppressed Yes 39 (8.7) 408 (91.3) 0.001

(n=504) No 12 (21.1) 45 (78.9)

Hepatitis C Yes 22 (18.6) 96 (81.4) 0.000059

No 33 (6.8) 453 (93.2)

History of Depression Yes 37 (25.5) 108 (74.5) <0.000001

No 18 (3.9) 441 (96.1)

History of Anxiety Yes 6 (27.3) 16 (72.7) 0.01

No 49 (8.4) 533 (91.6)

Methadone Yes 19 (26.8) 52 (73.2) <0.000001

No 36 (6.8) 497 (93.2)

Benzodiazepines Yes 24 (30.4) 55 (69.6) <0.000001

No 31 (5.9) 494 (94.1)

Anti-epileptic medications Yes 4 (25) 12 (75) 0.025

No 51 (8.7) 537 (91.3)

Anti-psychotics Yes 7 (36.8) 12 (63.2) 0.00002

No 48 (8.2) 537 (91.8)

Employment History Employed 16 (5) 307 (95) 0.000012

Student 3 (6.1) 46 (93.9)

Unemployed 36 (17.1) 175 (82.9)

Retired 0 (0) 21 (100)

Smoking History Smoker 34 (12.2) 244 (87.8) 0.048

Non smoker 14 (6,5) 200 (93.5)
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Positive Screen Negative Screen P Value

Characteristics (n=55) (n=549)

n I%1 n m
Ex-smoker 7 (6.3) 105 (93.7)

Alcohol Consumption None 17 (14.3) 102 (85.7) 0.003

(Units per week) 1-10 units 17 (5.9) 272 (94.1)

11-20 units 7 (7) 93 (93)

21 - 30 units 2 (5) 38 (95)

31 - 40 units 2 (16.7) 10 (83.3)

> 40 units 5 (23.8) 16 (76.2)

Hx of ADS 5 (21.7) 18 (78.3)

Illicit Substance Use Never
Current Non IV

25 (6.5) 360 (93.5) 0.007

Use 9 (9.6) 85 (90.4)

Current IV Use 1 (14.3) 6 (85.7)

Previous Hx 26 (16.9) 98 (83.1)

Positive Screen for Yes 39 (12.5) 272 (87.5) 0.003

Cognitive Impairment No 16 (5.5) 277 (94.5)

Years of Education Mean (SD) 12.6 (3.5984) 14.45 (3.9114) 0.001

Median 12 14 95% Cl
(-2.93) - (- 
0.77)

Std = Standardised, Hx = History, IV = Intravenous.

Table 2-24 Binary Logistic Regression Results of Predictors of a Positive Screen for 
Depression.

Variable Wald P Value Odds Ratio Confidence Interval

Hx of Depression 27.38 <0.001 6.717 3.291-13.71
Antipsychotic Meds 5.119 0.024 4.437 1.221 -16.131

Hx = History. Meds = medications.

2.5.6 Results of Screening for Anxiety

There was a positive screen for anxiety in 24.5% (148/604) of the study group. Of the

148 patients with a positive screen for anxiety 70.9% (105/148) were male; 78.4%

(116/148) were Irish; 33.1% (49/148) had acquired HIV through heterosexual
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transmission, 45.9% (68/148) through homosexual transmission, 19.6% (29/148) 

through IV drug use, one person (0.7%) acquired HIV vertically and one person 

through occupational risks; 84.5% (125/148) were on HAART and 84.8% (106/125) 

were virally suppressed; 54.7% (81/148) were smokers; 46.6% (69/148) were 

employed, 7.4% were students (11/148), 44% (65/148) were unemployed and 2% 

(3/148) were retired. Median age was 39, median duration of diagnosis was 6.35 years, 

median nadir CD4 count was 234.5, median current CD4 count was 543, median 

number of years was 13 and median duration of HAART was 5.2 years. There was a 

history of an anxiety disorder in 14/148 (9.5%) of those with a positive screen for 

anxiety. There was a history of depression in 72/148 (48.6%) of the group with a 

positive screen for anxiety.

A positive screen for anxiety was associated with female gender (p=0.007), co-infection 

with hepatitis C (p=0.016), neuropathy (p=0.021), a history of depression 

(p<0.000001), a history of anxiety (p=0.000014), methadone replacement therapy 

(p=0.005), use of benzodiazepines (p<0.000001), anti-depressants (p=0.000007), anti- 

psychotics (p=0.019), smoking (p=0.05), fewer years of education (p=0.012) and a 

positive screen for cognitive impairment (p=0.041). Logistic regression analysis showed 

that female gender, a history of depression, a history of anxiety and neuropathy were 

all independent predictors of a positive screen for anxiety.
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Table 2-25 Characteristics of Patients with a Positive Screen for Anxiety - Statistically 
Significant Variables.

Positive Screen Negative Screen P Value

Characteristics (n=148) (n=456)

n n

Gender Male 105 (22.1) 371 (77.9) 0.007

Female 43 (33.6) 85 (66.4)

English as 1st Language Yes 124 (26.5) 344 (73.5) 0.035

No 24 (17.6) 112 (82.4)

Hepatitis C Yes 39 (33.1) 79 (66.8) 0.016

No 109 (22.4) 377 (77.6)

Neuropathy Yes 11 (44) 14 (56) 0.021

No 137 (23.7) 442 (76.3)

History of Depression Yes 72 (49.7) 73 (50.3) <0.000001

No 76 (16.6) 383 (83.4)

History of Anxiety Yes 14 (63.6) 8 (36.4) 0.000014

No 134 (23) 448 (77)

Methadone Yes 27 (38) 44 (62) 0.005

No 121 (22.7) 412 (77.3)

Benzodiazepines Yes 38 (48.1) 41 (51.9) <0.000001

No 110 (21) 415 (79)

Anti-depressants Yes 31 (47) 35 (53) 0.000007

No 117 (21.7) 421 (78.3)

Anti-psychotics Yes 9 (47.4) 10 (52.6) 0.019

No 139 (23.8) 446 (76.2)

Smoking History Smoker 81 (29.1) 197 (70.9) 0.05

Non smoker 23 (20.5) 89 (79.5)

Ex-smoker 44 (20.6) 170 (79.4)

Positive Screen for Yes 87 (28) 224 (72) 0.041

Cognitive Impairment No 61 (20.8) 232 (79.2)

■'ears of Education Mean (SD) 13.581 (3.6122) 14.509 (3.989) 0.012

Median 13 15 95% Cl

(-1-65)-(-0.2)

124



Table 2-26 Binary Logistic Regression Results of Predictors of a Positive Screen for Anxiety.

Variable Wald P Value Odds Ratio Confidence Interval

Female Gender 4.433 0.035 1.719 1.038 - 2.847
Hx of Depression 38.248 <0.001 4.655 2.859 -7.578

Hx of Anxiety 9.178 0.002 4.68 1.724-12.703

Hx of Neuropathy 4.747 0.029 2.766 1.108-6.909
Hx = history.

2.6 Discussion

2.6.1 Discussion of Results of Screening for Cognitive Impairment 

Just over 50% of the study group had a positive screen for cognitive impairment. The 

statistically significant factors associated with a positive screen for cognitive 

impairment included female gender, younger age, an African country of birth, 

endorsement of cognitive symptoms, co-infection with hepatitis C, lack of virological 

suppression, being on medications with CNS effects (methadone, benzodiazepines, 

anti-depressants, anti-psychotics), being unemployed, lower nadir and current CD4 

counts, fewer years of education and positive screens for anxiety and depression.

Carter et al demonstrated that cognitive complaints predicted poorer 

neuropsychological performance (237). Rourke et al found that cognitive complaints 

were correlated significantly with depressive symptoms and with neuropsychological 

measures of attention, working memory, psychomotor skills and learning efficiency. 

They found that depressive symptoms accounted for the majority of variance 

explained in cognitive complaints while psychomotor efficiency predicted the 

remaining variance (238). Bassel et al studied the relationship between working
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memory and subjective cognitive complaints in 36 HIV positive adults. Working 

memory was the strongest predictor of cognitive complaints and depressive symptoms 

also independently predicted cognitive complaints (239).

The effect of country of birth may be due to the lack of culturally appropriate 

normative data for the screening tests. Cultural differences and acculturation have 

been shown to affect the results of neuropsychological testing in African-Americans 

compared to Caucasian Americans (240). Acculturation explains the process of cultural 

and psychological change that results from the meeting of different cultures. It also 

refers to the degree to which an ethnic group adopts the behaviours, language and 

values of the dominant culture.

Cultural and racial influences on neuropsychological testing have been documented 

previously. Manly et al examined English speaking African-Americans and Caucasian 

Americans in Manhattan and demonstrated that after accounting for occupational 

attainment and medical conditions, African Americans performed worse on measures 

of categorical fluency, figure memory, verbal abstraction and visuospatial skills (241). 

Jacobs et al performed neuropsychological testing on English speaking and Spanish 

speaking older people. There were significant differences between the English 

speakers and the Spanish speakers on non-verbal tests as well as category fluency 

(242). Other factors influence the results of neuropsychological testing in different 

ethnic groups such as reading level and educational quality (243, 244). There is 

significant heterogeneity in cultural, educational and linguistic exposures within ethnic

124



groups so even creating separate normative data for different ethnic groups is

challenging and not without potential disadvantages (245).

A recent study from Uganda showed that 68.6% of a cohort of HIV positive patients

had evidence of cognitive impairment compared to 16% of a HIV negative control

group suggesting that there is a significant effect of HIV on cognition independent of

African race and that it is not just due to a lack of culturally appropriate tests and

normative data (246). It is also possible that the higher rate of a positive screen for

cognitive impairment in the African patients in this study may be due to a clade effect

however clade status was not recorded as part of this study.

Female gender, endorsement of cognitive symptoms, lack of virological suppression.

co-infection with hepatitis C, use of methadone, benzodiazepines, anti-depressants or

anti-psychotics, unemployment, positive screens for anxiety and/or depression, lower

nadir and/or current CD4 T cell counts and fewer years of education were all predictive

of a positive screen for cognitive impairment both in the entire study cohort and in just

the Irish patients. All of the Irish patients spoke English as their first language and

hence should have fewer or no cultural issues with the screening tests used therefore

it suggests that these factors are an accurate assessment of the predictors of a positive

screen for cognitive impairment. It should be noted that the Irish patients formed the

largest group within the study cohort so are likely to be driving some of the statistically

significant results found in the entire cohort analysis. The younger age is being driven

primarily by the African patients for whom it was the only predictor of a positive

screen.
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Women have been under-represented in studies on cognition in HIV as a lot of studies 

focused on men due to the higher incidence of HIV among men than women, 

particularly in the United States, due to the predominance of HIV among men who 

have sex with men and the higher number of men who are IV drug users compared to 

women (247). Of 236 studies conducted on the neurological and neuropsychological 

consequences of HIV between 1988 and 1997, only 31% of studies included women 

with approximate representational parity (248).

In the early years of the epidemic it seemed that women might be more vulnerable to 

the development of the neurological consequences of AIDS. A retrospective review of 

6548 patients with AIDS in Europe found that the risk of AIDS dementia complex was 

twice as high in women compared to men (249). A prospective study of 146 patients 

with HIV in the United States did not find any gender difference in the neurocognitive 

complications of HIV (250). A review of 6293 patients who seroconverted to HIV did 

not find any gender differences in the pre-HAART era but from 1997 onwards they 

found that women had a lower risk of AIDS, death and development of AIDS dementia 

complex (251). A prospective study of 71 patients with HIV associated dementia did 

not find any gender difference in progression of HAD (252). Wojna et al demonstrated 

a rate of cognitive impairment of 77.6% in Hispanic women in Puerto Rica (253).

HiV positive women performed worse on tests of motor skill and probabilistic learning 

than HIV positive men. These are tests of nondeclarative or procedural learning and 

rely on the integrity of the fronto-striatal tracts (254). There was a higher prevalence

rate of cognitive impairment among HIV positive women who were not on HAART in a
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multi-centre study of women living with HIV (255). Richardson et al examined the role 

of hepatitis C co-infection on cognition in women with HIV. HIV positive women who 

were co-infected with hepatitis C and were not on HAART were more likely to be

cognitively impaired than those who were HIV and hepatitis C negative (256).

Substance abuse, including excess alcohol consumption, is a known risk factor for 

HAND (183). Alcohol abuse and HIV have additive and interactive effects on cognition 

(257). In an observational study of British civil servants excessive alcohol consumption 

among men was associated with a faster cognitive decline compared to those who 

consumed light to moderate amounts of alcohol (258). A meta-analysis of fifteen 

studies did not show an increased risk of dementia amongst those who were classified 

as "heavy drinkers". This may reflect a selection bias within the studies used (259). 

Some protective effect of moderate alcohol consumption has been demonstrated.

Older people without the APOE epsilon 4 allele who consumed up to three units of 

wine daily had a lower risk of developing Alzheimer's Disease (260). Other meta

analyses also demonstrated a protective relationship between moderate consumption 

of alcohol and the development of Alzheimer's Disease but not for vascular dementia 

or cognitive decline (261-263). Therefore it is not surprising that patients with a history 

of excess alcohol consumption were more likely to have a positive screen for cognitive 

impairment and that it was an independent predictor of a positive screen for cognitive 

impairment on multivariate analysis.

People on methadone replacement therapy have demonstrated impairment in

psychomotor speed, working memory, decision making and inhibitory mechanisms
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(264) . A study in 2005 examined the effects of long-term opioid abuse from 

methadone maintenance therapy. The performance of abstinent abusers on 

neuropsychological tests fell between that of the control group and the methadone 

maintenance group, suggesting that methadone maintenance may be associated with 

additional impairment over and above that associated with long-term abuse of opioids

(265) . In a further study 60% of people currently abusing opiates showed significant 

impairment on neuropsychological tests. The drug free group of addicts fell between 

the controls and the group actively abusing opioids without any significant differences. 

The authors suggested that recovery of cognitive function may occur during abstinence

(266) .

In a pilot study of 30 HIV positive and 30 HIV negative substance abusers, the HIV 

positive substance abusers displayed significantly more motor impairment which was 

specifically related to impaired cognition in this group and independent of degree of 

immunocompromise. HIV status was a significant predictor of learning and speeded 

processing after controlling for reading level, methadone replacement therapy and 

positive urine toxicology (267). Margolin et al examined the factors affecting cognition 

in HIV positive drug users. Independent predictors of neuropsychological test 

performance were HIV viral load, educational level and premorbid medical and 

psychiatric conditions (268).

Long term use of benzodiazepines has been shown to affect cognition particularly the 

domains of visuospatial ability, speed of processing, sustained attention and verbal

learning (269-271). There is evidence of improvement of cognitive functioning after
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withdrawal of benzodiazepine use but patients may still remain impaired compared to

healthy controls or normative data at least six months post withdrawal of

benzodiazepines (269, 272). In a French study of long-term benzodiazepine use on

cognitive functioning in young adults, benzodiazepine use was associated with

impairment in long-term memory only in women (273).

Unemployment has been shown to be a functional consequence of HAND (201-204).

Due to the limitations of cross-sectional studies it is not possible to establish a

causative relationship between unemployment and cognitive impairment. It was

statistically significantly related to the presence of a positive screen for cognitive

impairment in this study. Patients with cognitive impairment are more likely to have

difficulties maintaining employment but it is also possible that patients who are

unemployed may be more likely to perform poorer on cognitive testing due to

sociodemographic reasons or the co-existence of a substance abuse disorder.

A lower nadir CD4 T cell count (68, 179-181) and a lower educational level (181) have

both been shown to be risk factors for HAND in international studies. It has been

hypothesised that a lower nadir CD4 T cell count represents a "legacy event" that

contributes to the development of HAND (68). A lower nadir CD4 T cell count also

indicates that patients were more immunocompromised prior to initiation of HAART

and this may relate to late presentation, poor engagement in care and

sociodemographic factors such as poor social circumstances or a chaotic lifestyle.
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Within this cohort we found that 9.1% had a positive screen for depression and that 

24.5% had a positive screen for anxiety. In a European prevalence study the rate of 

depression in adults was 8.56% (274). A Swedish study found prevalence rates of 

17.2% and 14.7% for depression and anxiety respectively however it must be noted 

that data was obtained through a postal survey with a response rate of 44.3% and 

there was likely to have been a selection bias in those who chose to respond which 

may account for the higher prevalence rates in this study (275). Mackenzie et al 

examined the prevalence rate of generalised anxiety disorder in 12,312 adults over the 

age of 55 and found a prevalence rate of 2.8% (276).

Both of these screens were associated with a positive screen for cognitive impairment. 

Female gender, co-infection with hepatitis C, a history of depression or anxiety, 

methadone replacement therapy, anti-psychotic medications, smoking and fewer 

years of education were all associated with positive screens for depression and 

anxiety. These factors were also significantly related to a positive screen for cognitive 

impairment suggesting that there is a complex interplay amongst these factors in 

relation to cognitive impairment, depression and anxiety.

2.6.2 Strengths of the Study

The major strength of this study is the large number of participants from a single 

centre who were unselected and were a representative sample of a clinical population 

living with HIV in Ireland. All of the cognitive screens were conducted by the PhD 

candidate to avoid bias or differences in the administration of the test.
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2.6.3 Limitations of the Study

The BNCS is a screening tool and while it was designed to be sensitive to HIV related

cognitive impairment, it may also detect other causes of cognitive impairment. It was

not designed to draw conclusions about the severity of the impairment in those who

had a positive screen. Due to its higher rate of false positives and negatives, it may be

more suited to large cohort studies as opposed to individual patients (175). The lack of

available normative data for all the cultural and racial groups within our study is

another limitation and therefore local, cultural or racial differences may account for

some of the statistically significant results found in this study however most of these

statistically significant relationships were also seen within the Irish sub-group analysis.

all of whom spoke English as their first language and for whom the normative data

should be applicable. This suggests that the statistically significant relationships found

in this study are relevant and not just a bias of the lack of culturally appropriate

normative data. Another limitation of the study is the cross-sectional nature of the

study as it does not allow definitive conclusions with regard to causality to be drawn

and only allows conclusions with regard to associations between the dependent

variable and independent variables.

2.7 Conclusions

This was the first large scale cross-sectional screening programme in Ireland for

cognitive impairment in the setting of HIV infection. A prevalence rate of 51.5% of a

positive screen for cognitive impairment was demonstrated in this study and

highlighted the necessity of a structured prospective screening programme for
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cognitive impairment at our institution. Multiple risk factors exist for HAND. HAND 

may be a heterogeneous disease with differing risk factors contributing to the 

development of HAND in susceptible individuals, possibly with synergistic effects of 

individual risk factors. HAND and affective symptoms or disorders are likely to be inter

related and not entirely separate entities co-occurring.
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3 Neuropsychological Assessment of Patients with a Positive Screen for

Cognitive Impairment

3.1 Introduction

3.1.1 Outline of the chapter

This chapter focuses on the patients who underwent detailed neuropsychological

assessment in order to determine the cognitive profile of a cohort of HIV positive Irish

patients with a positive screen for cognitive impairment. The underlying hypothesis of

the study is that there are both inflammatory/immune mediated and degenerative

changes in HAND. The candidate expected to find that HIV positive patients would

exhibit features consistent with other neurodegenerative conditions and that there

would be evidence of more cortical features on neuropsychological assessment in the

post HAART era as opposed to the predominant subcortical features of the pre-HAART

era.

3.1.2 Clinical features and Neurocognitive Profile of HIV Associated Neurocognitive

Disorders

3.1.2.1 Clinical Features in the 1980s

Navia et al described the clinical features of AIDS dementia complex in a series of 46

patients in 1986 on whom they also had autopsy findings. There were 24 patients who

were not demented in the study also. The cognitive impairment developed after the

diagnosis of AIDS in most of their patients but in one third of their patients the
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patients were cognitively impaired either at the time of diagnosis of AIDS or prior to 

the diagnosis of AIDS. Patients exhibited disturbance in cognitive, behavioural and 

motor function. Patients complained of forgetfulness, loss of concentration, difficulty 

recalling recent events and losing their train of thought. Motor symptoms included 

lower limb weakness, loss of balance and abnormal co-ordination. Apathy and social 

withdrawal were the most common behavioural symptoms (53).

On testing of cognition, patients demonstrated inattention and recent memory loss 

with difficulty performing serial 7s and recalling a series of objects at 5 minutes. The 

most common finding on neurological examination was ataxia of gait while one third 

of patients had hyperreflexia. In the later stages of the disease patients demonstrated 

global cognitive dysfunction and the majority had psychomotor retardation. They also 

exhibited worsening ataxia, hypertonia, urinary or faecal incontinence and in some 

cases lower limb weakness requiring the use of a wheelchair. Grasp reflexes and 

tremor were also commonly seen. Navia et al coined the term AIDS dementia complex 

in this paper and suggested that it was consistent with a subcortical dementia given 

the prominent psychomotor slowing and the absence of cortical signs such as aphasia 

and apraxia (53). The neuropathology findings of the 70 patients supported this 

hypothesis given the predominance of white matter and subcortical nuclei pathology 

(54). Grant et al also found impairments in abstraction, learning and speed of 

information processing in patients with AIDS in the 1980s (277). Heaton et al found 

increased rates of neuropsychological impairment at each successive stage of HIV 

infection in 389 HIV positive men. The domains most often affected were attention, 

speed of information processing and learning efficiency and they suggested that this
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pattern was consistent with earliest involvement of subcortical or fronto-striatal brain

systems (278). Power et al also described the clinical triad of progressive cognitive

decline, motor dysfunction and behavioural abnormalities associated with HIV

associated dementia and agreed with the subcortical nature of the pathology (279).

3.1.2.2 Changes in HAND Before and During the HAART Era

Heaton et al reviewed the changes in HAND before and during the HAART era. In the

post HAART era more cortical findings were demonstrated. Impairment in learning and

memory and executive function were more predominant than the subcortical

impairments in motor skills, cognitive speed and verbal fluency that were common in

the pre-HAART era. Recall, working memory and attention were stable across the two

time periods in the study by Heaton et al (280). Cysique et al also examined the

changing pattern of HAND across the two eras and demonstrated an improvement in

attention, verbal fluency and visuospatial skills, but there was a deterioration in

learning efficiency and complex attention (281).

3.1.2.3 Motor Skills and Speed of Information Processing

Impairment in motor skills and information processing has been evident in HAND since

the early 1980s. Motor slowing was a required feature of HIV associated dementia in

the 1991 diagnostic criteria (56). Bradykinesia and bradyphrenia are prominent

neurological features of cognitive impairment in the setting of HIV infection (282).

Older HIV positive adults were more impaired on the motor scale of the Unified

Parkinson's Disease Rating Scale compared to HIV negative age, gender and ethnicity
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matched controls, especially on measures of bradykinesia, hypomimia, action/postural 

tremor and hand agility (283). Motor slowing in HIV infection has also been assessed 

using timed gait test (284), finger tapping (278, 285) and manual dexterity (286, 287). 

Woods et al suggested that impaired performance on tests of information processing 

speed could arise from a variety of deficits including attention, visuoperception, 

working memory, praxis and motor skills (65).

3.1.2.4 Episodic Memory

Episodic memory impairment is a sensitive indicator of HAND (286). Peavy et al 

administered the California Verbal Learning Test to 31 symptomatic HIV positive, 94 

asymptomatic HIV positive and 40 HIV negative subjects to examine the prevalence 

and nature of verbal memory deficits in HIV. Symptomatic HIV positive subjects were 

significantly impaired compared to HIV negative control subjects on measures of 

acquisition and retention. They were significantly less likely than control subjects to 

use a semantic clustering strategy to support recall. They concluded that the profile of 

verbal memory deficits exhibited by the subgroup of impaired HIV positive subjects 

was similar to that of patients with Huntington's Disease (a typical subcortical 

dementia) and different from that of patients with Alzheimer's disease (a cortical 

dementia) and this finding was consistent with the known predominance of subcortical 

neuropathological changes associated with HIV infection (288). Meyer et al examined 

the effects of HIV and recent illicit drug use on verbal memory in 952 HIV positive and 

443 HIV negative women. HIV infection and recent illicit drug use were both associated 

with statistically significantly worse verbal learning and memory independently and

there was an additional interaction between recent illicit drug use and HIV serostatus
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which negatively impacted verbal learning and memory only in HIV positive women

(289).

Episodic memory deficits are most consistent with a mixed encoding and retrieval

profile (65) however there is considerable heterogeneity in the memory profile of HIV

infection but most support a frontal-striatal conceptualization of verbal memory

performance in the setting of HIV infection (290). This pattern of mixed encoding and

retrieval issues is characterised by impaired immediate and delayed free recall but

relatively better performance on tasks of recognition (65, 291). Rapid forgetting is

rarely displayed in HIV infection and when it does occur has been attributed to shallow

encoding (65). Scott et al demonstrated that patients with HAD relied

disproportionately on recency regions of the list when assessing recall using the

Hopkins Verbal Learning Test Revised. This indicated a passive recall style of echoing

only the words within their auditory attention span. The patients with HAD did not

show significant improvement on measures of recognition and Scott et al concluded

that this was most consistent with a primary encoding deficit (292). Woods et al have

shown that HIV positive patients have deficits in strategic aspects of memory encoding

and retrieval with a computerised visuospatial temporal order memory task further

supporting the hypothesis of a mixed encoding and retrieval problem in HAND (293).

Castelo et al have demonstrated impairment of the hippocampal system as well as the

prefrontal system during episodic encoding in HIV positive patients during a functional

MRI study. The HIV positive patients demonstrated significantly reduced signal

intensity changes in the right posterior hippocampus, right inferior frontal gyrus, and

left lingual gyrus. They also exhibited more activity within the lateral frontal and
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posterior parietal regions (294). This suggests that there is hippocampal involvement in 

addition to the role of the fronto-striatal circuits in the memory profile of HIV.

3.1.2.5 Prospective Memory

Prospective memory ("remembering to remember") involves the execution of future 

intentions and is postulated to be largely dependent on prefrontal-striatal circuits 

(295). It is also affected in HIV and particularly affects daily functioning that requires 

self-initiated cues and retrieval (296). Prospective memory performance was 

correlated with validated clinical measures of executive functions, episodic memory 

(free recall), and verbal working memory, but not with tests of semantic memory, 

retention, or recognition discrimination in a study of 42 HIV positive and 29 HIV 

negative subjects. Carey et al suggested that these findings indicated that prospective 

memory impairment in the setting of HIV infection is primarily driven by a breakdown 

in the strategic/executive aspects of retrieving future intentions and this is consistent 

with a prefronto-striatal circuit pathogenesis (295).

Gonzalez et al demonstrated deficits in complex motor skills without any evidence of 

impairment of procedural learning (297). In an earlier study (1993) Martin et al had 

suggested that there may be impairment of motor skill learning in HIV (298). A further 

study in 2011 found that HIV positive women performed poorly on tests of motor skill 

learning and probabilistic learning but there were no significant differences between 

HIV positive and negative men (254).
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3.1.2.6 Attention and Concentration

Reger et al conducted a meta-analysis of the neuropsychological sequelae of HIV

infection and found that the deficits with the largest effect sizes in the group of

patients with AIDS were attention and concentration with a moderate effect size and a

large effect size in motor functioning (299). Attentional deficits have been shown in

the areas of response inhibition (300), divided attention as assessed by a dual task

condition of both auditory and visual choice paradigms (301) and visual attention

(302). Visual attentional deficits were associated with driving accidents in HIV positive

subjects with cognitive impairment (302). Hardy et al reviewed reaction time in HIV

infection and using Brinkley plots demonstrated that patients with HIV were on

average 22% slower than HIV negative controls (282).

Chang et al conducted a functional MRI study of 11 HIV positive patients and suitably

matched HIV negative controls in order to evaluate the neural correlates of attention

and working memory deficits. They performed tasks that required varying levels of

attention for working memory. Patients with HIV showed greater activation in the

parietal regions for the simpler tasks and showed greater activation additionally in the

frontal lobes when performing the more difficult tasks. They postulated that the task-

dependent increased frontal activation in patients with HIV suggested that the neural

correlate of attentional deficits may be excessive attentional modulation as a result of

fronto-striatal brain injury (303). In a further study by Chang et al they performed

fMRI while subjects underwent a set of visual attention tasks with increasing levels of

attentional load. Patients showed decreased activation in the normal visual attention

network (dorsal parietal, bilateral prefrontal and cerebellar regions) and increased
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activation in adjacent or contralateral brain regions. They concluded that HIV- 

associated brain injury led to reduced efficiency in the normal attention network, thus 

requiring reorganisation and increased usage of neural reserves to maintain 

performance during attention-requiring tasks (304). Ernst et al performed magnetic 

resonance spectroscopy and functional MR imaging in 14 HIV positive patients. They 

found positive correlations between the blood oxygenation level dependent (BOLD) 

signal strength in the working memory network (posterior parietal cortex and lateral 

prefrontal cortex) and the concentrations of frontal white matter and basal ganglia 

metabolites that are predominant in glial cells. There was no correlation with the 

concentration of N-acetyl compounds, which are markers of neuronal viability, or with 

metabolite concentrations in the frontal grey matter. Ernst et al proposed that the 

inflammatory glial abnormalities reduced the efficiency of neural processing 

necessitating compensatory increases in attention in patients, and associated BOLD 

signals, to perform a given task (305).

3.1.2.7 Executive Function

Executive functions include reasoning, task flexibility, problem solving, planning, 

complex problem solving abilities, self-directed behaviours and set shifting functions. 

Executive function may be assessed by abstraction, problem solving, set shifting and 

reasoning. Executive function depends on the frontal cortex, basal ganglia and 

posterior parietal lobe (65). HIV positive patients usually score lower on executive 

tasks such as the Stroop Colour Word Test (289, 300, 306, 307), Trail Making Test Part 

B (278, 299, 308) and the Wisconsin Card Sorting Test (237). These three tests assess

cognitive shifting and response inhibition. Kupprat et al examined a cohort of HIV
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positive men who have sex with men and found that executive impairment was 

present regardless of age and educational level (309).

3.1.2.8 Visuospatial Skills

Visuospatial/visuoconstructional skills are the ability to detect, understand, manipulate 

and integrate visual stimuli in the context of its environment (65). Visuospatial deficits 

were not seen prominently in early studies of HAND however deficits were noted in 

spatial abilities that relied on the integrity of the fronto-striato-parietal networks such 

as egocentric spatial tasks (65). Abnormalities were noted in spatial attentional tasks 

(310, 311). Hardy et al found perceptual span deficits in patients with HIV and did not 

find any differences in response strategy due to disinhibition or psychomotor speed

(312) . Olesen et al demonstrated deficits on tasks of mental rotation and hierarchical 

pattern perception in HIV and these are tasks which depend highly on parietal function

(313) . Weber et al explored mental rotation further and examined mental rotation of 

hands in HIV infection and found that HIV positive patients made more errors on the 

task than did HIV negative controls. The errors were associated with poorer 

performance on tasks of executive function and working memory suggesting that the 

fronto-striatal-parietal networks were disrupted (314). Bogdanova et al demonstrated 

impairment of numerical and spatial cognition in HIV infection through tasks of mental 

number line bisection, physical line bisection and physical number line orientation. 

This again provided evidence for disruption of fronto-striato-parietal networks in 

HAND (315).
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3.1.2.9 Speech and Language

Speech and language were long thought to be normal in HAND and for deficits, such as 

aphasia, to occur more commonly in the setting of opportunistic infection or other 

intra-cerebral pathology (65). There is however evidence of impairment of language in 

HIV infection. Lopez et al reviewed six HIV positive patients with speech motor control 

disorders after HIV infection. The patients exhibited an ataxic dysarthria along with 

other neurological signs including action-intention tremors, ataxic gait and release 

signs. The authors attributed the speech disorder to cerebellar dysfunction. The 

patients were followed up for one year and did not develop HIV associated dementia 

within that time frame but the authors commented in the paper that the patients were 

slow in timed decision-making tasks and had impaired procedural learning. This may 

suggest that although the patients did not develop a frank dementia within the follow

up time period they may still have been cognitively impaired (316). McCabe et al 

examined pragmatic communication skills in five HIV positive men and found 

abnormalities with fluency, turn taking quantity, turn taking interruption/overlap and 

vocal quality. They concluded that these behaviours were associated with subcortical 

impairment (317).

White et al studied verbal fluency in patients with HAD and found that they were 

significantly impaired on letter fluency with relatively intact category fluency (318). 

Woods et al examined the cognitive underpinnings of verbal fluency deficits in 21 

patients with HAD, 51 HIV positive non demented patients and 30 HIV negative healthy 

controls. The HAD group displayed fewer switches between phonemic clusters and a 

higher proportion of response errors, predominantly intrusion errors, compared to the
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healthy control group and the non-demented HIV positive group but there were no 

significant differences between the groups on average phonemic cluster size. They 

concluded that deficits occurred as a result of disruption of rule-guided lexical- 

semantic search strategies in HAD rather than depleted lexical-semantic memory 

stores. They postulated that these deficits could be mediated by prefrontal-striatal 

circuit dysfunction (319). A further study evaluated action and noun fluency in HIV 

infection. Action fluency has been shown to be more sensitive to frontal-basal ganglia 

disruption than noun fluency. HIV positive patients generated fewer actions (verbs) 

than control subjects (320). ludicello conducted a meta-analysis of verbal fluency in 

HIV and concluded that mild word generation deficits were evident in HIV infection 

with similar impairments in both letter and category fluency. Effect size increased with 

advancing HIV disease severity (321). A subsequent study by ludicello et al found that 

HIV infection was associated with greater impairments in switching, but not semantic 

clustering within an animal fluency task. When the same group were administered an 

alternating category fluency task the deficits in switching were further exacerbated 

(322). A further study by ludicello et al demonstrated that HIV positive patients 

benefitted from cueing in verbal fluency tasks (323).

3.1.3 History of the Neuropsychological Tests Used

The Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) was 

initially developed in 1998 and examines five cognitive domains (immediate recall, 

visuospatial and constructional skills, attention, language and delayed recall). It was 

developed to identify and characterise abnormal cognitive decline in older adults and

as a screening test for younger adults (324). It has been widely used in a variety of
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diseases including depression (325), mild cognitive impairment (326), Parkinson's 

disease (327, 328) and Huntington's disease (329). It has not been validated for use in 

HIV positive populations to date.

The Addenbrooke's Cognitive Exam Revised (ACE-R) is a 100-point test that assesses 

five cognitive domains (attention/orientation, memory, verbal fluency, language and 

visuospatial abilities). It has been validated in patients with dementia (Alzheimer's 

disease and Frontotemporal dementia), mild cognitive impairment and healthy 

controls (330, 331). It has not been validated for use in the setting of HIV however the 

ACE-R has been shown to be sensitive to early cognitive impairment (330) and to 

distinguish between patients with progressive degenerative disorders and those with 

affective disorders (332). It is easy to use and does not require specialist training. 

Lamer evaluated its utility in a routine cognitive clinical setting and a wide age range 

(24 - 85) and confirmed its diagnostic utility (333).

The Montreal Cognitive Assessment (MoCA) is a 30-point test that encompasses eight 

cognitive domains (334). The domains tested include executive, visuospatial, language, 

attention, and concentration, working memory, memory and orientation. It is freely 

available, has been translated into over thirty languages and is easy to use and score 

(335). It examines both cortical and subcortical processes (336). The MoCA was initially 

validated for the detection of mild cognitive impairment and early Alzheimer's disease 

and a cut-off score of less than 26 was utilised (334). This test has been validated in the 

setting of HIV (337, 338). Overton et al evaluated 200 HIV positive patients on HAART 

and the MoCA was compared to a standardised neuropsychological battery and using a
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cut-off score of less than 26 yielded a sensitivity of 63%, a specificity of 71%, a positive 

predictive value of 79% and a negative predictive value of 53% (337). Hasbun et al 

evaluated 100 HIV positive patients naive to HAART and found that the MoCA had 

good screening accuracy with a cut-off score of less than 26 (sensitivity 85%, specificity 

40%, positive predictive value 81% and negative predictive value 48%) (338). Milanini 

et al evaluated the utility of the MoCA to screen for HAND in patients over the age of 

60 and found a sensitivity of 72% and specificity of 67% with a cut-off of less than 26 

(339). These three studies were published after the initiation of the candidate's study.

The Frontal Assessment Battery (FAB) is an 18-point test that focuses on executive 

function. It was devised by Dubois et al in order to assess frontal lobe function easily 

and quickly in a clinical setting. Dubois et al demonstrated that the FAB was sensitive 

to executive function and differentiated between healthy controls and patients with 

neurodegenerative diseases with prominent executive involvement (Parkinson's 

disease, multiple system atrophy, corticobasal degeneration and Frontotemporal 

dementia) (340). It can be used to discriminate between dementias with a frontal 

dysexecutive syndrome or phenotype and those with an amnestic presentation such as 

Alzheimer's disease (341, 342).

3.1.4 Use of Retention Scores

Retention scores are the relative amount of material retained on delayed recall in 

relation to the amount initially acquired. They have been recommended as an index of 

rapid forgetting which is considered a hallmark of hippocampal dysfunction.

Alzheimer's disease is the prototypical example of a disorder with characteristic rapid
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forgetting or a densely amnestic picture on neuropsychological testing and loss of 

hippocampal volume on neuroimaging. Retention scores of word and story memory 

have been used to differentiate between Alzheimer's disease and Frontotemporal 

dementia (343). Auditory verbal learning test percent retention was used to 

differentiate between Alzheimer's disease and dementia with Lewy bodies (344). 

Percent retention scores have also been used to predict progression to Alzheimer's 

disease from amnestic mild cognitive impairment (MCI). Griffith et al successfully 

classified 85.7% of their study group (49 patients with MCI) as either converters to 

Alzheimer's disease or MCI non-converters, with 76.9% sensitivity and 88.9% specificity 

using Dementia Rating Scale Initiation/Perseveration and Wechsler Memory Scale 

Visual Reproduction percent retention scores (345). Albert et al also supported the use 

of retention scores in the assessment of episodic memory impairment to distinguish 

patients with MCI due to Alzheimer's disease (346).

Clark et al examined the diagnostic accuracy of percent retention scores on the verbal 

memory subtests of the RBANS for the diagnosis of Alzheimer's disease and mild 

cognitive impairment. They examined 73 patients with Alzheimer's disease, 44 patients 

with amnestic MCI and 20 healthy controls. They found that in order to distinguish 

between healthy controls and patients with Alzheimer's disease the optimal cut off 

scores were less than 60% on list retention and less than 70% on story retention. These 

cut off points yielded a correct classification in 94.6% of healthy controls and 91.4% of 

patients with Alzheimer's disease. With the use of likelihood ratios patients with a 

score of less than 60% on list retention were ten times more likely to have Alzheimer's 

disease and patients with a score greater than 60% were twenty-two times more likely
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to not have Alzheimer's disease. Scores of less than 70% on list retention and less than 

80% on story retention yielded the most optimal accuracy for distinguishing between

healthy controls and patient with amnestic MCI. A score of less than 70% on list 

retention indicated that patients were six times more likely to have amnestic MCI 

when compared with healthy controls and scores of less than 80% on story retention 

indicated that patients were five times more likely to have amnestic MCI (347).

3.2 Study Aims

Aim 1: To determine the detailed cognitive profile of a group of Irish patients with HIV 

in the post HAART era who have had a positive screen for cognitive impairment.

3.3 Methodology

3.3.1 Study Design and Recruitment

This was a cross-sectional observational study. Patients with a positive screen for 

cognitive impairment were recruited. Recruitment commenced on 4 August 2011 and 

was completed on 28 November 2013. All assessments were carried out by the 

candidate in order to limit any potential bias in the methodology of testing. They were 

given a patient information leaflet (see Appendix 7) and signed a consent form (see

Appendix 8).

3.3.2 Inclusion and Exclusion Criteria

Patients were included in the study if they were HIV positive, attending the outpatient

clinic in St. James's Hospital, had a positive screen for cognitive impairment, ove r the
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age of 18, capable of giving informed consent, had sufficient use of the English 

language to be able to participate and were willing to voluntarily participate in the 

study.

Patients were excluded if they were HIV negative, under the age of 18, had insufficient 

English to partake, had a physical disability or limitation which affected their ability to 

complete the cognitive testing, were unwilling to participate voluntarily in the study or 

were actively injecting illicit substances.

3.3.3 Neuropsychological Tests Used

/\ll patients underwent a full neurological history and examination. Neuropsychological 

assessment was performed using the Repeatable Battery for the Assessment of 

Meuropsychological Status (RBANS), the Addenbrooke Cognitive Examination Revised 

[ACE-R), the Montreal Cognitive Assessment (MoCA) and the Frontal Assessment 

Battery (FAB). A copy of these tests can be found in Appendix 9.

The ACE-R assesses five cognitive domains. No adjustment was made for the age or 

educational level of the participant. The total score possible was 100 and consisted of 

the sum of the scores of each of the five cognitive domains. A score of less than 88 was 

considered abnormal.

The MoCA assesses eight domains. The total score possible was 30 and consisted of 

the sum of the scores of each of the eight domains. One point was added for
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participants who had 12 or less years of education (334, 335). An abnormal score was 

less than 26.

The FAB assesses executive function only. The total score possible was 18. The 

normative data used was taken from that published by Appollonio et al (348). It was 

adjusted for age (from 20 up to 95) and educational attainment of the patient (from 1- 

3 years up to >13 years). Although the normative data is taken from an Italian paper, 

there is a paucity of normative data published for this test and it allowed for 

adjustment for age and education which was important for this study given the wide 

age range and educational level of the study participants. Slachevsky et al found that a 

cut-off score of 12 had the highest sensitivity and specificity to differentiate patients 

with Alzheimer's disease and Frontotemporal dementia however no adjustment was 

suggested for age or education and the populations studied were older so the Italian 

normative data was deemed to be the most appropriate to use for this study instead 

of a standard cut-off score.

All tests were administered and scored according to published instructions.

3.3.4 Determination of a Diagnosis of HIV Associated Neurocognitive Disorders 

The RBANS was used for the determination of a diagnosis of HAND as there were 

standard deviations and normative data available for it for a wide age range. 

Asymptomatic neurocognitive impairment (ANI) was defined as one standard deviation 

below the mean on two domains with no functional impairment. Mild neurocognitive

disorder (MND) was defined as one standard deviation below the mean on two
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domains with mild functional impairment. HIV associated dementia (HAD) was defined 

as two standard deviations below the mean on two domains with significant functional 

impairment. Full diagnostic criteria are outlined in Table 1-6 (57). Functional 

impairment was assessed during neurological history taking and was based on self- 

report from the study participants and by collateral history where available (see Table 

3-1). Contributing and confounding conditions were classified according to the 

guidelines set by the expert working group of the National Institute of Mental Health 

and the National Institute of Neurological Diseases and Stroke (57).

Table 3-1 Assessment of Function in HAND

l/lild Functional Decline (2 or more of the following)

1) Self report or other report of some increased assistance with at least two lADLs such as medication 

management, financial management, shopping, meal preparation, light housekeeping, laundry, driving, 

use of public transportation, maintaining personal schedules, understanding media events, and child 

care. (More lADLs could be considered as appropriate to the individual.)

;) Patient is unable to perform some aspects of a previous job. This is not due to medical symptoms.

3) Although patient may maintain employment and/or full lADL independence, he or she reports less 

efficiency, reduced productivity, more errors in performing tasks, more difficulty meeting expectations, 

or greater effort expended performing the same activities.

i) In the absence of significant depression (e.g. Beck Depression Inventory > 17), which may bias 

eporting of symptoms, patient reports that he or she is experiencing increased difficulty with two or 

nore aspects of cognition in daily life. These may include difficulties with memory for recent events 

people, conversations, names, commitments, where things are placed), understanding conversations or 

eading materials, word finding, planning activities, problem solving, concentrating, thinking clearly or 

ogically, finding his or her way about, calculating, or following directions or instructions. Reports of 

hese difficulties also may be obtained from a knowledgeable informant. (Instruments to assess
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depression that allow one to separate out items concerning somatic symptoms from those describing 

depressed mood are preferred for this purpose, as somatic symptoms associated with depression may 

also be caused by HIV itself.)

5) If performance-based, standardized functional tests are administered, patient scores >1 SD below an 

appropriate normative mean on at least one such task.

Major functional decline requires two or more of the following that are not readily attributable 

to medical or other comorbid conditions in the judgment of the examiner;

1) Patient is unable to maintain former employment and this is not due to systemic illness or other 

factors not related to cognitive impairment (e.g., healthcare coverage being dependent upon disability 

status).

2) Patient requires substantially greater assistance (or is dependent) with more than two lADLs, as listed 

above.

3) Patient or a knowledgeable informant reports that he or she experiences/shows significantly greater 

difficulty with 4 or more aspects of cognition, as listed above. However, self-report is not sufficient 

(would need confirmation by another informant) if patient is significantly depressed (e.g., BDI > 17).

4) If performance-based, standardized functional tasks are administered, patient scores >2 SD below an 

appropriate normative mean on at least one such task, or >1 SD below the mean on at least two tasks.

lADLs = instrumental activities of daily living, BDI = Beck Depression Inventory, SD = standard deviation. 

Taken from Antinori et al (57).

3.3.5 Ethical Approval and Data Protection

The study had full ethical approval from the combined ethics committee of the 

Adelaide and Meath Hospitals Incorporating the National Children's Hospital (AMNCH) 

and St. James's Hospital (SJH). All patients who participated in the study were given 

patient information leaflets to read and were given the opportunity to ask any 

questions that they had prior to agreeing to participate in the study. The voluntary
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nature of participation was emphasised and that refusal to participate would not affect 

their ongoing medical care in any way. Written informed consent was obtained from 

all participants. The study was conducted in accordance with Good Clinical Practice 

guidelines and the Declaration of Helsinki.

Neurological history and examination were recorded on paper and neuropsychological 

data was recorded on the individual neuropsychological test sheets. Data was 

subsequently transferred to a computerised password protected database using 

Microsoft Access 2010 (R). All identifying information was treated in a strictly 

confidential manner.

Data was pseudo-anonymised. Each participant maintained the unique study 

identifying number assigned to them in the prevalence study. Hard copies of the 

assessments were stored in a locked office in the Department of Neurology in St. 

James's Hospital. The consent forms were also stored in this office but did not contain 

any reference to the unique study number. These documents were only accessed by 

the candidate.

3.3.6 Data Collection and Data Recorded

Demographic data collected in the prevalence study was included for the respective 

participants who agreed to take part in the detailed neuropsychological assessment 

and entered into the study database. CD4 T cell count, HIV viral load and antiretroviral 

therapy history were updated if any changes had occurred in the intervening period.

Additional clinical data recorded included details of the neurological history: word
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finding difficulties, difficulties remembering names or faces, repeating themselves, 

being forgetful, misplacing objects, difficulties with directions or navigation, difficulties 

learning new information, making errors at work, safety concerns, symptoms of 

dyspraxia, behavioural changes, personality changes, being slower completing tasks, 

poor concentration and a family history of neurodegenerative disorders. The 

neurological examination was also recorded; cranial nerve findings, tone, power, 

reflexes, co-ordination, sensation, gait, apraxia and rapid alternating movements. The 

scores from the respective sections of each of the neuropsychological tests used were 

also entered into the database. A copy of the data dictionary is attached in Appendix 

10.

3.3.7 Missing Data

Nadir CD4^ T cell counts were not available for two patients who were diagnosed 

outside of Ireland. One patient commenced neuropsychological testing but stopped 

after completing the RBANS and the FAB and therefore there is no data on this patient 

for the ACE-R or MoCA. Missing data was excluded from individual analysis involving 

those variables.

3.3.8 Calculation of Retention Scores

Retention scores were only calculated based on the RBANS list and story memory 

subtests and were deemed abnormal if patients recalled less than 53% of the list items 

that they had acquired and less than 61% of the story items that they had acquired. 

The healthy controls in Clark et al's paper had mean percent retention scores of 77.11
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(standard deviation of 12.01) on list memory and 86.32 (standard deviation of 12.51) 

on story memory (347). For the purposes of this study an abnormal score was taken as 

the mean score minus two standard deviations. These percentages were slightly lower 

than the optimal cut-off scores used in the validation paper to differentiate between 

healthy controls and patients with Alzheimer's disease but it was felt that using the 

mean score minus two standard deviations ensured that patients were scoring 

significantly lower than healthy controls. There was no adjustment made for age and 

the normative data was based on a group of controls with a mean age of 72 years but 

the mean age of study participants in this cohort was 42 years so the majority of study 

subjects were significantly younger than the controls used in the normative data and 

should score at least similarly to them and most likely higher therefore an abnormal 

retention score in this study cohort should be of significance and suggest abnormality.

Retention scores were calculated as follows on the list and story memory subtests of 

the RBANS:

List Recall Score List Learning Score on Final Trial x 100 

Story Recall Score -f Story Memory Score on Final Trial x 100

3.3.9 Calculation of Abnormal List Recognition Scores

The normative data in the RBANS supplement provide mean scores and standard 

deviations based on age groups for list recognition and these were used to determine 

if a patient had abnormal list recognition or not (349). List recognition was deemed to 

be abnormal if the individual patient's score was more than two standard deviations

away from the mean score for that age group.
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3.3.10 Domain Based Analysis

A domain based analysis was carried out whereby all the subsections of the 

neuropsychological tests used were grouped according to the domain that they tested. 

Attention and processing speed consisted of digit span forward from the RBANS and 

MoCA, digit coding from the RBANS, word registration and backward tracking from the 

ACE-R, sustained attention task and backward tracking from the MoCA. Working 

memory consisted of backward span on the MoCA and backward tracking from the 

MoCA and the ACE-R. Executive function consisted of abstraction from the MoCA and 

FAB, phonemic fluency from the MoCA and ACE-R and similarities, LURIA sequence, 

conflicting instructions, go-no-go and prehension from the FAB. Memory domain 

consisted of list memory, story memory, list recall and story recall from the RBANS, 

anterograde memory and memory recall from the ACE-R and memory recall from the 

MoCA. Visuospatial domain consisted of figure copy and line orientation from the 

RBANS, pentagon copying, cube and clock drawing and perceptual abilities from the 

ACE-R and cube and clock drawing from the MoCA. Language domain consisted of 

categorical and phonemic fluency tests from RBANS, ACE-R, MoCA and FAB, naming 

tests from the RBANS, ACE-R and MoCA, language comprehension, writing, repetition 

and reading from the ACE-R and repetition from the MoCA. Temporal orientation 

consisted of orientation from the MoCA and ACE-R. Each score was z transformed and 

then averaged to give an average z score for each domain for each patient. In order to 

perform the z transformation, the mean and standard deviation was calculated for the 

patients with normal neuropsychological testing. The calculation for the z 

transformation is shown below.
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z =
X — jl

z : z score, x = individual score, \i = mean, a = standard deviation.

3.5.11 The Role of the PhD Candidate

Tie candidate recruited and consented all of the study participants. The candidate 

ptrformed all of the detailed neuropsychological testing and statistical analysis. The 

candidate created and maintained the study database.

3.1 Statistical Analysis

Statistical analysis was carried out using SPSS Version 21 (SPSS Inc., Chicago IL). 

Qialitative (categorical) variables were presented as absolute number (N) and relative 

frequencies (percentages). Continuous variables were presented as absolute number, 

maans with standards deviations (SD) and medians. Descriptive analysis was carried 

oit on qualitative variables using Chi square (X^) testing to examine intergroup 

conparisons. The Bonferroni correction method was used to adjust for multiple 

ccmparisons. Fishers exact test was used where cells contained less than ten data 

prints. Continuous variables were examined using the independent samples t test or 

ore way analysis of variance (ANOVA). Where data failed to meet criteria for 

pjrametric tests, the Mann Whitney U test or the Kruskal Wallis one way analysis of 

va'iance by ranks were performed for continuous variables. All tests were two tailed 

ard statistical significance was set at p<0.05. Tukey's honestly significant difference 

(hSD) test was performed for post hoc analysis of any significant differences found on
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ANOVA as it accounts for performing multiple comparisons and is a more conservative 

approach also thereby reducing the likelihood of a Type I error.

3.5 Results

3.5.1 Characteristics of Study Cohort

There were 104 patients recruited. Their characteristics are described in Table 3-2. The 

majority were male (80.8%), Irish (79.8%) and spoke English as their first language 

(86.5%). A quarter of the group were co-infected with hepatitis C. Just over a half were 

employed (51.9%) and 49% were smokers. There were 95 patients on HAART (91.3%) 

and 90/95 (94.7%) were virally suppressed. There was a positive screen for anxiety in 

28.8% (30/104) and a positive screen for depression in 8.7% (9/104) of the study 

cohort.
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Table 3-2 Patient Characteristics

Characteristics (n = 104)

n

Handedness Right 92 (88.5)

Left 12 (11.5)

Gender Male 84 (80.8)

Female 20 (19.2)

Country of Birth Ireland 83 (79.8)

Europe 6 (5.8)

Africa 14 (13.4)

South America 1 (1.0)

English as a First Language Yes 90 (86.5)

Mode of Transmission Heterosexual 34 (32.7)

MSM 48 (46.2)

IVDU 19 (18.3)

Other 3 (2.9)

Virally Suppressed Yes 90 (94.7)

(n=95) No 5 (5.3)

Hx of Hepatitis B Yes 8 (7.8)

Hx of Hepatitis C Yes 26 (25)

Hepatitis C PCR Positive Yes 17 (16.3)

Hypertension Yes 10 (9.6)

Hypercholesterolaemia Yes 13 (12.5)

Diabetes Yes 4 (3.8)

Hx of Syphilis Yes 15 (4.4)

Hx of Cryptococcal Meningitis Yes 1 (1)

Hx of CNS TB Yes 2 (1.9)

Hx of Toxoplasmosis Yes 2 (1.9)

Hx of Encephalitis Yes 1 (1)
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Hx of PML Yes 1 (1)

Epilepsy Yes 5 (4.8)

Neuropathy Yes 2 (1.9)

Stroke Yes 2 (1.9)

Hx of Depression Yes 27 (26)

Hx of Bipolar Disorder Yes 1 (1)

Hx of Anxiety Yes 3 (2.9)

Hx of Schizophrenia Yes 1 (1)

Hx of Psychosis Yes 2 (1.9)

Lipid Lowering Therapy Yes 10 (9.6)

Anti-hypertensives Yes 11 (10.6)

Anti-epileptics Yes 6 (5.8)

Methadone replacement therapy Yes 16 (15.4)

Benzodiazepines Yes 22 (21.2)

Anti-depressants Yes 14 (13.5)

Anti-psychotics Yes 3 (2.9)

Employment History Employed 54 (51.9)

Student 5 (4.8)

Unemployed 41 (39.5)

Retired 4 (3.8)

Smoking History Smoker 51 (49)

Non smoker 33 (31.7)

Ex-smoker 20 (19.2)

Alcohol History None 19 (18.3)

Units per week 1-10 units 51 (49)

11-20 units 15 (14.4)

21-30 units 11 (10.6)
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31-40 units 0 (0)

> 40 units 3 (2.9)

Hx of ADS 5 (4.8)

Illicit Substance Use Never 68 (65.4)

Current Non IV Use 18 (17.3)

Current IV Use 0 (0)

Previous Hx 18 (17.3)

Antiretroviral Therapy Naive 7 (6.7)

On HAART 95 (91.3)

MTCT 2 (1.9)

Positive Screen for Anxiety Yes 30 (28.8)

Positive Screen for Depression Yes 9 (8.7)

Age (in years) Mean (sd) 42.2 (10.12)

Median (range) 41.5 (21-69)

Time since Diagnosis Mean (sd) 9.432 (7.29)

(years) Median (range) 7.45 (0.12-28.27)

Nadir CD4 Count Mean (sd) 246.64 (169.583)

Median (range) 241 (5 - 848)

Current CD4 Count Mean (sd) 603.87 (289.912)

Median (range) 585.5 (59 - 1485)

Years of Education Mean (sd) 13.56 (4.065)

Median (range) 14(6-23)

Exposure to HAART (total) Mean (sd) 6.51 (5.06)

(years) Median (range) 6.01 (0.008- 16.496)

HADS - Anxiety Score Mean (sd) 7.93 (4.481)

Median (range) 7(0-21)

HADS - Depression Score Mean (sd) 5.41 (4.216)

Median (range) 5 (0 - 20)
ADS=Alcohol dependence syndrome, l\/=intravenous, HAART=highly active antiretroviral therapy, 

MTCT=maternal to child transmission, sd=standard deviation, HADS=Hospital Anxiety and Depression Scale.
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3.5.2 Symptoms

The most common cognitive symptoms patients complained of were forgetfulness (62/104, 

59.6%), difficulties remembering names of friends and family members (50/104, 48.1%) and 

word finding difficulties (44/104, 42.3%). The symptoms included under forgetfulness 

included difficulties following conversations, following the plotlines on television shows and 

in books, forgetting appointments, increasing reliance on memory aides and forgetting 

important dates and events. Almost 30% of the study group stated that their family 

members complained that the patients frequently repeated the same questions and told 

them the same stories. Patients also complained that they frequently misplaced items and 

objects such as keys, wallets or purses and mobile phones and often spent considerable 

amounts of time daily searching for them (27/104, 26%). Navigational difficulties included 

new difficulties following directions, using a map and getting lost easily in familiar 

environments (24/104, 23.7%). It did not include people who had lifelong difficulties 

following directions or using a map. Patients stated that they had difficulties learning new 

information, both at work and in further education, in terms of learning new processes, 

pathways and procedures at work and learning and retaining new information from college 

or postgraduate courses (21/104, 20.2%). A number of patients (18/104, 17.3%) stated that 

they frequently made errors at work and had experienced difficulties at work due to this. A 

similar percentage of patients complained of decreased concentration when performing 

tasks, reading, watching television or learning new information (18/104, 17.3%) and 16.3% 

(17/104) complained of being slower completing tasks. Safety concerns encompassed 

difficulties remembering to close windows and doors when leaving their home, difficulties 

remembering to set burglar alarms, frequently forgetting about food cooking and burning 

the food and/or setting off smoke alarms as a consequence and getting lost and being
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unable to find their way home (10/104, 9.6%). Personality changes (11/104, 10.6%) and 

changes in behaviour (2/104, 1.9%) were also noted in the study group and included 

increased aggression and anger and decreased interest and empathy. Symptoms of 

dyspraxia only occurred in 3.9% of the study group and included difficulties using technology 

and household appliances. The least frequent symptom was difficulty recognising faces 

(3/104, 2.9%).

Figure 3-1 Symptoms of Study Cohort

Symptoms

Number of patients who experienced these symptoms.

3.5.3 Examination Findings

The most common findings on neurological examination were hyporeflexia (16/104, 15.4%)

and apraxia (16/104, 15.4%). Patients demonstrated features of ideomotor apraxia and also

some features of limb-kinetic apraxia. Apraxia was examined by asking the patient to copy
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movements of the hands, mime using a toothbrush or a hairbrush, wave goodbye, perform 

a salute, whistle and mime blowing out a candle. Patients had most difficulties miming using 

a toothbrush or a hairbrush, often using their finger as the object. They also had difficulties 

copying movements of the hands such as a "thumbs-up" position, opposition of thumb to 

index finger and holding up various fingers. They were slower and more imprecise 

completing these tasks. It was usually present bilaterally. There were no features of 

orobuccal apraxia. The cranial nerve findings were nystagmus in two patients, a visual field 

deficit in one patient secondary to a stroke, visual loss and hearing loss on the left in 

another patient and slow saccadic eye movements.

Figure 3-2 Abnormal Examination Findings of Study Cohort (Number of Patients)

Examination Findings

Examination Findings

Number of patients who had abnormal examination findings. RAM=Rapid alternating movements.
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3.5.4 Breakdown of HAND Diagnosis

There were 62/104 patients who met neuropsychological criteria for HAND, of whom, 

40/104 (38.5%) met criteria for asymptomatic neurocognitive disorder (ANI), 20/104 (19.2%) 

mild neurocognitive disorder (MND) and 2/104 (1.9%) HIV associated dementia (HAD). 

There were ten patients who had entirely normal testing on all four neuropsychological 

batteries. There were 32 patients who had abnormalities on testing that did not meet 

diagnostic criteria for HAND: abnormalities within one domain on RBANS or scoring below 

the cut-off mark for the ACE-R, MOCA or FAB or a combination thereof.

One patient who met criteria for ANI had a previous history of a stroke and had cognitive 

symptoms as a consequence therefore it was a confounding condition and it was not 

possible to attribute the abnormalities to HIV. Another patient who met criteria for MND 

had a previous history of progressive multifocal leukoencephalopathy with improvement of 

cognitive symptoms for a few years after initiation of HAART but with subsequent decline in 

the setting of stable neuroimaging and no evidence of further opportunistic infection. It was 

deemed to be a contributing condition which was compatible with a diagnosis of HIV related 

cognitive impairment. There were 18 patients who reported non intravenous use of 

recreational substances of whom four met criteria for ANI and five met criteria for MND. All 

patients gave a clear history of deterioration of cognitive functioning in the presence of 

stable substance use. They were neither intoxicated nor in withdrawal at the time of 

cognitive testing. Two of these patients were in full time employment. They were classified 

as contributing conditions. There were three patients who consumed more than 40 units of 

alcohol weekly but none of them met diagnostic criteria for HAND.
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On comparison between patients with normal neuropsychological testing, patients who had 

abnormalities on testing that were not diagnostic of HAND and patients with HAND, the only 

statistically significant difference was in years of education on ANOVA: F (2, 101) = 4.77, 

p=0.01. Post hoc comparisons using the Tukey HSD test indicated that the mean score for 

patients with HAND (mean = 12.76, SD = 4.08) was significantly different from those with 

normal neuropsychological testing (mean = 16.55, SD = 4.824) (p=0.010914). Patients who 

had abnormalities which did not meet diagnostic criteria for HAND (mean = 14.1, SD = 

3.197) did not differ significantly from patients with normal neuropsychological testing or 

HAND.

165





o
3

>
Q.

CO

o
o

00

o

in
CO
CD
CD

o
z<

CN
eg

in h-
CT)

CNJ
O CO

eg

CNI
CO
O
CO

! I

% a
oc
O)
(0

cq
c\i

m
CD

00

in
in
CD CD

CD

w T-
E ’*■

I

CN
00

eg
cd

eg CO CO eg

in
00
00

in
CD^

o
e-
eg

D
>
c X

CO *2 CA 0
w CO 0

2 > X
'c C c G (/>

0
c

c
D

D
0

D
0

D
0

c
D <

0
c
0

c
0

D
.0

0 eg cq 0 '0
> t 0

qI0
Z eg CO A

X
X

0
z

D
0

D
0

cr

I
X
c
O

0
>-

0 0
O) O)
c c
CD CD

Q X 0 tr
W COc c
c CD c CD
CD CD TO
0 0 0 0
2 2

o Q»
O

O
Q.

O
(A
D
O
O
cre
(A

3
(/)

>sare
o
£

c<

■5
C<
c
0)
0)w
o
(0

(A
O
0.

c
o
‘<A
(A
O
a
0
o

c
o
o
u

CO
0
>

■(A

o
a.

0
O)<

(A

re
■o

0
u
c
(/)
0
E



00
KD



Figure 3-3 Breakdown of Domains Affected in the RBANS Battery for Patients with HAND

RBANS - Domains Affected in HAND

60

50

0) 40

o 30

E 20

10

Immediate Visuospatial 
Memory

Language

Domain Affected

Attention Delayed
Memory

Breakdown of domains affected in HAND by number of patients.

For the five domains within the RBANS test, the raw subtest scores are converted to a 

domain based index score adjusted for age. List learning and story memory total raw scores 

are converted into an index score for immediate memory. Figure copy and line orientation 

total scores are converted into an index score for a visuospatial and constructional domain. 

Picture naming and semantic fluency total scores are converted into an index score for 

language. Digit span and coding total scores are converted into an index score for attention. 

List recall, list recognition, story recall and figure recall total scores are converted into an 

index score for delayed memory. Immediate memory (90.3%) and delayed memory (85.5%) 

are the most affected domains within patients who met criteria for HAND. Attention was 

abnormal in 74.2%, language in 51.6% and visuospatial skills in 29.03% of patients with 

HAND.
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There were statistically significant differences on the index scores between the three groups 

and the pairwise comparisons showed differences between the patients with HAND and 

those with normal neuropsychological testing and also those with non-diagnostic 

abnormalities on all domains except visuoconstructional on which there were only 

differences between the group with HAND and the group with non-diagnostic abnormalities.

The RBANS was used to derive a cortical-subcortical deviation score by subtracting the mean 

of the delayed memory index and the language index from the mean of the attention index 

and visuospatial constructional index and scores above zero are considered cortical and 

scores below zero are considered subcortical (324, 350). This method has been validated 

using patients with Alzheimer's disease (a prototypical cortical dementia) and patients with 

prototypical subcortical dementias (Huntington's disease and Parkinson's disease) (351). Of 

the 62 patients with HAND, 48 had scores greater than zero suggesting that their underlying 

pathology was more likely to be cortical, 13 had scores below zero suggesting subcortical 

pathology and one patient had a score of zero.

3.5.5 Retention scores

In the entire cohort there were 43 patients who had abnormal retention of the list items, 24 

patients who had abnormal retention of the story items and 16 patients who had abnormal 

retention of both. There was only one patient from the group with normal 

neuropsychological testing who had an abnormal retention score. That patient only 

remembered 50% of the list items that they had learned which was just below the normal 

limit. None of the other patients in the group with normal neuropsychological testing had
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abnormal retention scores. In the group with HAND, there were 32 (51.6%) patients with 

abnormal retention of the list items, 20 (32.3%) patients with abnormal retention of the 

story items and 14 (22.6%) patients with abnormal retention of both list and story items. 

Within the group of patients with abnormalities on neuropsychological testing that were not 

diagnostic of HAND, there were ten patients (31.25%) who had abnormal retention of the 

list items, four patients (12.5%) who had abnormal retention of the story items and two 

patients (6.25%) with abnormal retention of both list and story items. The retention scores 

of patients with HAND are shown in Table 3-5 and those with non-diagnostic abnormalities 

are shown in Table 3-6.
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Table 3-5 Summary of Retention Scores in Patients with HAND who had Abnormal Retention

Abnormalities in Either List or Story Abnormalities in Both List and Story
% of List Recalled % of Story Recalled % of List Recalled % of Story Recalled

28 50 0 37.5
0 37.5 0 40

42.8 37.5 28.5 60
0 40 0 25
0 40 0 37.5

28.5 60 14.5 45.5
42.8 25 0 25

0 37.5 20 50
0 55 0 50
0 45.5 33.3 27.3
0 50 42.9 54.5

14.5 25 50 33.3
33 50 33 37.5
0 50 0 0

20 58.3
0 27.3
0 54.5

20 33.3
42 37.5
0

42.9
33
0

33.3
42.9
42.8

0
50

33.3
40
50
0
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Table 3-6 Summary of Retention Scores in Patients with Non-Diagnostic Abnormalities on 
Neuropsychological Testing who had Abnormal Retention

Abnormalities in Either List or Story Abnormalities in Both List and Story
% of List Recalled % of Story Recalled % of List Recalled % of Story Recalled

50 55.6 0 50
50 50 50 58.3
50 54.5
0 58.3
0
0

37.5
50

42.8
50

3.5.6 List Recognition on RBANS

There were abnormalities within list recognition in 48 patients in the cohort; one with 

normal testing (n=10), seven (21.9%) in the group with non-diagnostic abnormalities (n=32) 

and 40/62 (64.5%) patients with HAND (p=0.000001). Of the patients with abnormal 

retention of list items, 32/43 (74.4%) had an abnormal list recognition score. Within the 

group of patients with HAND, 26/32 (81.3%) patients with abnormal retention score on list 

memory had abnormal list recognition (p=0.007). In the group of patients with non

diagnostic abnormalities, five (50%) with abnormal retention score on list memory had poor 

list recognition (p=0.019) and one person who had normal neuropsychological testing had 

an abnormal retention score on list memory and also had poor list recognition (p=0.1).

3.5.7 Results of Addenbrooke's Cognitive Exam - Revised (ACE-R)

A score of less than 88 on the ACE-R was considered abnormal. There were 63 patients who 

had an abnormal total score on the ACE-R, 48 of whom met criteria for HAND based on the

RBANS and the remaining 15 did not. A domain was deemed to be abnormal if the patient's
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score was more than one standard deviation away from the mean score in that domain in 

the control group in Mioshi's published validation of the ACE-R (330). One standard 

deviation was chosen as the diagnostic criteria for HAND use scores of one standard 

deviation or more away from the mean score in ANI and MND (57).

Figure 3-4 demonstrates the domains affected in the 48 patients with HAND who had an 

abnormal ACE-R score. The domains most affected were memory (100%) and verbal fluency 

(83.3%). Visuospatial skills were affected in 76.8%, language in 68.8% and attention in 54.2% 

of patients with HAND. Table 3-7 shows the total and domain based scores obtained for 

patients who had an abnormal total ACE-R score. There were statistically significant 

differences between the mean scores of the two groups with an abnormal ACE-R test in the 

domains of memory and verbal fluency and also the total ACE-R score. There were 

statistically significant differences between the mean scores of the three groups (normal 

neuropsychological testing, patients with abnormal neuropsychological testing who did not 

meet diagnostic criteria for HAND and patients with HAND) in the domains of memory, 

verbal fluency, language and visuospatial skills. These were performed using Kruskal-Wallis 

tests as the data was non-parametric. Pairwise comparisons showed differences between 

patients with HAND and those with non-diagnostic abnormalities in memory (p=0.003), 

verbal fluency (p=0.05) and language (p=0.002). Pairwise comparisons showed statistically 

significant differences between patients with HAND and those with normal testing in the 

domains of memory (p<0.001), verbal fluency (p<0.001), language (p=0.001), and 

visuospatial skills (p=0.039).
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Patients with an abnormal ACE-R score were more likely to be unemployed (p=0.009), to be 

older (44 years of age compared to 39.6 years) (p=0.031), to have fewer years of education 

(12.3 years compared to 15.65 years) (p<0.001) and to have hyper-reflexia (p=0.004), 

abnormal co-ordination (p=0.011), gait abnormalities (p=0.041), apraxia (p=0.004) and 

reduced rapid alternating movements (p=0.022) on examination.

Figure 3-4 Domains Affected on ACE-R in Patients with HAND

Domains Affected on ACE-R in HAND

Attention Memory Verbal
Fluency

Domains Affected

Language Visuospatial

Breakdown of domains affected in HAND by number of patients.
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Table 3-7 Scores on Domains within ACE-R in Patients who had an Abnormal Total ACE-R Score

HAND Non Diagnostic Abnormalities Total Score P Value
(n=48) (n=15) Possible

Attention
Mean 16.79 17.33

18
0.23

Median 17 18
Range 10-18 15-18

Memory
Mean 15.06 18.6

26
0.001

Median 15.5 18
Range 8-20 13-25

Fluency
Mean 8.13 9.4

14
0.041

Median 8 9
Range 3-12 7-12

Language
Mean 22.21 23.73

26
0.06

Median 23 24
Range 14-16 19-26

Visuospatial
Mean 13.98 14.73

16
0.252

Median 15 15
Range 4-16 12 -16

Total Mean 75.75 83.8 100 0.001
Median 77.5 85
Range 42-87 70-87
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Table 3-8 Domain Based Scores on the ACE-R for the Whole Cohort

Normal Non Diagnostic Abnormalities HAND P Value
(n=10) (n=32) (n=61)

Attention
Mean 17.3 17.53 16.75 0.193
Median 17.5 18 18
Std Deviation 0.823 0.803 2.35

Memory
Mean 23.1 19.91 16.64 <0.001
Median 23.5 20.5 16
Std Deviation 1.595 3.246 4.431

Fluency
Mean 10.6 10.75 8.67 <0.001
Median 10.6 11 9
Std Deviation 1.35 1.867 2.372

Language
Mean 25.4 24.53 22.74 <0.001
Median 26 25 23
Std Deviation 0.843 1.759 2.786

Visuospatial
Mean 15.6 15.03 14.23 0.018
Median 16 16 15
Std Deviation 0.699 1.231 2.217

Std = Standard

3.5.8 Results of Montreal Cognitive Assessment (MoCA)

An abnormal MoCA was a score less than 26. In total, 73 patients had an abnormal score, 52 

of whom met criteria for HAND. As there are no published data available for the mean 

scores and standard deviations of each domain within the MoCA, for the purposes of this 

study a domain was considered abnormal if the domain score was one point or more away 

from the total possible score. This is less than ideal for an analysis of domains affected as a 

total score of 26 or less is abnormal, thereby allowing participants to lose up to 4 points on 

one or any domain before their total score is deemed abnormal, but given the lack of 

published domain based means and standard deviations for the MoCA it was deemed to be 

the best approach possible.

178



The domains most affected in the 52 patients with HAND who had an abnormal total MoCA 

score were memory (100%), executive function (84.6%) and language (73.1%). Visuospatial 

skills were affected in 57.7% of patients with HAND, attention, concentration and working 

memory in 53.8% and orientation in 21.2%. In patients who had abnormalities on 

neuropsychological testing that failed to meet criteria for HAND (n=21) the domains most 

affected were delayed recall (100%) and executive function (66.7%). Language and 

visuospatial skills were equally affected in 52.4%, attention, concentration and working 

memory in 19% and orientation in 9.5% of patients with abnormalities on 

neuropsychological testing that failed to meet criteria for HAND.

Patients with an abnormal MoCA score were more likely to be unemployed (p0=0.46), to 

have a positive screen for anxiety (p=0.008), to be older (43.64 years compared to 39 years 

of age) (p=0.034), to have a lower nadir CD4 T cell count (221.56 compared to 304.63) 

(p=0.024), to have a lower current CD4 T cell count (564.36 compared to 704.7) (p=0.025), 

to have fewer years of education (12.66 years compared to 15.9) (p<0.001), to have a lower 

score on both the anxiety (8.45 compared to 6.47) (p=0.04) and depression (5.73 compared 

to 3.73) (p=0.029) subsections of the hospital anxiety and depression scale.
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Figure 3-5 Domains Affected on MoCA in Patients with HAND

Domains Affected on MoCA in HAND
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S 40
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Visuospatial Executive Att, Cone & Language Memory Orientation
WM
Domains Affected

Breakdown of domains affected in HAND by number of patients. Att, Cone & WM = Attention, Concentration 

and Working Memory.

Figure 3-6 Domains Affected on MoCA in Patients with Non-Diagnostic Abnormalities on 
Neuropsychological Testing

Domains Affected on MoCA

25

20

Visuospatial Executive Att, Cone & Language Memory Orientation
WM

Domains Affected

Breakdown of domains affected in patients with non-diagnostic abnormalities by number of patients.
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Table 3-9 Recall Scores on the MoCA by Patient Group

Normal Non Diagnostic Abnormaiities HAND P Value

(n = 10) (n=32) (n=62)

Mean 3.1 1.47 1.21 0.001

Median 3 1 1

On comparison between patients with normal neuropsychological testing, patients who had 

abnormalities on testing that were not diagnostic of HAND and patients with HAND, the 

recall score on the MoCA was statistically significantly different on ANOVA: F (2, 100) = 

7.315, p=0.001. Post hoc comparisons using the Tukey HSD test indicated that the mean 

score for patients with HAND was significantly different from those with normal 

neuropsychological testing (p=0.001). Post hoc analysis also demonstrated that the mean 

score for patients with non-diagnostic abnormalities was significantly different from those 

with normal neuropsychological testing (p=0.007). There were no significant differences 

between patients with non-diagnostic abnormalities and HAND (p=0.698).

3.5.9 Results of Frontal Assessment Battery Test (FAB)

There were 36 patients with abnormal frontal assessment battery scores; eight patients

(8/32, 25%) with abnormalities on neuropsychological testing who did not meet diagnostic

criteria for HAND and 28 (28/62, 45.2%) patients who met diagnostic criteria for HAND.

Within the group of patients with HAND, 15/40 (37.5%) patients with ANI had abnormal

scores, 11/20 (55%) patients with MND had abnormal FAB scores and both patients with

HAD scored abnormally. Patients with an abnormal score on the frontal assessment battery

were more likely to complain of forgetfulness (p=0.039), misplacing items (p=0.04),

difficulties learning new information (p=0.009) and have experienced safety concerns

(p=0.032). There were also statistically significant relationships to the presence of hyper-
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reflexia (p=0.04), gait abnormalities (p=0.008) and apraxia (p=0.001) on examination. 

Subjective complaints of personality change (p=0.051) and a positive screen for depression 

(p=0.065) approached statistical significance.

Table 3-10 Scores on FAB Test

Normal Non Diagnostic Abnormalities HAND
(n=10) (n=32) (n=61)

Mean (SD) 16.6(1.174) 16.47 (1.502) 14.73 (2.53)
Median 16.5 17 15
Range 15-18 13-18 4-18

3.5.10 Domain Based Analysis

Table 3-11 and Table 3-12 show the domain based score for all the neuropsychological tests 

combined for the entire cohort and patients with HAND respectively. As the data was non 

parametric analysis was carried out using Kruskal-Wallis tests. There were statistically 

significant differences between groups (normal, non-diagnostic abnormalities and HAND) in 

all domains except the temporal and orientation domain. Pairwise comparisons 

demonstrated statistically significant differences between patients with HAND and those 

with normal testing in attention and processing speed (p=0.007), executive function 

(p=0.005), memory (p<0.001) and visuospatial domain (p=0.008). Pairwise comparisons also 

demonstrated statistically significant differences between patients with HAND and those 

with non-diagnostic abnormalities in attention and processing speed (p<0.001), working 

memory (p=0.022), executive function (p=0.001), memory (p<0.001) and visuospatial 

domain (p=0.012).
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3.6 Discussion

3.6.1 Discussion of the Results

In the study cohort 62/104 (59.6%) of patients who had a positive screen for cognitive 

impairment met diagnostic criteria for HAND on further neuropsychological evaluation 

while 32/104 (30.8%) had abnormalities on only one domain and therefore failed to 

meet diagnostic criteria for HAND but did not have normal neuropsychological testing. 

The remaining ten patients (9.6%) had entirely normal cognitive testing. The sensitivity 

of the screening tool that identified patients for recruitment into this study was 65% in 

the validation study by Ellis et al (175) so the figure found in this study would be 

consistent with the published sensitivity.

The predominant clinical neurocognitive profile of patients within this cohort was that 

of a dysexecutive, amnestic presentation. Immediate and delayed memory were the 

domains that were most abnormal on the RBANS. While only the RBANS was used for 

diagnosis of HAND, the predominant domains that were abnormal on the ACE-R and 

MoCA were also memory, verbal fluency/language and executive. The FAB which 

predominantly tests executive function was also abnormal in 45% of patients with

HAND.

While many of the memory deficits may be due to poor encoding and retrieval issues, 

there were a significant proportion of the group with HAND who had poor retention 

scores demonstrating evidence of rapid forgetting on assessment of the list and story 

memory percent retention. Just over half of the patients with HAND had abnormal
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retention of list, one third had abnormal story retention and 22.6% had abnormal 

retention of both list and story memory. This demonstrates that a subgroup of the 

patients had densely amnestic features on neuropsychological testing and that it was 

more common within the group who met criteria for HAND. Significantly, within the 

group who had abnormal neuropsychological testing but who did not meet criteria for 

HAND, densely amnestic features were also demonstrated. While this was less 

common than in the patients with HAND, only one patient who had normal 

neuropsychological testing had an abnormal list retention score and none of them had 

abnormal story retention scores suggesting that this is a significant finding both within 

the group of patients with HAND and those who had abnormalities that were not 

diagnostic of HAND. It is possible that the memory deficits in our patients with HIV are 

due to shallow encoding but within this subgroup of patients with features of rapid 

forgetting as suggested by abnormal retention scores it was demonstrated that they 

were statistically more likely to also have poor list recognition. The combination of 

poor retention and poor list recognition suggest that these patients exhibit rapid 

forgetting, which is a hallmark of hippocampal dysfunction. It is likely that the patients 

have a mixed picture with deficits in encoding and retrieval and a subgroup of patients 

with rapid forgetting. This suggests that there is disruption of both fronto-striatal 

networks and hippocampal networks in memory deficits in HIV infection. It may be 

possible to use retention scores to discriminate patients with less significant 

abnormalities or abnormalities that are not diagnostic of HAND who are likely to 

progress to HAND however longitudinal follow up would be required to determine its 

utility. It may also be possible to use this in future trials to select patients who may
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benefit from medications that are aimed at hippocampal dysfunction such as 

donepezil.

Patients who failed to meet diagnostic criteria for HAND as they only had impairment 

on either one domain on the RBANS and/or abnormalities within the other cognitive 

batteries that were performed, may in fact represent an earlier form of HAND as they 

also had deficits within the executive, memory and visuospatial domains similar to the 

patients with HAND. There were no statistically significant differences between the 

three groups on analysis of demographic data and disease characteristics other than in 

years of education with those patients who had HAND having fewer years of education 

compared to those with normal neuropsychological testing. Although there were no 

statistically significant differences between their global domain scores and those of the 

ten patients with entirely normal neuropsychological testing we believe that over time 

these patients are highly likely to meet diagnostic criteria for HAND in the future and 

longitudinal follow up is warranted.

Interestingly apraxia was the most common finding on neurological examination along 

with hyporeflexia. Apraxia is typically deemed to be a cortical finding. It is thought to 

result secondary to disruption of the fronto-parietal-basal ganglia networks. It is more 

commonly associated with left hemisphere lesions/disruption (352). Hanna-Pladdy et 

al examined the cortical and subcortical contributions to apraxia and found qualitative 

differences between the anatomical locations. The patients with cortical abnormalities 

had abnormal production of transitive and intransitive gestures to verbal command 

and imitation and also impaired gesture discrimination whereas the patients with
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subcortical pathology had mild deficits in production and execution of transitive 

pantomimes but with normal imitation and discrimination (353). Apraxia is commonly 

seen in many neurodegenerative conditions including Alzheimer's disease, corticobasal 

degeneration, Parkinson's disease and posterior cortical atrophy (352, 354-356). 

Apraxia has been described in HIV infection in the setting of opportunistic infections 

(357) and immune reconstitution syndrome (358) but is considered to be rare in the 

setting of HAND (359-361). There is a case report of Balint's syndrome, which consists 

of simultanagnosia, optic ataxia and oculomotor apraxia, secondary to HIV encephalitis 

(362). Eye-lid opening apraxia was described in a 44 year old woman with a severe 

blepharospasm-oromandibular dystonia syndrome secondary to HIV encephalopathy 

which improved with HAART (363). The 16 patients in this study who had apraxia had 

mild apraxia with predominantly ideomotor apraxia, often using their hand as the 

object or performing the task clumsily and less often limb-kinetic apraxia, again having 

difficulties copying hand movements with less precision and increased clumsiness. 

There was no evidence of oro-buccal apraxia in this group. These findings suggest 

cortical dysfunction, most likely of fronto-parietal origin. Apraxia has not been 

described often in HAND previously. This group of patients may be different than other 

groups previously described which would be unusual or apraxia may not necessarily 

have been examined that often in previous studies as the focus may have been more 

on neuropsychological testing rather than neurological examination findings.

Using the RBANS cortical-subcortical deviation score 48 patients with HAND had scores 

greater than zero suggesting underlying cortical pathology. Duff et al showed that 37% 

of a cohort of older adults attending primary care scored ten or more points on this
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score and cautioned about clinical interpretation of this score (364) however it has 

been shown to reliably differentiate typical cortical dementias from typical subcortical 

dementias (324, 351). The combination of an amnestic, dysexecutive syndrome on 

neurocognitive testing with some densely amnestic findings, cortical scores on the 

cortical-subcortical deviation score on the RBANS and the presence of apraxia suggest 

that there are prominent cortical features to HAND in this cohort of patients. 

Alzheimer's disease also has an amnestic, dysexecutive neurocognitive profile (365, 

366) and prominent apraxia (354). It is a prototypical cortical dementia and a 

neurodegenerative disorder. While HAND does not share the same pathophysiology as 

Alzheimer's disease, the overlap in clinical features suggests that there may be similar 

network disruption in both diseases and that in addition to fronto-striatal network 

disruption in HIV there is also neocortical and hippocampal involvement. These 

findings also support the hypothesis that there are degenerative features to HAND 

given their predominance and their presence in other neurodegenerative disorders like 

Alzheimer's disease.

3.6.2 Strengths of the study

This is a well characterised cohort of HIV positive patients who had a positive screen 

for cognitive impairment. The neuropsychological tests used are easy to use in a 

clinical setting and could be easily applied to other English speaking clinical 

populations. All of the assessments were carried out by the candidate and therefore 

eliminate inter-rater bias and differences.
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3.6.3 Limitations of the study

The cohort studied are similar to the overall population who attend the clinic at St 

James's Hospital however as with all cross-sectional studies there may be bias within 

those who volunteer to participate in studies. It is possible that patients with cognitive 

complaints are more likely to participate in a study like this as are patients who are 

concerned and educated about the possible cognitive effects of HIV. Patients with poor 

cognitive function may be less likely to participate as they may forget to attend their 

appointment or be less willing to participate due to poor decision making as a result of 

executive impairment. Despite attempts to reduce the likelihood of a patient not 

attending for neuropsychological testing (phone calls and/or text reminders of the 

appointment time, date and place) numerous patients did not attend at all or failed to 

attend serial appointments prior to finally successfully entering the study.

3.7 Conclusion

This study found that 59.6% of a clinical population with a positive screen for cognitive 

impairment met diagnostic criteria for HAND. The predominant neurocognitive profile 

was an amnestic, dysexecutive syndrome and patients exhibited rapid forgetting as 

well as apraxia. These findings support the candidate's hypothesis that there are 

degenerative and cortical features to HAND. Longitudinal follow up will be required to 

elucidate this further and to examine if any of the patients with non-diagnostic 

abnormalities on neuropsychological testing develop further abnormalities in the 

future and fulfil diagnostic criteria for HAND.
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The findings of cortical deficits on both the neuropsychological batteries and the 

neurological examination support my hypothesis that the late effects of HIV on the 

brain are neurodegenerative. This hypothesis can only be reliably confirmed with 

longitudinal neuropsychological follow-up and extensive neuropathological analysis of 

this well characterised cohort of patients with HIV. If, however, there were other 

biomarkers of neurodegeneration such as cortical atrophy on MR imaging and/or 

protein fragments (amyloid or tau) in the CSF this would be a valuable insight and 

provide further support to the hypothesis that some of the late effects of HIV on the 

brain are due to neurodegeneration.
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4 Magnetic Resonance Imaging of the Brain in HAND

4.1 Introduction

4.1.1 Outline of the chapter

This chapter focuses on the subset of patients who underwent magnetic resonance 

imaging of their brain. The underlying hypothesis of the study is that HAND has both 

inflammatory and degenerative phases. Diffusion tensor imaging was used to examine 

for both inflammatory and degenerative changes whilst voxel based morphometry was 

utilised to assess for focal grey matter atrophy, a marker of neurodegeneration. The 

candidate expected to find that the HIV positive patients had evidence of focal grey 

matter atrophy and that there would be a correlation between the regions of atrophy 

and the neuropsychological tests that assess the function of that region. The candidate 

also expected to find that there would be evidence of disruption of the white matter 

microstructural integrity in the HIV positive patients.

4.1.2 Voxel Based Morphometry (VBM)

Voxel based morphometry is an automated technique to assess cerebral structural 

changes. It is a voxel wise comparison of local tissue volumes. Statistical tests are 

performed across all voxels to identify volume differences between groups of patients

(367) . It is useful to detect focal atrophy or volume changes within specific regions. The 

technique was first published in 1995 by Wright et al who described a novel technique 

for characterising regional grey and white matter differences in structural MR images

(368) . They used rigid reorientation by eye, semi-automatic scalp editing and
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segmentation. Ashburner et al later updated the methodology to include non-linear 

spatial normalisation and automatic segmentation (369). The technique was further 

updated with optimisation of grey matter normalisation and improved segmentation 

and deformation normalisation (370-372). VBM has been used in dementia 

(Alzheimer's disease. Frontotemporal dementia) (373-375), movement disorders (376, 

377), amyotrophic lateral sclerosis (378, 379), epilepsy (380), multiple sclerosis (381- 

383) and psychiatric disorders (384-387). The benefits of VBM is that it is not biased to 

any one particular structure and it gives a comprehensive assessment of anatomical 

changes throughout the brain (369). It has also been used in HIV.

4.1.3 Diffusion Tensor Imaging (DTI)

DTI measures the diffusion of water molecules in white matter. Movement of water 

can be anisotropic (directionally dependent) with diffusion greater along the length of 

the fibre (longitudinal direction) than perpendicular to it (radial or transverse 

direction), as myelin may restrict diffusion (388). With DTI, this degree of anisotropy 

and fibre direction can be mapped on a voxel by voxel basis, enabling in vivo 

assessment of white matter tract integrity (389). A diffusion tensor is a mathematical 

model which contains diffusion from a minimum of six directions. This allows 

diffusivity in any direction as well as the direction of maximum diffusivity to be 

calculated. The tensor matrix is ellipsoid and the principal axis is oriented in the 

direction of maximum diffusivity. Three eigenvalues are calculated via an algebraic 

procedure. These represent diffusivity in the three principal axes of the ellipsoid 

(major, medium and minor axes which are also known as eigenvectors) (389, 390).

Diffusion anisotropy is the extent to which the shape of the tensor ellipsoid deviates
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from that of a sphere; mathematically, this translates to the degree to which the three 

tensor eigenvalues differ from one another (390).

Diffusion along the major axis is assumed to reflect diffusivity parallel to the white 

matter tract and is termed axial or longitudinal diffusivity (AD). The two minor axes can 

be averaged to determine radial or transverse diffusivity (RD), which reflects diffusion 

perpendicular to the white matter (391). Mean diffusivity (MD) reflects the average 

diffusion from all three directions. Fractional anisotropy is derived from the standard 

deviation of the three eigenvalues and ranges in value from zero to one, with zero 

being isotropy and one being maximum anisotropy. It estimates how directionally 

constrained diffusion is along tracts hence it is used as an indicator of fibre coherence. 

It provides a measure of the general shape of the ellipsoid (389, 392). AD is a measure 

of axonal integrity and abnormalities in RD may indicate disruption of myelin integrity 

(393-396).

196



Table 4-1 Interpretation of DTI Measures

DTI Measure Interpretation

Decreases in FA Indicates general loss of white matter

integrity (397-399)

Increases in MD Indicates general increases in diffusion of

water (400)

Changes in AD Indicates axonal degeneration (393, 394,

401-404)

Increases in RD Indicates demyelination (391, 393, 395,

396, 401)

4.1.4 Volumetric Findings in HIV

4.1.4.1 Early Findings on MRI in HIV/AIDS

Cerebral atrophy is a feature of HIV encephalitis (HIVE) and was common in the pre- 

HAART era. Hyper-intensities may be found on T2-weighted and fluid attenuated 

inversion recovery (FLAIR) images in patients with HIVE. They may be diffuse and 

symmetrical within the white matter or may present with patchy scattered lesions 

within both the white and grey matter (100). Levy et al reviewed the computed 

topography (CT) brain imaging of 200 patients with AIDS and found diffuse cerebral 

atrophy in 75/200 (37.5%) (405). Grafe et al performed magnetic resonance imaging 

(MRI) of ten formalin fixed brains of patients who had died secondary to an AIDS 

related illness. Atrophy was demonstrated in eight of the ten brains examined. Foci of
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increased signal intensity on MRI correlated with infarction and necrosis. MRI also 

detected severe ventriculitis and focal gliosis. This study highlighted the relevance of 

post-mortem findings to the interpretation of MRI brain findings in living patients 

(406). A subsequent study compared post-mortem brain MRI and neuropathological 

examination in seven asymptomatic HIV positive individuals, eight seronegative 

controls with a similar cause of death and six patients who died of AIDS in the absence 

of focal cerebral changes. Cerebral atrophy was well evaluated by MRI but they did not 

find any correlation between neuropathological myelin pallor and diffuse white matter 

signal abnormalities on MRI. They concluded that MRI was unlikely to have any 

diagnostic or prognostic value in the early stages of HIV (407). A further study 

correlating post-mortem MRI findings and neuropathology, carried out by Heindel et 

al, found a statistically significant relationship between the severity of CNS HIV 

infection and the MRI volume estimates of grey matter and abnormal white matter. 

They also demonstrated a significant relationship between cortical grey matter 

volumes and cortical synaptic density (408).

Flowers et al demonstrated that MRI was an invaluable tool for the assessment of 

encephalopathy in patients with AIDS (409). McArthur et al performed MRI brain scans 

on 50 HIV negative men, 85 HIV positive asymptomatic men and 14 HIV positive men 

with symptomatic HIV disease. They found white matter hyper-intensities but no 

correlation to HIV serostatus, neurological abnormalities, CD4 T cell count, alcohol or 

drug use, hypertension or smoking. They suggested that the white matter hyper

intensities were non-specific but given that only 14 of their patient group had 

symptomatic HIV disease it is possible that the study was not sufficiently powered to
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detect the significance of these abnormalities in neurologically symptomatic HIV 

infection (410). Elovaara et al demonstrated a relationship between cerebral atrophy 

in HIV infection and duration of infection, neurological symptoms and cognitive 

abnormalities. They also found slight atrophy in cognitively intact patients along with 

increased intrathecal synthesis of immunoglobulin G and HIV antibodies and they 

suggested that subcortical white matter was an early target for HIV (411). All of these 

studies have demonstrated that cerebral atrophy is common in HIV dementia but also 

in HIV positive patients without overt cognitive disturbance.

Jarvik et al reviewed the MRI brain findings of 30 patients with AIDS and found four 

distinct patterns within their study group. Patients with toxoplasmosis and progressive 

multifocal leukoencephalopathy had multiple areas of high signal. Large confluent 

hyper-intensities within the white matter were seen in those with HIVE. Cerebral 

atrophy and ventricular enlargement was seen in chronic HIV infection. The final 

pattern was that of solitary high signal intensity lesions in a non-viral opportunistic 

infection setting (412). Broderick et al demonstrated cerebral atrophy and abnormal 

signal intensity within the splenium in patients with AIDS dementia complex. They also 

demonstrated abnormal signal intensity in the deep white matter and although there 

were no statistically significant differences between those with and without dementia, 

those with AIDS dementia complex were more likely to have more severe grades of 

white matter abnormality (413).
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4.1.4.2 Quantitative MR Imaging in HIV

Regional anatomical differences in cerebral atrophy have been demonstrated in HIV 

infection. Specific grey matter volume reduction in the basal ganglia and the posterior 

cortex was shown by Aylward et al who also found that basal ganglia volume 

differentiated HIV positive patients with and without dementia (414, 415). A 

longitudinal study by Hall et al demonstrated a correlation between worsening 

cognitive function and increase in atrophy as assessed by quantitative MRI measures 

of atrophy (bicaudate/brain ratio and bifrontal/brain ratio) (416). Stout et al also 

conducted a longitudinal study of MRI changes in HIV positive men. They found 

cerebral atrophy in both medically symptomatic and asymptomatic patients. 

Ventricular enlargement occurred only in those with advanced HIV infection (CDC 

stage C) and white matter atrophy was accelerated in CDC stage C. The caudate 

nucleus was the only grey matter region to sustain accelerated volume loss in stage C 

disease. This volume loss correlated with declining CD4'^ count (417). Archibald et al 

demonstrated decreases in the volumes of cerebral and cerebellar white matter, 

caudate nucleus, hippocampus and the cerebral cortex (418). Thompson et al found 

evidence of cortical thinning in the primary sensory, motor and premotor cortices in 

patients with AIDS. There was a correlation between prefrontal and parietal atrophy 

with lower CD4^T cell count. Cognitive or motor deficits correlated with prefrontal and 

parietal atrophy (419). Chiang et al found 10-15% atrophy bilaterally in the putamen, 

globus pallidus, thalamus, medial and basal frontal lobes, corpus callosum and the 

posterior limb of the internal capsule. Atrophy was most severe (15-20% loss) in the 

primary and association sensorimotor areas. There was relative sparing of the 

temporal lobes. No correlation was demonstrated between grey matter atrophy and
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cognitive impairment but there was a correlation between volume loss and cognitive 

impairment on the white matter mask. There were correlations between CD4^ T cell 

count and atrophy of the medial and basal frontal lobes, genu of the corpus callosum, 

middle part of the cingulate gyrus, primary and association sensorimotor areas, 

putamen and globus pallidus using the white matter mask (420).

Kuper et al demonstrated grey matter atrophy in the anterior cingulate and temporal 

cortices as well as white matter atrophy in the midbrain which increased with cognitive 

decline. They also found that prefrontal grey matter atrophy correlated with longer 

disease duration and that basal ganglia atrophy was correlated with motor 

dysfunction. Lower CD4'^T cell count was associated with occipital grey matter atrophy

(421) . Cardenas et al examined the effect of HAART on atrophy and found that patients 

on HAART who were virally suppressed exhibited ongoing white matter volume loss

(422) . In a study by Ances et al they did not find any difference in measures of atrophy 

in the amygdala, caudate and corpus callosum between HIV positive patients on 

HAART and those naive to HAART (423). Becker et al also demonstrated persistence of 

subcortical atrophy in those on HAART (424). The CHARTER group demonstrated that a 

lower nadir CD4'^T cell count was related to most measures of structural brain damage 

and that detectable CSF HIV RNA was related to less total white matter. Co-infection 

with hepatitis C was associated with more abnormal white matter while longer 

duration of HAART therapy was associated with loss of white matter and increased 

sulcal volumes (425). Heaps et al demonstrated atrophy in the white matter, thalamus 

and grey matter of South African patients infected with clade C HIV (426). Steinbrink et
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al also demonstrated a significant correlation between the severity of global cerebral 

atrophy, basal ganglia signal changes and cognitive impairment (427).

Ances et al suggested that a gradual decline in caudate volume occurred after self- 

reported seroconversion (423). Ragin et al detected cortical grey matter atrophy in 

patients with HIV for less than one year (428). Total cerebral volume, including grey 

and white matter volume and volumes of the parietal, temporal and frontal lobes and 

the hippocampus, were most strongly associated with nadir CD4 and duration of 

infection while basal ganglia volumes were related most strongly to current HIV RNA 

(429). Kallianpur et al found a relationship between detectable HIV DNA in peripheral 

blood and enlargement of lateral ventricles and volumetric reductions of caudate, 

putamen, thalamus, hippocampus, nucleus accumbens, brainstem, total cortical grey 

matter and cerebral white matter (430).

Pfefferbaum examined the effects of alcohol and HIV infection on cerebral volume and 

found that HIV positive patients had reduced thalamic and frontal volumes which 

correlated with nadir CD4 count and a history of an AIDS defining illness. Patients who 

were HIV negative and had a history of alcoholism had volume deficits of the globus 

pallidus, hippocampus, amygdala and thalamus but those who were HIV positive, had a 

history of alcoholism and a history of an AIDS defining illness had smaller callosal 

volumes and larger Sylvian and third ventricular volumes than those who were HIV 

positive, had a history of alcoholism but without any AIDS defining illness. They also 

found that longer sobriety and less lifetime alcohol consumption were predictive of 

attenuated brain volume abnormalities in HIV positive and negative patients with
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alcoholism (431). Given that alcohol dependence and excess are often a co-morbid 

issue for patients with HIV infection, it is important to be aware of the additive effect 

of alcohol on brain atrophy especially in the setting of advanced immunosuppression.

Thames et al examined the relationship between verbal fluency tasks and basal ganglia 

volumes and found that performance on phonemic word generation significantly 

predicted caudate volume, whereas performance on phonemic switching predicted 

putamen volume (432).

Towgood et al found that HIV positive subjects had atrophy of the medial and superior 

gyri compared to HIV negative subjects and found an independent effect of aging in 

fronto-temporal grey and white matter. They also found that the younger HIV positive 

subjects had a reduction in the volume of grey matter in the medial and superior 

frontal region and the older HIV positive subjects had a reduction in the volume of grey 

matter in the superior frontal gyrus compared to age matched HIV negative subjects 

despite similar cognitive performance (433). Becker et al demonstrated that HIV 

positive subjects had greater grey matter atrophy in the posterior and inferior 

temporal lobe, parietal cortex and cerebellum. They also demonstrated that aging had 

a significant effect on superior temporal and inferior frontal volumes. There was no 

significant interaction between HIV and age (434). Chang et al examined the impact of 

apolipoprotein E (APOE) e4 on cognition and atrophy and found that HIV positive 

subjects with APOE-E4 genotype exhibited premature atrophy, most notable in the 

white matter and bilateral putamen (435).
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4.1.5 DTI Findings in HIV

White matter tract integrity in HIV has been interrogated using diffusion tensor 

imaging (DTI). Pomara et al performed DTI in six HIV positive patients and nine healthy 

controls. Abnormal fractional anisotropy was found in the white matter of the frontal 

lobes and internal capsules of the HIV positive patients without any difference in mean 

diffusivity (436). They suggested that DTI may be more sensitive than conventional 

MRI methods for detecting subtle white matter disruptions in HIV disease. Filippi et al 

assessed ten HIV positive patients with mild atrophy on MR brain imaging and found 

decreased diffusion anisotropy in the splenium and genu of the corpus callosum 

(assessed by fractional anisotropy) and increased diffusion constant of the subcortical 

white matter in the frontal and parieto-occipital lobes (assessed by mean diffusivity) 

(437). Thurnher et al also demonstrated a statistically significant reduction in FA in the 

genu of the corpus callosum (438). Reductions in FA of the splenium of the corpus 

callosum have been demonstrated by Wu et al and correlated with dementia severity 

and deficits in motor speed. They also demonstrated increased MD values in the 

splenium which correlated with motor speed deficits (439). Wright et al found a 

reduction in MD in the corpus callosum and centrum semiovale (392). Ragin et al 

found significant relationships between increased MD measures in the putamen and 

verbal memory and overall cognitive impairment while reduced FA values were 

associated with visual memory and working memory. FA values within the caudate 

nucleus were associated with visual memory. There were relationships also between 

subcortical FA measures and CD4 count (440). Lower FA values in the regions of the 

superior corona radiata, the corpus callosum and the cingulum have been associated

with poorer performance on prospective memory tasks in South African HIV positive
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patients (441). Lower FA values have also been demonstrated in other studies (442, 

443).

Gongvatana et al showed significantly higher MD and lower FA throughout the white 

matter of FIIV positive subjects. Co-infection with hepatitis C was associated with 

decreased FA in the rostral middle frontal gyrus, medial orbitofrontal cortex, fusiform 

gyrus, inferior temporal gyrus and banks of the superior temporal sulcus and increased 

MD in the inferior parietal cortex, precuneus cortex, entorhinal cortex, 

parahippocampal gyrus, fusiform gyrus, inferior temporal gyrus, banks of the superior 

temporal sulcus and occipital lobes. Older age was associated with decreased FA in the 

fusiform gyrus, inferior temporal gyrus, superior temporal sulcus, insular cortex, all 

frontal white matter tracts, supramarginal gyrus, superior parietal cortex and inferior 

parietal cortex. Patients on FIAART had increased FA values in the parahippocampal 

gyrus, fusiform gyrus and banks of the superior temporal sulcus thus suggesting better 

white matter integrity. Subjects with higher current CD4 count had higher FA measures 

in parietal lobe regions (444). High RD values have been demonstrated in the inferior 

cingulate, occipital forceps and superior longitudinal fasciculus of HIV positive patients 

naive to HAART compared to those on HAART indicative of myelin disruption while HIV 

positive patients with AIDS had high AD values, indicative of axonal compromise, in 

posterior callosal regions, fornix and superior cingulate bundle (445). Chen et al did not 

demonstrate any effect of HAART on DTI measures. They also showed that RD was 

more affected than AD in HIV infection and suggested that demyelination may be the 

prominent disease progression in white matter (446). Nir et al also demonstrated that 

RD was more affected than any other DTI measure in a study of HIV positive patients
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over the age of 60. They did not find an effect of age but found pervasive decreases in 

FA values and an increase in all diffusivity measures (447).

Zhu et al used a tract based spatial statistical approach to DTI analysis and 

demonstrated increased MD in the posterior aspects of both hemispheres in HIV 

positive neurologically asymptomatic subjects while those with mild cognitive 

impairment exhibited increased MD in prefrontal regions and decreased FA in the genu 

of the corpus callosum, the bilateral anterior corona radiate and cingulate gyrus. These 

results correlated with duration of infection. Speed of information processing and 

verbal fluency scores correlated with either reduced FA or increased MD in the body 

and splenium of the corpus callosum, the left anterior limb of the internal capsule, the 

left anterior, left superior and bilateral posterior corona radiata, the left posterior 

thalamic radiation, bilateral external capsule, the left superior longitudinal fasciculus 

and bilateral superior fronto-occipital fasciculus. The HIV positive subjects had nadir 

CDA"^ T cell counts less than 200 and had been on HAART for at least 12 consecutive 

weeks prior to MRI so this study highlighted that there is ongoing CNS injury in partial 

immune reconstitution, even in those who are neurologically asymptomatic (448).
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4.1.6 Summary

DTI has been shown to be a very sensitive method for the detection of white matter 

abnormalities. Overall the studies have shown increases in MD and decreases in FA in 

HIV infection. Early volumetric studies demonstrated global cerebral atrophy and 

prominent involvement of basal ganglia and white matter. In the post HAART era and 

with the evolution of imaging techniques more extensive atrophy has been 

demonstrated affecting both nigro-striatal and fronto-striatal circuits and frontal, 

parietal, temporal and occipital cortices. The pattern of HIV-associated brain loss may 

be changing from a subcortical to a cortical disease in the HAART era.

4.2 Study Aims

Aim 1: To examine patterns of focal grey matter changes in patients with cognitive 

impairment and HIV infection and their correlation to patient characteristics and 

neuropsychological test results.

Aim 2: To evaluate changes in white matter integrity in patients with cognitive 

impairment and HIV infection.

4.3 Methodology

4.3.1 Study Design and Recruitment

A cross-sectional observational study was carried out. Fifty patients with a positive 

screen for cognitive impairment who had undergone detailed neuropsychological

assessment were recruited. Ideally, patients with HIV and normal cognition would also
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have been recruited but ethical approval only allowed for recruitment and study of 

patients with positive screens for cognitive impairment and who had undergone 

detailed neuropsychological testing. Recruitment commenced on 18 January 2012 and 

was completed on 29 April 2013. Study participants were given a patient information 

leaflet (see Appendix 10) and patients provided written informed consent (see 

Appendix 11). Control MRI data from healthy volunteers who participated in two 

separate studies (a study on the imaging features of amyotrophic lateral sclerosis 

compared to healthy controls and a bank of healthy volunteer data from the Centre for 

Advanced Medical Imaging) was used for comparison. Control participants did not 

have a known history of HIV infection and had consented to having their anonymised 

imaging used for other studies at the time of initial participation. All imaging of 

patients and healthy volunteers was carried out at the Centre for Advanced Medical 

Imaging (CAMI) at St. James's Hospital under uniform scanning conditions, using 

identical pulse sequences and receiver coils.

4.3.2 Inclusion and Exclusion Criteria

Patients were included in the study if they were HIV positive, over the age of 18, 

attending the outpatient clinic in St. James's Hospital, had a positive screen for 

cognitive impairment and had undergone detailed neuropsychological assessment.

capable of giving informed consent, had sufficient use of the English language to be 

able to participate and were willing to voluntarily participate in the study.

Patients were excluded if they were HIV negative, under the age of 18, had insufficient

English to partake or were unwilling to participate voluntarily in the study. If patients
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had any of the following they were also excluded for standard MRI safety reasons: 

pregnancy, cerebral aneurysm clip, cochlear implant, the presence of metal in the eye 

or orbit, implanted spine stabilization rods, cardiac pacemaker, implanted insulin 

pump, implanted narcotics pump, implanted nerve stimulators, weight greater than 

250 kg or severe claustrophobia.

4.3.3 Ethical Approval and Data Protection

The study had full ethical approval from the combined ethics committee of the 

Adelaide and Meath Hospitals Incorporating the National Children's Hospital (AMNCH) 

and St. James's Hospital (SJH). All patients who participated in the study were given 

detailed patient information leaflets to read and were given the opportunity to ask any 

questions that they had prior to agreeing to participate in the study. The voluntary 

nature of participation was specifically emphasised and that refusal to participate 

would not affect their ongoing medical care in any way. Written informed consent was 

obtained from all participants. The study was conducted in accordance with Good 

Clinical Practice guidelines and the Declaration of Helsinki.

A password protected computerised database using Microsoft Access 2010 (R) was 

utilised. All identifying information was treated in a strictly confidential manner. Data 

was pseudo-anonymised. Each participant maintained the unique study identifying 

number assigned to them in the prevalence study within the database but for the MRIs 

each patient was assigned a new unique hospital medical record number by CAMI. This 

was separate to the patient's clinical hospital medical record number. The consent

forms were stored in the neurology research office but did not contain any reference
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to the unique study number. These documents were only accessed by the candidate. 

The MRI data was stored in CAMI and on an encrypted external hard drive which was 

only used by the candidate.

4.3.4 Data Collection and Data Recorded

Demographic data collected in the prevalence study and the neuropsychological test 

results were included for the respective participants who agreed to take part in the 

MRI study and entered into the study database. CD4 T cell count, HIV viral load and 

antiretroviral therapy history were updated if any changes had occurred in the 

intervening period as well as any changes in clinical medical conditions.

4.3.5 Missing Data

Nadir CD4^T cell count was not available for one patient who was diagnosed outside of 

Ireland. One patient was unable to tolerate the full imaging protocol and scanning was 

stopped due to claustrophobia.

4.3.6 Acquisition of MRI Data

All patients had their MRI brain scans performed in CAMI on a 3 Tesla (T) Philips 

Achieva system with a gradient strength of 80 mT/m and a slew rate of 200 T/m/s. An 

eight channel receive only head coil was utilised. A 3D inversion recovery prepared 

spoiled gradient recalled echo sequence was used to obtain high resolution Tl- 

weighted images of the brain in 160 slices, with a field of view (FOV) of 256 x 256 x 160 

mm, spatial resolution of 1 x 1 x 1 mm, repetition time (TR) of 8.5ms, echo time (TE) of 

3.9ms, flip angle = 8°, SENSE factor = 1.5 and acquisition time of 7 minutes 29 seconds.
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T2-weighted turbo spin echo (TSE) imaging was performed in 30 slices with field of 

view of 230 x 184 x 149 mm, spatial resolution of 0.575 x 0.72 x 4 mm, TR of 3000 ms, 

TE of 80 ms, flip angle = 90°, TSE factor of 80 ms and acquisition time of 1 minute 48 

seconds. Fluid attenuated inversion recovery (FLAIR) imaging was performed in 30 

slices with FOV of 230 x 183 x 149 mm, spatial resolution of 0.65 x 0.87 x 4 mm, TR of 

11000 ms, TE of 125 ms, TSE factor of 30 ms and acquisition time of 5 minutes and 8 

seconds. Diffusion tensor imaging (DTI) was acquired using a spin echoplanar imaging 

(EPI) sequence with a 32-direction Stejskal-Tanner diffusion encoding scheme, FOV of 

245 X 245 X 150 mm, spatial resolution of 2.5 x 2.5 x 2.5 mm, 60 slices with no 

interslice gap, TR of 8200 ms, TE of 59 ms, SENSE factor of 2, two b factors and a 

maximum b factor of 1100 s/mm^, spectral presaturation with inversion recovery 

(SPIR) fat suppression and dynamic stabilization in an acquisition time of 5 minutes 53 

seconds. For full MRI protocols see appendices 12, 13,14 and 15.

T1 weighted, T2 and FLAIR imaging data were individually, qualitatively reviewed by 

the candidate for the presence of unexpected intracranial pathology, such as space- 

occupying lesions, congenital malformations, and agenesis of corpus callosum, prior 

cerebrovascular events or findings indicative of hydrocephalus. A systematic image 

quality verification step was also undertaken to check for excessive motion 

abnormalities prior to feeding the raw data into the analysis pipelines.

4.3.7 Processing of Data for Voxel Based Morphometry Analysis

The high resolution 3D Tl-weighted datasets were converted from DICOM (Digital

Imaging and Communications in Medicine) format to NIfTI (Neuroimaging Informatics
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Technology Initiative) format using the dcm2nii program of the MRICron software 

package. Voxel based morphometry (VBM) analysis was conducted using the FMRIB 

Software Library (FSL) program (449). The FSL VBM methods have been described and 

the FSL-VBM platform is a well-recognised standardised tool for VBM analysis (369, 

370, 450). It has been validated clinically (451).

All the images were visually inspected to ensure correct orientation (RPI orientation - 

right to left, posterior to anterior, inferior to superior). The images were deskulled and 

excess neck tissue removed. The brain extracted images were visually inspected to 

ensure accuracy. The brain extracted images were segmented into grey matter (GM), 

white matter (WM) and cerebrospinal fluid (CSF). A study specific grey matter 

template was created. The grey matter images were then affine registered to the GM 

ICBM (International Consortium for Brain Mapping) 152 template, concatenated and 

averaged. The averaged image was then flipped along the x-axis and the two mirror 

images were re-averaged to obtain a first-pass, study-specific "affine" GM template. 

The GM images were re-registered to this affine GM template using non-linear 

registration, concatenated into a 4D image called "template_4D_GM", averaged and 

flipped along the x-axis. Both mirror images were then averaged to create the final 

left-right, symmetric, study-specific non-linear GM template at 2 x 2 x 2 mm^ 

resolution in standard space. The 4D study template was visually inspected. The 

subjects' grey matter images were non-linearly registered to the study specific 

template and concatenated into a 4D image. The images were also modulated to 

compensate for any contraction or enlargement that may have occurred due to the 

non-linear component of the transformation. The modulated registered GM images
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were concatenated into a 4D image and then smoothed with an isotropic Gaussian 

kernel with a sigma of 3mm. The modulated GM template was also visually inspected 

to ensure accuracy. Finally, a voxel-wise general linear model (GLM) was applied using 

permutation-based non-parametric testing, correcting for multiple comparisons across 

space. The threshold-free cluster enhancement (TFCE) method was utilised to correct 

for multiple comparisons and statistical significance was set at p < 0.05 (452). 

Corrections were made for mean centred age.
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Figure 4-1 Structural Image Prior to VBM Pre-processing

Figure 4-2 Process of brain extraction

Figure 4-3 Deskulled brain image from a study subject
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Figure 4-4 Segmentation of grey matter

Figure 4-5 Grey matter study template

220



Figure 4-6 Grey matter of study subjects registered to template

Figure 4-7 Modulation grey matter image
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4.3.8 Processing of Data for Diffusion Tensor Imaging (DTI) Analysis 

ExploreDTI was used to perform the pre-processing steps for DTI analysis. ExploreDTI 

was released in 2009 (453). The Tl-weighted high resonance structural images and the 

DTI images were converted from PAR REC format to NIfTI format and inspected for 

correct orientation. A MAT file was then generated. The images were corrected for EPI 

and susceptibility distortions by co-registering the DTI images to the Tl-weighted 

structural images and subsequently for subject motion and eddy current induced 

geometric distortions. The data was re-inspected at the intermediate steps to ensure 

that the motion and distortion correction was performed correctly and that no 

additional artefacts were introduced into the data. The diffusion tensor and its three 

eigenvalues were calculated using log-linear regression in each voxel and using 

standard measures the three eigenvalues were used to calculate mean diffusivity 

(MD), axial diffusivity (AD) and radial diffusivity (RD) data. Anisotropy was expressed 

as fractional anisotropy (FA) which was normalised to assume a range from 0 to 1. This 

data was then exported from ExploreDTI.

Tract based spatial statistics were then performed using the FSL platform (454). The 

images were non-linearly registered to a standard space FA template. The subjects FA 

images were then affine transformed to MNI152 space and then a mean of all the FA 

images was created and the images were skeletonised. The threshold for the mean FA 

skeleton was set at 0.2. The images were viewed to ensure accuracy of skeletonisation. 

Then all the subjects' FA data was projected onto the mean FA skeleton. Permutation- 

based nonparametric inference was used for comparison of diffusion parameters

between the patient group and the healthy control group. The TFCE method was
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applied for corrections of multiple comparisons and statistical significance was set at p

< 0.05.

Figure 4-8 Mean FA Image

Figure 4-9 Mean FA Skeleton
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^.3.9 Role of the PhD Candidate

The candidate recruited and consented all of the study participants. The candidate was 

present for the MRI acquisition of all of the study participants and carried out all the 

post-processing and statistical analysis for VBM and DTI. The candidate created and 

maintained the study database.

4.4 Results

4.4.1 Characteristics of the Study Group

Fifty patients who had a positive screen for cognitive impairment based on the BNCS 

and who had completed a detailed neuropsychological assessment underwent 

neuroimaging. Forty-one of the patients met criteria for HAND (27 ANI, 13 MND, 1 

HAD). The remainder had abnormalities that did not fulfil diagnostic criteria for HAND 

on neuropsychological assessment. The majority were male (82%), Irish (70%), had a 

mean age of 45 years, had been diagnosed with HIV infection for a mean duration of 

10.69 years, were on HAART (94%) and were virally suppressed (95.7%)(Table 4-3). The 

cognitive symptoms of the group are described in Table 4-4. The most common 

symptoms were forgetfulness, difficulties remembering names and word finding 

difficulties. The abnormal examination findings are described in Table 4-5. The most 

common examination abnormality in the study group was the presence of apraxia. The 

MRI data of fifty healthy volunteers was used for comparison purposes. The groups 

were matched exactly for gender and for age within plus/minus five years. There was 

no statistically significant difference on age between the patients and the healthy 

controls (see Table 4-6).
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Table 4-3 Characteristics of the Study Group

Characteristics (n = 50)
n m

Handedness Right 47 (94)

Gender Male 41 (82)

Country of Birth Ireland 35 (70)
Europe 4 (8)
Africa 10 (10)
South America 1 (2.0)

English as a first language Yes 39 (78)

Mode of Transmission Heterosexual 19 (38)
MSM 22 (44)
IVDU 7 (14)
Other 2 (4)

Virally Suppressed Yes 45 (95.7)
(n=47)

Hx of Hepatitis B Yes 4 (8)

Hx of Hepatitis C Yes 9 (18)

Hepatitis C PCR Positive Yes 2 (4)

Hypertension Yes 8 (16)

Hypercholesterolaemia Yes 5 (10)

Diabetes Yes 3 (6)

Hx of Syphilis Yes 9 (18)

Hx of Cryptococcal Meningitis Yes 1 (2)

Hx of CNS TB Yes 2 (4)

Hx of Toxoplasmosis Yes 1 (2)

Epilepsy Yes 3 (6)

Neuropathy Yes 1 (2)

Hx of Depression Yes 14 (28)

Methadone replacement therapy Yes 6 (12)

Employment History Employed 27 (54)
Student 4 (8)
Unemployed 16 (32)
Retired 3 (6)

Smoking History Smoker 21 (42)
Non smoker 17 (34)
Ex-smoker 12 (24)

Alcohol History None 8 (16)
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Units per week 1 - 20 units 32 (64)
21 - 40 units 5 (10)
> 40 units 2 (4)
Hx of ADS 3 (6)

Illicit Substance Use Never 38 (76)
Current Non IV Use 6 (12)
Current IV Use 0 (0)
Previous Hx 6 (12)

Antiretroviral Therapy Naive 1 (2)
On HAART 47 (94)
MTCT 2 (4)

Age (in years) Mean (sd) 45.16 (10.6)
Median (range) 44.25 (27-71)

Time since Diagnosis Mean (sd) 10.69 (7.96)
(years) Median (range) 9.12 (0.95-28.6)

Nadir CD4 Count Mean (sd) 220.5 (192.5)
Median (range) 192.5 (9-848)

Current CD4 Count Mean (sd) 610.8 (251.4)
Median (range) 578.5(147- 1223)

Years of Education Mean (sd) 13.9 (3.9)
Median (range) 14 (7-23)

MSM = Men who have sex with men, IVDU = Intravenous drug user, ADS 
HAART = Highly active anti-retroviral therapy, sd = standard deviation.

Alcohol dependence syndrome.

Table 4-4 Cognitive Symptoms of the Study Group

Symptoms N %
Word Finding difficulties 21 42
Naming difficulties 23 46
Facial recognition difficulties 2 4
Repeats 17 34
Forgetful 33 66
Misplaces objects 15 30
Navigational issues 14 28
Difficulties learning new info 9 18
Errors at work 14 28
Safety concerns 6 12
Symptoms of dyspraxia 2 4
Behavioural changes 1 2
Personality changes 7 14
Slower completing tasks 11 22
Decreased concentration 10 20
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Table 4-5 Abnormal Examination Findings of the Study Group

Finding N %
Cranial nerve abnormalities 2 4
Hypertonia 1 2
Decreased power 1 2
Hyporeflexia 8 16
Hyper-reflexia 2 4
Co-ordination abnormalities 5 10
Sensory abnormalities 5 10
Gait disturbance 3 6
Apraxia 10 20
Reduction in rapid alternating movements 4 8

Table 4-6 Comparison of Age between Patients and Healthy Controls

Patients Healthy Controls P value
Age Mean (sd) 45.16(10.6) 41.48 (13.62) 0.135

Median (range) 44.25(27-71) 41 (22-66)
Sd = standard deviation

4.4.2 Results of VBM Analysis

In comparison to the HIV negative healthy controls, the HIV positive patients had atrophy in 

the anterior cingulate, left hippocampus, left temporal lobe, left central opercular cortex, 

left post-central gyrus, left supplementary motor area, right lateral occipital cortex, right 

precuneus, bilateral Heschl's gyrus (transverse temporal gyrus), bilateral insular cortex, 

bilateral parietal operculum, bilateral occipital poles and bilateral pre-central gyrus (p<0.05). 

Significant results are displayed overlaid on a Montreal Neurological Institute (MNI) 

template with regions of significant difference illustrated on a spectrum of red to yellow 

with yellow being the most significant. The Harvard Oxford cortical structural atlas supplied 

with the FSL program was utilised to delineate cortical anatomy (455-458). MNI co-ordinates 

are displayed with each image. Anterior cingulate was the only region which remained
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different between the groups at p<0.01. The design matrix utilised is shown in Figure 4-10. 

Age was co-varied for in the matrix. As the groups were matched exactly for gender it was 

not co-varied for in the group analysis. There were no significant correlations to clinical or 

neuropsychological data (CD4 count, duration of infection, years of education, country of 

birth, illicit drug use, scores on the anxiety and depression subscales of the hospital anxiety 

and depression scale and scores on all the subsets of the RBANS test) co-varied for age.

Figure 4-10 Design matrix for VBM analysis

C2 PTs > HCs

HC3
Cl HCs > PTs 1

-1

PTs
-1
1

HCs=healthy controls, PTs=patients, cl=contrast 1 (to test if healthy controls had greater grey matter volumes 

than the HIV positive patients group), c2=contrast 2 (to test if the HIV positive group had greater grey matter 

volumes than the healthy controls).
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Table 4-7 Normal function of grey matter regions that were abnormal in this study

Region Location Function

Anterior cingulate Lies between the cingulate 
sulcus and the corpus 
callosum; part of the limbic 
system (459).

It is part of a circuit involved 
in a form of attention that 
serves to regulate both 
cognitive and emotional 
processing; executive role 
(459).

Hippocampus Medial temporal lobe Consolidation of information 
from short-term memory to 
long-term memory and 
spatial navigation; 
acquisition, temporary 
storage, and retrieval of 
explicit memory for facts and 
eventsl|460).

Temporal lobe Includes superior, middle and 
inferior temporal, lateral 
occipitotemporal, fusiform, 
lingual, parahippocampal and 
hippocampal convolutions 
and the transverse gyri of 
Heschl (461).

Auditory and visual 
processing, learning and 
memory, regulation of 
behaviour and emotion (461).

Heschl's gyrus Transverse temporal gyri 
(primary auditory cortex)

Processes incoming auditory 
information (462).

Pre-central gyrus Anterior to the central sulcus 
(463).

Primary motor region (463).

Post-central gyrus Posterior to the central sulcus 
and above the lateral fissure 
(463).

Primary somatosensory 
cortex (463).

Supplementary motor area Anterior to the primary 
motor cortex (463).

Motor planning (464).

Precuneus Posterior region of the medial 
parietal cortex, buried in the 
inter-hemispheric fissure and 
encased by the sagittal sinus 
and bridging veins (465).

Episodic memory, visuo- 
spatial imagery and self
processing (465).

Insular cortex Lies beneath the temporal, 
frontal and parietal opercula 
(466)

Somatosensation, thermal 
and pain perception, 
viscerosensation, gustation, 
self-awareness, cognitive 
functioning and interpersonal 
experience (466).
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Operculum Cortex that borders the 
sylvian fissure and covers the 
insula; frontal, parietal and 
temporal opercula (461).

Perception of spoken 
language and motor aspects 
of speech (467).

Occipital cortex Termini of the 
geniculocalcarine pathways 
(461).

Visual perception and 
recognition (461).
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Figure 4-11 Anterior Cingulate

x=45, y=82, z=39 (p<0.05).

Figure 4-12 Left central opercular cortex

x=64, y=53, z=44 (p<0.05).
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Figure 4-13 Left Heschl's gyrus and central opercular cortex

x=65, y=52, z=42 (p<0.05).

Figure 4-14 Left hippocampus

x=58, y=52, z=31 (p<0.05).
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Figure 4-15 Left insular cortex and parietal operculum

x=64, y=54, z=44 (p<0.05).

Figure 4-16 Left occipital pole

x=51, y=17, z=42 (p<0.05).
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Figure 4-17 Left post-central gyrus

x=53, y=43, z=61 (p<0.05).

Figure 4-18 Left pre-central gyrus and left supplementary area

x=46, y=55, z=61 (p<0.05).
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Figure 4-19 Left temporal lobe

x=65, y=64, z=26 (p<0.05).

Figure 4-20 Right Heschl's gyrus and insular cortex

x=26, y=51, z=42 (p<0.05).
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Figure 4-21 Right insular cortex

x=27, y=53, z=40 (p<0.05).

Figure 4-22 Right lateral occipital cortex

x=37, y=31, z=61 (p<0.05).
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Figure 4-23 Right occipital pole

x=39, y=18, z=42 (p<0.05).

Figure 4-24 Right parietal operculum

x=27, y=53, z=46 (p<0.05).
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Figure 4-25 Right pre-central gyrus

x=27, y=55, z=60 (p<0.05).

Figure 4-26 Right precuneus

liil
(■ 'I

x=38, y=41, z=61 (p<0.05).
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Figure 4-27 Anterior cingulate at p<0.01

x=45, y=81, z=40 (p<0.01).
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4.4.3 Results of DTI Analysis

Compared to HIV negative healthy controls, HIV positive patients had abnormalities in 

measures of FA, AD, MD and RD. There was a statistically significant reduction in FA (FA 

values less than 0.02) in the genu of the corpus callosum, bilateral anterior thalamic 

radiation, bilateral cingulum hippocampus, bilateral corticospinal tracts, bilateral inferior 

fronto-occipital fasciculi, bilateral superior longitudinal fasciculi, bilateral anterior corona 

radiate, bilateral forceps minor and forceps major (p<0.01). These results remained 

statistically significantly different at p<0.0005. There was a statistically significant decrease 

in axial diffusivity in the left anterior thalamic radiation, left corticospinal tract and left 

forceps minor (p<0.01). There was a statistically significant increase in axial diffusivity in the 

left forceps major (p<0.05). The HIV positive group had a statistically significant increase in 

mean diffusivity in the genu of the corpus callosum, body of corpus callosum, bilateral 

anterior thalamic radiation, bilateral superior longitudinal fasciculi, right anterior corona 

radiata and right inferior fronto-occipital fasciculus (p<0.01). The increase in MD in the genu 

of the corpus callosum and bilateral inferior fronto-occipital fasciculi remained significant at 

p<0.0005. The HIV positive group had increased radial diffusivity in the body of the corpus 

callosum, bilateral forceps minor, bilateral forceps major, left anterior thalamic radiation, 

left inferior longitudinal fasciculus, right inferior fronto-occipital fasciculus and right superior 

longitudinal fasciculus (p<0.01) which remained statistically significant at p<0.0005. The 

Johns Hopkins University (JHU) white matter tractography atlas and ICBM-DTI-81 white- 

matter labels atlas were utilised to identify tracts (468, 469). The corrected statistical maps 

were overlaid on an MNI brain template and the mean FA skeleton. The normal tracts are
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displayed in green with areas of abnormal diffusion displayed on a spectrum of red to 

yellow.
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Table 4-8 Normal connections and functions of white matter tracts that were abnormal

Tract Function Location
Forceps Minor Relays information intra- 

hemispherically and across 
corpus callosum

Emerges from each side of the genu 
of the corpus callosum to reach the 
medial wall of the frontal lobe (464)

Forceps Major Relays information intra- 
hemispherically and across 
corpus callosum

Emerges from the splenium of the 
corpus callosum to reach the medial 
wall of the occipital lobe (464)

Body of the corpus 
callosum

Inter-hemispheric 
sensorimotor and auditory 
connectivity (389).

Connects neocortical areas between 
both cerebral hemispheres (464).

Genu of the corpus 
callosum

Relays information across 
hemispheres

Fibres extend from the medial 
frontal lobe

Anterior thalamic 
radiation

Relay sensory and motor data 
to precentral and postcentral 
cortex (389).

Projection fibres - connects lateral 
thalamic nuclei to cerebral cortex 
through internal capsule (389).

Cingulum Relays information from the 
cingulate gyrus to the 
entorhinal cortex.
Visceromotor control, 
visuospatial processing and 
memory access (389).

Association fibres - Runs from 
frontal lobe to temporal lobe (470).

Corticospinal Motor function to 
contralateral body (389).

Brainstem tracts - Connects cerebral 
motor cortex to medulla then 
descends into contralateral spinal 
cord.

Superior longitudinal 
fasciculus

Integration of auditory and 
speech nuclei (389).

Supero-lateral side of the putamen 
and forms a large arc (arcuate 
fasciculus). Association fibres - 
connections between the frontal, 
parietal, occipital, and temporal 
lobes including language-related 
areas (Broca's, Geschwind's and 
Wernicke's territories) (470).

Inferior longitudinal 
fasciculus

Integration of auditory and 
speech nuclei (389).

Association fibres - Connects 
ipsilateral temporal and occipital 
lobes (389).

Inferior fronto- 
occipital fasciculus

Integration of auditory and 
visual association cortices with 
prefrontal cortex (389).

Association fibres - connects 
ipsilateral frontal and occipital 
lobes; ipsilateral frontal and 
posterior parietal and temporal 
lobes; intermingles with uncinate 
fasciculus (389).

Anterior corona
radiata

Motor function Projection fibres connect the 
internal capsule with areas of 
cerebral cortex. The anterior portion 
primarily contains fibres from 
prefrontal cortex (389, 470).
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Figure 4-28 Left anterior thalamic radiation (decreased AD)

x=110, y=132, z=87 (p<0.01).

Figure 4-29 Left corticospinal tract (decreased AD)

x=110, y=106, z=67 (p<0.01).
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Figure 4-30 Left forceps minor (decreased AD)

x=101, y=154, z=87 (p<0.01).

Figure 4-31 Left forceps major (increased AD)

x=104, y=82, z=91 (p<0.05).
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Figure 4-32 Genu of corpus callosum (decreased FA)

x=89, y=153, z=82 (p<0.01).

Figure 4-33 Left anterior thalamic radiation (decreased FA)

x=106, y=128, z=82 (p<0.01).
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Figure 4-34 Left cingulum (hippocampus) (decreased FA)

x=113, y=80, z=72 (p<0.01).

Figure 4-35 Left corticospinal tracts (decreased FA)

x=109, y=106, z=67 (p<0.01).
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Figure 4-36 Left inferior fronto-occipital fasciculus (decreased FA)

x=122, y=62, z=73 (p<0.01).

Figure 4-37 Left superior longitudinal fasciculus (decreased FA)

x=121, y=123, z=82 (p<0.01).
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Figure 4-38 Left anterior corona radiata (decreased FA)

x=108 y=163, z=82 (p<0.01).

Figure 4-39 Left forceps minor (decreased FA)

x=109, y=174, z=82 (p<0.01).
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Figure 4-40 Left forceps major (decreased FA)

x=104, y=82, z=91 (p<0.01).

Figure 4-41 Right anterior thalamic radiata (decreased FA)

x=66, y=160, z=82 (p<0.01).
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Figure 4-42 Right cingulum (hippocampus) (decreased FA)

x=65, y=80, z=73 (p<0.01).

Figure 4-43 Right inferior fronto-occipital fasciculus (decreased FA)

x=57, y=162, z=82 (p<0.01).
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Figure 4-44 Right superior longitudinal fasciculus (decreased FA)

x=58, y=124, z=82 (p<0.01).

Figure 4-45 Right anterior corona radiata (decreased FA)

411

x=70, y=162, z=82 (p<0.01).
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Figure 4-46 Right forceps minor (decreased FA)

4ft

x=70, y=173, z=82 (p<0.01).

Figure 4-47 Right corticospinal tracts (decreased FA)

x=71, y=106, z=68 (p<0.01).
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Figure 4-48 Right forceps major (decreased FA)

x=77, y=82, z=91 (p<0.01).

Figure 4-49 Image of FA analysis at p<0.0005

4^^
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Figure 4-50 Genu of corpus callosum (increased MD)

x=89, y=154, z=81 (p<0.01).

Figure 4-51 Body of corpus callosum (increased MD)

x=89, y=119, z=98 (p<0.01).
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Figure 4-52 Right anterior corona radiata (increased MD)

x=69, y=167, z=81 (p<0.01).

Figure 4-53 Right anterior thalamic radiation (increased MD)

x=73, y=130, z=81 (p<0.01).
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Figure 4-54 Right superior longitudinal fasciculus (increased MD)

x=57, y=125, z=81 (p<0.01).

Figure 4-55 Right inferior fronto-occipital fasciculus (increased MD)

x=61, y=99, z=81 (p<0.01).
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Figure 4-56 Left anterior thalamic radiation (increased MD)

m

x=113, y=161, z=81 (p<0.01).

Figure 4-57 Left superior longitudinal fasciculus (increased MD)

x=122, y=116, z=81 (p<0.01).
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Figure 4-58 Image of MD analysis at p<0.0005

f i

Figure 4-59 Body of corpus callosum (increased RD)

x=90, y=142, z=91 (p<0.01).
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Figure 4-60 Left forceps minor (increased RD)

x=108, y=156, z=92 (p<0.01).

Figure 4-61 Left anterior thalamic radiation (increased RD)

m
x=lll, y=138, z=92 (p<0.01).
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Figure 4-62 Left forceps major (increased RD)

x=108, y=78, z=92 (p<0.01).

Figure 4-63 Left inferior longitudinal fasciculus (increased RD)

x=123, y=66, z=92 (p<0.01).
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Figure 4-64 Right forceps minor (increased RD)

x=70, y=157, z=92 (p<0.01).

Figure 4-65 Right inferior fronto-occipital fasciculus (increased RD)

x=62, y=71, z=92 (p<0.01).
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Figure 4-66 Right forceps major (increased RD)

x=76, y=82, z=92 (p<0.01).

Figure 4-67 Right superior longitudinal fasciculus (increased RD)

x=50, y=79, z=92 (p<0.01).
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Figure 4-68 Image of RD analysis at p<0.0005
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4.4.4 Correlations of Neuropsychological Data to DTI Measures

Correlations were performed between all four DTI measures and clinical and 

neuropsychological measures co-varied for age. There were positive correlations between 

higher FA values and higher scores on the list learning score on the RBANS, figure copy score 

on the RBANS, figure recall score on the RBANS and retention (savings) of list memory. List 

learning score correlated with corpus callosum, bilateral forceps minor, bilateral forceps 

major, right inferior fronto-occipital fasciculus, left superior longitudinal fasciculus and right 

cingulum (hippocampus) (p<0.05). Figure copy score correlated with the body of the corpus 

callosum, bilateral forceps minor, bilateral forceps major, left longitudinal fasciculus, 

bilateral superior longitudinal fasciculus, right inferior fronto-occipital fasciculus and left 

inferior longitudinal fasciculus (p<0.05). Figure recall score correlated with left cingulate 

gyrus, bilateral forceps minor, bilateral superior longitudinal fasciculi, right anterior thalamic 

radiation, right inferior fronto-occipital fasciculus, right inferior longitudinal fasciculus and 

splenium of the corpus callosum (p<0.01). Retention of list items correlated with the body 

and splenium of the corpus callosum, bilateral forceps minor, bilateral forceps major, 

bilateral superior longitudinal fasciculi and bilateral anterior thalamic radiation (p<0.05). 

There were no correlations between measures of axial diffusivity and clinical or 

neuropsychological measures. There were negative correlations between figure copy score, 

figure recall score, list learning and list recall score on the RBANS and mean diffusivity (i.e. 

the higher the score the lower the MD). Higher scores on figure copy score correlated with 

lower MD in the body of the corpus callosum, left cingulum, right forceps minor, bilateral 

superior longitudinal fasciculus, splenium of corpus callosum and bilateral forceps major 

(p<0.05). Higher scores on list recall correlated with lower MD in the right anterior thalamic
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radiation (p<0.05). Higher scores on figure recall correlated with lower MD in bilateral 

forceps minor, bilateral superior longitudinal fasciculus and left forceps major (p<0.05). 

Higher scores on list recall correlated with lower MD in the right anterior thalamic radiation 

(p<0.05). There were negative correlations between figure copy score, figure recall score, 

line orientation score and list recall score and radial diffusivity (i.e. the higher the score the 

lower the RD). Higher scores on figure copy correlated with lower RD in bilateral forceps 

minor, right fronto-occipital fasciculus, bilateral anterior thalamic radiation, right inferior 

longitudinal fasciculus, left cingulum, left superior longitudinal fasciculus and left forceps 

major (p<0.05). Higher scores on figure recall correlated with lower RD in bilateral forceps 

minor, bilateral superior longitudinal fasciculus and bilateral inferior longitudinal fasciculus 

(p<0.01). Higher scores on line orientation correlated with lower RD in bilateral forceps 

minor, right inferior fronto-occipital fasciculus, bilateral anterior thalamic radiation and the 

body of the corpus callosum (p<0.05). Higher scores on list recall correlated with lower RD in 

bilateral forceps minor, bilateral anterior thalamic radiation and right inferior fronto- 

occipital fasciculus (p<0.05).
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Figure 4-69 Correlation between FA values and List Learning Sub-score on the RBANS

p < 0.05

Figure 4-70 Correlation between FA values and Figure Copy Sub-score on the RBANS

.,4

p<0.05
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Figure 4-71 Correlation between FA values and Figure Recall Sub-score on the RBANS

p<0.01

Figure 4-72 Correlation between FA values and Retention of List Memory Items

p<0.05

272



Figure 4-73 Correlation between MD values and Figure Copy Sub-score on RBANS

p < 0.05

Figure 4-74 Correlation between MD values and Figure Recall Sub-score on RBANS

p<0.05
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Figure 4-75 Correlation between MD values and List Learning Sub-score on RBANS

p < 0.05

Figure 4-76 Correlation between MD values and List Recall Sub-score on RBANS

p<0.05
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Figure 4-77 Correlation between RD values and Figure Copy Sub-score on RBANS

p < 0.05

Figure 4-78 Correlation between RD values and Figure Recall Sub-score on RBANS

p<0.01
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Figure 4-79 Correlation between RD values and List Learning Sub-score on RBANS

p < 0.05

Figure 4-80 Correlation between RD values and List Recall Sub-score on RBANS

p<0.05
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4.5 Discussion

4.5.1 Discussion of VBM Results

Grey matter atrophy was demonstrated in this cohort of patients in the anterior 

cingulate, left hippocampus, left temporal lobe, left central opercular cortex, left post- 

central gyrus, left supplementary motor area, right lateral occipital cortex, right 

precuneus, bilateral Heschl's gyrus, bilateral insular cortex, bilateral parietal 

operculum, bilateral occipital poles and bilateral pre-central gyrus. The majority of the 

patients in this cohort were on HAART (94%) and were virally suppressed (95.7%) yet 

still demonstrated focal grey matter atrophy similarly to other studies in the post- 

HAART era (419-422, 433, 434). Grey matter atrophy has also been demonstrated 

within the first year of HIV infection (428). There were ten patients within the group 

who did not meet diagnostic criteria for HAND but nevertheless had abnormalities on 

neuropsychological assessment. This study highlights that at a group level there were 

focal areas of grey matter atrophy not only in patients who met diagnostic criteria for 

HAND but also in those patients who did not meet criteria suggesting that atrophy of 

grey matter regions occurs in HIV even prior to fulfilling diagnostic criteria for HAND.

There were no significant correlations to clinical or neuropsychological data. This may 

be due to the fact that the HIV negative control group did not undergo 

neuropsychological assessment and hence correlations could only be performed within 

the patient group. It may be due to a lack of power to detect differences in cortical 

atrophy patterns between patients with ANI, MND and HAD as most of the patients 

with HAND were in the ANI and MND groups or a lack of power to detect differences in
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cortical atrophy patterns associated with specific neuropsychological sub-scores or 

domains. It may also be a reflection of the fact that there were multiple areas of focal 

grey matter volume loss found and these may not necessarily relate to one specific 

neuropsychological sub-score and may actually relate to overall cognitive function in 

the setting of HIV. While specific cognitive domains can be regionally localised, they 

are also dependent on complex networks involving multiple lobes and deficits can be 

far more complex to determine and therefore sub-scores on neuropsychological 

testing may not correlate to one specific cortical region particularly in a study of this 

size with only fifty participants. It may also be due to the fact that we have 

demonstrated widespread atrophy in this cohort and therefore it is not possible to 

detect correlations to specific neuropsychological sub-scores due to the widespread 

nature of the atrophy. Previous studies have demonstrated relationships to CD4 count 

(bilateral lateral temporal, prefrontal and parietal cortical thinning (419), occipital 

atrophy (421) and frontal atrophy (429)), to disease duration (parietal, temporal and 

frontal lobes (429), posterior temporal (422) and bilateral inferior frontal (421)), to 

cognitive and motor deficits (prefrontal and parietal atrophy (419)) and detectable HIV 

in peripheral blood (caudate, putamen, thalamus, hippocampus, nucleus accumbens, 

brainstem, total cortical grey matter (430)). It is likely that the underlying cognitive 

deficits evident in this cohort of patients are secondary to both grey and white matter 

involvement.

Despite the lack of correlation to specific neuropsychological scores there was atrophy 

in regions consistent with the neuropsychological deficits found in the patient cohort. 

Within the subset of the cohort who had MR imaging, 82% (n=41) had abnormalities in
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delayed memory, 78% (n=39) had abnormalities in immediate memory, 54% had 

abnormalities in attention (n=27), 42% had abnormalities in language (n=21) and 20% 

had abnormalities in visuospatial skills (n=13). There was evidence of atrophy in the 

left hippocampus and left temporal lobe, both of which are involved in learning and 

memory (460, 461). The hippocampus in particular is involved in the consolidation of 

information from short-term memory to long-term memory (460). The anterior 

cingulate is involved in executive control of attention and was atrophied in this cohort 

of patients (459). There was also atrophy of the precuneus which is involved in 

episodic memory (465). There was significant atrophy of the pre and post central gyri 

despite the majority of patients having normal motor function but they had evidence 

of apraxia which could be secondary to this cortical loss. There was atrophy of the left 

supplementary motor area (SMA). This is involved in motor planning (464) and there 

have been case reports of ideomotor apraxia without bucco-facial apraxia associated 

with left mesial hemisphere infarction involving the SMA (471). Recent structural and 

functional imaging studies demonstrated a relationship between apraxia and the pre

supplementary area (472). Ideomotor apraxia has also been associated with lesions of 

the premotor cortex (473). Apraxia was the most common examination abnormality in 

this group of patients. The occipital lobes are involved in visual perception (461) and 

20% of the patients demonstrated difficulties with visuospatial skills. Despite the lack 

of correlation to specific neuropsychological scores, the pattern of atrophy is 

consistent with the cognitive deficits found in this group of patients suggesting that 

there is an anatomical basis and correlate for the cognitive profile seen in this cohort.
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4.5.2 Discussion of DTI Results

This study demonstrated diffuse white matter integrity disruption in this cohort of HIV 

positive patients across four different DTI measures. Abnormalities in FA and MD are 

not related to specific white matter pathology but are sensitive markers of white 

matter integrity. Decreases in FA measures showed the most abnormalities in this 

study and increases in MD were also demonstrated (Table 4-9) in this study. Previous 

studies have also demonstrated reductions in FA and increases in MD measures in HIV 

infection (436, 438-441, 443-445, 448). The findings of this study suggest that there is 

widespread white matter integrity loss in HIV positive patients with cognitive 

impairment and contribute further to the studies already conducted. Reductions in AD 

were restricted to the left forceps minor, left anterior thalamic radiation and left 

corticospinal tracts. Reductions in AD have been shown to correlate to axonal 

degeneration (402, 403). Increases in RD measures are associated with myelin 

pathology (391, 404) and were shown in forceps minor and major bilaterally, body of 

the corpus callosum, left anterior thalamic radiation, right superior longitudinal 

fasciculus, right inferior fronto-occipital fasciculus and left inferior longitudinal 

fasciculus.

Pfefferbaum et al demonstrated increased axial and radial diffusivity. The 

abnormalities in RD were seen in patients who were naive to HAART while patients on 

HAART showed normal RD measures at those sites leading the authors to speculate 

that the increased radial diffusivity may be due to inflammation in the naive group 

which normalises or disappears when treated with HAART. High axial or longitudinal 

diffusivity was seen in patients with AIDS suggestive of axonal compromise in more
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advanced immune suppression (445). The majority of patients in the candidate's study 

were on HAART and were virally suppressed hence it was not possible to assess for 

differences between those naive to or on HAART.

The findings of this study suggest that in HAND there is evidence of both axonal and 

demyelination abnormalities on DTI and lends further support to previous studies 

(445, 446). The neuropathological findings of HAND support this as it has been 

demonstrated that HIVE has a predilection for white matter (100) and both axonal loss 

and myelin pallor have been found at autopsy (99). The abnormalities in RD were more 

widespread than the decreases in AD measures similarly to a study by Chen et al (446) 

who postulated therefore that the underlying pathology may be driven by 

demyelination. Similarly Nir et al also found that HIV related deficits were more 

strongly related to RD than to any other DTI measure (447). Demyelination is usually 

driven by inflammation and these findings of abnormal radial diffusivity support the 

candidate's hypothesis that there are inflammatory changes in HAND in addition to 

degenerative changes which would be supported by the changes in axial diffusivity 

measures in HIV positive patients in this cohort. In the anterior thalamic radiation and 

the left forceps minor there was both decreased axial diffusivity and increased radial 

diffusivity suggesting that abnormalities in myelination and axonal disruption were 

occurring at the same site spontaneously.

With regard to correlation to clinical and neuropsychological data there were 

correlations between some neuropsychological scores and increased FA, decreased 

MD and decreased RD suggesting that higher scores correlated with better white
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matter integrity. These were particularly evident for list learning, figure copy and recall 

sub-scores on the RBANS. Interestingly there were no correlations to length of 

diagnosis, nadir CD4 or current CD4 T cell count. List learning showed positive 

correlations to FA and negative correlations to RD in forceps minor bilaterally and right 

inferior fronto-occipital fasciculus. Forceps minor is involved in the relay of information 

intra-hemispherically (464) and the inferior fronto-occipital fasciculus integrates 

auditory and visual association cortices with the pre-frontal cortex (389). As these 

areas were correlated with higher scores on these tests it suggests that both of these 

tracts are important for list learning. Higher figure copy scores correlated positively 

with FA and negatively with RD bilaterally in the forceps minor, forceps major (left only 

for RD), right inferior fronto-occipital fasciculus and superior longitudinal fasciculus 

(bilaterally for FA and left only for RD). Higher figure recall scores correlated positively 

with FA and negatively with RD in bilateral forceps minor, bilateral superior 

longitudinal fasciculus and bilateral inferior longitudinal fasciculus (left only for FA). 

Forceps major and minor relay information intra-hemispherically and are correlated in 

this study with higher scores on these two tests (visuospatial and visual memory) 

(464). The longitudinal fasciculi are involved in the integration of auditory and speech 

nuclei but are correlated with higher scores suggesting that they play a role in this 

visuospatial task and visual memory (389). The inferior fronto-occipital fasciculus plays 

an important role in visuospatial tasks as it integrates the visual association cortex with 

the pre-frontal cortex (389).
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4.5.3 Strengths of the study

The patients were well characterised from a neurological and neuropsychological 

perspective. Excellent MR imaging quality was achieved. Validated and widely 

accepted techniques were used for MRI analysis.

4.5.4 Limitations of the study

There were no HIV positive patients who had entirely normal cognitive testing within 

the study cohort to examine the effect of HIV alone, in the setting of normal cognition, 

on grey matter volume or DTI measures. Also the controls used were drawn from two 

separate studies but were age and gender matched to the study cohort. DTI has some 

limitations assessing fibre integrity in regions with extensive fibre crossing as FA values 

may be naturally low in these regions (474). In order to overcome this issue we used 

multiple measures of DTI. The study was cross-sectional in nature and whilst it gives 

an excellent snapshot of the neuroimaging features of this cohort at this point in time, 

a longitudinal study is required to assess the rate of atrophy over time and to further 

assess correlation to neuropsychological scores over time.

4.6 Conclusion

Focal grey matter atrophy and diffuse white matter integrity loss were demonstrated 

in a cohort of HIV positive patients with cognitive impairment, the majority of whom 

met criteria for HAND. There was evidence of inflammatory changes on DTI in the form 

of increased radial diffusivity and degenerative changes on DTI and VBM as 

represented by decreased axial diffusivity and focal grey matter atrophy respectively.
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There were significant correlations to clinical data only for DTI measures and not for 

VBM results. The correlations to neuropsychological data were associated with 

increased FA and decreased MD and RD suggesting increased white matter integrity 

with higher scores. VBM and DTI are sensitive biomarkers of neurodegeneration and 

white matter tract integrity respectively. The findings of this study all support the 

candidate's hypothesis of an inflammatory degenerative continuum underlying the 

neuropathogenesis of HAND however longitudinal follow-up is required to further 

evaluate the role of neurodegeneration and to assess the nature of the disruption of 

the white matter microstructural integrity over time.
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5 Cerebrospinal Fluid Findings in an Irish Cohort of HIV Positive

Patients with Cognitive Impairment

5.1 Outline of the chapter

This chapter focuses on the subset of patients who underwent cerebrospinal fluid 

examination. The underlying hypothesis of the study is that HAND has both 

inflammatory and degenerative phases. Flow cytometry was used to examine the 

immune status of these patients. Cytokine analysis was used to examine for 

biomarkers of neuroinflammation and analysis of tau and beta amyloid was used as 

biomarkers of neurodegeneration. The candidate expected to find that the HIV positive 

patients had evidence of immune activation in addition to biomarkers of 

neuroinflammation and neurodegeneration.

5.2 Role of Immunity

5.2.1 Role of T and B Lymphocytes

Progression of HIV infection to AIDS is associated with a gradual decline in CD4 T cell 

numbers that results in immunodeficiency, increased susceptibility to opportunistic 

infections and may eventually lead to death if untreated (475). CD4 T cells are the 

primary cell type affected in HIV infection.

The adaptive immune response consists of T and B lymphocytes. T cells can be divided 

into naive, central and effector memory and terminally differentiated subsets on the 

basis of expression of cell surface of receptors CD27 and CD45RA. Naive T lymphocytes
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give rise to a heterogeneous population of antigen-specific T cells. Effector T 

lymphocytes are found in settings of active antigenic stimulation (e.g., during primary 

viral infection) and are capable of eliminating viruses or tumours whereas memory T 

lymphocytes remain present in the absence of antigenic stimulation and have the 

capacity to expand rapidly upon secondary challenge (476). Memory T cells facilitate 

immunosurveillance. Memory T cell trafficking in peripheral tissues enables rapid 

protection from re-infection while memory cells present in the secondary lymphoid 

organs are mobilised (477). Central memory T cells can produce interleukin (IL)-2 and 

proliferate extensively, whereas effector memory T cells are less proliferative and 

produce effector cytokines such as interferon (IFN)-y. Both CD4'' and CD8^ central 

memory cells are the predominant cell type in secondary lymphoid organs, whereas 

effector memory T cells predominate in peripheral compartments (477). T cells are 

activated by dendritic cells. This involves the integration of multiple signals including 

antigen, co-stimulatory molecules, cytokines and chemokines. Higher levels of 

inflammation and antigen favour the generation effector memory cells rather than 

central memory cells (477-480).

Memory CD4'^ activated T lymphocytes are the primary targets of HIV. Up to 80% of 

the gut-associated lymphoid tissue CD4^ T cells can be depleted in the first 3 weeks of 

primary HIV infection. Follicular helper cells, a subset of CD4'^ T cells, interact with 

antigen specific B cells to promote the production of memory B cells and plasma cells. 

CD4'^ T cells produce a number of effector cytokines including IFN-y and TNF-a and 

chemokines such as Regulated And Normal T cell Expressed and Secreted (RANTES)
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and Macrophage Inflammatory Protein (MIP)- la and P (481). CD8^ T cells are cytotoxic 

and release antiviral cytokines including IFN-y, TNF-a, RANTES, MIP-la and P, perforin 

and granzymes (481). With HIV disease progression, the 004“^ and CD8^ T-cell 

compartments present an accumulation of highly differentiated memory T cells and a 

profound loss of naive T cells (481-483).

B cells produce antigen specific antibodies and give rise to plasma cells. As HIV 

progresses there is an excess of activated and terminally differentiated cells and a 

reduction in the number of naive and resting memory B cells (484-486).

5.2.2 Lymphocyte subtyping in CSF in HIV

Marcondes et al examined the T cell infiltrates in the brains of rhesus monkeys 

infected with simian immunodeficiency virus (SIV). These monkeys showed evidence of 

CNS disease with abnormal brainstem auditory and auditory evoked potentials. At 

autopsy 11 weeks post infection with SIV there were over five-fold more activated 

CD8^T cells in the brains of the infected monkeys and those cells expressed mRNA for 

cytolytic and proinflammatory molecules including granzymes A and B, perforin and 

IFN-y (487).

Shacklett et al performed flow cytometry on paired blood and CSF samples from 19 

HIV positive and 8 HIV negative subjects. They hypothesised that lymphocyte 

extravasation was driven by lymphocyte activation, expression of adhesion molecules
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and increased vascular permeability and was coupled with chemokine-mediated 

trafficking to inflammatory sites within the CNS (488). Neuenburg et al characterised T 

cell phenotypes in 74 paired blood and CSF samples of HIV positive and negative 

subjects and concluded that the proportion of CD4'^ T cells and memory T cells among 

T cells in CSF was higher compared to blood regardless of HIV infection. In HIV 

infection, activated CD4^ and CD8^ T cells in CSF were more abundant than in HIV 

negative controls. They also found that combination antiretroviral therapy reduced T 

cell activation in CSF and blood (489).

Von Geldern et al found a shift from naive to effector memory CD8'^T cells in the CSF of 

treatment naive HIV positive subjects. The HIV load correlated with CD8^T cells in the 

CSF and effector memory CD8^T cells correlated positively with viral replication in the 

CSF (490). Sinclair et al evaluated the effect of HAART on activation of T cells in CSF and 

blood, and interactions of this activation with CSF HIV-1 RNA concentrations by 

examining three groups: those off HAART, those on HAART with > 500 copies/ml of 

HIV-1 RNA and those on HAART with < 500 copies/ml of HIV-1 RNA. CD8 T-cell 

activation in CSF and blood was highly correlated across all subjects and was highest in 

those who were off HAART and lowest in those with less than 500 copies/ml of HIV-1 

RNA. The similarity of CD8 T-cell activation in blood and CSF led the authors to suggest 

that these cells move from blood to CSF (491).

Sadagopal et al characterised HIV-specific CD8^ T cells in CSF and blood from seven 

HAART naive subjects with normal neuropsychological testing and found that HIV
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specific CD8^ T cells were 2.4 fold higher in CSF than in blood but HIV RNA 

concentrations were lower. HIV specific CD8^ T cells were at comparable maturation 

states as assessed by CD45RO and CCR7 staining in CSF and blood. They postulated 

that the higher CD8^ T cell levels and lower HIV RNA in the CSF could be secondary to 

increased migration to and/or preferential expansion of HIV-specific T cells within the 

CNS (114). During chronic viral infections, T cells may become exhausted due to 

constant antigen exposure and can be associated with enhanced programmed death 1 

(PD-1) expression. PD-1 expression in CSF and blood of 15 HIV positive subjects was 

examined by Sadagopal et al. PD-1 expression was higher on HIV-specific CD8'^ T cells 

than on total CD8^ T cells in both CSF and blood. PD-1 expression on CSF T cells 

correlated positively with CSF HIV-1 RNA and inversely with blood CD4'^ T-cell counts. 

This led the authors to suggest that HIV-1 infection results in higher PD-1 expression 

on CSF T cells. PD-1 expression was higher on T cells in CSF than on those in blood in 

both HIV positive and negative subjects. The authors postulated that the higher PD-1 

expression level on CSF T cells does not reflect cellular exhaustion but may actually be 

a mechanism to down-regulate immune-mediated tissue damage within the CNS (492).

CD4'^ T cells are the main cell constituent of CSF in HIV negative individuals whereas in 

patients with HIV, CDR"" T cells were the major cellular component of CSF (115). 

Rawson et al examined the role of peripheral CD8^T cells in cognitive impairment in 

144 HIV positive subjects, 44 of whom had cognitive impairment based on the Brief 

NeuroCognitive Screen. The subjects with neurocognitive impairment were 8% more 

likely to have inversion of CD4:CD8 ratio and higher median peak CD8 cell counts
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reported compared to non-impaired subjects (493). Kowarik et al examined the 

immune cell subtyping in the CSF of patients with various neurological diseases 

including HIV, multiple sclerosis, bacterial and viral meningitis, Lyme disease, stroke, 

vasculitis Guillain-Barre syndrome and sarcoidosis. T cells were the predominant 

population in the CSF with CD4^ T cells being more prevalent than CD8^ T cells. 

In HIV patients, CD4'^ and CD8'^ T cells were significantly altered and the CD4/CD8 ratio 

was reduced. B cells and plasmablasts were consistently elevated in inflammatory 

diseases. Natural Killer cells were slightly elevated in neuroinflammation (494). Cepok 

et al found that B cell and plasmablast levels were elevated in the CSF of HIV positive 

subjects and that plasmablasts were more prevalent early in HIV infection (495)

5.2.3 Role of Natural Killer Cells

Natural killer (NK) cells are part of the innate immune response along with mast cells, 

phagocytes, macrophages, neutrophils, dendritic cells, basophils, eosinophils and 

gamma-delta cells. NK cells have both cytotoxic and cytokine-producing functions and 

are widespread throughout both lymphoid and non-lymphoid tissues. CD4^T cells and 

NK cells interact in the lymph nodes and T cell derived IL-2 promotes NK cell 

proliferation, cytotoxicity and cytokine production. NK cells promote the maturation of 

dendritic cells via IFN-y and TNF which in turn activate NK cells via IL-12. NK cells can 

also promote the priming of CD4'^ T helper type I cells by secreting IFN- y (496). HIV 

infection is associated with a functional impairment of NK cells. There is an inverse 

correlation between NK cell-mediated suppression of HIV replication and viraemia. NK 

cells in HIV have reduced stores of perforin and granzyme A thus rendering them less
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cytotoxic. Persistent HIV viraemia may result in aberrant expression of several 

inhibitory and activating NK cell surface receptors. There are changes in the expression 

of some activated markers on NK cell surfaces which may suggest that there is NK cell 

exhaustion and anergy secondary to chronic stimulation. There may be expansion of 

NK cell populations expressing the activating NKG2C receptor and decreased 

expression of the inhibitory NKG2A receptor in the setting of HIV infection and this 

may alter the balance of NK cells responses towards activation (497).

5.2.4 Role of Natural Killer like T Cells (NK like cells)

These cells share properties of both T cells and NK cells and are capable of potent 

perforin/granzyme-mediated killing of a variety of tumour target cells. Their 

cytotoxicity is unrestricted and does not require prior antigenic exposure. They express 

IFN-y, IL-4 and IL-13 (498).

5.2.5 Role of Gamma/Delta T Cells

HIV can also infect gamma/delta (y6) T cells (499), populations of innate lymphocytes 

that recognise non-peptide antigens and play central roles both in the initiation and 

regulation of adaptive immune responses (500). Human y6 T cells can be classified into 

three major subsets according to differential usage of T cell receptor for antigen (TCR) 

y and 6-chains. Vy9V62 cells (hereafter referred to as V62 T cells) are the predominant 

subset in blood, accounting for 1-5% of peripheral T cells (501). T cells expressing V61 

TCR chains predominate in mucosal tissues. V63 T cells make up the majority of V61-

and V62-negative y6 T cells in both tissues. V61 T cells are expanded and V62 T cells
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are numerically and functionally impaired in blood and mucosal tissues from HIV- 

infected individuals (502-505).

Activated V62 T cells produce proinflammatory cytokines and chemokines, kill 

infected cells, secrete growth factors for epithelial cells, and present antigens to alpha- 

beta (aP) T cells (501). V62 T cells proliferate in response to HIV-infected cells, kill HIV- 

infected cells, suppress HIV replication and produce HIV-inhibiting chemokines in vitro 

(506, 507). V62 effector-memory cell numbers are reduced and their proliferative, 

cytotoxic and cytokine responses are impaired in HIV-infected individuals compared to 

controls (502-504). In one clinical trial, treatment of HIV-infected patients naive to 

HAART with the V62 T cell-inducing drug zoledronate and the T cell growth factor 

interleukin-2 (IL-2) resulted in V62 cell expansion and improved HIV-specific CDS T cell 

responses (508). These studies provide evidence that V62 T cells mediate direct 

immunity against HIV. They also have indirect anti-viral activities, being able to activate 

monocytes, dendritic cells, B cells, neutrophils and aP T cells (501, 509-513) and may 

combat opportunistic infections and neoplasms that arise in HIV infection (505).

V61 T cells appear to play a role in the progression of HIV infection. V6l T cells 

expressing the activating natural killer (NK) G2C receptor are expanded in HIV infection 

(514, 515) and these cells respond to human leukocyte antigen (HLA) E, which is 

induced on HIV-infected CD4 T cells, leading to enhanced V61 cytotoxicity (516). V61 

cells can also lyse uninfected CD4 T cells (517) and therefore contribute to the decline 

in CD4 T cells that occurs in HIV infection.
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The above studies indicate that yd T cells play roles both in immunity against HIV and 

in HIV-associated immunodeficiency and are dysregulated in HIV-infected patients. y6 

T cells are among the first cells to sense pathogens and they respond rapidly by direct 

cytotoxicity and selective activation of adaptive immune responses. Perella et al 

examined levels of y6 cells in CSF of patients with AIDS related dementia and patients 

with other non-inflammatory neurological diseases and did not demonstrate any 

significant difference between the two groups (518).

5.3 Role of Amyloid and Tau

Tau protein is a microtubule associated phosphoprotein which promotes microtubule 

assembly and stabilisation. It is found in high concentrations within axons of the 

central nervous system. In humans, tau consists of at least six isoforms of related 

amino acid sequences that are produced from a single gene by alternative mRNA 

splicing and that are expressed in a stage- and cell type-specific manner. Tau is also a 

component of the paired helical filaments associated with Alzheimer's disease and 

other disorders of the CNS (519). Elevated concentrations of tau may be detected in

cerebrospinal fluid of patients with neuronal damage due to acute ischaemic stroke 

(520), Creutzfeldt-Jakob disease (521), Alzheimer's disease (522, 523) and fronto

temporal dementia (524, 525). Elevated tau is thought to be related to neuronal loss, 

which occurs in these conditions.
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Beta-amyloid{i-42) is created by the cleavage of the amyloid precursor protein (APR). 

APP can be cleaved by alpha, beta or gamma secretases into monomers of between 38 

to 43 amino acids. Beta-amyloid(i.42) contains 42 amino acids and is created via 

cleavage by p or y secretases. Beta-amyloid(i-42) monomers associate to form 

neurotoxic oligomers resulting in insoluble fibrillar amyloid plaques which are one of 

the pathological hallmarks of Alzheimer's disease (526). Clearance of beta- amyloid(i.42) 

is regulated by insulin degrading enzyme, neprilysin, matrix metalloproteinase 9 and 

plasminogen (527-529). Beta-amyloid can activate microglia to produce cytokines and 

neurotoxins, hence promoting neurodegeneration. Microglia also express receptors 

that promote the clearance and phagocytosis of beta-amyloid, such as class A 

scavenger receptor, CD36 and receptor for advanced-glycosylation end products 

(RAGE) (529). In Alzheimer's disease the clearance of neurotoxic beta-amyloid is 

disrupted and plaques form. Hickmann et al have shown that age and progression of 

Alzheimer's disease affect the ability of microglia to clear beta-amyloid (529).

HIV also disrupts the clearance of beta-amyloid. Gpl20 induces release of TNF-a and 

IL-ip from microglia and these cytokines stimulate increased cleavage of APP by P and 

y secretases. Tat inhibits neprilysin and increases the aggregation of beta-amyloid(i-42) 

into neuronal endolysosomes through endocytosis (530).

The results of analysis of tau and beta-amyloid(i.42) levels in CSF in HAND have been 

conflicting as was discussed in chapter 1 and the findings of studies to date are 

summarised in Table 5-1.
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Table 5-1 Summary of Studies Assessing CSF Amyloid and Tau

Reference Subjects Major Findings

Peluso etal 2013(531) 92 Primary HIV infection

25 HIV negative controls

P-tau was increased in 66/92 with

primary HIV

No difference in total tau

Beta-amyloid was increased in

33/92

Steinbrink et al 2013 (427) 94 HIV positive Correlation between increase in

CSF tau and severity of

periventricular white matter

abnormalities and basal ganglia

abnormalities.

Total tau correlated with

neuropsychological results.

Krut et al 2013 (532) 21 HAD

12 Bacterial meningitis

13 Lyme neuroborreliosis

10 HSV encephalitis

21 Alzheimer's disease

42 Healthy controls

Decreased beta-amyloid in HIV.

Lower concentration of soluble

APP compared to Alzheimer's

disease.

Du Pasquier et al 2013 (533) 49 HIV positive

29 Alzheimer's disease

HIV - increase in total tau.

No difference in p-tau.

Gisslen et al 2009 (534) 86 HIV positive

- 21 ADC

- 25CNSOI

40 asymptomatic

64 HIV negative including 21

with Alzheimer's disease

Soluble APP levels were highly

correlated and decreased in

patients with ADC and CNS 01.

CNS 01 - decreased beta-amyloid.

Total tau was increased in some

patients with ADC but did not

differ significantly from

asymptomatic patients.

No increase in p-tau.

Clifford etal 2009 (163) 49 with HAND (11 with HAD)

21 HIV positive asymptomatic

50 Healthy controls

68 Alzheimer's disease

Decreased beta-amyloid in HAND

compared to controls and HIV

asymptomatic similarly to those

with Alzheimer's disease.

Total tau and p-tau slightly lower

in HIV than controls.
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Brew etal 2005(162) 121 HIV positive

20 Alzheimer's disease

20 Healthy controls

Decreased beta-amyloid in ADC.

Increased total tau in ADC stage 2.

Increased p-tau in ADC.

Green etal 2000 (535) 24 ADC

10 HIV + lymphoma

20 CNS 01

22 HIV + miscellaneous

neurological symptoms

14 (18%) had increased total tau.

No correlation between degree of

dementia or atrophy and tau

levels.

Andersson et al 1999 (536) 52 HIV positive

37 asymptomatic

- 8 ADC

7 with AIDS

Increased tau in ADC.

Ellis etal 1998 (537) 32 HIV positive

9 with HAND

9 with peripheral

neuropathy

9 Healthy controls

No difference in tau levels.

P-tau= phosphorylated tau, HAD= HIV associated dementia, HSV = herpes simplex virus, ADC = AIDS 

Dementia Complex, CNS 01 = central nervous system opportunistic infection, HAND = HIV associated 

neurocognitive disorder.

5.4 Study Aims

Aim 1: To investigate the role of inflammatory and immune mediated changes in HIV 

related cognitive impairment by enumerating and determining the activation and 

differentiation status of lymphocyte subpopulations and measuring levels of pro- 

inflammatory cytokines.

Aim la: To determine the frequency of T cells and B cells at different stages of 

differentiation in CSF and peripheral blood.

Aim lb: To determine the frequency of innate cells (natural killer (NK) cells and gamma 

delta T cells) in CSF and peripheral blood.
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Aim Ic: To determine the levels of pro-inflammatory cytokines in CSF.

Aim 2: To investigate the role of neurodegeneration in HAND by measuring the levels 

of total and phosphorylated tau and beta-amyloid(i-42) in CSF.

5.5 Methodology

5.5.1 Study Design and Recruitment

This was a cross-sectional observational study. Patients who had a positive screen for 

cognitive impairment based on the BNCS and had completed a detailed 

neuropsychological assessment were recruited. Recruitment commenced on 10 

January 2012 and finished on 21 November 2013. Study participants were given a 

patient information leaflet (see Appendix 10) and patients provided written informed 

consent (see Appendix 16).

5.5.2 Inclusion and Exclusion Criteria

Patients were included in the study if they were HIV positive, over the age of 18, 

attending the outpatient clinic in St. James's Hospital, had a positive screen for 

cognitive impairment and had undergone detailed neuropsychological assessment, 

capable of giving informed consent, had sufficient use of the English language to be 

able to participate and were willing to voluntarily participate in the study.

Patients were excluded if they were HIV negative, under the age of 18, had insufficient 

English to partake or were unwilling to participate voluntarily in the study. If patients 

had any of the following they were also excluded for standard safety reasons: an
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international normalised ratio (INR) > 1.3 or other coagulopathy, platelet count < 50, 

infection at desired puncture site, obstructive / non-communicating hydrocephalus, an 

intracranial mass, elevated intracranial pressure (ICP) / papilloedema, decreased level 

of consciousness, partial / complete spinal block or acute spinal trauma.

5.5.3 Ethical Approval and Data Protection

The study had full ethical approval from the combined ethics committee of the 

Adelaide and Meath Hospitals Incorporating the National Children's Hospital (AMNCH) 

and St. James's Hospital (SJH). All patients who participated in the study were given 

patient information leaflets to read and were afforded the opportunity to ask any 

questions that they had prior to agreeing to participate in the study. The voluntary 

nature of participation was emphasised and that refusal to participate would not affect 

their ongoing medical care in any way. Written informed consent was obtained from 

all participants. The study was conducted in accordance with Good Clinical Practice 

guidelines and the Declaration of Helsinki.

5.5.4 Lumbar punctures

Lumbar punctures were performed in the GUIDE day ward under aseptic technique in 

the left lateral position after checking a full blood count and coagulation screen. Three 

bottles were collected for standard WCC, RCC, protein, glucose and HIV viral load 

(these were processed by the microbiology laboratory in St. James's Hospital and the 

viral load was assessed using Abbott Real Time™ HIV-1 assay in the Virus Reference 

Laboratory). One bottle was collected with 5mls for flow cytometry and 5 - lOmIs was
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collected in a polypropylene tube for analysis of amyloid and tau. Serum glucose was 

collected at the same time as the lumbar puncture.

5.5.5 Preparation of Peripheral Blood and Cerebrospinal Fluid Mononuclear Cells 

Preparation of blood and CSF samples was performed immediately after lumbar 

puncture. Whole blood was collected in standard heparinised tubes and then diluted in 

a 1:1 ratio with phosphate buffered saline (PBS). Lymphoprep^'^ was added to a 

universal container. The ratio of peripheral blood mononuclear cells (PBMC) to 

Lymphoprep™ was 1.25:1. The mix of blood and PBS was gently added to the universal 

container with Lymphoprep™ using a pipette in order to create an even interface 

between the Lymphoprep™ on the bottom and the diluted blood on top. This was 

then centrifuged at 2000 revolutions per minute (rpm) for 20 minutes without any 

brake (see Figure 5-1). The PBMCs were then removed and placed into a new universal 

container and PBS added. A sample was taken for counting prior to addition of PBS. 

This was centrifuged at 1200 rpm for ten minutes without any brake. The supernatant 

was discarded and the PBMC pellet re-suspended in a sufficient volume of PBS to yield 

a count of one million cells per millilitre.

CSF was centrifuged at ISOOrpm for five minutes. Supernatant was then frozen at -80 

degrees Celsius for subsequent analysis of cytokines. The CSF pellet was then re

suspended in PBS. Counting of both the PBMCs and CSF mononuclear cells was 

performed using disposable counting chambers. Twenty microliters of PBMCs and 

twenty microliters of ethidium bromide/acrydine orange (EBAO) were added to the
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chamber. Live cells fluoresce green and dead or dying cells fluoresce orange when 

viewed under an ultraviolet microscope.

Mononuclear cells from CSF and blood were labelled with two panels of fluorochrome- 

labelled antibodies. The first panel was used to determine the phenotype of T cells 

using antibodies to CDS, CD4, CDS, C45RA and CD27. The second panel examined 

innate cell phenotypes and consisted of antibodies to CD56, CDS, CD19 and gamma 

delta (yd). Tubes were labelled for two unstained/negative controls, nine single stained 

compensation tubes (one tube was labelled for each fluorochrome that was used in 

the experiment), eighteen tubes were labelled for fluorescence minus one (FMO) and 

four tubes were labelled for PBMC and CSF from the study subjects. Table 5-2 shows 

the amount of each individual antibody that was required to be added to the 

appropriate tubes.

A negative/unstained control was used for both blood and CSF which just contained 

PBMCs and CSF respectively and no antibodies. Negative controls account for auto

fluorescence and are used to define negativity versus positivity for antibody staining. 

Each compensation tube contained the appropriate volume of one fluorochrome- 

labelled antibody in addition to one drop of OneComp eBeads™. Compensation beads 

check that the fluorochrome-labelled antibodies are working and compensate the flow 

cytometer for spectral overlap. Each FMO tube contained all the fluorochrome- 

labelled antibodies in that panel except one. FMOs assist in determining where to set 

the gates. The tubes containing PBMCs and CSF mononuclear cells had all the 

fluorochrome-labelled antibodies added to them. Table 5-3 demonstrates the labels

300



given to each tube and what was added to each tube in the process of preparation for 

flow cytometry. The samples were all mixed using a pulse vortex. The samples were 

then incubated at room temperature in the dark for twenty minutes. The samples 

were then washed in PBS and centrifuged at ISOOrpm for five minutes. The 

supernatants were decanted and the cell pellets re-suspended in lOOpL of 4% 

paraformaldehyde. The samples were then incubated in the fridge for twenty minutes 

and subsequently centrifuged at ISOOrpm for five minutes. Flow cytometry was 

performed on a CyAn^'^^ ADP Analyzer (Beckman Coulter) and was either performed 

later that same day or the next day.

T lymphocytes were CDB"^; CD4"^T cells were CD3^CD4''and CDS^T cells were CDS'^CDS'^. 

Differentiation status of T lymphocytes was determined using CD45RA and CD27: 

CD45RA'^CD27' (terminally differentiated), CD45RA‘CD27'^ (central memory), 

CD45RA''CD27^ (naive) and CD45RA'CD27" (effector memory). NK cells were CD56'^CD3' 

and NK like T cells were CD56'^CD3^. Gamma delta cells were yS^CDB"^. B cells were 

CD19^

Figure 5-2 demonstrates the gating strategy utilised in the experiment. The 

lymphocyte gate was centred on the lymphocytes and was used in subsequent analysis 

for compensation using FMOs and then the PBMC and CSF samples for analysis and 

determination of T cell and innate cell phenotypes. Figure 5-3 demonstrates examples 

of compensation using beads for panel 1. Figure 5-4 demonstrates examples of FMOs 

for panel 1. The gating strategy for differentiation of T lymphocytes is demonstrated in
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Figure 5-5. Figure 5-6 demonstrates examples of compensation using beads for panel 

2. Figure 5-7 demonstrates examples of FMOs for panel 2.
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Figure 5-1 Density separation of PBMCs by centrifugal forces.

Platelets and plasma

PBMCs

LymphoprepTM

Erythrocytes and

Polymorphonuclear cells

This figure demonstrates the principle of density separation after centrifugation of peripheral blood.
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Table 5-2 Amount of fluorochrome-labelled antibody added

Panel 1 Amount of fluorochrome-labelled

antibody added (^L)

CD3 Pacific Blue 1

CD45RA FITC 1

CD4 PE 1

CD27 APC Cy7 1

CDS PeCyS 1

Panel 2

CD56 FITC 20

y6 PE 1

CD19 Pacific Blue 5

CD3 PerCPCy 5 5
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Table 5-3 Protocol for Flow Cytometry Preparation

Panel 1
PBMCs

Negative Control PBMC Cells only
Compensation 1 P1 Beads + CD3PB
Compensation 2 P1 Beads + CD45RA
Compensation 3 P1 Beads + CD4PE
Compensation 4 P1 Beads + CD27APC Cy7
Compensation 5 P1 Beads + CDS PeCy
FMO 1 P1 PBMC PBMC Cells + CD45RA, CD4PE, CD27APC Cy7, CDS PeCyS
FM0 2 P1 PBMC PBMC Cells + CD3PB, CD4PE, CD27APC Cy7, CDSPeCyS
FM0 3 P1 PBMC PBMC Cells + CD3PB, CD45RA, CD27APC Cy7, CDSPeCyS
FM0 4 P1 PBMC PBMC Cells + CD3PB, CD45RA, CD4PE, CDSPeCyS
FMO 5 PI PBMC PBMC Cells + CD3PB, CD4PE, CD4SRA, CD27APC Cy7
PBMC P1 PBMC Cells + CD3PB, CD4PE, CD4SRA, CD27APC Cy7, CDSPeCyS

CSF
Negative control CSF cells only
FMO 1 P1 CSF CSF Cells + CD4SRA, CD4PE, CD27APC Cy7, CDS PeCyS
FM0 2 P1 CSF CSF Cells + CD3PB, CD4PE, CD27APC Cy7, CDSPeCyS
FM0 3 P1 CSF CSF Cells + CD3PB, CD4SRA, CD27APC Cy7, CDSPeCyS
FMO 4 PI CSF CSF Cells + CD3PB, CD4SRA, CD4PE, CDSPeCyS
FM0 5 P1 CSF CSF Cells + CD3PB, CD4PE, CD4SRA, CD27APC Cy7
CSF P1 CSF Cells + CD3PB, CD4PE, CD4SRA, CD27APC Cy7, CDSPeCyS

Panel 2
PBMCs

Compensation 1 P2 Beads + CDS6FITC
Compensation 2 P2 Beads + y6 PE
Compensation 3 P2 Beads + CD19PB
Compensation 4 P2 Beads + CDSPerCPCyS
FMO 1 P2 PBMC PBMC Cells + y6 PE, CD19PB, CDSPerCPCyS
FMO 2 P2 PBMC PBMC Cells + CDS6FITC, CD19PB, CDSPerCPCyS
FMO 3 P2 PBMC PBMC Cells + CDS6FITC, y6 PE, CDSPerCPCyS
FMO 4 P2 PBMC PBMC Cells + CDS6FITC, y5 PE, CD19PB
PBMC P2 PBMC Cells + CDS6FITC, y6 PE, CD19PB, CDSPerCPCyS

CSF
FMO 1 P2 CSF CSF Cells + y6 PE, CD19PB, CDSPerCPCyS
FM0 2 P2 CSF CSF Cells + CDS6FITC, CD19PB, CDSPerCPCyS
FMO 3 P2 CSF CSF Cells + CDS6FITC, y6 PE, CDSPerCPCyS
FM0 4 P2 CSF CSF Cells + CDS6FITC, yS PE, CD19PB
CSF P2 CSF Cells + CDS6FITC, y5 PE, CD19PB, CDSPerCPCyS

PBMCs=peripheral blood mononuclear cells, Pl=panel 1, P2= panel 2, FMO=fluorescence minus one. 

This table shows the labels of each tube on the left hand side and what was added to each tube in the 

process of preparation for flow cytometry on the right hand side.
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Figure 5-2 Gating Strategy for Flow Cytometry

NegatVe Control

55 A*es

Dead cellgate

G1 = LYmphocyte gate 
G2 = Bead gate

Lymphocyte gate

SS = side scatter, FS = forward scatter. This figure shows the gating strategy used in this experiment. The 

lymphocyte gate contained the lymphocytes and was used to compensate the boundaries for positive 

and negative cells with the subsequent FMOs (fluorescence minus one) and the phenotype of the 

lymphocytes with panels 1 and 2.

Figure 5-3 Compensation using beads for panel 1
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Figure 5-3 gives examples of compensation with each antibody in Panel 1.
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Figure 5-4 demonstrates examples of compensation using FMOs (fluorescence minus one) for panel 1. 

Each FMO contains all of the antibodies in the panel except one. The antibody which has been excluded 

from each FMO is denoted in brackets.
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Figure 5-5 Differentiation of T lymphocytes gating strategy

CD3 = 2

FS _ r*s-

FMO (noCDSPB)

CD3 = =

FS L '•es*

PBMC Sample
CC3 =ECy5

CDS PositVvecells gated 
onto CD4/CD8

Figure 5-5 demonstrates the differentiation of T lymphocytes gating strategy. CDS* T cells were gated 

onto a histogram with CD4 and CDS to give CD3*CD4* and CD3*CD8* cells (an example is shown with 

percentages demonstrated). The CD3*CD4* and CD3*CD8* cells were then gated onto a histogram 

containing CD45RA and CD27 APC Cy7 to determine their respective differentiation status (examples 

shown with percentages).

Figure 5-6 Compensation using beads for panel 2

Figure 5-6 gives examples of compensation with each antibody in Panel 2.
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Figure 5-7 FMOs used in Panel 2
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Figure 5-7 demonstrates examples of compensation using FMOs (fluorescence minus one) for panel 2.
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5.5.6 Data Collection and Data Recorded

Demographic data collected in the prevalence study and the neuropsychological test 

results were included for the respective participants who agreed to take part in the 

MRI study and entered into the study database. CD4'^ T cell count, HIV viral load and 

antiretroviral therapy history were updated if any changes had occurred in the 

intervening period as well as any changes in clinical medical conditions. CSF white cell 

count (WCC), red cell count (RCC), glucose, protein and CSF HIV viral load were 

recorded as were results of India ink staining and cryptococcal antigen testing where 

performed. The results of flow cytometry of PBMCs and CSF were expressed as the 

absolute number and percentage of CD3^ T lymphocytes that express CD4\ CD8\ the 

absolute number and percentage of CD3^CD4^ and CD3^CD8^ T lymphocytes that 

express CD45RA^ CD27\ CD45RA^CD27^ and CD45RA'CD27', the absolute number and 

percentage of lymphocytes that express CD56^CD3^ and CD56^CD3', the absolute 

number and percentage of lymphocytes that express gamma delta (y6) and CD3 

(y6'^CD3'^) and the absolute number and percentage of lymphocytes that express 

CDIB"^. Beta-amyloid(i-42), total tau and phosphorylated tau levels in CSF were 

recorded. Cytokine levels of TNF-a, IFN-y, IL-ip, IL-6, IL-10 and IL-17A in CSF were also 

recorded.

5.5.7 Missing Data

Technical difficulties were experienced during flow cytometry analysis of two patients 

and unfortunately the data could not be used for analysis as the machine failed to 

compensate accurately hence most histograms showed up double positive cells due to
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lack of adequate compensation. Data is missing for one patient's CSF on panel one as 

the computer crashed immediately after acquisition of CSF sample as the file was 

being saved.

5.5.8 Analysis of p-amyloid(i.42), total tau and phosphorylated tau 

Beta-amyloid(i-42) was measured using INNOTEST (R) R-AMYLOID{i-42) assay. It is a solid- 

phase enzyme immunoassay in which the amyloid peptide is captured by a first 

monoclonal antibody, 21F12. CSF samples were added and incubated with a 

biotinylated antibody, 3D6bio. This antigen-antibody complex was then detected by a 

peroxidase-labelled streptavidin. After addition of substrate working solution, samples 

will develop a colour. The colour intensity is a measure for the amount of human 3- 

amyloid(i.42) protein in the sample.

Total tau was measured using the INNOTEST (R) hTAU Ag assay. It is a solid-phase 

enzyme immunoassay in which the human tau protein or fragments are captured by a 

first monoclonal antibody, AT120. CSF samples were added and incubated with two 

biotinylated antibodies, HT7bio and BT2bio. This antigen-antibody complex was then 

detected by a peroxidase-labelled streptavidin. After addition of substrate working 

solution, samples will develop a colour. The colour intensity is a measure for the 

amount of human total tau protein in the sample.

Phosphorylated tau was measured using the INNOTEST (R) PHOSPHO-TAU(18ip) assay. It

is a solid-phase enzyme immunoassay in which the phosphorylated tau protein or

fragments are captured by a first monoclonal antibody, HT7. CSF samples are added
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and incubated with a biotinylated antibody, AT270bio. This antigen-antibody complex 

is then detected by a peroxidase-labelled streptavidin. After addition of substrate 

working solution, positive samples will develop a colour. The colour intensity is a 

measure for the amount of human phosphorylated tau protein in the sample.

These assays were performed by the Department of Immunology in St. James's 

Hospital and they followed the manufacturer's instructions for the respective kits. The 

kits were designed for use on human CSF. The normal concentration of total tau cut 

off was <320pg/ml. The normal concentration for amyloid beta was >220pg/ml and 

<61 pg/mL was considered in the normal range for phosphorylated tau.

5.5.9 Analysis of cytokines

CSF was analysed for the presence of TNF-a, IFN-y, IL-ip, IL-6, IL-10 and IL-17A using 

two arrays from Meso Scale Discovery (MSD): Proinflammatory Panel 1 (human) Kit V- 

PLEX™ and V-PLEX Plus and Human IL-17A Kit V-PLEX™ and V-PLEX Plus. The assays 

are sandwich immunoassays. The plates are pre-coated with capture antibodies on 

independent and well defined spots. The plate was washed with 150pL/well of wash 

buffer. CSF samples were thawed on ice prior to analysis. Samples were run at three 

dilutions (1:2, 1:4 and 1:8). Dilutions were prepared in eppendorf tubes in the 

appropriate diluents and samples were then transferred directly to the MSD plate. All 

samples were measured in duplicate. To each well of the pre-coated MSD plate 50pl of 

diluted sample or calibrator was added. The plate was sealed and incubated at room 

temperature with shaking for two hours. The plates were again washed with

200pL/well of wash buffer. To each well 25pL of a solution containing detection
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antibodies conjugated with electrochemiluminescent labels (MSD SULFO-TAG^'^) was 

added. The plates were then incubated at room temperature for two hours whilst 

shaking. Analytes in the sample bind to capture antibodies immobilised on the working 

electrode surface: recruitment of the detection antibodies by the bound analytes 

completes the sandwich. The plates were again washed with 150pL/well of wash 

buffer. An MSD buffer was added (ISOpL) to each well which created the appropriate 

chemical environment for electrochemiluminescence. The plates were read on the 

MESO™ QuickPlex™ SQ120 Imager. A voltage was applied to the plates causing the 

captured labels to emit light. The instrument measures the intensity of the emitted 

light in order to provide a quantitative measure of analytes in the sample. V-PLEX assay 

kits have been validated (538). All data was analysed using MSD Discovery Workbench 

4.0 data analysis software. The standard curves were fitted using a 4 parameter logistic fit 

with 1/y^ weighting.

Figure 5-8 Layout of the Samples on the MSD Plate
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Figure 5-8 demonstrates the layout of the individual patients' samples on the MSD plate utilised in the 

experiment.
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Figure 5-9 Standard curves for all analytes

Summary Plot
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Figure 5-9 demonstrates the standard curves for all the analytes utilised in the experiment. IFN-y = 

interferon gamma, IL-10 = interleukin 10, IL-13=interleukin 1 beta, IL-6=interleukin 6, TNF-a=tumour 

necrosis factor alpha, IL-17a=interleukin 17a.

314



Table 5-4 Limits of Detection (quoted by MSD and those achieved in the study)

MSD Quoted Plate 1
LLOD LLOD

Median Range Median
pg/ml

IFN-y 0.2 0.05-0.62 0.32
IL-ip 0.04 0.02-0.27 0.02
IL-6 0.06 0.01-0.11 0.08
IL-10 0.03 0.01-0.15 0.02
TNF-a 0.04 0.01 -0.13 0.04
IL-17a 0.74 0.45 - 2.84 0.25

LLOD = Limits of detection

5.5.10 Role of the PhD Candidate

The candidate recruited all participants to the study and obtained informed consent 

from all study participants. The candidate performed all of the lumbar punctures. 

Blood and CSF preparation, flow cytometry acquisition and analysis and cytokine 

analysis were all performed by the candidate. Amyloid and tau analysis was performed 

by the Immunology Department at St James's Hospital.

5.6 Results

5.6.1 Patient Characteristics

Thirteen patients were recruited and underwent lumbar puncture; eleven men and 

two women; nine of whom met criteria for ANI and three of whom met criteria for 

MND. One patient had neuropsychological abnormalities that did not meet diagnostic 

criteria for HAND. The majority were Irish (9/13, 69.2%). They were all on HAART and 

were all virally suppressed. They had a mean age of 46.9 years and were diagnosed 

with HIV for a mean length of 11.3 years.
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All of the patients had less than 200 copies/ml of HIV RNA in their CSF. Cryptococcal 

antigen testing was negative in all of the patients as was TB staining and culture. CSF 

white cell count varied between less than one and three. CSF protein varied between 

21 and 70 (mean 38.7 and median 38).
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Table 5-5 Characteristics of the Study Group

Characteristics (n = 13)
n

Gender Male 11 84.6
Female 2 15.4

Country of Birth Ireland 9 69.2
Europe 1 7.7
Africa 2 15.4
South America 1 7.7

English as a first
Language

Yes 10 76.9

Mode of Transmission Heterosexual 6 46.1
MSM 5 38.5

IVDU 2 15.4

Virally Suppressed 
(n=13)

Yes 13 100

Hx of Hepatitis B Yes 1 7.7

Hx of Hepatitis C Yes 3 23.1

Hx of Hypertension Yes 3 23.1

Hx of Hypercholesterolaemia Yes 1 7.7

Hx of Syphilis Yes 1 7.7

Hx of Toxoplasmosis Yes 1 7.7

Hx of Epilepsy Yes 2 15.4

Hx of Neuropathy Yes 1 7.7

Hx of Depression Yes 8 61.5

Methadone replacement 
therapy Yes 1 7.7

Use of Benzodiazepines Yes 3 23.1

Employment History Employed 6 46.2
Unemployed 7 53.8

Smoking History Smoker 4 30.8
Non smoker 4 30.8
Ex-smoker 5 38.4

Alcohol History None 3 23
Units per week 1-10 units 6 46.2
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11-20 units 2 15.4
21-30 units 1 7.7
Hxof ADS 1 7.7

Illicit Substance Use Never 9 69.2
Current Non IV Use 1 7.7
Previous Hx 3 23.1

Antiretroviral Therapy On HAART 13 100

Positive Screen for Yes 5 38.5
Anxiety

Positive Screen for Yes 1 7.7
Depression

HAND Non diagnostic 1 7.7
ANI 9 69.2
MND 3 23.1
HAD 0 0

Age (in years) Mean (sd) 46.9 (10.74)
Median (range) 45 (30-67)

Time since Diagnosis Mean (sd) 11.3 (7.5)
11.3 (1.33 -

(years) Median (range) 26.5)

Nadir CD4 Count Mean (sd) 173.5 (108.6)
Median (range) 138 (46 - 388)

Current CD4 Count Mean (sd) 523.4(212.5)
Median (range) 434(189-1026)

Years of Education Mean (sd) 13.54 (3.7)
Median (range) 14 (8 -19)
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5.6.2 Results of Flow Cytometry

Thirteen patients had flow cytometry performed on peripheral blood mononuclear 

cells (PBMCs) and cerebrospinal fluid (CSF) but data from two patients had to be 

excluded due to technical difficulties resulting in difficulty adequately compensating 

the data. Data from the remaining eleven patients is presented. Examples of results 

from flow cytometry of PBMCs and CSF are shown in Figure 5-10, Figure 5-11, Figure 

5-12 and Figure 5-13. The breakdown of T lymphocytes in PBMCs in four patients 

showed a greater percentage of CD4'^ T cells than CD8^ T cells, in six patients there was 

a greater percentage of CD8^ T cells and in one patient there was an equal distribution 

of CD4'^ and CD8^ T cells. The breakdown of T lymphocytes in CSF showed a greater 

proportion of CD8^ T cells in eight patients. In PBMCs the differentiation status of 

CD3/CD4 T cells showed that the greatest proportion was central memory cells 

followed by naive, effector memory and terminally differentiated. The differentiation 

status of CD3/CD8 T cells in PBMCs showed that the largest group was naive cells, 

followed by effector memory, central memory and terminally differentiated cells. The 

differentiation status of CD3/CD4 and CD3/CD8 T cells in CSF showed that the greatest 

proportion of cells was central memory, then effector memory, terminally 

differentiated and naive cells.
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Figure 5-10 Example of T cell differentiation status (PBMC)
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Figure 5-11 Example of T cell differentiation status (CSF)
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Figure 5-12 Example of results of PBMCs stained with antibodies from panel 2
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Figure 5-13 Example of results of CSF stained with antibodies from panel 2
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Figure 5-14 Percentage of T Lymphocytes in Peripheral Blood Mononuclear Cells

% of Lymphocytes in PBMCs
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Figure 5-15 Number of T Lymphocytes per millilitre in Peripheral Blood Mononuclear Cells

Number per ml of cells in PBMCs
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323



Figure 5-16 Percentage of T Lymphocytes in Cerebrospinal Fluid

% of Lymphocytes in CSF
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Figure 5-17 Number of T Lymphocytes per millilitre in CSF

Number per ml of cells in CSF

I CD3 cells 

ICD3/CD4 cells 

I CD3/CD8 cells

324



Figure 5-18 Number of T Lymphocytes per millilitre in CSF excluding Patient 5

Figure 5-19 Differentiation of CD3/CD4 positive T cells in Peripheral Blood Mononuclear Cells 
(percentages)
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Figure 5-20 Differentiation of CD3/CD4 positive T cells in Peripheral Blood Mononuclear Cells 
(cells per millilitre)
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Figure 5-21 Differentiation of CD3/CD8 positive T cells in Peripheral Blood Mononuclear Cells 
(percentages)
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Figure 5-22 Differentiation of CD3/CD8 positive T cells in Peripheral Blood Mononuclear Cells 
(cells per millilitre)

Differentiation Status of CD3/CD8 cells in PBMCs
(ml)
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Figure 5-23 Differentiation of CD3/CD4 positive T cells in Cerebrospinal Fluid (percentages)
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Figure 5-24 Differentiation of CD3/CD4 positive T cells in Cerebrospinal Fluid (cells per 
millilitre)
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Figure 5-25 Differentiation of CD3/CD8 positive T cells in Cerebrospinal Fluid (percentages)
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Figure 5-26 Differentiation of CD3/CD8 positive T cells in Cerebrospinal Fluid (cells per 
millilitre)

Differentiation Status of CD3/CD8 cells in CSF (ml)
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Figure 5-27 Percentage of NK (CD56^CD3') cells and NK Like (CD56^CD3"^) cells in Peripheral 
Blood Mononuclear Cells
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Figure 5-28 Percentage of NK (CD56*CD3) cells and NK Like (CD56*CD3"^) cells in 
Cerebrospinal Fluid

Figure 5-29 Number of NK (CD56*CD3) cells and NK Like (CD56*CD3*) cells in Peripheral 
Blood Mononuclear Cells per millilitre
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Figure 5-30 Number of NK (CD56"^CD3) cells and NK Like (CD56^CD3"^) cells in Cerebrospinal 
Fluid per millilitre

Figure 5-31 Percentage of yS Cells in Peripheral Blood Mononuclear Cells
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Figure 5-32 Percentage of v6 Cells in Cerebrospinal Fluid
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Figure 5-33 Number of v5 Cells in Peripheral Blood Mononuclear Cells (ml)
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Figure 5-34 Number of yS Cells in Cerebrospinal Fluid (ml)

Gamma Delta Cells in CSF (ml)
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Figure 5-35 Percentage of B Cells in Peripheral Blood Mononuclear Cells
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Figure 5-36 Percentage of B Cells in Cerebrospinal Fluid

Percentage of B Cells in CSF
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Figure 5-37 Number of B Cells in Peripheral Blood Mononuclear Cells per millilitre
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Figure 5-38 Number of B Cells in Cerebrospinal Fluid per millilitre

Number of B Cells per ml in CSF

ICD19 cells/ml
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Table 5-8 Statistical Comparison of Percentages of Cells in Blood and CSF

PBMCs

%

CSF

%

P Value

CD3T Cells

CD3/CD4 T Cells 

(% of CD3 cells)

CD3/CD8 T Cells 

(% of CD3 cells)

CD3/CD4 T Cells 

Naive cells

Central Memory

Effector Memory

Terminally Differentiated

CD3/CD8 T Cells (PBMC) 

Naive cells

Central Memory

Effector Memory

Terminally Differentiated

NK Cells 

CD56^CD3-

NK Like Cells 

CD56^CD3*

Mean (Std Dev)
Median (range)

45.18(27.5)
48 (2 - 82)

9.42 (9.568)
10 (0-27)

0.013

Mean (Std Dev) 
Median (range)

25.55 (20.151)
30(3-51)

10.273 (11.13)
5(0-30)

0.051

Mean (Std Dev) 
Median (range)

37.64(17.6)
40 (4 - 62)

21.364(17.88)
14 (0 - 50)

0.017

Mean (Std Dev)
Median (range)

29 (19.5)
27(0-67)

9.818(23.8)
0(0 - 78)

0.01

Mean (Std Dev) 
Median (range)

31.45 (24.45)
39 (0-65)

23.27 (33.4)
0(0-82)

0.008

Mean (Std Dev)
Median (range)

22.455 (27.26)
14 (0-92)

21.7 (31.8)
3 (0 -100)

0.959

Mean (Std Dev) 
Median (range)

17.18(18.65)
8(1-50)

12.72 (29.8)
0 (0 - 99)

0.182

Mean (Std Dev) 
Median (range)

41.1 (30.1)
30 (0 - 94)

8.63 (15.58)
0(0-50)

0.01

Mean (Std Dev) 
Median (range)

20.27(20.15)
15 (0 - 69)

31(38.8)
0 (0 -100)

0.475

Mean (Std Dev) 
Median (range)

22.8(26)
19 (0 - 94)

21.9 (31.8)
6 (0 -100)

0.953

Mean (Std Dev)
Median (range)

18.09 (18.07)
11(0-52)

11(29.2)
0 (0 - 98)

0.074

Mean (Std Dev) 
Median (range)

7.9 (6.48)
7(0-21)

6.7 (9.6)
4(0.1-32)

0.553

Mean (Std Dev)
Median (range)

10.2 (12.1)
4 (.01-37)

5.8(13.1)
0.2 (.01-44)

0.182
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y5 Cells 
y6"CD3^

6 cells 

CD19*

Mean (Std Dev) 

Median (range)

Mean (Std Dev) 

Median (range)

3.655 (4.4) 

1 (0.1 -14)

8.727 (15.07) 

3(1-47)

4.92(7.4)

2(0.01-25)

16.48 (22.7) 

5(0.1-68)

0.798

0.139
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5.6.3 Results of Cytokine Analysis in CSF

Analysis of all thirteen patients is presented. There were low levels of IL-6 and TNF-a 

detected in all of the patients CSF. There were extremely low levels of IL-1(3 and IL-10 

detected in eleven of the patients. The levels of IL-17 and IFN-y were below the limits 

of detection of the test.
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5.6.4 Results of Analysis of Amyloid and Tau Levels

Analysis of all thirteen patients is presented in Table 5-9. Levels of beta-amyloid(i-42), 

total tau and phosphorylated tau were all within normal limits for the study group.

Table 5-9 Summary of Results of Beta-amyloid and Tau Analysis

Beta-amyloid
all results in pg/ml
Total Tau Phosphorylated Tau

Patient 1 978.812 204.01 54.938
Patient 2 811.984 146.322 41.755
Patient 3 889.945 180.059 44.831
Patient 4 831.287 199.203 45.555
Patient 5 919.939 217.113 52.406
Patient 6 941.99 240.222 57.343
Patient 7 777.546 164.126 36.239
Patient 8 1010.077 294.248 57.109
Patient 9 880.374 153.4 41.213
Patient 10 601.237 200.71 48.63
Patient 11 863.821 195.707 45.766
Patient 12 1178.49 376.937 92.277
Patient 13 1120.291 252.986 51.778
POS control 677.034 984.193 116.287
NEG control 259.06 180.028 36.441

5.7 Discussion

5.7.1 Discussion of Results of Flow Cytometry

HIV results in depletion of CD4^ T cells and the usual ratio of CD4/CD8 cells is reversed 

in HIV infection. This can be corrected with HAART but often may not correct despite 

normalisation of CD4'^ T cell count (539). Half of the patients in the study group 

showed a greater proportion of CD8^ T cells in PBMCs and more than half in CSF 

despite all of the patients being virally suppressed. The majority of CD4^ and CD8'^ T
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cells bore an effector memory phenotype in the CSF (CD45 CD27*) suggesting activated 

T cells migrating from secondary lymphoid tissue to target organ (brain). Although the 

main cell constituents within the CSF of HIV positive patients are CD8+ cells, the 

activation status of these cells in this patient cohort suggests that despite viral 

suppression peripherally and centrally there are still memory cells present in the CSF 

attempting to control viral replication and possibly also suggesting that there is 

inflammation ongoing centrally to which CD8^T cells are responding or contributing as 

activated memory cells may release IFN-y and IL-2. CD8* T cells are cytotoxic and 

although they are essential to the control of viral replication it is possible that they 

may also have a detrimental effect as is in the case in the setting of CD8^ encephalitis 

and immune reconstitution (116-118).

There were low frequencies found of NK cells (7.9%, 6.7%), NK like cells (10.2%, 5.8%) 

and gamma delta cells (3.65%, 4.1%) both in PBMCs and CSF. This suggests that there 

is activation of the innate immune response within the CNS in these HIV positive 

patients with cognitive impairment. There were higher levels of B cells in the CSF 

compared to PBMCs (16.5% vs 8.7%). Cepok et al found higher levels of B cells in the 

CSF of HIV positive patients (495). B cells play an essential role in the humoral immune 

response in neuroinflammation and serve as antigen presenting cells for T cells and the 

chemokine CXCL13 is the major determinant of B cell recruitment during 

neuroinflammation (540). B cells have been shown to play a role in acute CNS 

inflammation in relapsing remitting multiple sclerosis (RRMS) and clinically isolated 

syndrome (CIS) and have been found in the CSF of these patient groups in comparison

to those with progressive MS (541). In this study group there were higher levels of B
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cells in the CSF in comparison to the blood compartment suggesting that the elevation 

of B cells within the CSF was not just due to trafficking of B cells from the blood into 

the CSF.

5.7.2 Discussion of Results of Cytokine Analysis

There were low levels detected in the CSF of all the patients of IL-6 and tumour 

necrosis factor alpha (TNF-a). TNF-a is pro-inflammatory and is primarily released by 

activated macrophages, CD4^ T cells and NK cells. TNF-a is involved in synaptic 

plasticity and scaling (542). IL-6 is proinflammatory. it can antagonise TNF-a and IL-1 

and it can result in astrogliosis (543). Eleven of the patients also had extremely low 

levels of IL-13 and IL-10. IL-ip is a pro-inflammatory cytokine that is released primarily 

by microglia within the CNS but can also be released by astrocytes. IL-10 is an anti

inflammatory cytokine and supports B cell survival, proliferation and antibody 

production (543).

These results suggest that there is a very low level of neuroinflammation within this 

study group. This may be due to the fact that all the patients were virally suppressed 

and had been diagnosed for a mean length of eleven years. Inflammation may occur 

earlier in the disease process or may occur at levels below the limits of detection of 

available kits.
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5.7.3 Discussion of Results of Tau and Amyloid

Tau and amyloid measurements were normal in all thirteen patients. This may be due 

to a sampling bias or may reflect that amyloid and tau levels are normal in HAND.

5.7.4 Limitations

The number of patients recruited was quite low. There were no HIV positive subjects 

with normal neuropsychological testing or HIV negative healthy volunteers recruited 

for comparison which makes interpretation of the results rather difficult. It was quite 

difficult to recruit patients for this study and many patients did not wish to participate 

despite the fact that a lumbar puncture is clinically indicated for all HIV positive 

patients. There were also patients who had already had clinical lumbar punctures 

performed for their cognitive impairment and therefore it was not ethical to repeat 

the lumbar puncture. There were a number of study participants who agreed to have a 

lumbar puncture but unfortunately repeatedly failed to attend their appointments 

despite phone and text reminders.

5.8 Conclusion

The main finding of this study was the presence of central and effector memory cells in 

the CSF of patients with HAND. This suggested that there was trafficking of activated T 

cells into the CSF of these patients with HAND despite viral suppression. This suggests 

that despite viral suppression and the lack of detectable levels of most cytokines, there 

is an active inflammatory process ongoing in the CSF of these patients. We did not

detect any evidence of biomarkers of neurodegeneration. This study should be
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continued with further patients recruited cross-sectionally and a longitudinal follow-up 

also to determine more precisely the aetiological role of intrathecal CD4'^T cells, CD8'^ T 

cells and B cells in the setting of HAND.
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6 Discussion, Future Directions, Recommendations and Conclusion

6.1 Summary of findings

Chapter 2 discussed the findings of a prevalence study of 600 patients with HIV which 

showed that 51.5% of the study group had a positive screen for cognitive impairment 

based on the Brief NeuroCognitive Screen. A positive screen was associated with 

female gender, endorsement of cognitive symptoms, an African country of birth, 

English as a second language, heterosexual acquisition of HIV, lack of virological 

suppression, co-infection with hepatitis C, use of methadone replacement therapy, use 

of benzodiazepines, being on anti-depressants or anti-psychotic medications, 

unemployment, alcohol consumption of between 1 to 20 units of alcohol per week, a 

positive screen for anxiety on the HAD scale, a positive screen for depression on the 

HAD scale, being younger, a lower nadir CD4^ T cell count (p=0.023), a lower current 

CD4^ T cell count and fewer years of education. On multivariate analysis a positive 

screen was associated with endorsement of cognitive symptoms, an African country of 

birth, use of benzodiazepines and alcohol consumption greater than 40 units per week.

The Hospital Anxiety and Depression Scale was used to screen for depression and 

anxiety. It showed that 9.1% of the study group had a positive screen for depression 

with a previous history of depression and the use of anti-psychotics being independent 

predictors of a positive screen for depression on multivariate analysis. It also showed 

that 24.5% of the study group had a positive screen for anxiety with female gender, a
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previous history of depression, a previous history of anxiety and neuropathy being 

independent predictors of a positive screen for anxiety on multivariate analysis.

This study demonstrated that over half of the study group had a positive screen for 

cognitive impairment. This study group had not been previously assessed for cognitive 

impairment and this study highlighted the need for a structured cognitive screening

program at our institution.

Chapter 3 discussed the neuropsychological profile of 104 patients with a positive 

screen for cognitive impairment who underwent a detailed neurological assessment. 

Of 104 patients with a positive screen for cognitive impairment, 62 patients (59.6%) 

met diagnostic criteria for HIV Associated Neurocognitive Disorders (HAND). The 

breakdown of HAND within the study group was as follows: asymptomatic 

neurocognitive impairment (ANI) 40/104 (38.5%), mild neurocognitive disorder 20/104 

(19.2%) and HIV associated dementia 2/104 (1.9%). There were 32 patients (30.8%) 

who had abnormalities in one domain who did not meet diagnostic criteria for HAND.

The predominant neuropsychological profile was an amnestic, dysexecutive syndrome. 

Immediate memory and delayed memory were the most affected domains on the 

RBANS within patients who met criteria for HAND. On the ACE-R and MoCA memory, 

verbal fluency/language and executive domains were the most affected. The FAB 

showed executive impairment in 45% of patients with HAND.
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There was also evidence of rapid forgetting for list memory in half and for story 

memory in one third of the patients with HAND. The memory deficits found in this 

group of patients with HIV are most likely mixed with deficits in encoding and retrieval 

and a subgroup of patients demonstrating evidence of rapid forgetting. The memory 

deficits demonstrate involvement of both fronto-striatal and hippocampal networks. 

On the RBANS cortical-subcortical deviation score, 48/62 patients with HAND had 

scores greater than zero suggesting underlying cortical pathology. Apraxia was the 

most common finding on neurological examination. Apraxia is typically a cortical 

finding. The findings of cortical deficits on both the neuropsychological batteries and 

the neurological examination support my hypothesis that the late effects of HIV on the 

brain are neurodegenerative.

Chapter 4 discussed the MR features of 50 patients who had a positive screen for 

cognitive impairment and subsequently underwent detailed neuropsychological and 

neurological assessment. Grey matter atrophy was demonstrated on VBM analysis in 

this cohort of patients in the anterior cingulate, left hippocampus, left temporal lobe, 

left central opercular cortex, left post-central gyrus, left supplementary motor area, 

right lateral occipital cortex, right precuneus, bilateral Heschl's gyrus, bilateral insular 

cortex, bilateral parietal operculum, bilateral occipital poles and bilateral pre-central 

gyrus (p<0.05).

There were no significant correlations to clinical or neuropsychological data but there 

was atrophy in regions consistent with the neuropsychological deficits found in the
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patient cohort. Within the subset of the cohort who had MR imaging, 82% (n=41) had 

abnormalities in delayed memory, 78% (n=39) had abnormalities in immediate 

memory, 54% had abnormalities in attention (n=27), 42% had abnormalities in 

language (n=21) and 20% had abnormalities in visuospatial skills (n=13). There was 

evidence of atrophy in the left hippocampus and left temporal lobe, both of which are 

involved in learning and memory (460, 461). The anterior cingulate is involved in 

executive control of attention (459). The precuneus is involved in episodic memory 

(465). The occipital lobes are involved in visual perception (461). Apraxia was the most 

common examination abnormality in this group of patients. There was significant 

atrophy of the pre and post central gyri and atrophy of the left supplementary motor 

area (SMA). The SMA is involved in motor planning (464). Recent imaging studies have 

demonstrated a relationship between apraxia and the pre-supplementary area (472). 

Ideomotor apraxia has also been associated with lesions of the premotor cortex (473). 

The pattern of atrophy is consistent with the cognitive deficits found in this group of 

patients suggesting that there is an anatomical basis and correlate for the cognitive 

profile seen in this cohort.

On DTI analysis of white matter microstructural integrity, there was a statistically 

significant reduction in FA in the genu of the corpus callosum, bilateral anterior 

thalamic radiation, bilateral cingulum hippocampus, bilateral corticospinal tracts, 

bilateral inferior fronto-occipital fasciculi, bilateral superior longitudinal fasciculi, 

bilateral anterior corona radiate, bilateral forceps minor and forceps major (p<0.0005). 

There was a statistically significant decrease in axial diffusivity in the left anterior
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thalamic radiation, left corticospinal tract and left forceps minor (p<0.01). There was a 

statistically significant increase in axial diffusivity in the left forceps major (p<0.05). 

There was a statistically significant increase in mean diffusivity in the genu of the 

corpus callosum, body of corpus callosum, bilateral anterior thalamic radiation, 

bilateral superior longitudinal fasciculi, right anterior corona radiata and right inferior 

fronto-occipital fasciculus (p<0.01). There was increased radial diffusivity in the body 

of the corpus callosum, bilateral forceps minor, bilateral forceps major, left anterior 

thalamic radiation, left inferior longitudinal fasciculus, right inferior fronto-occipital 

fasciculus and right superior longitudinal fasciculus {p<0.0005).

With regard to correlation to clinical and neuropsychological data there were 

correlations between some neuropsychological scores and increased FA, decreased 

MD and decreased RD suggesting that higher scores correlated with better white 

matter integrity. These were particularly evident for the list learning, figure copy and 

recall sub-scores on the RBANS.

FA and MD are sensitive markers of white matter integrity. Abnormalities in AD have 

been shown to correlate to axonal degeneration (402, 403). Increases in RD measures 

are associated with myelin pathology (391, 404). There was evidence of widespread 

disruption of white matter microstructural integrity with both axonal and myelin 

disruption. The most abnormalities were in FA, MD and RD with fewer abnormalities in 

AD measures thus possibly suggesting that disruption of myelin may be driving the 

white matter disruption seen in HAND. Demyelination is usually driven by
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inflammation and these findings of abnormal radial diffusivity support the candidate's 

hypothesis that there are inflammatory changes in HAND in addition to degenerative 

changes which would be supported by the changes in axial diffusivity measures in HIV 

positive patients in this cohort.

Chapter 5 discussed the cerebrospinal fluid findings of 13 patients; nine of whom met 

criteria for ANI, three of whom met criteria for MND and one patient who had 

neuropsychological abnormalities that did not meet diagnostic criteria for HAND. Flow 

cytometry, cytokine analysis and analysis of tau and beta-amyloid were performed.

Half of the patients in the study group showed a greater proportion of CD8^ T cells in 

PBMCs and more than half in CSF despite all of the patients being virally suppressed. 

The majority of CD4^ and CD8^ T cells bore an effector memory phenotype in the CSF 

(CD45 CD27'^) suggesting activated T cells migrating from secondary lymphoid tissue to 

the brain. This suggests that despite viral suppression peripherally and centrally there 

are still memory cells present in the CSF attempting to control viral replication and 

possibly also suggesting that there is inflammation ongoing centrally to which CD8^T 

cells are responding or contributing as activated memory cells may release IFN-y and 

IL-2. There were low frequencies found of NK cells, NK like cells and gamma delta cells 

both in PBMCs and CSF suggesting that there may be activation of the innate immune 

response in these HIV positive patients with cognitive impairment. There were higher 

levels of B cells in the CSF compared to PBMCs. There were low levels detected in the 

CSF of all the patients of IL-6 and tumour necrosis factor alpha (TNF-a) both of which
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are pro-inflammatory. Tau and amyloid measurements were normal in all thirteen

patients.

6.2 General Discussion

The underlying hypothesis of the study was that there are inflammatory and/or 

immune mediated changes early on in HAND and that later on it becomes primarily a 

degenerative process. It was also the assertion of the candidate that there would be 

more cortical features in this group, both on neurocognitive testing and on MRI 

analysis.

This study has demonstrated that there was a high rate of a positive screen for 

cognitive impairment in a previously unscreened population attending a specialist HIV 

clinic in Ireland which was associated with multiple factors. The wide variety of factors 

that were associated with a positive screen for cognitive impairment highlights both 

the heterogeneity of the disease process and the patient group. Co-infection with 

hepatitis C, lack of virological suppression, a low nadir CD4 and a low current CD4 

count are all likely to contribute to inflammation and ongoing immune mediated 

changes with the brain. Alcohol use is likely to be degenerative and is associated with 

cerebral atrophy and cognitive impairment. The use of methadone, anti-depressants, 

anti-psychotics and benzodiazepines confound the situation and are not definitively 

linked to inflammation or degeneration but clearly show a detrimental effect on 

cognitive function in this cohort of patients.
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The amnestic, dysexecutive cognitive profile along with the presence of rapid 

forgetting and apraxia in smaller subsets of the study cohort support our hypothesis 

that there are evolving cortical features to HAND. This predominantly cortical profile in 

patients with HIV with minimal psychomotor speed issues or other deep grey matter 

symptoms (e.g. Parkinsonism) would support a neurodegenerative process with 

cortical neuronal loss similar to other cortical degenerative disorders like Alzheimer's 

disease. The MRI analysis demonstrated focal cortical atrophy in multiple areas and 

DTI showed evidence of widespread disruption of white matter integrity across all four 

measures (measures of both myelin loss and axonal injury) suggesting that there is 

indeed an inflammatory degenerative continuum in HIV related cognitive impairment.

6.3 Strengths

The participants were well characterised and every care was taken to ensure good 

ascertainment of data with very few missing data points. All of the testing and studies 

were conducted in a single centre by the candidate. The neuropsychological batteries 

used are easy to apply and use clinically. The MRI data acquired was of excellent 

quality and VBM and DTI are accepted and sensitive biomarkers of cortical atrophy and 

white matter integrity disruption respectively. The VBM and DTI data were compared 

to a group of HIV negative healthy volunteers.
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6.4 Limitations

The study was cross-sectional in nature thus making casual associations difficult. As 

with all studies there may be a selection bias. There was a lack of culturally 

appropriate normative data for the neuropsychological batteries for all the 

participants. While there were 604 patients initially screened only 104 patients 

underwent neuropsychological assessment, only 50 patients had MRIs and only 13 

patients had CSF examined therefore the numbers were smaller in the subsequent 

studies and make extrapolation more difficult to the entire cohort but the 104 who 

underwent neuropsychological testing were fairly representative of the cohort as a 

whole.

6.5 Future directions

Longitudinal follow-up is essential to fully determine the nature and pathophysiology 

of HAND, in order to determine the rate of progression, if any, of the neurocognitive 

deficits found and to determine if those patients who had deficits in only one domain 

on neuropsychological testing progress to having further deficits and thus fulfil 

diagnostic criteria for HAND. Neurodegenerative disorders by their nature must be 

progressive and only longitudinal follow-up can confirm the hypothesis that there are 

neurodegenerative mechanisms to HAND particularly in the later phase of the disease. 

Further CSF analysis, both cross-sectionally and longitudinally, should be undertaken to 

further explore the relationship between immune mediated processes and HAND. It 

would be imperative to have comparison CSF from HIV positive patients with normal

362



cognitive testing and HIV negative patients to definitively determine the nature of the 

relationship between these immune markers and HAND.

Another research registrar will take over the project and perform longitudinal 

neuropsychological characterisation of the patients who underwent detailed 

neuropsychological testing and will also perform longitudinal follow-up of the patients 

who had MR imaging performed. This longitudinal study will allow correlation between 

follow-up clinical and neurocognitive testing and longitudinal MRI patterns and will 

enable us to learn more about how HIV affects the brain longitudinally. With 

longitudinal data, we will learn more about the neuropsychological profile of HAND in 

the post-HAART era and it will enable us to learn more about the natural history of 

HAND.

A physiotherapy and exercise intervention program will be commenced in the 

department in conjunction with the Academic Department of Physiotherapy in Trinity 

College Dublin. No proven pharmacological therapies have yet been shown to be 

effective in the treatment of HAND. This will be a non-pharmacological intervention 

with half of the group undergoing a structured exercise program and half receiving 

routine care. There will also be a group of HIV positive patients without cognitive 

impairment undergoing the same interventions for comparison purposes. The 

feasibility of an exercise program in those with dementia and cognitive impairment has 

been demonstrated (544). Chang et al have demonstrated a dose-response

relationship between exercise duration and cognition (545). Aerobic fitness has been
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demonstrated to be associated with less cerebral atrophy (546) and increased 

hippocampal volume and better spatial memory (547). HIV increases cardiovascular 

risk and the risk of cognitive impairment so a non-pharmacological intervention such 

as an exercise intervention program would hopefully be beneficial.

6.6 Recommendations

Only 604 patients were screened and over 2200 patients attend the GUIDE clinic for 

management of HIV thus it would be essential to extend the screening program to the 

rest of the group and to continue screening the entire cohort biennially. The European 

AIDS Clinical Society currently recommends screening all patients without a highly 

confounding condition every two years for cognitive impairment if they answer yes to 

any of the questions outlined in Table 2-1. It would be my recommendation that all 

patients should be screened for cognitive impairment biennially without any screening 

questions due to the high prevalence of cognitive impairment in this group. Nurses and 

doctors could be easily and quickly trained to administer the screening tool. This could 

be administered at any of their routine clinical attendances.

Patients with positive screens should then be referred to a specialist neurology service 

for full neurological evaluation. This should involve a complete neurological history, 

examination and neuropsychological evaluation. If on neuropsychological evaluation 

they meet diagnostic criteria for HAND they should have MRI and CSF examination as 

should those who have neuropsychological abnormalities in only one domain.
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Neuropathological examination in the future would enable greater conclusions to be 

drawn with regard to causality of HAND.

Although there are no current treatments for HAND, I believe that it is important for 

patients to be screened and assessed for cognitive impairment. For patients whose 

testing is normal but who are concerned about the risk of cognitive impairment in HIV, 

it is reassuring. For those patients who are symptomatic it enables greater discussion 

and understanding of their symptoms, both for them and their treating physicians. It 

also allows for the development of strategies for the patients, their families and their 

treating physicians in terms of compliance with medications, coping strategies such as

"to do" lists, avoiding multi-tasking, maintaining a routine and memory aids such as

wearing a watch, keeping a diary, keeping important items such as their phone, 

wallet/purse and keys in the same place always. Additionally if any treatments become 

available in the future, patients will already be well characterised in terms of their 

cognition and this will enable their physicians to make quicker, more informed 

decisions about any potential new therapies for cognitive impairment.

6.7 Conclusion

This was the first large scale cross-sectional study of cognitive impairment secondary 

to HIV undertaken in Ireland. A high prevalence rate of a positive screen for cognitive 

impairment was found. The findings of cortical deficits on both the neuropsychological 

batteries and the neurological examination in addition to the findings of grey matter

atrophy demonstrated that there are neurodegenerative features to HAND. The
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presence of abnormalities of RD on DTI analysis and immune activation on CSF 

examination strongly supported that there are immune mediated and inflammatory 

changes in HAND also. Overall the study strongly supported that there is an 

inflammatory degenerative continuum to HAND. This hypothesis can only be reliably 

confirmed with longitudinal neuropsychological, MRI and CSF follow-up and extensive 

neuropathological analysis of this well characterised cohort of patients with HIV.
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7 Appendices

Appendix 1: Patient Information Leaflet for Prevalence Study
SJH / AMNCH RESEARCH ETHICS COMMITTEE

Information and Consent for Patients

1. Title of study

Cognitive impairment in HIV.

2. Introduction

One of the neurological complications of HIV is cognitive impairment. It occurs in 30-50% of people with 

HIV. People affected by this may experience symptoms such as forgetfulness, problems concentrating, 

problems with short term memory, language difficulties, clumsiness, unsteadiness, changes in 

personality, mood swings and inappropriate emotional responses.

We hope that by carrying out this study we can contribute to the knowledge base about this condition 

and have a better understanding of it in order to help people who have it.

3. Procedures:

All patients attending the HIV clinic in St. James's Hospital will be offered screening tests to look for 

symptoms or signs of cognitive impairment. These screening tests are called the Brief NeuroCognitive 

Screen and the Hospital Anxiety and Depression Scale. This will involve a short test of memory, mood 

and some simple tasks. It will take 20-30 minutes of your time.

Patients will then be selected for further more detailed testing if they have evidence of memory 

problems on the initial screening tests. The more detailed tests will involve being seen by a neurology 

doctor and having a neurological examination. The neurological examination will involve testing the 

strength in your arms and legs, your co-ordination, your reflexes, your sensation (feeling) in your arms 

and legs. It will also involve testing the nerves in your face and your speech. It will also involve testing of 

your memory, thinking and concentration.

4. Benefits:

The information gathered from this study will help the medical community understand this condition 

better and aid diagnosis of future patients. This may help you and many others like you in the future.

5. Risks:

There are no risks associated with this study.
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6. Exclusion from participation:

Anybody who does not wish to participate will not be included.

7. Alternative treatment:

You do not have to be a part of this study to be treated. Irrespective of whether you partake in the study 

or not, you will be followed up in the HIV clinic as before.

8. Confidentiality:

Your identity will remain confidential. Your name will not be published and will not be disclosed to 

anyone outside the hospital. All data gathered from this study will be kept strictly confidential with 

access only to responsible personnel involved in this project and no personal data will ever be divulged.

9. Compensation:

(Non-sponsored trial): Your doctors are covered by standard medical malpractice insurance. Nothing in 

this document restricts or curtails your rights.

10. Voluntary Participation:

You have volunteered to participate in this study. You may quit at any time. If you decide not to 

participate, or if you quit, you will not be penalised and will not give up any benefits which you had 

before entering the study.

11. Stopping the study:

You understand that your doctor may stop your participation in the study at any time without your 

consent.

12. Permission:

This study has been approved by SJH/AMNCH ethics committee in its present form after careful scrutiny 

of the proposals submitted.

13. Further information:

You can get more information or answers to your questions about the study, your participation in the 

study, and your rights, from Dr. Patricia McNamara who can be telephoned at 014103000 and extension 

4146 or on mobile 086 7256193.

If your doctor learns of important new information that might affect your desire to remain in the study, 

he or she will tell you.
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Appendix 2: Consent Form for Prevalence Study

SJH / AMNCH RESEARCH ETHICS COMMITTEE

CONSENT FORM

Consent for study on Cognitive Impairment in HIV

This study and this consent form have been explained to me. My doctor has answered all my 

questions to my satisfaction. I believe I understand what will happen if I agree to be part of 

this study.

I have read, or had read to me, this consent form. I have had the opportunity to ask questions 

and all my questions have been answered to my satisfaction. I freely and voluntarily agree to 

be part of this research study, though without prejudice to my legal and ethical rights.

PARTICIPANT'S NAME;

PARTICIPANT'S SIGNATURE: Date

Date on which the participant was first furnished with this form:

Where the participant is incapable of comprehending the nature, significance and scope of the 

consent required, the form must be signed by a person competent to give consent to his or her 

participation in the research study (other than a person who applied to undertake or conduct 

the study). If the subject is a minor (under 18 years old) the signature of parent or guardian 

must be obtained:-

NAME OF CONSENTOR, PARENT or GUARDIAN: 

SIGNATURE:

RELATION TO PARTICIPANT:

Where the participant is capable of comprehending the nature, significance and scope of the 

consent required, but is physically unable to sign written consent, signatures of two witnesses 

present when consent was given by the participant to a registered medical practitioner treating him 

or her for the illness.

NAME OF FIRST WITNESS: SIGNATURE:
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NAME OF SECOND WITNESS: SIGNATURE:

Statement of investigator's responsibility: I have explained the nature, purpose, procedures, 

benefits, risks of, or alternatives to, this research study. I have offered to answer any questions and 

fully answered such questions. I believe that the participant understands my explanation and has 

freely given informed consent.

Physician's signature:

Date:
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Appendix 3: Copy of Tests Used to Assess for Cognitive Impairment 
Trail Making A
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Trail Making B
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Digit Symbol Test

DIGIT
SYMBOL
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i 4
!_

5
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373



Appendix 4: Hospital Anxiety and Depression Scale

Read each item and place a firm tick in the box opposite the reply that comes closest to

how you have been feeling in the past week.

Don’t take too long over your replies; your immediate reaction to each item will 

probably be more accurate than a long thought-out response.

Tick only one box in each section

1 feel tense or “wound up”: A
Most of the time 3
A lot of time 2
Time to time, Occasionally 1
Not at all 0

I still enjoy the things I used to 
enjoy:

D

Definitely as much 3
Not quite so much 2
Only a little 1
Hardly at all 0

I get a sort of frightened feeling 
as if something awful is about to 
happen:

A

Very definitely and quite badly 3
Yes, but not too badly 2
A little, but it doesn't worry me 1
Not at all 0

I can laugh and see the funny 
side of things:

D

As much as always could 3
Not quite so much now 2
Definitely not so much now 1
Not at all 0

Worrying thoughts go through 
my mind:

A

A great deal of the time 3
A lot of the time 2
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From time to time but not too 
often

1

Only occasionally 0

I feel cheerful: D
Not at all 3
Not often 2
Sometimes 1
Most of the time 0

I can sit at ease and feel relaxed: A
Definitely 3
Usually 2
Not often 1
Not at all 0

I feel as if I am slowed down: D
Nearly all the time 3
Very often 2
Sometimes 1
Not at all 0

I get a sort of frightened feeling like 
“butterflies” in the stomach:

A

Not at all 3
Occasionally 2
Quite often 1
Very often 0

I have lost interest in my 
appearance:

D

Definitely 3
1 don't take so much care as 1 should 2
1 may not take quite as much care 1
1 take just as much care as ever 0

I feel restless as if I have to be on 
the move:

A

Very much indeed 3
Quite a lot 2
Not very much 1
Not at all 0

I look forward with enjoyment to 
things:

D

As much as ever 1 did 3
Rather less than 1 used to 2
Definitely less than 1 used to 1
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Hardly at all

1 get sudden feelings of panic; A
Very often indeed 3
Quite often 2
Not very often 1
Not at all 0

I can enjoy a good book or radio or
TV programme:

D

Often 3
Sometimes 2
Not often 1
Very seldom 0

376



Appendix 5: Case Report Form for Prevalence Study

Case Report Form Official Use Only

Study Number:
Date of Study: 
Handedness - Right 
Symptoms - Yes 
Age:
Gender: Male
Country of birth:

Left
No

Female

Year of diagnosis with HIV: 
Mode of transmission of HIV:

IVDU
MSM
Heterosexual 
Vertieal 
Blood Produets 
Oecupational 

Nadir CD4 count:
Current CD4 count:
Current Viral Load:

Name Yes No Pre-existing New
Hepatitis B
Hepatitis C
Hypertension
Hypercholesterolaemia
Diabetes
Syphilis

Neurological disorders/complications of HIV:
Name Yes No Pre-existing New
Cryptococcal
meningitis
CNS TB
Toxoplasmosis
Encephalitis
PML
IRIS
Epilepsy
Neuropathy
Stroke
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Psychiatric History:
Name Yes No Pre-existing New
Depression
BPAD
Anxiety
Schizophrenia
Psychosis

Medications (other than ART):

Name Yes No Details
Statins

Anti-hypertensives
Anti-epileptics
Methadone
Benzodiazepines
Anti-depressants
Anti-psychotics

Highest Level of Education Reached:
None
Primary Level 
Secondary Level 
College/University

Employment:

Smoking history:

Alcohol History:

Student
Employed
Unemployed

Smoker
Ex-smoker (> 3 months stopped) 
Never

None
<10 units per week 
10-20 units per week 
20-30 units per week 
30-40 units per week 
>40 units per week

Illicit Substances:
Never Yes IV drug use Previous (> 3 months)

Tick all drugs that are being taken currently or have been taken in the past:
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Heroin
Cocaine
Marijuana/cannabis
Ecstasy
Methamphetamines 
Headshop substances

ART: Yes No Only for MTCT

Date of First ART;
Date of Commencement of Most recent ART:

Current ART Past Rx

Nucleoside and nucleotide 
reverse transcriptase 
inhibitors (NRTI)

Nucleoside and nucleotide 
reverse transcriptase 
inhibitors (NRTI)

Zidovudine Zidovudine
Didanosine Didanosine
Zalcitabine Zalcitabine
Stavudine Stavudine
Lamivudine Lamivudine
Abacavir Abacavir
Tenofovir disoproxil Tenofovir disoproxil
Emtricitabine Emtricitabine

Non-nucleoside reverse 
transcriptase inhibitors 
(NNRTI)

Non-nucleoside reverse 
transcriptase inhibitors 
(NNRTI)

Nevirapine Nevirapine
Delavirdine Delavirdine
Efavirenz Efavirenz
Etravirine Etravirine

Protease inhibitors (PI) Protease inhibitors (PI)
Saquinavir Saquinavir
Indinavir Indinavir
Ritonavir Ritonavir
Nelfmavir Nelfmavir
Amprenavir Amprenavir
Lopinavir Lopinavir
Fosamprenavir Fosamprenavir
Atazanavir Atazanavir
Tipranavir Tipranavir
Darunavir Darunavir
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Integrase inhibitors (II) Integrase inhibitors (II)
Raltegravir Raltegravir

Fusion inhibitors (FI) Fusion inhibitors (FI)
Enfiivirtide (T-20) Enfiivirtide (T-20)

Anti-CCR5 Anti-CCR5
Maraviroc Maraviroc

Results of Screening tests:
BNCS

Trails A 
Trails B 
WAIS-R

HADS
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Appendix 7: Patient Information Leaflet for Prevalence Study
SJH / AMNCH RESEARCH ETHICS COMMITTEE

Information and Consent for Patients

1. Title of study

The Inflammatory Neurodegenerative Continuum in HIV Related Cognitive Impairment - 

Detailed Neuropsychological Testing

2. Introduction

One of the neurological complications of HIV is cognitive impairment. It occurs in 30-50% of 

people with HIV. People affected by this may experience symptoms such as forgetfulness, 

problems concentrating, problems with short term memory, language difficulties, clumsiness, 

unsteadiness, changes in personality, mood swings and inappropriate emotional responses.

We hope that by carrying out this study we can contribute to the knowledge base about this 

condition and have a better understanding of it in order to help people who have it.

3. Procedures:

Patients attending the HIV clinic in St. James's Hospital who have evidence of cognitive 

impairment on screening tests will be offered detailed neuropsychological testing (memory 

testing). The more detailed tests will involve being seen by a neurology doctor and having a 

neurological examination and examination of your memory and thinking. The neurological 

examination will involve testing the strength in your arms and legs, your co-ordination, your 

reflexes, your sensation (feeling) in your arms and legs. It will also involve testing the nerves in 

your face and your speech. It will also involve testing of your memory, thinking and 

concentration.

4. Benefits:

The information gathered from this study will help the medical community understand this 

condition better and aid diagnosis of future patients. This may help you and many others like 

you in the future.

5. Risks:

There are no risks associated with this study.

6. Exclusion from participation:

Anybody who does not wish to participate will not be included.
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7. Alternative treatment: You do not have to be a part of this study to be treated. 

Irrespective of whether you partake in the study or not, you wiii be foiiowed up in 

the HIV clinic as before.

8. Confidentiality:

Your identity will remain confidential. Your name will not be published and will not be disclosed 

to anyone outside the hospital. All data gathered from this study will be kept strictly 

confidential with access only to responsible personnel involved in this project and 

no personal data will ever be divulged.

9. Compensation:

(Non-sponsored trial): Your doctors are covered by standard medical malpractice insurance. 

Nothing in this document restricts or curtails your rights.

10. Voluntary Participation:

You have volunteered to participate in this study. You may quit at any time. If you decide not to 

participate, or if you quit, you will not be penalised and will not give up any benefits which you 

had before entering the study.

11. Stopping the study:

You understand that your doctor may stop your participation in the study at any time without 

your consent.

12. Permission:

This study has been approved by SJH/AMNCH ethics committee in its present form after careful 

scrutiny of the proposals submitted.

13. Further information: You can get more information or answers to your questions about 

the study, your participation in the study, and your rights, from Dr. Patricia McNamara who can 

be telephoned at 014103000 and extension 4146.

If your doctor learns of important new information that might affect your desire to remain in 

the study, he or she will tell you.
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Appendix 8: Consent Form for Detailed Neuropsychological Study
SJH / AMNCH RESEARCH ETHICS COMMITTEECONSENT FORM

Consent for study "The Inflammatory Neurodeoenerative Continuum in HIV Related

Cognitive Impairment - Detailed Neuroosycholooical Testing"

This study and this consent form have been explained to me. My doctor has answered all my 

questions to my satisfaction. I believe I understand what will happen if I agree to be part of 

this study.

I have read, or had read to me, this consent form. I have had the opportunity to ask questions 

and ail my questions have been answered to my satisfaction. I freely and voluntarily agree to 

be part of this research study, though without prejudice to my legal and ethical rights. I have 

received a copy of this agreement and I understand that, if there is a sponsoring company, a 

signed copy will be sent to that sponsor.

Name of sponsor:

PARTICIPANT'S NAME:

PARTICIPANT'S SIGNATURE: Date

Date on which the participant was first furnished with this form:

Where the participant is incapable of comprehending the nature, significance and scope of the 

consent required, the form must be signed by a person competent to give consent to his or her 

participation in the research study (other than a person who applied to undertake or conduct 

the study). If the subject is a minor (under 18 years old) the signature of parent or guardian 

must be obtained:-

NAME OF CONSENTOR, PARENT or GUARDIAN:
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SIGNATURE:

RELATION TO PARTICIPANT:

Where the participant is capable of comprehending the nature, significance and scope of the 

consent required, but is physically unable to sign written consent, signatures of two witnesses 

present when consent was given by the participant to a registered medical practitioner treating 

him or her for the illness.

NAME OF FIRST WITNESS: 

NAME OF SECOND WITNESS:

SIGNATURE:

SIGNATURE:

Statement of investigator's responsibility: I have explained the nature, purpose, procedures, 

benefits, risks of, or alternatives to, this research study. I have offered to answer any questions 

and fully answered such questions. I believe that the participant understands my explanation 

and has freely given informed consent.

Physician's signature:

Date:
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Appendix 9: Neuropsychological Tests Used

Repeatable Battery for the Assessment 
of Neuropsychological Status 

Christopher Kandolph

UK Adaptation
Record Form A

Name St*\

Ixaminer . Pate of Toslin^ .

Fdmatii>n l evel. 

Flhnicitv______

l.)hser\ ations;

Immediate Vituospatia^ Language Attention Delayed 
Memory Constnictiorul Memory

Indt'x
Score

Confidence
Inlervjl

entile

Inilev Score

uo
155
150
145
140
135
130
125
120
115
no
105
100
95
90
85
80
75
70
65
60
55
50
45
40

iVn entile- Rnnk

>99 9 
>99.9 
>99.9 

99.9 
99.6 

99 
98 
95 
91 
84 
75 
63 
50 
37 
25 
16 

9 
5 
2 
1

0 4 
0.1 

<0.1 
<0.1 
<0.1

■

^9
^9
^9
^9
^9
^9
^9
^9
^9
^9
^9
^9
^9
^9
^9
^9
^9
^9
^9
^9
^9

■jjg^9

lotct! S.ilc- 
Indec S-on-

160
155
150
145
140
135
130
125
120
115
no
105
100
95
90
85
80
75
70
65
60
55
50
45
40

PEARSON
ti»p\righl ' rc.)r*M<n i Uiu.limit. Im «>r tls .ilhli.il»'l*«> All ri^hls n-MTStnl
'-‘i.iiul.irais.itmn ii>(n righl • tn I VarM*n I Ju* .ilmn. ht» oi ils ,ilhli.ilf(s) I’uhlisht J l'\
r«Mr's«>n Asm-ssuh'iiI Sl*str.»n\l I onami VV( ?K «'Kl I’rinU*»l in iIm-I mti*a Kinmlnni I his piiMu .ilmn 
IS prolixU-a In iop\ ri>;hl and jvnnissmn should lx- oht.unod Irom llu- piihlishor prior to .tn\ 
prohihitixl rcpr«Hhii lion storajji-in a lotrifi al s\s|i-m. or liansinissmn m .tin lorntoi h\ an\ nn-.ins 
t-lix Ironic imxhanual. photo* op\ inj;, nM>rdin^ or likonisc- l‘sh\ l> 74‘M2’' 47 ^
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Information and Orientation (Optional)

pHonng All rcsponM‘s vcrKuim lU-ms l-M t)-l point tnr c.uh il^’m 1H* noi M.on.‘itfmsT^-IS |

Item Response

Score
0 or 1

1 What is your full name?

2. How old arc you?

T When were you born?

4 Where were you born?

^ What is your mother's first name? (It oxamirKv nut kfH>v\, a‘>k," Ihen what i** vour tather’s nanx-^'')

0. Who is the Prime Minister of the United Kingdom?

7 Who was the Prime Minister before him?

S What year is this?

What month is this?

10 What day of the month is this?

11 What is the name of the place you are in?

12 In what city/town is it?

What day of the week is it?

14 Without looking at the c]<Kk, what time is it now? _ .uiual time________ dittenTue in mins,_______

15. Are you left-handed or right-handed?

I(> [)o you have any difficulty in hearing?

17. Do you need glasses for reading?

IH. Are you colour-blind?

Total Score 
Kange=tt-I4
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List Learning
Trial 1

Say I am going to read you a list of words. I wont you to t/sten carefully and. when I finish, repeat back as many 
words as you can. You don't have to say them in the same order that I do - just repeot bock os mony words 
os you con remember, in ony order. Okay?

Trial 2-4
Say I am going to read the list ogoin. When I finish, repeat back as many words as you can. even if you have 

already said them before. Okay?

Record responses in order.
Scoring: I |>i>mnor i-.u h \\ ord jK rivalli’d on t'.u h tn.U

List Trial 1 Trial 2 Trial 3 Trial 4
Market

Package

Elbow

Apple

Story

Carpet

Bubble

Motorway

Saddle
Powder

NiimixT
( ornn. I

iricil I lotal In.il 2 lol.il in.il ' lol.i) In.il 4 lni.il S'oro 
K.ingo^l)-4(1

W Story Memory"
Trial 1

Say I am going to read you a short story. I'd like you to listen carefully and. when I finish, repeat back as much 
of the story as you can remember. Try and use the same wording, if you can. Okay?

Read the story below, then say Now repeot back as much of that story as you can.

Trial 2
Say I am going to read that same story again. When I finish. I want you to again repeat bock os much of the 

story as you can remember. Try to repeot It os exactly as you can.
Read the story below, then say Now repeat bock os much of that story as you can.

Scoring: 1 f>«>inl for . c/i'.i/i/fj avail ot Ixdd, italic vsttrd'* or alt^,•rnall^l*^. •.Inns n lvli»w in colour within [■‘arontln-H-*. Kivoril intru''ii»n‘‘ i»r
variations in flu- Ki*sjx*ns«“s i vtititnn

Story Responses
Trial 1 Score 

(0 or 1)
Trial 2 Score 

(0 or 1)
Item Score 

(0-2)

1. On Tuesdoy,

2 fourth

3. of May,

4. in Grosmere, Cumbria

5. a serious

6 fire broke out.

7 Two

8 hotels

9. and a restaurant

10. were destroyed

11. before the firemen (firefighters)

12. were able to put it out (extinguish ft).
lot.ll S IMC* 

(Inal 1 ♦ 2)
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Figure Copy Time Limit 4 minutes

Fold this page back and present the Figure Copy Drawing Page along with the stimulus. Ask the examinee to moke an exact 
copy ot the figure. Tell the examinee that he or she is being timed, but that the score is based on the exactness ol his or her copy.

Si\: hi front ot uoii r- ir fi^niro I iiwil uou to niiikr i2ii ouht icfi/, f’lW Motv uon i\ynt I not il to tfl! \fi>u I u ill tv hirnrry ifl’U It i- iinp'r/iinf thnt uou miiko ,in
ouiit.opvoftht- rrytirc lo lot tm-knou- uou uihlor^tniul .nn vt'u toll nw .r/w/ //iwiv (C«.rn\t j*. iuvi>s.jr\ .uul ix-tmloni-rv.hlru-sv of copv)

Scoring: 1 ixunl li*r corrti tiu*ss .nuf loinpk-lnu-^s (dr.uvin>;). anvi I jMiint t.>r pro(vr pLufiiu-n( Sv ,.\pjH-ndi\ 1 in Stimulus IkH.klol A

for comploto mtiringritori.i .inJ scoring fvampK^

Hem
Drawing
(0 or 1)

PUconcnt
(Ootl)

Score 
(0,1, or 2)

Scoring Critetria

1 rectangle Drawing: lini*s unlmtken and ri'l.ilrvetv sfr.iiglrl; it .ipjHMrs a nvlangle

Placement: mtf rolali*d mure than I*' ilegrivs

2 diagonal
cross

Drawing; lines are unbroken, ri'lativelv straight and approxunalelv biseit e.uh other
I’laccmcnl: ends of lines should iiHvl corners w ithout signifiianl overlap or signifu ant 

distaiue from the comers

3 horizontal
line

Drawing: line is unbroken and relatively str.iight; should not I’vuvd appro\intaU*l\ 1/2 

ol the w idth.
Placemen!: from approximately tiu* centn* of the lt*ll side aiul int**rstx f at approximately the 

diagimal cross.

4 circle Drawing: n-lativeK round, iinbrnken. aiul relati\el\ clitsed; di.nnetiT slunild lx* approximately 

1/4 - l/T height ol triangle
Placement: pkui-d in appn*priate si-gment. not touching an\ other figure.

5 3 small
circles

Drawing: relali\el\ nuiiuf. unbr«*ken and relatively closi>d: appn»ximatelv ixjual in sj/e, 
approximate triangular arrangement; not touching i\u h otht*r
Placement; in appropriate st>gmenl, no! touching figure, triangle fi>rmixl not rotated more than 

approximately degrees

6 square
Drawing: relatively closed. apjXMrs to lx* a s^iuarc*. lint's relativc'Iv straiglit and unbroki'n, 

height is approximatelv l/4 1/‘'t>l triangle
Placement: in appropriate segment; not touching ans' othi’r part ol figure, not rotatcxl mcm* 

than approximately l.S degrtvs.

7. curving
line

Drawing: 2 curycxl sc'gments; approximatelv et^ual in apfx-arance, cornvt dirtxlion ot curve's. 
Placement: ends i»t lines approximatelv ti»uch diagonal, do not touiit verv ciTiH'r ol rectangle 

or diagi'ital interscvtion

8 oufside
cross

Drawing: vertical line is ri'lativ elv paralK'l to side of rex faitgle, horizontal line cn»sses the
vertical at approximatelv degrix.'s and is Ivlvvcx'ii 20-^1““ of length of vertical line
Placement; horizontal line touc hes nxtaitgle higher than 2/^ height ol rtxiangle. but bi'low 
top. it approximatc'lv tiuiches the rcx tangli'. v I'rtical line sireli ht*s alx»v e thi' height of the 
nx tangle- and dow n to appn»ximatelv the mid ^x»int of the rcx t.ingle.

9 triangle
Drawing; angle fornu'd bv twn side's is Ix-lwcvn approximatelv U)-I00 di'grcx-s, sides are
re latively straight, unbroken .iiul m»x-t in a {x>int, distance on vertical side of triangle 

sulx^umed is approximately c’l the height ol vertical side'
Placcnu'nt: approximatelv at lop of rtxiangle.

10 arrow
Drawing: relativi'lv straight and urvbroken, lines forming arrow are approximately txjual in 

le-ngth
Placement: prolrudt*s from appropriate corne-r of revtangle. it apjxars an approximate 

tenitinualion of diagonal stall

lo
K.)i

ill Si ore 
ige=(l-20
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Figure Copy Drawing Page
(Fold bock for use.)
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B Line Orientation Time Limit: 20 seconds/item

Present the sample item, and say There ore o series ot //nes af the top here (point to the tines) There ore two tines down here 
(point to each one) ond they mofch two of the tines at the top. Can you tell the numbers or point to the lines that they motch. This 
is a practice. Do you understand what you need to do because I cannot give you any more support? (If the individual is struggling 
during the task offer help) Con you show me where the two fines down here might be among these lines up here (run fingers across 
ail the array of lines at the top) Correct any errors and make sure the examinee understands the task Continue with Items 110

Scoring: 1 {■Hiinl torcaih liiu* a»rri\ Hv iJrntifnt,l

Item Responses Correct
Responses

Score 
(0,1, or 2)

Sample 1. 7

1. 10, 12

2. 4, 11

3. 6, 9

4. 8, 13

5. 2, 4

Item Responses Correct
Responses

Score 
(0,1, or 2)

6. 1, 6

7. 3, 10

8. 5, 8

9. 1.3

10. 11, 13

Iot.ll Sc'orc 
K.ingi‘=0-20

Picture Naming Time Limit; 20 seconds/item

Ask the examinee to nome each picture. Give the semantic cue only if the picture is obviously misperceived.

Scoring: 1 {H»int tor i\uh itoin th.it i*. lorrivtlv nainoJ sfxml.iniHmsIy i>r following somantii cut*

Item Semantic Cue Responses Score 
(0 orl)

1 chair .1 pkw of tunilturc

2. pencil usi'd tor writing

3 well you got w.itor from it

4 giraffe .in .inimal

5 sailing boaf usc*d on the w.iter (if "lio.il," quer\’ "u li.it kitid")

6 cannon .1 we.i|'H>n. ust‘d in w.ir

7 pliers .1 Uh)I ("niitcr.ickers" ok.iv)

8 trumpet a musical instrument ("conu't" okay)

9 peg ust\l U) hold laundrs /washing on a line

10 kite it's flown in the air

Iot.ll Sctirc 
K.ingt‘=0‘10
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Semantic Fluency Time Limit:60 seconds

Say Now t’d like you to tell me the names of all the different kinds of fruits and vegetables that you can think of. 
I'll give you one minute to come up with as many as you can. Ready?

Vi>rin^ 1 tor iMch corRVt rcsf'tmMv

1. 11. 21. 31.

2. 12. 22. 32.

3. t3. 23. 33.

4 14, 24. 34.

5. 15. 25. 35.

6. 16. 26. 36.

7. 17. 27. 37.

8. 18. 28. 38.

9. 19. 29. 39,

10. 20. 30. 40.

Total Sforo 
Kan^t’=('-4tt

^ Digit Span
Soy / am going fo soy some numbers, and I want you to repeat them after me. Okay?

Read the numbers at the rote of I pet second. Only teori Ihc second stnny m oaci' sot if Itie lust string wos foiled. 
Discontinue otter failure of both strings in any set.

Sforirif;: 2 jx'uits for tho first string; loravt. I jxiint for ttu- stvond string; lorrivl, and 0 )>oints tor Ixitli strings f.iilod

Item First String String Score 
(0 or 2)

Second String String Score 
(0 orl)

Item Score 
(0-2)

1. 4-9 5-3

2. 8-3-5 2-4-1

3. 7-2-4-6 1-6-3-8

4 5-3-9-2-4 3-8-4-9-1

5. 4-4-2-9-3-5 9-1-5-3-7-6

6. 2-8-5-1-9-3-7 5-3-1-7-4-9-2

7. 8-3-7-9-5-2-4-1 9-5-1-4-2-7-3-8

8 1-5-9-2-3-8-7-4-4 5-1-9-7-4-2-3-4-5

ItUal Siort- 
Kan)»o=(l-!('
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1

El Coding Tinie Limit:90 seconds

Say Look at these boxes (indicate key). For each one of these marks there is a number that goes with it. Down 
here there are marks, but no numbers. I want you to fill in the number that goes with each mark.

Demonstrate the first three. Say Now t would like you to fill in the rest of these boxes up to the doubte lines 
(indicate) for practice. Correct any errors as they are made. Make sure that the examinee understands the task 
and has correctly completed the sample items before you begin timing.

Say Now I would like you to continue to fill in fhe numbers that mafch the marks. Go as quickly as you can 
without skipping any. When you reach the end of the line, go on to the next one. Ready? Go ahead.

Redirect the examinee to the task if he or she becomes distrocfed. If fhe exominee is unable to comprehend the 
task, the subtest score is 0.

Scriring: I Utr f.n h itfin mrnvtis Cixlril withtn m stvontls {tio not MOrc the ‘..rniple items)

Note: Familiarise yourself wifh these instructions befor administering this subtest.

lut.rl Siiiro 
l^.tn);i-=li-SU
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c — J \/ + 1 h
1 2 3 4 5 6 7 8 9

SAMPLE

— h c /\ + J ± \/ — h i:? +

h 1:5 h — c + J 1 c + J

h /\ — \/ c J + 1 — D /\ h c

+ c h J — h + c J ± + h

C + h D — 1 J c — + 1

/\ — J h + \/ 1 J \/ 1 c J

+ c J — c + 1 J ::s —
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VM List Recall
Say Do you remember /he list of words /ho/1 read to you In /he beginning? Tell me os many of those words as 

you can remember now.

Scoring: I piunt Itir iMch won! corrivtlv nv.ilk^i

List
(Do not read)

Response Score 
(0 orl)

Market

Package

Elbow

Apple

Story

Carpet

Bubble

Motorway

Saddle

Powder

Ii>l.»l Si tin' 
K.ni>;i-=0 Ml

m List RecognitiorT
Say I'm going to read you some words. Some of /hese words were on that list, and some of them weren't. I want 

you to tell me which words were on /he /is/. For each word, ask Wos__________ on the list?

Scoring: 1 ^Hunl U)r o.Kh wtird currwHv C'in Ir ilu' li-ttfr inrifsj-HmJing U> cv.imimv's (v ■ vi*^. n ■ c.ipil.jliM-d
(Y. N) li’ttiT »ndu‘.iU"« I'lirnvt

List Circle One List Circle One List Circle One List Circle One

1 Apple Y n 6. sailor y N 11 Bubble Y n 16 Saddle Y n

2. honey y N 7. velvet y N 12. grassland y N 17 Powder Y n

3 Morket Y n 8 Carpel Y n 13 Motorway Y n 18. angel y N

4 Story Y n 9. valley y N 14. oyster y N 19 Package Y n

5. fabric y N 10. Elbow Y n 15. student y N 20. meadow y N

lol.il Sum* 
K.in^o=n-2M
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Ill story Recall
Say Do you remember that story about a fire that I read to you earlier? Tell me as many details from the 

story as you can remember now.

Scoring; 1 j'Hnnl Un i*.u vi*rl\Uiin tit all t*l U'KI, italu worils »>r altrrnativi-'', sluu\ ii U*l*n\ in i oli»iir within pari-nthi^M-s Kt'v'ortI intniston- or 
vanatUMW in llu* loliinin

Story {Vh't not ri'ad.) Responses
Item Score 

(0 orl)

1. On Tuesday

7 Fourth

3 of May

4, in Grasmere. Cumbria

5 a serious

6 fire broke out

7 Two

8 hotels

9 and a resfaurartt

10 were destroyed

11, before the firemen (firefighters)

12. were able to pul it out (extinguish it).

lol.il *>on‘ 
Kanj;*'-!'-12
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Figure recall
Say Do you remember fhof figure fho# / asked you fo copy? I want you fo draw as much of it as you can remember now. 

If you remember a part, but you're not sure where it goes, put if anywhere. Try to draw as much of H as you can.

Now. pteseni the Figure Recall Drawing Page.

Soring I I'omltor torrtx tiu-ss .itvl {itr.nvHij;). .»ut I punl tor prof'tT pl.in-nifnt St- 1 in Stimuhi''I^K>kk*l .A lor
I ompk-tf St orm^ i rilrria .hkI st orin^ o\4unpk*s

Item Drawing 
(0 or 1)

Pbcenwnt
(0 orl)

Score
Scoring Critetria

1 rectangle Drawing: hiK*s unbroken anJ ri‘lalivel\ straight; it appears a nvtangle
Placcnu'nt: not n’lalt^l nu>r»’ than l''cli>;r\*es

2 diagonal
cross

Drawing: lines an- unbntken, n'lalivelv straight and appro\imalel\ bists.! eath other.
Placement: eiuls ol linos should imvt corners witlunit significant «i\iTlap or signifii.mt 
disiaiue Ihmu the ii>rm*rs

3 horizontal
line

Drawing: line is unbrtiken anil n‘lati\'i‘l\ straight; shouki not e\iiH\l approxinialelv 1/2 
of the width
Placement: tnuii approMinalelv the centri- ttl tlu- lelt siilo anil interstvl at approximati’lv the 
diagt>n.il cross

4 circle Draw ing: n'latnelv round. unbn»ken, and ri-laliveh i IomhI; diameter should lx- approvimati-lv 
1/4- l/4hi'ightof triangle
Placement: placcil in appn>priati‘ sog,nient; not tmiching anv i*ther tigun-

5 3 small
circles

Drawing: n*l.iti\ el\ round, unbroken and relalixelv ck»sed; approMinalelv ii^u.il in si/o. 
approximate triai^gular arrangement; not touchiitg each other
Placement: in appropriate sej»mi‘nt. not loiiihing figure, triangle lormed not n»lali'd more tlian 
approximately 1^ degrei-s

6 square Drawing: relaliveU closed. .ip^H'ars to lx* a si|u.ire. hiu's ix'lativelv straight and unbroken, 
height is appri*ximatel\ 1/4 l/'^ot tri.ingkv
Placement: in appropriate segment, not touching anv otlu-r part ol figure; not rotated more 
than appr»*ximatel\ I'* dc‘gi\x‘s

7. curving
line

Drawing; 2 curvc\l sc*gments; approximately t\]ual in ap|>earance; corttx t dinx’tion ol i ur\es 
Placement: ends ol lines approxiin.ilelv touch diag»Mi.il; d»> not touc h vc*rx' comer of n\ tangle 
or diagonal intersivlion

8 outside
cross

Drawing; vertical lim* is n'lativ elv paralk-l t«' side ot nvtangle, horizontal line* crosses the 
verticil at a|'proximalc*l\ m degrees and is N‘t\\cvn 2tt*'^)’‘.. ol length ot vcTtiial line 
i*lacemenl: horizontal line louihc*s n\ tangle liigher th.in 2/1 height ot rextangk-. but lx*Iow 
lop. It appri'ximalelv touches the* rec tangle, vertical line sireli hes aNive tlie height ot tin- 
rvvtangk* .ind down to approximatelv the mid-p»int ol the rcx t.ingle.

9 triangle Drawing; .ingle tormed bv two side's is U-twcx'ii approximatelv Mt-IUtt di'grix*s; sides are 
rel.itively straight. unbri*ken and nnvt in .i |>oinl, distance on vc-rtiial side ot triangle 
sulwumed IS approximatelv K)' - of the height ot vertical side
Placement: approxim.itelv at top i*l rwtangle

10 arrow Drawing: relativelv straight and unbroken, lines lorming .irrovv are appr«*ximalelv c'cjual in 
length
Placement: protrudes from appropriate cc'rner ol nx tangle, it ap}.X'ars an approxini.ile 
continualK'n ot diagonal staff

lot.il Storo 
Kanj;o=0-20
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Figure Recall Drawing Page
(Fold back for use.)
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Supplemental Discrepancy Analysis Page
Index Differences

Score 1 - Score 2 Score
1

Score
2

Difference Stdtisticjl 
Significance 
__ level

Frequency of 
Difference in 

Standardisation 
Sample

Immediote Memory - Visuospatiol/Constructional

Immediate Memory - Attention

Immediote Memory - Language

Immediate Memory - Delayed Memory

Immediate Memory - Total Scale

Visuospatiol/Constructional - Attention

Visuospatiol/Constructional - Language

Visuospatiol/Constructional - Delayed Memory

Visuospatiol/Constructional - Total Score

Attention - Longuage

Attention - Delayed Memory

Atlention - Total Scale

Language - Delayed Memory

Language - Total Scale

Delayed Memory - Total Scale
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Score Conversion Page
I immediate Memory

1. List Learning Rital Score

2. Stor\' Memory Total Score

II. Visuospatial/Constructional

3. Figure Copy Total Score

4. Line Orientation I'otal Score

III. Language

5. Picture Naming Total Score

6. Semantic Fluenc\' Total Score

IV'. Attention

7. Oigit Span Lotal Score..

8. Coding Total Score.

\'. Delayed Memory

9. List Recall lotal Score...........

It). List Recognition Total Score.

11. Story Recall Lotal Score........

12. Figure Recall Total Score......

Index
Scores

Note. Use Appendix 2 in Stimulus Booklet A to 
convert total scores to index scores and sum 
of index scores to total scale.

Sum of 
Index Scores

Total Scale
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ADDENBROOKE'S COGNITIVE EXAMINATION - ACE-R
Final Revised Version A (2005)

Name :
Date of birth :
Hospital no. :

Addressograph

Date of testing:......../......../.......
Tester's name: ..........................................
Age at leaving full-time education:
Occupation:...........................................
Handedness: .............................................................

ORIENTATION

Day Date Month Year Season
(Score 0-5)

1—
z

O

Building Floor Town County Country (Score 0-5)
1—

H
<
1-
Z

Ask: What is the

Ask: Which

REGISTRATION

^ Tell: 'I'm going to give you three words and i'd like you to repeat after me: lemon, key and ball'. 
After subject repeats, say 'Try to remember them because i'm going to ask you later'. Score only 
the first trial (repeat 3 times if necessary).

Register number of trials............

[Score 0-3]

ATTENTION & CONCENTRATION

r Ask the subject:' could you take 7 away from a 100? After the subject responds, ask him or her 
to take away another 7 to a total of 5 subtractions. If subject make a mistake, carry on and 
check the subsequent answer (i.e. 93, 84, 77. 70. 63 -score 4)

Stop after five subtractions (93, 86. 79, 72, 65).............................................................................

Ask: 'could you please spell WORLD for me? Then ask him/her to spell it backwards:

(Score 0-5]

(for the best 
performed task)

MEMORY • Recall

^ Ask: 'Which 3 words did I ask you to repeat and remember?'

MEMORY- Anterograde Memory _ ^ „

f Tell:' I'm going to give you a name and address and I'd like you to repeat after me. We'll be 
doing that 3 times, so you have a chance to learn It. I'll be asking you later'

Score only the third trial

r'Trial : 2'” Trial

Harry Barnes 

73 Orchard Close 

Kingsbridge 

Devon

[Score 0-3]

[Score 0-7]

MEMORY- Retrograde Memory

^ Name of current Prime Minister ...................................................
^ Name of the woman who was Prime Minister...............................

Name of the USA president ...........................................................
r Name of the USA president who was assassinated in the 1960's

[Score 0 -4]

[!□

R Ho;
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ADDENBROOKE'S COGNITIVE EXAMINATION • ACE R

VERBAL FLUENCY - Letter ’P’ and animals

Letters
Say: T'm going to give you a letter of the alphabet and Td like you to generate as many words 
as you can beginning with that letter, but not names of people or places. Are you ready? You've 
got a minute and the letter is P

r Animals
Say: Now can you name as many animals as possible, beginning with any letter?

[Score 0 - 7]

>17
14-17
11-13
8-10
6-7
4-5
2-3
<2

lotal

7

6

5
4
3
2...

_ 1....
0

correct

[Score 0 ♦ 7) 
□

>21
17-21
14-16
11-13
9-10
7-8
5-6
<5

total

7

6
5
4

3
2
1

0...
correct

LANGUAGE • Comprehension

Show written instruction;

Close your eyes

r 3 stage command:
'Take the paper in your right hand. Fold the paper in half. Put the paper on the floor'

[Score 0-3]
mn

LANGUAGE - Writing
Ask the subject to make up a sentence and write it in the space below:

Score 1 If sentence contains a subject and a verb (see guide for examples)
Score 0-11
___
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ADDENBROOKE S COGNITIVE EXAMINATION ■ ACE R

LANGUAGE • RepetHlon

r Ask the subject to repeat:' hippopotamus'; 'eccentricity; 'unintelligible'; 'statistician' 
Score 2 if all correct: 1 if 3 correct: 0 if 2 or less.

Ask the subject to repeat: ‘Above, beyond and below’ 

Ask the subject to repeat: ‘No ifs, ands or buts’

LANGUAGE - Naming

Ask the subject to name the following pictures:

Q)

[HZ]

LANGUAGE - Comprehension

Using the pictures above, ask the subject to:

• Point to the one which is associated with the monarchy
• Point to the one which is a marsupial
• Point to the one which is found in the Antarctic
• Point to the one which has a nautical connection

HZ

Score 0-21

H

(Score 0-11

(Score 0-11

[Score 0-2) 
pencil + 

watch□□

[Score 0-101

HI

[Score 0-41tfz
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ADDENBROOKE’S COGNITIVE EXAMINATION - ACE-R

LANGUAGE - Reading

^ Ask the subject to read the following words: (Score 1 only if all correct) (Score 0-1)
UJ

□
sew <

pint 3

soot O

dough Z

height <

VISUOSPATIAL ABILITIES

(Score 0-1)
<- Overlapping pentagons; Ask the subject to copy this diagram; 1

Wire cube : Ask the subject to copy this drawing (for scoring, see instructions guide)
[Score 0-2]

Clock; Ask the subject to draw a clock face with numbers and the hands at ten past five, 
(for scoring see instruction guide; circle = 1. numbers = 2. hands = 2 if all correct)

[Score 0-5)

CZl
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ADDENBROOKE’S COGNITIVE EXAMINATION • ACE-R

PERCEPTUAL ABILITIES

Ask the subject to count the dots without pointing them {Score 0-4]

□ 'EZ]

□ □□
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ADDENBROOKE'S COGNITIVE EXAMINATION - ACE-R
PERCEPTUAL ABILITIES

Ask the subject to identify the letters [Score 0-411—1

/■
I V i
\ "

RECALL

Ask “Now tell me what you remember of that name and address we were repeating at the beginning”'

Harry Barnes 

73 Orchard Close 

Kingsbridge 

Devon

[Score 0-7]

RECOGNITION

This test should be done if subject failed to recall one or more items. If all Items were recalled, skip the 
test and score 5. If only part Is recalled start by ticking items recalled in the shadowed column on the 
right hand side. Then test not recalled items by telling "ok, I'll give you some hints: was the name X, Y or 
Z?" and so on. Each recognised item scores one point which Is added to the point gained by recalling

Jerry Barnes Harry Barnes ! Harry Bradford recalled
37 73 1 76 recalled
Orchard Place Oak Close Orchard Close recalled
Oakhampton Kingsbridge | Darlington recalled
Devon Dorset Somerset recalled

[Score 0-5]

Genera! Scores
MMSE
ACE-R

/30 
/100

LU

Subscores
Attention and Orientation /18 o

Memory /26
Fluency 714 u

Language 726
Visuospatial 716

Normative values based on 63 controls aged 52-75 and 142 dementia patients aged 46-86 

Cut-off <88 gives 94% senstivity and 89% specificity for dementia 
Cut-off <82 gives 84% sensitivity and 100% specificity for dementia

Frontal Assessment Battery

Stage 1 Similarities - Conceptualisation
Circle Score
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“In what way are they alike ?”

“A banana and an orange”

“A table and a chair”

“A tulip, a rose and a daisy”

Only category names such as fruit, furniture and flowers are correct
Three correct; 3 points
Two correct: 2 points
One correct: 1 points
None correct: 0 points
Stage 2 Lexical Fluency - Mental Flexibility
“Say as many words as you can begining with the letter S, any words except names”
Cue after 5 seconds: “for example: snake”

Cue after 10 seconds; “any word begining with S”

Only 60 seconds are allowed
Exclude repititions, variations (show, shoemaker) or names
More than 9 words; 3 points
Six to nine words: 2 points
Three to five words; 1 point
Less than three words: 0 points
Stage 3 Motor Series - Pefrontal Motor Progamming
“Look carefully at what I’m doing:”

Alone the examiner does the Luria sequence three times with their left hand (fist edge paim)

“Now with your right hand do the same series, first with me and then alone jj

Patient performs six correct consecutive series (with and alone): 3 points

Patient performs at least three correct consecutive series alone: 2 points ^
1

Patient fails alone but performs three consecutive with examiner: 1 point
Patient cannot perform any three consecutive series (even with the examiner): 0 points ^

Stage 4 Conflicting Instructions - Sensitivity to Interference
“Tap twice when 1 tap once” three trials are run 1-1-1
“Tap once when 1 tap twice” three trials are run 2-2-2

Then : 1-1-2-1-2-2-2-2-1-1-2
No error: 3 points
One to two errors: 2 points
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More than two errors:
Patient taps the same as examiner at least 4 times;

1 point 
0 points

Stage 5 Go No Go - Inhibitory control
“Tap once when I tap once” three trials are run 
“Do not tap when I tap twice” three trials are run 
Then ; i_i_2-1-2-2-2-2-1-1-2
No error:

One to two errors:
More than two errors:
Patient taps the same as examiner at least 4 times:

1-1-1

2-2-2

3 points 
2 points 
1 point 
0 points

Stage 6 Prehension Behaviours - Environmental Autonomy
“Do not take my hands. ”

Facing the patient, put patient’s hands on his knees facing up.
Then bring your hands close to the patient’s hands and then touch the palms.
If the patient takes the hand, then repeat the test once with again the instruction; 
“Now, this time do not take my hands”

Patient does not take hands: 3 points
Patient hesitated and asks what to do: 2 points

Patient takes hands without hesitation: 1 point
Patient takes the hands again even after being again told not to: 0 points

Total Score / 18

Montreal Cognitive Assessment
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VISUOSPATIAL / EXECUTIVE

©
® j®
End

"® b

Copy
cube

®
Begin

® ® 
©

© 
[ ] [ ]

Draw CLOCK (Ten past eleven) 
(3 points)

[ ]
Contour

I ]
Numbers Hands

NAMING

ATTENTION Read list of digits (i digit/sec.). Subject has to repeat them in the forward order [ ] 2 1 8 5 4
Subject has to repeat them in the backward order [ ] 7 4 2

[ ] [ ] [ ]

Read list of words, subject 
must repeat them. Do 2 trials.

FACE VELVET CHURCH DAISY RED
No1st trial

2nd trial points

/5

72

/I
Read list of letters. The subject must tap with his hand at each letter A. No points if 2 2 errors

[ ] FBACMNAAJKLBAFAKDEAAAJAMOFAAB

Serial 7 subtraction starting at too [ ] 93 [ 1 86 [ ] 79 [ ] 72 [ ] 65
4 or s correct subtractions; 3 pts. 2 or 3 correct: 2 pts, r correct: 1 pt. o correct: 0 pt

LANGUAGE Repeat: I only know that John is the one to help today. ( ]
The cat always hid under the couch when dogs were in the room. [ ]

/3

72

/2

Fluency / Name maximum number of words in one minute that begin with the letter F [ ]. (N > 11 words)

ABSTRACTION

DELAYED RECALL

Similarity between e.g. banana-oranges fruit [ ] train-bicycle [ ] watch-ruler

Has to recall words

WITH NO CUE

FACE
[ 1

VELVET
[ ]

CHURCH
( 1

DAISY
[ 1

RED
[ 1

Category cue

Multiple choice cue

Points for 
UNCUED 

recall only

[ ] Date [ ] Month [ ] Year [ ] Day [ ] Place ( ] City /6

Z.Nasreddine MD Version 7.0 

Administered by:____________

www.mocatest.org B/30 ^
TOTAL _

Add 1 point if S 12 yr edu

./30

Appendix 10: Patient Information Leaflet for MRI and CSF Studies
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SJH / AMNCH RESEARCH ETHICS COMMITTEE

Information and Consent for Patients

1. Title of study

The Inflammatory Neurodegenerative Continuum in HIV Related Cognitive Impairment - MRI 

and CSF characteristics

2. Introduction

One of the neurological complications of HIV is cognitive impairment. It occurs in 20-50% of 

people with HIV. People affected by this may experience symptoms such as forgetfulness, 

problems concentrating, problems with short term memory, language difficulties, clumsiness, 

unsteadiness, changes in personality, mood swings and inappropriate emotional responses. We 

do not fully understand what causes memory problems in HIV and we hope that by carrying out 

this study we can contribute to the knowledge base about this condition and have a better 

understanding of it in order to help people who have it.

3. Procedures:
MRI (Magnetic Resonance Imaging) brain scan will be carried out to look for any changes that 

HIV can cause in the brain that may be associated with memory difficulties. A new generation 

of MRI scanner called 3 Tesla MRI is available in St James's Hospital now. It is advanced 

compared to conventional MRI in detecting changes in the structure of the brain. Those who 

are selected will undergo MRI scan of brain using 3T scanner. Patients are placed on a 

moveable table in a large cylinder shaped scanner with openings on both ends. A microphone 

inside allows patients to talk to the person performing the scan. Once in the machine, a strong 

magnetic field is created around the patient while radio waves are directed toward the body. 

The radio signals are computer-processed and turned into images.

A lumbar puncture will also be carried out. A lumbar puncture involves taking a sample of spinal 

fluid from the base of the spine. You will be asked to lie on your side and curl up into a ball. 

You will be given local anaesthetic and a needle will be passed into the space between the 

bones in your lower back to get the sample of fluid. You will then have to lie down for two 

hours afterwards.

4. Benefits:
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The information gathered from this study will help the medical community understand this 

condition better and aid diagnosis of future patients. This may help you and many others like 

you in the future.

5. Risks:
MRI scan does not involve any radiation. Scanning does not cause any pain.

The following conditions cause complications during the scan. If you have any of these 

conditions, the physician needs to be made aware prior to the scan. If you do not have any of 

the following, the procedure is risk free.

MRI scan does not involve any radiation. Scanning does not cause any pain.

The following conditions cause complications during the scan. If you have any of these conditions, 

the physician needs to be made aware prior to the scan. If you do not have any of the following, 

the procedure is risk free.

• Cerebral aneurysm clip (metal clip on a blood vessel in the brain)

• Cochlear (ear) implant for hearing impairment

• Metal in the eye or eye socket

• Implanted spine stabilization rods

• Heart pacemaker

• Implanted insulin pump/narcotics pump /implanted nerve stimulators

• Weight of more than 300 pounds

• Inability to lie on back for 30 to 60 minutes

• Pregnancy-//^ you are a woman of childbearing age, you must not be pregnant or 

iactatina and vou must have a negative oreanancv test before the study begins. The

effects of MRI on foetus or child are unknown and may be harmful. If you should 

become pregnant, please notify your doctor immediately

Rarely you may feel dizzy, have blurred vision or a metallic taste in your mouth for a few minutes 

after the scan. It is not a cause for concern and will resolve spontaneously.

Complications of Lumbar Puncture 

Relatively common

1) Post Lumbar puncture headache - headache increases when upright and diminishes when 

lying down, occasionally associated with nausea and vomiting, onset within 1-3 days and 

usually lasts less than 5 days. Usually resolves with lying flat and drinking 3-4litres of fluid. 

Rarely it may require intravenous fluid.

2) Post Lumbar puncture back pain (less than one third of patients, due to local soft tissue 

trauma, resolves within a few days)
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Rare

3) Infection

4) Bruising at the site of lumbar puncture or very rarely inside the lining of the spinal canal but 

usually occurs in patients who have a bleeding disorder.

5) Transient nerve root irritation may occur during the procedure. It consists of a brief 

sensation of pins and needles in the legs and disappears within a few seconds.

6. Exclusion from participation:
Anybody who does not wish to participate will not be included.

7. Alternative treatment:
You do not have to be a part of this study to be treated. Irrespective of whether you partake in 

the study or not, you wiii be foiiowed up in the HIV dinic as before.

8. Confidentiality:
Your identity will remain confidential. Your name will not be published and will not be disclosed 

to anyone outside the hospital. All data gathered from this study will be kept strictly confidential 

with access only to responsible personnel involved in this project and no personal data will ever 

be divulged.

9. Compensation:
(Non-sponsored trial): Your doctors are covered by standard medical malpractice insurance. 

Nothing in this document restricts or curtails your rights.

10. Voluntary Participation:
You have volunteered to participate in this study. You may quit at any time. If you decide not to 

participate, or if you quit, you will not be penalised and will not give up any benefits which you 

had before entering the study.

11. Stopping the study:
You understand that your doctor may stop your participation in the study at any time without 

your consent.

12. Permission:
This study has been approved by SJH/AMNCH ethics committee in its present form after careful 

scrutiny of the proposals submitted.
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13. Further information:
You can get more information or answers to your questions about the study, your participation 

in the study, and your rights, from Dr. Patricia McNamara who can be telephoned at 014103000 

and extension 4146 or on 086 7256193.

If your doctor learns of important new information that might affect your desire to remain in 

the study, he or she will tell you.
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Appendix 11: Consent Form for MRI Study 

SJH / AMNCH RESEARCH ETHICS COMMITTEE.

CONSENT FORM FOR MRI BRAIN

Consent for study "The Inflammatory Neurodeaenerative Continuum in HIV Related

Cognitive Impairment - MRI and CSF Characteristics"

This study and this consent form have been explained to me. My doctor has answered all my 

questions to my satisfaction. I believe I understand what will happen if I agree to be part of 

this study.

I have read, or had read to me, this consent form. I have had the opportunity to ask questions 

and all my questions have been answered to my satisfaction. I freely and voluntarily agree to 

be part of this research study, though without prejudice to my legal and ethical rights. I have 

received a copy of this agreement.

PARTICIPANT'S NAME:

PARTICIPANT'S SIGNATURE:

Date on which the participant was first furnished with this form:

Date

Where the participant is incapable of comprehending the nature, significance and scope of the 

consent required, the form must be signed by a person competent to give consent to his or her 

participation in the research study (other than a person who applied to undertake or conduct 

the study). If the subject is a minor (under 18 years old) the signature of parent or guardian 

must be obtained:-

NAME OF CONSENTOR, PARENT or GUARDIAN:

SIGNATURE:

RELATION TO PARTICIPANT:
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Where the participant is capable of comprehending the nature, significance and scope of the 

consent required, but is physically unable to sign written consent, signatures of two witnesses 

present when consent was given by the participant to a registered medical practitioner treating 

him or her for the illness.

NAME OF FIRST WITNESS: SIGNATURE:

NAME OF SECOND WITNESS: SIGNATURE:

Statement of investigator's responsibility: I have explained the nature, purpose, procedures, 

benefits, risks of, or alternatives to, this research study. I have offered to answer any questions 

and fully answered such questions. I believe that the participant understands my explanation 

and has freely given informed consent.

Physician's signature:

Date:

(Keep the original of this form in the participant's medical record, give one copy to the 

participant, keep one copy in the investigator's records, and send one copy to the sponsor (if 

there is a sponsor).

423



Appendix 12: MRI Protocol for T1-weighted Imaging

T1 3D TFE
FOV FH (mm) = 256;

AP (mm) = 256;
RL (mm) = 160;

Voxel size FH (mm) = 1;
AP (mm) = 1;
RL (mm) = 1;

Recon voxel size (mm) = 1;
Reconstruction matrix = 256;
SENSE = yes;

P reduction (AP) = 1;
P os factor = 1;
S reduction (RL) = 1.5;

Stacks = 1;
slices = 160;
slice orientation = sagittal;
fold-over direction = AP;
fat shift direction = F;

Scan mode = 3D;
technique = FFE;

Contrast enhancement = T1;
Acquisition mode = cartesian;
Fast Imaging mode = TFE;

shot mode = multishot;
TFE factor = 240;

shot interval = user defined;
(ms) = 3000;

TE = user defined;
(ms) = 3.9

Flip angle (deg) = 8;
TR = user defined;

(ms) = 8.5;
TFE prepulse = invert;

slice selection = no;
delay = shortest;

NSA = 1;
Total scan duration = 07;29.;
ACQ matrix M x P = 256 X 240;
ACQ voxel MPS (mm) = 1.00/ 1.07/ 1.00;
REC voxel MPS (mm) = 1.00/ 1.00/ 1.00;
Act. WFS (pix) / BW (Hz) = 2.431 / 178.7;
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Appendix 13: MRI Protocol for T2-weighted Imaging

T2 TSE ax
FOV AP (mm) = 230;

RL (mm) = 184;
FH (mm) = 149;

Voxel size AP (mm) = 0.575
RL (mm) = 0.72

Slice thickness (mm) = 4;
Recon voxel size (mm) = 0.45
Reconstruction matrix = 512;
Stacks = 1;

type = parallel;
slices = 30;
slice gap = user defined;

gap (mm) = 1;
slice orientation = transverse;
fold-over direction = RL;
fat shift direction = P;

Scan mode = MS;
technigue = SE;

Fast Imaging mode = TSE;
shot mode = multishot;

TSE factor = 15;
TE = user defined;

(ms) = 80;
Flip angle (deg) = 90;
Refocusing control = yes;

angle (deg) = 120;
TR = user defined;

(ms) = 3000;
NSA = 1
Total scan duration = 01:48.0
ACQ matrix M x P = 400 X 255;
ACQ voxel MPS (mm) = 0.57/0.72/4.00;
REC voxel MPS (mm) = 0.45/0.45/4.00;
WFS (pix) / BW (Hz) = 2.130/204.0;
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Appendix 14: MRI Protocol for FLAIR Imaging

FLAIR AX
FOV AP (mm) = 230;

RL (mm) = 183
FH (mm) = 149;

Voxel size AP (mm) = 0.65
RL (mm) = 0.87

Slice thickness (mm) = 4;
Recon voxel size (mm) = 0.449
Reconstruction matrix = 512;
Stacks = 1;

type = parallel;
slices = 30;
slice gap = user defined;

gap (mm) = 1;
slice orientation = transverse;
fold-over direction = RL;
fat shift direction = P;

Scan mode = MS;
technigue = IR;

Fast Imaging mode = TSE;
shot mode = multishot;

TSE factor = 31;
TE = user defined;

(ms) = 125;
Refocusing control = yes;

angle (deg) = 120;
TR = user defined;

(ms) = 11000;
Water-fat shift = maximum;
IR delay (ms) = 2800;

acquire during delay = yes;
NSA = 1
Total scan duration = 05:08.0;
ACQ matrix M x P = 352X186;
ACQ voxel MPS (mm) = 0.65/0.98/4.00;
REC voxel MPS (mm) = 0.45/0.45/4.00;
WFS (pix) / BW (Hz) = 1.416/306.9;
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Appendix 15: MRI Protocol for DTI

DTI 32
FOV RL (mm) = 245;

AP (mm) = 245;
FH (mm) = 150;

Voxel size RL (mm) = 2.5;
AP (mm) = 2.5;

Slice thickness (mm) = 2.5;
Recon voxel size (mm) = 2.45;
Fold-over suppression = no;
Reconstruction matrix = 112;
SENSE = yes;

P reduction (AP) = 2;
P os factor = 1;

Stacks = 1;
type = parallel;
slices = 60;
slice gap = user defined;

gap (mm) = 0;
slice orientation = transverse;
fold-over direction = AP;
fat shift direction = P;

Scan mode = MS;
technigue = SE;

Fast Imaging mode = EPI;
shot mode = single-shot;

TE = user defined;
(ms) = 59;

Flip angle (deg) = 90;
TR = shortest;

(ms) = 8200
Halfscan = yes;

factor = 0.686
Water-fat shift = minimum;
Shim = PB-volume;
ShimAlign = yes;
Fat suppression = SPIR;

strength = strong;
freguency offset = user defined;

offset (Hz) = 250;
Diffusion mode = DTI;

seguence = SE;
gradient duration = maximum;
gradient overplus = yes;
directional resolution = high;
nr of b-factors = 2;
b-factor order = ascending;
max b-factor = 1100;

Total scan duration = 05;53.9;
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ACQ matrix M x P = 100x96;
ACQ voxel MPS (mm) = 2.45/2.55/2.50;
REC voxel MPS (mm) = 2.19/2.19/2.50;
EPI factor = 51;
WPS (pix) / BW (Hz) = 14.299/30.4;
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Appendix 16: Consent form for CSF Study

SJH / AMNCH RESEARCH ETHICS COMMITTEE.
CONSENT FORM FOR CSF

Consent for study "The Inflammatory Neurodeaenerative Continuum in HIV Related

Cognitive Impairment - MRI and CSF Characteristics

This study and this consent form have been explained to me. My doctor has answered all my 

questions to my satisfaction. I believe I understand what will happen if I agree to be part of 

this study.

I have read, or had read to me, this consent form. I have had the opportunity to ask questions 

and all my questions have been answered to my satisfaction. I freely and voluntarily agree to 

be part of this research study, though without prejudice to my legal and ethical rights. I have 

received a copy of this agreement.

PARTICIPANT'S NAME:

PARTICIPANT'S SIGNATURE: Date

Date on which the participant was first furnished with this form:

Where the participant is incapable of comprehending the nature, significance and scope of the 

consent required, the form must be signed by a person competent to give consent to his or her 

participation in the research study (other than a person who applied to undertake or conduct 

the study). If the subject is a minor (under 18 years old) the signature of parent or guardian 

must be obtained :-

NAME OF CONSENTOR, PARENT or GUARDIAN: 

SIGNATURE:
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RELATION TO PARTICIPANT:

Where the participant is capable of comprehending the nature, significance and scope of the 

consent required, but is physically unable to sign written consent, signatures of two witnesses 

present when consent was given by the participant to a registered medical practitioner treating 

him or her for the illness.

NAME OF FIRST WITNESS: SIGNATURE:

NAME OF SECOND WITNESS: SIGNATURE:

Statement of investigator's responsibility: I have explained the nature, purpose, procedures, 

benefits, risks of, or alternatives to, this research study. I have offered to answer any questions 

and fully answered such questions. I believe that the participant understands my explanation 

and has freely given informed consent.

Physician's signature:

Date:

(Keep the original of this form in the participant's medical record, give one copy to the 

participant, keep one copy in the investigator's records, and send one copy to the sponsor (if 

there is a sponsor).

430



8 References

1. Control CfD. Pneumocystis pneumonia--Los Angeles. MMWR Morb Mortal Wkly 

Rep. 1981;30(21):250-2.

2. Hymes KB, Cheung T, Greene JB, Prose NS, Marcus A, Ballard H, et al. Kaposi's 

sarcoma in homosexual men-a report of eight cases. Lancet. 1981;2(8247):598-600.

3. Masur H, Michelis MA, Greene JB, Onorato I, Stouwe RA, Hoizman RS, et al. An 

outbreak of community-acquired Pneumocystis carinii pneumonia: initial 

manifestation of cellular immune dysfunction. N Engl J Med. 1981;305(24):1431-8.

4. Control CfD. Update on acquired immune deficiency syndrome (AIDS)—United 

States. MMWR Morb Mortal Wkly Rep. 1982;31(37):507-8, 13-4.

5. du Bois RM, Branthwaite MA, Mikhail JR, Batten JC. Primary Pneumocystis 

carinii and cytomegalovirus infections. Lancet. 1981;2(8259):1339.

6. Vilaseca J, Arnau JM, Bacardi R, Mieras C, Serrano A, Navarro C. Kaposi's 

sarcoma and toxoplasma gondii brain abscess in a Spanish homosexual. Lancet. 

1982;1(8271):572.

7. Rozenbaum W, Coulaud JP, Saimot AG, Klatzmann D, Mayaud C, Carette MF. 

Multiple opportunistic infection in a male homosexual in France. Lancet. 

1982;l(8271):572-3.

8. Francioli P, Vogt M, Schadelin J, Clement F, Russi E, Delacretaz F, et al.

[Acquired immunologic deficiency syndrome, opportunistic infections and

homosexuality. Presentation of 3 cases studied in Switzerland]. Schweiz Med 

Wochenschr. 1982;112(47):1682-7.

431



9. Control CfD. Pneumocystis carinii pneumonia among persons with hemophilia 

A. MMWR Morb Mortal Wkly Rep. 1982;31(27):365-7.

10. Bayley AC. Aggressive Kaposi's sarcoma in Zambia, 1983. Lancet. 

1984;l(8390):1318-20.

11. Serwadda D, Mugerwa RD, Sewankambo NK, Lwegaba A, Carswell JW, Kirya GB, 

et al. Slim disease: a new disease in Uganda and its association with HTLV-III infection. 

Lancet. 1985;2(8460):849-52.

12. Barre-Sinoussi F, Chermann JC, Rey F, Nugeyre MT, Chamaret S, Gruest J, et al. 

Isolation of a T-lymphotropic retrovirus from a patient at risk for acquired immune 

deficiency syndrome (AIDS). Science. 1983;220(4599):868-71.

13. Popovic M, Sarngadharan MG, Read E, Gallo RC. Detection, isolation, and 

continuous production of cytopathic retroviruses (FITLV-III) from patients with AIDS 

and pre-AIDS. Science. 1984;224(4648):497-500.

14. Gallo RC, Salahuddin SZ, Popovic M, Shearer GM, Kaplan M, Flaynes BF, et al. 

Frequent detection and isolation of cytopathic retroviruses (FITLV-III) from patients 

with AIDS and at risk for AIDS. Science. 1984;224(4648):500-3.

15. Schupbach J, Popovic M, Gilden RV, Gonda MA, Sarngadharan MG, Gallo RC. 

Serological analysis of a subgroup of human T-lymphotropic retroviruses (FITLV-III) 

associated with AIDS. Science. 1984;224(4648):503-5.

16. Sarngadharan MG, Popovic M, Bruch L, Schupbach J, Gallo RC. Antibodies 

reactive with human T-lymphotropic retroviruses (FITLV-III) in the serum of patients 

with AIDS. Science. 1984;224(4648):506-8.

432



17. Coffin J, Haase A, Levy JA, Montagnier L, Oroszlan S, Teich N, et al. What to call

the AIDS virus? Nature. 1986;321(6065):10.

18. Kanki PJ, Travers KU, S MB, Hsieh CC, Marlink RG, Gueye NA, et al. Slower

heterosexual spread of HIV-2 than HIV-1. Lancet. 1994;343(8903):943-6.

19. McCutchan FE. Global epidemiology of HIV. J Med Virol. 2006;78 SuppI 1:S7-

S12.

20. Coffin JM, Hughes SH, Varmus HE. The Interactions of Retroviruses and their

Hosts. In; Coffin JM, Hughes SH, Varmus HE, editors. Retroviruses. Cold Spring Harbor

(NY): Cold Spring Harbor Laboratory Press; 1997.

21. Gelderblom HR. Structure and Classification of Viruses. In: Baron S, editor.

Medical Microbiology. 4th ed. Galveston (TX)1996.

22. Various. HIV Sequence Compendium 2013. 2013.

23. Chan DC, Pass D, Berger JM, Kim PS. Core structure of gp41 from the HIV 

envelope glycoprotein. Cell. 1997;89(2):263-73.

24. Abdool Karim SS, Abdool Karim Q, Gouws E, Baxter C. Global Epidemiology of

HIV-AIDS. Infect Dis Clin North Am. 2007;21(1);1-17.

25. Waters L, Mandalia S, Randell P, Wildfire A, Gazzard B, Moyle G. The Impact of 

HIVTropism on Decreases in CD4 Cell Count, Clinical Progression, and Subsequen:

Response to a First Antiretroviral Therapy Regimen. Clin Infect Dis. 2008;46(10):1517-

23.

26. UN Press Release 14 July 2014..

http://wwwunaidsorg/en/resources/presscentre/pressreleaseandstatementarchive/20

14/iuly/20140716prgapreport/.

433

4



27. UNAIDS report on the global AIDS epidemic 2013.

28. O'Donnell K, Moran J, Igoe D. HIV in Ireland 2012 Report. 2013.

29. Tuite H, Morgan M, Mallon PW, McConkey S, Mooka B, Mulcahy F, et al. 

Antiretroviral treatment and viral load responses in HIV-infected patients accessing 

specialist care in Ireland. 22nd European Congress of Clinical Microbiology and 

Infectious Diseases (ECCMID). 2012.

30. Kassutto S, Rosenberg ES. Primary HIV type 1 infection. Clin Infect Dis. 

2004;38(10):1447-53.

31. Alimonti JB, Ball TB, Fowke KR. Mechanisms of CD4+ T lymphocyte cell death in 

human immunodeficiency virus infection and AIDS. J Gen Virol. 2003;84(Pt 7):1649-61.

32. Jane\A/ay CA Jr, Travers P, Walport M, MJ. S. Immunobiology: The Immune 

System in Health and Disease. Chapter 8, T Cell-Mediated Immunity. (5th Edition).

33. Douek DC, Brenchley JM, Betts MR, Ambrozak DR, Hill BJ, Okamoto Y, et al. HIV 

preferentially infects HIV-specific CD4+ T cells. Nature. 2002;417(6884):95-8.

34. Zetola NM, Pilcher CD. Diagnosis and Management of Acute HIV Infection. 

Infect Dis Clin North Am. 2007;21(l):19-48.

35. Soogoor M, Daar ES. Primary HIV-1 Infection: Diagnosis, Pathogenesis, and 

Treatment. Curr Infect Dis Rep. 2005;7(2):147-53.

36. Schneider E, Whitmore S, Glynn KM, Dominguez K, Mitsch A, McKenna MT. 

Revised surveillance case definitions for HIV infection among adults, adolescents, and 

children aged <18 months and for HIV infection and AIDS among children aged 18 

months to <13 years-United States, 2008. MMWR Recomm Rep. 2008;57(Rr-10):l-12.

434



37. Finzi D, Hermankova M, Pierson T, Carruth LM, Buck C, Chaisson RE, et al.

Identification of a reservoir for HIV-1 in patients on highly active antiretroviral therapy.

Science. 1997;278(5341);1295-300.

38. Rutherford GW, Lifson AR, Hessol NA, Darrow WW, O'Malley PM, Buchbinder

SP, et al. Course of HIV-I infection in a cohort of homosexual and bisexual men: an 11

year follow up study. BMJ. 1990;301(6762):1183-8.

39. WHO Report on HIV AIDS Programme: WHO Case Defintions of HIV for

Surveillance and Revised Clinical Staging and Immunological Classification of HIV-

Related Disease in Adults and Children 2007.

40. Fischl MA, Richman DD, Grieco MH, Gottlieb MS, Volberding PA, Laskin OL, et

al. The efficacy of azidothymidine (AZT) in the treatment of patients with AIDS and

AIDS-related complex. A double-blind, placebo-controlled trial. N Engl J Med.

1987;317(4):185-91.

41. Collier AC, Coombs RW, Fischl MA, Skolnik PR, Northfelt D, Boutin P, et al.

Combination therapy with zidovudine and didanosine compared with zidovudine alone

in HIV-1 infection. Ann Intern Med. 1993;119(8):786-93.

42. Meng TC, Fischl MA, Boota AM, Spector SA, Bennett D, Bassiakos Y, et al.

Combination therapy with zidovudine and dideoxycytidine in patients with advanced

human immunodeficiency virus infection. A phase I/ll study. Ann Intern Med. 

1992;116(l):13-20.

43. Hammer SM, Katzenstein DA, Hughes MD, Gundacker H, Schooley RT, Haubrich

RH, et al. A trial comparing nucleoside monotherapy with combination therapy in HIV-

435

I

i



infected adults with CD4 cell counts from 200 to 500 per cubic millimeter. AIDS Clinical 

Trials Group Study 175 Study Team. N Engl J Med. 1996;335(15):1081-90.

44. Ho DD, Neumann AU, Perelson AS, Chen W, Leonard JM, Markowitz M. Rapid 

turnover of plasma virions and CD4 lymphocytes in HIV-1 infection. Nature. 

1995;373(6510):123-6.

45. Hammer SM, Squires KE, Hughes MD, Grimes JM, Demeter LM, Currier JS, et al. 

A controlled trial of two nucleoside analogues plus indinavir in persons with human 

immunodeficiency virus infection and CD4 cell counts of 200 per cubic millimeter or 

less. AIDS Clinical Trials Group 320 Study Team. N Engl J Med. 1997;337(ll):725-33.

46. Gulick RM, Mellors JW, Havlir D, Eron JJ, Gonzalez C, McMahon D, et al. 

Treatment with indinavir, zidovudine, and lamivudine in adults with human 

immunodeficiency virus infection and prior antiretroviral therapy. N Engl J Med. 

1997;337(ll):734-9.

47. Palella FJ, Jr., Delaney KM, Moorman AC, Loveless MO, Fuhrer J, Satten GA, et 

al. Declining morbidity and mortality among patients with advanced human 

immunodeficiency virus infection. HIV Outpatient Study Investigators. N Engl J Med. 

1998;338(13);853-60.

48. Detels R, Munoz A, McFarlane G, Kingsley LA, Margolick JB, Giorgi J, et al. 

Effectiveness of potent antiretroviral therapy on time to AIDS and death in men with 

known HIV infection duration. Multicenter AIDS Cohort Study Investigators. JAMA. 

1998;280(17):1497-503.

49. R.S. Hogg, K.N. Althoff, H. Samji, A. Cescon, S. Modur, K. Buchacz, et al.

Increases in life expectancy among treated HIV-positive individuals in the United States

436



and Canada, 2000-2007. 7th IAS Conference on HIV Pathogenesis, Treatment and

Prevention; Kuala Lumpur, Malaysia; June 30-July 3, 2013.Abstract TUPE260.

50. May M, Compels M, Sabin C. Life expectancy of HIV-l-positive individuals

approaches normal conditional on response to antiretroviral therapy: UK Collaborative

HIV Cohort Study. Journal of the International AIDS Society. 2012;15(6 (SuppI 4)).

51. Guidelines 7.0 - European AIDS Clinical Society 2013

52. Snider WD, Simpson DM, Nielsen S, Gold JW, Metroka CE, Posner JB.

Neurological complications of acquired immune deficiency syndrome: analysis of 50

patients. Ann Neurol. 1983;14(4):403-18.

53. Navia BA, Jordan BD, Price RW. The AIDS dementia complex: I. Clinical features.

Ann Neurol. 1986;19(6):517-24.

54. Navia BA, Cho ES, Petito CK, Price RW. The AIDS dementia complex: II.

Neuropathology. Ann Neurol. 1986;19(6):525-35.

55. Levy RM, Bredesen DE. Central nervous system dysfunction in acquired

immunodeficiency syndrome. J Acquir Immune Defic Syndr. 1988;l(l):41-64.

56. Nomenclature and research case definitions for neurologic manifestations of |

human immunodeficiency virus-type 1 (HIV-1) infection. Report of a Working Group of

the American Academy of Neurology AIDS Task Force. Neurology. 1991;41(6):778-85.

57. Antinori A, Arendt G, Becker JT, Brew BJ, Byrd DA, Cherner M, et al. Updated

research nosology for HIV-associated neurocognitive disorders. Neurology.

2007;69(18):1789-99.

58. Price RW, Brew BJ. The AIDS dementia complex. J Infect Dis. 1988;158(5):1079-

83.

437



59. Hogan C, Wilkins E. Neurological complications in HIV. Clin Med (Northfield II). 

2011;ll(6):571-5.

60. Tan IL, Smith BR, von Geldern G, Mateen FJ, McArthur JC. HIV-associated 

opportunistic infections of the CNS. Lancet Neurol. 2012;11(7):605-17.

61. Crossley KM, Brew BJ. Neurological Complications in Controlled HIV Infection. 

Curr Infect Dis Rep. 2013:1-5.

62. Birbeck GL, French JA, Perucca E, Simpson DM, Fraimow H, George JM, et al. 

Evidence-based guideline: Antiepileptic drug selection for people with HIV/AIDS: 

report of the Quality Standards Subcommittee of the American Academy of Neurology 

and the Ad Hoc Task Force of the Commission on Therapeutic Strategies of the 

International League Against Epilepsy. Neurology. 2012;78(2):139-45.

63. Manji H, Miller R. The neurology of HIV infection. J Neurol Neurosurg 

Psychiatry. 2004;75 SuppI l:i29-35.

64. McArthur JC, Hoover DR, Bacellar H, Miller EN, Cohen BA, Becker JT, et al. 

Dementia in AIDS patients: incidence and risk factors. Multicenter AIDS Cohort Study. 

Neurology. 1993;43(ll):2245-52.

65. Woods SP, Moore DJ, Weber E, Grant I. Cognitive neuropsychology of HIV- 

associated neurocognitive disorders. Neuropsychol Rev. 2009;19(2):152-68.

66. Sacktor N, Lyles RH, Skolasky R, Kleeberger C, Seines OA, Miller EN, et al. HIV- 

associated neurologic disease incidence changes:: Multicenter AIDS Cohort Study, 

1990-1998. Neurology. 2001;56(2):257-60.

438



67. Sacktor N. The epidemiology of human immunodeficiency virus-associated 

neurological disease in the era of highly active antiretroviral therapy. J Neurovirol.

2002;8(2);115-21.

68. Heaton RK, Clifford DB, Franklin DR, Jr., Woods SP, Ake C, Vaida F, et al. HIV- 

associated neurocognitive disorders persist in the era of potent antiretroviral therapy: 

CHARTER Study. Neurology. 2010;75(23):2087-96.

69. Sacktor N, McDermott MP, Marder K, Schifitto G, Seines OA, McArthur JC, et al. 

HIV-associated cognitive impairment before and after the advent of combination 

therapy. J Neurovirol. 2002;8(2):136-42.

70. Valcour V, Paul R. HIV infection and dementia in older adults. Clin Infect Dis. 

2006;42(10):1449-54.

71. Sevigny JJ, Albert SM, McDermott MP, Schifitto G, McArthur JC, Sacktor N, et al. 

An evaluation of neurocognitive status and markers of immune activation as predictors 

of time to death in advanced HIV infection. Arch Neurol. 2007;64(1):97-102.

72. Valcour VG, Shikuma CM, Watters MR, Sacktor NC. Cognitive impairment in 

older HIV-l-seropositive individuals: prevalence and potential mechanisms AIDS. 

2004;18 SuppI l:S79-86.

73. Robertson KR, Smurzynski M, Parsons TD, Wu K, Bosch RJ, Wu J, et al. The 

prevalence and incidence of neurocognitive impairment in the HAART era. AIDS. 

2007;21(14):1915-21.

74. Elbirt D, Bayon C, Robertson K, Sambatakou H, McNamara P, Kulasegaram R, et 

al. Neurocognitive impairment, depression, and anxiety in HIV-l-infected patients

439



across western Europe and Canada: the CRANIum study-ethnicity analysis. Journal of 

the International AIDS Society. 2012;15(6).

75. Cysique LA, Brew BJ. Prevalence of non-confounded HIV-associated 

neurocognitive impairment in the context of plasma HIV RNA suppression. J 

Neurovirol. 2011;17(2):176-83.

76. Chan LG, Kandiah N, Chua A. HIV-associated neurocognitive disorders (HAND) 

in a South Asian population - contextual application of the 2007 criteria. BMJ Open. 

2012;2(l):e000662.

77. Wright E, Brew B, Arayawichanont A, Robertson K, Samintharapanya K, 

Kongsaengdao S, et al. Neurologic disorders are prevalent in HIV-positive outpatients 

in the Asia-Pacific region. Neurology. 2008;71(l):50-6.

78. Patel VN, Mungwira RG, Tarumbiswa TF, Heikinheimo T, van Oosterhout JJ.

High prevalence of suspected HIV-associated dementia in adult Malawian HIV patients. 

Int J STD AIDS. 2010;21(5):356-8.

79. Lawler K, Jeremiah K, Mosepele M, Ratcliffe SJ, Cherry C, Seloilwe E, et al. 

Neurobehavioral effects in HIV-positive individuals receiving highly active antiretroviral 

therapy (HAART) in Gaborone, Botswana. PLoS One. 2011;6(2):el7233.

80. Gupta JD, Satishchandra P, Gopukumar K, Wilkie F, Waldrop-Valverde D, Ellis R, 

et al. Neuropsychological deficits in human immunodeficiency virus type 1 clade C- 

seropositive adults from South India. J Neurovirol. 2007;13(3):195-202.

81. Heaton RK, Cysique LA, Jin H, Shi C, Yu X, Letendre S, et al. Neurobehavioral 

effects of human immunodeficiency virus infection among former plasma donors in 

rural China. J Neurovirol. 2008;14(6):536-49.

440



82. Pumpradit W, Ananworanich J, Lolak S, Shikuma C, Paul R, Siangphoe U, et al. 

Neurocognitive impairment and psychiatric comorbidity in well-controlled human 

immunodeficiency virus-infected Thais from the 2NN Cohort Study. J Neurovirol. 

2010;16(l):76-82.

83. Joska JA, Westgarth-Taylor J, Myer L, Hoare J, Thomas KG, Combrinck M, et al. 

Characterization of HIV-associated neurocognitive disorders among individuals starting 

antiretroviral therapy in South Africa. AIDS Behav. 2011;15(6);1197-203.

84. Sacktor N, Nakasujja N, Skolasky RL, Rezapour M, Robertson K, Musisi S, et al. 

HIV subtype D is associated with dementia, compared with subtype A, in 

immunosuppressed individuals at risk of cognitive impairment in Kampala, Uganda.

Clin Infect Dis. 2009;49(5):780-6.

85. Boivin MJ, Ruel TD, Boal HE, Bangirana P, Cao H, Eller LA, et al. HIV-subtype A is 

associated with poorer neuropsychological performance compared with subtype D in 

antiretroviral therapy-naive Ugandan children. AIDS. 2010;24(8):1163-70.

86. Clifford DB, Mitike MT, Mekonnen Y, Zhang J, Zenebe G, Melaku Z, et al. 

Neurological evaluation of untreated human immunodeficiency virus infected adults in 

Ethiopia. J Neurovirol. 2007;13(l):67-72.

87. Tyor W, Fritz-French C, Nath A. Effect of HIV clade differences on the onset and 

severity of HIV-associated neurocognitive disorders. J Neurovirol. 2013:1-8.

88. Ho DD, Rota TR, Schooley RT, Kaplan JC, Allan JD, Groopman JE, et al. Isolation 

of HTLV-III from cerebrospinal fluid and neural tissues of patients with neurologic 

syndromes related to the acquired immunodeficiency syndrome. N Engl J Med. 

1985;313(24):1493-7.

441



89. Ho DD, Sarngadharan M, Resnick L, Dimarzoveronese F, Rota TR, Hirsch MS. 

Primary human T-lymphotropic virus type III infection. Ann Intern Med. 

1985;103(6_Part_l):880-3.

90. Brew B, Perdices M, Darveniza P, Edwards P, Whyte B, Burke W, et al. The 

neurological features of early and 'latent'human immunodeficiency virus infection. 

Aust N ZJ Med. 1989;19(6):700-5.

91. Bell J, Busuttil A, Ironside J, Rebus S, Donaldson Y, Simmonds P, et al. Human 

immunodeficiency virus and the brain: investigation of virus load and neuropathologic 

changes in pre-AIDS subjects. J Infect Dis. 1993;168(4):818-24.

92. Oster S, Christoffersen P, Gundersen HJ, Nielsen JO, Pedersen C, Pakkenberg B. 

Six billion neurons lost in AIDS. A stereological study of the neocortex. APMIS. 

1995;103(7-8):525-9.

93. Valcour V, Sithinamsuwan P, Letendre S, Ances B. Pathogenesis of HIV in the 

central nervous system. Current HIV/AIDS reports. 2011;8(1):54-61.

94. Kaul M, Garden GA, Lipton SA. Pathways to neuronal injury and apoptosis in 

HIV-associated dementia. Nature. 2001;410(6831):988-94.

95. Bell J. An update on the neuropathology of HIV in the HAART era. 

Histopathology. 2004;45(6):549-59.

96. Gray F, Scaravilli F, Everall I, Chretien F, An S, Boche D, et al. Neuropathology of 

Early HIV-1 Infection. Brain Pathol. 1996;6(1):1-12.

97. Clapham PR, McKnight A. HIV-1 receptors and cell tropism. Br Med Bull. 

2001;58(l):43-59.

442



98. Gray F, Chretien F, Vallat-Decouvelaere AV, Scaravilli F. The changing pattern of 

HIV neuropathology in the HAART era. J Neuropathol Exp Neurol. 2003;62(5):429-40.

99. Anthony 1C, Bell JE. The Neuropathology of HIV/AIDS. Int Rev Psychiatry. 

2008;20(l):15-24.

100. Manji H, Jager H, Winston A. HIV, dementia and antiretroviral drugs; 30 years of 

an epidemic. J Neurol Neurosurg Psychiatry. 2013.

101. McArthur JC, Brew BJ, Nath A. Neurological complications of HIV infection. 

Lancet Neurol. 2005;4(9):543-55.

102. Asare E, Dunn G, Glass J, McArthur J, Luthert P, Lantos P, et al. Neuronal 

pattern correlates with the severity of human immunodeficiency virus-associated 

dementia complex. Usefulness of spatial pattern analysis in clinicopathological studies. 

Am J Pathol. 1996;148(l):31-8.

103. Thompson KA, McArthur JC, Wesselingh SL. Correlation between neurological 

progression and astrocyte apoptosis in HIV-associated dementia. Ann Neurol. 

2001;49(6):745-52.

104. Fischer CP, Jorgen GGH, Pakkenberg B. Preferential loss of large neocortical 

neurons during HIV infection: a study of the size distribution of neocortical neurons in 

the human brain. Brain Res. 1999;828(l-2):119-26.

105. Glass JD, Fedor H, Wesselingh SL, McArthur JC. Immunocytochemical 

quantitation of human immunodeficiency virus in the brain; correlations with 

dementia. Ann Neurol. 1995;38(5):755-62.

106. Gonzalez-Scarano F, Martin-Garcia J. The neuropathogenesis of AIDS. Nat Rev 

Immunol. 2005;5(1):69-81.

443



107. Thieblemont N, Weiss L, Sadeghi HM, Estcourt C, Haeffner-Cavaillon N. 

CD14lowCD16high: a cytokine-producing monocyte subset which expands during 

human immunodeficiency virus infection. Eur J Immunol. 1995;25(12):3418-24.

108. Pulliam L, Gascon R, Stubblebine M, McGuire D, McGrath MS. Unique 

monocyte subset in patients with AIDS dementia. Lancet. 1997;349(9053);692-5.

109. Gras G, Kaul M. Molecular mechanisms of neuroinvasion by monocytes- 

macrophages in HIV-1 infection. Retrovirology. 2010;7:30.

110. Ancuta P, Moses A, Gabuzda D. Transendothelial migration of CD16+ 

monocytes in response to fractalkine under constitutive and inflammatory conditions. 

Immunobiology. 2004;209(l-2): 11-20.

111. Burdo TH, Weiffenbach A, Woods SP, Letendre S, Ellis RJ, Williams KC. Elevated 

sCD163 in plasma but not cerebrospinal fluid is a marker of neurocognitive impairment 

in HIV infection. AIDS. 2013;27(9):1387-95.

112. Clay CC, Rodrigues DS, Ho YS, Fallert BA, Janatpour K, Reinhart TA, et al. 

Neuroinvasion of fluorescein-positive monocytes in acute simian immunodeficiency 

virus infection. J Virol. 2007;81(21);12040-8.

113. Ragin AB, Wu Y, Storey P, Cohen BA, Edelman RR, Epstein LG. Monocyte 

chemoattractant protein-1 correlates with subcortical brain injury in HIV infection. 

Neurology. 2006;66(8):1255-7.

114. Sadagopal S, Lorey SL, Barnett L, Basham R, Lebo L, Erdem H, et al. 

Enhancement of human immunodeficiency virus (HlV)-specific CD8+ T cells in 

cerebrospinal fluid compared to those in blood among antiretroviral therapy-naive 

HIV-positive subjects. J Virol. 2008;82(21):10418-28.

444



115. Ho EL, Ronquillo R, Altmeppen H, Spudich SS, Price RW, Sinclair E. Cellular 

Composition of Cerebrospinal Fluid in HIV-1 Infected and Uninfected Subjects. PLoS 

One. 2013;8(6):e66188.

116. Miller RF, Isaacson PG, Hall-Craggs M, Lucas S, Gray F, Scaravilli F, et al. Cerebral 

CD8+ lymphocytosis in HIV-1 infected patients with immune restoration induced by 

HAART. Acta Neuropathol. 2004;108(l):17-23.

117. Gray F, Lescure FX, Adle-Biassette H, Polivka M, Gallien S, Pialoux G, et al. 

Encephalitis with infiltration by CD8+ lymphocytes in HIV patients receiving 

combination antiretroviral treatment. Brain Pathol. 2013;23(5):525-33.

118. Lescure FX, Moulignier A, Savatovsky J, Amiel C, Carcelain G, Molina JM, et al. 

CD8 encephalitis in HIV-infected patients receiving cART: a treatable entity. Clin Infect 

Dis. 2013;57(l):101-8.

119. Ancuta P, Kamat A, Kunstman KJ, Kim EY, Autissier P, Wurcel A, et al. Microbial 

translocation is associated with increased monocyte activation and dementia in AIDS 

patients. PLoS One. 2008;3(6):e2516.

120. Gannon P, Khan MZ, Kolson DL. Current understanding of HIV-associated 

neurocognitive disorders pathogenesis. Curr Opin Neurol. 2011;24(3):275-83.

121. Kanmogne GD, Schall K, Leibhart J, Knipe B, Gendelman HE, Persidsky Y. HIV-1 

gpl20 compromises blood-brain barrier integrity and enhances monocyte migration 

across blood-brain barrier: implication for viral neuropathogenesis. J Cereb Blood Flow 

Metab. 2007;27(l):123-34.

445



122. Khan NA, Di Cello F, Stins M, Kim KS. Gpl20-mediated cytotoxicity of human 

brain microvascular endothelial cells is dependent on p38 mitogen-activated protein 

kinase activation. J Neurovirol. 2007;13(3):242-51.

123. Hult B, Ghana G, Masliah E, Everall I. Neurobiology of HIV. Int Rev Psychiatry. 

2008;20(1):3-13.

124. Bachis A, Aden SA, Nosheny RL, Andrews PM, Mocchetti I. Axonal transport of 

human immunodeficiency virus type 1 envelope protein glycoprotein 120 is found in 

association with neuronal apoptosis. J Neurosci. 2006;26(25):6771-80.

125. Ellis R, Langford D, Masliah E. HIV and antiretroviral therapy in the brain: 

neuronal injury and repair. Nature Reviews Neuroscience. 2007;8(l):33-44.

126. Bruce-Keller AJ, Chauhan A, Dimayuga FO, Gee J, Keller JN, Nath A. Synaptic 

transport of human immunodeficiency virus-Tat protein causes neurotoxicity and 

gliosis in rat brain. The Journal of neuroscience. 2003;23(23):8417-22.

127. Chauhan A, Turchan J, Pocernich C, Bruce-Keller A, Roth S, Butterfield DA, et al. 

Intracellular human immunodeficiency virus Tat expression in astrocytes promotes 

astrocyte survival but induces potent neurotoxicity at distant sites via axonal transport. 

J Biol Chem. 2003;278(15):13512-9.

128. Mishra M, Vetrivel S, Siddappa NB, Ranga U, Seth P. Clade-specific differences 

in neurotoxicity of human immunodeficiency virus-1 B and C Tat of human neurons: 

significance of dicysteine C30C31 motif. Ann Neurol. 2008;63(3):366-76.

129. Choi JY, Hightower GK, Wong JK, Heaton R, Woods S, Grant I, et al. Genetic 

features of cerebrospinal fluid-derived subtype B HIV-1 tat. J Neurovirol. 

2012;18(2):81-90.

446



130. Nath A, Conant K, Chen P, Scott C, Major EO. Transient exposure to HIV-1 Tat

protein results in cytokine production in macrophages and astrocytes. A hit and run

phenomenon. J Biol Chem. 1999;274(24):17098-102.

131. Rom I, Deshmane SL, Mukerjee R, Khalili K, Amini S, Sawaya BE. HIV-1 Vpr

deregulates calcium secretion in neural cells. Brain Res. 2009;1275:81-6.

132. Sabbah EN, Roques BP. Critical implication of the (70-96) domain of human

immunodeficiency virus type 1 Vpr protein in apoptosis of primary rat cortical and

striatal neurons. J Neurovirol. 2005;ll(6):489-502.

133. Acheampong EA, Parveen Z, Muthoga LW, Kalayeh M, Mukhtar M, Pomerantz

RJ. Human Immunodeficiency virus type 1 Nef potently induces apoptosis in primary

human brain microvascular endothelial cells via the activation of caspases. J Virol.

2005;79(7):4257-69.

134. Chompre G, Cruz E, Maldonado L, Rivera-Amill V, Porter JT, Noel RJ, Jr.

Astrocytic expression of HIV-1 Nef impairs spatial and recognition memory. Neurobiol

Dis. 2012;49c:128-36.

135. Giovannoni G, Miller RF, Heales SJ, Land JM, Harrison MJ, Thompson EJ.

Elevated cerebrospinal fluid and serum nitrate and nitrite levels in patients with

central nervous system complications of HIV-1 infection: a correlation with blood-

brain-barrier dysfunction. J Neurol Sci. 1998;156(l):53-8.

136. Milstien S, Sakai N, Brew BJ, Krieger C, Vickers JH, Saito K, et al. Cerebrospinal

fluid nitrite/nitrate levels in neurologic diseases. J Neurochem. 1994;63(3):1178-80.

447



137. Li W, Malpica-Llanos TM, Gundry R, Cotter RJ, Sacktor N, McArthur J, et al. 

Nitrosative stress with HIV dementia causes decreased L-prostaglandin D synthase 

activity. Neurology. 2008;70(19 Pt 2):1753-62.

138. Lisi L, Tramutola A, Navarra P, Dello Russo C. Antiretroviral agents increase NO 

production in gpl20/IFNgamma-stimulated cultures of rat microglia via an arginase- 

dependent mechanism. J Neuroimmunol. 2013.

139. Hagberg L, Cinque P, Gisslen M, Brew BJ, Spudich S, Bestetti A, et al. 

Cerebrospinal fluid neopterin: an informative biomarker of central nervous system 

immune activation in HIV-1 infection. AIDS Res Ther. 2010;7:15.

140. Morris KA, Davies NW, Brew BJ. A guide to interpretation of 

neuroimmunological biomarkers in the combined antiretroviral therapy-era of HIV 

central nervous system disease. Neurobehav HIV Med. 2010;2:59-72.

141. Behan WM, McDonald M, Darlington LG, Stone TW. Oxidative stress as a 

mechanism for quinolinic acid-induced hippocampal damage: protection by melatonin 

and deprenyl. Br J Pharmacol. 1999;128(8):1754-60.

142. Heyes MP, Ellis RJ, Ryan L, Childers ME, Grant I, Wolfson T, et al. Elevated 

cerebrospinal fluid quinolinic acid levels are associated with region-specific cerebral 

volume loss in HIV infection. Brain. 2001;124(Pt 5):1033-42.

143. Valle M, Price RW, Nilsson A, Heyes M, Verotta D. CSF quinolinic acid levels are 

determined by local HIV infection: cross-sectional analysis and modelling of dynamics 

following antiretroviral therapy. Brain. 2004;127(Pt 5):1047-60.

448



144. Probasco JC, Deeks SG, Lee E, Hoh R, Hunt PW, Liegler T, et al. Cerebrospinal 

fluid in HIV-1 systemic viral controllers: absence of HIV-1 RNA and intrathecal 

inflammation. AIDS. 2010;24(7):1001-5.

145. Brew BJ, Price RW. CSF neurofilament protein (NFL)—a marker of active HIV- 

related neurodegeneration. J Neurol. 2007;254(8):1026-32.

146. Abdulle S, Mellgren A, Brew BJ, Cinque P, Hagberg L, Price RW, et al. CSF 

neurofilament protein (NFL) — a marker of active HIV-related neurodegeneration. J 

Neurol. 2007;254(8);1026-32.

147. Alfahad TB, Nath A. Update on HIV-associated neurocognitive disorders. Curr 

Neurol Neurosci Rep. 2013;13(10):387.

148. Maldarelli F, Palmer S, King MS, Wiegand A, Polis MA, Mican J, et al. ART 

suppresses plasma HIV-1 RNA to a stable set point predicted by pretherapy viremia. 

PLoS Pathog. 2007;3(4):e46.

149. Desplats P, Dumaop W, Smith D, Adame A, Everall I, Letendre S, et al. Molecular 

and pathologic insights from latent HIV-1 infection in the human brain. Neurology. 

2013;80(15);1415-23.

150. Clifford DB, Ances BM. HIV-associated neurocognitive disorder. Lancet Infect 

Dis. 2013;13(ll):976-86.

151. Letendre S, Marquie-Beck J, Capparelli E, Best B, Clifford D, Collier AC, et al. 

Validation of the CNS Penetration-Effectiveness rank for quantifying antiretroviral 

penetration into the central nervous system. Arch Neurol. 2008;65(l):65-70.

152. Letendre SL, Ellis RJ, Ances BM, McCutchan JA. Neurologic complications of HIV

disease and their treatment. Top HIV Med. 2010;18(2):45-55.

449



153. Smurzynski M, Wu K, Letendre S, Robertson K, Bosch RJ, Clifford DB, et al. 

Effects of central nervous system antiretroviral penetration on cognitive functioning in 

the ALERT cohort. AIDS. 2011;25(3):357-65.

154. Garvey L, Winston A, Walsh J, Post F, Porter K, Gazzard B, et al. Antiretroviral 

therapy CNS penetration and HIV-l-associated CNS disease. Neurology. 

2011;76(8);693-700.

155. Lanoy E, Guiguet M, Bentata M, Rouveix E, Dhiver C, Poizot-Martin I, et al. 

Survival after neuroAIDS: association with antiretroviral CNS Penetration-Effectiveness 

score. Neurology. 2011;76(7):644-51.

156. McManus H, Li PC, Nolan D, Bloch M, Kiertiburanakul S, Choi JY, et al. Does use 

of antiretroviral therapy regimens with high central nervous system penetration 

improve survival in HIV-infected adults? HIV Med. 2011;12(10):610-9.

157. Vassallo M, Durant J, Biscay V, Lebrun-Frenay C, Dunais B, Laffon M, et al. Can 

high central nervous system penetrating antiretroviral regimens protect against the 

onset of HIV-associated neurocognitive disorders? AIDS. 2014;28(4);493-501.

158. Marra CM, Zhao Y, Clifford DB, Letendre S, Evans S, Henry K, et al. Impact of 

combination antiretroviral therapy on cerebrospinal fluid HIV RNA and neurocognitive 

performance. AIDS. 2009;23(ll):1359-66.

159. Liner KJ, 2nd, Ro MJ, Robertson KR. HIV, antiretroviral therapies, and the brain. 

Curr HIV/AIDS Rep. 2010;7(2):85-91.

160. Robertson K, Liner J, Meeker RB. Antiretroviral neurotoxicity. J Neurovirol. 

2012;18(5):388-99.

450



161. Robertson KR, Su Z, Margolis DM, Krambrink A, Havlir DV, Evans S, et al. 

Neurocognitive effects of treatment interruption in stable HIV-positive patients in an 

observational cohort. Neurology. 2010;74(16);1260-6.

162. Brew BJ, Pemberton L, Blennow K, Wallin A, Hagberg L. CSF amyloid beta42 and 

tau levels correlate with AIDS dementia complex. Neurology. 2005;65(9):1490-2.

163. Clifford DB, Fagan AM, Holtzman DM, Morris JC, Teshome M, Shah AR, et al.

CSF biomarkers of Alzheimer disease in HIV-associated neurologic disease. Neurology. 

2009;73(23):1982-7.

164. Gisslen M, Krut J, Andreasson U, Blennow K, Cinque P, Brew BJ, et al. Amyloid 

and tau cerebrospinal fluid biomarkers in HIV infection. BMC Neurol. 2009;9:63.

165. Khanlou N, Moore DJ, Chana G, Cherner M, Lazzaretto D, Dawes S, et al. 

Increased frequency of alpha-synuclein in the substantia nigra in human 

immunodeficiency virus infection. J Neurovirol. 2009;15(2):131-8.

166. Achim CL, Adame A, Dumaop W, Everall IP, Masliah E. Increased accumulation 

of intraneuronal amyloid beta in HIV-infected patients. J Neuroimmune Pharmacol. 

2009;4(2):190-9.

167. Ances BM, Christensen JJ, Teshome M, Taylor J, Xiong C, Aldea P, et al. 

Cognitively unimpaired HIV-positive subjects do not have increased llC-PiB: a case- 

control study. Neurology. 2010;75(2):lll-5.

168. Ances BM, Benzinger TL, Christensen JJ, Thomas J, Venkat R, Teshome M, et al. 

llC-PiB imaging of human immunodeficiency virus-associated neurocognitive disorder. 

Arch Neurol. 2012;69(l):72-7.

169. Guidelines 5.0 - European AIDS Clinical Society. 2009.

451



170. Power C, Seines OA, Grim JA, McArthur JC. HIV Dementia Scale: a rapid 

screening test. J Acquir Immune Defic Syndr Hum Retrovirol. 1995;8(3):273-8.

171. Sacktor NC, Wong M, Nakasujja N, Skolasky RL, Seines OA, Musisi S, et al. The 

International HIV Dementia Scale: a new rapid screening test for HIV dementia. AIDS. 

2005;19(13):1367-74.

172. Zipursky AR, Gogolishvili D, Rueda S, Brunetta J, Carvalhal A, McCombe JA, et al. 

Evaluation of brief screening tools for neurocognitive impairment in HIV/AIDS: a 

systematic review of the literature. AIDS. 2013;27(15):2385-401.

173. Kamminga J, Cysique LA, Lu G, Batchelor J, Brew BJ. Validity of cognitive screens 

for HIV-associated neurocognitive disorder: a systematic review and an informed 

screen selection guide. Curr HIV/AIDS Rep. 2013;10(4):342-55.

174. Cysique LA, Maruff P, Darby D, Brew BJ. The assessment of cognitive function in 

advanced HIV-1 infection and AIDS dementia complex using a new computerised 

cognitive test battery. Arch Clin Neuropsychol. 2006;21(2):185-94.

175. Ellis RJ, Evans SR, Clifford DB, Moo LR, McArthur JC, Collier AC, et al. Clinical 

validation of the NeuroScreen. J Neurovirol. 2005;11(6):503-11.

176. Mitrushina M. Handbook of Normative Data for Neuropsychological 

Assessment: Oxford University Press, USA; 2005.

177. Turken A, Whitfield-Gabrieli S, Bammer R, Baldo JV, Dronkers NF, Gabrieli JD. 

Cognitive processing speed and the structure of white matter pathways: convergent 

evidence from normal variation and lesion studies. Neuroimage. 2008;42(2):1032-44.

178. Sassoon SA, Fama R, Rosenbloom MJ, O'Reilly A, Pfefferbaum A, Sullivan EV. 

Component cognitive and motor processes of the digit symbol test: differential deficits

452



in alcoholism, HIV infection, and their comorbidity. Alcohol Clin Exp Res. 

2007;31(8):1315-24.

179. Valcour V, Yee P, Williams AE, Shiramizu B, Watters M, Seines 0, et al. Lowest 

ever CD4 lymphocyte count (CD4 nadir) as a predictor of current cognitive and 

neurological status in human immunodeficiency virus type 1 infection--The Hawaii 

Aging with HIV Cohort. J Neurovirol. 2006;12(5):387-91.

180. Tozzi V, Balestra P, Lorenzini P, Bellagamba R, Galgani S, Corpolongo A, et al. 

Prevalence and risk factors for human immunodeficiency virus-associated 

neurocognitive impairment, 1996 to 2002: results from an urban observational cohort. 

J Neurovirol. 2005;ll(3):265-73.

181. De Ronchi D, Faranca I, Berardi D, Scudellari P, Border! M, Manfredi R, et al. 

Risk factors for cognitive impairment in HIV-l-infected persons with different risk 

behaviors. Arch Neurol. 2002;59(5);812-8.

182. Valcour V, Shikuma C, Shiramizu B, Watters M, Poff P, Seines 0, et al. Higher 

frequency of dementia in older HIV-1 individuals: the Hawaii Aging with HIV-1 Cohort. 

Neurology. 2004;63(5):822-7.

183. Meyerhoff DJ. Effects of alcohol and HIV infection on the central nervous 

system. Alcohol Res Health. 2001;25(4):288-98.

184. Nath A. Human immunodeficiency virus-associated neurocognitive disorder: 

pathophysiology in relation to drug addiction. Ann N Y Acad Sci. 2010;1187:122-8.

185. Jayadev S, Garden GA. Host and viral factors influencing the pathogenesis of 

HIV-associated neurocognitive disorders. J Neuroimmune Pharmacol. 2009;4(2):175-

89.

453



186. Rippeth JD, Heaton RK, Carey CL, Marcotte TD, Moore DJ, Gonzalez R, et al. 

Methamphetamine dependence increases risk of neuropsychological impairment in 

HIV infected persons. J Int Neuropsychol Soc. 2004;10(1):1-14.

187. Devlin KN, Gongvatana A, Clark US, Chasman JD, Westbrook ML, Tashima KT, et 

al. Neurocognitive effects of HIV, hepatitis C, and substance use history. J Int 

Neuropsychol Soc. 2012;18(l):68-78.

188. Parsons TD, Tucker KA, Hall CD, Robertson WT, Eron JJ, Fried MW, et al. 

Neurocognitive functioning and HAART in HIV and hepatitis C virus co-infection. AIDS. 

2006;20(12):1591-5.

189. Singh KK, Ellis RJ, Marquie-Beck J, Letendre S, Heaton RK, Grant I, et al. CCR2 

polymorphisms affect neuropsychological impairment in HIV-l-infected adults. J 

Neuroimmunol. 2004;157( 1-2): 185-92.

190. Gonzalez E, Rovin BH, Sen L, Cooke G, Dhanda R, Mummidi S, et al. HIV-1 

infection and AIDS dementia are influenced by a mutant MCP-1 allele linked to 

increased monocyte infiltration of tissues and MCP-1 levels. Proc Natl Acad Sci USA. 

2002;99(21):13795-800.

191. Quasney MW, Zhang Q, Sargent S, Mynatt M, Glass J, McArthur J. Increased 

frequency of the tumor necrosis factor-alpha-308 A allele in adults \A/ith human 

immunodeficiency virus dementia. Ann Neurol. 2001;50(2):157-62.

192. Valcour V, Shikuma C, Shiramizu B, Watters M, Poff P, Seines OA, et al. Age, 

apolipoprotein E4, and the risk of HIV dementia: the Hawaii Aging with HIV Cohort. J 

Neuroimmunol. 2004; 157(1-2): 197-202.

454



193. Morgan EE, Woods SP, Letendre SL, Franklin DR, Bloss C, Goate A, et al. 

Apolipoprotein E4 genotype does not increase risk of HIV-associated neurocognitive 

disorders. J Neurovirol. 2013;19(2);150-6.

194. Vivithanaporn P, Heo G, Gamble J, Krentz HB, Hoke A, Gill MJ, et al. Neurologic 

disease burden in treated HIV/AIDS predicts survival; a population-based study. 

Neurology. 2010;75(13):1150-8.

195. Heaton RK, Marcotte TD, Mindt MR, Sadek J, Moore DJ, Bentley H, et al. The 

impact of HIV-associated neuropsychological impairment on everyday functioning. J Int 

Neuropsychol Soc. 2004;10(3):317-31.

196. Woods SP, Moran LM, Carey CL, Dawson MS, ludicello JE, Gibson S, et al. 

Prospective memory in HIV infection: is "remembering to remember" a unique 

predictor of self-reported medication management? Arch Clin Neuropsychol. 

2008;23(3):257-70.

197. Woods SP, ludicello JE, Moran LM, Carey CL, Dawson MS, Grant I. HIV-

associated prospective memory impairment increases risk of dependence in everyday 

functioning. Neuropsychology. 2008;22(l):110-7.

198. Hinkin CH, Castellon SA, Durvasula RS, Hardy DJ, Lam MN, Mason Kl, et al.

Medication adherence among HIV+ adults: effects of cognitive dysfunction and 

regimen complexity. Neurology. 2002;59(12):1944-50.

199. Ettenhofer ML, Hinkin CH, Castellon SA, Durvasula R, Ullman J, Lam M, et al. 

Aging, neurocognition, and medication adherence in HIV infection. Am J Geriatr 

Psychiatry. 2009;17(4):281-90.

455



200. Albert SM, Plater SR, Clouse R, Todak G, Stern Y, Marder K. Medication 

management skill in HIV: I. Evidence for adaptation of medication management 

strategies in people with cognitive impairment. II. Evidence for a pervasive lay model 

of medication efficacy. AIDS Behav. 2003;7(3):329-38.

201. Blalock AC, McDaniel JS, Farber EW. Effect of employment on quality of life and 

psychological functioning in patients with HIV/AIDS. Psychosomatics. 2002;43{5):400-

202. van Gorp WG, Rabkin JG, Ferrando SJ, Mintz J, Ryan E, Borkowski T, et al. 

Neuropsychiatric predictors of return to work in HIV/AIDS. J Int Neuropsychol Soc. 

2007;13(l):80-9.

203. van Gorp WG, Baerwald JP, Ferrando SJ, McElhiney MC, Rabkin JG. The 

relationship between employment and neuropsychological impairment in HIV 

infection. J Int Neuropsychol Soc. 1999;5(6):534-9.

204. Rabkin JG, McElhiney M, Ferrando SJ, Van Gorp W, Lin SH. Predictors of 

employment of men with HIV/AIDS: a longitudinal study. Psychosom Med. 

2004;66(l):72-8.

205. Marcotte TD, Wolfson T, Rosenthal TJ, Heaton RK, Gonzalez R, Ellis RJ, et al. A 

multimodal assessment of driving performance in HIV infection. Neurology. 

2004;63{8):1417-22.

206. Fellows RP, Byrd DA, Morgello S. Major depressive disorder, cognitive 

symptoms, and neuropsychological performance among ethnically diverse HIV+ men 

and women. J Int Neuropsychol Soc. 2013;19(2):216-25.

456



207. Zanjani F, Saboe K, Oslin D. Age difference in rates of mental health/substance 

abuse and behavioral care in HIV-positive adults. AIDS Patient Care STDS. 

2007;21(5):347-55.

208. Bing EG, Burnam MA, Longshore D, Fleishman JA, Sherbourne CD, London AS, 

et al. Psychiatric disorders and drug use among human immunodeficiency virus- 

infected adults in the United States. Arch Gen Psychiatry. 2001;58(8):721-8.

209. Ciesla JA, Roberts JE. Meta-analysis of the relationship between HIV infection 

and risk for depressive disorders. Am J Psychiatry. 2001;158(5):725-30.

210. Burt VK, Stein K. Epidemiology of depression throughout the female life cycle. J 

Clin Psychiatry. 2002;63 SuppI 7:9-15.

211. The ICD-10 classification of mental and behavioural disorders: clinical 

descriptions and diagnostic guidelines: World Health Organization; 1992.

212. Lee RS, Hermens DF, Porter MA, Redoblado-Hodge MA. A meta-analysis of 

cognitive deficits in first-episode Major Depressive Disorder. J Affect Disord. 

2012;140(2):113-24.

213. Hinkin CH, van Gorp WG, Satz P, Weisman JD, Thommes J, Buckingham S. 

Depressed mood and its relationship to neuropsychological test performance in HIV-1 

seropositive individuals. J Clin Exp Neuropsychol. 1992;14(2):289-97.

214. Castellon SA, Hardy DJ, Hinkin CH, Satz P, Stenquist PK, van Gorp WG, et al. 

Components of depression in HIV-1 infection: their differential relationship to 

neurocognitive performance. J Clin Exp Neuropsychol. 2006;28(3):420-37.

457



215. Kalechstein AD, Hinkin CH, van Gorp WG, Castellon SA, Satz P. Depression 

predicts procedural but not episodic memory in HIV-1 infection. J Clin Exp 

Neuropsychol. 1998;20(4):529-35.

216. Cysique LA, Deutsch R, Atkinson JH, Young C, Marcotte TD, Dawson L, et al. 

lincident major depression does not affect neuropsychological functioning in HIV- 

linfected men. J Int Neuropsychol Soc. 2007;13(1):1-11.

^217. Morrison MF, Petitto JM, Ten Have T, Gettes DR, Chiappini MS, Weber AL, et al 

Repressive and anxiety disorders in women with HIV infection. Am J Psychiatry. 

;2002;159(5):789-96.

;218. Sewell MC, Goggin KJ, Rabkin JG, Ferrando SJ, McElhiney MC, Evans S. Anxiety 

syndromes and symptoms among men with AIDS: a longitudinal controlled study. 

IPsychosomatics. 2000;41(4);294-300.

219. Campos LN, Guimaraes MD, Remien RH. Anxiety and depression symptoms as 

rrisk factors for non-adherence to antiretroviral therapy in Brazil. AIDS Behav. 

2010;14(2):289-99.

220. Gonzalez JS, Batchelder AW, Psaros C, Safren SA. Depression and HIV/AIDS 

treatment nonadherence: a review and meta-analysis. J Acquir Immune Defic Syndr. 

2011;58(2):181-7.

221. Yun LW, Maravi M, Kobayashi JS, Barton PL, Davidson AJ. Antidepressant 

treatment improves adherence to antiretroviral therapy among depressed HIV- 

iinfected patients. J Acquir Immune Defic Syndr. 2005;38(4):432-8.

458



222. Kumar V, Encinosa W. Effects of antidepressant treatment on antiretroviral 

regimen adherence among depressed HIV-infected patients. Psychiatr Q. 

2009;80(3):131-41.

223. Ickovics JR, Hamburger ME, Vlahov D, Schoenbaum EE, Schuman P, Boland RJ, 

et al. Mortality, CD4 cell count decline, and depressive symptoms among HIV- 

seropositive women: longitudinal analysis from the HIV Epidemiology Research Study. 

JAMA. 2001;285(ll);1466-74.

224. Rabkin JG, Goetz RR, Remien RH, Williams JB, Todak G, Gorman JM. Stability of 

mood despite HIV illness progression in a group of homosexual men. Am J Psychiatry. 

1997;154(2):231-8.

225. Leonard B, Maes M. Mechanistic explanations how cell-mediated immune 

activation, inflammation and oxidative and nitrosative stress pathways and their 

sequels and concomitants play a role in the pathophysiology of unipolar depression. 

Neurosci Biobehav Rev. 2012;36(2):764-85.

226. Schroecksnadel K, Sarcletti M, Winkler C, Mumelter B, Weiss G, Fuchs D, et al. 

Quality of life and immune activation in patients with HIV-infection. Brain Behav 

Immun. 2008;22(6):881-9.

227. Warriner EM, Rourke SB, Rourke BP, Rubenstein S, Millikin C, Buchanan L, et al. 

Immune activation and neuropsychiatric symptoms in HIV infection. J Neuropsychiatry 

Clin Neurosci. 2010;22(3):321-8.

228. McNamara P, Redmond J, Bergin C, Doherty C. The case for cognitive screening 

in HIV clinics. Ir Med J. 2012;105(7):244-5.

459



229. Wechsler D. Wechsler Adult Intelligence Scale Revised Manual: The 

Psychological Corporation.

230. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta 

Psychiatr Scand. 1983;67(6):361-70.

231. Reda AA. Reliability and validity of the Ethiopian version of the hospital anxiety 

and depression scale (HADS) in HIV infected patients. PLoS One. 2011;6(l):el6049.

232. Pappin M, Wouters E, Booysen FL. Anxiety and depression amongst patients 

enrolled in a public sector antiretroviral treatment programme in South Africa: a cross- 

sectional study. BMC Public Health. 2012;12:244.

233. Savard J, Laberge B, Gauthier JG, Ivers H, Bergeron MG. Evaluating anxiety and 

depression in HIV-infected patients. J Pers Assess. 1998;71(3):349-67.

234. Wouters E, Booysen Fie R, Ponnet K, Baron Van Loon F. Wording effects and the 

factor structure of the Hospital Anxiety & Depression Scale in HIV/AIDS patients on 

antiretroviral treatment in South Africa. PLoS One. 2012;7(4):e34881.

235. Robertson K, Bayon C, Molina JM, McNamara P, Resch C, Munoz-Moreno JA, et 

al. Screening for neurocognitive impairment, depression, and anxiety in HIV-infected 

patients in Western Europe and Canada. AIDS Care. 2014;26(12):1555-61.

236. Tuite H. Clinical epidemiology of HIV in Ireland 2009 - 2010: Implications for 

Surveillance, Expanded Testing and Disease Prevention: Trinity College Dublin.

237. Carter SL, Rourke SB, Murji S, Shore D, Rourke BP. Cognitive complaints, 

depression, medical symptoms, and their association with neuropsychological 

functioning in HIV infection: a structural equation model analysis. Neuropsychology. 

2003;17(3):410-9.

460



238. Rourke SB, Halman MH, Bassel C. Neurocognitive complaints in HIV-infection

and their relationship to depressive symptoms and neuropsychological functioning. J

Clin Exp Neuropsychol. 1999;21(6):737-56.

239. Bassel C, Rourke SB, Halman MH, Smith ML. Working memory performance

predicts subjective cognitive complaints in HIV infection. Neuropsychology.

2002;16(3):400-10.

240. Manly JJ, Miller SW, Heaton RK, Byrd D, Reilly J, Velasquez RJ, et al. The effect 

of African-American acculturation on neuropsychological test performance in normal

and HIV-positive individuals. The HIV Neurobehavioral Research Center (HNRC) Group.

J Int Neuropsychol Soc. 1998;4(3):291-302.

241. Manly JJ, Jacobs DM, Sano M, Bell K, Merchant CA, Small S, et al. Cognitive test

performance among nondemented elderly African Americans and whites. Neurology.

1998;50(5):1238-45.

242. Jacobs DM, Sano M, Albert S, Schofield P, Dooneief G, Stern Y. Cross-cultural

neuropsychological assessment: A comparison of randomly selected, demographically

matched cohorts of English-and Spanish-speaking older adults. J Clin Exp

Neuropsychol. 1997;19(3):331-9.

243. Manly JJ, Jacobs DM, Touradji P, Small SA, Stern Y. Reading level attenuates

differences in neuropsychological test performance between African American and

White elders. J Int Neuropsychol Soc. 2002;8(03):341-8.

244. Ryan EL, Baird R, Rivera-Mindt M, Byrd D, Monzones J, Morgello S, et al.

Neuropsychological impairment in racial/ethnic minorities with HIV infection and low

461



literacy levels: Effects of education and reading level in participant characterization.

2005.

245. Manly JJ. Advantages and disadvantages of separate norms for African 

Americans. The Clinical Neuropsychologist. 2005;19(2):270-5.

246. Nakasujja N, Skolasky RL, Musisi S, Allebeck P, Robertson K, Ronald A, et al. 

Depression symptoms and cognitive function among individuals with advanced HIV 

infection initiating HAART in Uganda. BMC Psychiatry. 2010;10:44.

247. Maki PM, Martin-Thormeyer E. HIV, cognition and women. Neuropsychol Rev. 

2009;19(2):204-14.

248. Fox-Tierney RA, Ickovics JR, Cerreta CL, Ethier KA. Potential sex differences 

remain understudied: A case study of the inclusion of women in HIV/AIDS-related 

neuropsychological research. Rev Gen Psychol. 1999;3(1):44.

249. Chiesi A, Vella S, Dally LG, Pedersen C, Danner S, Johnson AM, et al. 

Epidemiology of AIDS dementia complex in Europe. AIDS in Europe Study Group. J 

Acquir Immune Defic Syndr Hum Retrovirol. 1996;ll(l):39-44.

250. Robertson KR, Kapoor C, Robertson WT, Fiscus S, Ford S, Hall CD. No gender 

differences in the progression of nervous system disease in HIV infection. J Acquir 

Immune Defic Syndr. 2004;36(3):817-22.

251. Jarrin I, Geskus R, Bhaskaran K, Prins M, Perez-Hoyos S, Muga R, et al. Gender 

differences in HIV progression to AIDS and death in industrialized countries: slower 

disease progression following HIV seroconversion in women. Am J Epidemiol. 

2008;168(5):532-40.

462



252. Bouwman FH, Skolasky RL, Hes D, Seines OA, Glass JD, Nance-Sproson TE, et al. 

Variable progression of HIV-associated dementia. Neurology. 1998;50(6):1814-20.

253. Wojna V, Skolasky RL, Hechavarria R, Mayo R, Seines 0, McArthur JC, et al. 

Prevalence of human immunodeficiency virus-associated cognitive impairment in a 

group of Hispanic women at risk for neurological impairment. J Neurovirol. 

2006;12(5):356-64.

254. Martin E, Gonzalez R, Vassileva J, Maki P. HIV+ men and women show different 

performance patterns on procedural learning tasks. J Clin Exp Neuropsychol. 

2011;33(l):112-20.

255. Richardson JL, Martin EM, Jimenez N, Danley K, Cohen M, Carson VL, et al. 

Neuropsychological functioning in a cohort of HIV infected women: importance of 

antiretroviral therapy. J Int Neuropsychol Soc. 2002;8(6):781-93.

256. Richardson JL, Nowicki M, Danley K, Martin EM, Cohen MH, Gonzalez R, et al. 

Neuropsychological functioning in a cohort of HIV- and hepatitis C virus-infected 

women. AIDS. 2005;19(15):1659-67.

257. Green JE, Saveanu RV, Bornstein RA. The effect of previous alcohol abuse on 

cognitive function in HIV infection. Am J Psychiatry. 2004;161(2):249-54.

258. Sabia S, Elbaz A, Britton A, Bell S, Dugravot A, Shipley M, et al. Alcohol 

consumption and cognitive decline in early old age. Neurology. 2014;82(4):332-9.

259. Anstey KJ, Mack HA, Cherbuin N. Alcohol consumption as a risk factor for 

dementia and cognitive decline: meta-analysis of prospective studies. Am J Geriatr 

Psychiatry. 2009;17(7):542-55.

463



260. Luchsinger JA, Tang MX, Siddiqui M, Shea S, Mayeux R. Alcohol intake and risk 

of dementia. J Am Geriatr Soc. 2004;52(4):540-6.

261. Peters R, Peters J, Warner J, Beckett N, Bulpitt C. Alcohol, dementia and 

cognitive decline in the elderly: a systematic review. Age Ageing. 2008;37(5):505-12.

262. Mehlig K, Skoog I, Guo X, Schutze M, Gustafson D, Waern M, et al. Alcoholic 

beverages and incidence of dementia: 34-year follow-up of the prospective population 

study of women in Goteborg. Am J Epidemiol. 2008;167(6):684-91.

263. Neafsey EJ, Collins MA. Moderate alcohol consumption and cognitive risk. 

Neuropsychiatr Dis Treat. 2011;7:465-84.

264. Mintzer MZ, Stitzer ML. Cognitive impairment in methadone maintenance 

patients. Drug Alcohol Depend. 2002;67(1):41-51.

265. Mintzer MZ, Copersino ML, Stitzer ML. Opioid abuse and cognitive 

performance. Drug Alcohol Depend. 2005;78(2):225-30.

266. Davis PE, Liddiard H, McMillan TM. Neuropsychological deficits and opiate 

abuse. Drug Alcohol Depend. 2002;67(l):105-8.

267. Byrd DA, Robinson-Papp J, Mindt MR, Mintz L, Elliott K, Eighty Q, et al. Isolating 

cognitive and neurologic HIV effects in substance-dependent, confounded cohorts: a 

pilot study. J Int Neuropsychol Soc. 2013;19(4):463-73.

268. Margolin A, Avants SK, Warburton LA, Hawkins KA. Factors affecting cognitive 

functioning in a sample of human immunodeficiency virus-positive injection drug 

users. AIDS Patient Care STDS. 2002;16(6):255-67.

269. Stewart SA. The effects of benzodiazepines on cognition. J Clin Psychiatry. 

2005;66 SuppI 2:9-13.

464



270. Golombok S, Moodley P, Lader M. Cognitive impairment in long-term 

benzodiazepine users. Psychol Med. 1988;18(2):365-74.

271. Lucki I, Rickels K, Geller AM. Chronic use of benzodiazepines and psychomctor 

and cognitive test performance. Psychopharmacology (Berl). 1986;88(4):426-33.

272. Barker MJ, Greenwood KM, Jackson M, Crowe SF. Persistence of cognitive 

effects after withdrawal from long-term benzodiazepine use: a meta-analysis. Arch Ctin 

Neuropsychol. 2004;19(3):437-54.

273. Boeuf-Cazou 0, Bongue B, Ansiau D, Marquie JC, Lapeyre-Mestre M. Impact of 

long-term benzodiazepine use on cognitive functioning in young adults: the VISAT 

cohort. Eur J Clin Pharmacol. 2011;67(10):1045-52.

274. Ayuso-Mateos JL, Vazquez-Barquero JL, Dowrick C, Lehtinen V, Dalgard OS, 

Casey P, et al. Depressive disorders in Europe: prevalence figures from the ODIN study. 

Br J Psychiatry. 2001;179:308-16.

275. Johansson R, Carlbring P, Heedman A, Paxiing B, Andersson G. Depression, 

anxiety and their comorbidity in the Swedish general population: point prevalence and 

the effect on health-related quality of life. PeerJ. 2013;l:e98.

276. Mackenzie CS, Reynolds K, Chou K-L, Pagura J, Sareen J. Prevalence and 

correlates of generalized anxiety disorder in a national sample of older adults. The 

American Journal of Geriatric Psychiatry. 2011;19(4):305-15.

277. Grant I, Atkinson JH, Hesselink JR, Kennedy G, Richman DD, Spector SA, etal. 

Evidence for early central nervous system involvement in the acquired 

immunodeficiency syndrome (AIDS) and other human immunodeficiency virus (HI/)

465



infections. Studies with neuropsychologic testing and magnetic resonance imaging.

Ann Intern Med. 1987;107(6):828-36.

278. Heaton RK, Grant I, Butters N, White DA, Kirson D, Atkinson JH, et al. The HNRC 

500--neuropsychology of HIV infection at different disease stages. HIV 

Neurobehavioral Research Center. J Int Neuropsychol Soc. 1995;1(3):231-51.

279. Power C, Johnson RT. HIV-1 associated dementia: clinical features and 

pathogenesis. Can J Neurol Sci. 1995;22(2):92-100.

280. Heaton RK, Franklin DR, Ellis RJ, McCutchan JA, Letendre SL, Leblanc S, et al. 

HIV-associated neurocognitive disorders before and during the era of combination 

antiretroviral therapy: differences in rates, nature, and predictors. J Neurovirol. 

2011;17(1):3-16.

281. Cysique LA, Maruff P, Brew BJ. Prevalence and pattern of neuropsychological 

impairment in human immunodeficiency virus-infected/acquired immunodeficiency 

syndrome (HIV/AIDS) patients across pre- and post-highly active antiretroviral therapy 

eras: a combined study of two cohorts. J Neurovirol. 2004;10(6):350-7.

282. Hardy DJ, Hinkin CH. Reaction time performance in adults with HIV/AIDS. J Clin 

Exp Neuropsychol. 2002;24(7):912-29.

283. Valcour V, Watters MR, Williams AE, Sacktor N, McMurtray A, Shikuma C. Aging 

exacerbates extrapyramidal motor signs in the era of highly active antiretroviral 

therapy. J Neurovirol. 2008;14(5):362-7.

284. Robertson KR, Parsons TD, Sidtis JJ, Hanlon Inman T, Robertson WT, Hall CD, et 

al. Timed Gait test: normative data for the assessment of the AIDS dementia complex. J 

Clin Exp Neuropsychol. 2006;28(7):1053-64.

466



285. McKegney FP, O'Dowd MA, Feiner C, Selwyn P, Drucker E, Friedland GFI. A 

prospective comparison of neuropsychologic function in FllV-seropositive and 

seronegative methadone-maintained patients. AIDS. 1990;4(6);565-70.

286. Carey CL, Woods SP, Rippeth JD, Gonzalez R, Moore DJ, Marcotte TD, et al. 

Initial validation of a screening battery for the detection of HIV-associated cognitive 

impairment. Clin Neuropsychol. 2004;18(2);234-48.

287. Davis H, Skolasky Jr R, Seines 0, Burgess D, McArthur J. Assessing HIV- 

associated dementia: modified HIV dementia scale versus the Grooved Pegboard. The 

AIDS reader. 2002;12(1):29-31, 8.

288. Peavy G, Jacobs D, Salmon DP, Butters N, Delis DC, Taylor M, et al. Verbal 

memory performance of patients with human immunodeficiency virus infection: 

evidence of subcortical dysfunction. The HNRC Group. J Clin Exp Neuropsychol. 

1994;16(4):508-23.

289. Meyer VJ, Rubin LH, Martin E, Weber KM, Cohen MH, Golub ET, et al. HIV and 

recent illicit drug use interact to affect verbal memory in women. J Acquir Immune 

Defic Syndr. 2013;63(l):67-76.

290. Murji S, Rourke SB, Donders J, Carter SL, Shore D, Rourke BP. Theoretically 

derived CVLT subtypes in HIV-1 infection: internal and external validation. J Int 

Neuropsychol Soc. 2003;9(1):1-16.

291. Woods SP, Scott JC, Dawson MS, Morgan EE, Carey CL, Heaton RK, et al. 

Construct validity of Hopkins Verbal Learning Test-Revised component process 

measures in an HIV-1 sample. Arch Clin Neuropsychol. 2005;20(8):1061-71.

467



292. Scott JC, Woods SP, Patterson KA, Morgan EE, Heaton RK, Grant I, et al. 

Recency effects in HIV-associated dementia are characterized by deficient encoding. 

Neuropsychologia. 2006;44(8): 1336-43.

293. Woods SP, Hoebel C, Pirogovsky E, Rooney A, Cameron MV, Grant I, et al. 

Visuospatial temporal order memory deficits in older adults with HIV infection. Cogn 

Behav Neurol. 2013;26(4):171-80.

294. Castelo JM, Sherman SJ, Courtney MG, Melrose RJ, Stern CE. Altered 

hippocampal-prefrontal activation in HIV patients during episodic memory encoding. 

Neurology. 2006;66(ll):1688-95.

295. Carey CL, Woods SP, Rippeth JD, Heaton RK, Grant I. Prospective memory in 

HIV-1 infection. J Clin Exp Neuropsychol. 2006;28(4):536-48.

296. Woods SP, Carey CL, Moran LM, Dawson MS, Letendre SL, Grant I. Frequency 

and predictors of self-reported prospective memory complaints in individuals infected 

with HIV. Arch Clin Neuropsychol. 2007;22(2):187-95.

297. Gonzalez R, Jacobus J, Amatya AK, Quartana PJ, Vassileva J, Martin EM. Deficits 

in complex motor functions, despite no evidence of procedural learning deficits, 

among HIV+ individuals with history of substance dependence. Neuropsychology. 

2008;22(6):776-86.

298. Martin A, Heyes MP, Salazar AM, Law WA, Williams J. Impaired motor-skill 

learning, slowed reaction time, and elevated cerebrospinal-fluid quinolinic acid in a 

subgroup of HIV-infected individuals. Neuropsychology. 1993;7(2):149.

468



299. Reger M, Welsh R, Razani J, Martin DJ, Boone KB. A meta-analysis of the 

neuropsychological sequelae of HIV infection. J Int Neuropsychol Soc. 2002;8(3):410-

24.

300. Hinkin CH, Castellon SA, Hardy DJ, Granholm E, Siegle G. Computerized and 

traditional stroop task dysfunction in HIV-1 infection. Neuropsychology. 

1999;13(2):306-16.

301. Hinkin CH, Castellon SA, Hardy DJ. Dual task performance in HIV-1 infection. J 

Clin Exp Neuropsychol. 2000;22(l);16-24.

302. Marcotte TD, Lazzaretto D, Scott JC, Roberts E, Woods SP, Letendre S. Visual 

attention deficits are associated with driving accidents in cognitively-impaired HIV- 

infected individuals. J Clin Exp Neuropsychol. 2006;28(l):13-28.

303. Chang L, Speck 0, Miller EN, Braun J, Jovicich J, Koch C, et al. Neural correlates 

of attention and working memory deficits in HIV patients. Neurology. 2001;57(6):1001- 

7.

304. Chang L, Tomasi D, Yakupov R, Lozar C, Arnold S, Caparelli E, et al. Adaptation 

of the attention network in human immunodeficiency virus brain injury. Ann Neurol. 

2004;56(2):259-72.

305. Ernst T, Chang L, Arnold S. Increased glial metabolites predict increased 

working memory network activation in HIV brain injury. Neuroimage. 2003;19(4):1686- 

93.

306. Tozzi V, Balestra P, Galgani S, Narciso P, Ferri F, Sebastiani G, et al. Positive and 

sustained effects of highly active antiretroviral therapy on HIV-l-associated 

neurocognitive impairment. AIDS. 1999;13(14);1889-97.

469



307. Martin EM, DeHaan S, Vassileva J, Gonzalez R, Weller J, Bechara A. Decision 

making among HIV+ drug using men who have sex with men: a preliminary report from 

the Chicago Multicenter AIDS Cohort Study. J Clin Exp Neuropsychol. 2013;35(6):573- 

83.

308. Munoz-Moreno JA, Prats A, Perez-Alvarez N, Fumaz CR, Garolera M, Doval E, et 

al. A brief and feasible paper-based method to screen for neurocognitive impairment 

in HIV-infected patients: the NED screen. J Acquir Immune Defic Syndr. 

2013;63(5):585-92.

309. Kupprat SA, Halkitis PN, Perez-Figueroa R, Solomon TM, Ashman T, Kingdon MJ, 

et al. Age- and education-matched comparison of aging HIV+ men who have sex with 

men to general population on common neuropsychological assessments. J Health 

Psychol. 2013.

310. Martin EM, Sorensen DJ, Robertson LC, Edelstein HE, Chirurgi VA. Spatial 

attention in HIV-1 infection: a preliminary report. J Neuropsychiatry Clin Neurosci. 

1992;4(3):288-93.

311. Maruff P, Malone V, McArthur-Jackson C, Mulhall B, Benson E, Currie J. 

Abnormalities of visual spatial attention in HIV infection and the HIV-associated 

dementia complex. J Neuropsychiatry Clin Neurosci. 1995;7(3):325-33.

312. Hardy DJ, Castellon SA, Hinkin CH. Perceptual span deficits in adults with HIV. J 

Int Neuropsychol Soc. 2004;10(l):135-40.

313. Olesen PJ, Schendan HE, Amick MM, Cronin-Golomb A. HIV infection affects 

parietal-dependent spatial cognition: evidence from mental rotation and hierarchical 

pattern perception. Behav Neurosci. 2007;121(6):1163-73.

470



314. Weber E, Woods SP, Cameron MV, Gibson SA, Grant I. Mental rotation of hands 

in HIV infection: neuropsychological evidence of dysfunction in fronto-striato-parietal 

networks. J Neuropsychiatry Clin Neurosci. 2010;22(l):115-22.

315. Bogdanova Y, Neargarder S, Cronin-Golomb A. Mapping mental number line in 

physical space: vertical and horizontal visual number line orientation in asymptomatic 

individuals with HIV. Neuropsychologia. 2008;46(12):2914-23.

316. Lopez OL, Becker JT, Dew MA, Banks G, Dorst SK, McNeil M. Speech motor 

control disorder after HIV infection. Neurology. 1994;44(ll):2187-9.

317. McCabe P, Sheard C, Code C. Pragmatic skills in people with HIV/AIDS. Disabil 

Rehabil. 2007;29(16):1251-60.

318. White DA, Taylor MJ, Butters N, Mack C, Salmon DP, Peavy G, et al. Memory for 

verbal information in individuals with HIV-associated dementia complex. HNRC Group.

J Clin Exp Neuropsychol. 1997;19(3):357-66.

319. Woods SP, Conover E, Rippeth JD, Carey CL, Gonzalez R, Marcotte TD, et al. 

Qualitative aspects of verbal fluency in HIV-associated dementia: a deficit in rule- 

guided lexical-semantic search processes? Neuropsychologia. 2004;42(6):801-9.

320. Woods SP, Carey CL, Troster Al, Grant I. Action (verb) generation in HIV-1 

infection. Neuropsychologia. 2005;43(8):1144-51.

321. ludicello JE, Woods SP, Parsons TD, Moran LM, Carey CL, Grant I. Verbal fluency 

in HIV infection: a meta-analytic review. J Int Neuropsychol Soc. 2007;13(l):183-9.

322. ludicello JE, Woods SP, Weber E, Dawson MS, Scott JC, Carey CL, et al. Cognitive 

mechanisms of switching in HIV-associated category fluency deficits. J Clin Exp

Neuropsychol. 2008;30(7):797-804.

471



323. ludicello JE, Kellogg EJ, Weber E, Smith C, Grant I, Drane DL, et al. Semantic 

cueing improves category verbal fluency in persons living with HIV infection. J 

Neuropsychiatry Clin Neurosci. 2012;24(2):183-90.

324. Randolph C, Tierney MC, Mohr E, Chase TN. The Repeatable Battery for the 

Assessment of Neuropsychological Status (RBANS): preliminary clinical validity. J Clin 

Exp Neuropsychol. 1998;20(3):310-9.

325. Baune BT, McAfoose J, Leach G, Quirk F, Mitchell D. Impact of psychiatric and 

medical comorbidity on cognitive function in depression. Psychiatry Clin Neurosci. 

2009;63(3):392-400.

326. Duff K, Hobson VL, Beglinger U, O'Bryant SE. Diagnostic accuracy of the RBANS 

in mild cognitive impairment; limitations on assessing milder impairments. Arch Clin 

Neuropsychol. 2010;25(5):429-41.

327. Rinehardt E, Duff K, Schoenberg M, Mattingly M, Bharucha K, Scott J. Cognitive 

change on the repeatable battery of neuropsychological status (RBANS) in Parkinson's 

disease with and without bilateral subthalamic nucleus deep brain stimulation surgery. 

Clin Neuropsychol. 2010;24(8):1339-54.

328. Schoenberg MR, Rinehardt E, Duff K, Mattingly M, Bharucha KJ, Scott JG. 

Assessing reliable change using the repeatable battery for the assessment of 

neuropsychological status (RBANS) for patients with Parkinson's Disease undergoing 

deep brain stimulation (DBS) surgery. Clin Neuropsychol. 2012;26(2):255-70.

329. Beglinger U, Duff K, Allison J, Theriault D, O'Rourke JJ, Leserman A, et al. 

Cognitive change in patients with Huntington disease on the Repeatable Battery for

472



the Assessment of Neuropsychological Status. J Clin Exp Neuropsychol. 

2010;32(6);573-8.

330. Mioshi E, Dawson K, Mitchell J, Arnold R, Hodges JR. The Addenbrooke's 

Cognitive Examination Revised (ACE-R); a brief cognitive test battery for dementia 

screening. Int J Geriatr Psychiatry. 2006;21(ll):1078-85.

331. Mathuranath PS, Nestor PJ, Berrios GE, Rakowicz W, Hodges JR. A brief 

cognitive test battery to differentiate Alzheimer's disease and frontotemporal 

dementia. Neurology. 2000;55(ll):1613-20.

332. Dudas RB, Berrios GE, Hodges JR. The Addenbrooke's cognitive examination 

(ACE) in the differential diagnosis of early dementias versus affective disorder. Am J 

Geriatr Psychiatry. 2005;13(3):218-26.

333. Earner AJ. Addenbrooke's Cognitive Examination-Revised (ACE-R) in day-to-cay 

clinical practice. Age Ageing. 2007;36(6):685-6.

334. Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau S, Whitehead V, Collin I, et

al. The Montreal Cognitive Assessment, MoCA: a brief screening tool for mild cognitive 

impairment. J Am Geriatr Soc. 2005;53(4):695-9.

335. www.mocatest.org

336. Valcour V, Paul R, Chiao S, Wendelken LA, Miller B. Screening for cognitive 

impairment in human immunodeficiency virus. Clin Infect Dis. 2011;53(8):836-42.

337. Overton ET, Azad TD, Parker N, Demarco Shaw D, Frain J, Spitz T, et al. The 

Alzheimer's disease-8 and Montreal Cognitive Assessment as screening tools for 

neurocognitive impairment in HIV-infected persons. J Neurovirol. 2013;19(1):109-15.

473



338. Hasbun R, Eraso J, Ramireddy S, Wainwright DA, Salazar L, Grimes R, et al. 

Screening for Neurocognitive Impairment in HIV Individuals: The Utility of the 

Montreal Cognitive Assessment Test. J AIDS Clin Res. 2012;3(10):186.

339. Milanini B, Wendelken LA, Esmaeili-Firidouni P, Chartier M, Crouch PC, Valcour 

V. The Montreal Cognitive Assessment (MoCA) to screen for cognitive impairment in 

HIV over age 60. J Acquir Immune Defic Syndr. 2014.

340. Dubois B, Slachevsky A, Litvan I, Pillon B. The FAB: a Frontal Assessment Battery 

at bedside. Neurology. 2000;55(ll):1621-6.

341. Slachevsky A, Villalpando JM, Sarazin M, Hahn-Barma V, Pillon B, Dubois B. 

Frontal assessment battery and differential diagnosis of frontotemporal dementia and 

Alzheimer disease. Arch Neurol. 2004;61(7):1104-7.

342. lavarone A, Ronga B, Pellegrino L, Lore E, Vitaliano S, Galeone F, et al. The 

Frontal Assessment Battery (FAB): normative data from an Italian sample and 

performances of patients with Alzheimer's disease and frontotemporal dementia.

Funct Neurol. 2004;19(3):191-5.

343. Wicklund AH, Johnson N, Rademaker A, Weitner BB, Weintraub S. Word list 

versus story memory in Alzheimer disease and frontotemporal dementia. Alzheimer 

Dis Assoc Disord. 2006;20(2):86-92.

344. Ferman TJ, Smith GE, Boeve BF, Graff-Radford NR, Lucas JA, Knopman DS, et al. 

Neuropsychological differentiation of dementia with Lewy bodies from normal aging 

and Alzheimer's disease. Clin Neuropsychol. 2006;20(4):623-36.

474



345. Griffith HR, Netson KL, Harrell LE, Zamrini EY, Brockington JC, Marson DC. 

Amnestic mild cognitive impairment: diagnostic outcomes and clinical prediction o\er 

a two-year time period. J Int Neuropsychol Soc. 2006;12(2):166-75.

346. Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, Fox NC, et al. The 

diagnosis of mild cognitive impairment due to Alzheimer's disease; Recommendations 

from the National Institute on Aging-Alzheimer's Association workgroups on diagnostic 

guidelines for Alzheimer's disease. Alzheimer's & Dementia. 2011;7(3):270-9.

347. Clark JH, Hobson VL, O'Bryant SE. Diagnostic accuracy of percent retention 

scores on RBANS verbal memory subtests for the diagnosis of Alzheimer's disease and 

mild cognitive impairment. Arch Clin Neuropsychol. 2010;25(4):318-26.

348. Appollonio I, Leone M, Isella V, Piamarta F, Consoli T, Villa ML, et al. The Frontal 

Assessment Battery (FAB): normative values in an Italian population sample. Neurcl 

Sci. 2005;26(2):108-16.

349. Randolph C. Repeatable Battery for the Assesssment of Neuropsychological 

Status (RBANS).. Supplement 1, New Jersey: Pearson Education, Inc

2008.

350. Randolph C. RBANS manual. San Antonio (TX): Psychological Corporation. 1998.

351. Beatty WW, Ryder KA, Gontkovsky ST, Scott JG, McSwan KL, Bharucha KJ. 

Analyzing the subcortical dementia syndrome of Parkinson's disease using the RBANS. 

Arch Clin Neuropsychol. 2003;18(5):509-20.

352. Gross RG, Grossman M. Update on apraxia. Curr Neurol Neurosci Rep. 

2008;8(6):490-6.

475



353. Hanna-Pladdy B, Heilman KM, Foundas AL. Cortical and subcortical 

contributions to ideomotor apraxia: analysis of task demands and error types. Brain. 

2001;124(Pt 12):2513-27.

354. Lesourd M, Le Gall D, Baumard J, Croisile B, Jarry C, Osiurak F. Apraxia and 

Alzheimer's disease: review and perspectives. Neuropsychol Rev. 2013;23(3):234-56.

355. Migliaccio R, Agosta F, Toba MN, Samri D, Corlier F, de Souza LC, et al. Brain 

networks in posterior cortical atrophy: a single case tractography study and literature 

review. Cortex. 2012;48(10):1298-309.

356. Caine D. Posterior cortical atrophy: a review of the literature. Neurocase. 

2004;10(5):382-5.

357. Takase K, Ohyagi Y, Furuya H, Nagashima K, Taniwaki T, Kira J. [A case of 

progressive multifocal leukoencephalopathy presenting white matter MRI lesions 

extending over the cerebral cortex and a marked decrease in cerebral blood flow on 

SPECT, and associated with HTLV-I infection]. Rinsho Shinkeigaku. 2005;45(6):426-30.

358. Kranick SM, Nath A. Neurologic complications of HIV-1 infection and its 

treatment in the era of antiretroviral therapy. Continuum (Minneap Minn). 2012;18(6 

Infectious Disease):1319-37.

359. Oechsner M, Moller AA, Zaudig M. Cognitive impairment, dementia and 

psychosocial functioning in human immunodeficiency virus infection. A prospective 

study based on DSM-lll-R and ICD-10. Acta Psychiatr Scand. 1993;87(l):13-7.

360. Price RW, Brew B, Sidtis J, Rosenblum M, Scheck AC, Cleary P. The brain in AIDS: 

central nervous system HIV-1 infection and AIDS dementia complex. Science. 

1988;239(4840):586-92.

476



361. Merrill J, Chen I. HIV-1, macrophages, glial cells, and cytokines in AIDS nervois 

system disease. The FASEB journal. 1991;5(10):2391-7.

362. Schnider A, Landis T, Regard M. Balint's syndrome in subacute HIV encephaliis. 

J Neurol Neurosurg Psychiatry. 1991;54(9):822-5.

363. Wicki J, Germanier Y, Sztajzel R, Burkhard PR. Brueghel syndrome as a new 

manifestation of HIV encephalopathy. Eur Neurol. 2008;60(2):107-8.

364. Duff K, Schoenberg MR, Mold JW, Scott JG, Adams RL. Normative and retest 

data on the RBANS cortical/subcortical index in older adults. J Clin Exp Neuropsycho. 

2007;29(8):854-9.

365. Lam B, Masellis M, Freedman M, Stuss DT, Black SE. Clinical, imaging, and 

pathological heterogeneity of the Alzheimer's disease syndrome. Alzheimers Res Th'r. 

2013;5(1):1.

366. Mez J, Cosentino S, Brickman AM, Huey ED, Manly JJ, Mayeux R. Dysexecutiv? 

versus amnestic Alzheimer disease subgroups: analysis of demographic, genetic, anc 

vascular factors. Alzheimer Dis Assoc Disord. 2013;27(3):218-25.

367. Whitwell JL. Voxel-based morphometry: an automated technique for assessiig 

structural changes in the brain. J Neurosci. 2009;29(31):9661-4.

368. Wright 1C, McGuire PK, Poline JB, Travere JM, Murray RM, Frith CD, et al. A 

voxel-based method for the statistical analysis of gray and white matter density 

applied to schizophrenia. Neuroimage. 1995;2(4):244-52.

369. Ashburner J, Friston KJ. Voxel-based morphometry-the methods. Neuroima'e. 

2000;11(6 Pt 1):805-21.

477



370. Good CD, Johnsrude IS, Ashburner J, Henson RN, Friston KJ, Frackowiak RS. A 

voxel-based morphometric study of ageing in 465 normal adult human brains. 

Neuroimage. 2001;14(1 Pt l):21-36.

371. Ashburner J, Friston KJ. Unified segmentation. Neuroimage. 2005;26(3):839-51.

372. Ashburner J. A fast diffeomorphic image registration algorithm. Neuroimage. 

2007;38(1):95-113.

373. Whitwell JL, Jack CR, Jr. Comparisons between Alzheimer disease, 

frontotemporal lobar degeneration, and normal aging with brain mapping. Top Magn 

Reson Imaging. 2005;16(6):409-25.

374. Whitwell JL, Josephs KA, Rossor MN, Stevens JM, Revesz T, Holton JL, et al. 

Magnetic resonance imaging signatures of tissue pathology in frontotemporal 

dementia. Arch Neurol. 2005;62(9):1402-8.

375. Whitwell JL, Jack CR, Jr., Boeve BF, Senjem ML, Baker M, Rademakers R, et al. 

Voxel-based morphometry patterns of atrophy in FTLD with mutations in MAPI or 

PGRN. Neurology. 2009;72(9):813-20.

376. Whitwell JL, Josephs KA. Voxel-based morphometry and its application to 

movement disorders. Parkinsonism Relat Disord. 2007;13 SuppI 3:5406-16.

377. Watanabe H, Senda J, Kato S, Ito M, Atsuta N, Hara K, et al. Cortical and 

subcortical brain atrophy in Parkinson's disease with visual hallucination. Mov Disord. 

2013;28(12):1732-6.

378. Thivard L, Pradat P-F, Lehericy S, Lacomblez L, Dormont D, Chiras J, et al. 

Diffusion tensor imaging and voxel based morphometry study in amyotrophic lateral

478



sclerosis; relationships with motor disability. J Neurol Neurosurg Psychiatry. 

2007;78(8):889-92.

379. Mezzapesa D, Ceccarelli A, Dicuonzo F, Carella A, De Caro M, Lopez M, et al. 

Whole-brain and regional brain atrophy in amyotrophic lateral sclerosis. American 

Journal of Neuroradiology. 2007;28(2):255-9.

380. Keller SS, Roberts N. Voxel-based morphometry of temporal lobe epilepsy: an 

introduction and review of the literature. Epilepsia. 2008;49(5):741-57.

381. Prinster A, Quarantelli M, Orefice G, Lanzillo R, Brunetti A, Mollica C, et al. Grey 

matter loss in relapsing-remitting multiple sclerosis: a voxel-based morphometry 

study. Neuroimage. 2006;29(3);859-67.

382. Sepulcre J, Sastre-Garriga J, Cercignani M, Ingle GT, Miller DH, Thompson AJ. 

Regional gray matter atrophy in early primary progressive multiple sclerosis: a voxel- 

based morphometry study. Arch Neurol. 2006;63(8):1175-80.

383. Bodini B, Khaleeli Z, Cercignani M, Miller DH, Thompson AJ, Ciccarelli 0. 

Exploring the relationship between white matter and gray matter damage in early 

primary progressive multiple sclerosis: an in vivo study with TBSS and VBM. Hum Brain 

Mapp. 2009;30(9):2852-61.

384. Colloby SJ, Firbank MJ, Vasudev A, Parry SW, Thomas AJ, O'Brien JT. Cortical 

thickness and VBM-DARTEL in late-life depression. J Affect Disord. 2011;133(l):158-64.

385. Peng J, Liu J, Nie B, Li Y, Shan B, Wang G, et al. Cerebral and cerebellar gray 

matter reduction in first-episode patients with major depressive disorder: a voxel- 

based morphometry study. Eur J Radiol. 2011;80(2):395-9.

479



386. Wagner G, Koch K, Schachtzabel C, Schultz CC, Gaser C, Reichenbach JR, et al. 

Structural basis of the fronto-thalamic dysconnectivity in schizophrenia: a combined 

DCM-VBM study. Neuroimage: clinical. 2013;3:95-105.

387. Singh S, Goyal S, Modi S, Kumar P, Singh N, Bhatia T, et al. Motor function 

deficits in schizophrenia: an fMRI and VBM study. Neuroradiology. 2014;56(5):413-22.

388. Chanraud S, Zahr N, Sullivan EV, Pfefferbaum A. MR diffusion tensor imaging: a 

window into white matter integrity of the working brain. Neuropsychol Rev. 

2010;20(2):209-25.

389. Wycoco V, Shroff M, Sudhakar S, Lee W. White matter anatomy: what the 

radiologist needs to know. Neuroimaging Clin N Am. 2013;23(2):197-216.

390. Jellison BJ, Field AS, Medow J, Lazar M, Salamat MS, Alexander AL. Diffusion 

tensor imaging of cerebral white matter: a pictorial review of physics, fiber tract 

anatomy, and tumor imaging patterns. American Journal of Neuroradiology. 

2004;25(3):356-69.

391. Song SK, Sun SW, Ramsbottom MJ, Chang C, Russell J, Cross AH. Dysmyelination 

revealed through MRI as increased radial (but unchanged axial) diffusion of water. 

Neuroimage. 2002;17(3):1429-36.

392. Wright PW, Heaps JM, Shimony JS, Thomas JB, Ances BM. The effects of HIV 

and combination antiretroviral therapy on white matter integrity. AIDS. 

2012;26(12):1501-8.

393. Kim JH, Loy DN, Liang HF, Trinkaus K, Schmidt RE, Song SK. Noninvasive 

diffusion tensor imaging of evolving white matter pathology in a mouse model of acute 

spinal cord injury. Magn Reson Med. 2007;58(2):253-60.

480



394. Song SK, Sun SW, Ju WK, Lin SJ, Cross AH, Neufeld AH. Diffusion tensor imaging 

detects and differentiates axon and myelin degeneration in mouse optic nerve after 

retinal ischemia. Neuroimage. 2003;20(3);1714-22.

395. Naismith RT, Xu J, Tutlam NT, Trinkaus K, Cross AH, Song SK. Radial diffusivity in 

remote optic neuritis discriminates visual outcomes. Neurology. 2010;74(21);1702-10.

396. Naismith RT, Xu J, Tutlam NT, Scully PT, Trinkaus K, Snyder AZ, et al. Increased 

diffusivity in acute multiple sclerosis lesions predicts risk of black hole. Neurology. 

2010;74(21):1694-701.

397. Boska MD, Hasan KM, Kibuule D, Banerjee R, McIntyre E, Nelson JA, et al. 

Quantitative diffusion tensor imaging detects dopaminergic neuronal degeneration in 

a murine model of Parkinson's disease. Neurobiol Dis. 2007;26(3):590-6.

398. Bennett RE, Mac Donald CL, Brody DL. Diffusion tensor imaging detects axonal 

injury in a mouse model of repetitive closed-skull traumatic brain injury. Neurosci Lett. 

2012;513(2):160-5.

399. Ruest T, Holmes WM, Barrie JA, Griffiths IR, Anderson TJ, Dewar D, et al. High- 

resolution diffusion tensor imaging of fixed brain in a mouse model of Pelizaeus- 

Merzbacher disease: comparison with quantitative measures of white matter 

pathology. NMR Biomed. 2011;24(10):1369-79.

400. Shu X, Qin YY, Zhang S, Jiang JJ, Zhang Y, Zhao LY, et al. Voxel-based diffusion 

tensor imaging of an APP/PSl mouse model of Alzheimer's disease. Mol Neurobiol. 

2013;48(l):78-83.

481



401. Sun SW, Liang HF, Cross AH, Song SK. Evolving Wallerian degeneration after 

transient retinal ischemia in mice characterized by diffusion tensor imaging. 

Neuroimage. 2008;40(1):1-10.

402. Budde MD, Xie M, Cross AH, Song SK. Axial diffusivity is the primary correlate of 

axonal injury in the experimental autoimmune encephalomyelitis spinal cord: a 

quantitative pixelwise analysis. J Neurosci. 2009;29(9):2805-13.

403. Sun SW, Liang HF, Trinkaus K, Cross AH, Armstrong RC, Song SK. Noninvasive 

detection of cuprizone induced axonal damage and demyelination in the mouse corpus 

callosum. Magn Reson Med. 2006;55(2):302-8.

404. Song SK, Yoshino J, Le TQ, Lin SJ, Sun SW, Cross AH, et al. Demyelination 

increases radial diffusivity in corpus callosum of mouse brain. Neuroimage. 

2005;26(l):132-40.

405. Levy RM, Rosenbloom S, Perrett LV. Neuroradiologic findings in AIDS: a review 

of 200 cases. AJR Am J Roentgenol. 1986;147(5):977-83.

406. Grafe MR, Press GA, Berthoty DP, Hesselink JR, Wiley CA. Abnormalities of the 

brain in AIDS patients: correlation of postmortem MR findings with neuropathology. 

AJNR Am J Neuroradiol. 1990;11(5):905-11; discussion 12-3.

407. Hassine D, Gray F, Chekroun R, Chretien F, Marc B, Durigon M, et al. [Early 

cerebral lesions in HIV infection. Postmortem radio-pathologic correlations in non-AIDS 

asymptomatic seropositive patients]. J Neuroradiol. 1995;22(3):148-60.

408. Heindel WC, Jernigan TL, Archibald SL, Achim CL, Masliah E, Wiley CA. The 

relationship of quantitative brain magnetic resonance imaging measures to

482



neuropathologic indexes of human immunodeficiency virus infection. Arch Neurol. 

1994;51(ll):1129-35.

409. Flo\A/ers CH, Mafee MF, Crowell R, Raofi B, Arnold P, Dobben G, et al. 

Encephalopathy in AIDS patients: evaluation with MR imaging. AJNR Am J Neuroradiol 

1990;ll(6):1235-45.

410. McArthur JC, Kumar AJ, Johnson DW, Seines OA, Becker JT, Herman C, et al. 

Incidental white matter hyperintensities on magnetic resonance imaging in HIV-1 

infection. Multicenter AIDS Cohort Study. J Acquir Immune Defic Syndr. 1990;3(3):252- 

9.

411. Elovaara I, Poutiainen E, Raininko R, Valanne L, Virta A, Valle SL, et al. Mild 

brain atrophy in early HIV infection: the lack of association with cognitive deficits and 

HIV-specific intrathecal immune response. J Neurol Sci. 1990;99(2-3):121-36.

412. Jarvik JG, Hesselink JR, Kennedy C, Teschke R, Wiley C, Spector S, et al. Acquired 

immunodeficiency syndrome. Magnetic resonance patterns of brain involvement with 

pathologic correlation. Arch Neurol. 1988;45(7):731-6.

413. Broderick DF, Wippold FJ, 2nd, Clifford DB, Kido D, Wilson BS. White matter 

lesions and cerebral atrophy on MR images in patients with and without AIDS 

dementia complex. AJR Am J Roentgenol. 1993;161(1):177-81.

414. Aylward EH, Henderer JD, McArthur JC, Brettschneider PD, Harris GJ, Barta PE 

et al. Reduced basal ganglia volume in HIV-l-associated dementia: results from 

quantitative neuroimaging. Neurology. 1993;43(10):2099-104.

483



415. Aylward EH, Brettschneider PD, McArthur JC, Harris GJ, Schlaepfer TE, Henderer 

JD, et al. Magnetic resonance imaging measurement of gray matter volume reductions 

in HIV dementia. Am J Psychiatry. 1995;152(7):987-94.

416. Hall M, Whaley R, Robertson K, Hamby S, Wilkins J, Hall C. The correlation 

between neuropsychological and neuroanatomic changes over time in asymptomatic 

and symptomatic HIV-l-infected individuals. Neurology. 1996;46(6):1697-702.

417. Stout JC, Ellis RJ, Jernigan TL, Archibald SL, Abramson I, Wolfson T, et al. 

Progressive cerebral volume loss in human immunodeficiency virus infection: a 

longitudinal volumetric magnetic resonance imaging study. HIV Neurobehavioral 

Research Center Group. Arch Neurol. 1998;55(2):161-8.

418. Archibald SL, Masliah E, Fennema-Notestine C, Marcotte TD, Ellis RJ,

McCutchan JA, et al. Correlation of in vivo neuroimaging abnormalities with 

postmortem human immunodeficiency virus encephalitis and dendritic loss. Arch 

Neurol. 2004;61(3):369-76.

419. Thompson PM, Dutton RA, Hayashi KM, Toga AW, Lopez OL, Aizenstein HJ, et 

al. Thinning of the cerebral cortex visualized in HIV/AIDS reflects CD4+ T lymphocyte 

decline. Proc Natl Acad Sci USA. 2005;102(43);15647-52.

420. Chiang MC, Dutton RA, Hayashi KM, Lopez OL, Aizenstein HJ, Toga AW, et al. 3D 

pattern of brain atrophy in HIV/AIDS visualized using tensor-based morphometry. 

Neuroimage. 2007;34(l):44-60.

421. Kuper M, Rabe K, Esser S, Gizewski ER, Husstedt IW, Maschke M, et al. 

Structural gray and white matter changes in patients with HIV. J Neurol. 

2011;258{6):1066-75.

484



422. Cardenas VA, Meyerhoff DJ, Studholme C, Kornak J, Rothlind J, Lampiris H, etal. 

Evidence for ongoing brain injury in human immunodeficiency virus-positive patient 

treated with antiretroviral therapy. J Neurovirol. 2009;15(4):324-33.

423. Ances BM, Ortega M, Vaida F, Heaps J, Paul R. Independent effects of HIV, 

aging, and HAART on brain volumetric measures. J Acquir Immune Defic Syndr. 

2012;59(5):469-77.

424. Becker JT, Sanders J, Madsen SK, Ragin A, Kingsley L, Maruca V, et al. 

Subcortical brain atrophy persists even in HAART-regulated HIV disease. Brain Imagng 

Behav. 2011;5(2):77-85.

425. Jernigan TL, Archibald SL, Fennema-Notestine C, Taylor MJ, Theilmann RJ, 

Julaton MD, et al. Clinical factors related to brain structure in HIV: the CHARTER stuiy.

J Neurovirol. 2011;17(3):248-57.

426. Heaps JM, Joska J, Hoare J, Ortega M, Agrawal A, Seedat S, et al. Neuroimagng 

markers of human immunodeficiency virus infection in South Africa. J Neurovirol. 

2012;18(3):151-6.

427. Steinbrink F, Evers S, Buerke B, Young P, Arendt G, Koutsilieri E, et al. Cognitve 

impairment in HIV infection is associated with MRI and CSF pattern of 

neurodegeneration. Eur J Neurol. 2013;20(3):420-8.

428. Ragin AB, Du H, Ochs R, Wu Y, Sammet CL, Shoukry A, et al. Structural brain 

alterations can be detected early in HIV infection. Neurology. 2012;79(24):2328-34.

429. Cohen RA, Harezlak J, Schifitto G, Hana G, Clark U, Gongvatana A, et al. Effecs 

of nadir CD4 count and duration of human immunodeficiency virus infection on bran 

volumes in the highly active antiretroviral therapy era. J Neurovirol. 2010;16(l):25-52.

485



430. Kallianpur KJ, Shikuma C, Kirk GR, Shiramizu B, Valcour V, Chow D, et al. 

Peripheral blood HIV DNA is associated with atrophy of cerebellar and subcortical gray 

matter. Neurology. 2013;80(19);1792-9.

431. Pfefferbaum A, Rosenbloom MJ, Sassoon SA, Kemper CA, Deresinski S, Rohifing 

T, et al. Regional brain structural dysmorphology in human immunodeficiency virus 

infection: effects of acquired immune deficiency syndrome, alcoholism, and age. Biol 

Psychiatry. 2012;72{5):361-70.

432. Thames AD, Foley JM, Wright MJ, Panos SE, Ettenhofer M, Ramezani A, et al. 

Basal ganglia structures differentially contribute to verbal fluency: evidence from 

Human Immunodeficiency Virus (HlV)-infected adults. Neuropsychologia. 

2012;50(3):390-5.

433. Towgood KJ, Pitkanen M, Kulasegaram R, Fradera A, Kumar A, Soni S, et al. 

Mapping the brain in younger and older asymptomatic HIV-1 men: frontal volume 

changes in the absence of other cortical or diffusion tensor abnormalities. Cortex. 

2012;48(2):230-41.

434. Becker JT, Maruca V, Kingsley LA, Sanders JM, Alger JR, Barker PB, et al. Factors 

affecting brain structure in men with HIV disease in the post-HAART era. 

Neuroradiology. 2012;54(2):113-21.

435. Chang L, Andres M, Sadino J, Jiang CS, Nakama H, Miller E, et al. Impact of 

apolipoprotein E epsilon4 and HIV on cognition and brain atrophy: antagonistic 

pleiotropy and premature brain aging. Neuroimage. 2011;58(4):1017-27.

436. Pomara N, Crandall DT, Choi SJ, Johnson G, Urn KO. White matter abnormalities 

in HIV-1 infection: a diffusion tensor imaging study. Psychiatry Res. 2001;106(l):15-24.

486



437. Filippi CG, Ulug AM, Ryan E, Ferrando SJ, van Gorp W. Diffusion tensor imagitg 

of patients with FIIV and normal-appearing white matter on MR images of the brain. 

AJNR Am J Neuroradiol. 2001;22(2):277-83.

438. Thurnher MM, Castillo M, Stadler A, Rieger A, Schmid B, Sundgren PC. 

Diffusion-tensor MR imaging of the brain in human immunodeficiency virus-positive 

patients. AJNR Am J Neuroradiol. 2005;26(9):2275-81.

439. Wu Y, Storey P, Cohen BA, Epstein LG, Edelman RR, Ragin AB. Diffusion 

alterations in corpus callosum of patients with FIIV. AJNR Am J Neuroradiol. 

2006;27(3):656-60.

440. Ragin AB, Wu Y, Storey P, Cohen BA, Edelman RR, Epstein LG. Diffusion tenser 

imaging of subcortical brain injury in patients infected with human immunodeficiency 

virus. J Neurovirol. 2005;ll(3):292-8.

441. Floare J, Westgarth-Taylor J, Fouche JP, Spottiswoode B, Paul R, Thomas K, el al. 

A diffusion tensor imaging and neuropsychological study of prospective memory 

impairment in South African FIIV positive individuals. Metab Brain Dis. 2012;27(3):2S9- 

97.

442. Stubbe-Drger B, Deppe M, Mohammadi S, Keller SS, Kugel FI, Gregor N, et al. 

Early microstructural white matter changes in patients with FIIV: a diffusion tensor 

imaging study. BMC Neurol. 2012;12:23.

443. Du FI, Wu Y, Ochs R, Edelman RR, Epstein LG, McArthur J, et al. A comparative 

evaluation of quantitative neuroimaging measurements of brain status in FIIV 

infection. Psychiatry Res. 2012;203(l):95-9.

487



444. Gongvatana A, Cohen RA, Correia S, Devlin KN, Miles J, Kang H, et al. Clinical 

contributors to cerebral white matter integrity in HIV-infected individuals. J Neurovirol. 

2011;17(5):477-86.

445. Pfefferbaum A, Rosenbloom MJ, Rohifing T, Kemper CA, Deresinski S, Sullivan 

EV. Frontostriatal fiber bundle compromise in HIV infection without dementia. AIDS. 

2009;23(15);1977-85.

446. Chen Y, An H, Zhu H, Stone T, Smith JK, Hall C, et al. White matter abnormalities 

revealed by diffusion tensor imaging in non-demented and demented HIV+ patients. 

Neuroimage. 2009;47(4):1154-62.

447. Nir TM, Jahanshad N, Busovaca E, Wendelken L, Nicolas K, Thompson PM, et al. 

Mapping white matter integrity in elderly people with HIV. Hum Brain Mapp. 

2014;35(3):975-92.

448. Zhu T, Zhong J, Hu R, Tivarus M, Ekholm S, Harezlak J, et al. Patterns of white 

matter injury in HIV infection after partial immune reconstitution: a DTI tract-based 

spatial statistics study. J Neurovirol. 2013;19(l):10-23.

449. Smith SM, Jenkinson M, Woolrich MW, Beckmann CF, Behrens TE, Johansen- 

Berg H, et al. Advances in functional and structural MR image analysis and 

implementation as FSL. Neuroimage. 2004;23 SuppI 1:S208-19.

450. Andersson JL, Jenkinson M, Smith S. Non-linear registration, aka Spatial 

normalisation FMRIB technical report TR07JA2. FMRIB Analysis Group of the University 

of Oxford. 2007.

488



451. Douaud G, Smith S, Jenkinson M, Behrens T, Johansen-Berg H, Vickers J, et al. 

Anatomically related grey and white matter abnormalities in adolescent-onset 

schizophrenia. Brain. 2007;130(Pt 9):2375-86.

452. Smith SM, Nichols TE. Threshold-free cluster enhancement: addressing 

problems of smoothing, threshold dependence and localisation in cluster inference. 

Neuroimage. 2009;44(l):83-98.

453. Leemans A, Jeurissen B, Sijbers J, Jones D, editors. ExploreDTI: a graphical 

toolbox for processing, analyzing, and visualizing diffusion MR data. 17th Annual 

Meeting of Inti Soc Mag Reson Med; 2009.

454. Smith SM, Jenkinson M, Johansen-Berg H, Rueckert D, Nichols TE, Mackay CE 

et al. Tract-based spatial statistics: voxelwise analysis of multi-subject diffusion data 

Neuroimage. 2006;31(4):1487-505.

455. Makris N, Goldstein JM, Kennedy D, Hodge SM, Caviness VS, Faraone SV, et a. 

Decreased volume of left and total anterior insular lobule in schizophrenia. Schizoph' 

Res. 2006;83(2-3):155-71.

456. Frazier JA, Chiu S, Breeze JL, Makris N, Lange N, Kennedy DN, et al. Structural 

brain magnetic resonance imaging of limbic and thalamic volumes in pediatric bipokr 

disorder. Am J Psychiatry. 2005;162(7):1256-65.

457. Desikan RS, Segonne F, Fischl B, Quinn BT, Dickerson BC, Blacker D, et al. An 

automated labeling system for subdividing the human cerebral cortex on MRI scans 

into gyral based regions of interest. Neuroimage. 2006;31(3):968-80.

489



458. Goldstein JM, Seidman U, Makris N, Ahern T, O'Brien LM, Caviness VS, Jr., et al. 

Hypothalamic abnormalities in schizophrenia: sex effects and genetic vulnerability. Biol 

Psychiatry. 2007;61(8):935-45.

459. Bush G, Luu P, Posner Ml. Cognitive and emotional influences in anterior 

cingulate cortex. Trends Cogn Sci. 2000;4(6):215-22.

460. Squire LR, Ojemann JG, Miezin FM, Petersen SE, Videen TO, Raichle ME. 

Activation of the hippocampus in normal humans: a functional anatomical study of 

memory. Proc Natl Acad Sci USA. 1992;89(5):1837-41.

461. Ropper AH. Adams and Victor's principles of neurology: McGraw-Hill Medical 

Pub. Division New York; 2005.

462. Warrier C, Wong P, Penhune V, Zatorre R, Parrish T, Abrams D, et al. Relating 

structure to function: Heschl's gyrus and acoustic processing. J Neurosci. 

2009;29(l):61-9.

463. Crossman AR, Neary D. Neuroanatomy: an illustrated colour text: Elsevier 

Health Sciences; 2010.

464. FitzGerald MJT, Gruener G, Mtui E. Clinical neuroanatomy and neuroscience: 

Elsevier Health Sciences; 2011.

465. Cavanna AE, Trimble MR. The precuneus: a review of its functional anatomy 

and behavioural correlates. Brain. 2006;129(Pt 3):564-83.

466. Stephani C, Fernandez-Baca Vaca G, Maciunas R, Koubeissi M, Luders HO. 

Functional neuroanatomy of the insular lobe. Brain Struct Funct. 2011;216(2):137-49.

467. Chen C-Y, Zimmerman RA, Faro S, Parrish B, Wang Z, Bilaniuk LT, et al. MR of 

the cerebral operculum: topographic identification and measurement of interopercular

490



distances in healthy infants and children. American journal of neuroradiology. 

1995;16(8):1677-87.

468. Wakana S, Caprihan A, Panzenboeck MM, Fallon JH, Perry M, Gollub RL, et al. 

Reproducibility of quantitative tractography methods applied to cerebral white mater. 

Neuroimage. 2007;36(3):630-44.

469. Hua K, Zhang J, Wakana S, Jiang H, Li X, Reich DS, et al. Tract probability maps in 

stereotaxic spaces; analyses of white matter anatomy and tract-specific quantification. 

Neuroimage. 2008;39(l):336-47.

470. Mori S, Oishi K, Jiang H, Jiang L, Li X, Akhter K, et al. Stereotaxic white matter 

atlas based on diffusion tensor imaging in an ICBM template. Neuroimage. 

2008;40(2):570-82.

471. Watson RT, Fleet WS, Gonzalez-Rothi L, Heilman KM. Apraxia and the 

supplementary motor area. Arch Neurol. 1986;43(8):787-92.

472. Wolpe N, Moore JW, Rae CL, Rittman T, Altena E, Haggard P, et al. The medial 

frontal-prefrontal network for altered awareness and control of action in corticobasal 

syndrome. Brain. 2014;137(Pt l):208-20.

473. Halsband U, Schmitt J, Weyers M, Binkofski F, Grutzner G, Freund HJ. 

Recognition and imitation of pantomimed motor acts after unilateral parietal and 

premotor lesions: a perspective on apraxia. Neuropsychologia. 2001;39(2):200-16.

474. Jones DK, Knosche TR, Turner R. White matter integrity, fiber count, and other 

fallacies: the do's and don'ts of diffusion MRI. Neuroimage. 2013;73:239-54.

475. Simon V, Ho DD, Abdool Karim Q. HIV/AIDS epidemiology, pathogenesis.

prevention, and treatment. Lancet. 2006;368(9534):489-504.

491



476. Appay V, van Lier RA, Sallusto F, Roederer M. Phenotype and function of 

human T lymphocyte subsets: consensus and issues. Cytometry A. 2008;73(ll):975-83.

477. Mueller SN, Gebhardt T, Carbone FR, Fleath WR. Memory T cell subsets, 

migration patterns, and tissue residence. Annu Rev Immunol. 2013;31:137-61.

478. Badovinac VP, Porter BB, Flarty JT. CD8+ T cell contraction is controlled by early 

inflammation. Nat Immunol. 2004;5(8):809-17.

479. Joshi NS, Cui W, Chandele A, Lee FIK, Urso DR, Flagman J, et al. Inflammation 

directs memory precursor and short-lived effector CD8(+) T cell fates via the graded 

expression of T-bet transcription factor. Immunity. 2007;27(2):281-95.

480. Obar JJ, Jellison ER, Sheridan BS, Blair DA, Pham QM, Zickovich JM, et al. 

Pathogen-induced inflammatory environment controls effector and memory CD8+ T 

cell differentiation. J Immunol. 2011;187(10):4967-78.

481. Sauce D, Elbim C, Appay V. Monitoring cellular immune markers in FIIV 

infection: from activation to exhaustion. Curr Opin FIIV AIDS. 2013;8(2):125-31.

482. Papagno L, Spina CA, Marchant A, Salio M, Rufer N, Little S, et al. Immune 

activation and CD8h- T-cell differentiation towards senescence in FIIV-1 infection. PLoS 

Biol. 2004;2(2):E20.

483. Roederer M, Dubs JG, Anderson MT, Raju PA, Flerzenberg LA, Flerzenberg LA. 

CD8 naive T cell counts decrease progressively in FllV-infected adults. J Clin Invest. 

1995;95(5):2061-6.

484. Moir S, Malaspina A, Ogwaro KM, Donoghue ET, Flallahan CW, Ehler LA, et al. 

FIIV-1 induces phenotypic and functional perturbations of B cells in chronically infected 

individuals. Proc Natl Acad Sci USA. 2001;98(18):10362-7.

492



485. Moir S, Malaspina A, Pickeral OK, Donoghue ET, Vasquez J, Miller NJ, et al. 

Decreased survival of B cells of HIV-viremic patients mediated by altered expression cf 

receptors of the TNF superfamily. J Exp Med. 2004;200(7):587-99.

486. Fogli M, Torti C, Malacarne F, Fiorentini S, Albani M, Izzo I, et al. Emergence o1 

exhausted B cells in asymptomatic FllV-l-infected patients naive for FIAART is related 

to reduced immune surveillance. Clin Dev Immunol. 2012;2012:829584.

487. Marcondes MC, Burudi EM, Fluitron-Resendiz S, Sanchez-Alavez M, Watry D, 

Zandonatti M, et al. Flighly activated CD8(+) T cells in the brain correlate with early 

central nervous system dysfunction in simian immunodeficiency virus infection. J 

Immunol. 2001;167(9):5429-38.

488. Shacklett BL, Cox CA, Wilkens DT, Karl Karlsson R, Nilsson A, Nixon DF, et al. 

Increased adhesion molecule and chemokine receptor expression on CD8+ T cells 

trafficking to cerebrospinal fluid in FIIV-1 infection. J Infect Dis. 2004;189(12):2202-11.

489. Neuenburg JK, Cho TA, Nilsson A, Bredt BM, Hebert SJ, Grant RM, et al. T-cell 

activation and memory phenotypes in cerebrospinal fluid during HIV infection. J Acqiir 

Immune Defic Syndr. 2005;39(l):16-22.

490. von Geldern G, Cepok S, Nolting T, Du Y, Grummel V, Adams 0, et al. CD8 T-ctll 

subsets and viral load in the cerebrospinal fluid of therapy-naive HIV-infected 

individuals. AIDS. 2007;21(2):250-3.

491. Sinclair E, Ronquillo R, Lollo N, Deeks SG, Hunt P, Yiannoutsos CT, et al. 

Antiretroviral treatment effect on immune activation reduces cerebrospinal fluid HIV-l 

infection. J Acquir Immune Defic Syndr. 2008;47(5):544-52.

493



492. Sadagopal S, Lorey SL, Barnett L, Sutherland D, Basham R, Erdem H, et al. 

Enhanced PD-1 expression by T cells in cerebrospinal fluid does not reflect functional 

exhaustion during chronic human immunodeficiency virus type 1 infection. J Virol. 

2010;84(l):131-40.

493. Rawson T, Dubb S, Pozniak A, Kelleher W, Mandalia S, Gazzard B, et al. 

Assessing the role of peripheral CDS T cells in neurocognitive impairment in HIV- 

infected men who have sex with men: data from the MSM Neurocog Study. Int J STD

AIDS. 2014.

494. Kowarik MC, Grummel V, Wemlinger S, Buck D, Weber MS, Berthele A, et al. 

Immune cell subtyping in the cerebrospinal fluid of patients with neurological diseases. 

J Neurol. 2014;261(l):130-43.

495. Cepok S, von Geldern G, Nolting T, Grummel V, Srivastava R, Zhou D, et al. Viral 

load determines the B-cell response in the cerebrospinal fluid during human 

immunodeficiency virus infection. Ann Neurol. 2007;62(5):458-67.

496. Vivier E, Tomasello E, Baratin M, Walzer T, Ugolini S. Functions of natural killer 

cells. Nat Immunol. 2008;9(5):503-10.

497. Altfeld M, Fadda L, Frieta D, Bhardwaj N. DCs and NK cells: critical effectors in 

the immune response to HIV-1. Nat Rev Immunol. 2011;ll(3):176-86.

498. Kelly-Rogers J, Madrigal-Estebas L, O'Connor T, Doherty DG. Activation-induced 

expression of CD56 by T cells is associated with a reprogramming of cytolytic activity 

and cytokine secretion profile in vitro. Hum Immunol. 2006;67(ll):863-73.

494



499. Imlach S, Leen C, Bell JE, Simmonds P. Phenotypic analysis of peripheral blood 

gammadelta T lymphocytes and their targeting by human immunodeficiency virus type 

1 in vivo. Virology. 2003;305(2):415-27.

500. Carding SR, Egan PJ. Gammadelta T cells: functional plasticity and 

heterogeneity. Nat Rev Immunol. 2002;2(5);336-45.

501. Morita CT, Jin C, Sarikonda G, Wang H. Nonpeptide antigens, presentation 

mechanisms, and immunological memory of human Vgamma2Vdelta2 T cells: 

discriminating friend from foe through the recognition of prenyl pyrophosphate 

antigens. Immunol Rev. 2007;215:59-76.

502. Martini F, Poccia F, Goletti D, Carrara S, Vincenti D, D'Offizi G, et al. Acute 

human immunodeficiency virus replication causes a rapid and persistent impairment of 

Vgamma9Vdelta2 T cells in chronically infected patients undergoing structured 

treatment interruption. J Infect Dis. 2002;186(6):847-50.

503. Poles MA, Barsoum S, Yu W, Yu J, Sun P, Daly J, et al. Fluman immunodeficiency 

virus type 1 induces persistent changes in mucosal and blood gammadelta T cells 

despite suppressive therapy. J Virol. 2003;77(19):10456-67.

504. Cummings JS, Cairo C, Armstrong C, Davis CE, Pauza CD. Impacts of FIIV 

infection on Vgamma2Vdelta2 T cell phenotype and function: a mechanism for 

reduced tumor immunity in AIDS. J Leukoc Biol. 2008;84(2):371-9.

505. Fenoglio D, Poggi A, Catellani S, Battaglia F, Ferrera A, Setti M, et al. Vdeltal T 

lymphocytes producing IFN-gamma and IL-17 are expanded in FllV-l-infected patients 

and respond to Candida albicans. Blood. 2009;113(26):6611-8.

495



506. Wallace M, Bartz SR, Chang WL, Mackenzie DA, Pauza CD, Malkovsky M.

Gamma delta T lymphocyte responses to HIV. Clin Exp Immunol. 1996;103(2):177-84.

507. Poccia F, Battistini L, Cipriani B, Mancino G, Martini F, Gougeon ML, et al. 

Phosphoantigen-reactive Vgamma9Vdelta2 T lymphocytes suppress in vitro human 

immunodeficiency virus type 1 replication by cell-released antiviral factors including CC 

chemokines. J Infect Dis. 1999;180(3):858-61.

508. Poccia F, Gioia C, Martini F, Sacchi A, Piacentini P, Tempestilli M, et al. 

Zoledronic acid and interleukin-2 treatment improves immunocompetence in HIV- 

infected persons by activating Vgamma9Vdelta2 T cells. AIDS. 2009;23(5):555-65.

509. Conti L, Casetti R, Cardone M, Varano B, Martino A, Belardelli F, et al.

Reciprocal activating interaction between dendritic cells and pamidronate-stimulated 

gammadelta T cells: role of CD86 and inflammatory cytokines. J Immunol. 

2005;174(l):252-60.

510. Caccamo N, Battistini L, Bonneville M, Poccia F, Fournie JJ, Meraviglia S, et al. 

CXCR5 identifies a subset of Vgamma9Vdelta2 T cells which secrete IL-4 and IL-10 and 

help B cells for antibody production. J Immunol. 2006;177(8):5290-5.

511. Agrati C, Cimini E, Sacchi A, Bordoni V, Gioia C, Casetti R, et al. Activated V 

gamma 9V delta 2 T cells trigger granulocyte functions via MCP-2 release. J Immunol. 

2009;182(l):522-9.

512. Eberl M, Roberts GW, Meuter S, Williams JD, Topley N, Moser B. A rapid 

crosstalk of human gammadelta T cells and monocytes drives the acute inflammation 

in bacterial infections. PLoS Pathog. 2009;5(2):el000308.

496



513. Dunne MR, Madrigal-Estebas L, Tobin LM, Doherty DG. (E)-4-hydroxy-3-methvi- 

but-2 enyl pyrophosphate-stimulated Vgamma9\/delta2 T cells possess T helper type L- 

promoting adjuvant activity for human monocyte-derived dendritic cells. Cancer 

Immunol Immunother. 2010;59(7):1109-20.

514. Wesch D, Kabelitz D. Differential expression of natural killer receptors on 

Vdeltal gammadelta T cells in HIV-l-infected individuals. J Acquir Immune Defic Synd'. 

2003;33(4):420-5.

515. Fausther-Bovendo H, Wauquier N, Cherfils-Vicini J, Cremer I, Debre P, Vieillarc 

V. NKG2C is a major triggering receptor involved in the V[delta]l T cell-mediated 

cytotoxicity against HIV-infected CD4T cells. AIDS. 2008;22(2);217-26.

516. Nattermann J, Nischalke HD, Hofmeister V, Kupfer B, Ahlenstiel G, Feldmann G, 

et al. HIV-1 infection leads to increased HLA-E expression resulting in impaired function 

of natural killer cells. Antivir Ther. 2005;10(1):95-107.

517. Sindhu ST, Ahmad R, Morisset R, Ahmad A, Menezes J. Peripheral blood 

cytotoxic gammadelta T lymphocytes from patients with human immunodeficiency 

virus type 1 infection and AIDS lyse uninfected CD4-r T cells, and their cytocidal 

potential correlates with viral load. J Virol. 2003;77(3):1848-55.

518. Perrella 0, Soscia M, laccarino C, Carrier! PB. Cerebrospinal fluid T cell receptcr 

gamma/delta+ lymphocyte subsets in patient with AIDS-dementia complex. J Biol 

Regul Homeost Agents. 1992;6(2):53-6.

519. Goedert M, Crowther RA, Garner CC. Molecular characterization of 

microtubule-associated proteins tau and MAP2. Trends Neurosci. 1991;14(5):193-9.

497



520. Hjalmarsson C, Bjerke M, Andersson B, Blennow K, Zetterberg H, Aberg ND, et 

al. Neuronal and glia-related biomarkers in cerebrospinal fluid of patients with acute 

ischemic stroke. J Cent Nerv Syst Dis. 2014;6:51-8.

521. Skillback T, Rosen C, Asztely F, Mattsson N, Blennow K, Zetterberg H. Diagnostic 

performance of cerebrospinal fluid total tau and phosphorylated tau in Creutzfeldt- 

Jakob disease: results from the Swedish Mortality Registry. JAMA Neurol. 

2014;71(4):476-83.

522. Andreasen N, Minthon L, Davidsson P, Vanmechelen E, Vanderstichele H, 

Winblad B, et al. Evaluation of CSF-tau and CSF-Abeta42 as diagnostic markers for 

Alzheimer disease in clinical practice. Arch Neurol. 2001;58(3):373-9.

523. Magnin E, Paquet C, Formaglio M, Croisile B, Chamard L, Miguet-Alfonsi C, et al. 

Increased Cerebrospinal Fluid Tau Levels in Logopenic Variant of Alzheimer's Disease. J 

Alzheimers Dis. 2014;39(3):611-6.

524. Fabre SF, Forsell C, Viitanen M, Sjogren M, Wallin A, Blennow K, et al. Clinic- 

based cases with frontotemporal dementia show increased cerebrospinal fluid tau and 

high apolipoprotein E epsilon4 frequency, but no tau gene mutations. Exp Neurol. 

2001;168(2):413-8.

525. Riemenschneider M, Wagenpfeil S, Diehl J, Lautenschlager N, ThemI T, 

Fleldmann B, et al. Tau and AP42 protein in CSF of patients with frontotemporal 

degeneration. Neurology. 2002;58(ll):1622-8.

526. Flartmann T, Bieger SC, Bruhl B, Tienari PJ, Ida N, Allsop D, et al. Distinct sites of 

intracellular production for Alzheimer's disease A beta40/42 amyloid peptides. Nat 

Med. 1997;3(9):1016-20.

498



527. Madani R, Poirier R, Wolfer DP, Welzl H, Groscurth P, Lipp HP, et al. Lack of

neprilysin suffices to generate murine amyloid-like deposits in the brain and behavioral

deficit in vivo. J Neurosci Res. 2006;84(8):1871-8.

528. Nalivaeva NN, Belyaev ND, Zhuravin lA, Turner AJ. The Alzheimer's amyloid

degrading peptidase, neprilysin: can we control it? Int J Alzheimers Dis.

2012;2012;383796.

529. Hickman SE, Allison EK, El Khoury J. Microglial dysfunction and defective beta-

amyloid clearance pathways in aging Alzheimer's disease mice. J Neurosci.

2008;28(33):8354-60.

530. Ortega M, Ances BM. Role of HIV in Amyloid Metabolism. J Neuroimmune

Pharmacol. 2014.

531. Peluso MJ, Meyerhoff DJ, Price RW, Peterson J, Lee E, Young AC, et al.

Cerebrospinal fluid and neuroimaging biomarker abnormalities suggest early

neurological injury in a subset of individuals during primary HIV infection. J Infect Dis.

2013;207(11):1703-12.

532. Krut JJ, Zetterberg H, Blennow K, Cinque P, Hagberg L, Price RW, et al.

Cerebrospinal fluid Alzheimer's biomarker profiles in CNS infections. J Neurol.

2013;260{2);620-6.

533. Du Pasquier RA, Jilek S, Kalubi M, Yerly S, Fux CA, Gutmann C, et al. Marked

increase of the astrocytic marker SIOOB in the cerebrospinal fluid of HIV-infected

patients on LPV/r-monotherapy. AIDS. 2013;27(2):203-10.

534. Gisslen M, Price RW, Nilsson S. The definition of HIV-associated neurocognitive

disorders: are we overestimating the real prevalence? BMC Infect Dis. 2011;11:356.

499



535. Green AJ, Giovannoni G, Hall-Craggs MA, Thompson EJ, Miller RF. Cerebrospinal 

fluid tau concentrations in HIV infected patients with suspected neurological disease. 

SexTransm Infect. 2000;76(6):443-6.

536. Andersson L, Blennow K, Fuchs D, Svennerholm B, Gisslen M. Increased 

cerebrospinal fluid protein tau concentration in neuro-AIDS. J Neurol Sci. 

1999;171(2):92-6.

537. Ellis RJ; Seubert P, Motter R, Galasko D, Deutsch R, Heaton RK, et al. 

Cerebrospinal fluid tau protein is not elevated in HIV-associated neurologic disease in 

humans. HIV Neurobehavioral Research Center Group (HNRC). Neurosci Lett. 

1998;254(l):l-4.

538. Lee JW, Devanarayan V, Barrett YC, Weiner R, Allinson J, Fountain S, et al. Fit- 

for-purpose method development and validation for successful biomarker 

measurement. Pharm Res. 2006;23(2):312-28.

539. Serrano-Villar S, Gutierrez C, Vallejo A, Hernandez-Novoa B, Diaz L, Abad 

Fernandez M, et al. The CD4/CD8 ratio in HIV-infected subjects is independently 

associated with T-cell activation despite long-term viral suppression. J Infect. 

2013;66(l):57-66.

540. Kowarik MC, Cepok S, Sellner J, Grummel V, Weber MS, Korn T, et al. CXCL13 is 

the major determinant for B cell recruitment to the CSF during neuroinflammation. J 

Neuroinflammation. 2012;9:93.

541. Kuenz B, Lutterotti A, Ehling R, Gneiss C, Haemmerle M, Rainer C, et al. 

Cerebrospinal fluid B cells correlate with early brain inflammation in multiple sclerosis. 

PLoSOne. 2008;3(7):e2559.

500



542. Stellwagen D, Malenka RC. Synaptic scaling mediated by glial TNF-alpha.

Nature. 2006;440(7087):1054-9.

543. Jensen CJ, Massie A, De Keyser J. Immune players in the CNS: the astrocyte. J

Neuroimmune Pharmacol. 2013;8(4):824-39.

544. Bossers WJ, Scherder EJ, Boersma F, Flortobagyi T, van der Woude LFI, van

Fleuvelen MJ. Feasibility of a combined aerobic and strength training program and its

effects on cognitive and physical function in institutionalized dementia patients. A pilot

study. PLoS One. 2014;9(5):e97577.

545. Chang YK, Chu CFI, Wang CC, Wang YC, Song TF, Tsai CL, et al. Dose-response

Relationship between Exercise Duration and Cognition. Med Sci Sports Exerc. 2014.

546. Colcombe SJ, Erickson Kl, Raz N, Webb AG, Cohen NJ, McAuley E, et al. Aerobic

fitness reduces brain tissue loss in aging humans. J Gerontol A Biol Sci Med Sci.

2003;58(2):176-80.

547. Erickson Kl, Prakash RS, Voss MW, Chaddock L, Flu L, Morris KS, et al. Aerobic

fitness is associated with hippocampal volume in elderly humans. Flippocampus.

2009;19(10):1030-9.

501


