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Abstract

Introduction

Neuropathological, neurochemical and multimodal neuroimaging studies suggest that 

components of the central autonomic network are affected by the neurodegenerative 

changes o f Alzheimer’s pathology in Mild Cognitive Impairment (MCI). Autonomic 

dysfunction causes episodic and chronic hypotension. Hypotension is implicated in 

dementia. Hence, clinical assessments o f autonomic function in MCI may provide novel 

biomarkers indicative o f early neurodegeneration,

Methods

Patients with MCI (N=97, 59% male, median age 73 years) and control participants 

(N=35, 44% male, median age 71.5 years) underwent bedside clinical assessments o f 

autonomic function using cardiovascular reflex tests and heart rate variability. 

Haemodynamic changes including orthostatic hypotension (N MCI participants = 95, 

52% male, mean age 73.8 years) and blood pressure variability (N MCI participants = 

91, 49% male, median age 73 years) were assessed. A subgroup (N MCI participants= 

24; 33% male, mean age 71.8 years; N controls=12, 50% male, mean age 73.7 years) 

underwent diffusion tensor imaging (DTI) tractography to assess the association 

between autonomic dysfunction and white matter integrity. Cross-sectional results were 

compared with age-matched controls.

Results

MCI participants had clinically significant autonomic dysfunction compared to controls. 

This was predominantly parasympathetic dysfunction, although some sympathetic 

dysfunction was observed. MCI participants demonstrated a greater ASBP and
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Recovery 40 on active stand than controls. These orthostatic parameters were 

significantly associated with deficits in executive ftinction, speed and attention. There 

was no significant difference between groups in blood pressure variability. Reduced 

fractional anisotrophy (FA), a measure o f white matter integrity, o f the right posterior 

cingulum in dysautonomia was also observed.

Conclusion

Autonomic function, particularly parasympathetic dysfunction is prevalent in MCI. This 

may be due to the early neuroanatomical and neurochemical changes in the central 

autonomic network. Associated haemodynamic changes may accelerate cognitive 

decline by episodic hypotensive induced cerebral hypoperftision. This provides new 

insights into the pathophysiological mechanisms that contribute to cognitive decline, 

and may help characterise those at highest risk o f transitioning to dementia.
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Glossary of Abbreviations
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Chapter 1

Introduction
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1.1 The Autonomic Nervous System

The term ‘Autonomic Nervous System’ (ANS) is attributed to JN Langley in the early 

part of the twentieth century to describe the nerves that were concerned predominantly 

with the regulation o f bodily functions. The ANS is now understood to be a complex 

system of highly interconnected neurons responsible for the control of visceral function, 

maintenance o f homeostasis and adaptation. This is a largely involuntary system. The 

ANS is extremely difftise; its pathways permeate all organ systems. It is involved in 

virtually all diseases. Any lesion affecting the brain (e.g., tumour, stroke, infection, 

neurodegeneration) can cause autonomic symptoms.

The autonomic network is divided into the central network and the peripheral 

autonomic nervous system. The central autonomic network is an interconnected 

network in several forebrain and brainstem areas. These structures also control 

endocrine and motor outputs that, together with the autonomic output, participate in 

integrated responses to internal and external stimuli. The peripheral autonomic system 

is composed o f two separate divisions; the sympathetic and parasympathetic systems. 

Both divisions contain afferent and efferent nerves and both have myelinated and non

myelinated fibres. The effects o f the two divisions are complementary. In general, 

activation o f the sympathetic system causes an increase in cardiac output, constriction 

o f blood vessels, a reduction in gastrointestinal motility and constriction o f the 

sphincters. Activation o f the parasympathetic system causes the opposite response.

(See figure 1.1, page 19)
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Figure 1.1: The Autonomic Nervous System (1)
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1.11 The Central Autonomic Network

The central autonomic network (CAN) is anatomically and fiinctionally composed o f  

several interconnected areas responsible for tonic, reflex and adaptive control o f 

autonomic function(2). These areas are reciprocally connected. They receive 

converging visceral and somatosensory information and contribute to autonomic, 

endocrine, behavioural, motor, emotional, attentional and pain controlling responses. 

The structures forming the central autonomic network are distributed at the level o f  the 

cerebral cortex, basal forebrain, hypothalamus, midbrain, pons and medulla (2, 3).

(See figure 1.2)

Figure 1.2: Components o f the Central Autonomic Network(4)
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The autonomic control is hierarchically organized. The insular cortex and amygdale 

mediate higher order autonomic control, and their involvement in seizures or stroke 

may produce severe cardiac arrhythmias and other autonomic manifestations. The 

paraventricular and other hypothalamic nuclei contain mixed neuronal populations that 

control specific subsets o f pre-ganglionic sympathetic and parasympathetic neurons.

The hypothalamus integrates autonomic and endocrine responses to maintain 

homeostasis(3). Hypothalamic autonomic disorders commonly produce hypothermia or 

hyperthermia. The nucleus o f the solitary tract in the medulla is the first relay station for 

brainstem visceral afferents, and is involved in ail medullary autonomic and respiratory 

reflexes. The ventrolateral medullary reticular formation (VLM) contains several 

groups o f pre-motor neurons controlling vasomotor tone, cardiac function, and 

respiration. Medullary autonomic disorders can cause orthostatic hypotension, 

paroxysmal hypertension, and sleep apnoea.

The two main chemical neurotransmitters in the CAN are L-glutamate and y- 

Aminobutyric acid (GABA). Fast point-to-point excitatory signals are mediated by L- 

glutamate acting via three receptor types. Glutamate is the primary neurotransmitter of 

baroreceptor and chemoreceptor afferents to the medulla and decending 

sympathoexcitatory inputs to sympathetic preganglionic neurons (5, 6). Aminobutyric 

acid (GABA) is the main inhibitory neurotransmitter in the CNS and produces both pre- 

and postsynaptic inhibition. GABA is involved in circuits mediating baroreflex 

inhibition o f the sympathoexcitatory neurons o f the rostral VLM and respiratory 

modulation o f cardiovagal neurons (5,7).
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1.12 The Peripheral Autonomic Nervous System

The peripheral autonomic system is anatomically and functionally classified in two 

distinct but interacting divisions; the sympathetic and parasympathetic nervous systems. 

Both divisions have pre-ganglionic neurons located in the brainstem or spinal cord and 

an autonomic ganglion neuron that innervates the target organ. (See figure 1.1, page 19)

1) The Sympathetic Nervous System

The sympathetic pre-ganglion neurons are located in the spinal thoracolumbar cord at 

T1 to L3 segments. They occupy the inter-mediolateral columns o f the spinal cord. 

These pre-ganglionic neurons have myelinated axons and utilize acetylcholine as 

neurotransmitter. Acetylcholine mediates excitatory inputs from pre-ganglionic 

sympathetic and parasympathetic neurons via ganglion type nicotine receptors. The 

post-ganglionic neurons are non-myelinated. The primary neurotransmitter of 

sympathetic ganglion neurons is noradrenaline. Sympathetic neurons innervating sweat 

gland utilize acetylcholine. Noradrenaline acts via three families o f adrenergic receptors 

(ai, tt2 and P receptors). The Ui receptors mediate sympathetic stimulation o f vascular 

and visceral smooth muscle. The a 2 receptors mediate presynaptic inhibition of 

noradrenaline and other neurotransmitters. The Pi receptors mediate sympathetic 

stimulating effects on heart rate, excitability and contraction. The p2 receptors mediate 

smooth muscle relaxation. (See table 1.1, page 24)

The sympathetic system controls patterns o f responses to specific internal or external 

stresses, such as postural changes, exercise, hypoglycaemia, dehydration, exposure to 

heat or cold, and stress. Sympathetic output is critical for maintenance o f arterial 

pressure, response to stress, exercise, and thermoregulation
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2) The Parasympathetic Nervous System

The parasympathetic pre-ganghonic neurons are located in the brain stem and spinal 

cord. The most important cranial pre-ganglionic parasympathetic output is carried by 

the vagus nerve (cranial nerve X). The vagus nerve originates from the dorsal vagal 

nucleus and the nucleus ambiguous and innervates local ganglia and plexuses o f  all 

thoracic and abdominal viscera. The sacral parasympathetic nucleus located at the S2- 

S4 segments o f  the spinal cord innervates the rectum, bladder, and sexual organs. The 

primary neurotransmitter o f  the parasympathetic system is acetylcholine. However, 

many effects are also mediated by nitric oxide, adenosine triphosphate, and several 

neuropeptides. Acetylcholine acts via muscarinic receptors in the parasympathetic 

nervous system. Muscarinic receptors are present in presynaptic terminals o f  autonomic 

ganglia and target organs. There are two classes o f  muscarinic receptors. The M i-like 

receptors (Mi, M2 and M 5 receptors) mediate the excitatory effects o f  acetylcholine in 

the ANS. The M2 -like receptors mediate presynaptic and postsynaptic inhibitory effects 

o f  acetylcholine.

In contrast to sympathetic outflow, the different parasympathetic outflows are activated 

in an organ-specific fashion by specific stimuli that control each organ separately. The 

vagus nerve exerts a beat-to-beat control on heart rate and facilitates motility of, and 

secretion in the gastrointestinal tract. The sacral parasympathetic output is critical for 

evacuation o f  the bladder and rectum and penile erection. The main functions o f  the 

sympathetic and parasympathetic systems and the neurotransmitters involved are 

summarized in table 1.1 (page 24).

23



Table 1.1

Effects o f the Sympathetic and Parasympathetic Systems on Target 

Organs (8)
Tarset Svnwathetic (Receptor) Parasvmpathetic (Receptor)

P u p i l D i l a t a i o n  ( a i ) C o n s t r i c t i o n ( M 3 )

C i l i a r y  M u s c l e — A c c o m o d a t i o n ( M 3 )

S a l i v a r y  &  L a c r i m a l  G l a n d s I n h i b i t i o n  ( p r e s y n a p t i c )  ( a i ) S t i m u l a t i o n ( M 3 )

H e a r t S t i m u l a t i o n  ( P i ) I n h i b i t i o n ( M 2 )

B r o n c h i D i l a t a i o n  ( P 2 ) C o n s t r i c t i o n ( M 3 )

M u s c l e  V e s s e l s C o n s t r i c t i o n  ( a i )  

D i l a t a i o n  ( P 2 )

--

S k i n  V e s s e l s C o n s t r i c t i o n  ( t t | )  

D i l a t a i o n  ( N O )

---

V i s c e r a l  V e s s e l s C o n s t r i c t i o n  ( a i ) D i l a t a t i o n ( M 3 )

S w e a t  G l a n d s S t i m u l a t i o n  ( M 3 ) —

G a s t r o i n t e s t i n a l  S m o o t h  M u s c l e I n h i b i t i o n  ( 0 2 ) C o n t r a c t i o n  ( M 3 )  

R e l a x a t i o n  ( N O ,  V I P )

G a s t r o i n t e s t i n a l  E x o c r i n e I n h i b i t i o n  ( 0 2 ) G a s t r i c  S t i m u l a t i o n ( M i )

G l a n d s S t i m u l a t i o n  i n  t h e  g u t ,  l i v e r  &  

p a n c r e a s ( M 3 ,  V I P )

B l a d d e r  D e t r u s o r I n h i b i t i o n  ( P 2 ) S t i m u l a t i o n ( M 3 ,  A T P )

B l a d d e r  N e c k S t i m u l a t i o n  ( a i ) I n h i b i t i o n  ( N O )

R e c t a l  S m o o t h  M u s c l e I n h i b i t i o n  ( P 2 ) S t i m u l a t i o n ( M 3 )

E r e c t i l e  t i s s u e C o n s t r i c t i o n  ( a i ) D i l a t a t i o n  ( N O )

V a s  D e f e r e n s C o n t r a c t i o n  ( a i ) —

E x o c r i n e  S e c r e t i o n S t i m u l a t i o n  a d r e n a l i n e , S t i m u l a t i o n  o f  i n s u l i n ,  g a s t r i n .

g l u c a g o n ,  r e n i n  &  t h y r o x i n e s e c r e t i n ,  c h o l o c y s t o k i n i n  &

(P 2 ) p a n c r e a t i c  p o l y p e p t i d e ( M 3 )

G l y c o g e n o l y s i s S t i m u l a t i o n  ( P 2 ) —

L i p o l y s i s S t i m u l a t i o n  ( P 2 )

A d r e n e r g i c  r e c e p t o r s :  a i , t t 2 ,  P i a n d  P2 ,  M u s c a r i n i c  r e c e p t o r s  M | -  l i k e ( M |  a n d  M 3 )  a n d  M 2 - l i k e ,

A T P  A d e n o s i n e  T r i p h o s p h a t e ,  N O ,  N i t r i c  O x i d e ,  V I P ,  V a s o a c t i v e  I n t e s t i n a l  N e u r o p e p t i d e
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1.2 Disorders of the Autonomic Nervous System

People with autonomic failure experience symptoms such as postural dizziness, falls, 

syncope, urinary incontinence, constipation, sexual dysfunction, abnormal sweating and 

changes in themoregulation. Orthostatic intolerance is the commonest manifestation(8). 

This typically presents with lightheadedness on standing. However, 50% of patients 

have problems o f cognitive impairment on standing that clears on sitting down(9).

Other features of orthostatic intolerance include retrocolic heaviness or headache on 

continued standing, ataxia and weakness(lO).

Autonomic disorders are common. The autonomic nervous system reaches throughout 

the body and permeates all organ systems. Manifestations of disorders can be diverse in 

their presentation. Disorders o f the Autonomic Nervous System are arbitrarily classified 

according to anatomical system and level o f involvement. Disorders can be organized 

as primarily affecting the brain, spinal cord or peripheral nerve (See table 1.2, page 26). 

Neurodegenerative conditions can affect several components o f the autonomic axis 

simultaneously. Autonomic symptoms are prominent in some neurodegenerative 

conditions such as Parkinson’s disease (PD) and Lewy Body Dementia (DLB)(11-15). 

Indeed, autonomic symptoms may be the presenting symptom o f PD, and may precede 

the motor symptoms by over 10 years(16). Dysautonomia has been highlighted as a 

supportive feature in the clinical diagnosis o f DLB, in the third report o f the consortium 

on DLB international workshop (17, 18). Autonomic involvement is present in 

Alzheimer’s disease but the evolution and classification o f involvement is poorly 

understood.
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Table 1.2

Classification O f Clinical Autonomic Disorders(8)
Autonomic Disorders W ith Brain involvement
1) Neurodegenerative Conditions

• Disorders with Autonomic Involvement clinically prominent E.g., Multiple System Atrophy,
Lewy Body Disorders

• Disorders occasionally associated with autonomic failure E.g., Progressive Supranuclear Palsy
2) Focal CNS Disorders

• Disorders affecting cortical autonomic areas E.g., Insular stroke
• Disorders affecting subcortical areas E.g., Limbic encephalitis
• Disorders affecting the brainstem and cerebellum E.g., Syringobulbia

Autonomic Disorders With Spinal Cord involvement
E.g., Multiple Sclerosis, Syringomyelia, Amyotrophic lateral sclerosis

Autonomic Neuropathies
1) The Acute/Subacute neuropathies E.g., Guillain Barre Syndrome
2) The Chronic Peripheral Neuropathies E.g., Diabetic autonomic neuropathy. Vitamin B12 deficiency

Disorders of Reduced Orthostatic Tolerance
1) The reflex syncopes
2) Postural Orthostatic Tachycardia Syndromes

Paroxysmal, or Intermittent, Acral or Generalized Vasomotor or Sudomotor Disorders
E.g., Paroxysmal and essential hyperhidrosis, Raynaud’s Syndrome

Genetic Disorders Affecting Autonom ic Neurotransmission
E.g., Dopamine-P-hydrolase deficiency

Drug-Induced Autonomic Disorders
E.g., Neuroleptic M alignant Syndrome, Serotonin Syndrome, Anti-cholinergic dmgs

Pure Autonomic failure
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1.3 Neurocardiovascular Instability

Neurocardiovascular Instability (NCVI) is an intermittent disorder o f autonomic 

function. It is a collective term that refers to a group of age related disorders that result 

in hypotension and/or bradyarrhythmia(19). The most common presentations of NCVI 

are orthostatic hypotension (OH), carotid sinus hypersensitivity/syndrome (CSH/CSS), 

vasovagal syncope (VVS), post prandial hypotension and exaggerated blood pressure 

variability (BPV). The criteria for diagnosis o f these conditions are outlined in table 1.3. 

NCVI is characterised by some or all o f the following:

• Postural drops in blood pressure

• Abnormal blood pressure diurnal variability

• Intermittent hypotensive episodes

• Persistently low blood pressure.

Symptoms o f NCVI reflect reduced cerebral and peripheral perfusion and range from 

fatigue, muscle weakness, dizziness and presyncope to falls and syncope.

Under normal circumstances arterial baroreceptor in the carotid sinus and aortic arch 

induce adjustments o f heart rate, contractility and peripheral vascular resistance after 

provocations such as orthostatic stress. These reflexes are regulated by autonomic 

nuclei in the brain stem, and can modulate sympathetic tone on resistance and 

capacitance vessels, cardiac contractility, and parasympathetic and sympathetic 

influences on the heart rate after provocations such as orthostatic stress. NCVI occurs 

due to failure o f these control mechanisms, that are crucial for maintaining adequate 

cerebral perfusion o f the brain and cerebral oxygen delivery, after sudden changes in

27



blood pressure The main causes o f  NCVI include primary and secondary autonomic 

failure, medications, dehydration and age-related vascular pathology(19).

Table 1.3
Neurocardiovascular Instability Syndromes(20)

Svndrome D iasnostic Criteria

Orthostatic Hypotension A fall in SBP o f 20mmHg, or below 90mmHg, and/or fall in DBP o f 
10mmHg(21)
With coexisting supine hypertension a fall in SBP o f 30mmHg is 
required (22)

Post Prandial Hypotension A fall in SBP o f 20mmHg or more following ingestion of a standard 
450 kcal meal(23)

Blood Pressure Variability Includes short term and circadian components which can be estimated 
by the standard deviation o f the blood pressure values over a defined 
period o f the day, or by the night:day blood pressure ratio, 
respectively

Carotid Sinus Hypersensitivity Cardioinhibitory and/or vasodepressor response to 5 to 10 seconds o f
carotid sinus massage
Cardioinhibitory = asystole > 3 seconds
Vasodepressor = a fall in SBP > SOmmHg in absence of
cardioinhibition
Mixed = A combination of the two(23, 24)

Carotid Sinus Syndrome Diagnosed in patients with otherwise unexplained syncope in 
association with documented carotid sinus hypersensitivity(23)

Vasovagal Syncope Fall in blood pressure and syncope induced by head up tilt at > 60 
mmHg. This can be vasodepressor, cardioinhibitory or mixed(25)

1.4 Clinical Evaluation of the Patient with an 

Autonomic Disorder

1.41 Introduction

The evaluation o f  autonomic function is primarily by physiological assessments. 

Neurochemical indices and imaging studies are useful in certain conditions. Current
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physiological assessments include cardiovascular reflex tests, the thermoregulatory 

sweat test, and time frequency and power spectral analysis o f heart rate variability. The 

clinical assessment o f the patient should be taken into account in the interpretation of 

results of the autonomic assessments.

1.42 Cardiovascular Reflex Tests

Cardiovascular reflex tests form the mainstay of bedside evaluation o f the autonomic 

nervous system. These are non-invasive, safe and relatively easy to perform. These tests 

evaluate autonomic reflexes to provocative manoeuvres. Procedures used for evaluating 

reflexes include deep breathing, valsalva manoeuvre, active stand, cold pressor and 

sustained hand grip. In 1982, Ewing at al advocated a battery o f 5 cardiovascular reflex 

tests for bedside evaluation o f autonomic function(26). With some modifications, this 

test battery forms the core o f cardiovascular autonomic evaluation performed by most 

laboratories today. Ewing at al proposed using a battery rather than single tests to 

enhance the reproducibility o f bedside cardiovascular reflex test in the evaluation o f the 

autonomic system.

The Ewing’s battery and modified versions o f cardiovascular reflex assessments 

evaluate heart rate and beat-to-beat blood pressure responses to 5-6 provocative 

manoeuvres, determined by the parasympathetic and sympathetic systems respectively. 

Parasympathetic tests include heart rate responses to deep breathing (maximum- 

minimum heart rate), the valsalva manoeuvre (valsalva ratio) and the active stand 

(30:15 ratio). Sympathetic tests include blood pressure responses to the valsalva 

manoeuvre, active stand, sustained handgrip and the cold pressor test. Although the 

division of the tests into two divisions is probably too simplistic and does not reflect the
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complex underlying physiology, it is clinically useftil and provides a convenient method 

o f assessing the autonomic system. In addition to evaluation o f each o f the divisions, it 

provides a framework for determining the severity of autonomic neuropathy.

Standardisation o f test procedures is o f paramount importance to reduce the variability 

in the results of these procedures(8). Drinking coffee, smoking, volume status, exercise, 

time of day and medications can affect the cardiovascular autonomic nervous system. 

Subjects should be asked to refrain from vigorous exercise, caffeine and smoking for at 

least 12 hours prior to assessments. Medications such as anticholinergics, alpha and 

beta agonists and receptor blockers should be discontinued 48 hours before 

assessments(8). Aging can affect the interpretation of some of the bedside 

cardiovascular tests such as deep breathing. The effect o f age on the valsalva 

manoeuvre is controversial(27)

The interpretation o f the reflex responses is determined by classifying the individual 

responses as normal, abnormal or borderline(26). This is performed by comparing the 

result to pre-defmed age-adjusted values (See table 1.4, page 31). Ewing’s classification 

is determined by the number o f abnormal autonomic assessments. Autonomic 

neuropathy is classified as early, definite, severe or atypical based on the number of 

abnormal parasympathetic and sympathetic assessments (See table 1.4)
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Table 1.4

Cardiovascular Reflex Tests -  Pre Defined Values in Diabetic

Test M easurement N orm al Borderline Abnorm al

Deep Breathing Min -  Max HR (beats per min) > 15 bpm' 1 l-14bpm' < 10 bpm'

Valsalva Manoevure VR- = RR Phase 4/ RR Phase 2 
BP Phase 4 -  Baseline BP

> 1.20 N/A < 1.20

Orthostasis 30:15 Ratio
Baseline SBP'* -  Nadir SBP^

> 1.04 
< 20 mmHg'^

1.01-1.03
N/A

<1. 0  
> 20mmHg^

Cold Pressor test DBP^ on immersion o f hand in
cold water 
...............................  . 1  __  ___

> 10 mmHg^ N/A

A  _  ■ .

< lOmmHg^

Pressure; ^DBP Diastolic Blood Pressure

Ewing’s Classification of Autonomic Dysfunction
E w ins's Classification 

Normal 

Early 

Definite 

Severe 

Atypical

Test Score 

All tests normal or I borderline

1 o f 3 HR tests abnormal or 2 borderline

2 or more HR tests abnormal

2 or more HR tests+ 1 or both BP tests abnormal or 2 borderline 

Any other combination

1.43 Heart Rate Variability

Heart rate variability (HRV) is a technique used to assess autonomic tone by analyzing 

interbeat variation. The clinical usefulness o f HRV was first recognized by Hon and 

Lee in 1965. They noted that foetal distress was preceded by a change in interbeat 

variation before a change in heart rate(28). Ewing’s autonomic battery was developed 

during the following decade(29). This is predominantly based on the interbeat 

variations in cardiovascular reflexes. The clinical importance o f HRV was recognized 

in 1980, when it was confirmed that HRV was a strong, independent predictor o f 

mortality post myocardial infarction (30, 31). Assessment o f HRV has now attained 

widespread use in a diverse group o f disciplines including neurology, cardiology,
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psychiatry, obstetrics and anaesthesiology. The ease o f administration using digital, 

high frequency, multichannel ECG recorders has popularized its use. This requires less 

cooperation from the subject than other autonomic tests and is suitable for use in 

patients with cognitive impairment and dementia.

Standardisation o f measurements and interpretation o f HRV indices was performed by 

The Taskforce o f the European Society o f Cardiology and the North American Society 

o f Pacing in 1996(32). Short term 5 minute recordings or nominal 24 hour recordings 

are most commonly used. The heart inter-beat variations may be evaluated by time 

domain or frequency domain measurements.

1) Time Domain Measurements

Time domain measurements are divided into those derived from the direct 

measurements o f NN intervals or instantaneous heart rate and those derived from the 

differences between NN intervals. The NN interval is defined as the time in 

milliseconds between two successive R waves on the ECG recording. The simplest 

variable to calculate is the standard deviation o f NN intervals (SDNN). SDNN 

represents overall HRV and encompasses all frequency components responsible for 

HRV in the period of recording. The standard deviation o f the 5 minute mean RR 

interval (SDANN) is also derived from direct measurements o f the RR intervals. This is 

an estimate o f changes in heart rate of successive 5 minute windows. This measure is 

only suitable in long term recordings.

The most commonly used variables derived from interval differences include the square 

root of the mean squared difference of successive NN intervals (RMSSD) and the 

proportion o f successive NN intervals greater than 50ms (pNN50). These are
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measurements of short term variation which estimate high frequency variation and are 

highly correlated (33, 34).

2) Frequency Domain Measurements

This technique provides information regarding the distribution of power (variance) as a 

function of the frequency, independent of the method used. The most common method 

is the non-parametric fast fourier transformation. Spectral analysis of short term 

readings of < 5 minutes produces several prominent peaks or frequency bands (See 

figure 1.3). Three main spectral components are very low frequency (VLF), low 

frequency (LF) and high frequency (HF). However, the physiological basis of VLF is 

poorly defined. The HF component is eliminated by high dose atropine and represents 

parasympathetic activity (>0.15 Hz). Sympathetic stimulation increases the LF 

component of HRV. However, high dose atropine also eliminates LF indicating this 

component represents predominantly sympathetic activity, but there are some 

parasympathetic contributions (0.04-0.15Hz). The LF/HF ratio has been proposed as an 

index of sympathovagal balance, although this remains controversial

Figure 1.3: Example Graph o f Power Spectral Analysis o f Heart rate 
Variability in a Healthy Control(8)
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1.44 Quantitative Sudomotor Axon Test (QSART)

This is a sensitive and reproducible method of assessment o f the functional integrity of 

the postganglionic sympathetic sudomotor axon. Recordings are made from standard 

recording sites including the medial forearm, the proximal leg, the distal leg and the 

proximal foot. The four multi-compartment sweat cells are attached to a constant 

current stimulator. The other lead from the current stimulator is attached to a return 

electrode. A baseline recording o f 1 minute is taken. Acetylcholine is then injected, 

followed by a 5 minute stimulus o f a 2 milli Amp current. Five minute recordings of 

sweat volumes are taken from the four sites and compared to normative data.

1.45 Neurochemical Indices

Neurochemical indices arc unhelpful in the parasympathetic system as acetylcholine is 

unstable in human plasma and other extracellular fluids because o f rapid metabolic 

breakdown. In the sympathetic system, neurochemical analysis can help distinguish 

between pre and post ganglionic lesions.

Plasma catecholamines are measured in the supine and erect positions. Supine values 

are an index o f net sympathetic activity. This is determined by the rate o f noradrenaline 

secretion and clearance. In a disorder where the lesion is pre ganglionic, resting supine 

values are normal, but the response to standing is reduced or absent due to failure of 

activation. In a post ganglionic lesion, the supine values are reduced, if  the lesion is 

very widespread. Attempts at improving the sensitivity include using indices of 

noradrenaline biosynthesis by measuring urinary and plasma metabolites.
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1.46 Imaging Studies in Autonomic Disorders

Autonomic neuroimaging is centred predominantly on the sympathetic innervation of 

the heart. The most common method for cardiac sympathetic neuroimaging is 

scintigraphy or single photon emission computed tomography (SPECT) after injection 

of'■■''l-MIBG. This is an index of the functional integrity o f pre-synaptic post 

ganglionic adrenergic sympathetic terminals in the heart. Cardiac noradrenaline 

denervation is a feature of lewy body diseases such as PD, DLB and pure autonomic 

failure (35-38). This is in contrast to intact cardiac innervation in Alzheimer’s disease 

(AD) and multiple system atrophy (39). In a wide variety o f disorders, an abnormal 

pattern o f ’“"^I-MIBG uptake and retention of derived radioactivity is associated with 

worse prognosis and disease severity. (See figure 1.4)

Figure 1.4: Example o f  Cardiac Uptake in Patients with AD 
(left) and DLB (40)
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A. The regions o f  inieresi consist o f  the left ventricle (1) and the mediastinum (2).
B. Comparison o f  the heart :mediastinum uptake of''^I-MIBG ( H:M ratio). The mean H:M  

ratiowas lower in patients with DLB than in patients with AD and controls. Early scan was 
performed at 30 minutes (early H:M ratio) and delayed scan .?can at 4 hours ( delayed H:M  
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1.47 Pupillometry

This is a fast, low cost, non-invasive technique that has been applied in the monitoring 

o f the central cholinergic system. Acetylcholine is the main neurotransmitter 

participating in the pupillary light reflex (PLR). The size and responsiveness o f the 

human pupil to light are governed by the antagonistic action o f  the sphincter and the 

dilator muscles o f  the iris, which are controlled by the parasympathetic and sympathetic 

systems, respectively. However, the sympathetic contribution is believed to be minimal, 

making pupillary function sensitive to measurement o f cholinergic changes within the 

central nervous system. The PLR was first used over 40 years ago. It has been used to 

measure central cholinergic activity in patients with PD, AD, Myasthenia Gravis and 

depression.

1.5 Mild Cognitive Impairment 

1.51 Introduction

M ild Cognitive Impairment (MCI) represents a clinical construct that identifies an 

intermediate state o f  cognitive ftinction between that o f healthy aging and memory and 

cognitive deficits associated with dementia(41).M ost people undergo some decline in 

their cognitive function over their lifespan. This typically affects short term memory 

and is relatively minor and does not compromise the ability to function. However, some 

people develop a decline in their cognitive ftinction beyond that associated with typical 

ageing. This is often recognized by the individual experiencing the decline, and by 

those around them. This entity is known as MCI.
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1.52 Epidemiology

The global prevalence of AD is estimated at 24 million people worldwide. In 2005, the 

Delphi Consensus on dementia estimated this figure will rise to 42 million in 2020 and 

80 million by 2040(42). Thus, AD represents a major public health concern and has 

been identified as a research priority. MCI is present in 3 -24% of those aged 65 years 

and over and between 14-18% in those over 70 years (43-47). Although not all forms of 

MCI evolve into AD, MCI does represent an increased risk state for developing AD. 

Approximately 6-10% per year progress to AD from an epidemiological perspective, 

and 10 -15% per year from memory clinic attendees (48-53).MCI represents the stage 

that disease modifying therapies or effective lifestyle interventions are likely to be most 

successful in AD. In view of our ageing demographics and estimated rise in global 

prevalence o f AD and dementia, there is a pressing need to improve our understanding 

o f the neuroanatomical and neurophysiological changes that occur in MCI to guide 

appropriate therapeutic interventions.

1.53 History

MCI was first described in 1988 by Reisberg and colleagues(54). At that time, it 

referred to stage 3 o f the Global Deterioration Scale (GDS). The CDS was developed to 

facilitate the tracking o f Alzheimer’s disease progression(55). Concurrently, a second 

scale was gaining popularity for characterising the early stages o f cognitive impairment, 

the Clinical Dementia Rating scale (CDR)(56). However, these severity scales were 

unable to adequately characterise the subtle differences between MCI and early 

dementia. In 1999, Peterson and colleagues described their experience with MCI in a 

community cohort and put forth a diagnostic criteria(57). These criteria focused on MCI
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as a prodromal condition for AD, and emphasized the importance of memory 

impairment. Subsequently, other investigators noted that MCI was a more 

heterogeneous condition and that not all forms of MCI progressed to dementia. A 

broader conceptualization of MCI was required. In 2004, Winbald convened 

international experts in Stockholm and revised the criteria (58). These more expansive 

criteria are used in both research and clinical settings for diagnosing MCI.

1.54 Criteria for Diagnosing MCI

The recommendations for diagnosing MCI are shown in figure 1.5 (page 39). First, the 

patient or an individual with knowledge about the patient expresses concern about the 

person’s cognitive functioning. Based on the history and a mental status examination, 

the doctor assesses whether the patient has normal cognitive functioning or dementia. 

Once the clinician has established that the patient is not normal and not demented, the 

decline in cognitive function can be assessed. A structured history is taken from the 

patient, and where possible a close friend or relative. If there is evidence of cognitive 

decline, the clinician strives to determine whether this causes impairment of functional 

activities to the extent that the person may have a mild dementia. If the functional 

impairment is not significant, MCI is the appropriate classification.
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Figure 1.5: Recommendations for the general criteria for MCI (58)

Recommendations 

General Criteria for MCI

N ot normal, not demented (D oes not m eet criteria (D SM  IV . ICD 10) for a dementia 
syndrome)

C ognitive D ecline
-S e lf and/or informant report o f  cognitive decline in memory or non memory domain 
and/or
-Evidence o f  decline over time on objective cognitive tasks

Preserved basic activities o f  daily living/ minimal impairment in com plex instrumental 
functions

1.55 Classification of MCI

The cHnical presentation o f MCI can be classified into two subtypes or clinical 

phenotypes: amnestic and non amnestic. Amnestic MCI is clinically significant memory 

impairment that does not meet the criteria for dementia. If  only memory is affected the 

clinical phenotype is amnestic MCI single domain (aMCISD). If more than one 

cognitive domain is affected, the clinical phenotype is amnestic MCI multiple domain 

(aMCIMD). Non amnestic MCI is characterised by a subtle decline in functions not 

related to memory (NaMCI). For example, the individual may experience significant 

deficits in attention, use of language, or visuospatial skills. The non amnestic type is 

also further classified as involving single (NaMCISD) or multiple domains 

(NaMCIMD) (See figure 1.6, page 40).

Once the clinical sub classification has been made, the proposed aetiology o f the 

clinical syndrome should be evaluated. For example, a person with aMCIMD may be 

suspected to have a neurodegenerative disorder with cerebrovascular disease. Other
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explanations o f cognitive disorders such as depression should be considered (See figure 

1.7).

Figure 1.6: Flowchart for Diagnosis o f MCI and its Subtypes 
(59)

Mild C o g n i t i v e  Im p a ir m e n t

Yes No

Yes No Yes No

MCI

Amnestic MCI

Memory impaired?

Non-Amnestic MCI

Cognitive complaint

Amnestic MCI 
Single Domain

Amnestic MCI 
Multiple Domain

Non-Amnestic MCI 
Multiple Domain

Non-Amnestic MCI 
Single Domain

Memory 
impairment only?

Single non-memory 
cognitive domain 

impaired?

Not normal for age 
Not dem ented  

Cognitive decline 
Essentially normal functional activities

Figure 1.7: MCI Subtypes and Possible Underlying Aetiology(59)
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1.6 Autonomic Dysfunction and Alzheimer’s Disease

1.61 Introduction

AD is a progressive and irreversible neurodegenerative disorder. The core pathological 

hallmarks are amyloid plaques and neurofibrillary tangles. The ‘calling cards’ o f AD 

are the intraneuronal neurofibrillary tangles and neuropil threads(60). Accompanying 

abnormalities such as the extracellular deposition o f the protein amyloid (3 (AP) evolve 

independently (61, 62). The neurofibrillary tangles are composed o f aggregates of 

hyperphosphorylated tau protein. These cause neuronal degeneration. The neuronal 

degeneration shows a characteristic anatomical sequence, as the pathology advances 

over several decades. Several structures o f the central autonomic network are affected 

from the early stages o f disease. Acetylcholine is the main neurotransmitter o f the 

parasympathetic system and the pre synaptic neurotransmitter o f the sympathetic 

system and innervates sweat glands. In advanced AD, there is invariably a profound 

loss of cholinergic function. Although, the temporal course o f cholinergic dysfunction 

and the relationship with neurofibrillary tangles is not clearly elucidated, there is 

evidence to suggest that perturbation o f cholinergic function may be an early feature o f 

AD.

1.62 Neuropathological Evidence

The first evidence that AD progression is not random but progresses in stages came 

from Braak and Braak in 1991(61). This staging system (BB) has six stages based on 

the cortical cytoskeletal pathology from clinically stratified samples. In stage I the 

cortical cytoskeletal changes are confined to the allocortical transentorhinal region
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(BBl). In stage II these changes extend to the entorhinal cortex of the temporal lobe and 

CAI region of the hippocampus (BBII). Subsequent pathological changes occur in 

specific regions within the temporal lobe such as the mesocortex, occipitaltemporal 

gyrus and the insular cortex (BB III-IV). Ultimately, changes develop in the pre-motor 

and first order sensory association areas, as well as the primary areas of the neocortex 

(BB V-VI). A diagnosis of AD is made upon detection of amyloid plaques and 

neurofibrillary tangles in the neocortical and limbic regions(63).(lS'ee figure 1.8, page 

43)

Braak’s staging indicates that components of the central autonomic network attract the 

greatest neurofibrillary degeneration and related cell death during the course of 

Alzheimer’s disease. The limbic system including the hippocampus and amygdala are 

affected in early AD (BB III-IV). The insular cortex may be affected at the pre-clinical 

stages (BBI-II). The insular cortex is a component of the CAN, controlling both 

sympathetic and parasympathetic outputs, primarily via a relay in the hypothalamus. 

More recent neuropathological studies indicate that AD may have a multi locular onset 

of neurodegenerative changes, and key components of the CAN may be affected in 

preclinical disease. A post-mortem study by Braak and Braak in 2001 found 

Alzheimer’s disease related cytoskeletal pathology in the nuclei of the pontine 

parabrachial region and the intermediate zone of the medullary reticutar formation in 

preclinical AD (BBl and BBII)(64). These nuclei are pivotal relay stations within the 

central autonomic regulatory feedback system. Grinberg et al found phospho-tau 

neurofibrillary changes in the dorsal raphe nuclei of the brainstem before the 

transentorhinal cortex (65). The initial forms of AD cytoskeletal changes were observed 

by Sassin et al in the cholinergic rich Nucleus basilis of Meynert (NbM) located in the 

basal forebrain in preclinical AD. The AD related cytoskeletal pathological progressed
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w ith advancing Braak stage o f disease (66). These independent studies confirm that the 

autonom ic system is affected during AD progression, and may be affected prior to the 

onset o f  clinical AD, at the MCI stage.

Figure 1.8: Braak's Staging o f Alzheimer's Disease(67)
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1.63 The Cholinergic Hypothesis of AD

Nature Reviews | Neuroscience

The cholinergic hypothesis was initially presented over 30 years ago and suggests that a 

d>'sfiinction o f  acetylcholine containing neurons in the brain contributes substantially to 

cognitive decline observed in those with advancing AD. The cholinergic deficit was
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discovered in 1976 when two independent studies reported a severe loss o f cholinergic 

markers in the cerebral cortex (68, 69). M oreover, the severity o f dementia had a 

positive correlation with the extent o f cholinergic loss (70, 71). Nowadays, it is 

universally accepted that a m ajor aspect o f advanced AD is a substantial loss o f 

cholinergic function. This is m ost severe in the temporal lobes, where up to 80% o f  

cholinergic axons, can be depleted. These developments encouraged the use o f  

cholinesterase inhibitors in AD. However, the evidence from clinical trials and clinical 

practice, is that these medications improve symptoms without any real disease 

modifying effect. M ost investigators now believe that once functional impairment or 

significant cognitive symptoms emerge, it may be too late to treat the underlying 

disease process.

Following the initial discovery that AD was associated with a significant cholinergic 

deficit, it was assumed that transmitter specific events occurred early in the course o f  

disease, perhaps as an initiating event. These assumptions were supported by Perry et 

al, who found cholinergic denervation o f the temporal lobe in the early stages o f  AD 

neuropathology(70). A study by Bowen et al reported significant loss o f choline 

acetyltransferase (ChAT) in biopsies from patients with pre senile dementia(72). 

However, three subsequent reports challenged the assumption that cholinergic depletion 

is an early event in AD. Two o f  these studies reported that mild AD is not associated 

with loss o f ChAT activity (73, 74), whereas the third suggested that the num ber o f  

cholinergic neurons Ch4 was not decreased in early AD (75). However, ChAT is 

neither the rate lim iting enzyme nor a particularly effective m arker o f cholinergic 

transmission. Conceivably, a partial loss o f  cholinergic synapses in the cerebral cortex 

could trigger a compensatory up regulation o f ChAT in adjacent neurons. M oreover, 

because ChAT is m easured in terms o f enzyme activity per weight o f protein, cortical

44



atrophy would alter the denominator obscuring a net decline o f ChAT in a cortical area 

that had underdone atrophy(76).

Other methods o f assessing cholinergic activity include multimodal neuroimaging of 

cholinergic areas and autonomic function assessments. The NbM is a cholinergic 

fountain in the basal forebrain responsible for the cholinergic input o f the amygdale and 

most o f the cerebral cortex(77). The primate cerebral cortex does not contain intrinsic 

cholinergic neurons and is reliant on the NbM. Significant atrophy o f the neurons in the 

cholinergic centre o f the basal forebrain is found in patients with AD. Using 

cytoarchitectonic maps from a post mortem brain specimen in MRI space, Teipel at al 

demonstrated a significant decrease in the signal intensity from the NbM, which 

corresponded with the gray matter atrophy in the prefrontal cortex, inferior parietal lobe 

and cingulate gyrus in vivo in patients with MCI and AD(78, 79). Cytoarchitectonic 

mapping is an automated technique o f image regression analysis, where in vivo MRI 

changes are compared to corresponding MRI and histological sections of a post mortem 

brain. This technique involves mapping o f the locations o f the basal forebrain 

cholinergic nuclei into MRI space. Grothe et al showed similiar in vivo changes in 

MCI. In addition, the degree of atrophy was associated with impaired delay recall, 

confirming a direct link between degeneration o f specific cholinergic compartments in 

the basal forebrain and cognitive deficits in at risk subjects (80).

Ideally, in order to prevent or postpone the neurodegenerative cascade, successful 

therapeutic agents should be commenced early. A great deal o f research has focused on 

characterising the MCI population that are at increased risk of transitioning to dementia. 

It is likely that the best prediction model will involve a combination o f neuroimaging 

and chemical biomarkers(59). Both neuropathological studies and recent results from
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multimodal neuroimaging studies of brain cholinergic areas indicate that cholinergic 

deficiency is likely be an early event in MCI and dementia, and may serve as a usefial 

biomarker. Autonomic dysfunction in MCI may indicate neurodegenerative pathology 

in the central autonomic structures leading to cholinergic deficiency, which may confer 

an increased risk o f transitioning to dementia.

1.64 Vascular Risk Factors in AD

Traditionally, the pathogenic mechanisms o f AD and vascular dementia (VaD) w^ere 

considered separate and mutually exclusive. AD was believed to be primarily a 

neurodegenerative process leading to neuronal dysftinction and death, mainly related to 

hyper phosphorylation o f the microtubule associated protein tau and accumulation o f 

Ap protein. Vascular or ‘atherosclerotic’ dementia was initially believed to be due to 

the progressive hardening o f arteries leading to large vessel infarction. This concept has 

evolved to include cognitive decline from a variety of cerebrovascular lesions or 

impaired perfusion(Sl). Over the past decade, it has also emerged that vascular risk 

factors are linked to neurodegenerative processes preceding cognitive decline and 

dementia. Autopsied brains o f AD subjects frequently bear cerebrovascular pathology, 

including degenerative microangiopathy, cerebral amyloid angiopathy and cerebral 

infarcts (82). It is unclear whether this small vessel pathology is coincident with, or 

causal in the neurodegenerative changes. However, it is now apparent that vascular and 

neurodegenerative pathologies are additive in influencing the clinical presentation of 

dementia(83). Cerebrovascular disease or strokes appear to accelerate the 

neurodegenerative process, and increase the likelihood that individuals with 

neurodegenerative pathology will exhibit dementia(84).
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Vascular risk factors and disease burden, including hypertension, stroke, diabetes, 

atherosclerotic disease, atrial fibrillation, diabetes mellitus, hyperhomocystemia, and 

obesity exacerbate the onset and progression o f dementia (85). The ultimate 

accumulation o f brain pathological lesions may be modified by genetic influences, such 

as the apolipoprotein E (APOE) s4 allele and the environment (86-89).These vascular 

risk factors impair the structure and function o f cerebral blood vessels in the micro- and 

macrocirculation. This results in faltering control and regulation o f cerebral 

perflision(90). Microvascular abnormalities, brain hypoperfusion and inflammatory 

responses lead to disruption o f the blood brain barrier (BBB). The EBB maintains the 

chemical composition o f the neuronal ‘milieu’ required for proper function o f neuronal 

circuits, synaptic transmission and plasticity, angiogenesis and neurogenesis o f the 

brain. Disruption o f the BBB reduces the clearance o f A(3 protein, causing a ‘vicious 

circle’ o f the process, resulting in progressive synaptic and neural dysfunction and loss, 

as occurs in AD (91, 92). This process may be compounded by age-related and 

degenerative changes in cerebral autoregulation, resulting in a shift o f the upper and 

lower limits o f the autoregulatory plateau(93). This may result in cerebral 

hypoperfusion and oligaemia or hypovolaemia causing further microvascular damage 

and disruption of the BBB(94). Neurodegenerative changes in the brainstem autonomic 

nuclei causing NCVI disorders, such as OH and CSS/CSH may also impair cerebral 

autoregulation(95, 96). Basic studies indicate that cerebral autoregulation is impaired in 

transgenic mice over expressing amyloid precursor protein (APP) and accumulating Ap 

deposits. Interestingly, ladecola et al demonstrated vascular alterations preceded Ap 

accumulation and cognitive decline(97).

47



Figure 1.9: Hypothetic Pathway Linking Vascular Disease & Risk 
Factors to Neurodegenerative Dementia(90)
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1.65 Hypertension and Cognitive Impairment/Dementia

Changes in arterial blood pressure during aging have been strongly implicated in AD 

and dementia(98). The relationship between blood pressure and cognitive impairment is 

complex and largely age-dependent(99). Midlife hypertension is an independent risk 

factor for cognitive impairment and dementia(lOO) The Honolulu Asia Aging Study 

(HAAS), a longitudinal based- population study o f cognitive impairment and dementia 

with 36 years o f follow up, reported a direct association between midlife hypertension 

and brain atrophy, neuritic plaques and neurofibrillary tangles, at follow up(lO l). The 

Kuopio and Joensuu studies, a population study with 21 years follow up, reported that
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the effects o f midUfe hypertension were independent o f APOE genotype, and that 

hypertension and hyperlipidemia were synergistic, in the risk for later life AD(102). A 

long standing increase in blood pressure may increase the risk of cognitive impairment 

and dementia by inducing small vessel disease, white matter changes and cerebral 

hypoperfusion, by disrupting vasoregulatory functions. Atherosclerotic disease, leading 

to cerebral hypoperfusion, has also been implicated(99)

Although many longitudinal studies reported no association between later life 

hypertension and dementia, the Gothenburg-H study reported significantly higher SBP 

and DBP in individuals who developed dementia over 9-15 years follow up than those 

who remained dementia free. However, they reported a decline in BP in the years 

before the onset of dementia to a similar or lower level than those who remained 

dementia free( 103).The Kungsholmen project reported that very high SBP 

(>180mmHg) was associated with a 50% increased risk o f dementia and AD, 

independent o f cognitive status(104, 105).

1.66 Hypotension and Cognitive Impairment/ Dementia

Later life hypotension, particularly diastolic hypotension, is associated with an 

increased prevalence o f dementia from cross-sectional studies, and is an independent 

risk factor for dementia from longitudinal studies (104, 106-109). Although the 

mechanism is uncertain, later life hypotension may reduce cerebral perfusion in the 

setting o f atherosclerosis, impaired cerebral autoregulation and autonomic dysfunction 

(15, 99). Cross-sectional studies such as the Kungsholmen project and the Chicago 

Health and Aging study reported a higher prevalence of dementia when blood pressure 

measurements were less than 140/75 and 130/70mmHg respectively (107, 109).
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Longitudinal studies such as The Bronx Aging study reported a twofold increase in the 

risk o f developing dementia in people with a DBP < 70mmHg compared with those 

with a DBP < 90mmHg(107). The 6 year longitudinal follow-up o f the Kungsholmen 

cohort showed that individuals with a diastolic blood pressure o f < 65mmHg were 1.7 

times as likely to develop dementia(104). The increased risk of dementia continues in 

the oldest old. Both SB? and DBP hypotension are associated with an increased risk of 

AD, and higher systolic blood pressure is associated with improved cognitive 

performance on neuropsychological evaluation(l 10). In addition, systemic hypotension 

appears to evolve and progress alongside the cognitive deterioration in dementia. There 

is also a significant negative relationship between low blood pressure and the duration 

o f dementia, in moderate to severe cases(l 10).

1.67 NCVI and Dementia

Episodic hypotension caused by NCVI is more common in AD than in age matched 

controls. In fallers with cognitive impairment the prevalence is approximately 70%(19). 

The most common presentations o f NCVI in dementia are OH and CSH/CSS. The 

prevalence of OH in dementia is 40-60% compared to 4-33% in cognitively normal 

individuals (19, 111, 112). The commonest symptom of OH is dizziness or unsteadiness 

on postural change. Frequently, people with dementia lack typical orthostatic symptoms 

and present with syncope, falls and fractures(l 13). In dementia, the fall in blood 

pressure may be greater and the recovery slower as many have underlying autonomic 

dysflinction( 114).

CSH/ CSS is an age-related autonomic disorder characterised by exaggerated 

bradycardia and hjqjotension in response to carotid sinus stimulation. The clinical 

manifestations o f dizziness, syncope and falls involve hypersensitive carotid
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baroreceptors, which trigger exaggerated responses. The brainstem autonomic nuclei 

regulate the parasympathetic and cardiovascular responses. The prevalence of 

CSH/CSS increases with advancing age, cardiovascular disease, cerebrovascular 

disease and neurodegenerative disease (115).

CSS/CSH is present in approximately 12% people with AD compared to 3% 

controls(l 16). The severity of cognitive impairment correlates with the degree of 

hypotensive induced CSM and white matter disease on Magnetic Resonance Imaging 

(MRI)(95). Recently, the density of hyper phosphorylated tau protein was found to be 

significantly higher in baroreflex associated nuclei in patients with CSH. The excessive 

tau deposition was independent o f age and length o f fixation o f the tissue, suggesting 

that the selective deposition may explain the high prevalence o f CSH in 

dementia(l 17).The prevalence o f NCVI in MCI has been poorly explored, but one 

recent study reported an intermediate prevalence o f OH between that observed in 

normal controls and AD subjects(l 18).

1.68 Autonomic Dysfunction and MCI

The presence o f autonomic dysfunction in MCI may reflect neurodegenerative 

pathology in the CAN. Autonomic dysfunction in MCI may be a novel biomarker of 

AD, allowing the early identification and clinical characterisation o f MCI participants, 

at increased risk of transitioning to dementia. It may also contribute to the micro- and 

macro- circulatory disturbances with cause cognitive decline and precede AD. It may be 

the underlying pathogenic mechanism o f chronic hypotension, which precedes the onset 

o f dementia and/or o f episodic hypotension, caused by NCVI disorders which are 

prevalent in dementia. Hypotension is implicated in some stroke disease which doubles
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the risk of dementia and causes cognitive impairment, particularly in executive ftinction 

and processing speed and attention domains(l 19, 120). Hypotension, in addition to 

other vascular risk factors, is associated with white matter hyperintensities (WMH) on 

magnetic resonance imaging (MRI). (95).These are associated deficits in frontal lobe 

tasks including executive function, attention, motor and speed processing(121-123) 

Studies have reported an associated between white matter lesions and global and medial 

temporal atrophy o f the brain(124, 125). Hence, hypotension may be an important 

vascular risk in cognitive impairment accelerating the clinical presentation of AD 

dementia.

Although the exact mechanism between hypotension and AD needs to be elucidated, 

hypotension induced global and / or local cerebral hypoperfusion, in the setting of 

faltering control mechanisms, may result in functional and structural changes in the 

microcirculation. This may result in AP accumulation, increased oxidative stress and 

trigger pro-inflammatory mechanisms. The accumulation o f these substances may cause 

dysregulation o f synaptic plasticity and neuronal function, leading to accelerated 

cognitive decline. Thus, hypotension and autonomic dysfunction may be key triggers in 

the transition from MCI to dementia. Exploration o f the prevalence o f autonomic 

dysfunction and haemodynamic dysregulation may help characterise high risk MCI 

subjects, and help improve our understanding o f the haemodynamic changes which 

contribute to the clinical presentation o f dementia (See figure 2.0, page 53).
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Figure 2.0: Proposed Model on Mechanism o f Hypotension as a key 
Trigger in the Transition from MCI to Dementia
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2.1 Aims of the literature review

A systematic review was performed to establish the current evidence on the relationship 

between autonomic function dysfunction and NCVI in cognitive decline and dementia. 

A review o f the methodology was performed in order to develop the most appropriate 

methodology for assessment o f autonomic dysfunction in our cohort. Secondly, a 

review o f the prevalence and methodology o f assessment o f orthostatic hypotension and 

the association with neuropsychological parameters in cognitive decline and dementia 

was performed. Finally, a review o f the literature on the methodology for measurement 

of blood pressure variability was performed and the association with cognitive decline 

and dementia was examined.

2.2 Search Strategy

A standardised search strategy was used to search computerised bioliographic databases 

(Medline 1955 -  2011, EMBASE 1980 -2011). MESH headings were explode (exp) 

Delirium, Dementia, Amnestic, Cognitive disorders/ OR exp Dementia, Vascular/ 

explode Dementia/ OR exp Dementia, Multi-infarct/ OR exp Alzheimer’s disease/. In 

order to examine the evidence on autonomic dysfunction and NCVI in cognitive decline 

and dementia, this was combined with a search for autonomic dysfunction using the 

MESH headings exp Autonomic Nervous System Dis/ or exp Autonomic Nervous 

System/ or exp Autonomic Pathways or exp Hypotension/ or exp Hypotension, 

Orthostatic/ or exp Bradycardia/ or exp Syncope/ or exp Syncope, Vasovagal/ or exp 

Carotid sinus/ or exp Baroreflex/ or Accommodation, Ocular or exp Pupil Disorders/ or 

Pupil/ or exp Reflex, Pupillary/ or exp Hypohidrosis/ or exp Body Temperature 

Regulation/ or exp Sweating/.
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Searches were limited to human and those over 55 years (predominantly over 65 years). 

I considered only abstracts and papers in the English language.

2.3 Inclusion & Exclusion criteria

Studies were included if  they prospectively recruited participants and examined the 

prevalence o f autonomic dysfunction and NCVI using bedside clinical and/or laboratory 

based assessments in patients with cognitive decline and/or dementia in comparison to 

healthy controls. Studies were included if the majority o f participants were aged over 60 

years and were in the English language. We excluded studies involving patients with 

other neurodegenerative conditions including PD and DLB.

2.4 Data extraction

The following data were extracted: design, setting, number of participants, age of 

patients, age o f controls, neuropsychological assessments, dementia and/or MCI 

subtype, diagnostic criteria for cognitive decline, mild cognitive impairment and 

dementia subtypes, method o f measurement o f blood pressure and heart rate, method of 

assessment o f autonomic function, OH and BPV. The main findings and interpretation 

of the authors are summarized.

2.5 Results (1): Autonomic Dysfunction in Cognitive 

Decline and Dementia

There were thirteen studies which evaluated autonomic dysfunction in people with 

cognitive decline and/or dementia compared to controls. The majority o f studies used a 

combination o f cardiovascular tests. More recent studies used HRV. Other methods
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used to evaluate autonomic function included pupillometry, measurement of 

neurochemical indices and direct measurement of vagal nerve activity using sensory 

evoked potentials.

2.51 Methodology

There were seven studies where autonomic function was evaluated using bedside 

cardiovascular reflex tests. There was a lack o f consistency in the combination o f 

cardiovascular reflex assessments used. Two studies used the modified Ewing’s Battery 

o f cardiovascular assessments (15, 126). Modified versions incorporated a combination 

o f parasympathetic and sympathetic tests but used a slightly different combination of 

sympathetic tests than that used in the original battery. Both versions included deep 

breathing, the valsalva manoeuvre and orthostasis. All studies included analysis of 

blood pressure changes to orthostasis. There was significant variability in the 

methodology used to record and analyse blood pressure responses to orthostasis, with 

timeframes between 1 and 5 minutes used. Five o f the seven studies analysed heart rate 

changes but only three studies used the 30:15 ratio (RR interval at 30 seconds/ RR 

interval at 15 seconds after orthostasis)( 15, 126, 127).

Six studies used HRV to assess autonomic tone in people with cognitive impairment 

and dementia. Allan et al used power spectral analysis in addition to the Ewing’s 

Battery to compare dysautonomia in dementia subtypes to controls(15). All studies used 

power spectral analysis to analyse HRV (15, 128-131). Three studies used time domain 

indices in addition to power spectral analysis (128, 129, 132). Most o f the studies used a 

five minute window o f continuous R-R interval to analyse HRV. Two o f the four 

studies using the five window recorded HRV in supine and erect positions (128, 131).
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Kim at al used a two hour ECG window in elderly disabled women. Only one study by 

Zulli et al used a 24 hour ECG window to assess HRV(129).

One study used pupillometry to evaluate cholinergic deficiency in patients with AD and 

PD compared to controls(133). Neurochemical indices in addition to bedside 

cardiovascular reflex tests were performed by another group(134). A pilot study used 

direct measurement o f the auricular vagus somatosensory evoked potentials as a novel 

method of assessment of vagal nerve function in patients with mild cognitive 

impaiiTnent and dementia compared to controls. This technique was also performed on 

patients with VaD compared to controls(135).

2.52 Population

Twelve o f the thirteen studies included patients with AD. One study by Allan et al 

compared autonomic function in 4 dementia subtypes to controls(15). Two studies 

compared autonomic function in AD and patients with vascular/multi-infarct dementia 

(130, 136). A study by Zulli assessed HRV in MCI and AD participants compared to 

controls(I29). Kim at al examined HRV in physically disabled women and classified 

them as cognitively normal if  MMSE > 24 and cognitively impaired if  MMSE < 

23(132). Overall sample sizes ranged from 27 to 311 participants. Numbers of 

participants with AD ranged from 14 to 60. The diagnosis o f MCI was based on the 

Mayo criteria(57). The diagnosis o f AD was based on the Diagnostic and Statistical 

Manual o f Mental Disorders, Third/fourth revision (DSM III-IV) and National Institute 

o f Neurological and Communicative Diseases and Stroke/Alzheimer’s disease related 

criteria (NINDS-ADRDA)(137).
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Table 2.1

Studies using Bedside Cardiovascular Reflex Tests for Evaluating 
Autonomic Function in People with Cognitive Impairment/Dementia

Reference Cardiovascular Reflex tests Population Results

(15)2007 M odified Ewing’s Battery 
(Pow er Spectral Analysis o f  HRV)

198 Participants 
42C ' 40AD- 
38VaD^ 32DLB'' 
46PD D’

Significant autonomic dysfunction in 
4 dem entia subtypes 
(PDD>DLB>V aD>AD ) ( |  S* in AD)

(127) 2002 Deep Breathing
Orthostasis (3 0 :1 5  ration and SBP at 
1,2 4 & 5 mins post standing)

20C ' 20AD- i  DB’ in a d  ( ], PS*)
30:15 ratio correlated with cognitive 
deficits

(126) 1995 Ew ing’s Battery 15C' 29AD- j  PS’ & S* in AD compared to 
controls

(138) 1994 Deep Breathing
Orthostasis ( SBP* at 0 & 3 mins) 
Sweat Test

23C ' 23 AD- J, DB in AD (J, PS’), i  Supine & Erect 
SBP in AD but nonnal A SB P'° 
Normal sweat response in AD & C

(134) 1993 Orthostasis ( SBP* & pulse A at 0 & 5 
mins)
(Plasm a adrenaline & nor adrenaline)

20C ' 60AD- No difference in a "  & NA'^ 
t  %  change in SBP on orthostasis on 
standing ( J, S response in AD)

(139) 1992 Orthostasis (HR^; Brake & 
Acceleration indices)
Deep Breathing

54C ‘ 24AD- j  Brake Index in AD (J, PS’). 
j. B aseline SBP & DBP in AD 
T A SBP in AD ( j  S*).

(136) 1990 A schner's Test, Cold Pressor Test 
Orthostasis (SBP*)

16C' 14AD- 
9VaD^

Normal Autonom ic function in AD

‘C Controls; 'A D  A lzheim er's disease: 'VaD Vascular Dementia; ‘'DLB Diffuse Lewy Body disease; ^PDD  
Parkinson's disease dementia: ^SBP Systolic Blood Pressure; ^HR Heart Rate,  ̂S  Sympathetic, ^PS 
parasympathetic, ^DB Deep Breathing, ASBP change in SBP, "  A Adrenaline, '^NA N or Adrenaline
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Table 2.2

Controlled Studies using Heart Rate Variability for Evaluating 
Autonomic Function in People with Cognitive Impairment/Dementia

Reference Analvsis o f  HR Time Population Results

(128)2008 Time Domain 
Power Spectral Analysis

5 minutes 
Erect & 
Supine

24C‘ 22AD- 1 PS® & relative |  S’ 
activity

(15) 2007 Time Domain 
Power Spectral Analysis

5 minutes 198 Participants 
42C' 40AD- 38VaD^ 
32DLB'’ 46PDD’

No comparison between 
AD‘ & VaD and controls

(132)2006 Time Domain Analysis 2 hours 311 physically disabled 
women
(M M S E < 24/> 24)

i  6,7 T odds o f 
cognitive impairment (J. 
PS*)

(129) 2005 Time Domain 
Power Spectral Analysis 
12 Lead ECO (QT 
dispersion )

24 hours 29C' 39MCl‘ 33AD- Time domain & power 
spectral analysis [ AD > 
MCI > C ( i  PS® & s ’)
1 QT dispersion in AD pts

(130)2005 Power Spectral Analysis 5 minutes 80C‘ 14AD-20VAD’ No difference in AD & VaD 
compared to controls

(131) 1992 Power Spectral Analysis 5 minutes 
Erect & 
Supine

7C' 20AD- 1 Medium to LF‘“ & HF’ in 
AD
lL F '" to H F ’ in AD 
( relative J, PS* & f S’ in 
AD)

'C  Controls: 'AD Alzheimer's disease; 'VaD Vascular Dementia; ^DLB Diffuse Lewy Body disease; ^PDD 
Parkinson’s disease dementia:  ̂MCI Mild Cognitive Impairment. Sympathetic, ^PS parasympathetic, ^HF High 
Frequency, ‘^LF Low Frequency

2.53 Results

Most o f the studies reported significant parasympathetic reduction in patients with 

cognitive impairment and dementia. Sympathetic function was variably increased, 

unchanged or reduced. Allan et al reported significant parasympathetic and sympathetic 

dysfunction in DLB, PDD and VaD, but evidence o f only sympathetic dysfunction in 

patients with AD(15). A second study by the same author, using short interval HRV, 

reported preserved autonomic function in patients with AD and VaD(130). One other 

study reported abnormal parasympathetic function in patient with VaD, but normal
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autonomic function in patients with AD(136). All the other studies reported abnormal 

parasympathetic dysftinction in patients with AD.

Kim at al reported that reduced high frequency power, indicative o f decreased 

parasympathetic activity, was associated with 6.7 times greater odds o f cognitive 

impairment in 311 physically disabled community dwelling older women(132). Using 

24 hour HRV, Zulli et al reported severely depressed time domain HRV parameters in 

AD patients and intermediate depression in MCI patients compared to controls(129). 

Moreover, the HRV parameters correlated with the degree of cognitive impairment. 

Using supine and erect short interval HRV, two independent studies reported decreased 

parasympathetic function and sympathetic overactivity in AD patients(128). Algotsson 

et al reported both parasympathetic and sympathetic deficits using the Ewing’s Battery 

in patients with AD(126). Two other studies reported abnormalities in parasympathetic 

bedside cardiovascular reflex tests in patients with AD (127, 139).

Using pupillometry as a measure of cholinergic activity and parasympathetic function, 

Fotiou et al found significantly abnormal pupillary light reflex variables in twenty three 

subjects with AD compared to controls(133). Normal neurochemical indices but an 

abnormal blood pressure response to orthostasis was found by Vitiello et al in patients 

with AD, suggesting a deficit in the post synaptic sympathetic receptors mediating 

peripheral vasoconstriction(134). Using direct measurements of the auricular vagus 

somatosensory evoked potentials as measurement o f vagal nerve function, Polak et al 

reported significantly longer latencies in patients with MCI and AD compared to 

controls(140). There was no difference in latencies between patients with VaD and 

controls(135).
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2.54 Summary

Overall, using a combination of bedside cardiovascular reflex tests and HRV, most 

studies reported depressed parasympathetic function in Alzheimer’s disease. 

Sympathetic function was variably increased, reduced or unchanged. Depressed 

parasympathetic function was associated with a significant risk o f cognitive 

impairment, in community dwelling older people. Only one study included MCI 

subjects. They reported that parasympathetic and sympathetic depression was 

intermediate between the control population and patients with Alzheimer’s disease. 

There are no longitudinal studies exploring the association between autonomic 

dysfunction and dementia.

2.6 Results (2): Orthostatic Hypotension in Cognitive 

Decline and Dementia

There were only three controlled studies which examined OH in people with cognitive 

impairment and dementia. These studies used the Consensus Definition o f OH and used 

a sphygmomanometer to measure and record blood pressure(21). There were significant 

differences between protocols for blood pressure recording during active stands.

2.61 Methodology

All three studies recorded resting blood pressure and standing blood pressure at various 

time points within a three minute active stand window. Sonnesyn et al used a 

combination of supine and sitting blood pressure recordings as a measurement of 

resting blood pressure(l 12). Mehrabian el al recorded standing blood pressure at 1 and
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3 minutes only(l 18). The other two studies manually recorded blood pressure at 

unspecified intervals over the three minute time frame (112, 141).

2.62 Population

The largest study had 494 participants and the smallest study had 27 participants (118, 

141). Two studies included patients with a combination o f dementia subtypes (112,

118). One study compared the prevalence of OH in AD compared with controls(141). 

One study included patients with M CI(118).

2.63 Results

The two largest studies reported a higher prevalence o f OH in participants with 

dementia than in controls. The largest study by Mehrabian et al found a significant 

relationship between OH and cognitive status. OH was present in 22% in VaD, 15% in 

AD, 12% in MCI and 4% o f controls(l 18). Sonnesyn et al observed that OH was 

significantly more common in patients with mild dementia than in controls (41% 

compared to 14%)(112). The smallest study by Siennicki-Lantz et al found OH was 

present in four o f twelve AD patients and nine o f fifteen controls (33% compared to 

60%). This study also examined cerebral blood flow under resting conditions using 

single photon emission computerized tomography (SPECT). Interestingly, they reported 

that patients with AD and OH had reduced cerebral blood flow (CBF) in the frontal and 

parieto-frontal cortical areas compared to patients with AD without OH. No significant 

difference in CBF was observed in control groups(141).
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Table 2.3

Controlled Studies Examining The Relationship Between Orthostatic 
Hypotension and Cognitive Impairment and Dementia

R eference O H  M eth o d o lo sv BP
M onitor

Population Results

2010(118) SBP' lying & standing 
(mean SBP @  1&3 
m ins)

M 495 m em ory clin ic attendees 
(89C ^139M C I^ 2 3 3 A D \ 34 
VaD-')

A ssociation betw een Cl 
& OH ( VaD'V a d ’ >  
MCI'' > C-)

2 009(112) SBP' lying/supine & <  
3 m ins

M 262 participants 
158 Early dem entia  
(M M S E *> 20), 104C-

OH present in 41%  
dem entia patients 
compared to 14% C"

1999(141) SBP' lying & standing M 12AD^ 15C- OH present in C" >
a d ’
1 CBP^ in patients with
a d ' +  C-

^VaD V ascular D em entia, ^MMSE M ini M ental S ta te  Exam ination: ^CBF C e reb ra l B lo o d  Flow

2.64 Uncontrolled Studies

Due to the paucity o f controlled studies, I also reviewed uncontrolled studies examining 

the association between OH and dementia. These were two cross-sectional studies 

examining the relationship between OH and cognitive impairment in a non-demented 

population. The largest study had 2321 participants and reported an odds ratio o f 4 for 

cognitive impairment, in people with OH and hypotension(142). The other study 

involving 70 participants, found no association between OH and cognition(143). The 

cross-sectional study by Passant et al reported that the prevalence of OH in dementia 

subtypes was 39%-52%. Moreover, the incidence o f falls and fractures in people with 

AD and VaD and co-existing OH was over 50%(111). Two longitudinal studies 

examined the association between OH and cognitive decline. Viramo et al enrolled 907 

participants at baseline. They reported no association between OH and cognitive decline 

over 2.5 years follow up (144). Elmstahl et al followed 33 participants over 5 years. The 

five people who developed dementia had a larger orthostatic drop in blood pressure at
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baseline. They also reported that reduced P activity on electroencephalogram (EEG) 

was predictive o f cognitive decline(145). A study by Ballard et al examined to 

relationship between NCVI, hypotensive episodes and MRI lesions in 

neurodegenerative dementia. They performed a 2 minute active stand and CSM in 17 

patients with DLB and 13 patients with AD. They found that a drop in systolic blood 

pressure o f > 30mmHg was associated with increased deep white matter but not 

periventricular white matter on MRI. Although this was a pilot study with a modest 

number o f participants, it does suggest severe hypotensive episodes are associated with 

small vessel ischaemic damage, and may accelerate cognitive decline(95)

Table 2.4

Uncontrolled Studies Examining The Relationship Between 
Orthostatic Hypotension and Cognitive Impairment and Dementia

Reference OH Methodoloev BP
Monitor

Population Results

2008(142) 3 minute active stand M '“ 2321 participants 
(65.5 yrs +Z-6.4 yrs)

16.6% OH; OH -^OR 
4.1 Cognitive Impairment

2004(143) SBP' lying & standing 
(mean SBP' @ 1,3&5 
mins)

M'° 70 Participants No association between OH & 
cognition

2000(95) 2 minute active stand
CSM-
MRl’

M'» 17DLB^ 13 a d ’ 1 SB ?' > 30mmHg MRI 
brain deep white matter 
changes

1999(144) 3 minute active stand M '“ 907- enrolment 
652 -2.5 years follow 
up

No association between OH & 
cognition

1997(111) 10 minute active stand M '“ 151 participants 
46AD’ 28FTD® 77VaD’

OH present in 39-52% AD & 
VaD^ patients

1997(145) 3 minute active stand 
EEG''

M '“ 33 participants Dementia associated with more 
severe OH @ baseline

1996(146) 3 minute H U T \ 60 
degrees)

M '“ I3AD’ 17VaD^5FTD* [ CBF" in patients with OH 
Patients with dementia lack 
typical symptoms

‘SBP Systolic Blood pressure, * CSM Carotid Sinus Massage, ^MRI Magnetic Resonance Imaging, ^EEG 
Electroencephalogram, ^HUTHead Up Tilt, ^DLB Lewy Body Dementia, ^AD Alzheimer's Disease. ^FTD 
Frontotemporal Dementia, ^VaD Vascular Dementia, "^M Manual Blood Pressure Monitoring, " CBF Cerebral 
Blood Flow
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2.65 Summary

OH is more common in dementia than age-matched controls. Prevalence figures in AD, 

vary from 39%-52% compared to 4 -32% in elderly controls. OH may contribute to 

hypotension induced cerebral hypoperfusion. The available evidence indicates OH is an 

early feature of AD. However, the longitudinal association between OH and cognitive 

impairment is unclear.

2.7 Results (3): Blood Pressure Variability in Cognitive 

Decline and Dementia

There were four controlled studies which examined BPV in people with cognitive 

impairment and/or dementia compared to controls. Two studies examined the 

association between blood pressure variability and cognitive impairment in ‘cognitively 

normal’ or a ‘non-demented population’. There were differences in outcome variables. 

Some studies examined the association between blood pressure variability and 

cognition. Others examined the differences in blood pressure variability between 

groups.

2.71 Methodology

There were significant differences in methodology between studies. The four controlled 

studies used 24 hour ambulatory blood pressure recordings (ABPM) to assess BPV 

(147-150). All studies reported the 24 hour mean systolic and diastolic blood pressures. 

Three o f the four studies also reported the mean day and night systolic and diastolic 

blood pressures (148-150).
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One study by Kim et al examined the prevalence o f noctural dipping between 

groups(147). In normal subjects the mean noctural systolic blood pressure is 10-20% 

lower than the mean daytime systolic blood pressure. Alterations of this nocturnal dip, 

either non dipping (where noctural dip < 10% daytime SBP) or hype rdipping (where 

noctural dip > 20% daytime SBP) is associated with an elevated risk o f end organ 

damage, particularly related to heart, brain and kidneys (151-154). Kim at al classified 

systolic variability as low (< 15mmHg) or high (> 15mmHg) and pulse pressure 

variability as low (<50mmHg) or high (>50mmHg).

The other three studies used the within subject standard deviation of systolic and 

diastolic readings to determine blood pressure variability. One study by Toghi at al used 

only systolic blood pressure readings to detemiine BP(150). They used other parameters 

o f BPV including the co-efficient o f variability (24 hour SD/ 24 hour mean SBP) and 

the maximum variation (difference between the maximum and minimum SBP)

2.72 Population

/

The number of participants in the four controlled studies ranged from 27 to 134. Most 

studies examined BPV in subtypes o f vascular demenfia compared to controls. One 

study included MCI and cognitively normal participants, and divided participants into 

three groups according to their MMSE score(148). Kim et al examined BPV in 

subcortical vascular dementia and MCI compared to controls(147). Marti-Fabregas et al 

compared cognitive deficits in 11 patients with Binswanger’s disease (BD) and 16 

cognitively normal pafients, with evidence o f lacunar infarction on MRI(149). The 

largest study by Toghi et al studied BPV in 4 groups; 35 patients with BD, 43 with 

lacunar type dementia, 26 with single lacunar stroke and 30 controls(150)
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2.73 Results

Three o f the four controlled studies reported reduced BPV in people with cognitive 

decline and dementia. The two largest studies reported loss of the noctural dip in people 

with vascular dementia (147, 150). Kim et al reported that loss of the noctural dip was 

associated with an increased odds ratio o f 4.8 of vascular dementia. Toghi et al 

observed that the noctural dip was absent in people with BD and lacunar type dementia. 

They also reported that BPV, measured by the standard deviation and the maximum 

systolic variability, increased with all subgroups with cerebrovascular lesions compared 

to controls. Although Marti-Fabregas et al reported increased BPV in BD, they found 

no association with cognitive impairment. However, they used the MMSE to assess 

cognition, which can be relatively insensitive to vascular cognitive deficits such as 

attention and executive dysfunction(149).

2.74 Uncontrolled Studies

There were three uncontrolled studies which evaluated the association between BPV 

and cognitive impairment and dementia (155-157). Two studies both evaluated BPV in 

cognitively normal subjects (154, 155). The other study included subjects with a first 

time lacunar stroke, and assessed cognitive status as an outcome variable(157). There 

were considerable differences between methodologies. Keary et al assessed BPV using 

10 minute resting BP measurements over 2 hours(155). The BPV was assessed by 

standard deviation o f systolic and diastolic measurements. A BPV function was also 

calculated (SBPV/mean DBP). Yamamato assessed dipper status using 24 hour 

recordings(157). Kanmaru assessed BPV as the standard deviation o f SBP and DBP 

over 24 hours(156)
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These studies had conflicting results. Keary et al showed no association between BPV 

and cognition. Yamamato found a significant association between absence o f dipper 

status (non dipper and reverse dipper) and the prevalence of cognitive impairment and 

vascular dementia. Kanemaru et al found lower cognitive scores in those with higher 

short term variability and in participants with higher nocturnal blood pressure 

recordings. (See table 2.6, page 71)

Table 2.5

Controlled Studies Examining The Relationship Between Blood 
Pressure Variability and Cognitive Impairment and Dementia

Reference Methodoloev PoDulation Results

2009(147) 24 hour
ESH Guidelines for 24hr ABPM
Dippers/Non dippers
BPV' low<15 /high> ISmmHg

iOC^ 42SVaD^ STSvMCr 
(109 participants)

Significant difference in non 
dippers between C & SVbD'^ 
+ SvM C f
Loss of noctural dipping OR 
SVaD'- 4.8

2002(148) 24 hour ( Mean SBP- & DBP^ 
daytime & night time)
SD"* all systolic and diastolic 
readings (within subject)

34 CN* + MCI’
3 group based on MMSE'°

t  variability associated with 
lower cognitive scores

2001(149) 24 hour ( Mean, day & night 
SBP- and DBP'*)
SD'* consecutive mean SBP" & 
DBP^ values

11 b d "
16 CN® with lacunar 
infarction
Both groups on anti
hypertensives

Adjusted values no difference 
in cognition between groups

1991(150) 24 hour ( SBP% DBP’ & Mean 
BP)
BPV' -  only systolic BP 
BPV'= SD"* systolic readings 
Co-efficient o f variability = 24 
hour SD‘'/24hr mean SBP"
Max variation =Max SBP‘-Min 
SBP-

35 Binswanger type 
dementia
43 lacunar type dementia 
26 single lacunar stroke 
30 controls

t  BPV' in VaD* compared to 
controls
Absent noctural dip in 
Binswanger & lacunar type 
dementia

‘BPV Blood Pressure Variability, ^SBP Systolic Blood Pressure, 'DBP Diastolic Blood Pressure, ‘'SD Standard 
Deviation, Controls, ^VaD Vascular Dementia, ^SvMCl Subcortical Vascular MCI, ^CN Cognitively Normal, 
^MCI MUd Cognitive Impairment, "’Mini Mental State Examination, " Bingswanger Type Dementia, ‘^SVaD 
Subcortical Vascular Dementia
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Table 2.6

Uncontrolled Studies Examining The Relationship Between Blood 
Pressure Variability and Cognitive Impairment and Dementia

Reference M ethodolosv Population Results

2007(155) 1 hour protocol 
SD ofSB P ' & DBP- 
BPV^ function

97 CN^ No association between BPV^ 
& cognition

2005(157) 24 hour
Dippers/Non-dippers/Reverse
Dippers

200 single lacunar stroke 41 (20.4%) patients had 
cognitive impairment & 
dementia (CIVD) 
Absence o f  dipper status 
associated with CIVD

2001(156) 24 hour
SD % fSB P ' & DBP-

88 Non demented Lower cognitive scores 
associated with

1) t  shortterm 
variability

2) Nighttime higher 
SBP'

SBP Systolic Blood Pressure, 'D S P  Diastolic Blood Pressure, B PV B lood Pressure Varaibility, SD Standard 
Deviation, ^CN Cognitively Normal_______________________________________________________________________

2.75 Summary

There is some evidence to suggest that loss o f nocturnal dipping and increased BPV is 

more common in MCI o f vascular aetiology and vascular dementia than controls. The 

association between blood pressure variability and cognition is unclear, as there are 

conflicting results from the cross-sectional studies. There are no longitudinal studies 

exploring the association between BPV and cognition.

2.8 Conclusion

Autonomic dysfunction is more common in AD than age-matched controls. This 

appears to predominantly affect parasympathetic function, although some studies 

reported sympathetic dysfunction. Although one study included participants with MCI, 

there is a paucity o f evidence on the temporal relationship between autonomic
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dysfunction and cognitive decline and/or dementia. OH is also more common in AD 

than controls, and increases the risk o f cognitive impairment in non demented 

individuals. OH appears to be an early feature in the clinical course o f AD, and may 

contribute to hypotension induced cerebral hypoperfusion. Although BPV is more 

common in vascular forms of cognitive impairment and dementia, the relationship 

between BPV and cognitive impairment and/or AD is unclear.

2.9 Aims of PhD Thesis

In view o f the paucity o f evidence on the association between autonomic dysfunction & 

MCI, the aims o f my doctorate thesis were as follows:

1) To conduct a cross-sectional observational study examining the prevalence and 

severity o f autonomic dysfunction, using bedside cardiovascular reflex tests and 

HRV, in MCI subjects compared to controls.

2) To examine the prevalence and severity o f orthostatic hypotension, using 

continuous non-invasive blood pressure monitoring, in MCI and control cohorts. 

To examine the association between OH parameters and cognitive impairment 

in MCI subjects.

3) To examine whether there is any difference in mean blood pressure parameters 

and blood pressure variability, using 24 hour ambulatory blood pressure 

monitoring, in MCI and control cohorts.

4) To examine the association between autonomic dysfiinction and white matter 

changes in MCI using Diffusion Tensor Imaging (DTI).
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Chapter 3

Methods
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3.1 Subject Recruitment

3.11 Screening Assessment

Subjects were recruited through the Cognitive Studies and Memory Clinics at St 

James’s Hospital, Dublin between 2007 and 2010. The Cognitive Studies Clinic is a ‘de 

novo’ rapid access clinic which we established with our research colleagues to facilitate 

subject recruitment for this and other studies. General Practitioners and consultant 

colleagues in St James’s and other Dublin Hospitals referred patients with memory 

difficulties for assessment to this screening clinic. The staff consisted of two clinical 

research fellows, two clinical nurse specialists and a secretary. The screening 

assessment included a history from the patient and where possible, a collateral history 

from a family member or close relative or friend. We recorded smoking history, years 

o f education, vascular risk factors and medications.

The screening neuropsychological assessment consisted o f the mini-mental state 

examination (MMSE), the Repeatable Battery for Assessment of Neurological Status 

(RBA N S), the Executive Interview 25 (Exit 25) and the and Centre for 

Epidemiological Studies Depression scale (CES-D).

Mini Mental State Examination

The MMSE was developed by Folstein et al in 1975. It is one of the most widely used 

screening tests for dementia in the community and in clinical practice(158). It is reliable 

and well validated and can be used to quantitatively assess cognitive impairment and 

tract changes over time. Orientation, immediate recall, short term verbal memory, 

attention, calculation, language and praxis are briefly tested. The sensitivity is 80- 

100%. The sensitivity is high in moderate to severe cognitive impairment and lower in 
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mild degrees if impairment. The test score is out of 30, a score of 24 or less suggests 

dementia. Scores are affected by age and education (159-161). For optimal use as a 

dementia screening tool in the community or in clinical practice, locally derived norms 

yield better accuracy than published norms or the traditional < 24 cut-point(162). In the 

Irish community setting and in the St James’s local catchment population, a cut-point of 

< 23 showed the highest sensitivity and specificity as a screening tool for 

dementia(162). (See Appendix)

Repeatable Battery for Assessment o f  Neurological Status (RBANS)

The RBANS was developed in 1998 by Randolph et al for identifying and 

characterizing cognitive decline in older adults and as a neurological screening battery 

in younger adults(163). The battery takes approximately 30 minutes to perform and 

yields scaled scores for five cognitive domains (immediate memory, language, 

visuospatial/construction, attention and delayed memory). The RBANS is validated in 

community dwelling ‘normal’ subjects and in dementia (164, 165). The diagnostic 

accuracy of the RBANS has been shown to adequately detect the cognitive impairment 

associated with AD(166). More recently, the RBANS showed good specificity but only 

moderate to poor sensitivity in detecting MCI(167). The RBANS should be used in 

combination with the clinical assessment when diagnosing MCI. {See Appendix)

Executive Interview 25 (Exit 25)

The Exit 25 is a widely used screening test for executive function. This 25 item 

interview assess preservation, intrusion, apathy, disinhibition, utilization and imitation 

behaviours, concentration, motor impersistence and frontal release signs. It takes 

approximately 10 minutes to administer and has shown good inter-rater reliability and
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good correlation with other measures o f executive function in community and 

institutionalized settings. It is scored out o f 50, scores of 15 or higher indicate executive 

dysfunction( 168). (See Appendix)

Centre fo r  Epidemiological Studies Depression Scale (CES-D)

This is a validated self-reported scale was developed specifically for diagnosing 

depressive symptoms in community dwelling individuals(169). It consists o f 20 items 

and the total score ranges from 0-60. Scores of greater than 16 indicate clinically 

significant levels of depressive symptoms. At this cut-point the sensitivity and 

specificity for a major depressive disorder in community dwelling older people are 

100% and 88% respectively (170). {See Appendix)

3.12 MCI Diagnosis

We considered subjects to have possible MCI if  they satisfied the consensus criteria 

(see section 1.81) and scored > 1.3SD below the mean in one o f the 5 subtest scores on 

the RBANS or > 15 on the Exit-25. 1.5SD below the mean is frequently cited in the 

literature as identifying impairment associated with MCI(171). l.OSD below the mean 

represents the lower end o f normal in the RBANS subtests(167). 1.3SD (or 9* 

percentile) below the mean clearly represents impairment and also facilitated a 

convenient cut off when using the RBANS. We established the Consensus criteria for 

MCI from the clinical assessment. In order to be included, the individual and/or an 

informant reported recent cognitive decline in a memory and/or non memory domain 

but continued to have preserved basic activities o f daily living (58). Subjects with 

possible functional impairment were referred for an objective functional assessment in 

the memory clinic. Following the screening assessment subjects were presented at a
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consensus meeting with a senior clinical neuropsychologist and consultant psychiatrist. 

The ultimate MCI diagnosis was a clinical consensus decision. The MCI subtype was 

determined by the cognitive deficits on the RBANS and EXIT-25. The subtype was 

classified as amnestic if the subject scored > 1.3 SD in immediate and/or delayed 

memory, and non-amnestic if  they scored > 1.3 SD in language, 

visuospatial/construction, attention or > 15 in the Exit-25 but within normal limits in 

memory domains. The subtype was further classified as single or multidomain 

depending on the number o f cognitive domains with significant deficits (See Section 

1.55, page 39 and Figure 1.6, page 40).

3.13 Control Subjects

Control subjects were recruited from local and national advertisement. We asked 

spouses o f MCI subjects to participate. Control patients had no memory complaints and 

scored within the normal range on neuropsychological testing. Control subjects who 

scored > 1.3 SD below the mean in any o f the 5 subtest scores on the RBANS or > 15 

on the Exit-25 were given the opportunity for a comprehensive memory assessment at 

the Cognitive Studies Clinic.

3.14 Inclusion Criteria

We included subjects between 55 and 90 years. We included MCI and control subjects 

from all parts of Ireland.
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3.15 Exclusion Criteria

We excluded subjects who did not satisfy the consensus criteria for MCI or who scored 

< 1.3 SD below the mean in any subtest on the RBANS or < 15 on the Exit-25. We 

excluded control participants who scored > 1.3 SD above the mean in any subtest on the 

RBANS or > 15 on the Exit 25. Subjects who showed evidence o f clinically significant 

depressive symptoms (> 16/60) on the CES-D were excluded. We excluded subjects 

with co-morbid bipolar affective disorder and schizophrenia. Subjects with other 

possible neurological causes o f cognitive impairment such as PD, normal pressure 

hydrocephalus, seizures and brain tumour were excluded. We excluded subjects with 

unstable cardiovascular conditions such as severe ischaemic heart disease, unstable 

tachycardia and severe valvular heart disease. Subjects with a history o f drug or alcohol 

abuse and/or dependence in previous 12 months were also excluded.

Ethics approval was received from the St James’s Hospital and Adelaide and Meath 

Hospital Research Ethics Committee. Informed written consent was obtained from all 

participants prior to enrolment in the study. Following enrolment in the study subjects 

underwent further neuropsychological assessments, autonomic function assessments 

which included an active stand, 24 hour ambulatory blood pressure monitoring and 

neuroimaging. These assessments were scheduled over three visits within a three month 

timeframe.

3.2 Neuropsychological Assessments

The neuropsychological test battery was performed on the first study visit. This 

assessment was performed by study clinical nurse specialist. The neuropsychological 

test battery consisted o f the Cambridge Cognitive Examination (CAMCOG -  R), the
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Cognitive Drug Research Computerized Assessment Battery (CDR) and the Bristol 

Activities of Daily Living (B-ADL). This assessment took approximately one and a 

half hours to administer.

3.21 The Cambridge Cognitive Examination (CAMCOG)

The CAMCOG is a 105 point complete cognitive assessment developed in 1986(172).

It forms part o f the Cambridge Mental Disorders o f the Elderly (CAMDEX) 

assessment. Eight cognitive domains can be assessed and compared. These include 

orientation, language, memory, attention and calculation, praxis, abstract thinking and 

perception. This test has an option of an additional four questions which allows an 

executive fianction subscore to be calculated. Overall scores o f less than 80 have been 

suggested as a cut-point for dementia( 173). It has excellent inter-rater reliability and a 

greater sensitivity and specificity than the MMSE for diagnosing dementia(174). (See 

Appendix)

3.22 The Cognitive Drug Research Computerized Assessment 

Battery (CDR)

The CDR is a laptop based set of cognitive tests used in dementia research since its 

development in 1991(175). Verbal or numeric stimuli are presented on the computer 

screen in large clear fonts and the subject responds using a response box with ‘YES’ 

and ‘NO’ buttons. We used five tasks in our assessment battery; the simple (SRT) and 

choice reaction time (CRT), digit vigilance reaction time (VIGRT), spatial working 

memory (SPMRT) and numeric working memory (NWMRT). SRT, CRT, VIGRT 

assess the ability to focus and sustain attention. SRMRT and NWMRT assess the ability 

to hold and retrieve information from working memory. Reaction times are measures in



milliseconds. This test battery is validated in dementia research(175). It has shown good 

test retest reliability, criterion and construct validity (175, 176). (See figure 3.1)

Figure 3.1: Numeric Stimuli & Response Box o f CDR

3.23 The Bristol Activities of Daily Living Assessment (Bristol

ADL)

This assessment was developed specifically for detecting impairment o f activities of 

daily living in dementia(177). It is a carer rated instrument consisting of 20 basic and 

instrumental activities o f daily living. Total scores range from 0-60. It has good face 

and construct validity and test retest reliability. It also has good concurrent validity as it 

correlates well with observ'ed performance. It shows good correlation with MMSE 

scores(177). (See Appendix)

3.3 Autonomic Function Assessments 

3.31 Standardisation

The autonomic ftinction assessments were performed on the second study visit. These 

assessments were performed by a clinical nurse specialist and I (clinical research
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fellow). The autonomic test battery consisted o f a five minute HRV (See Section 1.43, 

page 31) and the modified Ewing’s Battery o f cardiovascular reflex tests (See Section 

1.42, page 29). The assessments were performed in the morning time between 0900 

and 1300 hours to maximise reproducibility. Assessments were performed in a 

temperate (23°C), comfortably lit, low noise environment. Subjects were asked to 

refrain from vigorous exercise, caffeine and smoking for at least 12 hours prior to 

assessments. Current medications were also recorded. Medications were classified as 

having anti-hypertension, cardioactive and psychotropic properties. Medications which 

can affect autonomic assessments such as alpha, beta blockers and cholinesterase 

inhibitors were documented. Co-existing vascular risk factors such as hypertension, 

cardiovascular disease and diabetes were recorded.

3.32 Covariates

We used the following definitions to facilitate sub-categorization o f medications, 

vascular risk factors and other possible confounders.

1) Antihypertensive Medication

Angiotensin receptor inhibitors, angiotensin receptor blockers, thiazide diuretics and 

nitrate medications.

2) Cardioactive Medication

Antiarrrhythmics including alpha and beta-blockers, calcium channel blockers, 

fludrocortisone and midodrine.
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3) Psychotropic Medication

Typical and atypical neuroleptics, anti-cholinergic medications, cholinesterase 

inhibitors, tri-cyclic antidepressants, selective serotonin inhibitors, other antidepressant 

and psychotropic medication.

4) Hypertension

A history o f hypertension or taking antihypertensive medications.

5) Cardiovascular Disease

A history of myocardial infarction, angina, congestive cardiac failure, atrial fibrillation 

or other arrhythmias, rheumatic disease or peripheral vascular disease.

6) Smoker

A current smoker at the time o f the first study visit.

7) Education

This was categorized as primary (< 10 years o f formal education), secondary (10-15 

years o f formal education) or third level (> 15 years of formal education.

3.33 Heart Rate Variability (HRV)

Subjects were instructed to lie supine and breathe normally at a constant rate and 

comfortable tidal volume for 10 minutes prior to measurement of HRV. We recorded a 

ten minute resting surface electrocardiogram (ECG) (Medilog Darwin, Huntleigh 

Medical). Signals were sampled at 1000 Hz and filtered and stored digitally on a 

personalized computer for further analysis. ECG R wave detection values were
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corrected for errors by automatic techniques and manual screening. Data records were 

scored for significant noise and artefact. We excluded ECG recordings with significant 

arrhythmia, such as atrial fibrillation or excessive ectopic activity. Only recordings with 

greater than 90% valid readings were included. We analysed the second five minute 

window of the ten-minute ECG. In the event that this window had less than 90% valid 

readings, the first five minute window was used.

Time and frequency domain measures of HRV were derived. The time-domain indices 

included the mean time interval between two successive R waves(milliseconds), the 

standard deviation of normal RR interval (SDNN)(milliseconds), the root o f the mean 

squared difference o f successive NN intervals (RMSSD) and the proportion of 

successive NN intervals greater than SOmillisecondss (pNN50) (See section 1.43, page 

29). Power spectral analysis was performed to obtain spectral bands in the very-low- 

frequency (VLF) (<0.04Hz), low frequency (LF) (0.04-0.15), high frequency (HP)

(0.15-0.40Hz) bands and also total spectral power (<0.40 Hz) according to international 

guidelines. The LF/HF ratio was also calculated. HRV indices were derived and 

interpreted according to International Guidelines(32).

3.34 Cardiovascular Reflex Assessments

The modified Ewing’s battery o f cardiovascular reflex battery included three 

parasympathetic and three sympathetic tests(26). The parasympathetic assessments 

were heart rate responses to deep breathing, the valsalva manoevure and orthostasis.

The sympathetic assessments were blood pressure responses to orthostasis, the valsalva 

manoeuvre and the cold pressor test. Subjects had continuous ECG recording using 

standard leads 1 or 2 and sampling at 1 KHz and beat-to beat blood pressure monitoring
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(Finapres Pro, Philips Medical) throughout assessments. Recordings invalidated by 

arrhythmia or excessive ectopic activity were excluded. Blood pressure traces obscured 

by noise or movement artefact were excluded. Two minutes rest was allowed between 

each test. The physiological calibration (physiocal) in the finometer was turned off one 

minute before each assessment. This automatic algorithm calibrates the finger arterial 

size, at which finger cuff air pressure equals finger arterial pressure. This is an inbuilt 

algorithm and can be switched off when uninterrupted data collection is required.

Parasympathetic Tests

a) Heart Rate Response to Deep Breathing

Heart rate response to breathing was recorded by performance o f 6 deep breaths per 

minute at constant tidal volume (5 seconds inspiration, 5 seconds expiration). 

Participants were given adequate rehearsal to achieve the required frequency and 

counted through the 6 breaths. The maximum and minimum heart rate during each 

breathing cycle was measured, and the mean o f the difference during three successive 

breathing cycles was taken to give the maximum-minimum heart rate (beats per 

minute). The response was classified as normal, borderline or abnormal according to 

validated criteria (Normal > 15, Borderline 11-14, Abnormal < 10).

b) Heart Rate Response to Orthostasis

Following two minutes o f supine rest the participant was asked stand up, keeping the 

left arm with the finometer flexed across the chest to minimize movement artefact. The 

participant continued to stand unaided for three minutes. The heart rate response was 

quantified as the 30:15 ratio; the longest R-R interval around the 30* beat to the
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shortest R-R interval around the 15‘'' beat. The response was classified as normal, 

borderline or abnormal. (Normal > 1.04, Borderline 1.01-1.03, Abnormal < 1.00)

c) Heart Rate Response to the Valsalva Manoevure

The participant was asked to blow into a mouthpiece at a pressure o f 40 mmHg for 15 

seconds in the sitting position. The manoeuvre was performed three times to maximize 

participant compliance and ensure reproducibility. A minimum of 12 seconds was 

required for inclusion. The best response was used for analysis. The ratio o f the longest 

R-R interval in the thirty seconds after the man oeuvre to the shortest R-R interval 

during the man oeuvre was measured. The result was expressed as the Valsalva ratio 

(R-R interval expiration/R-R interval inspiration). The result was classified as abnormal 

if the valsalva ratio < 1.21. There was no borderline range for this test.

Sympathetic Tests

a) Blood Pressure Response to Orthostasis

Baseline blood pressure was recorded as the mean SBP between 30 and 60 seconds 

prior to standing (SBPb). The nadir was recorded at the lowest SBP recorded in 3 

minutes after standing (SBPn). The blood pressure response to orthostasis was the 

difference between SBPb and SBPn (ASBP).

A SBP = SBPb- SBPn

b) Blood Pressure Response to the Valsalva Manoevure

The blood pressure response to the valsalva manoevure was derived from calculating 

the difference between the peak systolic blood pressure (SBP) achieved in the 30
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seconds after the procedure and the basehne SBP. 1 he maximum response of the three 

attempts was used in the analysis.

c) Blood Pressure Response to the Cold Pressor Test

The participant was asked to submerge their left hand in cold water at 4 degrees Celsius 

for one minute whilst in the sitting position. A rise in diastolic BP o f greater than 

1 OmmHg was deemed a normal response.

1) E wing’s Classification o f A utonomic Failure

The overall classification o f autonomic fiinction was determined according to Ewing et 

al(26). Autonomic function was classified as normal or early, definite, severe or 

borderline dysautonomia depending on the number o f abnormal autonomic function 

tests. In this study, we defined autonomic failure as having two or more abnormal 

parasympathetic tests. (See table 3.1)

Table 3.1

Ewing’s Classification o f Autonomic Dysfunction(26)
E w in e’s Classification Test Score

Normal All tests normal or 1 borderline

Early 1 o f 3 HR tests abnormal or 2 borderline

Definite 2 or more HR tests abnormal

Severe 2 or more HR tests+ 1 or both BP tests abnormal or 2 borderline

Atypical Any other combination

3.35 Statistics

Chi squared test was used to detect the presence o f differences across groups in their 

categorical baseline characteristics (gender, education, smoking history, medications
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vascular co-morbidities). Student’s t test was used to compare differences in groups in 

baseline parametric continuous data (age). The Wilcoxon test was performed to detect 

differences in non-parametric continuous data in neuropsychological tests (MMSE, total 

CAMCOG and sub scores, CDR tasks) and clinical autonomic function tests 

(parasympathetic tests, sympathetic tests except A SBP, HRV measurements except 

HR-min, HR-mean and log LF/HF). Student’s t test was used to detect differences in 

parametric continuous data (A SBP, HR-min, HR-mean and log Lf/HF).

Post hoc multivariate binary logistic regression was perfonned using to examine the 

potential o f confounding effects o f age, gender, medications and co-morbidities. Chi- 

squared test was used to compare differences in binary categorical outcomes between 

and Fisher’s exact test was used to compare multiple categorical outcomes between 

groups.

All tests were performed using JMP version 9.0 statistics package. Significance was 

taken as p <0.05.

3.4 Orthostatic Hypotension 

3.41 Active Stand

The active stand was performed as part o f the modified Ewing’s battery during the 

second study visit. Continuous-finger-blood pressure measurement was performed with 

a fmometer, a non-invasive beat-to-beat blood pressure device using digital 

photoplethsmography (Finapres Pro; Philips Medical). For measurement o f orthostatic 

changes, the brachial cuff was placed on the right upper arm and the finger cuff was 

placed on the second finger. The height correction system o f the fmometer was active
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during the testing period. Subjects rested quietly supine for ten minutes in a temperate, 

low noise environment. From seven minutes the blood pressure was recorded. The 

physiocal was turned off one minute before standing. At ten minutes subjects were 

asked to stand unaided in a timely manner with their right arm flexed across their chest. 

Systolic blood pressure was recorded for 180 seconds in the erect position.

3.42 Data Analysis

Active stand data analysis required a number o f steps including 1) data quality 

screening and artefact rejection 2) pre-processing and filtering 3) blood pressure 

waveform feature extraction.

1) Data Quality Screening and Artefact Rejection

The data was screened manually by two independent experts in blood pressure 

waveform analysis to identify significant portions o f artefact within the signal. Initially 

the record was visualised using Beatscope software (Finometer Pro; Philips Medical). 

The point o f stand (To) was defined the time point at which the HCU signal drops by 

greater than 5% of its total change and remains at greater than 95% of total change for 

more than 180 seconds. The record was divided into two sections baseline pre stand 

(baseline) and standing activity (stand), demarked by times before and after Tq. Each of 

the sections baseline and stand were scored in terms o f artefact score separately. The 

total number o f beats in the baseline and stand sections was counted. The proportion of 

total time spent in physiocal or containing significant motion artefact as a fraction o f the 

total signal time were used to quantify the amount o f noise in the signal. Signals with 

baseline containing greater than 20% artefact and stand containing greater than 10% 

artefact were rejected from further analysis.



2) Filtering

Beat to beat values were averaged according to the 5-second averages method described 

by Velde et al to filter any subsequent noise(178). This method o f averaging was 

recommended to overcome the potential problem o f  over diagnosing orthostatic 

hypotension with continuous finger blood pressure measurements(179) Orthostatic 

hypotension using five second averaging correlated best with falls in an older 

community dwelling population(179)

3) B lood Pressure Waveform Feature Extraction

Pertinent features extracted from cardiovascular recordings included:

1. Baseline SBP (SBPb) defined as mean SBP in time interv'al -60 seconds to -30 

seconds prior to standing

2. Nadir (SBPn) following standing defined as the minimum SBP following 

standing using a beat to beat record

3. Delta SBP (ASBP) defined as SBPr- SBPn

4. Time to recover to baseline (T r) defined as the time to recover to baseline 

following standing using beat to beat record.

5. Rdef4o is the difference between baseline and blood pressure at 40 seconds using 

the 5 second averaged record (See figure 3.2, page 90).
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Figure 3.2: Features Extracted from SBP Recording

(mmHg)

SBP

120

140
I

Baseline

ASBP

-60 0 180

Time (seconds)

3.43 Statistical Analysis

Chi squared test was used to detect the presence o f differences across groups in their 

categorical baseline characteristics (gender, education, smoking history, medications 

vascular co-morbidities). Student’s t test was used to compare differences in groups in 

baseline parametric continuous data (age) The W ilcoxon test was performed to detect 

differences in non-parametric continuous data in neuropsychological tests (MM SE, total 

CAM COG, memory subscore, CESD and B-ADL). Student’s t test was performed to 

compare parametric OH param eters between groups (SBPn, ASBP, T r, Rdef40 and 

Rdef3o) The W ilcoxon test was used to compare non-parametric OH parameters (SBPb, 

Rdefso and Rdef 6o)

Post hoc multivariate linear regression was performed to examine the association 

between ASBP and Rdef4o and cognitive parameters controlling for the potentially 

confounding effects o f  age, gender, medications and co-morbidities. Separate
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multivariate linear m odels were used to exam ine the association between ASBP and Rdef 

40  and each o f  the cognitive parameters to avoid co-linearity as the cognitive variables 

are related.

A ll tests were performed using JMP version 9.0 statistics package. Significance was 

taken as p <0.05

3.5 Methods -Blood Pressure Variability (BPV)

3.51 Standardisation

At the end o f  the second visit w e fitted participants with a non-invasive twenty-four 

hour ambulatory blood pressure monitor. Measurements were taken from the non

dominant arm. Subjects were asked to perform their normal daily activities and to 

adhere to their normal sleeping patterns. W e asked subjects to refrain from swim m ing, 

showering and bathing during the 24 hour recording. Subjects were asked take their 

usual m edications and to keep a diary o f  their daytime activities and bed and sleep  

times. Measurements were recorded every 30 minutes during the daytime and every  

hour overnight. For analysis, daytime was defined as recordings betw een 800 hours 

and 2300 hours. Night-tim e w as defined as recordings between 2300hours and 

SOOhours. Studies exam ining dipper status use ‘tim e-defined’ or ‘sleep defined’ night 

time measurements. The only study in the literature exam ining the association between  

dipper status and vascular cognitive impairment and dementia used ‘time defined’ night 

time m easurem ents(147) ‘Time defined’ night time measurements have also been used 

to establish the relationship between non-dippers and adverse cardiovascular 

rem odelling and left ventricular dysfunction(152)
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3.52 BPV Measurements

Average systolic, diastolic and mean blood pressure (MAP) recordings were obtained 

for the 24 hour period. Mean daytime and night-time systolic and diastolic recordings 

were calculated from a custom made computer program running a portable autonomic 

recorder. Patient’s dipper status was characterised according to recently issued 

guidelines (154, 180-182). These guidelines define three dipper categories for nocturnal 

blood pressure: dippers, non-dippers and reverse dippers. A dipper was defined as a 

> 10% difference between day and night time systolic blood pressure (SBP), a non

dipper as 0-10% difference between day and night time SBP and reverse dipper as 

< 0 % difference between day and night time SBP. To obtain BPV, we obtained the 

standard deviation o f 24 hour, daytime and night-time systolic and diastolic recordings.

3.53 Exclusion criteria

We excluded subjects with significant self reported discomfort and sleep disturbance 

during monitoring. We excluded recordings with an inadequate number o f blood 

pressure measurements. For study purposes this was defined as < 26 total recordings 

(maximum 39), < 20 daytime (maximum 30) and < 6 night-time (maximum 9)

3.54 Statistical Analysis

Chi squared test was used to detect the presence o f differences across groups in their 

categorical baseline characteristics (gender, education, medications and vascular co

morbidities). Student’s t test was used to compare differences in groups in baseline 

parametric continuous data (height and weight) and the Wilcoxon test was used to 

compare differences in groups in non-parametric data (age and MMSE)
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Differences between blood pressure variables and BPV were assessed using student’s t 

test for parametric date (24 hr DBP, MAP, daytime SBP, night time SBP & DBP, and 

SD o f 24 hr SBP, daytime SBP, night time SBP and DBP). The Wilcoxon test was used 

to assess differences between non-parametric data (24 hr SBP, daytime DBP, SD 24 hr 

DBP and SD of daytime DBP, daytime -  night time SBP). Chi squared test was used to 

assess difference between groups dipper status.

All tests were performed using JMP version 9.0 statistics package. Significance was 

taken as p <0.05

3.6 Methods -  Diffusion Tensor Imaging (DTI)

3.61 Background- DTI & MCI

DTI is a method used to study white matter organization in vivo on a sub-millimetre 

scale (183, 184). It quantifies the diffusion of water in brain tissue, where water 

diffusion is restricted by barriers including cell membranes, cytoskeletal elements and 

myelin(l 85). In white matter tracts, where axons are aligned in bundles, water diffuses 

more readily along than across them. DTI has been used to investigate the organisation 

of white matter tracts in normal aging, MCI and dementia.

Over the past five years, several studies have indicated that DTI is useful in the 

diagnosis o f MCI and AD. The most consistent finding in MCI is reduced fractional 

anisotrophy (FA), a measure o f white matter integrity, in the posterior cingulum(186- 

189). Stenset et al recently reported that FA o f the posterior cingulum was related to T- 

tau pathology in patients with MCI(190). Reduced connectivity between the posterior 

cingulum and hippocampus was reported by two independent studies, suggesting
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reduced white matter integrity in the parahippocampal area (191, 192). Reduccd FA in 

the other tracts o f the limbic and paralimbic system including the fomix, uncinate 

faciculus, inferior and superior longitudinal longitudinal fasciculus, anterior cingulum, 

brain stem and cerebellum is also reported, where the mean FA in MCI was reported 

between normal controls and AD(188, 193, 194). A recent comparison o f DTI with 

other forms o f multimodal imaging reported DTI was the most accurate in diagnosing 

MCI. Interestingly, good correlation was reported between perfusion and diffusion in 

the posterior cingulated area, and both perfusion and diffusion correlated with 

neuropsychological parameters( 187)

3.62 Aims

In view o f DTI studies indicating early involvement o f the limbic system, we examined 

whether there was an association between white matter integrity in the anterior 

cingulum, posterior cingulum and the uncinate faciculus and autonomic dysfunction in 

a subgroup o f our MCI and control cohorts. We also examined whether there was any 

difference in DTI parameters between the cohorts

3.63 Data Acquisition

Twenty-five MCI patients and twelve controls underwent MR-DTI. This assessment 

was performed within a three month timeframe from the time o f attendance at the 

neuropsychological and neurocardiovascular assessments. Images were obtained on a 

Philips 3.0 Tesla magnetic resonance imaging scanner (Philips Medical Systems) in the 

Trinity Institute o f Neurosciences. A cradle and bilateral head supports were used to 

reduce subject motion. Subjects wore ear muffles to dampen noise. DTI images were
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acquired using a 2D spin echo planar imaging sequence diffusion weighting applied 

along 15 non collinear directions. Images were acquired parallel to the corpus callosum.

3.64 Data Analysis

DTI data sets were transferred to a personal computer running Explore DTI. All data 

sets were pre-processed and underwent a quality check. We excluded poor quality data 

with notable artefact and motion correction distortion. DTI tractography was used to 

estimate FA, mean diffiisivity and tract volume in MCI and control participants. 

Regions of interest (ROI) were used for tract selection. We used the validated ROIs for 

limbic and paralimbic tractography described by Malykhin et al( 195)

3.65 Tractography Protocols

Anterior Cingulum Section

The anterior cingulum was defined as the cingulum section underlying the gray matter 

of the anterior and peigenual cingulated (196, 197).Three ROIs were used in tract 

selection. ROI 1 was located on the most inferior axial slice where the body o f the 

corpus callosum was seen in full profile. ROI 2 was the axial slice where the body o f 

the corpus callosum was seen in full profile. ROI 3 was placed on the lowest axial slice 

where the genu crossed the midline. In the event that cingulum fibres could not be 

identified at this level, ROI 3 was placed one or two slices above, as soon as fibres 

could be seen on the principle direction map. Fibres below the level of ROI 1 were 

included in the quantitative analysis. This process was repeated on the opposite side so 

that fibres from the right and left anterior cingulum could be identified (See figure 3.3, 

page 96)
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Figure 3.3: DTI Anterior Cingulate Fibres & ROIs with Anatomical
Comparator(198)
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Posterior Cingulum Section

The posterior cingulum section underlies the anterior and posterior mid-cingulate and 

the dorsal posterior cingulate cortex(197). Three ROIs were used. ROI I was placed on 

the most posterior coronal slice where the genu o f  the corpus callosum was clearly seen 

in full profile. ROI 2 was placed on the most anterior coronal slice where the selenium 

o f the corpus callosum was seen in full profile. ROI 3 was placed on the coronal slice at 

the m idpoint between RO Il and 2 and restricted fibres that those that also passed 

through either the anterior or posterior ROI. Quantitative analysis was restricted to the 

portion o f  fibres between ROI 1 and ROI 2. This process was repeated on the opposite 

side so that fibres from the right and left posterior cingulum section could be identified. 

(See figure 3.4, page 97)
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Figure 3.4: DTI Posterior Cingulate Fibres & ROIs with Anatomical
Comparator( 198)
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Figure 3.5: DTI Uncinate Faciculus Fibres & ROIs mth Anatomical
Comparator(198)

C ereb n u n  - H em isphere •with B i a iiistem  E xcised  
Medial V iew

SpJenium  o f  c o rp u s  caH osurn  
T runk o f c o r p u s  ca llo su m . 

R o s tr u m  o f c o r p u s  c a llo su m  
C in g u la te  gyrus 

5»r>u o f c o r p u s  c a llo su m

js tlim u s  o f c in g u la te  gyrus 
Lingual gyrus

P a r ie to o c c ip ita l  su lc u s  
C a lca rin e  su lc u s  

C u n e u s

ROI 3

O ptic n e rv e  (II) 
M am m illary  body

Rhinal
B o d y  o f fornix 

C ru s  o f forni»

Cokw nrt o f  fornix

M am m illo th alam ic
fa sc ic u lu s

O lfac to ry  tra c t ' F im bria o f  h ip p o c a m p u s  
D e n ta te  gyrus 

P a ra h ip p o c a m p a l gyrus 
C o lla te ra l su lc u s  

M ed ia l o c c ip ito te m p o ra l  gyrus 

O c c ip ito te m p o ra l su lc u s  
L ate ra l o c c ip ito te m p o ra l  gyrus

Uncinate Faciculus

3.66 Statistical analysis

Chi squared test was used to detect the presence o f differences across groups in 

categorical baseline characteristics (gender, autonomic dysfunction). Student’s t test 

was used to compare differences in groups in baseline parametric continuous data (age, 

MMSE, CAM COG, S B P b , S B P n , A S B P  and Rdef4o)

Student’s t test was used to detect differences between groups in parametric DTI 

parameters and the W ilcoxon test was used to detect differences between groups in non- 

parametric parameters. Relative aniotrophy (RA) was calculated by dividing mean FA 

by approximate tract volume. The overall mean diffiisivity (MD) o f each tract was 

calculated by adding the mean diffiisivity in the x, y and z planes (^I + X2 + X3) and the 

radial diffiisivity by X2 + \3>l 2.
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Student’s t test was used to examine the difference in DTI parameters between groups 

with and without autonomic dysfunction. The results were corrected for multiple 

comparisons between groups by using the bonferroni correction (0.05/ number of tests 

performed)

3.7 Study Power Calculations

The assessments performed as part o f my PhD thesis are the cross-sectional assessments 

from a five year longitudinal study examining the autonomic and neurocardiovascular 

risk factors which determine conversion from MCI to dementia. This study is currently 

ongoing in St James’s Hospital and the Trinity Institute o f Neurosciences, Dublin.

The estimated conversion rates from MCI to dementia of attendees at a memory clinic 

are 12% in 1 year, 20% in 2 years and 50% in 5 years(41, 59). Assuming MCI and 

control cohorts are followed up for an average o f 3.5 years, and the average rate of 

conversion from the MCI cohort to AD is 25% compared to 3% in the control cohort, a 

sample size of 150 MCI participants and 75 controls will allow detection o f an absolute 

conversion to AD > 14.5% or a relative risk o f > 5.3 for those with autonomic 

dysfunction/NCVI compared to those without (a =5% and power= 80%). To 

accommodate for a 10% loss to follow up, recruiting 165 MCI subjects and 83 controls, 

will adequately power the study to detect the autonomic/NCVI risk factors determining 

conversion to AD over 3 years follow up. The sample size in my thesis is the numbers 

recruited at my point o f exit from the study. Significant results implied the cross- 

sectional sample size was sufficiently powered to detect differences between groups.
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Chapter 4

Results 1

Autonomic Function 

Assessments in MCI



4.1 Results

The methodology for autonomic ftinction assessments is discussed in section 3.3 (pages 

80-87). The study neuropsychological assessments are discussed in section 3.2 (pages 

78-80).

4.11 Baseline Demographics

121 MCI participants and 41 controls underwent assessments. We excluded 16 

recordings invalidated by excessive arrhythmia. These included 12 recordings from 

MCI participants (9 Atrial fibrillation, 1 bigemini, 1 ectopics, 1 paced rhythm) and 4 

controls (4 Atrial fibrillation). 12 MCI participants and 1 control were unable to 

complete the valsalva manoeuvre. Therefore, 97 MCI participants and 36 controls 

completed sufficient tests to allow Ewing’s Classification.

MCI subjects and controls were matched in age and gender. The median age of our 

MCI subjects was 74 (range 55-89) years and controls was 71.5 (range 57-82) years 

(P=0.20). 59% (57/97) of our MCI subjects were male. MCI subjects had a lower body 

weight than controls. Controls were better educated than MCI subjects. Although, the 

majority of both groups had second level education, 15 (43%) controls had received 

third level education compared to 18 (18%) subjects with MCI.

Eighty five percent (83/97) MCI subjects had amnestic MCI. Almost half of the total 

MCI sample had aMCIMD (48/97(49%) (See figure 4.1, page 103). The median 

MMSE of our MCI participants was 26 (IQR 24-28) and the median CAMCOG score 

was 86 (IQR 80 -90). MCI participants reported significantly more depressive 

symptoms than controls {median CESD 3 (IQR 1-8) in MCI participants compared to 0
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(IQR 0-1) in controls (p<0.001)}. MCI participants had no evidence of functional 

disability on B-ADL.

49% (47/97) o f our MCI participants and 10% (10/97) has co-existing diabetes mellitus. 

One quarter (24/97) of our MCI participants had co-existing cardiovascular disease 

which was significantly greater than the control population (2/36) (p=0.006). 26% 

(25/97) o f our MCI participants were on beta blockers and 3% (3/97) were on alpha 

blockers. 5 MCI participants were taking cholinesterase inhibitors. There was no 

significant difference between the MCI participants in terms co-morbid hypertension or 

diabetes mellitus. Only 5 (5%) o f the MCI participants and none o f the control 

participants were current smokers (See table 4.1, page 104)

Figure 4.1: Histogram Displaying MCI Subtypes

1 = aMCISD (n=35) 

2=aMCIMD (n=48) 

3=NonaMCISD (n=13) 

4=NonaMCIMD (n=l)
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Table 4.1

Demographic Data o f Participants With Complete Autonomic Data
DemonraDhic M CI ParHcipants Controls P  Value

(N=97) (N=36)

Male (% ') 57 (59%) 16(44% ) 0.14
Age (IQR‘) 73 (69-77) 71.5 (68-75) 0.2
Weight (SE‘) (kg’) 75..3 (1.4) 80.3(2.2) 0.05
Smoker (%'') 5 (5%) 0 0.3

Education
< 1 0 y rs(% ‘') 27, (24%) 4(11% )
10-15 yrs (%'') 56 (58%) 16(46% ) I  0.02
> 15 yrs (“/o'*) 18(18% ) 15 (43%) J
MCI Diaanosis
aMCISD (%'') 35 (36%)
aMCIMD (%■*) 48 (49%)
NonaMCISD (%'*) 13 (14%)
NonaMCIMD (%“) 1 (1%)

Co-Morbidities
Hypertension (%'') 47 (49%) 14(39% ) 0..30
Cardiovascular Disease (%'’) 24 (25%) 2 (6%) 0.006
Diabetes Mellitus (%“') 10(10% ) 6(16.7% ) 0..^4

Medications
Alpha Blockers (%'') 3 (3%) 3 (8%) 0.22
Beta Blockers (% ') 25 (26%) 7(19% ) 0.42
Cholinesterase Inhibitors 5 (5%) 0 0.07
(% ')

NeuroDsvcholocical Data
MMSE (IQR‘) 26 (24-28) 29 (26-29.7) <0.001
Total Camcog (IQ R ') 86 (80-90) 96 (93-99) <0.001
Memory Subscore (IQR') 20(16-22) 2.3(21-25) <0.001
CES-D(IQR‘) .3(1-8) 0(0-1) <0.001
B-ADL(IQR‘) 0(0-1) 0(0-0)

^IQR Interquartile Range, 'SE  Standard Error, ^kg Killigram, Percentage

4.12 Parasympathetic Tests

MCI participants had significantly reduced heart rate responses to deep breathing and 

orthostasis. The median heart rate response to deep breathing in MCI participants was 6 

beats per minute (IQR 3-8) compared to 8 beats per minute in control participants (IQR 

5-13.8); (p=0.003). The median heart rate response to orthostasis in MCI participants
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was 1.08 (IQR 1.04-1.16) compared to 1.13 (1.05-1.23) in controls (p=0.02). There was 

a trend towards a reduced heart rate response to the valsalva manoeuvre but this did not 

reach significance {1.26 (1.16-1.38) in MCI participants compared to 1.31 (1.25-1.37) 

in controls (p=0.07)} (See Table 4.2). There was a significant difference in numbers of 

abnormal parasympathetic tests between MCI and control groups. Over 40% (42/97) of 

MCI participants had 2 or more abnormal parasympathetic tests (See table 4.2).

Table 4.2

Univariate Analysis o f Parasympathetic Cardiovascular Reflex Tests
P arasym pathetic Test M C I Participants 

(N =97)
Controls
(N =36)

P  Value

Deep Breathing (Beats/min')
(IQR=)

6 (3 -8 ) 8 (5 -12 .8 ) 0.003

Orthostasis ( RR30/RR15)
(IQR')

1.08 (1.04-1.16) 1.13 (1.05-1.22) 0.02

Valsalva Manoevure 
(RR Phase 4/RR Phase 2) 
IQR-

1.26(1 .16-1 .38) 1.31 (1.25-1.37) 0.07

'min minute, 'IQR Interquartile Range

4.13 Sympathetic Tests

There was a significantly greater drop in systolic blood pressure on orthostasis in MCI 

participants compared to controls on univariate analysis {47(2) mmHg in MCI 

participants compared to 38(2) mmHg in controls (p=0.007)}. There was no significant 

difference in blood pressure responses to the valsalva manoeuvre {18 (7-31) mmHg in 

MCI participants compared to 21 (13-32) mmHg in control participants (p=0.30)}.The 

response to the cold pressor tests was comparable between groups. {32 (33%) had an
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abnormal response in MCI cohort compared to 10 (28%) o f controls (p=0.36)} (See 

table 4.3).

Table 4.3

Univariate Analysis o f Sympathetic Cardiovascular Reflex Tests
Svm oathetic Test M C I P artic ivan ts  

(N =97)
Controls
(N =36)

P  Value

Orthostasis (ASBP m m Hg') 
(SE=)

47 (2) 3 8 (3 ) 0.007

Valsalva M anoevure (m m H g')
(IQR')

1 8 (7 -31 ) 21 (13-32) 0.30

Cold Pressor Test 32 (33%) 10(28% ) 0.36

'm m H g m illim etres o f  m ercw y; ~SE S tandard Error, ^IQR Interquartile Range

4.14 Ewing’s Classification

Using Ewing’s Classification, 12 MCI participants (12.4%) had definite autonomic 

dysfunction (2 abnormal parasympathetic tests) and 30 (30.9%) had severe autonomic 

dysfunction (> 2 abnormal parasympathetic tests and > 1 sympathetic test)(26). No 

controls were classified as having definite autonomic dysfiinction. 3(8.3%) controls met 

the Ewing’s criteria for severe autonomic dysfiinction. In this study we defined 

autonomic dysfunction as having two or more abnormal cardiovascular reflex tests. 

Therefore, 43.3% of the MCI participants were classified as having autonomic 

dysfunction compared to 8.3% o f controls (p<0.001). (See table 4.4, page 107)
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Table 4.4

Ewing’s Classification o f Cardiovascular Reflex Tests

Classification M CI Participants (N=97) Controls (N=36)

Normal (%') 11 (11.4%) 8 (22.2%)

AU HR^ tests normal or 1 borderline

Early (%') 41 (42.3%) 23 (63.9%)

I o f  3 HR" tests abnormal or 2 borderline

Definite (%') 12 (12.4%) 0

2 or more HR' tests abnormal

Severe (%') 30 (30.9%) 3 (8.3%)

2 or more HR' tests+ I or both tests

abnormal or 2 borderline

Atypical (%') 3(3.1% ) 2 (5.6%)

Any other combination

(X -<0.001)

'% Percentage, 'HR Heart Rate, ^BP Blood Pressure

4.15 Heart Rate Variability

There was no significant difference in the mean, minimum or maximum heart rate 

between MCI and control participants. The mean heart rate for participants was 63.7 

(1.0) and for controls was 63.8 (1.7) beats per minute. There was an overall trend 

towards reduced heart rate variability in both time and frequency domains in unadjusted 

analyses. MCI participants had non-significant reductions RMSSD and PNN50 

compared to controls (p=0.17 and 0.23). The median RMSSD in MCI subjects was 30.0 

compared to 37.5 in controls (p=0.17). The median pNN50 in MCI subjects was 2.9 

compared to 7.5 in controls (p=0.23). There was a significant reduction in the high 

frequency domain in MCI participants compared to controls. {159.1 (IQR 47.4-382.8)
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in MCI participants compared to 244.6 ((IQR 115.1-279.8) (p=0.048). There were no 

significant differences between groups in low frequency or log LF/HF. Although there 

was no differences in time domain indices between MCI subjects and controls, 

frequency domain indices showed depressed parasympathetic but unchanged 

sympathetic tone in MCI participants (See table 4.5)

Table 4.5

Univariate Analysis o f Heart Rate Variability
HRV Index MCI Particioants Controls P  Value

(N=97) (N=36)

HR- Min (SE') 56.1 (1.1) 55.0(1.8) 0.41

HR-Mean (SE') 63.7(1.0) 63.8(1 .7) 0.98

HR-Max (IQR-) 75.8 (71.1-80.1) 80.4 (64.0-85.7) 0.80

SDNN (IQR-) 32.8 (23.6-50.1) 36.3 (26.6-50.9) 0.34

RMSSD (IQR-) 30.0(17.6-53.6) 37.5 (24.0-58.0) 0.17

PNN50 (IQR-) 2.9 (0.4-10.3) 7.5(1.2-20.3) 0.23

LF (IQR-) 205.1 (90.0-522.1) 279.1 (106.3-821.1) 0.15

HF (1QR-) 159.1 (47.4-382.8) 244.6(115.1-297.5) 0.048

Log LF^/HF'’ (SE') 0.14(0.04) 0.11 (0.07) 0.68

'min minute, ~IQR Interquartile Range, '̂ LF Low Frequency, ^HF High Frequency

4.2 Autonomic Dysfunction & Cognitive Impairment

4.21 Univariate analysis of association between Parasympathetic 

Dysfunction & Cognitive Impairment

We grouped MCI and controls participants into 3 groups according to the number of 

abnormal parasympathetic tests. Subjects had 0, 1 or > 2 abnormal parasympathetic
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tests. On univariate analysis there were significant differences between groups in the 

MMSE, total CAM COG score, memory and executive function sub-scores and choice 

reaction time, vigilance accuracy and numeric working memory. The cognitive scores 

deteriorated as the number o f abnomial parasym pathetic tests increased except in 

numeric working memory. The median M M SE and CAM COG in those with 1 

abnormal parasympathetic test was 28.5 (IQR 27-29) and 91 (IQR 75-88) compared to 

25 (IQR 23-27) (p=0.003) and 84 (IQR 75-88) in those with 2 or more abnormal 

parasympathetic tests. The median choice reaction time in those with no abnormal 

parasympathetic tests was 510 (IQR 473-542) milliseconds compared to 570 (IQR 522- 

617) milliseconds in those with > 2 abnormal parasym pathetic tests (See table 4.6, page  

110)

Figure 4.2: Non-Parametric Analysis o f  MMSE in Groups with 0, 1 & > 
2 Abnormal Parasympathetic (PS) Tests

(Median & Interquartile Range)

PS
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Figure 4.3: Non-Parametric Analysis o f Camcog in Groups with
0,1 «&> 2 Abnormal Parasympathetic (PS) Tests 
(Median & Interquartile Range)

PS

Table 4.6

Univariate Analysis o f Cognitive Scores in 0,1 &  > 2  Abnormal 
Parasympathetic Tests (PS)
Coenilivc Score 0  Abnormal 

PSTests 
(N=]7J

1 Abnormal PS 
Test 

(N=72I

>2 Abnormal PS  
Tests 

(N=43)

P  Value

MMSE (IQR‘)
28.5(27-29) 27(25-29) 25(23-27) 0.003

Camcog (IQR*)
93(87.5-95) 91(86-95) 84(75-88) <0.001

Memory(IQR*) 
(Total 27)

22(20-29) 21(19-23) 18(15-21) <0.001

Executive Function 
(IQR‘) (Total 28)

19(17-23) 17(15-23) 16(12-18) <0.001

SRT\m s*) (IQR‘)
321(290-386) 336(285-369) 352(300-429) 0.37

CRT‘'(ms^) (IQR‘)
510(473-542) 533(490-591) 570(522-617) 0.01

Vig Acc^ (%■)
98(90-100) 96(89-100) 91(81-98) 0.04

SPMRT^ms*) (IQ R‘)
1239(1024-

1518)
1267(1102-1631) 1392(1 ISO- 

1732)
0.27

NW M RT’(ms®) (IQ R‘)
1039(965-1084) 899(795-1090) 1014(782-1220) 0.02

’iQ R Interquartile Range, ~% Percentage, ^SRTSim ple Reaction Time, ''CRT Choice reaction Time,
^V igAcc Vigilence Accuracy, ^SPMRT Spatial M emory Reaction Time, ^NWMRT Numeric Working M  
emory Reaction Time, ^ms M illiseconds
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4.22 Univariate analysis of association between Autonomic 

Dysfunction & Cognitive Impairment

We classified participants in 5 groups according to the Ewing’s classification of 

cardiovascular reflex tests. There was significant difference between groups and in 

MMSE, total CAMCOG score, memory and executive function sub-scores and choice 

reaction time in those with normal, early, definite, severe or atypical autonomic 

dysfiinction. The cognitive scores deteriorated as autonomic dysfunction became more 

evident. The median MMSE and CAMCOG total score in those with early autonomic 

function was 28(IQR 27-29) and 92 (IQR 89-92) respectively (See figures 4.4 and 4.5, 

page 108). This compares with a median MMSE and CAMCOG score in those with 

severe dysautonomia o f 25 (IQR 23-27) and 84(IQR 89-97) respectively. The median 

memory in early autonomic dysfunction was 22(IQR 19-23) and compared to 18(15-22) 

in those with severe automonic dysfiinction. The median CRT in early dysautonomia 

was 537 (IQR 487-593) milliseconds compared to 565 (528-614) milliseconds in severe 

dysautonomia.. There was no significant difference across groups in simple reaction 

time, digit vigilance, spatial and numeric working memory (See table 4 .7, page 1 IS). 

We were unable to perform a regression analysis as the cognitive scores were non- 

parametric in nature.
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Figure 4.4: Non-Parametric Analysis ofM M SE in Groups
According to Ewing*s Classification 
(Median & Interquartile Range)

0=Normal

1 = Early Autonomic 
Dysfunction

2=Definile Autonomic 
Dysfunction

3=Severe Autonomic 
Dysfunction

4=Atypical Dysautonomia

Figure 4.5: Non-Parametric Analysis o f CAMCOG in Groups
According to Ewing’s Classification 
(Median & Interquartile Range)

0=Normal

1= Early Autonomic 
Dysfunction

2=Defmite Autonomic 
Dysfunction

3=Severe Autonomic 
Dysfunction

4=Atypical Dysautonomia
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<
o
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Ewing's Classification

Ewing s  Classification
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Table 4.7

Univariate Analysis o f  Cognitive Scores in Ewing’s Classification o f  
Dysautonomia
Coenitive Score Normal

N=19
Earlv
N=64

Definite
N=12

Severe
N=33

Atvriical
N=5

P Value

MMSE (IQR') 28(27-29) 27(25-29) 27(24-29) 25(23-27) 29(26-29) 0.01

Camcog (IQR') 92(89-96) 90(85-94) 87(82-90) 84(75-89) 94(89-97) <0.001

Memory(IQR') 
(Total 27)

22(20-24) 21(19-23) 19(16-21) 18(15-2) 23(19-25) 0.007

Executive 
Function 
(IQR') (Total 28)

19(17-22) 17(15-22) 17(14-20) 15(12-18) 23(18-23) <0.001

SRT\ms*) (IQR') 315 340 394 331 371 0.24

CRT'‘(ms*) (IQR') 502(457-
544)

537(487-
593)

568(498-
744)

565(528-
614)

539(526-
580)

0.049

Vig Acc^ (%-) 96 96 93 91 98 0.056

SPMRT*(ms*)
(IQR')

1312 1267 1246 1485 1435 0.57

NWMRT^ms*)
(IQR')

1074 1130 1138 1258 1054 0.27

^IQR Interquartile Range, '%  Percentage, '^SRTSimple Reaction Time, ‘'CRT Choice reaction Time, 
^VigAcc Vigilence Accuracy, ^SPMRT Spatial Memory Reaction Time, ^NWMRT Numeric WorkingM  
emoiy Reaction Time, ^ms Milliseconds

4.23 Multivariate analysis of association between Autonomic 

Dysfunction& Cognitive Impairment

Multivariate binary logistic regression was performed to control for the possible 

confounding effects o f  age, gender, medications and cardiovascular co-morbidities The 

binary outcome was normal autonomic function (< 1 abnormal parasympathetic test) or 

abnormal autonomic function( > 2 abnormal parasympathetic tests). There was a 

significant association between the presence o f  autonomic dysfunction and cognitive 

deficits using the MMSE (p<0.001) CAMCOG (p<0.001) and memory subscore
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(p= 0.005). Per point decrease in MMSE, CAMCOG and memory sub-scores, the odds 

ratio o f having autonomic dysfunction increased by 1.28 (95% Cl (1.11-1.50) and 1.12 

(95% Cl 1.11-1.50) and 1.12 (95%> Cl 1.02-1.25). Overall, the odds ratio of MCI 

participant compared to a control of having abnormal autonomic function (> 2 abnormal 

parasympathetic tests) was 5.60 (95% Cl 1.59-27.2).

4.3 Summary

MCI participants had significant autonomic dysfunction compared to controls, using 

bedside cardiovascular reflex tests and HRV. This was predominantly parasympathetic 

dysfunction although some sympathetic dysfunction was observed. There was a 

significant association between parasympathetic and overall autonomic dysfianction and 

cognitive deficits.
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5.1 Results

The methodology for active stand and derivation of parameters of OH is discussed in 

section 3.4 (pages 87-91). The study neuropsychological assessments are discussed in 

section 3.2 (pages 78-80).

5.11 Demographic Data

121 MCI participants and 41 controls underwent assessments. We excluded the records 

of 26 MCI participants and 6 controls as the records were deemed unsuitable for 

analysis as had > 10% artefact in baseline or > 5% in the stand blood pressure 

recording. We had complete good quality data records on 95 MCI participants and 35 

controls.

Groups were matched in age and gender. The median age of MCI participants was 73.8 

(SE 0.70) years and of controls years was 71.7 (p=0.09) years. 52% (50/95) of MCI 

participants and 42% (16/35) of control participants were male (p=0.29).There was no 

significant difference in smoking history. Over 60% of both groups were ex-smokers. 

Only 7 MCI participants (5.5%) and none of the control group were current smokers. 

Groups had similar levels of education. Over half of both groups had second level 

education. 89% had amnestic MCI. 55% of the MCI population had aMCIMD

The median MMSE of the MCI participants was 26 (IQR 24 -28) and CAMCOG was 

85 (IQR 80-90). There was no evidence of function decline in the study participants. 

Control participants scored with normal limits in the MMSE and CAMCOG. MCI 

participants showed significantly more depressive symptoms than controls. The median 

CSE-D score in MCI participants was 3 (IQR 1-6.5) and in controls was 0. There was 

no significant difference in the prevalence of hypertension, cardiovascular disease or 
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diabetes mellitus between the two groups. 50% (47/95) o f MCI participants and 54% 

(20/35) o f  control participants had co-existing hypertension. Over 20% o f both groups 

had co-existing cardiovascular disease. Significantly more MCI participants were taking 

cardioactive medications than controls. 26% (25/95) o f MCI participants were taking 

cardioactive medications compared to 2/35 (5%) o f  controls. (p<0.001).There was no 

significant difference between the two groups in numbers taking anti-hypertensive or 

psychotropic medications (See table 5.1, page 118)

5.12 Active Stand Results

There was no significant difference in the median SBPb and mean SBPn between MCI 

and control groups. The median SBPb in MCI participants was 146 (IQR 132-157) 

mmHg and control participants was 142 (128-157 mmHg) (p=0.67). The mean A SBP 

in MCI participants was 48.2 (SE 2.0) mmHg and control participants was 40.9 (SE 3.1) 

mmHg; (p=0.05). There was a trend towards a longer time to recovery in MCI 

participants than controls but this did not reach clinical significance. The recovery 

profiles o f  SBP as illustrated by Rdeoo, R<ief4o, Rdetso and Rdef60 were significantly greater 

in MCI participants than control participants. There greatest difference between MCI 

and control participants was in the Rdef4o. The mean Rdef40 in MCI participants was 16.6 

(SE 2.2) mmHg and in controls was 5.54 (SE 3.5) mmHg (p=0.009) (See table 5.2, 

page  119)
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Table 5.1

Demographic Data o f Participants Quality Active Stand Data
D emoeravhic M C I Participants Controls P  Value

(N=95) (N=35)

Male (%) 50 (52%) 16(42% ) 0.42
Age (SE) 73.8 (0.70) 71.7(1.11) 0.09

Smoker
Current 7(5.5%) 0
Ex-Smoker 59 (62.9%) 24 (64.9%) 0.17
Non-Smoker 30(31.9% ) 13(35.1%)

Education
< 10 yrs 27 (27.5%) 4(10.8% )
10-15 yrs 49 (51.6%) 21 (56.8%) 0.07
> 15 yrs 20 (20.9%) 12 (32.4%)

MCI Diaanosis
aMCISD 32(34%)
aMCIMD 52(55%)
NonaMCISD 10(11%)
NonaMCIM D 1(1%)

Co-Morbidities
Hypertension (%) 47 (50%) 20(54%) 0.91
Cardiovascular Disease (%) 22 (23%) 8(21% ) 0.84
Diabetes Mellitus (%) 15(16% ) 3 (8%) 0.95

Medications
Anti-hypertensive 42 (44%) 20(54%) 0.63
Cardioactive 25(26%) 2(5%) <0.001
Psychotropic 15(16%) 6(16%) 0.95

NeuroDSVcholoeical Data
M MSE (IQ R') 26 (24-28) 29 (27-30) <0.001
Total CAMCOG (IQ R ‘) 85 (80-90) 95(93-99) <0.001
Memory Subscore 19(15-21) 23(21-25) <0.001
CES-D (IQR) 3(l-6.5) 0 <0.001
B-ADL (IQR) 0(0-1) 0

'iQ R  Interquartile Range, 'S E  Standard Error, ^kg Killigram , "'% Percentage
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Table 5.2

Univariate Analysis o f OH Parameters
O H  P aram eter M C I P articipants Controls P  Value

(N =95) (N =35)

SBPb (m m H g') (IQR-) 146(132-157) 142 (128-157) 0.67

SBPn (m m Hg')(SE-’) 98.6 (2.7) 104.1 (4.3) 0.29

ASBP (m m Hg') (SE^) 48.2 (2.0) 4 0 .9 (3 .1 ) 0.05

T r (secs) (SE^) 16.5 (2.2) 5.5 (3.5) 0.34

R ,eDo(m m H g')(SE') 17.02 (2.24) 6.35 (2.73) 0.017

R<jef4o(mmHg‘) (SE^) 16.55 (2.20) 5.54 (3.51) 0.009

R,efso(mmHg') (IQR=) 14.5(1.5-29) 7 9 (7 .5 -1 7 ) 0.02

R ,ef6o(m m H g')(IQ R =) 11.5(1-19.5) 5 (-11.5-16) 0.013

'm mH g M illim etre o f  M ercury: 'IQR Interquartile Range, SE Standard E rror

5.13 The Association Between OH Parameters & Cognitive Function 

in MCI subjects

We examined the association between ASBP and the Rdef4oand cognitive parameters in 

MCI participants using multivariate linear regression, controlling for the effects o f age, 

medication and vascular co-morbidities. In the linear regression model, ASBP and the 

Rdef4o were entered at the dependent variables. Each o f  the cognitive parameters was 

entered separately in the model to avoid co-linearity. There was a significant 

association between A SBP and total CAMCOG score (p=0.04) and executive function 

sub-score (p=0.003). The Rdef4o was also significantly associated with executive 

function sub-score (p=0.003), in addition to SRT (p=0.03) and CRT (p=0.02). (See 

tables 5.3 & 5.4, page 120)
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Table 5.3

Multivariate Linear Regression examining the association o f  
ASBP(mmHg) & Neuropsychological Assessments in M CI Participants 
(Age, Medications & Co-Morbidities)
Cognitive Parameter P  value F  ratio R Sauare

MMSE 0.10 2.67 0.05

CAMCOG 0.04 4.37 0.06

Executive Function 0.003 8.64 0.10

SRT' 0,44 0.57 0.04

CRT- 0.30 4.03 0.04

Vig Acc^ 0.30 1.05 0.04

SPMRT'' 0.63 0.23 0.04

NWMRT^ 0.34 0.16 0.04

’ SRT Simple Reaction Time, 'C RT Choice Reaction Time, '^VigAcc Vigilence Accuracy, ^SPMRT Spatial 
Memoiy Reaction Time, ^NWMRTNumeric Working Memoiy reaction Time

Table 5.4

Multivariate Linear Regression examining the association o f  Rec4ooef 
(mmHg) & Neuropsychological Assessments in M CI Participants ( Age, 
Medications & Co-Morbidities)
Coenitive Parameter P value F  ratio RSauare

MMSE 0.19 1.74 0.12

CAMCOG 0.11 2.45 0.13

Executive Function 0.003 9.36 0.20

SRT' 0.03 4.66 0.14

CRT- 0.02 5.87 0.15

Vig Acc^ 0.22 3.63 0.11

SPMRT'' 0.85 0.03 0.12

NWMRT^ 0.39 0.72 0.11

' SRT Simple Reaction Time, ' CRT Choice Reaction Time, ^VigAcc Vigilence Accuracy, ‘'SPMRT Spatial 
Memory Reaction Time, ^NWMRTNumeric Working Memoiy reaction Time
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5.14 Summary

MCI participants had more severe and prolonged OH than age-matched controls, using 

continuous non-invasive BP monitoring. There was a significant association between 

ASBP and total CAMCOG score and executive dysfunction, and between the Rdef4o 

and executive function, SRT and CRT in MCI subjects. Continuous blood pressure 

monitoring is important to accurately monitor orthostatic blood pressure changes.
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The methodology for 24 hour ambulatory monitoring, dipper status and parameters of 

BPV are discussed in 3.5 (pages 91-93).

6.1 Demographic Data

We obtained 24 hour blood pressure recordings from 105 MCI subjects and 38 from 

MCI subjects. We excluded 14 recordings from MCI subjects and 3 recordings from 

controls. Fifteen recordings were excluded due to insufficient night-time recordings. 

One recording had insufficient day and one had insufficient night-time recordings. We 

had complete recordings from 91 MCI subjects and 35 controls

MCI and control participants were matched in terms o f gender, age and weight. Forty- 

nine percent o f both groups were male. The mean age o f both MCI participants and 

control participants was 73 years (p=0.47). The mean weight and height of MCI 

participants was 73.2 kilograms and 1.7 metres respectively. MCI participants were 

significantly taller than controls. Controls were better educated than subjects. Forty- 

three percent of controls (15/35) had third level education compared to twenty-one 

percent o f MCI participants (19/91). The median MMSE of MCI participants was 25 

(IQR 24-27.5) compared to 29 (IQR 27-20) o f control participants. Eighty-eight percent 

o f MCI participants had amnestic MCI. The most common MCI subtype was amnestic 

MCI multiple domain (45/91; 49%)

There was no difference in numbers o f MCI and control participants taking 

antihypertensive and cardioactive medications. Thirty-six percent o f MCI participants 

(33/91) were taking antihypertensive medications compared to thirty seven percent of 

controls (13/35). Twenty-two percent o f MCI participants (20/91) were taking 

cardioactive medications. This compares to twenty-six percent o f controls (9/35).
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Significantly more MCI participants were taking psychotropic medications. 20/91 MCI 

participants (22%) were taking psychotropic medications compared to 1/35 controls 

(3%) (p=0.003). There was no significant difference between groups in terms o f  co- 

morbid hypertension, cardiovascular disease and diabetes mellitus (See table 6.1)

Table 6.1

Demographic Data o f Participants with Complete 24hr ABPM  
Recordings

Co-variate M C IParticivants (N=9I) Controls CN=35) P  Value

Male (%) 45 (49) 17(49) 0.92

Age (IQR') 73(70-77) 73 (69-76) 0.47

W eight (kg ') (SE=) 73.2(1.5) 78.2(2.3) 0.07

Height (m'') (SE‘) 1.70 (0.01) 1.66 (0.01) 0.03

Education 
< 10 yrs 
10-15 yrs 
>15 yrs

26 (29%) 
46 (50%) 
19(21% )

3 (9%) 
17 (48%) 
15 (43%)

0.01

MCI SubtvDe
aMCISD^
aMCIMD^
NonaM CISD’
NonaMCIMD*

35 (39%) 
45 (49%) 
10(11% ) 

1 (1%)

M M SE’ (IQR) 25 (24-27.5) 29 (27-30) <0.001

M edications
Antihypertensive
Cardioactive
Psychotropic

33 (36%) 
20 (22%) 
20 (22%)

13 (37%) 
9 (26%)
1 (3%)

0.92
0.66

0.003

Vascular Risk
Factors
Hypertension
i h d '°
Diabetes

43 (47%) 
8 (23%) 
11 (12%)

15(43% ) 
23 (25%) 

3 (9%)

0.65
0.72
0.57

’iQ R Interquartile range; 'S E  standard error; 'kg kilogram; m m etre ,a M C IS D  amnestic M C I single 
domain, ^aMCIMD amnestic multidomain, ^NonaMCISD non amnestic single domain; ^Non aMCIMD  
non amnestic M C I multidomian; ^MMSE mini mental state examination; IHD ischaemic heart disease
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6.2 24 Hour Ambulatory Blood Pressure Recordings

6.21 Univariate analysis

The median 24 hour ABPM SBP and DBP o f MCI participants was 134mmHg (IQR 

126-146mmHg) and 76.3mmHg (SE 0.7). Control participants had an insignificantly 

higher mean SBP o f 137mmHg (126-146mmHg) (p=0.88) but a similar mean DBP of 

76.8mmHg (SE 1.2) (p=0.66). There was no significant difference between groups in 

daytime SBP and DBP. MCI participants had an insignificantly higher night time SBP 

than controls {126.2mmHg (SE 1.9) compared to 121.9mmHg (SE 3.1); (p=0.690)}. 

Night time DBP was similar between groups. There was no significant difference 

between BPV between groups, as measured by the SD o f 24 hour SBP and DBP, 

daytime and night-time SBP and DBP on univariate analysis (See table 6.2, page 127)

6.21 Multivariate analysis

Using multivariate linear regression, we examined whether there was any difference in 

continuous BP and BPV parameters, controlling for the effects o f age, mean BP, 

medications and vascular morbidities. We transformed non-parametric parameters (24 

hr SBP and SD 24hr DBP) into parametric variables by using the log o f each o f these 

parameters. The dependent variable in the regression model was the BP parameter.

There were no significant differences observed between groups in 24 hour, daytime or 

night time SBP, DBP or MAP on multivariate analysis. BPV parameters were 

comparable between groups (See table 6.3, page 128)
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6.3 Dipper Status & BPV

Overall, the mean systolic nocturnal dip in MCI subjects was 14 (IQR 3-21) mmHg 

compared to 16 (IQR 9-25) mmHg in controls (p=0.25). There was no significant 

difference between groups in dipper status. Fifty percent (46/91) o f  MCI subjects and 

fifty-four percent (19/35) o f controls demonstrated normal dipper status. Forty two 

percent (38/91) o f MCI participants were non-dippers and eight percent (7/91) were 

reverse dippers. This compared with thirty seven percent (13/35) non-dippers and nine 

percent (3/35) reverse dippers in the control group (p=0.89) (See table 6.2)

Table 6.2

Univariate Analysis o f 24 hour ABPM SBP, DBF, MAP & BPV Variables
in MCI & Controls ( age, psychotropic meds & vascular co-morbidities)
BP M easurement M C I Participants (N=9I) 

(mm He)
Controls fN=35) 

(mmHe)
P  Value

2 4 h rS B P ' (IQR^) 134 (26-146) 137 (126-146) 0.88
24 hr DBP- (SE’) 76.3 (0.7) 76.8(1.2) 0.66
m a p ’ (SE’) 96.1 (0.9) 95.7(1 .4) 0.79

Daytime SBP' (SE’) 
Daytime DBP- (SE’)

140.2(1.5) 139.0 (2.4) 0.69
78.7(1.2) 74.2 (0.7) 0.70

Nighttime SBP' (SE^) 
Nighttime D B F' (SE^)

126.2(1.9) 121.9 (3.1) 0.25
68 (61-76) 68 (54-68) 0.38

BPV^ Variables
SD^ 24hr SBP' (SE’) 23.0 (0.67) 23.0(1 .1) 0.99
SD^ 24hr DBP- (IQR^) 18.5(14.1-20.9) 18.1(14.1-21.7) 0.59
SD^ daytime SBP' (SE’) 
SD^ daytime DBP- (SE^) 
SD’ nighttime SBP' (SE^) 
SD= nighttime D BP' (SE’)

23.1 (0.7) 22.8(1 .1) 0.84
18.7(0.6) 19.3(0.9) 0.60
15.2(0.7) 16.6(1.1) 0.28
11.2(0.7) 12.2(1.1) 0.43

Dioper Status
Daytime BP -  Nighttime BP
(IQR')

14(3-21) 16(9-25) 0.25

Dipper 46 (50%) 19(54% ) 1
Non-Dipper 38 (42%) 13(37% ) ^  0.89
Reverse Dipper 7 (8%) 3 (9%) J
'SB P  systolic blood pressure, 'D B P  diastolic blood pressure • ^MAP mean arterial pressurt ^BPVBlood
pressure variability; SD  standard deviation; IQR interquartile range; SE  standard erro?
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Table 6.3

Multivariate Linear Regression Analysis o f 24 hour ABPM SBP, DBP,
MAP & BPV Variables in MCI & Controls ( age, psychotropic meds & 
vascular co-morbidities)

BP M easurement P  value F  Ratio R Sauare

Log (24 hr SBP') 0.46 0.54 0.09
24 hr DBP- 0.79 0.07 0.08
MAP^ 0.77 0.08 0.08

Daytime SBP' 0.68 0.16 0.05
Daytime DBP" 0.87 0.03 0.05

Nighttime SBP' 0.30 1.10 0.13
Nighttime DBP" 0.35 0.85 0.07

BPV* Variables
SD 24hr SBP* 0.99 <0.001 0.05
Log (SD 24hr DBP") 0.62 0.24 0.03
SD^ daytime SBP' 0.91 0.01 0.07
SD^ daytime D B P' 0.50 0.44 0.03
SD^ nighttime SBP' 0.16 1.99 0.08
SD^ nighttime DBP- 0.24 1.38 0.07

'SBP systolic blood pressure, ^DBP diastolic blood pressure  
pressure variability; SD tandard deviation

^MAP mean arterial pressure, ‘’B P V  blood

6.4 Summary

There was no significant difference between MCI and control participants in 24 hour, 

daytime or night time systolic, diastolic and mean arterial blood pressure. BPV and 

dipper status were comparable between groups.
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Chapter 7

Results 4 

DTI in MCI & 

Association with 
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7.1 Results of DTI

The methodology for data acquisition, analysis and tractography protocols are discussed 

in section 3.6 (pages 93-99).

7.11 Demographic data

We analysed DTI tractography of 24 MCI participants and 12 controls. We excluded 

one data from the MCI cohort as was deemed unsuitable for analysis. The mean ages of 

the MCI and control groups were 71.8 and 73.7 years respectively (p= 0.51). Groups 

were matched in terms of age and gender. Seventy-nine percent of the MCI cohort had 

amnestic MCI. The mean MMSE and CAMCOG of the MCI group was 26.6 and 86.6 

respectively (See table 7.1).

Table 7.1

Demographic Data

C ovariate M C I P articipants (N =24) C ontrols (N =12) P  Value

A ge (SE') 71.8(1.6) 73.7(2.5) 0.51

M ale (%) 8(33%) 6(50% ) 0.15

M M SE (SE') 26.0(0.4) 27.9(0.5) 0.01

CAMCOG (SE ') 86.6(1.5) 95.1(2.2) 0.003

Autonomic Dysfunction (%) 12 (50%) 1(8%) 0.02

SBPB-(SE')m m Hg^ 1 4 3 .6 (4 .7 ) 1 3 7 .8 (6 .7 ) 0.48

SBPN^(SE')mmHg^ 93.9 (7.0) 103.1(9.9) 0.45

A SBP"(SE')mmHg* 49.4  (4.9) 34.7 (6.9) 0.09

Rdef4o'(SE')mmHĝ 17.2(4.7) -7.7 (6.7) 0.005

‘SE Standard error; ^SBPb B aseline SEP; '^SBPn N ad ir SBP, 
deficit a t 40 seconds; ^mmHg m illim etres o f  m ercury

"a SBP  =  SBPb - SBPn: R̂def4o R ecovery
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7.12 Baseline Autonomic and OH Variables

There was a significant difference between groups in Rdef40 and dysautonomia between  

groups. 12 MCI participants and 1 control had autonomic dysfijnction (> 2 abnormal 

bedside cardiovascular parasympathetic tests) (p=0.02). The mean Rdef40 in the MCI 

group was 17.2mmHg compared to -7.7m m H g in the control group (p=0.005). Other 

OH parameters were comparable between groups.

7.13 Univariate analysis of DTI parameters between groups 

Number o f  tracts, approximate tract volum e, mean FA, mean apparent diffiision co

efficient (ADC), mean and radial diffusivity were comparable between groups in the 

right uncinate fasciculus, left and right anterior and posterior cingulum. There was a 

significant reduction in the number o f  tracts in the left uncinate faciculus which  

remained significant when corrected for multiple comparisons. H ow ever there was no 

significant difference between groups in other DTI parameters in the left uncinate 

fasciculus (See tables 7.2-7.7, p a g es  131-134).

Table 7.2
Univariate Analysis o f  Right Uncinate Faciculus) (A bbreviations in Table 7.7)
DTI Variable M CI Particivants 

(N=24)
Controls (N=I2) P  Value

Number o f  Tracts (SE) 157.2(15.1) 141.1(24.1) 0.58

Approx Tract Vol. (mm^)(SE) 5313 (450) 5658(720) 0.68

Mean FA (SE) 0.40 (0.01) 0.41 (0.01) 0.29

Relative Anisotrophy (IQR) 0.72 (0.6-1.0)X  10''' 0.74 (0 .6-0 .9)X  lO"'' 0.63

Mean ADC(mm'/s) 0.844 X 10'̂ 0.841 X 10'^ 0.83

Mean >Ll(mm‘/s) 0.12 X 10'̂ 0.13 X 10'̂ 0.29

Mean >J2(mm'/s) 0.733 X 10'̂ 0.712 X 10'̂ 0.87

Mean ^3(mmVs) 0.556 X 10'̂ 0.551 X 10'̂ 0.75

MD (XI + >.2 + >.3)(SE) 2.5(0.2) X 10'̂ 2.5 X 10'̂ 0.84

RD(>i2 + >.3)/2(SE) 0.65(0.07) X 10'̂ 0.64 (0.12) X 10'̂ 0.08
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Table 7.3

Univariate Analysis o f Left Uncinate Faciculus) (Abbreviations in Table 7J )

DTI Variable M CI Participants (N=24) Controls (N=I2) P Value

Number of Tracts (SE) 164.17(12.8) 203.2(19.8) 0.04*

Approx Tract Vol. (mm^) 
(SE)

4699 (252) 6194 (412) 0.004*

Mean FA (SE) 0.40 (0.00) 0.41(0.01) 0.46

Relative Anisotrophy (IQR) 0.70(0.72-0.99) X 10-̂ 0.69 (0.63-0.73) X 10'^ 0.06

Mean ADC(mm‘/s) 0.821 X 10’̂ 0.83 X 10'^ 0.91

Mean A.l(mm"/s) 0.12 X 10'^ 0.12 X 10'^ 0.53

Mean ^2(mm‘/s) 0.713 X 10'^ 0.713 X 10'^ 0.98

Mean >.3(mmVs) 0.549 X 10'^ 0.539 X 10'^ 0.46

MD (XI + X2 + Ji3)(IQR) 2.5(2.4-2.5) X 10'^ 2.5(2.4-2.5) X 10'^ 0.91

RD().2 + )3)/2(SE) 0.63 (0.06) X 10'^ 0.63 (0.01) X 10'^ 0.69

Table 7.4

Univariate Analysis o f Right Anterior Cingulum) (Abbreviations in Table 7.7)

DTI Variable M CI Participants (N=24) Controls {N=I2} P Value

Number of Tracts (SE) 24.1(3.2) 28.5(4.9) 0.46

Approx Tract Vol. (mm^) 
(SE)

2066.4(196.6) 2465.66(298.1) 0.27

Mean FA (SE) 0.53(0.01) 0.54(0.02) 0.47

Relative FA (IQR)) 2.6 (1.9-4.0) X 10 '' 2.0 (1.9-2.9) X lO"* 0.41

Mean ADC(mm‘/s) 0.80 X 10'^ 0.80 X 10'^ 0.93

Mean Xl(mm'/s) 1.34 X 10’̂ 1.35 X 10'^ 0.54

Mean ^(m m "/s) 0.64 X 10'^ 0.63 X 10'^ 0.40

Mean X3(mmVs) 0.425 X 10'^ 0.419 X 10'^ 0.71

MD (>.1 + X.2 + >3) (SE) 2.4 (0.2) X 10'^ 2.4 (0.3) X 10'^ 0.85

RD(>2 + >l3)/2 (SE) 0.53 (0.08) X 10'^ 0.52(0.01) X 10'^ 0.48
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Table 7.5

Univariate Analysis o f Left Anterior Cingulum) (Abbreviations in Table 7.7)

D TI Variable M C I Participants (N=24) Controls (N=I2) P  Value

Num ber of Tracts (SE) 18(6-28.5) 10(5-27) 0.52

Approx Tract Vol. (mm^) 
(IQR)

1256(556-1690) 1152(384-1320) 0.40

Mean FA (SE) 0.39(0.01) 0.30(0.01) 0.92

Relative Anisotrophy(IQR) 0.31 (0.27-0.63) X 10'^ 0.34(0.32-0.98) X 10'^ 0.30

Mean ADC(mmVs) 0.82 X 10'^ 0.80 X 10’̂ 0.25

Mean >^l(mm‘/s) 1 .19X  10'^ 1.17 X 10'^ 0.45

Mean >^(mm"/s) 0.736 X 10'^ 0.724 X 10'^ 0.42

Mean W(mmVs) 0.527 X 10’̂ 0.519 X 10'^ 0.52

MD (>.1 +X2 + >.3)(SE) 2.4 (0.3) X 10-^ 2.4 (0.0) X 10'^ 0.25

RD(X2 + }.3)/2(SE) 0.62(0.01) X 10'^ 0.63 (0.08) X 10’̂ 0.45

Table 7.6

Univariate Analysis o f Right Posterior Cingulum) (Abbreviations in Table 7.7)

D TI Variable M C I Participants (N=24) Controls (N=12} P  Value

Num ber o f Tracts (SE) 22.7(3.1) 28.5 (4.6) 0.30

Approx Tract Vol. (mm^) 
(IQR)

2015(199) 2466(296) 0.21

Mean FA (SE) 0.52(0.01) 0.54(0.01) 0.46

Relative Anisotrophy (IQR) 2.7 (1.8-4.2) X 10"'' 2.0 (1.9-2.0) X lO"* 0.33

Mean ADC(mm‘/s) 0.802 X 10'^ 0.807 X 10'^ 0.67

Mean >Ll(mm"/s) 1.33X 10'^ 1.37 X 10'^ 0.25

Mean >2(mm"/s) 0.642X 10'^ 0.626 X 10'^ 0.40

Mean ^ (m m ‘/s) 0.427X 10'^ 0.423 X 10'^ 0.81

MD (A.1 + X2 + )i3)(SE) 2.4 (0.0) X 10'^ 2.4 (0.0) X 10'^ 0.91

RD(X2 + u y i 0.53 (0.08) X 10'^ 0.52 (0.01) X 10‘̂ 0.52
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Table 7.7

Univariate Analysis o f  Left Posterior Cingulum

DTI Variable MCI Particivants {N=24) Controls (N=I2) P  Value

Number o f  Tracts (SE) 18(3-12) 24(4-15) 0.27

Approx Tract Vol. (mm^) 
(SE)

1758(191) 2140(271) 0.26

Mean FA (SE) 0.49 (0.01) 0.51(0.02) 0.40

Relative Anisotrophy(SE) 0.29 (0.1) X 10'̂ 0.42 (0.1) X 10'̂ 0.31

Mean ADC(mm-/s) (SE) 0.79X 10'̂ 0.79 X 10'̂ 0.71

Mean ^l(mm '/s) (SE) 1.26X 10'^ 1.29 X 10'̂ 0.39

Mean X,2(mmVs) (SE) 0.66 X 10'̂ 0.65 X 10'̂ 0.49

Mean X3(mm'/s) (SE) 0.44 X 10'̂ 041  X 10’̂ 0.39

MD (>.1 + >2 + W) (SE) 2.37(0.2) X 10'̂ 0.55(0.3) 0.71

RD(X2 + 13)12 (SE) 0.55 (0.01) X lO'̂ 0.55 (0.01) X 10'^ 0.64

SE Standard Error; IQR Interquartile range; FA Fractional Anistorophy; Mean ADC Apparent 
Diffusion Co-efficient; Mean ?.I Mean Diffusivity in x plane; Mean X2 mean diffusivity in y  plane. Mean 
X3 Mean diffusivity in z  plane; MD Mean diffusivity; RD radial Diffusivit, *Statistically significant

7.4 Comparison of DTI parameters in Autonomic Dysfunction 

versus normal Autonomic Function (Preliminary Analysis).

We divided the DTI data set into groups based on the presence of autonomic 

dysfunction. 13 the 36 subjects with DTI datasets had autonomic dysfunction. The 

mean FA of each of the tracts was compared between groups. There was a significantly 

lower mean FA in the left uncinate fasciculus, and the right and left posterior cingulum 

in those with autonomic dysftanction. However, only a reduced mean FA in the right 

posterior cingulum remained significant, when the level of significance was adjusted for 

multiple comparisons (See table 7.8, page 135).
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Table 7.8

Comparison o f Mean FA in Normal Autonomic Function versus 
Abnormal Autonomic Function
Covahate Normal Autonomic Abnormal Autonomic P  Value

Function (N=23) Function(N=13)

Age 71(1) (77)(2) 0.04

Male (%) 9 (46%) 4 (30%) 0.38

MMSE (SE') 26(0.4) 26.1(0.6) 0.37

Camcog (SE) 90.5(1.6) 86.1(2.4) 0.13

Mean FA"

Right Uncinate Faciculus (SE) 0.40(0.01) 0.40(0.01) 0.49

Left Uncinate Faciculus (SE) 0.41(0.00) 0.39(0.01) 0.02*

Right Anterior Cingulum (SE) 0.52(0.01) 0.54 0.46

Left Anterior Cingulum (SE) 0.39(0.01) 0.39(0.01) 0.99

Right Posterior Cingulum (SE) 0.54 (0.01) 0.49(0.01) 0.001*

Left Posterior Cingulum (SE) 0.51 (0.01) 0.46(0.01) 0.05*

'SE  Standard Error; 'FA Fractional Anisotrophy

7.5 Summary

Overall, there was no significant difference in DTI parameters in MCI and control 

cohorts. There was a significant reduction in mean FA in the left uncinate faciculus, 

right and left posterior cingulum in those with autonomic dysfunction. However, only 

the difference between groups in the right posterior cingulum remained significant 

when adjusted for multiple comparisons.
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Discussion
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8.1 Autonomic Function in MCI

8.11 Discussion of results

MCI subjects demonstrated significant autonomic dysfunction compared to matched 

controls. These findings are based on comprehensive assessments o f autonomic 

function using bedside cardiovascular reflex assessments and HRV. Over 40% of MCI 

participants had autonomic failure. Using Ewing’s classification, most of this MCI 

cohort had severe impairment(26). The autonomic dysfunction was predominantly 

parasympathetic as evidenced by the deficits in the heart rate responses to 

cardiovascular reflex tests and reduced high frequency on HRV.

Sympathetic activity was somewhat reduced in MCI participants. They demonstrated a 

significantly greater orthostatic fall in systolic blood pressure than controls. However 

other blood pressure responses to cardiovascular reflex tests were comparable between 

MCI and control participants. In addition, sympathetic modulations on HRV were 

similar in both cohorts. The majority o f parasympathetic assessments were significantly 

reduced in the MCI participants compared to controls. MCI participants showed 

significantly reduced heart rate responses to two o f the three bedside cardiovascular 

reflex tests (deep breathing and orthostasis). They also had reduced parasympathetic 

modulations as indicated by the high frequency domain on heart rate variability. 

Moreover, those with more advanced parasympathetic and autonomic neuropathy 

showed more severe neuropsychological deficits. Overall, an MCI participant was over 

five times more likely than a control to have autonomic dysfunction.
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8.12 Current literature

This is the first comprehensive study examining autonomic function in MCI. The only 

previous study examining autonomic function in MCI used HRV, and found 

intermediately depressed autonomic modulations between those o f AD and control 

participants(129). The majority o f studies, using a combination o f cardiovascular reflex 

tests and/or HRV, reported depressed parasympathetic activity( 126-129, 131, 138,

139), and increased(128, 131), unchanged (138) or depressed sympathetic activity(126, 

134, 139). Other studies have examined autonomic function in AD by measurement of 

baroreflex sensitivity and pupillometry(140, 199). Markedly depressed baroreceptor 

sensitivity, reflecting abnormal cardiovascular regulation in AD has been 

described(199). This study also described increased basal heart rate suggesting 

diminished vagal tone. Recently, Fotiou et al reported that AD patients had a 

significantly abnormal pupillary light reflex indicating depressed cholinergic activity 

and parasympathetic function(133). The only study reporting normal autonomic 

function in patients with AD compared to controls used short interval HRV(130). The 

authors acknowledged that when short interval HRV is used alone, it may be relatively 

insensitive to subtle changes in autonomic modulations. This study also had a relatively 

small sample size and may have been underpowered to detect a clinically significant 

difference(130). Our findings o f significant parasympathetic dysfunction and some 

sympathetic dysfunction in MCI are consistent with the majority of studies which have 

characterised autonomic involvement in AD. This suggests that autonomic involvement 

in neurodegeneration is predominantly cardiovagally mediated.
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8.13 Autonomic dysfunction and cholinergic deficiency

Autonomic dysfunction in MCI may reflect early neurochemical changes o f AD. The 

predominance o f parasympathetic dysfunction in MCI suggests that cholinergic 

deficiency may be may an early feature o f neurodegeneration. Acetylcholine is the main 

neurotransmitter o f the parasympathetic nervous system. Although, cholinergic 

deficiency is widely accepted as a feature o f mild to moderate, cholinesterase inhibitors 

have demonstrated only modest symptomatic benefit. Most investigators believe that 

once functional impairment or significant cognitive symptoms emerge, it may be too 

late to treat the underlying disease process. Although some early reports indicated that 

cholinergic function was unchanged in early AD (73, 75), more recent studies have 

supported our findings of cholinergic deficiency in the preclinical phase of 

neurodegeneration. Significant atrophy o f the NbM, a cholinergic fountain in the basal 

forebrain was recently reported in MCI by two independent studies (79, 80). One study 

reported an association between memory deficits and the degree o f atrophy indicating a 

direct link between degeneration o f specific cholinergic compartments in the forebrain 

and cognitive deficits in at risk subjects (80). Identification o f cholinergic depletion in 

MCI may help characterise those most likely to benefit from early introduction of 

cholinesterase inhibitors.

The striking association between depressed parasympathetic activity and AD raises the 

possibility that the ‘cholinergic anti-inflammatory pathway’ may play an important role 

in the pathogenesis and progression o f this condition. An emerging body of research 

suggests that cholinergic autonomic neurons play an important anti-inflammatory role. 

The vagal nerve appears to exerts a tonic inhibitory influence on innate immune 

response under basal conditions(200). Inflammation is understood to contribute to the
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pathogenesis and progression o f AD, ahhough the precise mechanism needs to be 

elucidated. Post mortem and animal based studies have indicated that the interaction 

between neurodegenerative pathology and microglial cells causes them to become 

‘primed’ or activated increasing cytokine production which causes tissue damage(201). 

Inflammation appears to play a role in development and presence o f MCI. A 

population based cohort study reported elevated levels o f high sensitivity C-reactive 

protein (CRP) was associated with a two-fold increased risk o f developing MCI(202) 

Elevated plasma CRP was reported in a previous study in both amnestic and non- 

amnestic MCI participants compared to controls(203) Another recent study reported 

impaired regulatory T cell lymphocytes in MCI participants. These are responsible for 

modulating the relative balance between inflammation and immune tolerance (204). 

Depressed parasympathetic activity in MCI may contribute to neuro-inflammation 

increasing the risk o f transitioning to dementia. Correlation with biomarkers will help 

elucidate this relationship.

8.14 Autonomic dysfunction as a possible biomarker

The early involvement o f the autonomic nervous system in AD is not surprising. The 

Braak staging system o f AD indicates that components o f the central autonomic 

network attract some o f the greatest phospho-tau neurofibrillary cytoskeletal changes 

and related cell death during the disease course(62). The original staging suggested that 

central autonomic components, such as the hypothalamus and amygdale, were affected 

in early AD, but that the insular cortex may be affected in preclinical AD. The insular 

cortex is a key component o f the central autonomic network controlling both 

sympathetic and parasympathetic outputs, primarily via a relay in the hypothalamus 

(205, 206). In 2001, a post-mortem study by Braak and Braak suggested that AD may
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have a multilocular onset, with pre-clinical involvement o f brainstem autonomic nuclei 

(64). These findings were supported by a more recent neuropathological study, where 

neurofibrillary changes were found in brainstem autonomic nuclei before the 

transenterohinal cortex (65). Thus, autonomic dysfunction in MCI may reflect the 

preclinical neurodegenerative changes in the insular cortex and the brainstem and may 

represent an important new biomarker in AD.

8.15 Autonomic dysfunction and hypotension in dementia

Autonomic dysfunction in MCI may be involved in the pathogenesis o f hypotension in 

dementia. Our MCI cohort had greater postural systolic blood pressure drops than 

controls. Although midlife hypertension increases the risk o f dementia (102, 207-210), 

later life systolic and diastolic hypotension is associated with an increased prevalent 

risk o f AD (107, 109). Later life hypotension, particularly diastolic hypotension is 

associated with a two fold increase in the risk o f dementia(104). OH causes transient 

hypotension on postural change, and is over twice as common in dementia as in age 

matched controls (19, 111, 112). Recently, the prevalence o f OH in MCI was found to 

be between that o f a control and AD population(l 18). Chronic and episodic 

hypotension may accelerate cognitive decline by reducing cerebral perfusion. Emerging 

evidence suggests that cerebral hypoperfusion is an early event in AD, and may even be 

a key trigger in the neurodegenerative process (211, 212). In rodent models, Zhiyou at 

al reported that chronic cerebral ischaemia, induced by bilateral carotid artery 

occlusion, increased the levels o f P-amyloid precursor protein enzyme (BACE) and Ap 

in the brain (213). Moreover, the level o f cognitive impairment correlated with the 

levels o f BACE and Ap. Another study by Ni et al reported that bilateral carotid artery 

occlusion was associated with progressive neuronal and cholinergic dysfunction (214).
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Positron Emission Tomography (PET) and Single Photon Emission Computerized 

tomography (SPECT) are in vivo nuclear radioisotope scans that can measure blood 

flow and glucose metabolism. Despite a diversity in tracers/ methods of analyses most 

authors agree that hypoperfusion and/or hypometabolism o f the posterior associative 

and/or cingulate cortex in MCI significantly increases the risk o f conversion to 

dementia over 1-3 years follow up(215-221). The recently proposed research criteria for 

an earlier diagnosis o f AD included reduced metabolism o f the temporal parietal lobes 

as a supportive feature (222).

Blood pressure dysregulation, including chronic hypertension and hypotension, can 

impair cerebral autoregulation (223). Cerebral blood flow is dependent on perfusion 

pressure in the setting of cerebral auto-dysregulation. Although there is a paucity of 

evidence on the direct effect o f OH on cerebral perfusion, it is reported that cerebral 

blood flow is reduced in OH with co-existing autonomic failure. Harms et al reported 

that symptomatic OH was associated with reduced cerebral blood velocity and 

oxygenation in patients with co-existing sympathetic failure (224).Novak et al reported 

that OH directly reduced cerebral blood flow on the affected side following a stroke. 

This was hypothesized to be caused by impaired autonomic function and cerebral 

autoregulation following a stroke(225). OH in MCI may be secondary to autonomic 

dysfunction. Alternatively, OH may directly contribute to cognitive decline in 

neurodegeneration by reducing cerebral perfiasion in patients with co-existing 

autonomic dysfunction. Correlation with measurements o f cognitive deficits in cerebral 

domains most vunerable to hypoperfusion, and longitudinal follow up o f our cohort will 

help elucidate this relationship.
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8.16 Study limitations

Despite our robust dataset indicating that autonomic dysfiinction is significantly more 

prevalent in MCI than controls, our findings are limited by the design o f our study. The 

cross-sectional design allows us to establish the association, but we were unable to 

establish whether dysautonomia is the effect or the cause o f neurodegeneration. In 

addition autonomic dysfunction is affected by advancing age. To overcome this we 

compared Ewing’s Classification between appropriately age matched older cohort. We 

compared the numeric values o f sympathetic and parasympathetic tests from the 

Ewing’s battery and HRV between both groups. Although, we included patients with 

co-morbidities and medications which can affect autonomic function, there was no 

significant difference between groups in terms o f medication, or co-existing 

hypertension and diabetes mellitus. We adjusted for age, co-existing cardiovascular 

disease and medications in the post-hoc multivariate analysis.

8.17 Conclusion

Autonomic dysfianction in MCI may be caused by early neuroanatomical and 

neurochemical changes in AD. Detection o f autonomic dysfianction in people with MCI 

may be a novel biomarker o f neurodegenerative and may indicate an increased risk of 

conversion to dementia. Alternatively, autonomic dysfunction could be the underlying 

pathogenetic mechanism o f pro-inflammatory changes and/or hypotensive-induced 

cerebral hypoperfusion. These processes may be a key trigger in the transition from 

MCI to dementia. Longitudinal follow up and correlation with biomarkers, 

neuropsychological parameters and measurements o f cerebral blood flow/white matter 

disease will help elucidate this relationship
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8.2 Orthostatic Hypotension in MCI

8.21 Discussion of results

MCI subjects demonstrated a significantly greater fall in SBP upon standing than 

controls. The SBP o f  MCI participants remained significantly lower than that o f  

controls for over one minute follow ing standing. The difference in baseline and 

recovering SBP was most marked at 40 seconds between groups. These findings are 

based on standard and novel parameters o f  OH using five second averaging o f  

continuous non-invasive blood pressure measurements. M oreover, the degree o f  fall in 

SBP showed a significant association with the overall cognitive deficit and executive  

function subscore. The SBP recoverability showed a significant association with  

executive function, working memory, speed and attention.

This is the first study exam ining the prevalence and severity o f  OH and the association  

with cognitive deficits in MCI using continuous blood pressure monitoring. U sing beat 

to beat blood pressure monitoring, w e were able to accurately calculate standard OH 

parameters including SBPb, SBPn and ASBP. These parameters focus on the orthostatic 

drop o f  SBP. W e standardised the definitions o f  these parameters for use in other 

studies. W e recently reported that autonomic dysfunction was prevalent in MCI 

patients, with deficits in the sympathetic and parasympathetic system s(226).The  

recovery o f  orthostafic SBP is impaired in dysautonom ia(227). Therefore, w e postulated  

that SBP recoverability may be significantly impaired contributing to OH induced  

cerebral hypoperfusion. Towards this end w e developed novel OH parameters 

exam ining SBP recoverability (Rdef4 oand TR). Both ASBP and Rdef4 o were associated  

with deficits in executive function, speed, attention and working memory. The
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structures involved in these cognitive functions are located in the pre-frontal cortex and 

the associated sub-cortical circuitry(228). They are affected by clinically silent stroke 

and subcortical WMH on MRI (119, 121, 122). Both silent stroke and white matter 

hyperintensities are associated with hypotension induced hypoperfusion(95, 229). They 

can result in an accelerated clinical presentation of dementia.(229-231). Thus, OH may 

be an important vascular risk factor in MCI, exacerbating cognitive decline by 

hypotension induced cerebral hypoperfiasion.

8.22 Current literature

The association between OH and cognitive decline has been suggested by other studies. 

These studies used the 1996 Consensus Definition o f OH and used variable 

methodology for recording orthostatic changes in SBP, particularly with regard to time 

intervals for recording standing SBP(21). All studies used manual sphygomanometer 

measurements for SBP recording. The largest study by Mehrabian et al found a 

significant relationship between OH and cognitive status(l 18). OH was significantly 

more prevalent in people with dementia than controls. People with MCI had an 

intermediate prevalence between those with dementia and elderly controls. Sonnesyn et 

al reported that the prevalence o f OH in early dementia was 41% compared to 14% in 

elderly controls(l 12). Although the smallest study by Siennicki-Lantz et al did not 

report an increased prevalence o f OH in AD, they did report that patients with OH and 

AD had reduced cerebral blood flow (CBF) in the frontal and parieto-frontal 

cortices(141). CBF remained unchanged in controls with OH. This may be due to 

impaired autonomic function which increases the severity and impairs the recoverability 

o f orthostatic blood pressure changes in people with dementia.
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There are a number o f uncontrolled cross-sectional and longitudinal studies examining 

the association between OH and cognitive impairment and dementia. Again, all studies 

used manual blood pressure recorders. The largest study by Yap el al involving over 

2000 participants reported an odds ratio o f 4 for cognitive impairment in people with 

OH and hypotension(142). Passant et al reported the prevalence o f OH in the dementia 

subtypes was 39%-52%. Moreover, the incidence o f falls and fractures in people 

dementia and OH was over 50%(146). There are inconsistent findings from studies 

examining the longitudinal association of OH and cognitive decline. Viramo et al 

reported no association between OH and cognitive decline in over 900 patients over 2.5 

years follow up(144). A smaller study by Elmstahl et al reported an increased 

prevalence of dementia in 33 participants over 5 years, who had a larger orthostatic 

drop in blood pressure at baseline(145). Ballard et al examined to relationship between 

OH and MRl lesions in neurodegenerative dementia. They reported that orthostatic 

drops o f greater than 30mm Hg in systolic blood pressure were associated with 

increased deep white matter on MRI(232). This suggests that severe hypotensive 

episodes are associated with small vessel ischaemic damage, and may accelerate 

cognitive decline.

8.23 Proposed pathological process of OH as a risk factor for 

transition to dementia

Vascular risk factors and disease are accepted as playing an important role in AD(233). 

Elevated midlife BP is associated with an increased risk o f dementia in later life (234- 

238). Lower BP, particularly lower DBP in later life is associated with an increased risk 

and prevalence o f cognitive impairment and dementia (106-108, 239). Elevated midlife 

BP increases the risk o f large vessel atherosclerosis and large artery stiffness in later
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life.(240, 241). The atherosclerotic burden in the brain is neuropathologically and 

epidemiologically linked with Alzheimer’s disease (242-244). Midlife hypertension 

also increases the risk o f stroke and white matter disease, which may promote clinical 

expressions o f AD and dementia (84, 119, 244, 245). Atherosclerosis results in 

increased SBP and reduced DBP in later life (246, 247). Atherosclerosis, with co

existing episodic or sustained hypotension in later life, may induce cerebral 

hypoperfiision, ischaemia and hypoxia(99). This may destabilise neurons and reduce 

synaptic plasticity. Animal based studies indicate that even single, mild, transient levels 

o f hypoperfusion can increase levels o f Ap levels in the brain, which can remain 

elevated for several weeks after the acute insult(248). Hence the ageing brain may be 

more susceptible to the transient hypotensive effects of orthostatic hypotension, which 

may initiate or promote the neurodegenerative process, accelerating the clinical 

manifestations of cognitive decline and dementia (229, 249, 250).

8.24 OH and vascular risk factors including stroke

OH increases the risk o f other vascular risk factors and diseases such as coronary artery 

disease, peripheral vascular disease, left ventricular hypertrophy, ischaemic stroke and 

all cause mortality(251-253). It is a powerful risk factor for vascular events in both 

middle and older age (254, 255). OH may reflect the vascular disease burden, which 

increases the risk o f cognitive decline and transition to dementia (256, 257). OH is 

predictive o f ischaemic stroke (258). Although, it is uncertain whether ischaemic stroke 

and vascular disease contributes directly to AD pathology, it is believed that vascular 

changes have an additive effect, and reduce the threshold for dementia diagnosis in 

patients with an otherwise low grade Alzheimer’s pathology(259). The Nun study 

reported a significant higher prevalence o f lacunar and large brain infarction in
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participants who met the neuropathological criteria for AD (84). Similarly, the 

Religious Order study reported that, although there was no interaction between 

infarctions and AD pathology, the presence o f one or more infarctions increased the 

odds o f dementia nearly threefold(260). The Honolulu Asia Aging Study (HAAS) 

provides support for the independent but synergistic effect o f AD and vascular 

neuropathology (261). Suter et al reported that one third of postmortem AD brains had 

evidence o f cortical watershed microinfaction compared to 2.5% of normal controls 

(229). Cortical microinfarction increases the risk o f cognitive decline in ‘at risk’ cases 

o f AD.(262) Watershed or borderzone infarctions typically account for 12% of all 

strokes and are due to sudden losses o f cerebral perfusion as may occur in OH(263). 

The higher prevalence in AD suggests that OH may be important contributing factor to 

stroke disease and cognitive decline in AD.

Vascular risk factors such as hypertension, diabetes, smoking, previous stroke and 

clinically silent stroke increase the risk o f WHM on MRI(264). WMHs are also 

associated with OH (95). WMH volume on MRI is associated with decline in frontal 

lobe functions such as executive tasks, attention, motor and speed processing (122, 

123). The LADIS study recently evaluated the three year longitudinal association 

between white matter lesions (WML) on MRI and cognitive function, and reported a 

significant association between decline in executive function, speed and motor function 

(265). WMH, indicative of subcortical vascular pathology, is associated with greater 

global atrophy (124). One study by Lunetta et al reported an association between white 

matter pathology and medial temporal atrophy(125). OH may be an important vascular 

risk factor in MCI contributing to subcortical and cortical microvascular disease. 

Optimum management o f this vascular risk factor may help to reduce the risk of
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transitioning from MCI to AD (266). In clinical practice, OH is managed by increasing 

fluid and salt intake, and by medications such as fludrocortisone and midodrine. 

Withdrawing offending or exacerbating medications is also recommended(267). Where 

OH co-exists with supine hypertension, appropriate timing o f short-acting 

antihypertensives, particularly in non-dippers, and the use o f medications such as 

angiotension receptor blockers and converting enzyme inhibitors may help reduce BPV 

(268). Further study on the effects of blood pressure dysregulation and 

neurodegeneration, may lead to novel therapies in the prevention and treatment of 

neurodegeneration.

8.25 Study limitations

The limitations o f our study include the cross-sectional design o f the study. This allows 

us to examine the association between OH and cognitive parameters but we were 

unable to establish whether OH is causative or associative o f the cognitive deficits 

reported in our study. We have no direct measurements o f white matter integrity, 

cerebral blood flow or perfusion. However, we have performed detailed neuroimaging 

as part of our study protocol. The next stage o f analysis includes determining the 

association between the OH parameters and white matter integrity using diffusion 

tensor imaging.

8.26 Conclusion

MCI participants demonstrated more severe OH and poorer recoverability than age 

matched controls, using continuous non-invasive blood pressure measurements o f OH. 

The severity o f orthostatic intolerance was associated with deficits in cognitive domains 

vunerable to cerebral hypoperfiasion. OH may reflect the vascular disease burden or
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may be an important independent risk factor for AD, by causing transient episodes of 

hypoperfusion in at risk individuals. Longitudinal follow up o f our cohort will help 

determine the relationship of the association.

8.3 Blood Pressure Variability in MCI 

8.31 Discussion of results

There was no significant cross-sectional difference in 24 hour ambulatory blood 

pressure measurements between MCI and control participants. Daytime, night time and 

24 hour recordings o f systolic, diastolic and mean blood pressure were comparable 

between groups. There was no significant difference in BPV parameters, mean 

nocturnal SBP dip or dipper status on univariate or multivariate analysis. These findings 

are based on reproducible 24 hour ambulatory measurements in the first controlled 

study examining mean arterial BP measurements and BPV parameters in MCI.

We expected some difference in mean BP, BPV and dipper status between MCI and 

control cohorts, as we previously reported significant autonomic dysfiinction in MCI 

participants. Autonomic dysfianction is associated with abnormal diurnal blood pressure 

regulation, such as loss of the normal nocturnal dip and episodic hypotensive episodes 

caused by NCVI(8). However, we reported predominantly parasympathefic dysfunction 

which mostly affects heart rate. We reported some evidence o f sympathetic 

dysfunction, particularly in relation to OH, which was more severe and prolonged in 

MCI participants and exacerbated cognitive dysfunction. Hence, these episodes must be 

too infrequent and transient to affect overall mean BP and BPV. Longitudinal 

monitoring o f our cohort will help elucidate the prognostic value o f BP and BPV in 

determining those at increased risk of transitioning to dementia

151



8.32 Current literature on BPV & Cognitive Impairment

There are no other controlled studies examining BPV in MCI or AD. The only study 

which examined BPV in MCI and cognitively normal individuals reported an 

association between increased BPV and lower MMSE scores(148). The three controlled 

studies examining BPV in cognitive impairment explored the association in vascular 

cognitive impairment and/or dementia (147, 149, 150). Two studies reported an 

association between increased BPV and vascular cognitive impairment and/or dementia. 

The largest study by Toghi et al reported increased BPV in participants with vascular 

dementia compared to controls(150). They reported loss o f nocturnal dipping in 

participants with Binswanger and lacunar type dementia. More recently, Kim et al 

found an increased prevalence o f non-dippers in participants with subcortical MCI and 

vascular dementia(147). The loss o f the nocturnal dipping was associated with a five 

times greater odds o f subcortical vascular dementia. The third study examined the 

association between BPV and white matter disease on computerized tomography or 

MR, in hypertensive patients with Binwanger disease and cognitively normal patients 

with previous lacunar infarction(149). They found no difference in variability between 

groups, although the control group was not truly a control group as had evidence o f end 

organ damage. Two o f the three uncontrolled studies which examined the association 

between BPV and dementia, reported an association between BPV and cognitive 

impairment and/or vascular dementia (156, 157). However, Keary et al reported no 

association between BPV and cognition in cognitively normal individuals(155). 

Although there may be some association between BPV and cognitive decline, the 

paucity o f controlled studies and inconsistent methodologies means that no clear 

association can be drawn from the current literature.
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8.33 BPV and vascular risk factors

As previously reported the relationship between blood pressure and cognitive 

impairment is complex and dynamic. Lower BP, particularly low DBP in later life is 

associated with an increased risk and prevalence of cognitive impairment and dementia 

(106-108, 239). Higher SB? in mid and very high SB? in later life are risk factor for 

vascular events and dementia (99, 269). There is evidence to suggest that instability and 

variability of BP may also be an important risk factor for vascular events, which can 

accelerate the clinical presentation o f dementia(84, 119, 244, 245, 270). However, the 

prognostic value o f short term variability is unclear. Most studies which evaluated short 

tenn variability of 24 hour ABPM used mean BP, dipper status or SD o f daytime & 

night time SBP & DBP. Reverse dippers ( mean nocturnal BP > mean daytime ) have a 

higher risk of end-organ damage, acute vascular events and mortality(270). The 

prognostic value o f short term BP using the standard deviation o f mean BP is uncertain. 

Early studies by Sokolow et al and Frattola et al reported conflicting results between 

BPV and end organ damage(271, 272). Subsequent cross-sectional studies linked 

increased BPV to increased vascular burden and target organ damage(273-277), 

particularly in the brain where BPV is associated with multiple lacunar infarcts(149, 

150), white matter hyperintensities(278-280), cerebral atrophy(281, 282) and vascular 

cognitive impairment(156). However, it is unclear to what extent the increased 

variability is secondary to cerebrovascular damage.

The evidence from longitudinal studies is less convincing. The Ohasama study reported 

increased mortality in patients with the highest quintile of night time systolic 

variability, but no significant association when BPV was analysed as a continuous 

variable(283). A sub study of the Syst-Eur trial reported that neither daytime or night
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time systolic variability at entry predicted subsequent vascular events, although night 

time variability predicted an increased risk o f stroke in the placebo group(284). A 

recent collaborative population study involving 8938 subjects, reported some 

association between systolic variability and cardiovascular mortality, but added little to 

the predicative power o f other vascular risk factors(285) .Consequently, although there 

is some evidence to support BPV and increased vascular burden, there is no consensus 

about the prognostic value of short term BPV.

8.34 Study limitations

Our study findings are limited by the cross-sectional design which suggests that there is 

no difference in mean SBP, DBP o f BPV between MCI and control subjects at entry 

into our study. The prognostic value o f mean BP and BPV in our MCI subjects can only 

be established by longitudinal follow up. To compare ‘dipper status’ between groups 

we used ‘time defined’ rather than ‘sleep defined’ night time measurements. Although 

this method has been validated by other studies, the ‘sleep defined’ night time 

measurements is a more robust method o f analysing dipper status. The low percentage 

o f non-dippers in the MCI may be related to poor sleep rather than dipper status. 

However, we excluded subjects with self reported sleep disturbances and with 

insufficient night time measurements to minimize the effects o f poor sleep on blood 

pressure measurements.

Although we controlled for confounding factors on multivariate analysis, our results 

may have been contaminated by the number o f subjects with medications affecting BP 

regulation and with co-existing vascular risk factors. Almost fifty percent o f both 

groups were taking anti-hypertensive medications and over forty percent had co-
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existing hypertension. In addition, the association between BPV and white matter 

disease on MR was not examined

8.35 Conclusion

Despite evidence of significant dysautonomia and OH, MCI participants showed no 

evidence o f blood pressure instability or variability on short term BP recordings 

compared to age-matched controls. The prognostic value of mean BP and short term 

variability will be determined by longitudinal follow up.

8.4 DTI in MCI and Association with Dysautonomia

8.41 Discussion of results

In this preliminary study, there was no significant difference between groups in number 

o f tracts, mean FA, apparent diffusion co-efficient, mean and radial diffusivity in the 

right uncinate faciculus, anterior and posterior cingulum. Although there were a 

reduced number of tracts in the left uncinate faciculus, this is unlikely to be clinically 

significant, as the mean FA and other DTI parameters were comparable in this tract. 

Although, the mean FA was reduced in the left uncinate faciculus, right and left 

posterior cingulum in those with autonomic dysfunction, only the right posterior 

cingulum remained significant when adjusted for multiple comparisons.

8.42 Interpretation of Preliminary Results

This is the first study to explore the association o f autonomic dysfunction and white 

matter integrity using DTI in MCI. Although these results are preliminary, our findings

155



of reduced FA in the right posterior cingulum in subjects with autonomic dysfunction 

are nevertheless very interesting. We previously reported a high prevalence of 

autonomic dysfunction in MCI and suggested this may be a biomarker early AD.

Studies examining DTI in MCI and dementia have proposed reduced FA o f components 

o f the CAN as possible biomarkers o f early neurodegeneration(186, 187, 189, 190,

193). Although reduced FA is reported in several components of the limbic and 

paralimbic tracts, FA reduction in posterior cingulum is the most consistent finding in 

MCI.(186-189). The cingulum is a key component o f the central autonomic network(8). 

Although the anterior cingulum is primarily involved in autonomic responses, and the 

posterior cingulum is involved in emotional and painful responses, the cingulum is a 

continuous white tract and the division into anterior and posterior components is a 

theoretical construct (197, 286). Our finding o f reduced white matter integrity in the 

right posterior cingulum suggests that early neurodegenerative pathology in this tract 

may result in dysautonomia in MCI. It may indicate those within the MCI cohort at 

increased risk o f transitioning to dementia. Alternatively, as DTI shows good 

correlation with perfusion, hypotension induced cerebral hypoperftision may result in 

reduced white matter integrity o f the posterior cingulum(187). Correlation with other 

biomarkers and longitudinal monitoring will help inform this hypothesis.

8.43 Limitation of results

Our results are limited by our relatively small sample size which may reduce the power 

to detect differences in white matter integrity o f other tracts in those with 

dysautonomia. Our results are based on cross-sectional analysis, which suggests an 

association between DTI and autonomic dysfunction MCI, but the real clinical 

significance can only be determined by longitudinal monitoring and analysis. We
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performed multiple comparisons which increases the likelihood o f type two error. 

However we adjusted our results for multiple comparisons using the bonferroni post 

hoc correction.

8.44 Conclusion

In this preliminary but novel study, participants with clinical evidence o f autonomic 

dysfunction had reduced white matter integrity o f the right posterior cingulum. This 

suggests that there may be an association between dysautonomia and early 

neurodegeneration o f this white matter tract. However, longitudinal monitoring is 

required to establish the clinical significance o f these findings in the early 

characterisation o f MCI subjects, at increased risk o f transitioning to dementia.
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Dissemination of Thesis Work

Publications 

O riginal A rticles

Parasympathetic autonomic dysfunction is common in Mild Cognitive Impairment
Collins 0 , Dillon S, Finucane C, Lawlor BA, Kenny RA 
Neurobiology o f Aging 2011
(In Press; Available online 20/12/2011 DOI: 10.1016/j.neurobiolaging.2011.11.017)

Orthostatic hypotension exacerbates cognitive decline in Mild Cognitive Impairment
Collins O, Dillon S, Finucane C, Lawlor BA, Kenny RA 
American Journal o f Geriatric Psychiatry 2012 (Submitted)

Review Articles

The Association between syncope and cognitive impairment
Collins O, Kenny RA
Future Medicine; Aging Health 2011-7(1): 143-153

Is Neurocardiovascular Instability a risk factor for cognitive decline and/or dementia? 
The Science to Date
Collins O, Kenny RA
Reviews in Clinical Gerontology 2007 17; 153-160 

Oral Presentations

Autonomic dysfunction in Mild Cognitive Impairment
Collins O, Dillon S, Finucane C, Lawlor BA, Kenny RA
Presented at the 21®’ International Symposium on the Autonomic Nervous System- San Marco 
Island, Florida 2010

Abstract published in: Clinical Autonomic Research 2010; Vol 20, supp 5 
European Geriatric Medicine 2010; Vol 1, supp 1

Orthostatic hypotension in Mild Cognitive Impairment
Collins O, Dillon S, Finucane C, Lawlor BA, Kenny RA
Presented at 6* Congress o f the European Union of Geriatric Society Meeting- Dublin 2010 
Abstract published in: European Geriatric Medicine 2010; Vol 1, supp 1

Autonomic dysfunction : A biomarker of cognitive Decline/dementia?
Collins O, Dillon S, Finucane C, Kennelly S, Lawlor BA, Kenny RA 
Presented at the British Geriatric Society Meeting- Birmingham 2008 
Presented at the Irish Gerontological Society Meeting- Kilkenny 2008

Abstract published in \ Irish Journal o f Medical Science, volume 177; 9 
Age and Ageing 2009; Vol 38, supp 3
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Appendix

Mini Mental State Examination (MMSE)

Repeatable Battery o f Assessment o f Neurological Status (RBANS) 

Executive Interview 23 (EXIT-25)

Centre o f Epidemiological Studies of Depression Scale (CES-D) 

CAMCOG

Bristol Activities o f Daily Living (B-ADL)
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Mini M en ta l  S tate Examination (Adapted)^
P atien t Name __________________________________________  D ate o f  B ir th _________________  Date o f  Test ________________
n j  O rientation  (m axim um  score 10) 

What is today’s date?
Can you also tell me what day of tiie week it is? 1
,\nd the m onth? 1
And the year? 1
Wliat date does St. Patrick's Day fall on? 1
What town (or d ty ) are we in? 1
Name two main streets nearby. 1
What is this address? 1
W ho is the Taoiseach? 1
Who is the President of Ireland? 1

j R egistration (m axim um  score 3)
1 now would like to test your memory.
(Name 3 common objects; e.g. "ball, flag, tree") 
Can you repeat the words that 1 have said?

"ball" 1
"flag" 1
"tree" 1

(The first repetition determines the score (0-3), but keep sajing  them  (up to six trials) until the patient can repeat all three words.

A ttention  an d  C alculation (m axim um  score 5)
Beginning at 100 can you serially subtract 7 giving me the answer each time?

"93" I
" 86 "

"79"
"72"
“65"

Alternatively
Please spell the word "WORLD" backwards.

"L"
" R "

"O"

Recall (m axim um  score 3)
What were the three words I asked you repeat earlier?

"W"

"ball"
“flag"
tree

L anguage and P arietal Sk ills (m axim um  score 9)

Show the patient a wrist watch and ask "W hat is this?"
Watch

Repeat for a pencil.

Repetition
Ask the patient to  repeat the sentence “No ifs, ands or buts."

Pencil

Correct repetition 1

Show the patient the accompanying card (in pocket) which contains the instruction "Close your eyes" and request the patient to do 
what it says.
____________________________________________________________________ Closes eyes_______________________________________ 1
Unf/Hj;
Tear off this sheet and use the reverse of page to ask the patient "Can you write a short sentence for me?"

Writes sentence 1
3-Shige Ctnitiiuiiul
Give the patient a piece of paper and say "Take this paper in your right hand, fold it in half and put it on the table."
____________________________________ _______________________________ Takes in right hand 1

Folds in half 1
Puts it on the table 1

Ccjniii^
.Again, on the reverse of page ask tlie patient to copy the drawing that appears there.

Copies drawing correctly

Total

CAPSULES & ORAL SO LU TIO N

;XELON
tCVNelil 0-*. Cooilren L**. (ykclly F ,^ .  Kiiig A.*” *, Young M. •••*, VVjbh J.B.*. 
CoakJey D.*

Mercer's Im linuc Jor Restiarch on A^eln^ St. Jomes's Hospital, Dublin tl.
** D e p artm en t o f C om inunjt> ' H ealth , Iritiity  C u tlw e  D u b lin ;

D ep artm en t uf Gentrral Practice, Royal C ollege u i S u rw o n s  ii» Ire lan d ;
••** School of Occupational Therapy; Trinity CoIIcrc Dublin.
D Jtin ilive  Im nairm en t in th e  eWerlv. Irish Mt'ilica! lo u rn a l. Nt)v. 19H8 Vtil HI No. 1



Write a short sentence in the box below

Please copy the drawing



R epeatable Battery for the Assessment 
of Neuropsychological Status 

Christopher Randolph

UK Adaptation 
Record Form A

Name -A ge. Sex

Examiner , Date of Testing.

. Education Level, 

, Ethnicitv'______

Obsen'ations;

Immediate VisuospatiaV Language Attention Delayed 
Memory Canstructional Memory

Index
Score

Confidence
Inter\'al

 %

Percentile

Index Score

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

Percentile Rank 

>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

Total Scale 
Index Score

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

P E A R S O N
Copyright © 3X12,19S8 by Pearson Education, Inc. or its affiliate(s). AU rights rescr\’ed. 
Standardisation edition copyright C 1994 by Pearson Education, Inc. or its affiliate(s). Published by 
Pearson Assessment, 80 Strand, London WC2R ORI- Printed in the United Kingdom. This publication 
is protected by copyright and permission should be obtained from the publisher prior to any 
protiibited reproduction, storage in a retrieval system, or transmission in any form or by any means, 
electronic, mechanical, photocopying, recording, or likewise ISBN! 97S 0 749123 47 5



1 List Learning
Trial 1

Say I am going to read you a list of words. I want you to listen 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 repeat back as many words 
as you can remember. In any order. Okay?

Trial 2-4
Say I am going to read the list again. 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; 1 point for each word correctly recalled on each trial.

List Trial 1 Trial 2 Trial 3 Trial 4

Morkef

Pacl<age

Elbow

Apple

Story

Carpet

Bubble

Motorway

Saddle

Powder

Number
Correct

Total Trial 1 Total Trial 2 Total Trial 3 Total Trial 4 Total Score
Range=0-40

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 repeat 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 back as much of the

story as you can remember. Try to repeat it as exactly as you can.
Read the story below, then say Now repeat back as much of that story as you can.

Scoring; 1 point for verbatim recall of bold, italic words or alternatives, shown below in colour within parentheses. Record intrusioiis or 
variations in the Responses column.

Story Responses
Trial 1 Score 

(0 or 1)
Trial 2 Score 

(0 or 1)
Item Score 

(0-2)

1, On Tuesday,

2. Fourth

3, of May,

4. in Grasmere, Cumbria

5. o serious

6. fire broke out.

7. Two

8. hotels

9. ond a restaurant

10. were destroyed

11. before the firemen (Firefighters)

12. were able to put it out (extinguish It).

2

Total Score 
(Trial 1 + 2) 

Range =0-24



3 Figure Copy S w  Time Limit: 4 minutes

Fold this p a g e  back  a n d  present the Figure C opy Drawing P ag e  along with the stimulus. AsIc the exom inee to m oke an  ex ac t 
copy  of the figure. Tell the exam inee that he or she is being timed, but that the score is b a se d  on the exactness of his or her copy.

Say: hi front of you is a figure. I tiwit you to make an exact copy, but, before you begin, I need to tel! you i will he timing you. It is important that you make an
exact copy of the figure. To let me know you understand can you tell me what I have, asked? (Correct as necessarv' and re-enfotte exactness of copy)

Scoring: 1 point for correctness and completeness (drawing), and 1 point for proper placement. See Appendix 1 in Stimulus Booklet A
for complete scoring criteria and scoring examples. _____________________________________________________________________

OO

Figure Copy Criteria
(Fold back for use.)

Item
Drawing
(O orl)

Placement
(Oorl)

Score 
(0,1, or 2) Scoring Critetria

1. rectangle Drawing; lines unbroken and relatively straight; it appears a rectangle. 
Placement; not rotated more than 15 degrees.

2. diagonal 
cross

Drawing: lines are unbroken, relatively straight and approxim ately bisect each o ther 
Placement; ends of lines should meet comers w ithout significant overlap or significant 
distance from tlie comers.

3. horizontal 
line

Drawing: line is unbroken and relatively straight; should not exceed approxim ately 1 /2  
of the width.
Placement: from approximately the centre of the left side and intersect a t approxim ately the 
diagonal cross.

4. circle Drawing: relatively round, unbroken, and relatively closed; diam eter should be approximately 
1 /4  - 1 /3  height of triangle.
Placement: placed in appropriate segment; not touching any o ther figure.

5. 3 small 
circles

Drawing; relatively round, unbroken and relatively closed; approxim ately equal in size; 
approxim ate triangular arrangement; not touching each other
Placement: in appropriate segment; not touching figure; triangle formed not rotated more than 
approximately 15 degrees.

6. square Drawing: relatively closed; appears to be a square; lines relatively straight and unbroken; 
height is approximately 1 /4  - 1 /3  of triangle.
Placement; in appropriate segment; not touching any other part of figure; not rotated more 
than approxim ately 15 degrees.

7. curving 

line

Drawing: 2 curved segments; approximately equal in appearance; correct direction of curves. 
Placement; ends of lines approximately touch diagonal: do not touch very corner of rectangle 
or diagonal intersection.

8. outside 
cross

Drawing; vertical line is relatively parallel to side of rectangle; horizontal line crosses the 
vertical at approximately 90 degrees and is between 20-50% of length of vertical line. 
Placement: horizontal line touches rectangle tiigher than 2 /3  height of rectangle, but below 
top; it approximately touches the rectangle; vertical line stretches above the height of the 
rectangle and dow n to approximately the mid-point of the rectangle.

9. triangle Drawing; angle formed by two sides is between approximately 60-100 degrees; sides are 
relatively straight, unbroken and meet in a point; distance on vertical side of triangle 
subsum ed is approximately 50% of the height of vertical side.
Placement: approxim ately at top of rectangle.

10. arrow Drawing: relatively straight and unbroken; lines forming arrow are approximately equal in 
length.
Placement; protrudes from appropriate com er of rectangle; it appears an approximate 
continuation of diagonal staff.

Total Score 
Range=0-20



Figure Copy Drawing Page
(Fold back for use.)



Line Orientation Time Limit: 20 seconds/item

Present ttie sample item, and soy There are a series of lines at the top here (point to the lines). There are two lines down here 
(point to eacti one) and they match two of the lines at the top. Can you tell the numbers or point to the lines that they match. This 
is a practice. Do you understand what you need to do becouse I cannot give you any more support? (If ttie individual is struggling 
during ttie task offer help) Can you show me where the two lines down here might be among these lines up here (run fingers across 
all the array of lines at the top). Correct any errors and make sure the examinee understands the task. Continue with Items I-!0

Scoring: 1 point for each line correctly identified.

Item Responses Correct
Responses

Score 
(0,1, or 2)

6. 1, 6

7. 3, 10

8. 5, 8

9. 1 ,3

10. 11, 13

Total Score 
Range=0-20

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

H  Picture Naming ^  Time Limit; 20 seconds/item

Ask the exanninee to nam e  e a c ti picture. Give ttie sem antic c u e  only if ttie picture is obviously m isperceived. 

Scoring: 1 point for each item that is correctly named spontaneously or following semantic cue.

Item Semantic Cue Responses Score 
(0 or 1)

1. chair a piecc of furniture

2. pencil used for writing

3. well you get water from it

4. giraffe an animal

5. sailing boat used on the water (if "boat," query "what kind")

6. cannon a weapon, used in war

7. pliers a tool ("nutcrackers" okay)

8. trumpet a musical instrument ("comet" okay)

9. p eg used to hold laundry/washing on a line

10. kite it's flown in the air

Total Score 
Range=0-10



6 Semantic Fluency rime Limit:60 seconds

Say Now I'd like you to tell m e the names of all the different kinds of fruits and vegetables that you can think of. 
I'll give you one minute to com e up with as m any as you can. Ready?

Scoring: 1 point for each correct response.

1 . _________________________11_________________________ 21__________________________ 31__________

2. ________________________ 12_________________________22__________________________ 32. ________

3.  _____________________13__________________  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________________________2 0 .___________   30_________________   40. _ _ _

Total Score 
Range=0-40

M  Digit Span
Say I am  going to say some numbers, and I want you to repeat them after me. Okay?

Read the numbers a t the rate of 1 per second. Only read the second strino in eoch set if the first strino was fo iled. 
Discontinue after failure of both strings in any set.

Scoring: 2 points for the first string correct, 1 point for the second string correct, and 0 pointe for both strings failed.

Item First String String Score 
(0or2)

Second String String Score 
(0 or 1)

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. 6-4-2-9-3-S 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 5-1-9-7-6-2-3-6-5

Total Score 
Range=0-16



8 Coding m Time 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 I would like you to fill in the rest of these boxes up to the double lines
(indicate) for practice. Correct any errors os they are made. Make sure that the examinee understands the task 
and has correctly com ple ted the sample items before you begin timing.

Say Now I would like you to continue to fill In the numbers that match 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 distracted. If the examinee is unable to com prehend the 
task, the subtest score is 0.

Scoring: 1 point for each item correctly coded within 90 seconds (do not score the sample items).

Note: Familiarise yourself with these instructions befor administering this subtest.

Total Score 
Range=0-89



c — J \/ + 1 h
1 2 3 4 5 6 7 8 9

SAMPLE

— h c + J 1 V — h +

h 1- — c + J /\ 1 c + J

h /\ — \/ c J + 1 — D h c

+ c f- J — h + c J 1 + h

c + h /\ — 1 J c — + 1 /\

— J h + \/ 1 J 1 c J

+ c J — c + 1 J /\ —



9 List Recall
Say Do you remember the list of words that I read to you in the beginning? Tell me as many o f those words as 

you can remember now.

Scoring: 1 point for each word correctly recalled.

List
(Do not read)

Response Score 
(0 or 1)

Market

Package

Elbow

Apple

Story

Carpet

Bubble

Motorway

Saddle

Powder

Total Score 
Range=0-10

List Recognition
Say I'm going to read you some words. Some of these words were on that list, and some o f them weren't. I want 

you to tell me which words were on the list. For each word, ask Was___________ on the list?

Scoring: 1 point for each word correctly identified. Circle the letter corresponding to examinee's response (y = yes, n = no); bold, capitalised
(Y, N) letter indicates correct response.

List Circle One List Circle One List Circle One List Circle One

I . Apple Y n 6. sailor y N 11. Bubble Y n 16. Saddle Y n

2. honey y N 7. velvet y N 12. grossland y N 17. Powder Y n

3. Market Y n 8. Carpet 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. meadovv' y N

Total Score 
Range=0-20

10



story Recall
Say Do you remember that story about a fire that I read to you earlier? Tell m e as many details from the 

story as you con remem ber now.

Scoring: 1 point for each verbatim recall of bold, italic words or alternatives, shown below in colour within parenthi^s. Record intnisions or
variations in the Responses column.

story (Do not read.) Responses
Item Score 

(0 or 1)

1, On Tuesday,

2. Fourth

3. of May,

4. in Grasmere, Cumbria

5. a  serious

6. fire broke out.

7. Two

8. hotels

9. and a  restaurant

10. were desfroyed

11. before the Bremen (firefighters)

12. were able to put it out (extinguish it).

Total Score 
Range=0-12

n



Figure recall
Say Do you remember that figure that I asked you to copy? I want you to draw as much of if as you cart remember now. 

If you rem em ber a part, buf you're not sure where it goes, put it anywhere. Try to draw as m uch of if as you can.

Now, present the Figure Recall Drawing Page.

Scoring: 1 point for correctness and completeness (drawing), and 1 point for proper placement. See Appendix 1 in Stimulus Booklet A for
complete scoring criteria and scoring examples.

OO

Figure Copy Criteria
(Fold back for use.)

Item
Drawing 
(0 or 1)

Placement 
(0 or 1)

Score 
(0,1, or 2) Scoring  C rite tria

1. rectangle Drawing; lines unbroken and relatively straight; it appears a rectangle. 
Placement: not rotated more than 15 degrees.

2. diagonal 
cross

Drawing; lines are unbroken, relatively straight and approximately bisect each other. 
Placement; ends of lines should meet comers without significant overlap or significant 
distance from the comers.

3. tiorizontal 
line

Drawing: line is unbroken and relatively straight; should not exceed approximately 1/2 
of the width.
Placement; from appro.ximately the centre of the left side and intersect at approximately the 
diagonal cross.

4. circle Drawing; relatively round, unbroken, and relatively closed; diameter should be approximately 
1/4 -1 /3  height of triangle.
Placement; placed in appropriate segment; not touching any other figure.

5. 3 small 
circles

Drawing; relatively round, unbroken and relatively dosed; approximately equal in size; 
approximate triangular arrangement; not touching each other.
Placement; in appropriate segment; not touching figure; triangle formed not rotated more than 
approximately 15 degrees.

6 . square Drawing; relatively closed; appears to be a square; lines relatively straight and unbroken; 
height is approximately 1/4 -1 /3  of triangle.
Placement; in appropriate segment; not touching any other part of figure; not rotated more 
than approximately 15 degrees.

7. curving 
line

Drawing; 2 curved segmente; approximately equal in app>earance; correct direction of curves. 
Placement; ends of lilies approximately touch diagonal; do not touch very corner of rectangle 
or diagonal intersection.

8. outside 
cross

Drawing; vertical line is relatively parallel to side of rectangle; horizontal line crosses the 
vertical at approximately 90 degrees and is betw’een 20-50% of length of vertical line. 
Placement; horizontal line touches rectangle higher than 2/3 height of rectangle, but below 
top; it approximately touches the rectangle; vertical line stretches above the height of the 
rectangle and down to approximately the mid-point of the rectangle.

9. triangle Drawing; angle formed by two sides is between approxinutely 60-100 degrees; sides are 
relatively straight, unbroken and meet in a point; distance on vertical side of triangle 
subsumed is approximately 50% of the height of vertical side.
Placement; approximately at top of rectangle.

10. arrow Drawing; relatively straight and unbroken; lines forming arrow are approximately equal in 
length.
Placement; protrudes from appropriate comer of rectangle; it appears an approximate 
continuation of diagotjal staff.

Total Score 
Range=0-20



Figure Recall Drawing Page
(Fold back for use.)



Score Conversion Page
Immediate Memory

1. List Learning Total Score...

2. Story Memory Total Score.

IL Visuospatial/Constmctional

3. Figure Copy Total Score.......

4. Line Orientation Total Score.

in .  Language

5. Picture Nairdng Total Score.

6. Semantic Fluency Total Score.

IV. Attention

7. Digit Span Total Score............

8. Coding Total Score.................

V. Delayed Memory

9. List Recall Total Score.,

10, List Recognition Total Score.

11. Story Recall Total Score.

12. Figure Recall Total Score.

(+)

T "

(+)

I
(=)

Note. Use Appendix 2 in Stimulus Booklet A to 
convert total scores to  index scores and sum 
of index scores to total scale.

Total
Scores

Index
Scores

Sum of 
Index Scores

Total Scale



THE EXECUTIVE INTERVIEW (EXIT 25)

1 NUMBER-LETTERTASK
“ I'd like you to say some numbers and letters for me like 
this”

“1 A, 2 B, 3 what would come next?”

“C”

“Now you try it starting with the number 1. Keep going until
I say stop” .

1 2 3 4 5
“Stop”

A B O D E

2 WORD FLUENCY
“ I am going to give you a letter. You will have one minute 
to name as many words as you can think of which begin 
with that letter.”

“For example, with the letter ?P’ you could say ?people, pot, 
plant’ ? and so on. Are you ready?”

“Do you have any questions?”

“The Letter is “A” , Go”

SCORE: 0 No errors

1 Completes task with prompting or 
repeat instructions

2 Does not complete task SCORE: 0

1

2

10 or more words 

5 — 9 words 

Less than 5 words

4 ANOMALOUS SENTENCE REPETITION
Listen very carefully and repeat these sentences exactly ? ” (Read the sentence in a neutral tone.)

1. “ I pledge allegiance to those flags.”

2. “Mary fed a little lamb.”

3. “A stitch in time saves lives.”

4. “Tinkle tinkle little star.”

5. “A B C D U F G”

SCORE: 0 No errors

1 Fails to make one or more changes

2 Continues with one or more expressions (e.g. “ Mary had a little lamb whose fleece was 
white as snow")



3 DESIGN FLUENCY
“Look at these pictures. Each is made with only four (4) lines. 1 am going to give you one minute to draw as many 
DIFFERENT designs as you can. The only rules are that they must each be different and be drawn with four lines. 
Now go.”

SCORE: 0 10 or more unique drawings (no copies of examples)

1 5 — 9 unique drawings

2 Less than 5 unique drawings



5 THEMATIC PERCEPTION
(Patient is shown picture by examiner)
“Tell me what is happening in this picture.”

SCORE: 0 Tells spontaneous story (story = setting, 3 characters, and action)

1 Tells story with prompting x 1 (“anything else?”)

2 Fails to tell story despite prompting



6  MEMORY/DISTRACTION
“ Remember these three words.”

“BOOK, TREE, HOUSE”
(Patient repeats words until all three are registered) 
“Remember them — I’ll ask you to repeat them for me later.” 
“Now, spell CAT for me.”
“Good, now spell it backwards.”
“OK, Tell me those three words we learned.”

SCORE: 0 Patient names some or all of the three words correctly without naming cat (Examiner may
prompt “Anything else?”)

1 Other response (Describe;____________________________________________________ )
2 Patient names CAT as one of the three words (perseveration)

BROWN



7 IN TERFERENCE TASK  (see previous page) 8  AUTO M ATIC  BEHAVIOR I

“W hat color are these letters?”
(Examiner shows patient and sweeps hand back and forth 
over all letters.)

SCORE: 0 “black”

1 “brown” (repeat question x 1) -> 
“black”

2 “brown” (prompt) -> “brown” 
(intrusion)

(Patient holds hands forward palms down)

“Relax while I check your reflexes

(Rotate patient’s arms one at a time at the elbow as if to 
check for cogwheeling. Gauge patient’s active 
participation/anticipation of the rotation.)

SCORE: 0 Patient remains passive

1 Equivocal

2 Patient actively copies the circular 
motion

9 AUTOM ATIC  BEHAVIOR II

(Patient holds hands out palms ufi.)

“Just Relax.”

(Examiner pushes down on patient's hands —  gently at first, 
becoming more forceful. Gauge patient’s active 
participation in the response.)

1 0  GRASP REFLEX

(Patient holds hands out with open palms down)

“Just Relax.”

(Both palms are lightly stroked simultaneous by the 
examiner, who looks for grasping/gripping actions in the 
fingers.)

SCORE: 0 Patient offers no resistance (remains
passive)

1 Equivocal response

2 Actively resists (or complies) with 
examiner

SCORE: 0

1

2

Absent

Equivocal

Present

□ Patient grasps firmly enough to be drawn up 
and out of chair by examiner.



11 SOCIAL HABIT I 1 2  MOTOR IMPERSISTENCE

Fix subjects eyes. Silently count to three while maintaining 
subject’s gaze, then say “Thank You.”

SCORE: 0 Replies with a question (e.g. “Thank
you for what?")

1 Other response — describe_______

“You’re welcome.”

“Stick out your tongue and say ?aah’ till I say stop? .” 
“Go” (count to three silently)

(Subject must sustain a constant tone, not 
“ah? ah? .ah? ” )

SCORE: 0 Completes task spontaneously

1 Completes task with examiner 
modeling task for patient

Fails to complete task despite 
modeling by examiner

1 3  SNOUT REFLEX

“Just Relax”

(Examiner slowly brings index finger towards patient’s lips, 
pausing momentarily 2” away. Finger is then placed 
vertically across lips and then lightly tapped with the other 
hand. (Observe lips for puckering.)

SCORE: 0 Not present

1 Equivocal

2 Present

Suck reflex — lips pucker while examiner is 
  paused 2” away.

1 4  FINGER-NOSE-FINGERTASK

(Examiner holds up index finger.)

“Touch my finger.”

(Leaving finger in place, examiner says? )

“Now touch your nose.”

SCORE: 0 Patient complies, using same hand

1 Other response — describe______

2 Patient complies, using other hand 
while continuing to touch examiner’s 
finger



1 5  GO-NO-GO TASK 1 6  ECHOPRAXIA

“Now, when I touch my nose, you raise your finger like this.' 
(Examiner raises index finger.)
“When I raise my finger, you touch your nose like this.” 
(Examiner touches nose with index finger.)
(Have patient repeat instructions if possible.)
(Examiner begins task. Leaves finger in place while 
awaiting patient’s response.)

Examiner Patient
F N F
N F N
F N F
F N F
N F N

SCORE: 0 Performs sequence correctly

1 Correct, requires prompting/repeat 
instructions

2 Fails sequence despite 
prompting/repeat instructions

“Now listen carefully. I want you to do exactly what I say, 
Ready?”
“Touch your ear.” (Examiner touches his nose and keeps 
finger there.)

SCORE:

SCORE:

0

1

Patient touches his ear

Other response
(Look for “mid-position stance) 

Patient touches his nose

Performs sequence correctly

Correct, requires prompting/repeat 
instructions

Fails sequence despite 
prompting/repeat instructions

1 7  LURIA HAND SEQUENCE I 1 8  LURIA HAND SEQUENCE II

SCORE: 4 cycles without error after examiner 
stops

4 cycles with additional verbal 
prompt (“Keep going”) or modeling

Palm/Fist 
“Can you do this?”
(Invite patient to watch while alternating palm/fist with either 
hand. Once patient begins, ask patient to “Keep going” 
while the examiner stops. Count the number of successful 
palm/fist cycles.)

3 Hands
“Can you do this?”
(Examiner models: a) slap, b) fist, c) cut — while the patient 
imitates each step)
“Now follow me.” (Examiner begins to repeat sequence.) 
“ Keep doing this until I say stop.” (Examiner stops.)

SCORE: 3 cycles without error after the 
examiner stops

3 cycles with additional verbal 
prompt (“ keep going”) or modeling

Unsuccessful despite 
prompting/modeling

2 Unsuccessful despite
prompting/modeling (watch for “mid
position” stances)



1 9  GRIP TASK 2 0  ECHOPRAXIA II

(Examiner presents hands to patient as shown below)

“Squeeze my fingers.”

SCORE: 0 Patient grips fingers

1 Other response — describe

(Suddenly and without warning, the examiner slaps his 
hands together.)

SCORE:

2 Patient pulls examiner’s hands 
together

0 Patient

1 Patient

2 Patient

21 COMPLEX COMMAND TASK

Put your left hand on top of your head and close your eyes.
That was good? .”

(Examiner remains aloof, begins next task.)

(QUICKLY GO ON TO NEXT TASK)

SCORE: 0 Patient stops when next task began

1 Equivocal — holds posture during 
part of next task

2 Patient maintains posture through 
completion of next task — has to be 
told to cease

22 SERIAL ORDER REVERSAL TASK

(Have patient recite the months of the year.)

“? Now start with January and say them all backwards ? ” 

SCORE: 0 No errors, at least past September

1 Gets past September but requires 
repeat instructions (“Just start with 
January and say them all 
backwards.” )

2 Can’t succeed despite prompting



23 COUNTING TASK 1

(Examiner taps each picture around the figure below in a 
clockwise direction)

“Please count the fish in the picture out loud.”

SCORE: 0 Four

1 Less than four

2 More than four

24 UTILIZATION BEHAVIOR

(Examiner holds pen near point and dramatically “presents” 
it to the patient asking)

“What is this called?”

SCORE: 0 “ Pen”

1 Reaches, hesitates

2 Patient takes pen from examiner 
(utilization behavior)



25 IM ITATIO N BEHAVIOR

(Examiner flexes wrist up and down and points to it asking:) 

“W hat is this called?”

SCORE: 0 “Wrist”

1 Other response (Describe:__________________

2 Patient flexes wrist up and down (echopraxia)

Send Questions or Comments to:

Donald R. Royal!, M.D.
c/o Department of Psychiatry
University of Texas Health Science Center
7703 Floyd Curl Drive
San Antonio, Texas 78284-7983



Center for Epidemiologic Studies Depression Scale (CES-D), NIMH

Below is a list of the ways you might have felt or behaved. Mark how often you have felt this way during the past week.

During the Past Week

Rarely or none Some or a little
Occasionally 
or a moderate Most or all

of the time of the time amount o f time of the time
(less than 1 day) (1-2 days) (3-4 days) (5-7 days)

1. I was bothered by things that usually don’t 
bother me. □ □ □ □

2. I did not feel like eating; my appetite was 
poor. □ □ □ □

3. I felt that I could not shake off the blues. □ □ □ □even with help from my family or friends.

4. I felt I was just as good as other people. □ □ □ □
5. I had trouble keeping my mind on what I 

was doing. □ □ □ □
6. I felt depressed. □ □ □ □
7. I felt that everything I did was an effort. □ □ □ □

8. I felt hopeful about the future. □ □ □ □
9. I thought my life had been a failure. □ □ □ □
10. I felt fearful. □ □ □ □
11. My sleep was restless. □ □ □ □
12. I was happy. □ □ □ □
13. I talked less than usual. □ □ □ □
14. I felt lonely. □ □ □ □
15. People were unfriendly. □ □ □ □
16. I enjoyed life. □ □ □ □
17. I had crying spells. □ □ □ □
18. I felt sad. □ □ □ □
19. I felt that people disliked me. □ □ □ □
20. I could not get “going”. □ □ □ □

SCORING: zero for answers in the first column, 1 for answers in the second column, 2 for answers in the third 
column, 3 for answers in the fourth column. The scoring of positive items (4, 8, 12, and 16) is reversed. Possible 
range of scores is zero to 60, with the higher scores indicating the presence of more symptomatology.



Important Note About Psychological Screening Tests:
Always consult with a trained mental health professional if you are experiencing depressive 
feelings and/or difficulties in your daily functioning that cause you anxiety or worry.

This test is meant to be used as a starting point, not as a diagnosis tool. This score is not intended 
as a mental disorder diagnosis, or as any type of healthcare recommendation.

Scoring for All Except Questions 4, 8, 12, and 16:

• 0 points Rarely or none of the time (< 1 day)
• 1 point Some or a little of the time (1-2 days)
• 2 points Occasionally or a moderate amount of the time (3-4 days)
• 3 points Most or all of the time (5-7 days)

For questions 4, 8, 12, and 16, the scoring is exactly the same except that it is reversed: "Most or 
all of the time" is scored 0 points, "Rarely or none of the time" is scored 3 points, etc.

Roughly speaking, the higher the overall score, the greater the depressive symptoms.

Screening test scoring ranges:

• Less than 15
• 15-21, Mild to Moderate Depression
• Over 21, Possibility of Major Depression

(Less than 15)
Your score is below 15, indicating that you do not appear to be experiencing high levels of 
depressive symptoms at this time.

(15-21, Mild to Moderate Depression)
You appear to be experiencing some mild to moderate symptoms of depression.

(Over 21, Possibility of Major Depression)
You appear to be experiencing a high level of depressive symptoms associated with major 
depression.

Original reference:
Radloff, L.S. (1977) 'The CES-D scale: A self report depression scale for research in the general population'. Applied 
Psychological Measurement 1: 385-401.
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Section B Cognitive examination -  CAMCOG
Before commencing, make sure you have the follow/ing items:

Booklet Pencil Wristwatch (with a second hand for timing)
Blank sheet of paper (A4) Envelope Coins: two coins of different value

Ensure that calendars and clocks are not available to assist subjects in answ^ering questions about 
date and time.

This section contains all 19 items of the Mini-Mental State Examination of Folstein et al. (1975).
Some, but not all of these items are used in scoring the more comprehensive Cambridge 
Cognitive Examination (CAMCOG). A list of the items comprising each of these examinations is 
set out on pp. 65-66

It is important that you speak slowly and clearly. If the subject appears not to have heard or 
understood, repeat the question (unless the item specifically prohibits repetition).

Do not give correct answer if a wrong answer or no answer is given.

Make a note of any unusual responses including extra memory items recalled.

Coding: This section differs from other sections of the CAMDEX in that subjects who don't know, 
refuse to answer or give a silly answer are given a score of 0 (not 8), which is equivalent to giving an 
incorrect answer. Where a score of 9 or 99 is recorded, indicate why the question was not asked.

1 am going to ask you some questions now which have to do with your memory and concentration. Some of 
them may seem rather easy, others may be difficult, but we need to ask everyone the same questions.

Time

139. What day of the week is it? Incorrect 0
Correct 1 9

What is the date today?

140. Date Incorrect 0
Correct 1 9

141. Month Incorrect 0
Correct 1 9

142. Year Incorrect 0
Correct 1 9

143. What is the season? Incorrect 0
Correct 1 9

A llo w  flexibility w h en  season  changes , e.g. lo r  no rth ern  h em isphere :

M arch  =  w inter/sp ring: June  =  sp rin g /su m m er

S e p te m b e r  =  sum m er/au tu m n : D e c e m b e r  — a u tu m n /w in ter

CAM DEX-R ©  Cambridge University Press, 1999 .
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Place

144 Can you tell me where we are now? For Incorrect 0
instance, what county (state) are we in? Correct 1 9

145. What is the name of this town (city)? Incorrect 0
Correct 1 9

146. What are two main streets nearby (or near Incorrect 0
your home)? Correct 1 9

147. What floor of the building are we on? Incorrect 0
Correct 1 9

148. What is the name of this place? (or What is Incorrect 0
this address? i f  subject tested at home) Correct 1 9

If tested at home, the address must include enough information for mail to arrive

Language

Comprehension: Motor response

If the subject does not complete the full sequence then the whole instruction may be repeated, without change in tone or 
tempo, to ensure that it has been heard and understood. Prompting and coaching stage by stage are not allowed

I am going to ask you to carry out some actions, so please listen carefully

149, Please nod your head. Incorrect 0
Correct 1 9

150. Touch your right ear with your left hand. Incorrect 0
Correct 1 9

151. Before looking at the ceiling please look at Incorrect 0
the floor. Correct 1 9

152. Tap each shoulder twice with two fingers keeping Incorrect 0
your eyes shut. Correct 1 9

Comprehension: Verbal response

1 am going to ask you some questions and would like you to answer 'yes' or 'no'

153. Is this place a hotel? Incorrect 0
Correct (‘no’) 1 9

154. Are villages larger than towns? Incorrect 0
Correct ('no') 1 9

155- Was there wireless/radio in this country before Incorrect 0
television was invented? Correct (‘yes') 1 9

CAMDEX-R © Cambridge University Press, 1999.



TheCAMDEX-R Schedule

Expression: Naming

In questions 156 and 157 accurate naming is needed. Descriptions of function or approximate answers are not 
acceptable. Acceptable answers may depend on local usage. Some items may have more than one correct name, as 
has been indicated. Errors include description o f function (e.g. ‘used for telling the time' for watch) and approximate 
answers (e.g. ‘weighing machine' for scales; ‘bag’ or 'carrier' for suitcase; 'light' for lamp).

In the case of approximate answers, you should say ‘Can you thinl< of another word for it? '

Tick each item correctly named in questions 156 and 157 and enter number correct under Total

156. Show pencil
What is this called? Pencil ___
Show wristwatch
What is this called? Wristwatch ___

Total 1 I

157, I am going to show you some objects.
Please tell me the name of each one.
Show 'Pictures for naming’ in booklet.

Total

Expression; Fluency

158. Name as many different animals as you can think
of. You will have one minute to do this. Number correct

Only if subject asks for clarification, explain that animals include 
birds, fish, insects, humans, etc. If subject gels stuck, encourage 
him/her with ‘Can you think o f any more?' Record number 
correct in one minute (repetitions not to be counted but age 
and sexual variants should be counted e.g. calf, cow, bull)

List all items

Expression: Definitions

For questions 1 5 9 -1 6 2 , acceptable answers may depend on local usage

159. What do you do with a hammer? Incorrect 0
Any correct use 1

Hit is not enough. Some other detail should be given without prompting.

160. Where do people usually go to buy medicine? Shop (if unable to specify) 0
Chemist, pharmacy 1

In questions 161-162 a general (abstract) definition scores 2 and a specific or limited definition scores 1. 
Examples are given beside each score

161. What is a bridge? Incorrect 0
Cross the bridge 1
Goes across a river etc 2

Note: Recode: 0 =  0
For CAMCOG 1 - 4 = 1  
score 5 - 9  =  2

1 0 - 1 4 = 3  
1 5 -1 9  =  4 
2 0 -2 4  =  5 

2 5 + =  6

Shoe, sandal
Typewriter
Scales
Suitcase, Portmanteau 
Barometer.
Table lamp, lamp

CAMDEX-R ©  Cambridge University Press, 1999,
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162. What is an opinion? Incorrect 0
A good opinion of someone 1
A person's ideas about
something; what you think 2 9

Expression: Repetition

Only one presentation is allowed so it is essential that you read the phrase clearly and slowly, enunciating all the S ’s.

163. 1 am going to say something and 1 would like you Incorrect 0
to repeat it after me: ‘No ifs, ands or buts’. Correct 1 9

Code 1 only if entire phrase is correct

Recall

164. Can you tell me what were the objects in the Shoe, sandal
coloured pictures 1 showed you a little Typewriter
while ago? Scales _

Suitcase
Either descriptions or names are acceptable. Tick each item 
correctly recalled and enter number correct under Total 
If subject previously gave an incorrect name in question 157 
but recalls it at this stage, score as correct

Barometer 
Table lamp, lamp

Total 1, ,1 9

Recognition

Show: 'Pictures for recognition' in booklet

Tick each item correctly recognised and enter number correct under Total

165. Which of these did 1 show you before? Shoe, sandal 
Typewriter

—

Scales
Suitcase
Barometer
Table lamp, lamp

—

Total 1 1 9

Retrieval of remote Information

Note: Questions 166 -1 7 1  should be asked if the subject was born before 1940. Questions 1 6 6 a -1 7 1 a  should be 
asked if the subject ivas born after 1940.

Now I am going to ask you some questions about the past

166. When did the First World War begin? Incorrect 0
(Within 1 year) 1914 (in Europe) 1

167. When did the Second World War begin? Incorrect 0
(Within 1 year) 1939 (in Europe) 1

168. Who was the leader of the Germans in the Incorrect 0
Second World War? Hitler 1

CAM DEX-R Cambridge University Press, 1999.
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169. Who was the leader of the Russians in the Incorrect 0
Second World War? Stalin 1 9

170. What was Mae West famous for? Incorrect 0
Any appropriate verbal or non-verbal answer which indicates Entertainer, Film Star,

Life jacket 1 9

171. Who was the famous flyer whose son was Incon-ect 0
kidnapped? Lindbergh 1 9
Close approximations to the name are acceptable

Questions 1 6 6 a -171 a to be asked if subject was born after 1940

166a. Who was the US President who was shot in Texas? incorrect 0
John F. Kennedy 1 9

167a. What is Yoko Ono famous for? Incorrect 0
Wife of Beatle, John Lennon 1 9

168a. Who was the first man to set foot on the moon? Incorrect 0
Neil Armstrong 1 9

169a. What was Edmund Hilary famous for? Incorrect 0
First to reach summit
of Mt Everest 1 9

170a. Who was the first woman Prime Minister of India? Incorrect 0
Indira Ghandhi 1 9

171a. Who was the famous cinema actress who Incorrect 0
married Prince Rainier of Monaco? Grace Kelly 1 9

C/ose approximations to the name are acceptable 

Retrieval of recent information

172. What is the name of the present King or Queen? Incorrect 0
Correct 1 9

173. Who is likely to be the next King or Queen? Incorrect 0
Correct 1 9

174. What is the name of the Prime Minister? Incorrect 0
For one month after an election, if the name of the Correct 1 9
former Pl^ is given, ask ‘Is he/she still Prime Minister?'

175. What has been in the news in the past week or Incorrect 0
two? Correct 1 9

If a general answer is given, e.g. ‘war’ ask for details

CAMDEX-R ®  Cambridge University Press, 1999.
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R e g is tra tio n

1 am going to name three objects. A fte r 1 have finished saying all three, 1 want you to repeat them.
Remember what they are because 1 am going to ask you to name them again in a few minutes.

176. Name the fo llow ing three objects taking one Apple
second to say each: apple, table, penny. Table _
Tick which are correct on the lirst attempt and Penny
enter number correct under total.

Total 1 . 1 9

177. I f  any errors o r om issions are m ade on the first attempt.
repeat a ll the names un til sub ject learns
all three (maximum o f five repeats). Record
num ber o f repeats (record 0 if  a ll correct on
first attempt) Number of repeats 1 1 9

178. Now 1 would like you to count backwards from Two or more errors 0

2 0 . One error 1

C orrect 2 9

179. Now 1 would like you to take 7 away from 100. 93
Now take 7 away from the number you get. 86

Now keep subtracting 7 until 1 tell you to stop. 79 _
72
65 —

Total 1. . ) 9

Record answers. Score 1 point each time the difference is 7,
even if a previous answer was incorrect. Maximum score =  5 points

180. W hat were the three objects 1 asked you to repeat Apple
a little while ago? Table

Penny —

Total 1 1 9

Tick each item answered correctly and enter number correct under Total

Show ‘Reading comprehension’ in booklet
1 would like you to read this and do what i t  says
It is not necessary for the subject to read aloud, if  subject reads instruction but fails to carry out action, say ‘now do what
it says ’

If failure appears to be due to illiteracy, enquire whether subject learned to read. II illiterate code 7

181. Close your eyes. Incorrect 0

Correct 1

Illiterate 7 9

CAMDEX-R © Cambridge University Press, 1999.
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182. If you are older than 50  put your hands behind Incorrect 0
your head. Correct 1

Illiterate 7

Praxis

Copying and Drawing

The subject should draw and write on the sheet o f paper provided, see p. 56
Make sure the subject has finished before moving on to the next picture, e.g. by saying ‘haveyou finished that one'?

183. Copy this design (pentagon).
Each pentagon should have 5 sides and 5 clear corners 
and the overlap should lorm a diamond

Incorrect
Correct

184. Copy this design (spiral). Incorrect
Three connected loops are required in the correct orientation. Correct

0
1

185. Copy this design (3 D house).
Requires windows, door and chimney in correct position 
and in 3-dimensional representation

Incorrect
Correct

186. Draw a large clock face and put all the numbers in.
When the subject has done this say, 'Now set the hands 
to lO past 11 (11.10)'.

Circle (or square) 
All numbers in 
correct position 
Correct time

Tick each component correctly completed and enter number 
under Total

Total 1 9

Writing; Spontaneous

187. Wnte a complete sentence on this sheet of paper.
Indicate bottom o l drawing sheet. Ask the subject what he/she 
has written and transcribe it onto the drawing sheet. Spelling 
and grammar are not important, but the sentence must have 
a subject (real or implied) and a verb. ‘Help!’ or 'Go away’ 
are acceptable.

Praxis; Ideational

Read the following statement and then hand a sheet o f paper to the subject f^ake a point o f handing to the subject’s 
midline. No repetition o l this question is allowed. Speak clearly and slowly having first made sure you have the subject’s 
full attention.

188. I am going to give you a piece of paper. When I do, 
take the paper in your right hand. Fold the paper in 
half with both hands, and put the paper down 
on your lap.

Do not repeat instructions or coach

Score a move as correct only if it takes place in the correct sequence.
Tick each correct move and enter number correct under Total

Hand an envelope to the subject

189. Put the paper in the envelope and seal the envelope. Incorrect 0
Correct 1 9

Right hand _
Folds __
On lap __

Total 1 1 9

Incorrect 0
Correct 1
Illiterate 7 9

CAMDEX-R ©  Cambridge University Press, 1999.
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Writing to dictation

190. Write this name and address on the envelope; 
Mr. John Brown 
42 West Street, Bedford

Incorrect
Poor but acceptable
Correct
Illiterate

0
1
2
7 9

Spelling and neatness are not important. Criterion is whether 
letter is likely to reach exact destination, e.g. ‘Jon B rw n ’ 
is acceptable; ‘2 4 ’ and 'B u rfo rd ' are incorrect

Then say: Please try to remember this name and address as I 
shall be asking you about them later on

If  the subject is unable to write, code  7 and say the address 
slowly, twice, and ask h im /her to remember it

Praxis: Ideomotor

In questions 1 9 1 -1 9 3  a correct M IM E  is needed. II  the subject uses lingers to represent scissors or brush, say e.g. 
‘Pretend you are holding a toothbrush.' Score 1 i l  the subject makes a brushing movement but not as though holding a 
toothbrush

191. Show me how you wave goodbye. Incorrect 0
Correct 1 9

192. Show me how you would cut with scissors. Incorrect 0
Partially correct 1
Correct 2 9

193. Show me how you would brush your teeth with Incorrect 0
a toothbrush. Partially correct 1

Correct 2 9

Calculation

Mental calculation is required. Paper and penc il are not allowed.

Show the subject two different commonly used coins or notes o f different value.

194. How much money does this make? Incorrect
Correct

0
1 9

Record amount and response

195. If somebody went shopping and was given 15 pence Incorrect
as change from £1, how much did they spend? Correct

Record response

0
1 9

Memory: Recall

196. What was the name and address you wrote on the 
envelope a short time ago?
Tick each item answered correctly and enter number correct 
under Total

John
Brown
42
West Street 
Bedford

Total I I 9

CAMDEX-R C Cambridge University Press, 1999.
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Abstract thinking

These questions investigate the capacity to work out the general relationships between objects. Fully correct answers
score 2, partially correct answers score 1.

Examples are given beside each score. I f  the subject says ‘They are not alike', say ‘They are alike in some way. Can you
tell me in which way they are a like? '

1 am going to name two things and 1 would like you to tell me in what way they are alike. For example, i3 dog
and a monkey are alike because they are both animals.

197. In what way are an apple and a banana alike? Round, have calories 0
Food, grow, have peel 1
Fruit 2 9

Record answer

For this question only, i l  score is less than 2  say
'They are also alike because they are both fruit.'

198. In what way are a shirt and a dress alike? Have buttons 0
Record answer To wear, made of cloth,

keep you warm 1
Clothing or garments 2 9

199, In what way are a table and a chair alike? Wooden, have 4 legs 0
Record answer Household objects, used

for meals 1
Furniture 2 9

200. In what way are a plant and an animal alike? Useful to man, carry germs 0
Record answer Grow, need food, natural 1

Living things 2 9

Ideational Fluency

200a. 1 am going to give you the name of a common object and would like you to tell me as many uses
for it as you can. For example, if the object was a SHEET OF PAPER it could be used to write on,
to make a fan or it could be used to make a paper plane. The uses don't have to be serious -  they
can be ridiculous or humorous as well -  so let your imagination have a free rein. The important
thing is to try and think of as many uses as you possibly can in the time given. Try to make the uses
as different from each other as possible.
Begin when 1 say the object and continue until 1 tell you to stop.
How many different uses can you think of for a BOTTLE?

Start timing and continue lor 90  seconds, then say STOR

Record a ll responses.

A correct response is any possible use o f a single bottle, pieces Number correct 1 1 1 9
o f a bottle or numerous bottles, e.g. for strong liquid, as a weapon,
as an instrument, smashed into pieces and used for art work, for Note:
juggling. Correct responses must specify a use; 'to smash', Recode; >8 =  8 1 1 9
‘to stand on ' are incorrect. Enter 0 -8  as above
A response is considered a perseveration if  it is repeated verbatim Number of 1 1 1 9
or if  the same idea is repeated with different examples, e.g. to perseverations
store water, beer, cordial, orange ju ice, wine.

CAMDEX-R ©  Cambridge University Press, 1999.
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Visual reasoning

200b. Show ‘Visual reasoning test' in booklet

S how  first item

Here are four boxes. Three o f them have an object inside and this one is empty. Which of these
objects below  should go in the empty box? Encourage subject to po in t to the correct response 

II sub ject makes an error on any o f the first two items, po in t to the correct response and explain why it  is correct. 

Item 1 :
The top  row has a big yellow  circle w ith a big blue circle beside it, so the bottom  row needs a big 

blue circle. 

Item 2 : 
The top  row is blue; it has a little square beside the big circle. The bottom  row  is yellow, so it needs 
a little yellow square beside the yellow circle.

Do not make any further corrections. C  __

I I  subject made an error, record which item (A to F) was chosen.

A

E
D
F
B

Total 1 I 9

Perception: Visual

Famous people
Show ‘R ecognition  o f  fam ous p e o p le ' In boo k le t

201. W ho is th is?
Score as correct i l  picture is recognised
C orrect name is not required, but record any answer
which does not correspond exactly to the examples given

Queen
Pope, Archbishop, Bishop 

Total I I 9

Object constancy

Show ‘R ecognition  o f ob jec ts ' in  book le t

202, These are pictures of objects taken from unusual 

angles.
Can you tell me what they are?

Spectacles
Shoe
Purse, suitcase 
Cup and saucer 

Telephone 
Pipe

Total

Criterion is whether the object is recognised, not that it is named 
correctly, therefore descriptions o f function are acceptable.
Tick each item answered correctly and enter number correct 
under Total

1 I 9

CAMDEX-R ®  Cambridge University Press, 1999.
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Recognition of person/function

Indicate any two people available, e.g cleaner, doctor, nurse, patient, relative
If none available, score 9

203. Can you tell me who this is, or what he/she does? Incorrect
Correct

0
1 9

Passage of time

204. Without looking at your watch, can you tell me 
what the time is now (to the nearest hour)?

Incorrect
Correct

0
1 9

205. Without looking at your watch, can you tell me
how long you think we have been talking together? Time in minutes I. I I I 999

206. Record finishing time o f interview with subject.

Actual duration of interview (minutes)
Checl< against starting time recorded at beginning of Section A.

Time in minutes

I I I I 

1 1 1 1  999

CAMDEX-R C Cambridge University Press, 1999.
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Sentence

CAMDEX-R ©  Cambridge University Press, 1999.



R S Bucks et al: The Bristol Activities of Daily Living Scale [BADLS]

p a g e  1

1. F O O D

a. Sclccts  and  p r rp a r c s  food as requ ired
b. A b le  to p repare  food if i n g r td i e n u  sei out
c. C a n  p r e p a re  food if p ro m p te d  aicp by  step
d. U n a b le  to  p r e p a re  food even with

p r o m p t in g  a n d  supervis ion
c. N o t  app l icab le

2. E A T I N G

a. Eats  a p p ro p r ia te ly  us ing  co r re c t  cu t le ry
b. Kats a p p ro p r ia te ly  if food m a d e  mnnage-

able  a n d /o r  uses spoon
c. U ses  l ingers  to ea t  food
d. N e e d s  to be fed
e. N o t  upplicubic

3. D R I N K

a. Selects  and  p re p a re s  d r in k s  us requ ired
b. C un  p r e p a re  d r inks  if ing red ien ts  left

available
c. C a n  p r e p a re  d r inks  if p r o m p te d  s tep

by s tep
d. U n ab le  to tnakc a dr ink  even wiih

p ro m p t in g  an d  supervis ion
e. N ot  applicable

4 . O n i N K l N G
a. D r inks  ap p rop r ia te ly
b. D r inks  app ro p r ia te ly  with aids,

b eaker /s t raw  etc.
c. D oes  n o t  d r in k  a p p rop r ia te ly  even with

aids b u t  a t t e m p ts  to
d. H as  to h ave  drink» adm in is te red  (fed)
e. N o t  applicable

5. D R E S S I N G
a. Selects  a p p ro p r ia te  c lo th ing  and

dresses  self
b. P u ts  c lo thes  on  in w ro n g  order  and /or

back to front  a nd /o r  d ir t>-clo th ing
c. U n ab le  to d ress  self b u t  m oves  l im bs to

assist
d. U n ab le  to assist and requ ires  total d re s 

sing
e. N o t  applicable

6. } lY G ir - :N E
a. W ash es  regu larly  an d  independen t ly
b. C an  wash  se lf  if  gi i en soap, flannel, towel,

etc.
c. C a n  w ash  self  if  p ro m p te d  and  supervised
d. U n ab le  to wash self and needs  full

assis tance
e. N o t  applicable

7. T K E T H
8. C leans  ow n te e th /d e n tu re s  regularly  and

in d e p e n d e n t ly

Scoring b. Cleans tee th /den lu reJ  if given
Q appropria te  items
] c. Requires some assistance,  too thpas te  on
2 b rush ,  b ru sh  to  m ou th ,  etc.
■j d .  Full sscistance given

e. Not applicable

0 8. BA’I 'H / S H O W E R

8. Bathes regularly and  independen t ly
b. Needs bath  to l>e d raw n /sh o w er  tu rn e d  on

but washes independen t ly
c. Needs supervis ion  and p r o m p t in g  to wash
d. Tota lly  dep en d en t ,  needs  full assistance
e. N o t  applicable

9. T O I L E T / C O M M O D E

a. Uses toilet app rop r ia te ly  w hen  requ ired  
h. Needs to be taken to the toilet and  given 

assistance
c. Inconrin rn i  of  u r ine  or  faeces
d. Incontinent  o f  ur ine  and facces
e. Not applicable

10. T R A N S F E R S

a. Con get  in /out  of  chair  una ided
b. Can get  into a chair  bu t  needs  help  to get

out
c. Needs help get t ing  in and o u t  o f  a chair
d. To ta l ly  d e p e n d e n t  on being  p u t  into and

lifted from chair
e. Not applicable

11. M O B I L I T Y

a. Walks independen t ly
b. Walks with assistance,  i.e. fu rn i tu re ,  arm

for su p p o r t
c. Uses aids to mobilize, i.e. f rame, sticks

etc.
d. Unable  to walk
e. Not spplicable

12. O R I E N T A T I O N — T I M E

a. Fully o r ien ta ted  to  t im e/day /da te  etc.
b. U nsw are  of  t im e/day  etc bu t  seems

unconcerned
c. Repeatedly asks the t im e/duy /da lc
d. Mixes u p  n ight a n d  day
e. Not applicable

13. O R I E N T A T I O N — S P A C E

a Fully o r ienta ted  to  su r ro u n d in g s
b. O rientated  to  familiar su r ro u n d in g s

only
c. Gets lost in hom e,  needs r e m in d in g  where

bsth rooni is, etc.
d. Does no t  recognize hom e as o w n  and

attem pts  to leave
e. Not applicable
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H . C O M M U N I C A T I O N

a. Able to hold app rop r ia te  converss iion [ )
b. Shows u n d c rsu in d in g  and  a t i tm p ts  to 

respond verballj ' with  gestures
[ ]

c. Can make self  un de rs tood  but  difficulty 
understanr l lng  o thers

[ ]

d. D o es  not  respond  to or  communic»tc 
with o thers

( ]

e. N ot  applicable [ ]

15 . T E L E P H O N E

a. Uses te lephone appropria te ly ,  including 
ob ta in ing  correc t  n u m b er

1 ]

b. Uses te lephone If n u m b e r  given verbally/ [ J 
visually or  prcdial led

c. Answers te lephone  b u t  docs not rnnkc 
calls

1 ]

d. U n a b le /unw il l ing  to use te lephone at all 1 )
c. N o t  applicable ( ]

16, H O U S E W O R K / G A R D E N I N G

a. Able to do  housew ork /garden inc  to 
previous s ta nda rd

1 J

b. Able to do  housework/gardenin j;  but  not 
to previous s ta nda rd

1 ]

c. L im ited  p a n ic ip a t io n  even with a lot of 
supervision

I J

d. Unwill infj /unabie  to pan ic ipate  in 
previous activities

I ]

e. N o t  applicable ( ]

17, S H O P P I N G

a. Shops to  p rev ious  standard [ ]
b. Only able to s h o p  for 1 or 2 items with or 

w ithou t 3 list
I ]

c. Unable  to shop  alone, bu t  participates [ ]
when accompttii icd

Scoring d. Unable to p an ic ipa ic  m shopping even [ 
v 'hcn accompanied 

e. Not applicable [

18. F IN A N C E S
a. Responsible for own finances a: previous [

le^’el
b. Unable to write cheque  but can sign n a m e  [

and recognizes money  values
c. Can sign name b u t  unable lo recognize [

money values
d. Unable to sign name or rccogntzc m oney  [

values
e. Noi applicable [

19. G A M E S /H O B fJ lE S

a. Panicipates in pasiimes/activities lo f
previous standard

b. Participates but needs  instruction/ (
supervision

c. Reluctant 10 jo in  m, very slow, needs [
coaxing

d. No longer able or willing to join in [
e. Not applicable [

20. T R .A N S P O R T

a. Able to drive, cycle o r  use pubbc [
transport independen t ly

b. Unable to drive bu t  uses  public [
irMnsporl or bike e tc

c. Unable to use public trunsport alone [
d. Unable/unwilling to use  transport even [

when accompanied
e. Not applicable [ ]


