
 

 

University of Dublin, Trinity College School of Medicine, 

Department of Medical Gerontology 

 

Cardiovascular Autonomic Nervous System, Blood 

Pressure Instability and Brain Health in Older Adults:  

Population-Based Perspectives 

 

Sheila Julia O’Hare 

Student ID: 00907359 

Submitted in fulfilment of the requirement of the degree of Doctor of Philosophy, 2019 





I 

 

Declaration 

I wish to certify that no part of the material contained in my thesis has been submitted by me 

for a degree in Trinity College Dublin or any other institution. I wish to state my independent 

role in the submission of this thesis: the hypotheses, statistical analysis and content of this 

thesis have followed my own design. The hypotheses, design and analyses in this thesis are 

under the direction of Professor Rose Anne Kenny.  

 

The TILDA bioengineers, led by Dr Ciaran Finucane performed the data processing of the 

raw signals obtained during the haemodynamic assessments in the TILDA health 

assessment. Professor Caterina Rosano at the University of Pittsburgh supervised Study III 

based in the Health Aging and Body Composition Study. Dr. Robert Boudreau, also at the 

University of Pittsburgh, supervised the statistical analysis in Study III and computed the 

trajectories of systolic and orthostatic blood pressure in Study III. All neuroimaging 

processing in Study III was performed by the Geriatric Psychiatry Neuroimaging Laboratory 

at the University of Pittsburgh lead by Prof. Howard J. Aizenstein. Dr. Andrea Metti at the 

University of Pittsburgh, assisted me in the preparation of the longitudinal dataset and 

variable creation in Study III.  

 

Following acceptance of my PhD submission, I agree that the library may lend or copy the 

thesis upon request. 

 

Sheila Julia O’Hare 

Signed:  _____________________________ 

Date:   _____________________________  



II 

 

Summary 

The aim of this thesis is to provide new insights into the shared pathways by which the 

cardiovascular autonomic nervous system underpins optimal regulation of affect and 

cognitive function in older adults. Ageing is characterised by an increase in sympathetic 

outflow and a reduction in parasympathetic tone - which may predispose to greater blood 

pressure instability. Based in two large population-based cohorts of ageing, this thesis 

presents four quantitative studies which variously employ cross-sectional, longitudinal and 

life course approaches to investigate associations between indices of blood pressure 

instability – orthostatic blood pressure, baroreflex sensitivity and vasovagal syncope - and 

markers of ‘brain health’ in later life: cognition, affect and structural integrity on MRI 

neuroimaging.  

 

This thesis embraces a continuum approach to the understanding of cognitive decline and 

affective symptoms in later life - whereby these are overlapping presentations with shared 

risk factors and neural substrates that progress gradually via subclinical stages towards a 

clinical diagnostic threshold.  In adopting this approach this thesis seeks to identify early/ 

sub-clinical associations between blood pressure instability and brain health, given that 

altering the trajectory of decline in brain health may be more successful if intervention is 

targeted at an early stage. A life course perspective is introduced in the final study to 

investigate associations between exposure to stress and blood pressure instability across the 

life span.  A life course approach acknowledges that both cardiovascular autonomic function 

and brain health in older adults are underpinned by biological and environmental/ 

behavioural exposures occurring earlier in life; and that associations between brain health 

and blood pressure instability may be bidirectional across the life span. 
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Study I, based in the Irish Longitudinal Study on Ageing (TILDA), finds that lower 

orthostatic blood pressure immediately after standing, even when not meeting criteria for 

orthostatic hypotension, is associated with greater subjective memory impairment - a 

potential preclinical symptom of dementia. Study II in TILDA finds that lower baroreflex 

sensitivity is associated with greater affective symptoms in men, and associations are 

stronger in those on antidepressant treatment. To the best of my knowledge, this is the first 

study investigating associations between baroreflex sensitivity and both anxiety and 

depression in a population-based cohort of older adults.  Study III, in the US-based Health 

Aging and Body Composition cohort, reports prospective associations between subclinical 

orthostatic blood pressure change and poorer brain health (poorer cognitive status and 

greater grey matter atrophy) up to 15 years later. To my knowledge study III is the first to 

incorporate MRI structural neuroimaging into the prospective investigation of orthostatic 

blood pressure and cognitive outcomes at the population level.  Study IV investigates life 

course associations between stress and blood pressure instability and finds that exposure to 

childhood trauma may contribute to a lifelong vasovagal tendency - and therefore potentially 

to associations with poorer brain health in later life. 

 

Taken together, Studies I-IV suggest that greater blood pressure instability, even at 

subclinical levels, and as underpinned by the cardiovascular autonomic nervous system, may 

be on the pathway to poorer brain health in later life; although associations may differ 

according to sex and medication status. Furthermore, early life exposure to stress may be a 

life course determinant of blood pressure instability – thus further highlighting central 

regulation/ integration of the cardiovascular autonomic nervous system. Recognition of an 

important role for the cardiovascular autonomic nervous system in regulation of affect and 

cognitive function in later life potentially provides new therapeutic opportunities for 

promoting better brain health, for longer, in older adults. 
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1. INTRODUCTION 

 

The aim of this thesis is to provide new insights into the shared pathways by which the 

cardiovascular autonomic nervous system (ANS) underpins optimal regulation of affect and 

cognitive function in older adults. Based in two large population-based cohorts of ageing, 

this thesis presents four quantitative studies which variously employ cross-sectional, 

longitudinal and life course approaches to investigate associations between indices of blood 

pressure instability – orthostatic blood pressure, baroreflex sensitivity and vasovagal 

syncope – and markers of ‘brain health’ in later life: cognition, affect and structural integrity 

on MRI neuroimaging.  

 

This thesis embraces a continuum approach to the understanding of cognitive decline and 

affective symptoms in later life, whereby these are overlapping presentations with shared 

risk factors and neural substrates that progress gradually via subclinical stages towards a 

clinical diagnostic threshold (Figure 1.1).  In adopting this approach this thesis seeks to 

identify early/ sub-clinical associations between blood pressure instability and brain health, 

given that altering the trajectory of decline in brain health may be more successful if 

intervention is targeted at an early stage – ultimately allowing older people to maintain better 

brain health for longer.1 

 

A life course perspective is introduced in the final study to investigate associations between 

exposure to stress and blood pressure instability across the life span.  A life course approach 

acknowledges that both cardiovascular autonomic function and brain health in older adults 
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are underpinned by prior biological processes and environmental/ behavioural exposures – 

and that associations between brain health and blood pressure instability may be 

bidirectional across the life span. 

 

Chapter summaries: 

 

Background and literature review: 

The background to this thesis is presented in Chapter 1: Section 1.1 and provides an 

overview of the current state of knowledge regarding associations between usual BP and 

brain health in later life. Section 1.2 and Section 1.3 provide an overview of the proposed 

mechanisms linking cardiovascular autonomic function – with a focus on blood pressure 

instability – to brain health in later life.   

 

Chapter 2 reviews the evidence to date linking blood pressure instability (i.e. orthostatic 

hypotension, reduced baroreflex sensitivity and syncope) to brain health in older adults (i.e. 

cognitive function, affective symptoms (depression and anxiety) and structural 

neuroimaging outcomes). 

 

Quantitative studies:  

Chapter 3 investigates associations between orthostatic blood pressure and potential 

preclinical symptoms of dementia.  
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Study I:   ‘Sub-clinical orthostatic hypotension is associated with subjective memory 

impairment in older adults.’ 

 

Chapter 4 investigates baroreflex sensitivity and affective symptoms in older adults.  

Study II: ‘Baroreflex Sensitivity, Depression, Anxiety and Anti-depressant use in Older 

Adults’ 

 

Chapter 5 investigates orthostatic blood pressure and cognitive status in older adults. 

Study III: ‘Cognitive Status, Grey Matter Atrophy and Lower Orthostatic Blood Pressure in 

Older Adults.’   

 

Chapter 6 investigates pathways linking stress and blood pressure instability across the life 

course. 

Study IV: ‘Childhood Trauma and Lifetime Syncope Burden among Older Adults’ 

 

Summary, Limitations and Future Directions 

Chapter 7 concludes the thesis: Section 7.1 summarises the findings of the thesis and 

reviews its contribution to the literature on blood pressure instability and brain health. 

Section 7.2 reviews the limitations to the investigations presented herein. Finally, Section 

7.3 discusses potential directions for future work building on the findings of this thesis. 
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Figure 1.1: Thesis Framework. This thesis embraces a continuum approach to the 

understanding of cognitive decline and affective symptoms in older adults whereby these are 

overlapping presentations with shared risk factors and neural substrates that progress 

gradually via subclinical stages towards a clinical diagnostic threshold (e.g. Subjective 

Memory Impairment progresses via MCI to dementia). With increasing age there is a gradual 

accumulation of neuropathology (e.g. amyloid / cerebral small vessel disease), decreasing 

cortical function (e.g. decline in cognitive function and affect regulation) and cardiovascular 

autonomic function (e.g. increasing blood pressure instability – beginning with a decline in 

baroreflex sensitivity progressing to Orthostatic Hypotension). Peak function of the 

cardiovascular ANS and affect/cognition may be dictated by life course exposures including 

exposure to early life stress. 

 

Study I investigates cross-sectional associations between blood pressure instability and 

potential preclinical symptoms of dementia. Study II investigates cross-sectional 

associations between Baroreflex Sensitivity, Depression, Anxiety and Anti-depressant use 

in Older Adults. Study III investigates prospective associations between orthostatic blood 

pressure and Cognitive Status in Older Adults and explores the mediating effect of Grey 

Matter atrophy and White Matter Hyperintensities. Study IV investigates life course 

pathways linking stress and blood pressure instability. 

Study	i

Study	ii

Study	iii
Study	iv

Stress

Age

Sub-Clinical Diagnostic	threshold

Affect	regulation	/	cognition

ANS	function

Blood	pressure	instability

Neuropathology
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2. RESEARCH IN CONTEXT 

 

2.1. Blood Pressure and Brain Health 

 

Brain Health 

Key point: In older adults, impaired cognition, affective symptoms (i.e. depression and 

anxiety) and structural change on neuroimaging may be considered markers of poor brain 

health.  

 

Peterson proposed the term brain health to include, “cognition and the many factors 

impinging on it including…. the effects of hypertension… on brain structure and function…. 

psychosocial challenges, and dementia”.2 While according to Sacco, “the broader spectrum 

of brain health encompasses stroke, dementia, vascular cognitive impairment, cognitive 

ageing, age-related memory loss, vascular functional impairment, and subclinical vascular 

diseases including white matter hyperintensities, brain atrophy, silent brain infarctions, and 

cerebral microbleeds”.3 Poor brain health thus represents a leading cause of population 

morbidity4, reflecting often overlapping clinical presentations including dementia (e.g. 

Alzheimer’s (AD) and Vascular Dementia (VaD)), decline in cognitive performance, and 

affective symptoms (e.g. late life depression and Generalized Anxiety Disorder). 
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Structural Neuroimaging Markers of Brain Health 

Key point: White Matter Hyperintensities and Grey Matter Atrophy are common findings 

on MRI neuroimaging in older adults, and increase with age. 

 

Common features of cerebral small vessel disease which can be detected on MRI structural 

neuroimaging (as defined according to the 2013 Standards for Reporting Vascular changes 

on Neuroimaging (‘STRIVE’)5) are displayed in Figure 2.1. With increasing age, such 

abnormalities accumulate and may, or may not, be accompanied by clinical symptoms.6 For 

more than two decades, WMH and loss of GM volume have been two of the most commonly 

investigated structural neuroimaging outcomes in population-based cohort studies of older 

adults.7–9 WMH are a key marker of cerebral small vessel disease in older adults.5 In the 

STRIVE guidelines GM atrophy has also been described as a feature of cerebral small vessel 

disease.5 

 

GM atrophy and WMH may contribute to the neural basis of impaired cognition and 

affective symptoms in older adults.7 For example, WMH and GM atrophy are associated 

with an increased risk of dementia and major depressive disorder10; in addition they may 

coexist with elevated amyloid.11–13 Such overlap in neuroimaging characteristics thus 

mirrors the blurred clinical and neuropathological boundary between AD, VaD and affective 

symptoms in older adults.5,14 
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Neuroimaging acquisition and analysis 

Grey matter and white matter change on MRI may be assessed visually, semi-quantitatively 

or entirely via automated methods.8,9 Sensitivity of MRI neuroimaging to cerebral small 

vessel disease may vary: secondary to image acquisition (scanner type, magnet strength, 

acquisition sequence/protocol e.g. thicker slices and larger gap intervals), and/or due to the 

analysis protocol15; both may vary even within the same study.16 Heterogeneity in the 

terminology used to report neuroimaging characteristics ascribed to cerebral small vessel 

disease however has begun to be addressed by the STRIVE guidelines.5 Many of the most 

influential studies (e.g. Cardiovascular Health Study) are now decades old and thus limited 

by low MRI strength, variability between centres in image acquisition, analysis and 

reporting.16 Such limitations extend to the majority of the investigations which have 

previously examined associations between blood pressure instability and structural MRI 

neuroimaging outcomes – these are reviewed in Chapter 2. 
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Figure 2.1: Examples of cerebral small vessel disease on MRI neuroimaging. Image 

from Wardlaw et al5 as defined according to STRIVE (i.e. Standards for Reporting Vascular 

changes on Neuroimaging): FLAIR=fluid attenuated inversion recovery; DWI = diffusion-

weighted imaging; GRE= gradient recalled echo; SWI= susceptibility-weighted imaging. 
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White Matter Hyperintensity 

The terminology used to describe white matter lesions visible on structural neuroimaging 

varies, and has often been used interchangeably in the literature. For example, the term ‘

leukoaraiosis’ was initially used to describe hypodense lesions visible on Computed 

Tomography of the brain; however the same lesions on MRI of the brain in T2 weighted 

sequences are hyperintense.9 The most commonly used imaging techniques for the 

assessment of WMH burden are T2-weighted MRI, and fluid-attenuated inversion recovery 

(FLAIR) MRI.17  

 

Although among older adults WMH are most often attributed to cerebral small vessel 

disease, the pathological correlates and aetiology of WMH may vary and remain 

incompletely elucidated.14 Few neuropathological studies exist which make direct 

comparisons between lesions seen on imaging and post-mortem histopathology.14,18 

Definitive studies which would prove the neuropathological associations of WMH i.e. brain 

biopsy, are of course not feasible in humans and animal models remain inadequate.18 WMH 

may reflect myelin degradation, however even this is uncertain.18 WMH tend to occur in 

characteristic locations: as ‘rims’ around the lateral ventricles (i.e. periventricular lesions 

(‘PVL’)) which tend not to progress, and in the subcortical 'deep white matter' (‘deep 

WMH’) which tend to occur initially as punctate foci but which may progress to become 

confluent and involve large areas of the white matter.9,18 WMH may also be associated 

with areas of infarction and may be more common in regions lacking adequate 

anastomosis.18  Some may have an inherited predisposition to WMH, however specific 

genetic associations remain unceratin.5  
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Grey Matter 

Grey matter (GM) atrophy may affect the whole brain, or be focal. The most commonly used 

imaging technique to visualize GM is T1-weighted MRI17; this provides a high degree of 

contrast between tissue types i.e. GM vs WM vs. CSF. Tissue segmentation in most modern 

analyses at population scale is automated and performed using an imaging software 

platform.19 Loss of GM volume is a feature of the ageing brain and this accelerates after 50+ 

years.20 GM atrophy likely reflects loss of neuronal integrity and reductions in synaptic 

density.20 There may be substantial regional variation in volume loss with ageing, for 

example loss of GM in the frontal lobes may occur first and at the fastest rate.21 Specific 

patterns of regional atrophy may be associated with neurodegenerative disorders. For 

example, both global and medial temporal lobe atrophy have been shown to increase risk of 

conversion from MCI to dementia10; specifically hippocampal atrophy is classically 

associated with impaired memory performance and risk of AD.20,22 The STRIVE guidelines 

include GM atrophy as an indicator of cerebral small vessel disease however it remains 

uncertain as to how vascular lesions mediate secondary brain atrophy.5  
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Age Related Change in Blood Pressure and Brain Health 

Key point: Blood pressure changes with age and hypertension is a key risk factor for 

poorer brain health. 

 

Many vascular risk factors are also risk factors for poorer brain health, although primary 

among these perhaps is hypertension. As noted by Hajjar, “The adverse effect of 

hypertension on health and ageing surpasses its effect on cardiovascular morbidity and 

mortality. Hypertensive individuals are at increased risk of dementia, depression, physical 

disability, and falls.”23  

 

The population surveillance definition of hypertension is BP >=140/90mmHg.24 In 

industrialised nations both mean systolic BP (SBP) and diastolic BP (DBP) increase with 

age; this increase accelerates from the fourth decade (Figure 2.2).25,26 Average BP however, 

is lower in women until the menopause after which the difference in mean BP between men 

and women is lost.27 Mean population SBP continues to rise until the seventh/eighth 

decade.25 Beyond 50 years however there is a decrease in DBP resulting from increased 

large vessel stiffness which is reflected in a widening of pulse pressure.28  From the 

seventh/eighth decade the population mean SBP also begins to decrease25; the causes and 

clinical consequences of this later life decrease in BP are debated in particular with respect 

to implications for brain health in older adults.29–31 
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Figure 2.2: Change in Systolic Blood Pressure with Age.  

Data from Wills et al25 depicting change in Systolic Blood Pressure (mmHg) with age and 

rate of increase (mmHg/year) in men (A) and women (B) in eight UK cohorts. (‘Life Course 

Trajectories of Systolic Blood Pressure Using Longitudinal Data from Eight UK Cohorts. 

Wills et al. PLOS Medicine 2011’) 

 

 

 

Associations between Blood Pressure and Cognition may be age-dependent 

Key point: Mid-life hypertension has been highlighted as a key risk factor for dementia 

however the relationship between late life blood pressure and cognition is less clear.  

 

Altered BP regulation has been associated with both AD and VaD.32,33 While AD accounts 

for 60-80% of all dementia diagnoses, clear boundaries between AD and VaD are 

increasingly questioned e.g. at post-mortem, neuropathological findings attributable to both 

vascular and amyloid pathology are common.14,32 Increasingly, a ‘continuum’ approach is 

taken in dementia research. In the 2011 revision of diagnostic guidelines, the National 

Institute on Aging Alzheimer’s Association moved from a categorical diagnostic system to 

a ‘staging’ model which reframed Alzheimer’s dementia as Alzheimer’s disease.34 This 

reflected an improved understanding of the gradual accumulation of neuropathology 
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(beginning decades prior to the emergence of symptoms) and that pathological cognitive 

decline occurs sequentially.35 There have also been efforts to revise diagnostic guidelines 

for VaD in line with a cognitive continuum approach; this is underscored by the term, 

‘Vascular Cognitive Impairment (VCI)’ which is proposed as, “a syndrome with evidence 

of clinical stroke or subclinical vascular brain injury and cognitive impairment affecting at 

least one cognitive domain”.36,33  

 

A 2011 systematic review examined the available evidence on associations between 

hypertension and VaD.37 Sharp and colleagues combined results from five longitudinal 

studies (providing information on 425 participants with incident VaD and 7698 controls), 

together with evidence from cross-sectional prevalence studies and concluded that 

hypertension was a ‘strong’ risk factor for incident VaD.37 Among the prospective studies 

subjected to meta-analysis, median follow-up was less than five years and hypertension was 

examined only as a binary-exposure (i.e. yes/no) - ascertained either by self-report and/or a 

single measurement.37  

 

Another 2011 systematic review and meta-analysis examined associations between 

hypertension and AD, however the conclusions were more circumspect.38 No significant 

associations were found between hypertension and risk of AD when combining results from 

18 studies on 19 populations, irrespective of the definition of hypertension used (i.e. self-

report or objective measure). However, age-stratified analysis suggested a potential age-

dependent association, such that hypertension in mid-life but hypotension in later life (i.e. 

after 65) may increase risk of AD. Notably however, ‘mid-life’ was considered as 

hypertension prior to 65 years.38 
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The first large population study to describe the link between mid-life hypertension and later 

life cognitive function was the Honolulu Heart Study/Honolulu-Asia Aging Study. Japanese 

American men who had had BP measured in the 1960’s (when aged between 45-55) 

underwent cognitive testing and dementia ascertainment in the 1990’s.39 Follow-on 

investigations from the same cohort - incorporating neuroimaging and neuropathology 

studies - have since suggested associations between higher mid-life vascular risk and brain 

change, including markers of cerebrovascular small vessel disease on MRI and amyloid 

deposition at post-mortem.40–42 

 

Similarly, recent work in the Atherosclerosis Risk in Communities Study (ARIC) 

investigating change in cognitive function has demonstrated that those with higher mid-life 

SBP (45-55years) have a steeper rate of cognitive decline into later life – a decline which 

occurs independently of BP in later life.43 This has been followed by work showing similar 

relationships with the proposed subclinical neural markers of cognitive risk, including 

greater GM atrophy, white matter change, and amyloid deposition.44–46 For example in 

ARIC, compared to participants with normal BP throughout follow-up, participants who had 

had mid-life hypertension followed by late life hypotension had substantially smaller 

volumes in brain regions classically affected early in AD – including the hippocampus.45 

 

The AGES (Age, Gene/Environment Susceptibility study): Reykjavik Study followed 4057 

participants who had BP and vascular risk factors measured in both mid (mean age 50 years) 

and later life (mean age 76 years).47 The investigators reported that the relationship between 

late life MRI outcomes was dependent on whether the participants had been exposed to 

hypertension in mid-life.47 In participants with a history of mid-life hypertension, lower late-

life DBP was associated with smaller total brain and GM volumes and lower memory scores. 



15 

 

In participants without a history of mid-life hypertension, higher SBP and DBP in later-life 

was associated with an increased risk of cerebral small vessel disease: white matter lesions 

and cerebral microbleeds.47  

 

In studies focused on later life, lower BP has often been highlighted as a risk factor for 

dementia.30,31,48 For example, the Swedish Kungsholmen Project followed 1736 participants 

longitudinally (mean age at baseline 86 years), performing two follow-up cognitive 

assessments over three years, and reported an association between late life hypotension and 

dementia - higher baseline SBP and DBP were associated with better (higher) MMSE scores 

at follow-up.49 More recently, the US based ‘The 90+ Study’ similarly reported an apparently 

protective effect of higher BP in later life.50 559 participants without dementia at baseline 

were followed every 6 months for up to 10 years, the average age at baseline was 93.2 years 

and the majority of the sample were women. Just under 50% developed dementia; but 

dementia risk was lower among those participants in whom hypertension emerged only in 

later in life (>80 years).50  

 

Given the associations between BP and cognition, a number of studies have attempted to 

clarify the impact of modification of BP levels by anti-hypertensive treatment on cognitive 

outcomes. No conclusive evidence for a beneficial effect has been provided – as concluded 

by a 2009 Cochrane review of randomised double-blind placebo-controlled trials.51  The 

Systolic Hypertension in Europe (SYST-EUR study), Perindopril Protection against 

Recurrent Stroke Study (PROGRESS) and Heart Outcomes Prevention Evaluation (HOPE) 

trials did suggest a potential beneficial impact on cognitive outcomes52, however others such 

as the Hypertension in the Very Elderly (HYVET) trial did not.53 Uncertain benefits on 

cognition in later life have been attributed variously to age at intervention (i.e. later life rather 
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than mid-life), duration of treatment, and neuroprotective effects specific to antihypertensive 

class.52,54 For example, it has been hypothesised that calcium channel blockers may be 

particularly beneficial in the prevention of cognitive decline secondary to a positive impact 

on BP variability.55 

 

Blood pressure and affective symptoms  

Key point:  Affective symptoms in older adults have been associated with both high and 

low blood pressure; relationships may be bidirectional across the life course. 

 

Depression and anxiety occurring in older adults may differ from that experienced by 

younger adults56, although reviews are conflicting.57 For example, among older adults 

subjective reports of low mood may be less common (‘depression without sadness’) and 

features such as somatisation and overlap with physical co-morbidity may complicate 

diagnosis and treatment.56,58 Aetiological factors may also vary between affective disorders 

occurring for the first time in later life versus those with an earlier onset. Thomas et al 

concluded that late-life depression differs from depression in earlier life in three key ways: 

increased treatment resistance, associations with WMH on structural neuroimaging, and 

cognitive dysfunction characterised by increased impairment on tests of executive 

dysfunction.57 The concept of ‘early-’ vs ‘late-’ onset depression is, however, somewhat 

controversial given uncertain differences in symptoms, debate over the accuracy of recall of 

prior episodes and a lack of studies with sufficient periods of longitudinal follow-up i.e. from 

early life into later life.59  
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Data from TILDA has previously shown high levels of affective symptoms among older 

adults in Ireland. In Wave 1, 10% of adults reported clinically significant levels of depressive 

symptoms, while 13% reported anxiety symptoms potentially meeting a clinical threshold.60 

Investigations of trajectories of change in depressive symptoms have suggested a decline or 

U-shaped relationship with age61; rates of worry however tend to increase among older 

adults.58  In TILDA a further 18% and 29% reported ‘sub threshold’ symptoms of depression 

and anxiety respectively.60 This is important, as despite not meeting a threshold for clinical 

diagnosis, such symptoms may nevertheless be associated with poor functional outcomes.62 

In the Longitudinal Amsterdam Study of Ageing (LASA), those older adults experiencing 

sub-clinical or subthreshold symptoms had outcomes in line with those experiencing case-

level depressive symptoms; men with DSM-IV defined ‘minor’ depression had a higher risk 

of mortality.63 Such findings are in keeping with an understanding of psychopathology as 

occurring along a continuum in the population; symptoms of depression and anxiety 

(affective symptoms) overlap and likely occur along a spectrum of severity.62,64–67  Despite 

high levels of co-morbidity in later life however, depression and anxiety are often examined 

in isolation and/or symptoms of anxiety are neglected entirely; for example limited 

information is available with respect to associations between vascular risk, structural 

neuroimaging changes and anxiety in later life.68 As in younger samples, both anxiety and 

depressive disorders in older adults are more common among women.58,69 

 

Since the seminal publication by Alexopoulous 20 years ago70, the ‘vascular depression 

hypothesis’ has been the predominant driver of research on depression in later life; it states 

‘cerebrovascular disease may predispose, precipitate or perpetuate some geriatric 

depressive syndromes’. Multiple studies have reported associations between vascular disease 

and depression in later life, however the underlying mechanisms remain incompletely 
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understood.71 A 2013 systematic review and meta-analysis synthesised the available 

evidence on the role of traditional vascular risk factors on late life depression.72 Twenty-six 

studies were included and the authors concluded that there was a strong association between 

cardiovascular disease, diabetes, stroke, and composite vascular risk scores (whereby 

composite vascular risk scores from each study were summarised as reflecting low vs high 

levels of vascular risk) and depression in later life; but not with hypertension, smoking or 

dyslipidaemia. The authors suggested that further evidence from large longitudinal 

epidemiological studies, including neuroimaging, was required to understand the role of 

vascular risk in late life depression.72 

 

In the Health ABC cohort study of community-dwelling older adults, although cumulative 

vascular risk scores (which included hypertension) were associated with depression, 

longitudinally higher BP (when examined in isolation) was not.73 A prior cross-sectional 

report in the same cohort had suggested however that hypertension was associated with 

increased odds of experiencing anxiety in older adults.74 A more recent population-based 

German cohort study which investigated both depression and symptoms of generalised 

anxiety in 3124 older adults aged 57–84, suggested that hypertension (defined by primary 

care diagnosis, medication use, or a home BP measurement) was related to symptoms of 

depression but not anxiety. The analysis did not allow conclusions to be drawn as to the 

temporal nature of the association.75  

 

Taylor has described evidence of WMH’s on neuroimaging as the ‘radiological hallmark’ of 

vascular depression in older adults.76 A 2008 systematic review and meta-analysis of WMH 

in late life depression included 30 eligible studies and concluded that late life depression was 

characterised by more frequent white matter abnormalities, and relationships were stronger 
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for those with late-onset rather than early-onset depression.77 White matter change on MRI 

has also been linked to subclinical depressive symptoms in later life in the Whitehall study.78 

A 2013 systematic review and meta-analysis of MRI studies investigating structural GM in 

late life depression, concluded that there was evidence for a small but significant difference 

in GM volume (i.e. greater atrophy in limbic, including the hippocampus, and frontal-

subcortical regions in late life depression).79  

 

There is also however, substantial evidence for reciprocal associations between affective 

symptoms and vascular risk across the life span. Meta-analyses have linked both anxiety and 

depression to an increased risk of CVD.80  A meta-analysis of 37 papers (extending to studies 

including those 65+) including over 1 million participants, reported that anxiety was 

associated with a 52% increased incidence of CVD – a risk which was independent of 

traditional risk factors and depression.81 With respect to BP specifically, in the Whitehall 

cohort when depressive symptoms and BP were assessed repeatedly over time (5 waves of 

follow-up spanning 24 years), recurrent depressive symptoms across mid-life were linked to 

an increased risk of incident hypertension.82 In another large epidemiological study based in 

Norway however, symptoms of depression and anxiety were prospectively linked to future 

hypotension over 22 years of follow-up.83 Thus the links between affective symptoms and 

BP are complex and likely bi-directional.   

 

A recent systematic review by Briggs84 and colleagues investigated the relationship between 

hypotension and depression in late life depression. The authors described support in cross-

sectional studies investigating hypotension and depression, however longitudinal studies 

were lacking.84 Furthermore, it was noted that comparison between studies was difficult due 

to differences in the methods used to assess both BP and outcome variables.  In TILDA 
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Briggs has since reported that incident case-level depressive symptoms are more common 

in those with baseline hypotension.85 The analysis however did not account for variation in 

baseline depressive symptoms i.e. risk of incident depression may be higher in those with 

subthreshold level symptoms at baseline.85 

 

The relationship between BP and affective symptoms in older adults may be confounded by 

the cardiovascular side-effects of antidepressants. Antidepressants are commonly prescribed 

to treat both depressive and anxiety disorders in older adults, and rates of prescription in this 

demographic are increasing.86 The impact of antidepressants on BP however is controversial. 

For example, a 2009 cross-sectional analysis of the Netherlands Study of Depression and 

Anxiety, assessed both BP and affective symptoms. 2981 middle–aged participants (mean 

age 40.9 years; age range 18-64 years) were categorised according to affective disorder 

status and antidepressant treatment (ADT) i.e. controls (no history of anxiety or depression; 

not on antidepressants), ‘cases’ not on treatment: (anxiety or depression but no ADT) and 

‘cases’ on treatment (anxiety or depression and in receipt of ADT).87 The authors reported 

that participants with anxiety had higher mean DBP, while participants with depression had 

lower SBP. The investigators however, also reported an independent effect of ADT on BP – 

those on tricyclic antidepressants (TCA) or serotonergic and noradrenergic re-uptake 

inhibitors (SNRI) were more likely to have hypertension. The authors suggested the effects 

of ADT on BP were explained by their effects on the ANS, as demonstrated by lower 

respiratory sinus arrhythmia in those participants also on ADT.87 In line with such findings, 

O’Regan and colleagues also reported that those on antidepressants in the first wave of 

TILDA had lower heart rate variability (HRV) but that effects varied according to 

antidepressant class. However, in a subsequent prospective study in the Rotterdam cohort 



21 

 

including over 11,000 participants, a negative impact on autonomic function (as assessed via 

HRV) was restricted to those on TCA.88 

 

Blood pressure variability and brain health 

Key point:  Greater within-person variability in blood pressure may impact brain health 

over and above usual blood pressure 

 

In 2010, in a series of Lancet papers Rothwell challenged the conventional understanding of 

risk associated with mean BP, emphasising the associations between stroke and blood 

pressure variability.89 Rothwell defined BP variability as, “the variation in blood pressure 

with time, either the overall variability during a period of time (SD or coefficient of 

variation) with or without adjustment for time trends in underlying mean blood pressure 

(residual SD) or the average absolute difference between adjacent readings (successive 

variation).”89 

 

In a 2015 narrative review by Nagai the evidence linking within-person BP variability to 

dementia suggested that cerebral small vessel disease and arterial remodelling were shared 

aetiological factors for BP variability and dementia.90 The studies highlighted in the review 

included a 2014 report from the Three City Study in which Alpérovitch et al91 examined 

6506 participants aged 65+ at baseline. During a follow-up over 8 years a total of 474 

participants developed dementia. The majority of participants were assessed 3 times in total 

with an interval of two years between measures. In survival models, higher visit-to-visit SBP 

variability, but not mean SBP, was associated with incident dementia (1.77 times the risk in 

the highest decile of variability vs the lowest).91 
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The prospective Three City study has also described associations between BP and affective 

symptoms in the older adults. In 1454 participants (mean age 78 years) baseline GAD (as 

assessed at clinical interview) was associated with greater visit-to-visit variability in SBP 

over 8 years of follow-up but baseline depression was not.92 However, in a study which 

investigated 328 patients with hypertension, those with case-level depressive symptoms 

(according to the CES-D) had greater day-to-day BP variability (assessed by home 

monitoring) over 14 days.93 In an editorial piece discussing these findings Kario and 

colleagues outlined the potential role of psychological factors in determining BP variability, 

suggesting that variation in BP induced by psychological stress may be particularly 

detrimental to cerebrovascular health.94  

 

Cognitive impairment and affective symptoms may co-occur in later life   

Key point: In later life affective symptoms may be prodromal markers of dementia. 

 

Increased affective symptoms in later life have been proposed as occurring along the 

continuum towards dementia – either as a prodromal feature of an emerging neurocognitive 

disorder, or as an independent risk factor. The direction of causality is uncertain; impaired 

cognition (particularly executive dysfunction) is a common finding in older adults with 

depression.76  

 

In a 2013 review of studies investigating associations between affective symptoms in older 

adults and dementia, Diniz et al reported that late-life depression was associated with an 

increased risk of all-cause dementia (i.e. both AD and VaD), but the risk of VaD was higher 

than that for AD.95 Anxiety has also been associated with an increased risk of cognitive 

impairment and dementia in the community, but in at least one study did not predict 
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conversion to dementia from MCI.96 Furthermore, in older adults anxiety and depressive 

symptoms have been associated with brain imaging changes linked to cognitive decline, 

including white matter change97,98, regional GM atrophy, and higher amyloid load.99  

A comprehensive study from the longitudinal occupational Whitehall cohort measured 

depressive symptoms in participants followed over 28 years.100 Dementia diagnosis was 

ascertained via electronic health record linkage. Depressive symptoms began to increase, on 

average, over a decade prior to dementia diagnosis. The authors concluded therefore that 

depressive symptoms were more likely to represent a prodromal symptom rather than an 

independent risk factor for dementia. Results were robust to use of either the General Health 

Questionnaire or the CES-D to assess depressive symptoms.100  

 

Subjective Memory Impairment 

Subjective Memory Impairment (SMI) is a common clinical presentation which serves to 

further highlight the overlap between affect and cognition in older adults. Accumulating 

evidence suggests that an older adult’s subjective report of impaired cognition - even in the 

setting of normal cognitive testing - may be a risk marker for future pathological cognitive 

decline and dementia.101 With the move to understanding dementia as occurring along a 

continuum, there has been increased interest in SMI as one of the earliest and most readily 

identifiable features of future dementia.102 Indeed it has been hypothesised that SMI reflects 

pathological processes occurring in the brain to which cognitive testing may not be sensitive 

- in particular among those with higher baseline cognitive function.103 

 



24 

 

The overlap with between SMI and affective symptoms and/or personality traits such as 

neuroticism, have led to debate about its validity.104 A recent large scale study of over 40,000 

participants aged 45-64 years among whom SMI was rated according to a 5-point Likert 

scale, reported that vascular risk factors were only weakly associated with SMI, but there 

was a strong association between SMI and psychological stress.105 Vascular risk however 

was self-reported. Multiple studies have by contrast described associations between 

objective biomarkers and SMI, including associations with WMH106, GM atrophy107, and 

amyloid on PET imaging.108 Furthermore, in the context of the literature on affective 

symptoms as prodromal symptoms of dementia, overlap between SMI, depression and 

anxiety may be informative. A recent meta-analysis synthesising results from 28 studies 

(N=29,723; mean age 71.6 years) reported that the risk of conversion from SMI to MCI, and 

from SMI to dementia was 2.3% and 6.6% per year respectively, over a median follow-up 

of 4.8 years (the longest follow-up study included spanned over 8 years).109 Relative to those 

free from concerns, those with SMI had twice the risk of dementia diagnosis. Whatever the 

association with dementia risk, SMI is common in older adults and is associated with both 

increased distress and lower quality of life.102,110  

 

With respect to BP, SMI has been associated with both hypertension and hypotension. In an 

early report from the Rotterdam cohort (N=111), significant positive associations were 

reported between hypertension and WMH in those aged between 65-74 years; in turn, those 

with WMH were more likely to experience both objective and subjective cognitive 

impairment.111 More recently, in a clinical study which examined SMI (using a standardised 

questionnaire) in a group of patients with hypertension, those with higher levels of ‘cognitive 

complaints’ also had greater levels of cerebral microbleeds on MRI.112  SMI, assessed using 

the Subjective Cognitive Failures Questionnaire, has also been linked to greater cerebral 
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microbleeds on MRI in the RUN DMC cohort (a cohort of participants with known cerebral 

small vessel disease).113 

 

In a further clinical investigation of 378 hypertensive patients with SMI aged 60+ (mean age 

70.4 years), those who were treated with calcium channel blockers versus other classes of 

antihypertensive, had higher scores on objective memory testing.55 Patients on treatment 

with a calcium channel blocker also had the highest mean BP among the patients in the 

study.55 Similarly, participants with ‘moderate SBP’ (i.e. 120-160mmHg seated) in the 

Norwegian-based Nord-Trøndelag Health (‘HUNT’) Study had greater SMI than those with 

‘high’ SBP (>=160mmHg).114 Furthermore, men (but not women) with the lowest SBP 

(<120mmHg) had the greatest levels of SMI. Amlodipine (a Calcium Channel Blocker) was 

the second most commonly prescribed antihypertensive during the time period of the study. 

In the HUNT study as a whole, SMI was more common among men than women.115 Notably 

however, although the HUNT study had a comprehensive measure of SMI, no objective 

cognitive tests were available.  

 

In a sample of 280 patients (mean age 78 years) with SMI,  intermittent episodes of 

hypotension (BP<100mmHg) on 24 ambulatory BP monitoring, in combination with white 

matter change on CT and increased arterial stiffness, were associated with cognitive decline 

as assessed on MMSE over a follow-up period of 15 months.116 SMI may indicate subclinical 

vascular risk; in over 9000 participants from the Rotterdam cohort who were under 

surveillance for stroke, Sajjad et al showed that those with greater levels of SMI at baseline 

were at greater risk for future stroke.117 Interestingly, this association was strongest in those 
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with higher educational attainment, in whom objective cognitive impairment may be less 

evident on standard neuropsychological testing.117  
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Sex differences in Brain Health  

Key Point: Sex differences in brain health are poorly understood  

 

The greater burden of poor brain health in older adults is borne by women: dementia, stroke 

and affective symptoms are each more prevalent among older women.118,119 For example, in 

the Framingham study the estimated lifetime risk of stroke and/or dementia was 1 in 3 among 

women but 1 in 4 among men; the authors concluded that these sex differences were a 

function of longer survival in women.120 Other evidence however suggests that identifying 

and understanding sex-differences beyond differences in life expectancy may be important 

in more appropriately targeting treatment and prevention strategies.118,121 Sex differences in 

brain health among older adults remains poorly understood121; notably, many studies 

investigating brain health outcomes often simply correct (or ‘adjust’) for sex rather than 

investigating the potential moderating effects of sex.17  

 

The life course accumulation of risk may be important in understanding sex-differences in 

brain health in older adults; exposures and/or resilience may differ as a function of biological 

sex and/or gender.118,121 For example, sex-differences in psychopathology emerge from early 

life: disorders such as autism, ADHD and dyslexia are more common among males, while 

from early adolescence women are more likely to experience affective symptoms - with 

approximately twice the life time risk compared to men.122 Cumulative exposure to greater 

affective symptoms may increase risk of cognitive impairment in later life.123  
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Sex-specific biological exposures including age at menarche, pregnancy and menopause 

may also impact brain health.124–126 For example, GM change (although not necessarily 

pathological) has been described after pregnancy.127 A history of pre-eclampsia has been 

linked to greater WMH, GM loss and both subjective and objective cognitive impairment in 

older women.128–130 Furthermore, brain integrity and development is modifiable by 

experience, thus differences in exposure according to gender rather than simply biological 

sex may be important.6,121 In this context, cohort effects may also be relevant; for example 

increasing educational attainment among women has been suggested as a possible factor in 

reducing incidence of dementia, in addition to better management of cardiovascular risk 

factors including hypertension.118 Although in Europe rates of cardiovascular disease are 

similar among men and women (~one in five men and one in five women die from ischaemic 

heart disease), there may be gender differences in presentation, treatment received and 

outcomes131,132, with potential implications for later life brain health.  

 

Sex differences in later life brain health may also arise from life course differences in BP 

regulation – differences likely underpinned by reproductive hormones - the best studied of 

which is oestrogen.133 In addition to putative direct neuroprotective effects, which have been 

consistently demonstrated in animal models but which remain unclear in women, oestrogen 

has positive effects on vascular function.134,135 For example, oestrogen augments β-

adrenergic activity and nitric oxide which promote endothelial function and vasodilation.133  

 

While hypertension is less common among women until after the menopause, pre-

menopausal women who do experience hypertension may have more significant end-organ 

sequelae than age-matched men.136 For example, in a cohort of adults in whom BP was 
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measured twice in early mid-life, incident hypertension (by age 43 years) was associated 

with an increased risk of dementia in later life among women but not in men.136 

 

Sex differences may also be evident on structural neuroimaging in older adults; sex 

differences in the prevalence of WMH have been described.17 In a large, population-based 

cohort (the Mayo Clinic Study of Aging) women had a greater prevalence of WMH,  but 

cortical infarctions were more common in men.17 While in the Framingham study, DeCarli 

et al showed that the yearly rate of GM loss as a percentage of head size was faster in men 

than in women – in particular in the frontal and medial temporal lobes.20 Sex differences in 

structural brain ageing may be mirrored by sex differences in verbal memory and search 

speed, with women out-performing men on these tests from mid-life.137 Well characterised 

sex-differences in certain cognitive domains (i.e. men may on average have advantages in 

visuospatial skills and women in tests of verbal memory) present from early life may persist 

in older adults.138 Advantages in verbal memory however, may render the diagnosis of AD 

in women more difficult, thus potentially delaying intervention.139 

 

Sex differences may also be present in the preclinical and prodromal stages of dementia. 

Men may be more likely to report SMI, at greater levels of severity than women.115 In men, 

SMI may more accurately reflect objective cognitive performance140,141, nevertheless 

women with SMI may be more likely to progress to dementia.141 With respect to MCI, some 

studies suggest there may be a higher prevalence and incidence of MCI in men compared to 

women (as shown in the Mayo Clinic Study of Ageing)142,143, but women may have a faster 

rate of conversion from MCI to dementia, as demonstrated over 8 years of follow-up in the 

Alzheimer's Disease Neuroimaging Initiative Study.144 After diagnosis, there may be 
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variability between the sexes in the presentation of behavioural and psychological symptoms 

of dementia; for example, men may be more likely to display aggressive behaviours relative 

to women.118 Finally, women tend to live for longer with dementia regardless of diagnosis 

subtype.145 

In summary: 

In face of an ageing population, conditions associated with poorer brain health in later life 

represent an important and growing public health burden. Impaired cognition and affective 

symptoms may be markers of declining brain health in older adults. White Matter 

Hyperintensities and GM Atrophy are common findings on MRI neuroimaging in older 

adults; and tend to accumulate with increasing age. Blood pressure dysregulation increases 

with age and is a key risk factor for poorer brain health; however associations between BP 

and brain health may be age-dependent. Mid-life hypertension has been highlighted as a key 

risk factor for dementia, but the relationship between later life BP and cognition in older 

adults is less clear. Affective symptoms have been associated with both high and low BP in 

older adults and across the life span; relationships may be bidirectional. In later life cognitive 

and affective symptoms often overlap: SMI is an important clinical example. There are sex 

differences in BP change with age and in the prevalence of dementia, affective symptoms 

and structural changes on MRI – yet sex differences in brain health in later life remain poorly 

understood.



31 

 

2.2. Autonomic Nervous System, Blood Pressure Instability and 

Brain Health in Older Adults 

 

Blood Pressure Instability 

 

Rothwell has defined blood pressure instability as: 

‘transient fluctuations in blood pressure, usually in response to a specific stimulus 

such as change in posture, emotional stress or pain. Instability contributes to overall 

variability and will often have similar clinical associations, such as arterial stiffness and 

baroreceptor dysfunction. However, instability differs from variability in that it refers 

specifically to sudden changes in blood pressure, the consequences of which might differ 

from more gradual fluctuations.’89 

 

In this section, I introduce the cardiovascular ANS and provide an overview of the proposed 

mechanisms linking cardiovascular autonomic function to brain health in later life. The focus 

is on the role of the baroreflex in regulation of short term BP, and BP instability as 

manifested in orthostatic BP fluctuations and reflex syncope.  

 

A ‘life course’ framework is then introduced in Section 1.3 to provide context for the 

investigation of the associations between psychological stress and short-term BP instability 

across the life span. This acknowledges that cardiovascular autonomic function in older 
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adults is, at least in part, a function of biological processes and environmental / behavioural 

exposures occurring earlier in life. 

 

Autonomic Nervous System 

The ANS has been described by Guyenet as, ‘a collection of afferent and efferent neurons 

that link the central nervous system with visceral effectors’.146 It is of fundamental 

importance to regulation of the cardiovascular system via sympathetic and parasympathetic 

divisions e.g. influencing HR and BP.147,146 Sympathetic efferents have activating functions 

on the cardiovascular system (e.g. increasing HR and peripheral vasoconstriction), while the 

parasympathetic division regulates vegetative function (e.g. decreasing HR and lowering 

cardiac contractility).147  

 

Classically, the ANS is tasked with maintaining physiological ‘homeostasis’ in response to 

external / environmental stressors and thus (mis-)understood to maintain equilibrium around 

a single set-point. Increasingly however the ANS is understood,  as per Captur, to maintain 

‘not stability, but adaptive variability’148; or as suggested by Thayer149 its role is to promote 

a ‘dynamic balance’ e.g. lower BP when at rest overnight versus a higher day time mean; or 

increased BP in response to cognitive challenge. 
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Cardiovascular Autonomic Nervous System and blood pressure regulation 

Key point:  The ANS is of fundamental importance to blood pressure regulation.  

 

Blood pressure regulation involves a complex interplay between cardiovascular, renal, 

neural, endocrine, and local endothelial mechanisms.150 The ANS is key in determining BP. 

For example, an increase in sympathetic tone has been described as a hallmark of 

hypertension146. While the mechanisms underpinning the ANS contribution to long term BP 

regulation remain incompletely understood, the contribution of the ANS to short term, or 

beat-to-beat, BP regulation has been more clearly elucidated.150 

 

Baroreflex 

Key point:  Short term (beat-to-beat) regulation of BP is facilitated by the arterial 

baroreflex 

 

The baroreflex has vascular, cardiac and central components (Figure 2.3).151 Vascular 

baroreceptors are located in the intima of the aortic arch and the carotid artery. They are 

stretch sensitive receptors which buffer acute changes in BP.152 A sudden drop in BP 

‘unloads’ the baroreceptors which activates afferents via the IX (glosspharyngeal) and X 

(vagal) nerves to the nucleus tractus solitarius  in the vasomotor centre of the medulla located 

in the brain stem.153,154 Efferents relay via the nucleus ambiguous to the sinoatrial node and 

reduce parasympathetic (or vagal) outflow thus increasing HR, and via the rostral 

ventrolateral medulla to increase muscle sympathetic nerve activity thus increasing 

peripheral vascoconstriction.153 There may additionally be projections to higher cortical 
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regions of the brain.155 In animal, and in human clinical (e.g. post-surgery) models, 

baroreceptor loss is accompanied by extreme variability of BP.152,153  

 

 

 

Figure 2.3: The Baroreflex.  

From Freeman R et al 2008154 depicts the baroreflex arc Blue=sympathetic neurons; 

Green=parasympathetic neurons; NTS=Nucleus Tractus Solitarius; NA= Nucleus 

Ambiguus CVLM =Caudal ventrolateral medulla; RVLM =Rostral ventrolateral medulla; 

A1 noradrenergic cell group; PVN = paraventricular nucleus; SON=supraoptic nucleus 
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Orthostasis is a physiological stressor and provides the classic example used to demonstrate 

the function of the baroreflex. Upon standing, the effect of gravity results in the pooling of 

approximately 700ml of blood in the lower limbs and splanchnic vessels.156 An intact ANS 

is required to mount an appropriate BP response to maintain perfusion of the upper body, 

and crucially, to maintain cerebral perfusion.154 Reduced venous return and cardiac output 

after standing lowers systemic arterial BP resulting in activation of the baroreflex arc which, 

via central integration of afferents from baroreceptors located in the intima of carotid and 

aortic arch, activates an effector response to increase HR and peripheral vasoconstriction 

thus restoring BP.157  

 

Ageing and the cardiovascular autonomic nervous system  

Key point:  Blood pressure instability increases with age  

 

Cardiovascular ANS function is altered with increasing age. This may be precipitated by, 

and/or compounded by, the common features of cardiovascular ageing such as hypertension, 

increased arterial stiffness, reduced early diastolic filling, decreased endothelial function and 

neurohumoral alterations.156,158 With ageing, there is a shift towards sympathetic 

predominance and reduced parasympathetic activity which may in turn affect BP 

homeostasis (Figure 2.4).159 
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Figure 2.4:  Change in the Autonomic Nervous System with Age 

Adapted from Arnold et al 2013159: ‘Schematic of proposed features associated with the 

imbalance in the autonomic nervous system during aging’. ANS=autonomic nervous system; 

SNS=sympathetic nervous system; PSNS=parasympathetic nervous system  
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Baroreflex and Ageing 

Age related changes in cardiovascular and ANS function may lead to an impaired capacity 

to adapt to quotidian physiological stressors, such as orthostatic stress.156 For example, it is 

proposed that chronically heightened BP induces vascular change, such as increased arterial 

stiffness, that contribute to the diminished baroreflex response observed in ageing (Figure 

2.5).160 Increased arterial stiffness may be accompanied by a reduction in the sensitivity of 

the arterial wall to stretch, thus compromising the afferent arm of the baroreflex. 

 

\ 

Figure 2.5: Change in the Baroreflex with Age 

From Monahan 2007160 bar chart comparing values of Baroreflex Sensitivity in volunteers 

aged 18–37 years (‘Young’) vs 38–56years (‘Middle-aged’) vs 57–79 years (‘Older’)  *P < 

0.05 vs. ‘young’; †P < 0.05 vs. ‘middle-aged’ 
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Orthostatic hypotension 

Impaired baroreflex function may underpin the clinical syndrome of Orthostatic 

Hypotension (OH) (an excessive reduction in BP upon standing).156 OH is arbitrarily defined 

according to expert consensus criteria first established in 1996 i.e. >=20 mmHg decline in 

systolic BP and/or >=10 mmHg or greater decline in diastolic BP when changing from a 

supine to standing position.161 The prevalence of OH increases with age and OH is more 

common in those with a history of hypertension.162 OH is classically commonly observed 

among frail older adults.156 Importantly, hypertension itself may predispose to OH163; the 

combination of supine hypertension and OH is a common presentation in older adults with 

impaired BP homeostasis.164 In both clinical and epidemiological studies, OH has been 

associated with increased risk of stroke, cardiovascular events and mortality.165 

Measurement of the BP and HR fluctuations which accompany orthostasis have been used 

in multiple epidemiological cohorts of mid-life and older adults as a marker of 

cardiovascular autonomic reactivity.166 Orthostatic intolerance (OI) (e.g. dizziness that 

occurs upon standing and symptoms of pre-syncope) is classically attributed to transient 

reduction in cerebral blood flow (CBF) with standing.167 
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Syncope  

When there is complete failure to maintain CBF syncope may occur. Syncope is defined as 

a sudden, transient loss of consciousness (‘T-LOC’) resulting from global cerebral 

hypoperfusion.168 It is associated with loss of postural tone and followed by rapid, 

spontaneous recovery. The aetiology of syncope in older adults is often multifactorial. Older 

adults may be more vulnerable to hypotension induced by age-related impairments in BP 

homeostasis even during quotidian stressors such as orthostasis - particularly in the setting 

of polypharmacy and co-morbid disease.169  

 

According to the 2009 European Society of Cardiology guidelines, causes of syncope may 

be classified as cardiac, reflex or ‘psychogenic’.168 Cardiac causes of syncope include 

structural or conduction abnormalities of the heart which are associated with increased risk 

of sudden cardiac death. In the young these are a rare cause of syncope but are more prevalent 

with ageing given corresponding increases in ischemic coronary heart disease.170 

 

Reflex syncope 

Reflex causes of syncope include vasovagal syncope (VVS), carotid sinus syncope and 

situational syncope (i.e. related to triggers including cough, laughter or micturition 

syncope).168 Reflex syncope is the most frequent cause of syncope in any setting, including 

among older people; it is unusual however for an adult to experience a first vasovagal 

episode after the age of 35.171   
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The precise pathophysiology of VVS (or the ‘common faint’) is unknown. The ESC 

guidelines describe VVS simply as an ‘inappropriate’ autonomic reflex.168  The afferent limb 

of the vasovagal reflex may include higher cortical involvement.172 The final common 

pathway is hypotension with or without bradycardia (due to sympathetic inhibition and 

parasympathetic activation) which leads to cerebral hypo-perfusion and LOC.173 

 

Some theories suggest an abnormal baroreflex may be key in VVS, given the role of the 

baroreflex in regulation of the BP response to orthostasis.  VVS is often preceded by 

orthostasis and/or prolonged standing. An alteration in baroreflex function may be the 

‘hallmark’ of the VVS as evidenced by concurrent bradycardia and hypotension, suggesting 

that baroreflex-mediated compensatory control of BP and HR has failed.174 Both under and 

over sensitivity of the baroreflex have been implicated.174 Some studies investigating the 

baroreflex in those with Head Up Tilt (HUT)-induced syncope have reported lower BRS in 

un-medicated, otherwise healthy patients.175,176 Moreover, lower BRS predicted syncope-

recurrence: those participants with lower BRS after 5 minutes of passive HUT were more 

likely to experience recurrence of syncope during 24 months of follow-up.175 An older study 

from the same group however, which had followed 312  patients (mean age 36 years) with 

unexplained syncope, revealed higher BRS and greater HR response to low BP in those with 

VVS relative to controls.177  

 

Other theories on the pathophysiology of VVS include the ‘Ventricular theory’. This holds 

that contraction of the ventricle in the setting of severely reduced filling secondary to reduced 

venous return leads to the ‘Bezold-Jarisch reflex’ which induces bradycardia, hypotension 

and ultimately syncope.178 Others describe maladaptive neurohumoral responses to 

hypotension.179 Skoog et al showed similar lower limb blood pooling in young women with 
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VVS versus age-matched controls, but greater resting plasma noradrenaline and a blunted 

increase during hypotension in those with VVS in addition to slower mobilisation of 

peripheral blood to the central circulation.180 

 

Potential cortical contributions to VVS have also been described, particularly within the 

context of the ANS response to stress; these are discussed in Section 1.3.  

 

Sex Differences in Blood Pressure Instability 

Key point: Cardiovascular Autonomic Function and Blood Pressure Instability may vary 

according to sex  

 

Young women have both the lowest BP and lowest sympathetic nerve activity.133  By 

contrast, in young men BP is supported by a greater relative peripheral sympathetic pressor 

effect.27,133 Indeed, greater sympathetic predominance is commonly described in men, while 

women, in general, demonstrate higher parasympathetic tone.131 A meta-analysis of 172 

studies (with data from >60,000 participants) investigating sex-differences in autonomic 

function, as reflected in HRV, demonstrated a consistent parasympathetic advantage in 

women.181 The authors hypothesised that in addition to a hormonal basis (e.g. oestrogen, 

oxytocin) for such differences, higher parasympathetic tone may also reflect higher cortical 

influences on peripheral BP regulation e.g. socialised female coping strategies to stress i.e. 

to ‘tend and befriend’ rather than the classic male ‘fight or flight’ response which may be 

reflected in higher sympathetic tone.181 Koenig and Thayer suggest such a hypothesis is 

supported by sex differences in GM volume of regions implicated in the Central Autonomic 

Network including the amygdala, hippocampus and insula.122,181 
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Disorders of orthostatic intolerance including VVS and Postural Orthostatic Tachycardia 

Syndrome (‘POTS’) are more prevalent among young women182; sex-differences in BRS 

may be important. For example, one study investigated sex-differences in baroreflex 

responses to HUT and suggested women have reduced sympathetic peripheral sympathetic 

nervous activity, greater parasympathetic activity and lower plasma noradrenaline in 

response to passive HUT compared with men - thus rendering women more vulnerable to 

OH and VVS.183  

 

Sex differences were also evident in age-related change in orthostatic BP in the first wave 

of TILDA. The maximum change in orthostatic BP from supine to standing (i.e. ‘delta’ SBP 

and DBP) continued to increase, and supine DBP decreased, from age 50+ in men; however 

in women there was no age gradient.184 In line with this perhaps, older men have previously 

been shown to have higher rates of OH related hospital admission, and potentially to 

demonstrate poorer cerebral auto-regulation in response to orthostasis than women.185  
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Consequences of intermittent hypotension 

Key point: Recurrent episodes of cerebral hypoperfusion may occur with Orthostatic 

Hypotension and Vasovagal Syncope  

 

Repeated episodes of cerebral hypoperfusion may occur with increased BP instability e.g. 

with OH, syncope and/or in the setting of altered baroreflex function. Failure to maintain BP 

in response to orthostasis may have important consequences for the cerebral circulation.   

 

Cerebral Blood Flow  

The main function of the systemic circulation is to maintain perfusion to vital organs. The 

brain has the highest metabolic demands of any organ – receiving up to 20% of the cardiac 

output in the resting state.186 Blood supply to the brain is via the internal carotid and vertebral 

arteries. The internal carotid arteries branch to form the anterior cerebral and middle cerebral 

arteries which supply the anterior circulation.187 The right and left vertebral arteries merge 

to form the basilar artery which then joins the Circle of Willis along with the anterior and 

middle cerebral arteries.187 The posterior cerebral arteries arise from this anastomosis to join 

the posterior circulation, which is also contributed to by branches arising from the basilar, 

and vertebral arteries.187 The posterior circulation of the brain supplies the posterior cortex, 

the midbrain, and the brainstem.187 Lenticulostriate arteries branch from the middle cerebral 

artery to supply the basal ganglia and thalamus187.  

 

  

https://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2768/
https://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2768/
https://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2768/
https://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2315/
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Cerebral autoregulation 

Key point: Cerebral autoregulation is poorly understood but may buffer acute episodes of 

high blood pressure better than acute episodes of low blood pressure 

 

The cerebral circulation is relatively protected from excess variation of the systemic BP by 

cerebral autoregulation.  The extent of this regulation or how it changes with age and in 

disease states however remains uncertain. Mechanisms involved in determining the extent 

of cerebral autoregulation likely include compliance of the large intracranial arteries, 

neurovascular coupling, and chemoreceptors monitoring partial pressures of oxygen and 

carbon dioxide.188  

 

The classic understanding of cerebral autoregulation suggested a wide range of perfusion 

pressure over which the brain is buffered against peripheral change in BP.189 In 1959, Lassan 

reported that there was a large plateau over which perfusion pressure to the brain was 

constant despite change in peripheral BP i.e. ranging from 60mmHg to 150mmHg.189–191 

Hypertension has been understood to shift the range of autoregulation rightward, thus 

ensuring stable regulation at higher BP but increasing vulnerability to cerebral under-

perfusion in the setting of intermittent hypotension.191 Recent research however, has strongly 

challenged the concept of a wide range of peripheral BP over which the cerebral circulation 

is buffered. Writing in 2014 in a review of the physiology of cerebral autoregulation, Willie 

and colleagues stated, ‘CBF regulation is often assumed to be so efficacious that it is treated 

separately, instead of as an integral component of the cardiovascular system… its efficacy 

is not perfect and is dependent on the severity and direction of change in perfusion 

pressure’.192 They argue that a contemporary understanding suggests that the range of 
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peripheral BP across which cerebral autoregulation acts is narrow, and moreover that there 

is asymmetry in the ability of cerebral autoregulation to buffer change in peripheral BP - 

with an enhanced ability to respond to higher rather than lower BP (Figure 2.6).192 

 

 

 

Figure 2.6: Cerebral Autoregulation. 

Adapted from Willie et al 2014192: a representation of the classic (A) and modern  (B) 

understanding of the association between peripheral mean arterial pressure and cerebral 

blood flow.  

 

Impaired cerebral autoregulation has been described in ageing193, OH194, white matter 

change and increased beta-amyloid195; although evidence is conflicting.196 Willie et al argue 

however that there is a need to better understand the normal physiology of cerebral 

autoregulation prior to investigating how this may be affected in various disease states.192 If 

however, cerebral autoregulation operates only across a narrow plateau with asymmetry, 

even in health the brain will be vulnerable to hypoperfusion from peripheral BP instability 

in the setting of altered baroreflex function, OH and syncope.  

 

  

(A) (B) 
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Border zone arterial areas 

Key point: Border zone regions may be particularly vulnerable to cerebral hypoperfusion 

 

Brain regions which lack adequate arterial anastomosis i.e. occurring at the distal region 

between two arterial supplies of the brain, are referred to as border zone regions.197 Such 

areas may be particularly vulnerable to hypoperfusion during hypotension. The stroke 

literature describes ‘border zone infarcts’ which are ischemic lesions that occur in 

characteristic locations at the junction between two main arterial territories, and which may 

account for up to 10% infarcts.197 There are two types: external (cortical) and internal 

(subcortical); internal are the most common. They occur between superficial and deep 

arterial systems emerging from the middle cerebral artery, and may be more likely to result 

from haemodynamic impairment.197 External border zone infarcts (occurring anteriorly 

between the territory of the anterior cerebral artery and the middle cerebral artery, and 

posteriorly between territory of the middle cerebral artery and the posterior cerebral artery) 

may be more likely to result from embolism in combination with hypoperfusion (‘impaired 

washout’ of emboli).198 It is important to note that considerable between-person variability 

exists in cerebral arterial anatomy and this has hampered classification of border zone 

regions.199  Postural symptoms classically attributed to cerebral hypoperfusion may precede 

‘border zone’ stroke - it has been hypothesised therefore, that BP instability in the setting of 

postural change, may play an aetiological role.198 

 

According to Pantoni, subcortical white matter may be particularly susceptible to injury 

resulting from decreases in CBF.191,200 Cerebral arterial small vessels arise from the 
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subarachnoid circulation as terminal vessels of medium sized arteries, which in turn have 

stemmed from larger arteries; at the base of the brain they arise as arterial perforators directly 

from the large vessels200. Where these systems merge there is a border zone area thus 

rendering the subcortical white matter vulnerable to hypoperfusion injury.200 

 

Cerebral Hypoperfusion and Cognition in Alder Adults 

Key point: Cerebral hypoperfusion is a key pathogenic mechanism in dementia 

 

Cerebral hypoperfusion has been widely implicated in neurodegenerative disorders, 

including associations with white matter change, GM atrophy and increased amyloid 

deposition. Love has described cerebral hypoperfusion as ‘the dominant pathogenic process’ 

in white matter change in dmentia.201 In AD transient ischaemia has been implicated in the 

overexpression of amyloid-β precursor protein mRNA (i.e. messenger Ribonucleic acid) and 

increased β-secretase activity and hence in the over production of amyloid-β peptide.201 

Excess amyloid-β in turn may increase the production of local vasoconstrictors thus further 

exacerbating ischaemia – therefore associations between cerebral hypoperfusion and AD 

pathology may be bidirectional.201 

 

Importantly, reduced cerebral perfusion may be evident even in the earliest preclinical and 

prodromal stages of AD, as demonstrated in the Amsterdam Dementia Cohort by 

Binnewijzend et al.202 CBF was investigated using MRI arterial spin-labelling in 177 

participants across the stages of cognitive impairment i.e. patients with SMI, MCI and AD. 

Diagnostic categories were assigned based on clinical evaluation and cerebrospinal fluid 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Binnewijzend%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=26040647
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analysis of amyloid beta and tau. CBF was observed to reduce along the continuum of AD 

disease severity.202 

 

In the Rotterdam cohort, Wolters et al203 observed that cerebral hypoperfusion preceded 

neurodegeneration, cognitive decline and dementia. 4759 participants (mean age 61.3 years 

at baseline; 55.2% women) were followed prospectively over a median 6.9 years. 123 

participants developed dementia; 97 were diagnosed with AD. At baseline mean total CBF 

was estimated non-invasively using MRI (‘2-dimensional phase-contrast’). In survival 

models adjusted for age, sex, cardiovascular risk and APOE, lower estimated CBF was 

associated with higher dementia risk. Lower baseline CBF was also associated with lower 

scores on cognitive testing at follow-up.203  

 

Another study from the Rotterdam cohort however, described a bidirectional relationship 

between brain atrophy and CBF.204 In participants who were followed over an average of 

3.9 years, associations between CBF and brain volume differed according to age: in those 

over 65 lower baseline CBF was associated with greater brain atrophy, however in those 

younger than 65 brain atrophy preceded a decrease in CBF.204   

 

As noted by Taylor, cerebral hypoperfusion need not be severe enough to cause ischemia in 

order to disrupt brain activity.76 Transient and, crucially, reversible effects of posture on 

cognition have been described in patients with Parkinson’s disease (among whom OH is a 

common non-motor feature). 18 patients with Parkinson disease and OH performed 

cognitive testing in the supine position, when tilted passively upright, and again when 

returned to the supine position, and were compared to 19 patients without OH and healthy 
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controls.205 Relative to the patients free from OH and the healthy controls, cognitive scores 

were lower in patients with OH in the upright position but the deficits resolved when the 

participants were returned to the supine position. These effects were attributed to cerebral 

hypoperfusion occurring with posture.205 It is therefore plausible that transient cerebral 

hypoperfusion – via acute or cumulative effects – may lead to the earlier manifestation of 

clinical deficits (or unmask deficits) in a vulnerable brain i.e. in which neurodegenerative 

processes are already established and thus compensatory mechanisms compromised.  

 

Cerebral Hypoperfusion and Affective Symptoms in Older Adults 

Key point: Cerebral hypoperfusion may play an aetiological role in affective symptoms in 

late life although results are conflicting. 

 

Several studies have suggested a role for regional deficits in CBF and CBF regulation, in the 

aetiology of affective symptoms in older adults. Indeed, in 2013 Taylor proposed a 

‘hypoperfusion hypothesis’ of late life depression which suggests that deficits in cerebral 

perfusion may impair cortical function and thus impact brain circuits involved in the 

regulation of cognition and affect.76 Results in studies investigating CBF in late life affective 

symptoms have been conflicting, however study sample size, characteristics and methods of 

CBF assessment have been heterogeneous.  

 

Perhaps the largest study to examine the role of CBF in affective symptoms in older adults 

is the Rotterdam cohort. Cross-sectional and longitudinal findings support a role for lower 

CBF and reduced cerebral reactivity in depressive symptoms in older adults.206,207 In two 
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studies, CBF velocity in the middle cerebral artery was assessed using Transcranial Doppler 

(TCD) and cerebrovascular reactivity was assessed during mild hypercapnic challenge (i.e. 

inhalation of 5% CO2). Hypercapnic challenge provides a measure of the ability of the 

cerebral vasculature to respond to varying metabolic requirements.208 CBF and 

cerebrovascular reactivity tend to decrease with age and vary according to sex; older women 

tend to have higher CBF velocity than older men.208 Depression was assessed via a two-step 

process which initially included screening using the CES-D and subsequently administration 

of the Schedule for Clinical Assessment in Neuropsychiatry (‘SCAN’ -  a more detailed 

semi-structured interview administered by clinicians)206. Cross-sectional results showed that 

lower CBF was associated with greater depressive symptoms207, and longitudinal follow-up 

over a mean of 4.1 years demonstrated that lower baseline CBF was associated with greater 

incident depressive symptoms, subthreshold depression and depressive disorder.206 Whereas 

cross-sectionally reduced vasomotor reactivity was associated with greater depressive 

symptoms on CES-D, longitudinally it was associated only with incident depressive 

disorder.207 

 

Dotson and colleagues209 followed 61 older adults in a neuroimaging sub-study of the 

Baltimore Longitudinal Study of Aging. Resting state regional CBF was measured using 

PET both at baseline and after 8 years of follow-up. Depressive symptoms were assessed 

annually using the CES-D.209 The authors reported that, on average, those with greater 

depressive symptoms over time had lower regional CBF at the end of follow-up and had 

larger decreases in regional CBF. Further, the authors reported that there were sex 

differences in the associations seen; men had more extensive reduction in fronto-temporal 

regional CBF than women. In women, longitudinal associations were limited to the right 

inferior frontal gyrus and inferior parietal lobule, whereas multiple frontal and temporal 
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regions were effected in men. The authors assert that their findings lend support to the 

continuum hypothesis of depressive symptoms in older adults and that there are potentially 

different aetiological factors underlying depressive symptoms in older men and women.209 

 

More recent clinical studies have also examined regional CBF in older adults with late life 

depression using MRI arterial spin labelling (ASL). A 2012 investigation compared regional 

CBF in grey and white matter in patients aged 60+ with a history of a current or prior major 

depressive episode to regional CBF in healthy controls.210 Current depressive symptoms 

were assessed using the Montgomery–Åsberg Depression Rating Scale (MADRS) and 

Geriatric Depression Scale. No differences between patients and controls were found in 

regional grey matter CBF, however those with depression had higher regional CBF in white 

matter; a difference which appeared to be driven by those patients who were in remission 

(i.e. had lower current depressive symptoms on the MADRS). Although the accuracy of 

regional CBF in white matter as assessed by ASL has been questioned211, the authors 

suggested that the increase in regional CBF may have reflected the effect of successful 

treatment in the older adults who were in remission .210  

 

Abi Zeid Daou et al212 explored regional CBF differences in 21 patients aged 60+ with major 

depressive disorder in response to a 12 week open label trial of sertraline treatment. The 

authors hypothesized that those with lower regional CBF (measured using pseudocontinous 

ASL) in frontal and temporal regions, in addition to lower cerebrovascular reactivity 

(assessed with hypercapnic challenge during ASL) would have a poorer response to 

treatment. However, contrary to their hypothesis those with higher baseline regional CBF in 

fact had a poorer response to treatment - higher regional CBF in the lateral orbitofrontal 
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cortex and caudal anterior cingulate cortex was associated with less change in depressive 

symptoms over the course of treatment, with a similar relationship seen with greater 

cerebrovascular reactivity. The authors acknowledged the small sample size and that results 

were not adjusted for multiple comparisons, but speculated that hypoperfusion in late life 

depression may be of more prognostic significance in the context of co-occurring cognitive 

symptoms.212  

 

Differences in regional CBF have additionally been described among older adults with 

anxiety disorders; although with complex findings of both higher and lower regional CBF in 

patients. Two small clinical studies from the Geriatric Psychiatry Neuroimaging group in 

Pittsburgh investigated regional CBF using ASL during rest and during a worry induction 

task in older adults with Generalised Anxiety Disorder.213,214 In common with TILDA, 

current symptoms of worry were assessed using the Penn State Worry Questionnaire. In the 

first study seven older adults with GAD were compared with 10 healthy controls.214 In those 

with excessive worry CBF was lower in regions implicated in worry suppression. In a larger 

follow-up study, older adults with GAD had higher CBF than healthy controls in multiple 

regions during worry induction (visual and parietal cortex, middle and superior frontal 

cortices). Patients however had lower CBF during reappraisal in the supplemental motor 

area, middle cingulate gyrus, insula and putamen – regions the authors note have also been 

implicated in late life depression thus potentially explaining overlapping symptoms.213   
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Central Autonomic Network 

Key point: Overlapping brain regions are involved in the regulation of cognition, affect 

and cardiovascular autonomic function 

 

The involvement of brain stem regions in autonomic function is accepted, however the 

advent of advanced non-invasive neuroimaging (in particular functional neuroimaging) has 

increased understanding of higher cortical regions involved in autonomic regulation.215 

Notably, many of the areas implicated in cortical control of cardiovascular autonomic 

function are understood to have overlapping function in the regulation of cognition and 

affect.215 Benarroch has described the brain regions hypothesised to be involved in central 

control of autonomic function as the ‘Central Autonomic Network’.216  As per Palma and 

Benarroch, ‘Areas distributed throughout the neuraxis, including the anterior insula, 

anterior cingulate cortex, amygdala, hypothalamus, periaqueductal grey matter, 

parabrachial nucleus, and several regions of the medulla, exert a beat-to-beat control on 

cardiac function. These areas are critically involved in emotional behaviour, stress 

responses, and homeostatic reflexes and exert their influence on HR and cardiac 

contractility via the sympathetic and parasympathetic nervous systems’.215 

 

Clinical evidence for the involvement of cortical regions in the regulation of cardiac function 

is provided by syndromes such as stroke and epilepsy. For example, tachycardia occurs in 

80% of patients experiencing temporal lobe seizure while Takotsubo cardiomyopathy may 

be triggered by insular and vertebrobasilar stroke.215 Moreover, electrical stimulation of the 
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insula may induce vomiting, respiratory arrest, as well as changes in HR and rhythm and 

BP; right-sided strokes may have a greater impact on cardiac activity.215 

 

A 2013 meta-analysis entitled, ‘The Autonomic Brain’217 synthesised recent research using 

functional MRI, PET and SPECT neuroimaging to assess cortical regions active during 

affective (e.g. fear conditioning, appetitive or aversive videos, pictures, music or words), 

cognitive (e.g. stroop, colour word interference) or somatic motor (e.g. hand grip, 

acupuncture) tasks – tasks which are understood to activate the ANS. Forty-three studies met 

inclusion criteria, involving a total of 615 participants among whom 571 neural foci had 

been investigated.217  The meta-analysis identified four main brain regions which were 

consistently activated during tasks including the left amygdala, right anterior and left 

posterior insular, and mid-cingulate cortices. The authors concluded therefore that these 

regions form the ‘core’ neural substrates of the Central Autonomic Network.217 Notably 

however, the sample size of the individual studies involved were small (the largest number 

of participants in any single study was 41) and the age range of participants included in the 

studies was not reported.  

 

Central neuropathology 

Key point: Brain regions involved in central autonomic function may also be vulnerable 

to ageing related neurodegeneration.   

 

Many regions involved in central autonomic function may also be vulnerable to ageing-

related neurodegeneration.  Damage to these areas via central neurodegenerative processes 
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may thus be reflected in changes in both peripheral autonomic indices and cognitive and 

affective symptoms. In 2006, Royall218 hypothesised that right insular dysfunction may be a 

marker of pre-clinical AD based on the understanding that AD neuropathology affects the 

insular cortex at an early Braak stage,  thus potentially causing autonomic dysfunction in 

older adults at a preclinical phase of the disease process. The insula has been implicated in 

a large number of functions; in addition to regulatory functions linked to cardiovascular 

autonomic function it may also contribute to cognitive and emotional control. Indeed, 

according to Nieuwenhuys, together with other cortical areas the insula forms part of, ‘a 

highly interconnected cognitive control network’ which may underpin the experience of 

emotions such as happiness, sadness, fear, and disgust.219  

 

Udow et al220 reviewed the potential contribution of OH to cognitive impairment in the α-

Synucleinopathies, which are often characterised by impaired BP regulation and include 

Parkinson’s disease, Multisystem Atrophy and Lewy Body Dementia. Although these 

disorders are less prevalent at population level, they may provide a model for understanding 

associations between BP instability and cognitive decline. Udow et al220, among others 

including Royall218, theorise that central neurodegeneration may cause both OH and 

cognitive impairment. OH may then cause cognitive impairment via the impact of cerebral 

hypoperfusion (either acutely or chronically). Finally, Udow et al220 proposes a ‘synergistic’ 

model whereby both these processes interact to accelerate decline in brain health (Figure 

2.7). Such a model may perhaps also be reasonably applied to associations between BP 

instability and cerebrovascular small vessel disease and amyloid pathology at the population 

level. At a given level of amyloid/ neurodegeneration, those with greater BP instability may 

show greater decline in brain health because they are less resilient to the effects of recurrent 

exposure to acute/transient cerebral hypoperfusion.  
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Figure 2.7: ‘Synergistic Model’ of Orthostatic Hypotension and the Brain. 

Adapted from Udow et al, 2016220: (A) neuropathology causes Orthostatic Hypotension and 

cognitive impairment; (B) Orthostatic Hypotension contributes to cognitive impairment and 

to worsening of neuropathology (C) In combination these processes act synergistically to 

increase the rate and severity of cognitive decline  
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Summary: 

The ANS is of fundamental importance to BP regulation. Short term (beat-to-beat) regulation 

of BP is facilitated by the arterial baroreflex. Baroreflex function decreases with age; BP 

instability increases with age. There may be sex-differences in cardiovascular autonomic 

function and short term BP regulation and how these change with age. Recurrent episodes 

of cerebral hypoperfusion may occur with OH and syncope. Cerebral autoregulation is 

poorly understood but does not act across a wide plateau of peripheral BP as classically 

described. Cerebral autoregulation may buffer acute episodes of high BP better than acute 

episodes of lower BP. Border zone regions of the brain may be particularly vulnerable to 

cerebral hypoperfusion. Cerebral hypoperfusion has been associated with greater affective 

symptoms and impaired cognition in later life. Overlapping brain regions are involved in the 

central regulation of cognition, affect and cardiovascular autonomic function. The brain 

regions involved in central autonomic function may also be vulnerable to ageing-related 

neurodegeneration. There may thus be bidirectional, and synergistic, relationships between 

brain health and peripheral BP instability. 
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2.3. Stress, Blood Pressure Instability and the Life Course 

 

A life course perspective 

Key point: In older adults, cardiovascular autonomic function is underpinned by 

biological processes and environmental/ behavioural exposures occurring earlier in life. 

 

The American Heart Association / American Stroke Association have emphasised the 

importance of the life course to maintaining optimal brain health in later life.221 Life course 

epidemiology has been defined by Kuh as, ‘the study of long term effects on later health or 

disease risk of physical or social exposures during gestation, childhood, adolescence, young 

adulthood and later adult life. The aim is to elucidate biological, behavioural, and 

psychosocial processes that operate across an individual’s life course, or across 

generations, to influence the development of disease risk.’222 

 

A life course perspective emphasises that cardiovascular autonomic function in older adults 

is underpinned by biological processes and environmental / behavioural exposures occurring 

earlier in life. Exploring life course associations between exposure to childhood stressors, 

BP instability and later life outcomes may thus help to explain individual differences in brain 

health in older adults.  

 

As previously discussed in Section 1.2 relationships between the brain and BP regulation 

may be bidirectional; indeed the brain has been described as the ‘essential’ in the aetiology 
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of hypertension.223 It is increasingly understood that exposure to psychological stress may 

alter BP regulation across the life course. Autonomic pathways have long been hypothesised 

to act as a mediator in such ‘biological embedding’ of psychological stress.224 According to 

Chris Power and colleagues, ‘Biological embedding, or embodiment, refers to the processes 

through which extrinsic factors experienced at different life stages “get under the skin,” i.e., 

alter the body's biological functions or structures’.225 While according to McEwen226 ‘stress’ 

may be defined as, ‘a transactional process arising from real or perceived environmental 

demands that can be appraised as threatening or benign, depending on the availability of 

adaptive coping resources to an individual’;  and thus a ‘stressor’ is a ‘salient environmental 

stimuli that [is] unpredictable, uncontrollable, conflictual, aversive, and thus labelled as 

psychologically stressful’.226 A key life course psychological stressor measured in the 

TILDA study is exposure to childhood adversity – specifically childhood trauma: childhood 

sexual and physical abuse prior to 18 years. 

 

The impact of exposure to psychological stress on the ANS may vary across the life course.  

Exposure to psychological stress in childhood may be particularly important, as the 

physiological systems involved in the stress response develop across childhood. It has 

therefore been hypothesised that differential exposure to stress may alter maturation of the 

ANS and continue to underpin response to stress across adult life.227 For example, the ability 

to self-regulate emotion in response to stress may be determined by the balance of the 

cardiovascular ANS.228 In a population-based study of Dutch adolescents it was 

demonstrated that there was an interaction between lower HR (a marker of greater vagal 

tone) and exposure to stress, such that those teens with lower HR were less likely to suffer 

from affective symptoms following stress exposure.229   
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Hypertension and stress  

Key point: Psychological stress is a poorly understood risk factor for hypertension.  

 

Transient hypertension may occur in response to acute psychological or physiological stress 

(e.g. pain, exercise, and mental stress) and is adaptive in the short term.150 Cumulatively 

however, prolonged and/or repeated BP elevations, even if transient, may contribute to 

hypertension via, for example, small vessel injury.150  

 

Multiple studies have linked the acute cardiovascular response to stress with an increased 

risk of cardiovascular disease.230 In laboratory settings, standardised stressors can be used to 

investigate between-individual differences in haemodynamic response; for example the 

magnitude of any BP increase (‘stress reactivity’) and the time taken for BP to recover to 

pre-stress levels (‘stress recovery’).230 In a 2010 meta-analysis Chida and Steptoe reviewed 

36 prospective cohort studies detailing 175 associations between cardiovascular responses 

to laboratory mental stress and future cardiovascular risk.230 Greater stress reactivity at 

baseline was associated with incident hypertension, and both greater stress reactivity and 

poor stress recovery were observed in those with subsequent elevations in SBP or DBP. As 

noted by Lovallo, the effect sizes described for risk of hypertension were notable i.e. a 23% 

increased risk of future hypertension and were in line with those from the Framingham study 

- where an increase of 20 mmHg in resting systolic BP was associated with a 25% increase 

in carotid stenosis.231  
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Baroreflex and Stress 

Key point: Baroreflex activity may be altered by psychological stressors.  

 

During stressful situations there may be a concurrent elevation in BP and HR to meet 

increased metabolic demands.232 According to Gianoros, ‘A key mechanism by which the 

processing of psychological stressors evokes acute cardiovascular reactions (e.g., 

simultaneous BP and HR rises) involves the central nervous system suppression of the 

arterial baroreflex’.232 Reductions in parasympathetic tone and increases in sympathetic 

vascular resistance allow the baroreflex set-point to be exceeded, thus allowing HR and BP 

to rise simultaneously.232 

 

Brain regions, including those thought to form part of the Central Autonomic Network, may 

be involved in the autonomic response to psychological stressors. For example, building on 

evidence from animal studies that had suggested higher brain regions were involved, 

Gianaros et al investigated the role of the barorflex in mediating the cardiovascular stress 

response.232  In 97 adult volunteers Gianaros and colleagues measured beat-to-beat BP and 

HR during a standardised psychologically stressful task. During the task both BP and HR 

increased while the sensitivity of the baroreflex reduced. The participants then repeated the 

task during functional magnetic resonance neuroimaging. The measured reduction in BRS 

correlated with greater brain activity during stress in regions important for central autonomic 

and cardiovascular control including the cingulate cortex, insula, amygdala, and midbrain 

periaqueductal grey.232  
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Childhood exposure to stress and blood pressure 

Key point: Early life stressful experiences may affect blood pressure regulation into 

adult life. 

 

The experience of adversity in childhood is common. The Sexual Abuse and Violence in 

Ireland survey collected information on exposure to sexual abuse in childhood.233 In this 

study the term sexual abuse was used to describe, ‘sexual offences committed against a 

person aged under 17 years (the legal age for consent to sexual relations in Ireland)’; 20% 

of women reported they had experienced ‘contact abuse’.233 In the Growing Up in Ireland 

cohort, an epidemiological survey of Irish children, by age nine years approximately 5% of 

children had experienced two or more adverse events.234  

 

While the psychological sequelae of childhood adversity are accepted it is increasingly 

understood that there may also be consequences for physical health, including poorer 

cardiovascular health.235 The seminal 1998 US-based Adverse Childhood Events study 

collected information from 9508 participants (including over 2600 participants aged 65+) on 

exposure to potentially traumatic events in childhood via postal questionnaire. Questions 

captured information on ‘childhood abuse’ (psychological, physical, sexual) and exposure 

to ‘household dysfunction’ in childhood (e.g. parental mental illness, substance misuse, 

domestic violence).236 Over 52% endorsed a history of at least one category of childhood 

traumatic event. Moreover associations were reported in a dose-response fashion with 

multiple physical health outcomes - including ischemic heart disease and stroke as 

ascertained via medical record interview.236 
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In the Irish context, TILDA has further demonstrated the potential lasting negative 

physiological consequences of childhood trauma in older adults.  McCrory and colleagues 

reported a graded association between exposure to increasing childhood adversity and 

greater risk of poor physical health in later life - including associations with cardiovascular 

disease.235 Notably, the physical health consequences of exposure to stressful events in 

childhood are not fully explained by negative health behaviours nor childhood 

socioeconomic position.235 

 

With respect to BP, compelling evidence for an effect of childhood adversity on adult BP 

regulation comes from the 2015 study in the US-based Georgia Heart Study cohort (Figure 

2.8). 394 participants were prospectively followed from childhood into early mid-life.237 

Over 5000 observations of BP were collected among individuals followed over 22 years. In 

participants who had experienced adverse life events before the age of 18 – including a 

history of sexual or physical abuse – a steeper increase in the trajectory of SBP and DBP 

into early mid-life was observed relative to those who were not exposed. The risk increased 

in a dose-response fashion, with a steeper BP trajectory observed in those with a higher 

number of adverse events.237  
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Figure 2.8: Childhood Adversity and Adult Blood Pressure. 

From Shaoyong Su237, estimated diastolic blood pressure (DBP) change with age (in the 

Georgia Stress and Heart Study) according to exposure to adverse childhood experiences 

(‘ACEs’): 1 to 2 ACEs, 3 ACEs, and ≥4 ACEs 

 

 

Blood pressure instability and stress 

Key point: Psychological stress may also precipitate lower blood pressure. 

 

Orthostatic Hypotension and Psychological Stress  

In older adults, Feeney and colleagues reported an association between the cumulative 

number of stressful life events experienced, including a history of childhood adversity, and 

BP response to orthostasis in the TILDA sample.238 A linear ‘dose-response’ relationship 

was reported between greater prior exposure to stressful life events and a larger systolic 
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orthostatic BP drop. These findings were in line with studies from younger adults suggesting 

an association between orthostatic BP response and exposure to stress. For example, 

Oddone239 and colleagues recruited 222 volunteers and US veterans ranging in age from 18 

to 39, of whom just under 50% (n=102), met criteria for Post-Traumatic Stress Disorder 

(PTSD) on diagnostic interview. During active stand those with a diagnosis of PTSD were 

over 4 times more likely to have excessive orthostatic BP drops even after adjustment for 

psychotropic medication and alcohol intake.239  

 

A further small clinical study suggested that Cambodian refugees with orthostatic panic (a 

panic-attack triggered by orthostasis more common among Cambodian refugees possibly as 

a function of cultural beliefs) had an impaired systolic BP response to orthostasis.240 Follow-

on work from the same group reported that those who had undergone Cognitive Behavioural 

Therapy for symptoms of trauma-related PTSD had an improved BP response to orthostasis 

post-treatment. Interestingly lower parasympathetic activity and reduced baroreflex 

sensitivity have also been described in PTSD.241 

 

Vasovagal Syncope and Psychological Stress 

VVS predominantly affects young women, and a VVS tendency may persist through life.242 

Sheldon et al243 compared 443 patients with a confirmed history of VVS and positive HUT  

(mean age 42 SD 18;  64% women) to 88 patients with a syncopal episode secondary to a 

cardiac cause (e.g. ventricular tachycardia, complete heart block). Those with a diagnosis of 

VVS were younger and had had a median of 8 syncopal episodes over a 10 year period prior 

to study entry. Those with a cardiac aetiology were older and reported a median of two 

episodes of syncope over one month at baseline. Age of onset of syncope <44 years (the 
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median age of syncope onset in the sample was during adolescence) was 81% sensitive and 

81% specific for a diagnosis of VVS. The findings were robust to comparisons across the 

six countries in four continents from which the sample had been recruited. As Sheldon 

concluded a, “predisposition to vasovagal syncope starts early and lasts for decades…  

individuals may be predisposed to syncope for decades, perhaps as a lifelong phenotypic 

trait.”243 

 

Psychiatric disorder is a known long term effect of exposure to childhood trauma.235 

Psychiatric disorder is more common in those with VVS.244,245 Skeldon246 (unpublished; 

thesis) performed a systematic review of the literature on the frequency of psychiatric 

disorder in those <60 years but > 17years with a confirmed history of VVS or unexplained 

syncope i.e. as diagnosed on HUT. A total of nine studies met inclusion criteria and were 

subject to qualitative review. Although the quality of the studies varied and cross-study 

comparison was difficult due to varying methodologies used to assess the psychiatric 

disorder, studies consistently reported a high prevalence of psychiatric disorder (variously 

defined) in VVS. In one study 95% of participants (64/67) met criteria for at least one 

psychiatric diagnosis.246 

 

Bracha has framed the vasovagal reaction in humans within the fight vs flight function of 

the ANS suggesting that ‘trait faintness’ is missing from the commonly understood spectrum 

of responses to stress/fear in humans and may thus have conferred an evolutionary 

advantage.247 Indeed Porges and Alboni have drawn parallels between VVS in humans and 

the freezing/tonic immobility stress response in animals which likely evolved as a means to 

escape predation.247,248 In his ‘Polyvagal’ theory Porges proposes social engagement as the 
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most adaptive and most recently evolved stress response in humans, which he suggests is 

promoted by high parasympathetic tone.249 In situations of extreme stress however excess 

parasympathetic tone may also be observed, leading to profound bradycardia and/or 

hypotension which in humans may culminate in LOC.250 This is mirrored by the fear/threat 

bradycardia in animals amongst whom however LOC is rare.173 Humans are rendered more 

vulnerable to LOC by virtue of their bipedal stance and larger brain with a greater CBF 

requirement.173 Following a review of the literature of vasovagal-type reactions in animals 

Alboni concluded nevertheless that VVS in humans and tonic-immobility in animals may 

share an evolutionary and physiological basis.173 

 

A common presentation in specialist syncope clinics is the functional psychiatric disorder 

(conversion disorder) ‘psychogenic pseudosyncope’ (although this terminology has been 

debated).251,252 There is a small literature suggesting that patients with a diagnosis of 

psychogenic pseudosyncope, and children with unexplained/recurrent syncope, may have 

been more likely to have history of childhood adversity.253,254 A meta-analysis however 

investigating ‘somatic’ health outcomes of childhood sexual abuse specifically highlighted 

the absence of information on associations with syncope.255 
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Summary: 

Life course exposures may be important in determining later life brain health outcomes. In 

older adults cardiovascular autonomic function is underpinned by biological processes and 

environmental / behavioural exposures occurring earlier in life. Psychological stress affects 

BP regulation and is a risk factor for hypertension, although the mechanisms are poorly 

understood. Altered baroreflex activity may be key in facilitating haemodynamic change 

during an acute psychological stressor. Exposure to stressful experiences in early life may 

affect BP regulation into adult life and alter development of the cardiovascular ANS. VVS 

may be underpinned by alterations in baroreflex function. Psychological stress may 

precipitate episodes of VVS. Vasovagal syncope is increasingly understood as a life course 

disorder, beginning in adolescence but potentially persisting into later life. Stress disorders 

(e.g. PTSD), and exposure to stressors in childhood, have been associated with BP instability 

including VVS and OH. Only limited information is available on the associations between 

exposure to childhood adversity and VVS. 
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3. LITERATURE REVIEW: Blood Pressure Instability and 

Brain Health in Older Adults 

 

This chapter reviews prior studies investigating blood pressure instability (i.e. orthostatic 

hypotension, reduced baroreflex sensitivity and syncope) and brain health in older adults 

(i.e. cognitive function, affective symptoms (depression and anxiety) and structural 

neuroimaging outcomes). An electronic search was conducted using Pubmed and Google 

Scholar; last updated in January 2017. The search terms used included combinations of 

‘orthostatic hypotension’, ‘postural hypotension’, ‘baroreflex’, ‘baroreflex sensitivity’, 

‘syncope’, ‘vasovagal syncope’ AND  ‘subjective memory’, ‘white matter’, ‘grey matter’, 

‘atrophy’, ‘brain’, ‘MCI’, ‘dementia’, ‘cognition’, ‘depression’, ‘anxiety’ AND ‘elderly’, 

‘older adults’. Studies were restricted to those involving human subjects and preference was 

given to findings in community based healthy populations (e.g. investigations restricted to 

patients with a primary diagnosis of an alpha-synucleinopathy were not included). 

References from selected studies were hand searched and relevant articles retrieved. Data 

are summarised below in a narrative format.  

  

https://www.google.co.uk/search?client=firefox-b&dcr=0&q=alpha-synucleinopathy&spell=1&sa=X&ved=0ahUKEwjsvbW86pvZAhVpBsAKHd4UD5YQkeECCCQoAA&biw=1440&bih=731
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3.1. Orthostatic Blood Pressure and Brain Health in Older Adults 

 

3.1.1. Assessment and Definitions 

 

Assessment of Orthostatic Blood Pressure  

The active stand (Figure 3.1 (A)) is the simplest procedure to evaluate orthostatic BP: after 

a period of rest in the supine position (usually at least 5 minutes) the subject is then asked to 

stand quietly (usually for at least three minutes)256. BP and HR are measured in each position 

before and after standing.   

 

Head-up Tilt Testing (HUT) (Figure 3.1(B)) allows assessment of orthostatic BP moving 

from supine-to-standing passively. HUT thus provides a more controlled measurement of 

orthostatic BP256 i.e. removing variation in time-to-stand, assistance required while standing 

and also reducing lower limb muscular contraction to counteract venous pooling. The initial 

fall in BP characteristic of the haemodynamic response to active stand may be reduced or 

entirely absent when a subject is passively tilted to the upright position; thus the active stand 

may be a better representation of the quotidian orthostatic response.257 HUT is most often 

used to evaluate BP response to prolonged orthostatic stress – as a diagnostic procedure for 

reflex syncope and delayed OH.258  

 

Traditionally measurement of the BP response to orthostasis is made at pre-defined intervals 

before and after standing e.g. using a mercury sphygmomanometer or oscillometric device, 

and accompanied by measurement of the HR response to standing - measured either by 
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palpation or automated recording. The introduction of continuous orthostatic BP 

measurement has facilitated more detailed assessment of the changes in BP and HR which 

accompany orthostasis.257 Plethysmography devices such as the Finapres as used in TILDA 

allow continuous non-invasive BP measurement i.e. BP is measured on a heartbeat to 

heartbeat basis.257 BP measurements using finger arterial plethysmography have been 

validated against measurements collected via intra-arterial devices.259 Investigators have 

applied various methods to summarize beat-to-beat data to derive clinically meaningful 

haemodynamic parameters. In TILDA, algorithms were applied to the raw signal using a 

five second averaging method, and summarised as mean SBP and DBP in 10-second bins 

over two minutes of standing.184,260 

Measurement of the BP response from seated-to-standing (Figure 3.1(C)) has been used in 

some cohorts rather than supine-to-stand.261 Evaluation of the BP response from the seated 

position may be a more pragmatic approach in an older frail population, particularly if 

assessment is taking place outside of the clinical setting e.g. in home assessments in 

TILDA.262 There is debate however around the ability of the seated-to-stand manoeuvre to 

invoke a sufficient postural BP change to diagnose OH according to current consensus 

criteria, with recent reports suggesting low sensitivity for consensus OH.263 It is of note 

however that TCD assessment of the change in middle cerebral artery blood flow with 

posture are usually performed from the seated-to-stand position, and are sufficient to induce 

change in CBF.264  
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Figure 3.1: Assessment of Orthostatic Blood Pressure 

Adapted from Frith 2015256, ‘Diagnosing orthostatic hypotension: a narrative review of the 

evidence’.  
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Definitions of abnormal Orthostatic Blood Pressure 

 

Classical/ consensus OH  

Defined according to the  Committee of the American Autonomic Society and the American 

Academy of Neurology 1996 consensus criteria as: a sustained drop of >=20mmHg in 

SBP/>=10 in DBP within three minutes of moving from the supine to the standing 

position.265 

 

Initial OH  

Defined according to Weiling266 as a transient orthostatic BP decrease within 15 s of 

standing: >=40 mmHg SBP and/or >=20 mmHg DBP accompanied by symptoms of cerebral 

hypoperfusion. Continuous orthostatic BP measures are required to capture the earliest 

orthostatic BP drops <30 seconds after standing.  

 

Delayed OH  

Defined as OH occurring after three minutes standing (as may occur in syndromes associated 

with autonomic failure). This will be missed by BP measurements ceasing at 3 minutes.161 
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Complexity in the interpretation of the orthostatic blood pressure response. 

 

Consensus definition 

The 1996 expert panel consensus statement defined OH as a sustained orthostatic BP change 

from supine within three minutes, however guidance is not provided regarding numerous 

parameters which may impact findings e.g. duration of supine rest, timing or number of 

seated and standing BP measures, measurement device, position of the BP measuring cuff 

relative to the heart at standing measure, support provided to the hand during standing 

measure, nor what is meant by ‘sustained’. Moreover BP changes which occur with standing 

may vary according to the baseline (seated/supine) measurement e.g. the degree of 

hypertension. OH may be more common in the setting of supine hypertension.267 Alternate 

cut-points for an abnormal orthostatic BP drop have been proposed, depending on the pre-

stand measure e.g.  lower in the setting of hypotension but higher in the setting of 

hypertension.268  

 

Symptomatic OH  

Clinically, OH may be symptomatic or asymptomatic.269 Symptoms which accompany OH 

include transient dizziness and light-headedness, and are often referred to as ‘Orthostatic 

Intolerance (OI)’. OI is generally attributed to cerebral hypoperfusion resulting from 

transient reductions in systemic BP induced by the orthostatic manoeuvre.270 There may be 

considerable between-individual variability in the expression of symptoms and the degree 

of BP drop required to induce symptoms.271 OI may occur in the absence of any detectable 

orthostatic BP change. Traditionally, treatment of OH has been based on the presence or 

otherwise of symptoms, and some OH syndromes (e.g. initial OH) require that a BP drop is 
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accompanied by symptoms for diagnosis.266 Some reports describe associations between OH 

and clinical outcomes (e.g. depression) only in the presence of symptomatic OH272, however 

the reliability of depending on symptoms to drive investigation/treatment has been 

questioned269, including among patients with dementia who may be less able to report 

symptoms.273  

 

Orthostatic Blood Pressure Recovery (or ‘Stabilisation’) 

TILDA has provided the first population-representative data measuring orthostatic BP using 

continuous best-to-beat methods and demonstrated that a reduction in BP from supine levels 

upon standing is universal in adults aged 50+.184 The magnitude of this drop and the time 

taken for BP to return to supine BP levels varies; BP takes longer to return to supine levels 

with increasing age.184 Finucane and O’Connell et al. describe the return of BP to pre-

standing levels as time to ‘stabilisation’184; this has also been described as BP ‘recovery’.274 

‘Recovery’ is a term often used to denote the return to baseline levels of a peripherally 

measured biological marker after a stressor - be that physiological (e.g. HR recovery after 

exercise stress testing275) or psychological (e.g. BP recovery after a public speaking task276). 

Recovery/stabilisation indices of the haemodynamic response to orthostatic stress thus 

provide an index of the relative change i.e. the change in standing BP is conditioned on 

supine BP.  

 

Allan et al277 examined continuous orthostatic BP in older adults with dementia and defined 

‘recovery’ as the return of the standing BP to within one Standard Deviation above or below 

the supine reading. Elmsthal et al278 accounted for baseline orthostatic BP in associations 

with future cognitive status (CS) by calculating the orthostatic BP ‘quotient’ i.e. dividing the 
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standing measure by the supine BP measure. Romero et al274 examined associations between 

continuous orthostatic BP measures and falls and frailty in a convenience sample of 442 

community-dwelling older adults. Romero described the relative change in orthostatic BP 

from supine to standing, and the subsequent return of BP to supine levels as ‘percentage 

recovery’, whereby the standing measurement at each time point after stand is expressed as 

a percentage of the supine measure.274 Lagro et al279 subsequently calculated percentage 

orthostatic BP recovery when investigating associations between continuous orthostatic BP 

measures and mortality.  The same metric has since been applied in investigations of 

associations between orthostatic BP and cognition in older adults by Hayakawa280 and 

Feeney281 in both clinical and epidemiological settings. 

 

Orthostatic Hypertension  

A proportion of the population may also experience an increase in standing orthostatic BP 

relative to pre-stand levels.  When standing BP is significantly elevated above the supine 

measure – usually defined as >=20mmHg above pre-stand levels – this is referred to as 

orthostatic hypertension (OHT), although no formal (consensus) definition of OHT is 

agreed.282 OHT has been described as an ‘unchartered’ cardiovascular risk marker given 

associations with hypertension, cognitive impairment and stroke.282 An investigation in the 

middle-aged Atherosclerosis Risk in Communities study reported that both OH and OHT 

were associated with increased risk of lacunar stroke.283,284 

 

Orthostatic Blood Pressure Variability 

Some investigators have argued that rather than absolute or relative change in orthostatic 

BP, overall patterns (i.e. markers of within-person variability) in orthostatic BP may 
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determine end-organ outcomes.285 In a convenience sample of community-dwelling older 

adults Romero et al274 used cluster analysis to summarise orthostatic BP patterns measured 

using beat-to-beat devices and described three distinct patterns: ‘small-drop, fast over-

recovery’; ‘medium drop, slow recovery’; and ‘large drop, non-recovery’. These clusters 

were later echoed in findings by Cooke et al. in a clinical sample attending a falls clinic.271  

 

Drawing parallels with the extensive literature on short (e.g. 24 hour ambulatory BP) and 

long term (e.g. visit-to-visit BP) variability and increased risks of end organ damage, 

NíBhuachalla286 investigated patterns of orthostatic BP response across two minutes of 

continuous recording in the TILDA sample. The authors described a phenotype of orthostatic 

BP variability where both OHT and OH occur in 25% of participants. NíBhuachalla and 

colleagues subsequently related this orthostatic BP variability to poorer visual acuity within 

the TILDA cohort.286,287 More recently, the Rotterdam group reported that within-person 

variability at baseline assessment increased dementia risk (i.e. greater variability around the 

mean of repeated systolic orthostatic BP measures taken during a single active stand 

procedure).288  
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3.1.2. Orthostatic Blood Pressure and Cognition in Older Adults 

 

Prospective Studies  

 

An increasing number of large epidemiological cohorts have assessed prospective 

associations between orthostatic BP and cognition in older adults with the duration of follow-

up ranging from 1-2 years to a median of 15 years (reviewed below in Table 3.1). The 

majority of studies have investigated consensus OH as the primary predictor of interest, have 

measured orthostatic BP at a single time point, and used traditional BP measurement 

techniques. 

 

The most comprehensive study to date investigating the association between orthostatic BP 

and cognition used data from the population-based Rotterdam longitudinal cohort.288 6204 

participants in the Dutch general population aged 55+ (mean age 68.5 ± 8.6) at baseline, 

were followed over a median of 15.3 years. The investigators found that those participants 

who met criteria for consensus OH on active stand had an increased risk of dementia 

diagnosis during follow-up (1,176 received a diagnosis of dementia). Multiple 

measurements of BP during active stand (once in the supine position and three in the standing 

position) allowed calculation of the coefficient of variance – a measure of the within-person 

variability in systolic orthostatic BP (defined as the ratio of the SD to the mean of all 

measurements i.e. measurements in supine and upright position combined). Greater within-

individual variability in systolic orthostatic BP also increased the risk of dementia. No 

association was found with OHT.  Results were similar for all-cause dementia and a 

subgroup analysis investigating AD.288  Dementia case ascertainment was comprehensive 
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within the cohort: by a three-step screening protocol at each follow-up visit with subsequent 

consensus panel adjudication of CS, and additionally by continuous monitoring of the cohort 

using computerised medical-record linkage. MCI, however, was not investigated.  

 

Only one prospective population-based study has investigated associations between 

orthostatic BP and preclinical/prodromal dementia i.e. SMI or MCI. In a Swedish 

population-based sample Elmsthal et al278 reported that those with OI, irrespective of 

orthostatic BP change, were more likely to report subjective memory deficit even in the 

absence of objective cognitive impairment i.e. SMI. The investigators also reported an 

association between baseline OH and MCI, although objective cognitive assessment within 

the cohort was limited to the MMSE.278  

 

Studies using beat-to-beat measurements 

 

An increasing number of studies have additionally incorporated beat-to-beat measurements 

of orthostatic BP in investigations of associations with cognition in older adults. Early 

clinical studies include that by Ballard et al, which reported that consensus OH was a 

common finding in those with AD and Lewy Body Dementia when measured using a beat-

to-beat device.289  In 2007, a follow-up study from the same group reported that the 

maximum drop in systolic orthostatic BP within 30 seconds of standing was greater in  those 

with dementia relative to controls i.e. AD:  45.4 mmHg; VaD: 40.9 mmHg; Parkinson’s 

Dementia: 48.2 mmHg; Lewy Body Dementia: 43.2 mmHg vs controls: 26.6 mmHg.277 The 

median time to recovery (defined as orthostatic BP within one SD of the baseline BP) was 



80 

 

16 seconds (IQR 12-19) in controls, contrasting with 20 seconds (IQR 12-70) in patients 

with AD, and 23 seconds ( IQR 16-73) in those with Parkinson’s Dementia.277  

 

In a clinical cohort of patients with MCI attending a memory clinic, Collins et al290 reported 

larger drops in systolic orthostatic BP in patients with MCI relative to controls (mean 

47mmHg vs 38 mmHg; p=0.007). Hayakawa et al280 subsequently followed this clinical 

sample longitudinally (n=150 with MCI; n=75 controls), reporting that those with a slower 

time to recovery (defined as a SBP deficit greater than 30% at 30 seconds after standing) 

were twice as likely to convert to dementia (Hazard Ratio = 2.77 (1.02–7.50)) over 3years 

of follow-up relative to those in whom SBP had recovered closer to supine levels.  

 

To date, two epidemiological investigations have used beat-to-beat BP measurements to 

investigate associations between orthostatic BP and cognitive function – each based in the 

TILDA study.164,281 Frewen et al reported no overall association between OH and cognitive 

performance, but participants who had both supine hypertension and OH meeting consensus 

criteria within the first thirty seconds of standing, scored lower on screening tests of global 

cognition and executive function.164 Longitudinally, after two years of follow-up in the same 

cohort, Feeney reported no statistically significant association with change in cognitive 

function when applying both consensus OH criteria and ‘percentage recovery’ parameters to 

the orthostatic BP data.281  
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Studies describing U-shaped Associations 

 

Several studies have reported that there may be a U-shaped association between orthostatic 

BP and cognitive function among older adults. In a large prospective Italian based study 

Curreri et al291 reported that baseline OHT was associated with lower MMSE scores (a 

decline of >=3 points on MMSE) after 4-years of follow-up. However, when investigating 

orthostatic BP according to quintiles of orthostatic BP change, both higher and lower 

systolic/diastolic orthostatic BP were associated with declining scores on MMSE. This was 

in line with prior findings of a U-shaped cross-sectional relationship in Japanese older adults, 

however Kario investigated a clinical cohort all of whom had a diagnosis of hypertension. It 

is of note however that no relationship was found with OHT and future dementia diagnosis 

in the Rotterdam cohort. 



 

 

Table 3.1: Prospective Population-Based Studies Investigating Orthostatic Blood Pressure and Cognitive Outcomes 

Author, 

year 

Setting Sample 

Characteristics 

Orthostatic Test Timing of OH 

measurements 

OBP parameter 

investigated 

Follow-up Outcomes Finding 

Viramo292, 
1999 

Oulu, 
Northern 

Finland, 

 

All persons 

in locality 

born before 

1920  

 

(Study 

began in 

1991) 

N=907  
cross-sectional 

(63.8% female) 

 

N=651 

longitudinal  

(65.7% female) 

 

 

Supine  
 

5min 

 

 

Stand 
 

3 min 

 

 

1 min 
3 min 

 

 

cOH @ 
1 min and/or 3 

min 

 

2.5 years  
 

(1994) 

MMSE at baseline and at 
follow-up  

 

(*shorterned  

0-25 with exclusion of 

calculation and spelling 

tasks) 

No longitudinal 

association 

 

Cross-sectional 

association 

between cOH and 

lower MMSE 

8
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Table 3.1: Prospective Population-Based Studies Investigating Orthostatic Blood Pressure and Cognitive Outcomes 

Author, 

year 

Setting Sample 

Characteristics 

Orthostatic Test Timing of OH 

measurements 

OBP parameter 

investigated 

Follow-up Outcomes Finding 

Yap293, 
2008 

Chinese 
older adults, 

Singapore 

longitudinal 

studies 

cohort 

 

(Baseline 

2004/5) 

N=2321, 
 

Age 65.5y +/- 

7.4 

 

65.8% female 

 

N=1347  

followed up 1-2 

y  

(those without 

baseline 
cognitive 

impairment 

only) 

Supine to 
seated 

 

10 mins  

 

 

Stand 
 

 

3 mins 

 

 

 

 

BP was 
measured for 

each of four 

different 

positions  

 

(supine, sitting, 

immediate 

standing, and 

standing), 

up to three times 

at 3-min 
intervals, using 

a standard 

mercury 

sphygmomanom

eter 

 

 

 

cOH @ 3 min  
 

 

1-2 years  
 

(2005/6) 

Cognitive Impairment 
=MMSE<24 

 

Cognitive Decline= 

MMSE decline >=1  

No longitudinal 

association  
 

Cross-sectional 

analysis stratified 

according to 

baseline SBP/DBP 

status: 

 

Hypotensive (SBP 

<120 mm Hg or 

DBP <70 mm Hg)  
OH increased risk 

of cognitive 

impairment  

but  

Hypertensive (SBP 

≥140 mm Hg or 

DBP ≥90 mm Hg) 

 OH reduced risk 

 

Normotensive (SBP 

120–139 mm Hg 

and DBP 70–89 
mm Hg)  

no relationship 

8
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Table 3.1: Prospective Population-Based Studies Investigating Orthostatic Blood Pressure and Cognitive Outcomes 

Author, 

year 

Setting Sample 

Characteristics 

Orthostatic Test Timing of OH 

measurements 

OBP parameter 

investigated 

Follow-up Outcomes Finding 

Rose294, 
2009 

ARIC, USA, 
4 US 

communities  

 

  

 

 

N=12,702 
 

Age: 45-64 y at 

baseline 

 

Biracial cohort: 

African 

American and 

white 

Supine 
 

20 mins 

 

Every 

30s for 2 

min  

 

(2–5 

measures

;  90% 

>=4) 

Stand  
 

2 min 

 

Every 

30s for 2 

min  

 

(2–5 

measures

; 91% 

>=4) 
 

 

Avg standing – 
average supine  

(excluding first 

standing 

measure)  

 

Standing BP 

measured every 

30s for 2 min 

 

 

cOH 6 years 
 

(Yr 2  

1990-1992 

Yr 4 

1996-

1999) 

 

Cognitive scores at visit 2 
 

Change Between 2nd and 

4th year visits 

 

(Cognitive Screening Tests: 

Delayed Word Recall, Digit 

Symbol Substitution 

test(DSST), 

Word fluency test(WFT)) 

 

 

Longitudinal 

association 

 

But did not survive 

adjustment for 

demographics, 

established CHD 

 

 Age Adjusted 

relationship:  

 

At 2 years: 
 

lower DSST & 

WFT  

 

At 6 years: 

Decline in DSST 
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4
 



 

 

Elmstahl27

8, 2014 

Swedish 

Good Aging 
in Skåne 

study (GÅS-

SNAC), 

randomly 

invited 

community-

dwelling 

older adults; 

 

Baseline 

2001-04 

N=1480  

 
Age:60-93y 

 

Sex=56% 

female 

Supine  

 
10 min 

Stand 

 
10 min 

BP  

 
Immediately, 1, 

3, 5, and 10 

minutes of 

standing  

cOH and OI 

 
orthostatic BP 

quotient 

 

6years  

 
after 

baseline;  

82% 

attended 

follow-up 

2007/10 

MCI defined as cognitive 

complaint + objective 
cognitive decline in the 

absence of dementia 

 

Dementia defined according 

to the DSM-IV based on 

clinical examination, medi-

cal records, and proxy 

information 

 

Cognitive complaint self-

reported scale  
 

Cognitive decline was 

defined as a score of 0 or 1 

on the MMSE three-word 

later recall test. 

 

Subjective memory loss 
was defined as a score of 28 

on the Crook scale in the 

absence of objective 

memory loss, dementia, or 

an MMSE <24. 
 

Objective memory loss was 

defined as a score of 0 or 1 

on the MMSE three-word 

later recall test in the 

absence of subjective 

memory loss, dementia, or 

an MMSE <24 

 

Longitudinal 

association  
(NB associations 

adjusted for age 

only) 

 

OI associated with 

MCI: 

OR 1.84 (1.20–

2.80) 

 

cOH associated 

with dementia: 
OR=2.18(1.24-

3.84) 

 

OI associated with 

subjective memory 

impairment: 

 OR =1.55 [95% 

CI: 1.07–2.25]). 

 8
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Table 3.1: Prospective Population-Based Studies Investigating Orthostatic Blood Pressure and Cognitive Outcomes 

Author, 

year 

Setting Sample 

Characteristics 

Orthostatic Test Timing of OH 

measurements 

OBP parameter 

investigated 

Follow-up Outcomes Finding 

Feeney281, 
2016 

Population-
based 

longitudinal 

cohort of 

ageing 

TILDA 

 

Baseline 

2009-11 

N=3417  
 

Age 50 + 

Mean age: 

65.4y 

(SD9.1) 

 

57.8% female 

Supine 
 

10 min 

 

 

Stand 
 

120s 

Beat-to-beat 
OBP 

measurements; 

estimated at 10 

second intervals 

and supine 

measure as 60 

seconds average 

prior to stand 

‘OBP recovery’ at 
40 seconds after 

standing 

i.e. cOH applied 

at 40 seconds post 

stand  

2 years MMSE; Verbal fluency 
10-word recall task- 

immediate and delayed 

recall 

No longitudinal 

association 

after considering 

effect of other co-

variates on change 

Curreri291,  

2016 

Progetto 

Venetto 

Anziani 

(‘Pro.V.A.’) 
Population- 

based cohort 

 

(two towns 

in Northern 

Italy) 

 

 

Baseline 

1995-97 

N= 1421 

 

836 female 

 
Age: 65y+ 

(mean 71.4y +/- 

5.2 ) 

Supine 

 

5 min 

 
(x3 in the 

right arm 

with 30 

sec 

intervals 

to 

estimate 

supine 

measure) 

 

 

 

Stand 

 

1 min 

3 min 

1 min 

3 min 

 

 

cOH 

 

(at 1 min and/or 3 

min) 
 

OHTN 

 

(Increase in SBP 

>20mmHg) 

 

Quintiles 

 

Mean OBP at 1 & 

3 mins using 

predefined cut-

point (mmHg): 
 

SBP: 

-11, -3, +2, +9  

DBP: 

-1, +2, +6, +10  

4 years  

 

(Mean 4.4 

years) 

MMSE 

 

Crude scores normalized to 

the population (age and 
formal education) 

 

Cognitive impairment 

(CI): 

<=24 MMSE 

 

Cognitive decline (CD): 

decrease >= 3points on 

MMSE 

 

 

Longitudinal 

association 

 

 
OHT associated 

with CD at follow-

up: 

 

OR:1.5 (CI95% 

1.26-1.78) 

 

Using quintiles of 

orthostatic BP 

values both 

decreases and 

increases in 
systolic and 

diastolic BP raised 

the risk of CD, but 

not of CI 
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Table 3.1: Prospective Population-Based Studies Investigating Orthostatic Blood Pressure and Cognitive Outcomes 

Author, 

year 

Setting Sample 

Characteristics 

Orthostatic Test Timing of OH 

measurements 

OBP parameter 

investigated 

Follow-up Outcomes Finding 

Wolters288, 
2016 

Rotterdam 
Prospective 

cohort study, 

 

Baseline 

1989, 1993 

N=6204 
 

Age: 

68.5+/-8.6y 

 

Sex:59.7% 

female 

Supine: 
 

5 mins  

Stand 
 

3 mins 

 

 

1 min; 2mins & 
3 min 

 

Information on 

symptoms 

collected 

 

 

cOH; 
 

SBP variability; 

(co-efficient of 

variability); 

 

Orthostatic HR; 

 

Delta SBP/DBP 

25 years 
 

(Median 

follow-up 

15.3 years) 

Dementia: 
 

VaD 

AD 

 

Longitudinal 

association 

 

cOH & orthostatic 

SBP variability 

predict Dementia 

modelled using 

COX proportional 

hazards 

 

Linear effect with 

SBP variability 
including after 

exclusion of those 

with severe rises in 

OBP when 

standing 

cOH=Consensus Orthostatic Hypotension; OHT=Orthostatic Hypertension; OI=Orthostatic Intolerance; OBP=Orthostatic Blood Pressue; VaD=Vascular Dementia; 

AD=Alzheimer’s Dementia; MMSE=Mini Mental State Examination; DWR=Delayed Word Recall; DSST=Digit Symbol Substitution Test, WFT=Word Fluency Test; 

CD=Cognitive Decline; CI=Cognitive Impairment; SBP=Systolic Blood Pressure 

8
7
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3.1.3. Orthostatic Blood Pressure and Affective Symptoms in Older Adults 

 

Associations between lower BP, including orthostatic BP, and depression in older adults 

have recently been subject to systematic review.84 Three small cross-sectional studies from 

Newcastle University have reported that systolic orthostatic BP is lower in older adults with 

Major Depressive Disorder relative to controls when measured using beat-to-beat devices – 

the most comprehensive of these additionally incorporated MRI neuroimaging and is 

discussed below  (Section 2.1.4).84,295  

 

O’Regan et al272 extended such findings to the population setting using a seated-to-stand 

protocol; orthostatic BP was assessed intermittently using an oscillometric device with a 

single standing BP measure at one minute. O’Regan reported an association between lower 

sit-to-stand BP and greater depressive symptoms in TILDA.272 Of note however, these 

associations were restricted to those with symptomatic OH – findings which the authors 

suggest may provide support for Taylors76 cerebral hypoperfusion hypothesis of late life 

depression. 

 

The literature search did not identify studies investigating associations between orthostatic 

BP and anxiety disorders in older adults. As previously noted in Section 1.3 however, prior 

findings in TILDA point to associations between exposure to psychosocial stressors and 

lower orthostatic BP in later life.238 Feeney et al reported that greater self-reported stressful 

life events, including a history of childhood trauma, were associated with a slower recovery 

of systolic orthostatic BP.238  Exposure to traumatic events may be associated with 
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development of the anxiety disorder Post-Traumatic Stress Disorder – which has in turn been 

associated with OH and OI (although such findings were reported in younger samples).239,296   
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3.1.4. Orthostatic Blood Pressure and Structural Neuroimaging in Older Adults 

 

Studies which have investigated associations between orthostatic BP and structural 

neuroimaging (i.e. CT or MRI) are summarised in Table 3.2. Investigations completed in 

patients with a primary diagnosis of an alpha-synucleinopathy are not included (but have 

been reviewed elswhwere).220 Firstly studies based in clinical samples are reviewed and then 

population-based samples.  

 

Clinical Studies 

Dementia 

In a retrospective case note review of 204 patients, Raiha297 et al reported that a history of 

OH was more common among patients with WMH on Computed Tomography scanning. 

Ballard et al also reported that in a clinical sample of patients with dementia, WMH were 

more common in those with a systolic orthostatic BP decrease in response to Carotid Sinus 

Massage (CSM) or Active Stand, however most participants (N=29/30) had a larger fall in 

response to CSM rather than Active Stand.289 In a more recent cross-sectional clinical study 

of patients with ‘mild dementia’, Soennesyn et al reported no relationship between consensus 

OH and WMH on MRI.298 Several participants however underwent a seated-to-stand 

procedure rather than supine-to-stand, and a period of rest prior to measurement of the 

standing BP was not required.298  

 

  

https://www.google.co.uk/search?client=firefox-b&dcr=0&q=alpha-synucleinopathy&spell=1&sa=X&ved=0ahUKEwjsvbW86pvZAhVpBsAKHd4UD5YQkeECCCQoAA&biw=1440&bih=731
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Hypertension 

Japanese investigators have reported cross-sectional U-shaped associations between 

orthostatic BP and visual ratings of cerebral small vessel disease on MRI brain in three 

clinical studies in older participants with hypertension.299–301 In each study, participants with 

exaggerated increases or decreases in orthostatic BP (variously defined) were compared to 

those participants with an intermediate or ‘normal’ postural response. Matsubayashi et al301 

reported that lacunes and periventricular WMH on 0.5T MRI were more common in 

participants with either OHT (N=15) or OH (N=15) compared to those with an ‘intermediate’ 

orthostatic BP response (N=30). Kario299, from the same group, extended these finding to 

241 participants in whom hypertension had been identified on 24-hour ambulatory 

monitoring; participants underwent HUT to assess orthostatic BP and 1.5T brain MRI. Silent 

cerebral infracts (defined as lesions >3mm-20mm) were more common in those participants 

with either OHT or OH – a finding mirrored when systolic orthostatic BP response was 

summarised into quintiles.  Moreover, WMH were more common in those with OHT relative 

to those with either OH or a ‘normal’ postural systolic orthostatic BP change. Eguchi300 

reported similar findings in the third study, although cut-points for OHT and OH differed 

from prior studies i.e. an elevation in systolic orthostatic BP of >=10mmHg was used to 

defined OHT, and OH was defined as a decrease of systolic orthostatic BP >=10mmHg.300 

 

Late life Depression 

Colloby et al295 investigated associations between orthostatic BP as measured with beat-to-

beat technology and changes on brain MRI in patients with Major Depressive Disorder 

(MDD), relative to age and sex matched controls (N=60; 30 patients and 30 controls). WMH 

and regional GM volumes were estimated according to a fully automated quantitative 
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method. In the group with MDD, WMH volume in parietal and temporal lobes was 

associated with the magnitude of change systolic orthostatic BP, but in the healthy controls 

there was no correlation. There were no associations between orthostatic BP and regional 

GM volumes of subcortical structures chosen a priori (based on potential relationships to 

depression in older adults).295 The authors acknowledged differences between the groups 

with respect to the burden of antidepressant medication but argued that treatment with TCA 

was an exclusion criteria, and therefore ADT were unlikely to affect their findings as TCA 

are the ADT most likely to cause OH.295 Interestingly, an association between TCA and 

WMH volume had previously been reported in the Cardiovascular Health Study.302 This 

association was attenuated after adjustment for OH in analyses, suggesting that the impact 

of TCA may have been mediated via OH i.e. as a side-effect of ADT (although the authors 

cautioned that this may also have been due to the drop in sample size when OH was added 

to models).302 

 

Epidemiological Studies 

The Cardiovascular Health Study (CHS) is a longitudinal study of 5201 adults aged 65+ 

randomly selected from four communities in the United States, 62% of whom also 

underwent MRI neuroimaging.16 In the CHS, orthostatic BP was assessed using a mercury 

sphygmomanometer. Participants lay in the supine position for twenty minutes after which 

a supine BP reading was recorded; a subsequent BP measurement was recorded after three 

minutes in the standing position.303 The prevalence of asymptomatic OH was 16.2% in the 

total population which increased to 18.2% when symptomatic OH (defined as ‘"dizziness" 

or "lightheadedness" upon questioning such that the procedure was aborted’) was 

included.303 In cross-sectional analysis of 2981 participants, consensus OH was associated 

with a higher grade of white matter lesions16, however this relationship although did not 



93 

 

survive correction for ‘clinically silent stroke’ in models. The authors suggested that the 

relationship may thus have been mediated by known associations between OH and stroke 

and/or stroke – as both white matter change and stroke may share similar pathophysiology.16 

 

In a prospective, follow-up study of the same cohort, the presence of OH at time of initial 

MRI was not related to progression of white matter lesions grade on repeat  MRI brain 5 

years later304, nor in a separate report to incident infarction.305 Although in bivariate analysis 

OI was related to progression of white matter change, this association did not survive 

multivariate adjustment.304 The CHS studies however were limited by use of visual rating 

scales to assess brain MRI, varying MRI magnet strength (0.35 – 1.5 T) across four centres, 

and measurement of orthostatic BP at a single time point.16,304,305 

 

The Honolulu-Asia Study306 followed a cohort of 575 Japanese-American men from mid-

life for approximately three decades: from 1965-1974 (age range 45-64yrs) until 1994-1996 

(mean age 82 years). Orthostatic BP was measured at examination 4 (1991-1993) prior to a 

1.5 T MRI brain at examination 3-5 years later. MRI outcomes were measured using the 

same protocol as the CHS, and scans were obtained at a single centre. In addition to WML 

grade, ventricular enlargement was also rated using a semi-quantitative (visually-rated) 

protocol. OH was not related to any of the brain MRI endpoints.306 Notable limitations to 

this study include the male only design, ethnic homogeneity and low-resolution scanning.  

 

The  National Heart, Lung, and Blood Institute Twin Study (NHLBI)307 was a large 

epidemiological sample which followed 418 twin males; it reported a cross-sectional 

association between a greater absolute change in systolic BP (measures from supine-to-



94 

 

standing)  and a larger volume of abnormal white matter signal.307 This study however was 

also limited by a male-only design and low-resolution scanning. Associations with regional 

GM change were not investigated.  

 

 

 

 



 

Table 3.2: Orthostatic Blood Pressure and Structural Neuroimaging 

Author, 

year 

Setting Characteristics Orthostatic Test Timing/No of 

measurements 

OBP 

parameter 

investigated 

Follow-up Outcome ix Finding 

Longstreth, 

199616 

Cardiovascular 

Health Study  

 

Random sample 

four medicare 

lists in the US 

 

USA baseline  

 

1989/90 

N=3301 

 

Age 65+ 

 

62 % had an 

MRI 

Supine 

 

20 min 

Stand 

 

3 min 

One measure at 

3mins 

cOH 

OI 

Cross-

sectional  

 

MRI in  5 & 6 

 (except 

N=303 @ yr4) 

 

OBP at year 5 

or baseline 

Brain MRI 

1.5 T (or 0.35 T)  

 

1. Visual Rating 

1-8 of total 

volume of 

white matter 

signal 

abnormalities 

Cross-sectional 

association 

 

OH  (no=0; yes=1) 

associated with increased 

white matter grade - 

survived multiple variable 

adjustment when stroke 

not included in the model 

 

  

Matsubayas
hi, 1997301 

Community-
dwelling sample 

those with 

dementia and 

neurological 

disease 

excluded  

N=60 with 
neuroimaging 

 

Age 75+ 

 

 

 

 

Supine 
 

5 min 

 

 

Stand 
 

2 min 

1 and 2 mins 
after standing 

 

(mean of two 

measurements 

of BP in each 

position) 

 

 

Continuous 
delta SBP 

divided into:  

OH 

<=20mmHg 

OHT>=20m

mHg 

NormoT: 
20<dSBP<20 

mmHg 

 

N=15 OH 

N=15 OHT 

N=30 

NormoT 
 

 

Cross-
sectional 

 

 

 

Brain MRI 
0.5 T  

 

 

1. Number of 

Lacunes 

 

2. Four grades of 

PVH WML’s 

 

Cross-sectional 

association 

 

OHT and OH associated 

with greater number of 

Lacunes <0.001 ANOVA 

and Periventricular white 

matter hyperintensities 

<0.01 on Chi 2 
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Table 3.2: Orthostatic Blood Pressure and Structural Neuroimaging 

Author, 

year 

Setting Characteristics Orthostatic Test Timing/No of 

measurements 

OBP 

parameter 

investigated 

Follow-up Outcome ix Finding 

De Carli 

,1999307 

 

 

Longitudinal 

Population-

based 

Observational 

Cohort Study, 

 

National Heart, 

Lung, and 

Blood Institute 

Twin 

Study, 
 

USA 

baseline 

1969–1972. 

 

47.2+/-3 years 

at baseline  

 

N=414 

 

All men 

 

72.5 +/- 2.9 

years at final 

follow-up 

 

 

Supine 

 

Not 

reporte

d 

Stand 

3-5 

mins 

One measure 

after 3 to five 

minutes of 

standing 

 

 

Delta SBP 

and DBP 

Cross 

sectional  

 

OH and 

BRAIN MRI 

measured at 

fourth 

examination 

only 

 

 1995-1997 
 

 

 

Brain MRI 

1.5 T  

 

1. Total brain 

volume 

  

2. Volume of 

abnormal white 

matter signal 

(WMHI) 

 
3. Volume of 

stroke 

 

 

 

Cross-sectional 

association 

 

Magnitude of orthostatic 

SBP change was 

significantly associated 

with WMHI volume in 

multivariate adjusted 

regression models 
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Table 3.2: Orthostatic Blood Pressure and Structural Neuroimaging 

Author, 

year 

Setting Characteristics Orthostatic Test Timing/No of 

measurements 

OBP 

parameter 

investigated 

Follow-up Outcome ix Finding 

Longstreth, 

2002305 

Cardiovascular 

Health Study  

 

Random sample 

four medicare 

lists in the US 

 

USA baseline  

 

1989/90 

N=1433  

 

participants 

underwent 2 

MRI scans 

separated by 5 

years and had 

no infarcts on 

initial MRI. 

 

Age 65 + 
 

with two scans 

~15% black 

~59.5 % women 

 

 

Supine  

 

20 min 

Stand 

 

3 min 

One measure at 

3 min 

Delta SBP 

Delta DBP 

Dizziness on 

standing 

cOH 

Prospective  

 

follow-up 

MRI 5 years 

later 

Brain MRI 

1.5 T 

 

1. Incident infarct 

on MRI 

(all infarcts ≥3 mm; 

Lacunes were 

defined as 

subcortical infarcts 

3 to 20 mm in size) 

No association 

with incident infarct 65+ 
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Table 3.2: Orthostatic Blood Pressure and Structural Neuroimaging 

Author, 

year 

Setting Characteristics Orthostatic Test Timing/No of 

measurements 

OBP 

parameter 

investigated 

Follow-up Outcome ix Finding 

Havlik, 

2002306 

 

 

Japanese-

American men 

in Hawaii  

long-term study 

of 

cardiovascular 

disease, baseline 

1965 to 1974. 

 

 

N=575 men 

 

Age 82 yrs 

1994-1996 

 

Supine 

 

15 min  

Stand 

 

3 min 

One measure at 

3 min 

cOH @  

1991 to 1993 

(examination 

4) 

Prospective : 

Brain MRI @ 

5th  

examination 

1994 to 1996 

 

 

Brain MRI 

1.5T  

 

1. WML grade: end-

point for was set 

at grades 5 to 9 

(mild or greater 

confluence of 

WMLs in the 

periventricular or 

broader regions) 
 

2. Atrophy set at 

grades 6 to 9 

(borderline or 

definite increase 

in ventricular 

volume) 

No association 

 

No association with either 

MRI end point  

9
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Table 3.2: Orthostatic Blood Pressure and Structural Neuroimaging 

Author, 

year 

Setting Characteristics Orthostatic Test Timing/No of 

measurements 

OBP 

parameter 

investigated 

Follow-up Outcome ix Finding 

Kario, 

2002299 

Elderly 

hypertensives; 

outpatient’s 

HTN based on 

24 ambulatory 

monitoring 

April 1996-

August 2000 

 

 no Anti-HTN 

meds x 14 days 
prior to study 

N=241  

Age 60+ 

~40%male 

 

(Patients with 

symptomatic 

OHYPO 

with SBP 

decrease >=30 

mm Hg 1 min 

after active 
standing were 

excluded) 

 

HUT 

 

Supine 

 

10 min 

Passive 

stand 

70° 

 

15 min 

 

 

Average of  BP 

measured at 

 6-10 mins stand  

minus 

average BP 

supine 1- 5 min  

 

(BP measured 

at one minute 

intervals) 

 

Continuous 

delta SBP 

divided into:  

 

OH 

<=20mmHg 

OHT>=20m

mHg 

NormoT: 

20<dSBP<2

0 mmHg 
 

N=26 OH 

N=23 OHT 

N=192 

NormoT 

 

Quintiles of 

SBP change 

 

Cross-

sectional 
Brain MRI 

1.5 T  

 

1. Silent Cerebral 

Infarct 

Multiple SCIs were 

defined as >=3 

infarcts/person 

 

2. Advanced Deep 

white matter 
lesions: 

hyperintense 

multiple punctate 

lesions or such 

lesions at the 

early confluent 

stage or those 

that had reached 

confluency 

Cross-sectional 

association 

 

Silent cerebral infarcts > 

OHTN (3.4/person)  

& OH (2.7/person) vs. 

NormoT=1.4/person 

 

Advanced DWM  

OHTN > NormoT & OH 

group  
 

 

Quintiles OBP: 

 U-shaped relationship for 

SCI and multiple SCIs  

 

(after adjusting for 

demographics 

and ambulatory BP) 

 

 

9
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Table 3.2: Orthostatic Blood Pressure and Structural Neuroimaging 

Author, 

year 

Setting Characteristics Orthostatic Test Timing/No of 

measurements 

OBP 

parameter 

investigated 

Follow-up Outcome ix Finding 

Eguchi, 

2004300 

Older patients 

with HTN, 

Japan 1996-7 

Hypertensive 

patients age 40+ 

 

No patient had 

taken any 

antihypertensive 

medication for 

at least 14 days 
before the HUT 

and ambulatory 

BP monitoring 

(ABPM) study. 

 

N=86 

outpatients  

 

(mean age, 67.6 

years; range, 

48–86 years) 

 

N=59 dx HTN 

N=27 

normotensive.  

 
Brain MRI  

41 of the 59 

hypertensives 

(69%) and in 13 

of the 27 

normotensives 

(48%)  

 

HUT 

 

Supine 

 

10 min 

 

70 

degree 

tilt 

 

15 

mins 

BP at 1 min 

intervals 
 

 

Average value 

over the 2 to 9 

min during 

tilting (8 points)  

 

minus  

 
average in the 

supine position 

during the 1 to 5 

min just before 

the tilting (5 

points). 

 

 

Hypertensiv

es spilt into 

three groups: 

 

OHT=increa

se 

>=10mmHg 

 

OH= 

decrease 

>=10mmHg 
 

Normal 

Postural BP 

change 

 

& 
Normotension 
group 

 

 

 

 

Cross-

sectional 

Brain MRI 

0.5T 

 

1. Silent cerebral 

infarct (SCI) was 

defined 

exclusively as a 

low signal 

intensity area (≥ 3 

mm-15mm) 

 
2. Multiple SCIs ≥ 3 

 

3. Periventricular 

hyperintensity 

(PVH)  

 

4. Advanced PVH 

was defined as a 

PVH grade ≥ 3, 

as described 

previously 

 

Cross-sectional 

association 

 

Total Number SCI/ 

Any SCI /Multiple SCIs 

highest in the OHT group 

compared to the 

normotension group 

 

OH more likely multiple 

SCU compared to 
normotn 

 

No statistically sig 

difference in PVH 

1
0
0

 



 

Table 3.2: Orthostatic Blood Pressure and Structural Neuroimaging 

Author, 

year 

Setting Characteristics Orthostatic Test Timing/No of 

measurements 

OBP 

parameter 

investigated 

Follow-up Outcome ix Finding 

Longstreth, 

2005304 

Cardiovascular 

Health Study  

 

Random sample 

four medicare 

lists in the US 

 

USA baseline  

 

1989/90 

 

N=1919 

 

Age 74; 

Men ~ 40% 

 

 

Supine 

 

20 min 

Stand 

 

3 min 

One measure at 

3 min 

Delta SBP 

Delta DBP 

OI 

cOH 

Prospective 

 

(Mean 5 

years) 

 

 

Brain MRI 

1.5T 

 

 

1. Worsening white 

matter grade (0, 

1grade, >=2 

grades)  

 

 

 

No association 

 

[OI associated with 

Worsening WM grade: 

 

None( 1.7%) vs 

1 grade (2.7%) vs  

>= 2 grades (5.1%) 

p=0.035 

 

but 
did not survive 

multivariable adjustment] 

 

No association with delta 

SBP or DBP, cOH 

 

 1
0
1

 



 

Table 3.2: Orthostatic Blood Pressure and Structural Neuroimaging 

Author, 

year 

Setting Characteristics Orthostatic Test Timing/No of 

measurements 

OBP 

parameter 

investigated 

Follow-up Outcome ix Finding 

Soennesyn, 

2012298 

Secondary care 

outpatient 

clinics in 

geriatric 

medicine and 

old age 

psychiatry in 

western 

Norway. 

Consecutive 

referrals 
 

Norway 2005-

2007 

  

160 patients 

with  

MMSE>=20  

 

 

N=160 

 

Median age= 

76.9% (71-81) 

57% female  

(data from 

parent cohort of 

n=246) 

 

 

Supine* 

 

*No set 

protocol 

 

Stand  

 

3 min 

  

Once in the 

supine position 

and one 

measure at 3min 

 

 

cOH 

 

 

Low 

Standing 

SBP 

<110mmHg 

Cross- 

sectional  

 

(MRI median 

interval of 2 

months from 

the baseline 

clinical 

examination) 

 

Brain MRI 

1.5T 

 

1.WMH automated 

(Volumetric) & 

visual Scheltens 

scale (semi-

quantitative): 

 

highest vs. lowest 

WMH quartile  
 

 

No association 

 

 

cOH=Consensus Orthostatic Hypotension; OHT=Orthostatic Hypertension; OI=Orthostatic Intolerance; ‘NormoT’: ‘normal’ orthostatic BP response; SCI=Silent Cerebral 

Infarct; DWM=Deep White Matter; MMSE=Mini Mental State Examination; WMH=White Matter Hyperintensity; PVHV=Periventricular Hyperintensity; T MRI= Tesla 

Magnetic Resonance Imaging 

 

1
0
2
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3.1.5. Summary 

 

In 1996 OH was defined by expert consensus however guidelines as to the optimal manner 

of assessment of orthostatic BP were not included. There is variation between studies in the 

measurement of orthostatic BP both at the clinical and epidemiological level, thus limiting 

comparison of findings across investigations. The introduction of continuous beat-to-beat 

orthostatic BP measurement has facilitated the analysis of early changes (<30seconds) in BP 

after standing but has also added complexity to the interpretation of the orthostatic BP 

response. 

 

Increasing numbers of studies have described prospective associations between orthostatic 

BP and cognition in older adults.  The most comprehensive study to date followed 

participants over an average of 15 years. Consensus OH at baseline was associated with 

dementia risk; as was a novel sub-clinical orthostatic BP parameter i.e. within-person 

variability in orthostatic BP at a single time point. The authors, however, did not investigate 

brain MRI outcomes nor MCI. Only one prior study has investigated associations between 

orthostatic BP and potential preclinical dementia symptoms; reporting associations between 

OI (but not orthostatic BP) and SMI at population level.  

 

TILDA is the first population-based study of older adults to incorporate beat-to-beat 

orthostatic BP measures. Varying methods have been employed to summarise data into 

clinically meaningful measures and to account for conditional change from the pre-stand 

measurement. Slower ‘percentage’ orthostatic BP recovery has been associated with 

increased risk of conversion to dementia in a sample of older adults with MCI.  Few studies 
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have investigated orthostatic BP and affective outcomes. A small clinical study has described 

associations between beat-to-beat orthostatic BP, WMH and depression in older adults.  

 

Population-based studies which have examined associations between orthostatic BP and 

structural MRI outcomes are limited by MRI magnet strength (and thus low-resolution 

scanning) and use of visual rating scales. Although cross-sectional associations between 

orthostatic BP and WMH have been described, to date there have been no prospective 

associations found. Prospective associations have been described been OI and WMH 

although these did not survive multivariable adjustment. Associations with regional GM 

volume have not been investigated at the population level. Only small clinical studies have 

investigated orthostatic BP and cognition in older adults and incorporated brain MRI, 

producing conflicting results. 
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3.2. Baroreflex Sensitivity and Brain Health in Older Adults 

 

3.2.1. Assessment and Definitions  

 

Definition 

Baroreflex sensitivity (BRS) is defined according to Swenne as, ‘the change in the interval 

between heart beats in milliseconds per one unit change in blood pressure’.308 For example, 

if BP increases by 10 mmHg and the HR interval then increases by 100msec, BRS is 

calculated as 100/10 = 10 msec/mmHg308. In the seminal Autonomic Tone and Reflexes 

After Myocardial Infarction, ‘ATRAMI’ study, BRS was measured post-myocardial 

infarction and patients were followed over 24months – lower BRS was a significant predictor 

of ventricular arrhythmia, ventricular fibrillation and death.309 The ATRAMI investigators 

defined low BRS as <3 msec/mmHg.309  

 

Assessment 

Invasive  

Measurement of BRS by the modified Oxford method, by which change is HR is induced 

by intravenous administration of a pressor agent such as phenylephrine or a peripheral 

vasodilator such as nitroprusside, is regarded as the gold standard.27,310 Change in HR is 

calculated and regressed against the change in SBP; the slope of the regression line is 

interpreted as sensitivity of the baroreflex153 i.e. a steeper regression slope reflects a closer 

relationship between SBP and HR. The modified Oxford method has limited applicability 

beyond clinical samples.  
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Non-invasive 

Non-invasive measurements capture the activity of the baroreflex without the introduction 

of a vasoactive agent.311 For example, continuous BP and HR recordings during SBP and 

HR change induced by the Valsalva manoeuvre may be used to provide an estimation of 

BRS.310 In the epidemiological setting however, BRS is most often estimated from 

spontaneous fluctuations in SBP and HR during supine rest.  

 

Sequence Method 

In TILDA, the sequence method is used to estimate BRS and is calculated in the time 

domain. SBP is measured peripherally using beat-to-beat plethysmography at the finger. HR 

is measured using an electrocardiogram.  Successive, spontaneously occurring change in 

SBP during supine rest is mapped to successive change in HR (Figure 3.2).312 BRS, as 

estimated using the sequence method, has previously been demonstrated to provide a close 

approximation to BRS measured using invasive techniques.313 In older adults with 

hypertension, BRS assessed during spontaneous fluctuation in BP may better reflect BRS 

function than an invasive measurement.311 
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Figure 3.2: Baroreflex Assessment: Sequence Technique.  

From Persson et al. 2001312: Schematic of the sequence technique for the estimation of 

baroreflex sensitivity (BRS); ECG= electrocardiogram. 

 

 

Frequency Domain 

BRS may also be assessed in the frequency domain via the calculation of the alpha co-

efficient (Figure 3.3). Here, the association between the variability of SBP and the variability 

of HR is mapped via spectral analysis. Spectral analysis breaks down haemodynamic 

recordings of HR and BP according to their frequency components before quantifying the 

power of each.183 The sensitivity of the baroreflex thus provides an indication of relative 

association between oscillations in BP and oscillations in the R-R interval at the same 

frequency or the ‘transfer magnitude’.183 
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Figure 3.3: Baroreflex Assessment: Spectral Analysis . 

Diagram from, ‘How to measure baroreflex sensitivity: from the cardiovascular laboratory 

to daily life’, Parati et al. Journal of Hypertension 2000, 18:7-19311 illustrating how BRS 

can be assessed in the frequency domain using spectral analysis. PI=pulse interval (or R-R 

interval); SBP=systolic blood pressure; FFT =fast Fourier transformation’  
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3.2.2. Baroreflex Sensitivity and Cognition in Older Adults 

 

The literature review identified a small number of studies which have investigated the 

association between cardiac BRS and cognition in older adults (Table 3.3). 

 

In clinical samples, investigators have reported lower BRS in patients with AD and 

MCI.151,314 For example, Dutch investigators reported that they were able to distinguish those 

with AD vs controls using BRS; BRS varied according to severity of cognitive impairment 

in a graded fashion i.e. BRS in Controls>MCI>AD.151 These findings were consistent with 

those from another small clinical study in which BRS  was lower in patients with AD and 

Parkinson’s disease relative to healthy controls.314 

 

Two publications from the French based PROOF study (‘PROgnostic OF cardiovascular and 

cerebrovascular events’) have examined the association between BRS and cognitive function 

in older adults at population level.315,316 The PROOF cohort baseline sample was randomly 

selected and at inception was representative of the French population aged 65 (i.e. according 

to sex and socioeconomic position); those with existing cardiovascular disease were 

excluded. The first report details a cross-sectional investigation with a second extending the 

findings longitudinally.315,316 In both, BRS was assessed non-invasively using the sequence 

method, and cognition was assessed using a battery of screening tests validated for use in a 

French speaking sample. BRS was lower in those with lower cognitive performance. In the 

longitudinal follow-up, the investigators described ‘parallel’ change in BRS and in cognition 

over time i.e. in participants followed over 8 years, those with lower BRS at both time points 

(baseline and follow-up)  also had a greater decline in memory.316 It is of note however that 
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the statistical methods used did not take into account correlation between repeated measures 

nor loss to follow-up.



 

Table 3.3: Baroreflex Sensitivity and Cognition in Older adults. 

Author, year Setting Sample 

Characteristics 

BRS investigated Follow-up Outcome  Finding 

Szili-Torok314,  
2001 

Clinical 
 

Case-control 

 

N=23 w/PD 
65yrs +/-9.3;  

 

N=24 w/AD 

72.3yrs +/- 7.2 

 

N=22 controls  

age & sex matched  

Non-invasive:  
Continuous 

 

 

Cross-
sectional  

AD, PD vs 
control 

Graded association 
 

BRS lower in AD & PD vs. controls 

Meel-van den 

Abeelen151, 

2012 

Clinical 

 

Case-control 

N=34 patients with AD; 

29 patients with MCI;  

37 healthy controls 

 

Age:60+ 
 

Sex:50:50 

Non-invasive: 

Continuous  

Cross-

sectional  

AD,MCI vs 

control  
Graded association 

 

BRS was lower in AD (1.4 +/- 0.8 msec/mmHg) 

vs. control subjects (6.4 +/- 2.7 msec/mmHg) (p 

< 0.01) 
 

BRS in MCI between the values for AD and 

control subjects 

Saint Martin315, 

2013 

Population-based cohort 

 
PROOF STUDY 

N=916 

 
Age 66.9yrs +/- 0.9 

 

Sex: 65.5% female 

Non-invasive: 

Continuous 
and cut-point 

Cross- 

sectional 
Cognitive 

domains: 
Attention 

/Executive 

/Memory  

Linear association 

 
Lower BRS associated with increased odds of 

lower cognitive function compared to normal 

BRS (BRS >6): 

 

3 < BRS ≤ 6: 

 

OR = 1.82 (1.13–3.17; p = 0.02)  

  

BRS ≤ 3:  

 

OR = 2.65(1.40–5.59; p = 0.006) 

1
1
1

 



 

Table 3.3: Baroreflex Sensitivity and Cognition in Older adults. 

Author, year Setting Sample 

Characteristics 

BRS investigated Follow-up Outcome  Finding 

Saint Martin316, 
2015 

Population-based cohort 
 

PROOF STUDY 

 

 

N = 425 at baseline 
 

Age 66.9yrs +/- 0.9 

 

58% female 

 

Non-invasive: 
Continuous 

and cut-point – 

measured twice at 

baseline and follow-

up 

Longitudinal  
 

7.8 +/- 0.9 y 

follow-up 

 

Cognitive 

domains: 

Attention 

/Executive 

/Memory 

 –  

measured 

twice at 

baseline and 

follow-up 

Prospective association 
 

Participants with greatest reduction in BRS over 

follow-up also had greater change in memory 

relative to those with stable BRS  

 

No significant association with attention and 

executive dysfunction. 

 

AD=Alzheimer’s Disease; PD=Parkinson’s Disease; MCI=Mild Cognitive Impairment 

1
1
2
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3.2.3. Baroreflex Sensitivity and Affective Symptoms in Older Adults 

 

There is a larger literature on associations between BRS and affective symptoms in older adults 

(Table 3.4). Early studies in cardiac patients suggested that BRS may be reduced in patients 

with depression and anxiety.317,318 Another study in patients attending psychiatric services, 

demonstrated that BRS was lower in patients with depression relative to a control group of 

volunteers.319 At the population level, it is again the French investigators based in the PROOF 

study who reported that lower BRS – as measured using spontaneous BRS assessment – was 

associated with greater depressive symptoms in older adults.320 The investigators examined 

depression in three ways: i) self-reported history of depression ii) depressive symptoms on a 

validated questionnaire and iii) use of psychoactive medications. 

 

Another large French cohort study composed of volunteers and their families recruited from an 

occupational health screening service, investigated the association between BRS and 

depression.321 Depression was categorised as a binary outcome based on case-level depressive 

symptoms assessed using a validated screener.321 They reported that case level depressive 

symptoms were not associated with BRS, but ADT (in particular treatment serotonin and 

norepinephrine reuptake inhibitors (SNRI’s)) was associated with lower BRS. The authors 

acknowledged limitations to the study: they were unable to adjust for symptoms of anxiety and 

only 38% of the cohort were women. Notably however, they highlight their use of an alternative 

non-invasive measurement of BRS (‘echo tracking-derived neural BRS’) which they report 

removes the confounding effect of arterial stiffness on BRS measurement.321  



 

Table 3.4: Baroreflex sensitivity and Affective Symptoms in Older Adults 

Author, year Setting Sample 

Characteristics 

BRS 

investigated 

Follow-

up 

Outcome  Finding 

Watkins318,  
1999 

Clinical 
 

Patients with stable 

Coronary Artery 

Disease 

N=66 
 

(n = 14:low 

depression;13 

men; age 62 +/- 

8 years) 

 

(n=16 high 

depression; 13 

men; age 63 +/- 

8 years) 

Non-invasive 
Continuous 

 

Cross- 
sectional 

Beck Depression Inventory: 
 

Quartiles of scores used to 

define groups with low vs. 

high depressive 

symptomatology - lower 

(scores <3, n = 14) and 

upper (scores >9, n = 16)  

Lower BRS associated with higher  

depressive symptoms 

 

Low vs High depressive symptoms: 

(BRS 6.5 ± 2.8 msec/mmHg vs. 4.5 ± 2.7msec/mmHg; P <0 

.05). 

 

Watkins317, 

2002 

Clinical 

  
Post- Acute 

Myocardial 

Infarction (AMI) 

 

N=204: 

 
167 completed 

anxiety measure 

 

37 with 

depression 

60% male    

 

Age: 56+- 

13years 

 

Non-invasive 

Continuous 
 

Cross-

sectional 

Structured clinical interview 

inpatient setting (6 ± 3 days 
post AMI). 

 

20-item Spielberger State 

Anxiety Inventory 

 

Lower BRS associated with higher anxiety 

 
BRS not associated with depression 

 

Low vs High anxiety (based on median split): BRS 4.7 +/- 3.2 

msec/mmHg in patients with high anxiety vs. 5.7 +/-3.3 

msec/mmHg in patients with low anxiety; p<0.05 

Vasudev319, 

2011 

 

Clinical  

 

Case- Control: 
 

(i.e. Secondary 

care psychiatric 

services; dx 

major depressive 

episode (current 

or previous) vs  

healthy control) 

N=42 depressed 

cases (74.0 +/- 

5.9 years; n=31 
women) 

 

vs. 

 

N= 31 controls 

(Age:74.6 +/- 6.3 

years; n=20 

women)  

Non-invasive 

Continuous 

:  
 

*BRS 

extractable 

from n=35 

depressed 

and n=23 

controls 

Cross- 

sectional  

Montgomery–Asberg 

Depression rating scale 

(MADRS) 
 

Geriatric Depression 

Scale (GDS) 

 

Hospital Anxiety and 

Depression Scale (HADS)  

 

BRS lower in depressed group 

 

(natural log mean (SD) Control: 2.05 +/-0.57 vs Depressed 1.70 
(+/- 0.66); p=0.032)  

 

(Modified by Co-varying for age and sex (ANCOVA 

F3,54=3.983, p=0.051)) 

1
1
4

 



 

Dauphinot320, 

2012 

PROOF 

population-based 
cohort – excluded 

at baseline 

participants with 

existing CVD 

N= 823 subjects 

were included in 
the analyses.  

Age =65 yrs +/ 

1.2 

 

Men=41.19% 

Non-invasive 

Continuous 
 

Cross- 

sectional 

History of depression: 

 (depressive status defined by 
both self-report history of 

depression and a depression 

QD2A score higher than the 

threshold 7, and use of 

psychoactive treatment.)  

 

BRS lower in case-level depressive symptoms vs those 

without case level symptoms not on treatment (ADT) 
lnBRS  1.82+/-0.51 Not Depressed; No Rx (n=712) 

lnBRS  1.67+/-0.46 Not depressed; Rx (n=44) 

lnBRS  1.72+/-0.51  depressed; no Rx (n=52) 

lnBRS  1.90+/-0.31   depressed; Rx (n=15) 

No significant difference between groups defined by self-

reported hx of depression  

Empana321, 

2016 

PARIS 

PROSPECTIVE 

STUDY III 

 

Population-based 

cohort 
 

 

N=9213 

 

Age= 50-75 

years 

 

Women=38.6%  
 

 

 Non-

invasive 

Continuous 

(Low nBRS 

defined as a 

value below 
the median, 

which was 

calculated in 

the entire 

participant 

population) 

 

Cross- 

sectional 

A total score >=7 

Questionnaire of Depression 

2nd version, 

Abridged (QD2A) 

=depression 

 
Information on 

ADT use was obtained on a 

face-to-face interview with a 

medical doctor who checked 

the most recent 

medical prescriptions and/or 

medical package. 

 

No significant association between high depressive 

symptoms and lower (neural) BRS:  

OR 1.02 (95% CI: 0.84- 1.23) p=0.870 

 

ADT (SNRI in particular) associated with low BRS: 

ADT OR 1.27 (95% CI: 1.04-1.54)  
SNRI OR 1.94; (95% CI: 1.16-3.22). 

ADT=Antidepressant Treatment; lnBRS= natural logarithm transformed baroreflex sensitivity; rx=treatment; SNRI= Serotonin Noradrenaline Reuptake Inhibitor ; 

AMI=acute myocardial infarction ; dx=diagnosis; hx= history 

1
1
5
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3.2.4. Baroreflex Sensitivity and Structural Neuroimaging in Older Adults 

 

A number of studies of modest sample size have investigated associations between BRS and 

structural MRI outcomes. Of most interest perhaps to older adults, Laosiripisan322 and 

colleagues (Table 3.5) investigated BRS (as assessed during the Valsalva manoeuvre) and 

relationships with regional cerebral perfusion using Arterial Spin Labelling. This study was 

performed in a sample of adults aged 49+/-1 year – thus similar to the youngest participants 

in the TILDA sample. Hippocampal perfusion was higher among participants with higher 

BRS.322 No associations were found with other regions of interest which included the insula 

and caudate. No correction was made for multiple comparisons in analyses. 

 

Tarumi and colleagues310 investigated the association between BRS and white matter 

neuronal fibre integrity in 54 participants (65 +/- 6years) using 3T Diffusion Tensor Imaging 

MRI (Table 3.5). BRS was measured invasively using the modified Oxford protocol, with 

both the response to hypotension and hypertension recorded. There were stronger 

correlations between lower BRS and lower white matter integrity when BRS was assessed 

during hypotension, than with BRS assessed during hypertension.  The authors conclude that 

BRS during hypotension may thus be important in determining white matter neuronal fibre 

integrity in older adults.310 

 

 



 

Table 3.5: Baroreflex sensitivity and Neuroimaging in Older Adults 

Author, year Setting Sample 

Characteristics 

BRS methods BRS 

investigated 

Follow-up Outcome Finding 

Laosiripisan, 2015322 Healthy 

volunteers 

 

 

N= 52 

middle-aged 

normotensive 

adults  

 
Age: 49yrs ± 1  

Non-invasive 

(Valsalva 

manoeuvre; 

Phase IV) 

Continuous and 

tertiles 

Cross-

sectional  

BRAIN MRI: 3T  

 

Arterial Spin 

labelling 

 
 

Hippocampal perfusion was correlated with 

BRS i.e. significantly lower in the lowest BRS 

tertile vs highest tertile  

 

No association was observed between BRS 
and cerebral perfusion in other brain ROI 

Tarumi, 2015310 Clinical & 

volunteers 

 

University of 

Texas 

Southwester

n Medical 

Center 

Alzheimer’s 

Disease 

Center. 
 

Normal 

cognitive vs 

MCI 

 

 

N=54 

 

Age= 65±6 yrs  

 

 

Invasive 

 

Modified 

Oxford protocol 

sodium 

nitroprusside 

(100 μg) 

followed 60 

seconds by 

phenylephrine 

hydrochloride 
(150 μg).  

 

Continuous 

(‘Up slope’ & 

‘down slope’ 

BRS) 

 

Cross-

sectional 

BRAIN MRI:  

3-T  

 

WM DTI diffusion 

metrics:  

FA and RD,AD 

 

 

 

BRS assessed during hypotension was 

correlated with lower WM microstructural 

integrity 

 

 

MCI=Mild Cognitive Impairment; DTI=Diffusion Tensor Imaging; WM=White Matter; FA= fractional anisotropy; RD= radial diffusion; AD= axial diffusion   

1
1
7

 



118 

 

3.2.5. Summary 

 

Cardiac BRS can be assessed non-invasively at population level. Lower cardiac BRS has 

been associated with poorer cognition in older adults in both cross-sectional and longitudinal 

population-based studies. To date, only cross-sectional associations have been reported 

between lower BRS and depressive symptoms at population level; associations may vary 

according to ADT. No study has investigated associations between BRS and both depression 

and anxiety at population level, although associations between lower BRS and greater 

anxiety have been reported in small clinical samples comprised predominantly of male 

patients. Cross-sectional associations between BRS and advanced neuroimaging parameters 

in older adults have been reported but only in small samples. Findings suggest associations 

between lower BRS and poorer brain health e.g. lower hippocampal perfusion and lower 

white matter microstructural integrity. 
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3.3. Syncope and Brain Health in Older Adults 

 

3.3.1. Assessment and Definitions 

 

The AHA syncope guidelines describe reflex syncope as, ‘Syncope due to a reflex that 

causes vasodilation, bradycardia, or both’.323 Reflex syncope is the most common cause of 

syncope in any setting, including among older people; it is unusual however for an adult to 

experience a first vasovagal episode after the age of 35.243,323 

 

Clinical Diagnosis 

According to the AHA the diagnosis of VVS is made, ‘primarily on the basis of a thorough 

history, physical examination, and eyewitness observation, if available’.323 VVS most often 

occurs secondary to stereotyped triggers e.g.  prolonged standing or ‘emotional stress’.  It is 

characterized by a classic prodrome of diaphoresis, pallor and nausea. The National Institute 

for Clinical Excellence (NICE) guidelines suggest an assessment which focuses on eliciting 

key presyncopal, syncopal and post-syncopal features of an event. The guidelines highlight 

potential ‘red flags’ which may suggest a cardiac (e.g. arrhythmic) aetiology e.g. syncope 

during exercise, a family history of sudden death.324 A collateral witness history is also 

emphasized as useful in diagnosis to confirm the presence of features classically 

accompanying VVS.323 Older patients however may be less likely to report prodromal 

features of VVS and be more likely to have unwitnessed episodes, rendering diagnosis more 

difficult.178,325 
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In a specialist setting a HUT may be used to confirm a vasovagal tendency323; after a period 

of supine rest the patient is tilted passively upright to approximately 70 degrees323, although 

protocols may differ. A provoked test may involve the administration of vasoactive agent 

(e.g. sublingual nitroglycerin) or venepuncture.323 Reproduction of symptoms and/or T-LOC 

accompanied by haemodynamic change confirms a VVS tendency which is then sub-

classified as vasodepressor, cardio-inhibitory or both, according to the BP and HR 

response.168  

 

Vasovagal syncope is classically considered a benign diagnosis, particularly on the basis of 

the favourable outcomes of isolated syncopal events in the Framingham study326, however 

syncope, particularly when recurrent, may be associated with high levels of morbidity and 

reduced quality of life.327  

 

Ascertainment of Syncope Prevalence in population-based studies 

 

Population-based studies which have estimated the lifetime prevalence of syncope suggest 

that up to 40% of the population will experience at least one episode of syncope.323 Many 

studies however have estimated syncope prevalence in unrepresentative samples i.e. medical 

students or pilots.328  Estimating the true population prevalence of syncope however is 

difficult as many of those who experience syncopal events will not seek medical treatment, 

thus estimates of syncope prevalence based on medical record linkage are likely to 

underestimate the true population prevalence.170 TILDA assesses syncopal events using a 

self-reported questionnaire which elicits information on ‘frequent’ syncope in youth and the 

number of syncopal events within the last year.329,330 
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The ‘Cerebral Abnormalities in Migraine, an Epidemiologic Risk Analysis (CAMERA)’ 

study aimed to assess features of autonomic dysfunction in patients with migraine. A 

population-based control sample was additionally selected in which the syncope prevalence 

was ascertained.331 VVS was ascertained by self-report via a questionnaire administered by 

telephone to participants. The defining features of a vasovagal event (e.g. such as T-LOC 

preceded by a prodrome and/or occurring after prolonged standing) were explained to 

participants who were asked to endorse (or not) a history of similar events. Those who had 

had episodes with features suggestive of a TIA or seizure were excluded. The lifetime 

prevalence of VVS was 31% in a sample of 153 participants with mean age 48 years.331 

 

Ganzeboom et al332 examined the frequency of fainting in the ‘Cardiovascular Risk profile 

of native Dutch people in the Netherlands (‘CRANS’)’ study.  The CRANS cohort also 

formed the control group to another study (the SUNSET study ‘Surinamese in the 

Netherlands: Study on Ethnicity and Health’) so included only those of ‘Dutch heritage’.332 

Participants were aged 35-60 years and were asked to report a history of syncope, its 

frequency, age at initial onset and age at recurrence, in addition to any identifiable triggers.332 

Participants who reported episodes with features suggestive of intoxication, traumatic injury 

or stroke, or who had a history of epilepsy were excluded. The investigators reported an 

overall lifetime prevalence of 35%. Commonly reported triggers of syncope included 

orthostasis. Syncope was more common in young women, with a first peak in incidence at 

around 15 years; it was rare to experience a first faint after the age of 35.332 The lifetime 

cumulative prevalence of syncope was greater among women than men (41% vs 28%), only 

37 % of participants had sought medical attention.332 
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In the US-based Olmsted County study (set within a larger study evaluating ventricular 

dysfunction) Chen et al328 estimated syncope prevalence at 19% (N=1925). All participants 

were aged 45+ (median 62years); 47% were men. Participants were asked “Have you ever 

experienced a blackout (fainting, complete loss of consciousness)?”. Participants were asked 

about age at first syncopal episode, recurrence, and injury during syncopal events. The 

frequency of comorbid conditions was similar in individuals with and without syncope. 

Women reported a higher overall prevalence at 22% and while the median age at onset of 

syncope in the sample was 25 years, a first episode tended to occur earlier among women.328 

 

The Framingham Heart Study reported an incidence of syncope of 6.2/1000 person-years, 

however syncopal events prior to entry to the study were excluded.333 In Framingham the 

incidence of syncope rose sharply after 80 years to an incidence to 16.9/1000 person years 

in men and 19.5/1000 for women.178 In a retrospective analysis of institutionalised adults 

aged 80+, the 10 year cumulative prevalence of syncope was 23% with the majority 

(approximately 70%) either unexplained or diagnosed as VVS.334  
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3.3.2. Syncope and Cognition in Older Adults 

 

The literature search identified few studies which have specifically investigated associations 

between syncope and brain health. Two recent studies however focused on syncope and 

cognitive function in older adults (Table 3.6).  

 

In TILDA, Frewen et al described lower global cognitive function (as assessed using the 

MoCA) in patients with a greater frequency of self-reported syncopal episodes.330 This effect 

was restricted to those older adults with recurrent syncope in the last year. Interestingly, the 

authors also highlighted the potential role of misclassification of syncopal events as falls in 

older adults. Associations with global cognitive performance were strongest with  self-

reported ‘non-accidental falls’ i.e. a fall not related to a trip, which were therefore 

categorized as syncopal events.330 Amnesia for LOC has been demonstrated in patients 

undergoing assessment for VVS on HUT (including in those <40 years though rising with 

age).325 

 

A recent paper from a Dutch Falls clinic sample reported a high prevalence of cognitive 

impairment in older adults with syncope.335 Given the clinical setting, the authors were more 

confidently able to assign study members to diagnostic groupings i.e. falls vs syncopal 

events. A higher prevalence of cognitive impairment was found among syncope patients 

when assessed using the MoCA versus assessment using the MMSE i.e. the MMSE was less 

sensitive to cognitive impairment than the MoCA. The authors emphasize the importance of 

cognitive assessment in older patients presenting with syncope. 



 

Table 3.6: Syncope and Cognition in Older Adults 

Author/ 

year 

Setting Sample Characteristics Method of 

assessment 

Syncope 

definition  

Follow-

up 

Outcome Finding 

Frewen330, 
 2015 

Observational 
population- 

based cohort 

TILDA,  

09-12 

N=5846;  
 

Age=median 62 y 

 

54% female 

Retrospective self-
report  

 

 

Self-reported 
syncope in last 

twelve months 

1 vs none; 

2+ vs none 

 

Cross-
sectional 

Cognitive function 
assessed using MoCA 

 

Aassociation between syncope 

&/or unexplained falls history 

and lower MoCA score 
 

Patients with >=2+ syncope 

events in the past 12 months 

scored significantly lower on 

MoCA than subjects with no 

syncope history however, this 

was largely explained by 

confounders. 

 

De 
Ruiter335, 

2016 

Outpatient fall 
and syncope 

clinic; 

observational 

clinical cohort 

 

N=200;  
 

Age= Mean 79.5 +/-6.6 y 

 

70 % female 

Retrospective 
case-note review  

 

Clinical diagnosis 
of syncope (T-LOC 

according to the 

definition of the 

European Society 

of Cardiology).
 
 

Cross-
sectional 

Cognitive function with 
the MMSE and MoCA. 

 

High prevalence of cognitive 

impairment in older adults 

with syncope 

Cognitive impairment in the 

syncope  on MMSE 16.8% but 

60.4% using MoCA 

(general population aged 

>=75 years prevalence of 

cognitive impairment 19%) 

MoCA= Montreal Objective Cognitive Assessment; MMSE=Mini Mental State Examination ; T-LOC=Transient Loss of Consciousness; TILDA=The Irish Longitudinal 

Study on Ageing; y=years 

1
2
4
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3.3.3. Syncope and Affective Symptoms in Older Adults 

 

Two recent studies have investigated associations between syncope and affective symptoms 

in older adults (Table 3.7). In a cross-sectional analysis of the first wave of the TILDA 

cohort, Bhangu and colleagues found an association between higher depressive symptoms 

(as measured using the CES-D) and self-reported syncope during the preceding year.329 The 

authors also reported an association between ADT and syncope – specifically a higher risk 

of syncope in older adults prescribed TCA.329  These findings are in line with those from an 

Italian clinic-based study which followed older adults with syncope over 24 months: at the 

end of follow-up, depressive symptoms (as measured using the Geriatric Depression Scale) 

had risen among the sample with syncope.336 

 

VVS has been associated with high levels of psychiatric co-morbidity (although notably 

investigations have predominantly studied young adults).244,337 For example, using 

diagnostic interviews to identify psychiatric disorder, a 1995 report from Kapoor showed a 

20% prevalence of psychiatric disorder in those aged 16+ presenting to a hospital-based 

practice with syncope (i.e. emergency department, inpatients and out-patient clinics). 244 



 

Table 3.7: Syncope and Affective Symptoms in Older Adults 

Author/ 

year 

Setting Sample 

Characteristics 

Method of 

assessment 

Syncope 

definition  

Follow-up Outcome Finding 

Ungar338 
2011 

Italian Group for the 
Study of Syncope in 

the Elderly 

 

Clinical diagnosis 

consecutively 

referred to the 

participating centres 

for T-LOC  were 

enrolled in a 

multicentre 2-year 

longitudinal 
observational study 

 

N=242;  
Age 65 + 

 

Mean Age: 78,7 +/- 

6.8 

 

 

Sex: 57.7 % female 

Clinical 
Diagnosis 

Specialist Clinic 

Syncope was 
clinically 

diagnosed  

 

 

 

Prospective  
(24 mnths) 

Geriatric 
Depression Scale 

(GDS)  

 

(Mortality and 

syncope recurrence 

was recorded and 

multi-morbidity 

evaluated at 6, 12, 

18 and 24 mnths) 

 

Depressive symptoms increased in patients 

with syncope 

 

GDS score significantly increased from 

baseline of 3.73 ± 3.67 to 5.59 ± 5.76 at last 

evaluation (P < 0.001).  

 

% GDS score ≥6 increased from 28.3% at 

baseline to 41.4% (P < 0.001). 

 

{MMSE score remained stable throughout 

the study (26.1 ± 9.5 versus 26.9 ± 3.8; P = 
0.321).} 

 

Bhangu329  

2014 

TILDA,  

2009-12 

N=7993  

 

Age: 50+ 

 

 

Self-report  Self-reported 

syncope in last 

twelve months 

1 vs none; 

2+ vs none 

 

Cross- 

sectional 

CES-D  

 

ADT: selective 

serotonin reuptake 

inhibitors (SSRIs), 

tricyclic anti-

depressants (TCAs)  

Depressive symptoms and TCA associated 

with syncope 

 

Higher score on CES-D associated with 

increased risk of single and multiple 

syncopal events (relative risk ratios [RRR]: 

2.78 and 2.84, respectively, P < 0.05)  

 

Participants treated with TCA were also at 

greater risk for single and multiple syncopal 

episode in the last year (RRR: 2.31, P = 
0.062; RRR: 2.95, P < 0.05) 

 

CES-D= Center for Epidemiological Studies–Depression; ADT=Antidepressant Treatment; Mnth=Months; TCA= Tricyclic anti-depressants; RRR=Relative Risk Ratio; T-

LOC=Transient Loss of Consciousness; TILDA=The Irish Longitudinal Study on Ageing ;SSRI= selective serotonin reuptake inhibitors; GDS=Geriatric Depression Scale 

1
2
6
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3.3.4. Syncope and Structural Neuroimaging in Older Adults 

 

Repeated episodes of syncope may expose the brain to repeated episodes of 

hypoperfusion330, and recurrent syncope has been linked to structural brain changes in 

younger adults.339 The literature search did not identify studies investigating brain 

neuroimaging outcomes (structural MRI) in older adults with syncope. It is of note, however, 

that given the potential overlap between syncope and falls in older adults, that higher levels 

of WMH are a consistent finding on neuroimaging of older adults who have experienced 

falls.340 Furthermore, conditions associated with syncope including carotid sinus 

hypersensitivity and OH have been associated with greater WMH on neuroimaging.289  

 

In younger adults, higher levels of WMH on MRI brain have been described in participants 

reporting syncope in the CAMERA study (Table 3.8).339 This association was seen in those 

participants with recurrent syncope (defined by the investigators as 5+). Even though this 

was an investigation based within a larger study designed to investigate the neuroimaging 

correlates of migraine, the authors note that their finding were not confined to participants 

with migraine but equally extended to controls with a history of recurrent syncope.339    

 

I identified two studies which had investigated regional GM volumes in younger adults with 

VVS (Table 3.8). Both used voxel-based morphometry and reported differences in GM 

volumes of regions potentially associated with autonomic control, including the caudate172 

and right insula in those with VVS.341  



 

Table 3.8: Syncope and Structural Neuroimaging  

Author/ 

year 

Setting Sample 

Characteristics 

Method of assessment Syncope 

definition  

Follow-

up 

Outcome Finding 

Beacher172, 
2009 

Non-clinical 
sample of 

eighteen 

individuals with a 

history of VVS 

 

 

N=18 case 
(Mean age 28.6 

years; 14 F, 4 M)  

 

N=19 control 

(mean age 27.6 

years; 14 F, 5 M) 

 

 

Self-report : 
detailed participant 

interview, confirming 

onset in childhood or 

early adulthood, family 

history and the presence 

of characteristic triggers 

e.g. emotional stress or 

exposure to blood stimuli 

Self-
report 

VVS 

Cross- 
sectional 

 

 

 

 

 

 

Brain MRI  
 

1.5T 

 

Regional grey and 

white matter volumes 

assessed using voxel-

based morphometry  

 

Inverse association – greater syncope 

associated with reduced brain integrity: 

 

Lower regional brain volume within 

medulla and midbrain in participants with 

VVS 

 

Lower GM volume in contiguous regions 

of left caudate nucleus associated with 

frequency of syncope 

 

Kruit339, 

2013 

 

Population-based, 

cross-sectional 

CAMERA 

(Cerebral 

Abnormalities in 

Migraine, an 

Epidemiologic 
Risk Analysis) 

cohort (aged 30–

60 years, and free 

of other 

neurologic 

symptoms) 

 

N=291 pts 

N=140 controls  

 

Mean age: 47.4 

=/- 7.8 

 

Sex:94% female 
 

 

Self-report: 

 

Structured telephone 

interview including 

questions on frequent 

syncope (>=5/lifetime) 

and OI  
 

Ccategorized as “syncope 

ever” (at least once) and 

“frequent syncope” (5 or 

more episodes/lifetime). 

 

OI was defined as the 

syncope or presyncope 

upon standing or the 

avoidance of prolonged 

standing  

Frequent 

syncope 

and OI  

Cross-

sectional 

 

 

Brain MRI  

 

Whole-brain MRI scans 

from a 1.0- and a 1.5-

tesla  

 

Semiquantitative WML 
-rating : deep white 

matter lesions & high 

periventricular white 

matter 

 

Infarcts or infratentorial 

lesions. 

 

 

  

 

Inverse association – greater syncope 

associated with reduced  brain integrity: 

 

In patients with migraine and in controls : 

 

Frequent syncope (odds ratio [OR] = 2.7; 

95% confidence interval: 1.3–5.5) and OI 
(OR = 2.0 [1.1–3.6]) were independent 

risk factors for high load of deep white 

matter lesions. 

 

OI had higher prevalence of high 

periventricular white matter lesion load 

(OR = 1.9 [1.1–3.5]).  

Syncope and OI were not related to 

subclinical infarcts or infratentorial 

lesions. 

1
2
8

 



 

Table 3.8: Syncope and Structural Neuroimaging  

Author/ 

year 

Setting Sample 

Characteristics 

Method of assessment Syncope 

definition  

Follow-

up 

Outcome Finding 

Kim341, 
2014 

Consecutive 
patients with 

‘neurocardiogenic 

syncope (NCS)’ 

were 

prospectively 

recruited from the 

outpatient clinic 

at the Neurology 

Department, 

Korea University 

Guro Hospital, 
from January 

2010 to April 

2012. 

 

N=64 
Age 24.1 +/-6.9  

 

N= 32 patients 

with 

neurocardiogenic 

syncope  

 

N=32 controls 

who had no 

history of 

syncope 
Age =24.8 +/-5.2 

 

Head-Up Tilt Test 

 

Positive 
HUT 

Cross-
sectional 

 

MRI 
 

3T scanner  

voxel-based GM 

volume morphometry 

Inverse association –syncope associated 

with reduced brain integrity: 

 

Significant reduction in the GM of right 

insular cortex in patients with 

neurocardiogenic syncope compared with 

controls 

VVS= Vasovagal Syncope; OI=Orthostatic Intolerance; HUT=Head up Tilt; NCS=Neurocardiogenic Syncope; WML= White Matter Lesion; GM=Grey Matter 

 

1
2
9
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3.3.5. Summary 

 

Vasovagal syncope can be diagnosed on clinical history alone. VVS most often first presents 

in teenage years and it is rare to experience a first episode of VVS after 35 years. VVS may 

be a persistent tendency across the life course (VVS is the most common cause of syncope 

at any age) and may occur in response to emotional stress. A small number of studies have 

additionally pointed to associations between syncope in later life and brain health in older 

adults, including associations with greater cognitive impairment and depressive symptoms. 

In younger adults recurrent syncope (i.e. a vasovagal tendency) has been linked to structural 

MRI change, including WMH and regional GM change; the direction of association is 

uncertain.  
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4. STUDY I - Sub-Clinical Orthostatic Hypotension is Associated 

with Greater Subjective Memory Impairment in Older Adults 

 

Study I investigates orthostatic BP as the independent variable of interest and SMI as the 

outcome of interest.  Subjective Memory Impairment may be an early risk marker for 

dementia while orthostatic BP may be on the pathway to poorer CS, but is most often 

investigated as consensus OH. Orthostatic Intolerance, but not lower orthostatic BP, has been 

prospectively associated with SMI using standard orthostatic BP measures. Standard 

intermittent orthostatic BP measurement however is not sensitive to early (i.e. <30seconds) 

post-stand haemodynamic change. There may be sex differences in autonomic function and 

brain health in later life; while OI is classically more common among women, in men SMI 

may be more prevalent, and a better reflection of objective cognitive function.  

 

Figure 4.1: Thesis Figure: Study I 

Study I investigates cross-sectional associations between blood pressure instability and 

potential preclinical symptoms of dementia.   
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Sub-Clinical Orthostatic Hypotension is associated with Greater Subjective Memory 

Impairment in Older Adults 

 

4.1. Abstract 

Introduction: Orthostatic BP is a measure of cardiovascular autonomic function. 

Orthostatic BP dysregulation may lie on the causal pathway to dementia. Subjective memory 

impairment is commonly reported by older people some of whom may progress to dementia. 

This study tests the hypothesis that sub-clinical OH is associated with SMI, and that 

associations may vary according to sex. 

Methods: Cross-sectional analysis of data from 4340 participants aged 50 and over collected 

during the first wave (2009-2011) of the TILDA cohort study. Subjective memory was rated 

according to a 5-point scale ranging from ‘poor’ to ‘excellent’. BP was measured 

during orthostatic stress using continuous non-invasive beat-to-beat recording over 2 

minutes. 

Results: 2% reported ‘poor’ subjective memory,  12.3%  ‘fair’ , 38% ‘good’, 33%

‘very good’ and 14.6% ‘excellent’. After controlling for some potential confounding 

factors including cardiovascular risk, objective cognition, and depressive symptoms, mean 

systolic orthostatic BP was lowest in those with ‘poor’ subjective memory: 92.2mmHg 

(95%CI 87.1; 97.3) vs. ‘excellent’ 99.3mmHg (95%CI 97.4; 101.2); p=0.011. Further 

adjustment for supine systolic BP suggested that men with ‘poor’ subjective memory 

reached the lowest average systolic orthostatic BP and had the greatest impairment in 

systolic orthostatic BP stabilisation to baseline levels at 10 seconds post-stand (-6.64 mmHg; 

95%CI  -11.49; -1.79; p=0.007).  
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Conclusions:  Sub-clinical OH is associated with SMI and there are sex-specific 

associations evident in this population-based cohort. Subtle cardiovascular autonomic 

dysfunction may represent a modifiable risk marker at an early stage of cognitive decline in 

older adults. 
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4.2. Introduction  

Despite controversy stemming from conflicting associations with objective 

cognitive deficits and overlaps with psychiatric disorder, SMI remains one of the sole means 

by which the earliest stages of cognitive decline may be identified.102 SMI in the absence of 

objective cognitive dysfunction in older adults has been conceptualized as a potential ‘pre-

clinical’ phase of dementia.103 Multiple longitudinal studies have confirmed that SMI, even 

in the absence of baseline deficits on cognitive testing, is associated with an increased risk 

of future dementia.104,342 The reasons for this are poorly understood. 

 

Orthostasis invokes a re-balance of the sympathetic and parasympathetic output from the 

Central Nervous System. Measurement of orthostatic BP assesses cardiovascular autonomic 

balance on a peripheral basis.266 OH is the clinical syndrome defined as a drop in systolic 

BP of >=20 mmHg and/or diastolic BP of >=10mmHg drop within 3 min of standing and in 

the clinical setting is most often measured using an oscillometric sphygmomanometer.161 

 

SMI and OH become increasingly common with ageing 102,184 and both have been linked to 

sub-clinical vascular risk factors for dementia, including reductions in CBF and higher levels 

of WMH’s on neuroimaging.106,295,343,344 Both OH and SMI have been associated with 

ischemic heart disease and stroke.117,345   

 

Cross-sectional studies have reported a higher prevalence of OH in dementia 

syndromes.346,347 It has been postulated that OH may be on the causal pathway to dementia 

either as a peripheral marker of central autonomic dysfunction or via repeated episodes of 
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cerebral hypoperfusion during orthostatic stress.293 TILDA, among others, has described 

associations between deficits on formal cognitive testing and OH in an epidemiological 

setting 164,294,348; however neither SMI nor sub-clinical OH was explored until recently. 

Elmståhl and Widerström reported an association between baseline OH and SMI six years 

later.278 Although this relationship did not survive correction for age, they did describe 

prospective associations between OI (defined as symptoms of cerebral hypoperfusion on 

standing) and both SMI and Mild Cognitive Impairment (MCI). Orthostatic intolerance may 

have arisen from baseline sub-clinical orthostatic BP drops that the authors suggest were not 

detectable by traditional BP measurement using a sphygmomanometer. 

 

Continuous beat-to-beat non-invasive orthostatic BP measurement is a novel addition to 

epidemiological studies of ageing and has been used to explore sub-clinical patterns of 

orthostatic BP dysregulation.274 Investigation of OH at arbitrary cut-points may miss 

important information on sub-clinical OH and thus the earliest stages of autonomic function. 

It has been hypothesized that subtle cardiovascular autonomic dysfunction may occur early 

on the continuum towards dementia as brain areas involved in central cardiovascular 

autonomic control may be among  those first affected by neurodegeneration.218 If orthostatic 

BP dysregulation is on the causal pathway to dementia, then sub-clinical OH may 

accompany the earliest phases of cognitive decline such as SMI.  

 

To the best of the authors knowledge, no study has previously investigated the impact of 

continuous measures of orthostatic BP on SMI. This study tests the hypothesis that sub-

clinical orthostatic BP dysregulation, measured using continuous beat-to-beat monitoring 

and reflecting early cardiovascular autonomic dysfunction, will be more common in those 
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with SMI, a potential preclinical phase of dementia. Given prior findings of differing patterns 

of orthostatic BP regulation and implications of SMI in men and women140,182, this study 

secondly tested the hypothesis that these associations may differ between men and women. 
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4.3. Methods 

Sample 

This study uses data collected during the first wave (2009-2011) of The Irish Longitudinal 

Study on Ageing (TILDA) that includes 8175 participants. The sampling procedure 

produced a representative sample of the community-dwelling Irish population aged 50 and 

over in Ireland. The household response rate was 62.0%. Data collection included a face-to-

face in-home computer-assisted structured interview that was used to capture health related, 

social and demographic information. Each participant was also invited to attend a detailed 

physical health assessment. Further details of the sampling procedure, in-home interview 

and health assessment are available elsewhere.349   

 

Ethics 

Trinity College Dublin Health Research Ethics Committee granted Ethical Approval for the 

study. Each participant provided written informed consent prior to enrolment in the study. 

Those unable to give informed consent were excluded.  

 

Measures 

Subjective Memory Impairment 

Subjective memory was assessed using the question: “How would you rate your day-to-

day memory at the present time?”.  Participants were invited to respond according to the 

options ‘poor, ‘fair’, ‘good’, ‘very good’ and ‘excellent’.  This measure was used 

in the Health and Retirement Study (HRS) and The Aging, Demographics, and Memory 
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Study sub-study.350,351 ‘Impairment’ in subjective memory was investigated by 

comparing those who reported their memory as very good or good or fair or poor to those 

who reported excellent subjective memory. 

 

Orthostatic Challenge  

Each participant performed a supervised lying-to-standing test (‘Active Stand’) while BP 

was recorded peripherally using a beat-to-beat plethysomnography device (Finometer® 

MIDI device, Finapres Medical Systems BV, Amsterdam, The Netherlands, 

www.finapres.com). Participants lay quietly for ten minutes to capture a stable resting supine 

measurement of BP. Participants then stood as quickly as possible (receiving assistance as 

necessary) while BP monitoring continued for two minutes. Further details of the processing 

and extraction of BP readings (at 10-second intervals) are available elsewhere.184 

Participants were asked to report symptoms of dizziness, presyncope or light-headedness 

after standing coded as ‘Orthostatic Intolerance’ (Yes/No). 

 

Orthostatic BP Variables of Interest 

‘Nadir’ was used to denote the lowest BP recorded at any point during the 120 seconds 

of recording. Subsequent analysis focused on 10 - 30 seconds after standing as this is the 

period of maximum orthostatic BP change.184 Relative orthostatic BP ‘stabilisation’ was 

investigated by accounting for differences in supine BP. 
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Other measures 

Objective cognitive function was assessed using the MoCA352 which is an interviewer-

administered paper and pencil test with scores ranging from 0-30. Higher scores indicate 

better cognitive function; a cut-point of >=26 has been proposed for detection of MCI.352 

 

Depressive symptoms over the previous week were recorded using CES-D353 and a cut point 

of  ≥ 16 was used to identify clinically significant depressive symptoms.354  

 

Self-reported doctor-diagnosed conditions (diabetes, lung disease, asthma, arthritis, 

osteoporosis, cancer, peptic ulcer, and hip fracture) were summed to give an indication of 

chronic co-morbidities. Cardiovascular / cerebrovascular conditions were also summed to 

include a history of TIA, stroke, high cholesterol, heart failure, heart ‘murmur’, cardiac 

arrhythmia and MI. Smoking history was coded as ‘current’, ‘past’ or ‘never’.  

 

Antidepressant use was identified using the first four digits of the World Health 

Organization’s Anatomical Therapeutic Chemical code (“N06A”). Antihypertensives 

were identified using the codes “C02*” (anti-adrenergic agents) “C03*” (diuretics), 

“C07*” (beta-blockers), “C08*”(calcium-channel blockers), “C09*” (angiotensin-

converting-enzyme inhibitors and angiotensin-receptor blockers) and combinations of the 

above “(C02*)”. Binary variables (no/yes) were coded to indicate antihypertensive and 

antidepressant use.  
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Statistical Analysis 

Statistical analysis was conducted using Stata v12 (StataCorp LP, Texas, USA). The sample 

was described by subjective memory category according to demographic and health-related 

characteristics. ANOVA was used to test for linear trends according to categories of 

subjective memory in SBP and DBP at the Nadir and at time points of interest. Linear 

regression analysis was used to estimate differences in SBP and DBP between subjective 

memory categories adjusting for covariates. Separate models were fit for each outcome 

variable (SBP or DBP) at the Nadir and at 10-30 seconds post stand. Initial models (adjusting 

for age, age squared and sex - ‘Model 1’) regressed mean SBP or DBP at the Nadir and 

at 10-30 seconds post-stand against subjective memory. Further multivariate analysis then 

adjusted for potential confounders: Model 2= Model 1 + education, BMI, depressive 

symptoms, objective cognitive deficits (MoCA), physical co-morbidities (chronic conditions 

and cardiovascular disease), medications (antidepressants and anti-hypertensives) and a 

history of smoking. In sensitivity analysis these models were re-estimated excluding those 

with low scores on the MoCA (i.e. <26).352  

 

To assess hemodynamic stabilisation after orthostasis, models were further adjusted for the 

appropriate supine BP measure (Model 3= Model 2 + supine BP). If significant relationships 

with subjective memory remained after adjustment for supine BP, the associations according 

to sex were also estimated using a regression model now including the interaction terms 

between subjective memory and sex. Where significant interactions occurred, subsequent 

analyses were stratified by sex.  
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Adjusted marginal means with 95% confidence intervals for the SBP and DBP variables for 

each level of subjective memory at the Nadir and each time-point across 120 seconds were 

estimated (i.e. the values of these variables holding all other variables in the models constant) 

and plotted to allow interpretation of patterns of orthostatic BP across all time points 

collected after standing. 
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4.4. Results  

5035 participants attended a health assessment and 4475 had usable continuous beat-to-

beat orthostatic BP measurements. Participants missing data on any variable of interest 

were excluded as were those with a history of Parkinson’s disease (n=57) giving a final 

analytical sample of 4340. Descriptive statistics are shown in Table 4.1. Sensitivity 

analysis using logistic regression suggested those included in the final sample relative to 

the TILDA cohort as a whole were younger, more likely to be women, have better 

cognition and have less co-morbidity.  

  



 

Table 4.1: Descriptive statistics by Subjective Memory 

  Total Sample Excellent Very Good Good Fair Poor p 
 

n= 4340  635 (14.6) 1431 (33.0) 1651 (38.0) 535 (12.3) 88 (2.0) 
 

 Demographic Characteristics  

Age (mean (SD)) 61.5 (8.3) 59.6 (7.5) 61.0 (8.0) 62.2 (8.5) 63.1 (8.3) 62.5 (9.3) <0.001 

Body mass index (kg/m2), mean SD 28.5 (4.8) 28.8 (4.9) 28.5 (4.9) 28.4 (4.7) 28.4 (5.0) 29.4 (5.8) 0.14 

Education n (% primary only) 913 (21.0) 72 (11.3) 232 (16.2) 402 (24.4) 170 (31.8) 37 (42.1) <0.001 

Gender n (% female) 2334(53.8) 325 (51.2) 770 (53.8) 922 (55.8) 281 (52.5) 36 (40.9) 0.029 

Orthostatic Intolerance n (%) 1661(38.3) 191 (30.1) 535 (37.4) 649 (39.3) 239 (44.7) 47 (53.4) <0.001 

 Affective Symptoms & Cognition 

Depressive symptoms (median (IQR)) 3 (7) 2 (5) 3 (6) 4 (7) 5 (10) 8 (13.5) <0.001 

Antidepressants Treatment n (%) 254 (5.9) 22 (3.5) 55 (3.8) 94 (5.7) 63 (11.8) 20 (22.7) <0.001 

MoCA (median (IQR)) 26 (4) 26 (4) 26 (4) 26 (5) 25 (4) 23 (6) <0.001 

 Physical Comorbidity & Cardiovascular Risk 

Chronic conditions n (% ≥1) 2203 (50.8) 268 (42.2) 681 (47.6) 877 (53.1) 315 (58.9) 62 (70.5) <0.001 

Current Smoker n (%) 641 (14.8) 82 (12.9) 197 (13.8) 248 (15.0) 96 (18.0) 18 (20.5) <0.001 

Antihypertensive Treatment n (%) 1414 (32.6) 162 (25.5) 447 (31.2) 564 (34.2) 202 (37.8) 39 (44.3) <0.001 

CVD conditions n (% ≥1) 496 (11.4) 281 (44.3) 642 (44.9) 821 (49.7) 301 (56.3) 49 (55.7) <0.001 
 

P vales are from ANOVA for normally distributed continuous variables, Kruskal-wallis for non normal and Chi² for categorical variables; SD=standard deviation; 

IQR=Intraquartile Range; MoCA=Montreal Cognitive Assessment; CVD=Cardiovascular Disease 
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Mean unadjusted SBP and DBP during orthostasis varied according to the category of 

subjective memory (Table 4.2). Those with poor subjective memory reached the lowest 

Nadir post-stand compared to those in higher categories.  

 

Table 4.2: Orthostatic Blood Pressure by Subjective Memory (unadjusted) 

n= 4340 Excellent Very Good Good Fair Poor p 

N (%) 635 (14.6) 1431 (33.0) 1651 (38.0) 535 (12.3) 88 (2.0) 
 

 Systolic BP mean mmHg (SD) 
   

Supine 137.1 (20.9) 136.5 (21.9) 135.7 (22.7) 136 (22.9) 136 (22.3) 0.73 

Nadir 98.6 (23.4) 97.4 (23.2) 96.8 (24.7) 95.3 (25.5) 93 (26.1) 0.080 

10sec 110.3 (24) 108.7 (24) 107.9 (25.3) 106.9 (25.8) 104.9 (28.2) 0.092 

20sec 134.6 (24.9) 132.6 (24.8) 131 (26.7) 128.8 (28.1) 128.8 (30) 0.001 

30sec 137.2 (24.4) 135.6 (23.7) 134.3 (25.6) 132.3 (26.3) 133.5 (26.7) 0.007 

 Diastolic BP mean mmHg (SD) 
   

Supine 74.5 (10.7) 73.5 (11) 72.8 (11.5) 72.9 (11.5) 73.4 (11.8) 0.015 

Nadir 48.6 (13.3) 47.8 (13.4) 47.1 (13.8) 46.9 (14) 45.8 (14.3) 0.075 

10sec 56 (13.6) 54.8 (13.8) 54.2 (14.1) 54 (14.1) 53.8 (15.1) 0.062 

20sec 70.3 (14.1) 68.9 (13.9) 67.7 (14.6) 66.8 (15.2) 67.4 (15.3) <0.001 

30sec 74.1 (12.9) 72.7 (12.6) 71.6 (13.3) 70.8 (13.6) 71.7 (13.3) <0.001 

 

P vales are from ANOVA; ‘BP’=blood pressure; ‘Nadir’=lowest blood pressure recorded post-stand; ‘mmHg’= 

millimetres of mercury 
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After minimal adjustment (Model 1) significant differences in SBP during orthostasis were 

evident across categories of subjective memory; predicted changes in SBP during orthostasis 

according to subjective memory are displayed in Figure 4.2.   

 

 

Figure 4.2: Systolic Orthostatic Blood Pressure by Subjective Memory 

Systolic blood pressure from supine to standing across subjective memory categories 

adjusted for age, age squared and sex; ‘bline’=baseline supine blood pressure; 

‘Nadir’=lowest blood pressure recorded post-stand; ‘s’=seconds; ‘mmHg’= millimetre of 

mercury  

 

Even after full adjustment for confounders (Model 2) those with poorer subjective memory 

had the lowest SBP Nadir: lowest adjusted mean SBP post-orthostasis in those with ‘poor’ 

subjective memory was 92.2mmHg (95%CI 87.1; 97.3) while in those with ‘excellent’ 

subjective memory it was 99.3mmHg (95%CI 97.4; 101.2); p=0.011. These differences 

tended to occur along a linear gradient and persisted throughout the first 30 seconds. 

Sensitivity analysis excluding those with poorer scores (<26) on the MoCA demonstrated a 
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similar linear pattern of orthostatic SBP responses across groups although the smaller sample 

size resulted in less certainty around the estimates (Table 4.3). 



 

Table 4.3: Systolic Orthostatic Blood Pressure by Subjective Memory (adjusted) 

n=4340 Excellent Very Good p Good p Fair p Poor p 

 Model 1 
 

 
 

 
 

 
 

 

Supine BP Ref. -1.53 (-3.57,0.51) 0.141 -2.93 (-4.93,-0.93) 0.004 -3.04 (-5.56,-0.52) 0.018 -2.16 (-7.02,2.70) 0.384 

Nadir Ref. -1.57 (-3.82,0.67) 0.170 -2.53 (-4.74,-0.32) 0.025 -4.35 (-7.13,-1.57) 0.002 -6.43 (-11.79,-1.07) 0.019 

10sec Ref. -2.03 (-4.34,0.28) 0.085 -3.13 (-5.41,-0.86) 0.007 -4.42 (-7.28,-1.55) 0.002 -6.18 (-11.70,-0.66) 0.028 

20sec Ref. -1.92 (-4.36,0.51) 0.122 -3.47 (-5.87,-1.08) 0.005 -5.84 (-8.86,-2.83) <0.001 -5.68 (-11.49,0.14) 0.056 

30sec Ref. -1.90 (-4.23,0.43) 0.110 -3.39 (-5.68,-1.10) 0.004 -5.61 (-8.49,-2.73) <0.001 -3.92 (-9.48,1.63) 0.166 

 Model 2 
 

 
 

 
 

 
 

 

Supine BP Ref. -1.59 (-3.63,0.45) 0.126 -3.29 (-5.32,-1.27) 0.001 -3.79 (-6.37,-1.21) 0.004 -3.55 (-8.54,1.44) 0.163 

Nadir Ref. -1.65 (-3.90,0.60) 0.150 -2.76 (-4.99,-0.52) 0.016 -4.69 (-7.54,-1.85) 0.001 -7.12 (-12.63,-1.61 0.011 

10sec Ref. -2.04 (-4.35,0.27) 0.084 -3.31 (-5.60,-1.01) 0.005 -4.75 (-7.67,-1.83) 0.001 -6.96 (-12.62,-1.30) 0.016 

20sec Ref. -1.57 (-3.99,0.84) 0.201 -2.94 (-5.34,-0.54) 0.016 -4.98 (-8.04,-1.92) 0.001 -4.51 (-10.43,1.41) 0.136 

30sec Ref. -1.61 (-3.93,0.70) 0.173 -2.96 (-5.27,-0.66) 0.012 -4.90 (-7.83,-1.97) 0.001 -2.89 (-8.57,2.79) 0.318 

 Sensitivity Analysis:  Model 2 

 MoCA>=26 : n=2320/4340 

Supine BP Ref. -1.39 (-3.97,1.18) 0.290 -2.34(-4.95,0.27) 0.078 -3.98 (-7.51,-0.44) 0.027 -2.72 (-11.62,6.18) 0.554 

Nadir Ref. -2.52 (-5.34,0.35) 0.086 -2.79 (-5.71,-0.13) 0.061 -5.12 (-9.07,-1.17) 0.011 -7.67 (-17.63,2.29) 0.131 

10sec Ref. -3.03 (-5.98,-0.07) 0.045 -3.29 (-6.29,-0.29) 0.032 -4.72 (-8.78,-0.66) 0.023 -9.01 (-19.25,1.23) 0.085 

20sec Ref. -1.96 (-5.04,1.12) 0.213 -2.41 (-5.53,0.72) 0.131 -3.70 (-7.94,0.53) 0.086 -4.94 (-15.61,5.74) 0.365 

30sec Ref. -1.12 (-4.10,1.86) 0.461 -1.57 (-4.59,1.45) 0.309 -2.69 (-6.73-1.46) 0.207 -0.92 (-11.22,9.40) 0.862 

Data are regression coefficients (95% Confidence Intervals) and associated p-values for differences between categories of subjective memory;  

‘Nadir’=lowest blood pressure recorded post-stand 

Model 1 = age, age squared and sex 

Model 2 = Model 1 + education level, BMI, depressive symptoms, objective cognitive deficits (MoCA), physical co-morbidities (chronic conditions 

and cardiovascular disease), medications (antidepressants and antihypertensive) and a history of smoking 

1
4
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Significant differences in DBP were evident during orthostasis both after minimal 

adjustment and after full adjustment for confounders (not shown). In line with the changes 

observed in SBP, Nadir DBP was lowest in those with poor subjective memory (-3.28mmHg; 

95%CI -6.38; -0.18). 

 

Investigation of SBP stabilisation after standing by adjustment for supine SBP in the models 

largely attenuated the differences across groups, however those with poor subjective 

memory had the lowest Nadir SBP (-4.33mmHg (95%CI -8.22; -0.45)) and had a greater 

SBP deficit at 10 seconds post-stand (-4.00 mmHg (95%CI -7.82; -0.17)) relative to those 

with excellent subjective memory. This association was modified by sex (interaction 

significant at the p<0.1 level) such that it remained only among men. The analysis was 

subsequently stratified by sex. After accounting for supine SBP, on average men with poor 

subjective memory had a Nadir SBP that was -6.14mmHg lower (95%CI -10.96; -1.31; 

p=0.013) than men with excellent subjective memory, and a prolonged time to SBP 

stabilisation at 10 seconds post-stand (-6.64 mmHg (95%CI -11.49; -1.79); p=0.007) (Figure 

4.3 (a) and Figure 4.3(b)).  
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Figure 4.3: Systolic Orthostatic Blood Pressure Stabilisation by Subjective Memory 

stratified by Sex. 

Systolic orthostatic blood pressure stabilisation after standing: ‘excellent’ subjective 

memory versus ‘poor’ subjective memory in (a) MEN and (b) WOMEN adjusted for age, 

age squared, education level, BMI, depressive symptoms, objective cognitive deficits, co-

morbidities, medications, smoking and supine systolic blood pressure (Model 3); 

‘bline’=baseline supine blood pressure; ‘Nadir’=lowest blood pressure recorded post-

stand; ‘s’=seconds; ‘mmHg’= millimetre of mercury  

 

  



 

150 

 

There were no differences in stabilisation of DBP among the categories of subjective 

memory after adjustment for baseline DBP. DBP stabilisation among the categories of 

subjective memory did not vary by sex. 

 

Sensitivity Analysis 

 

Model 2 (Supplementary Table 4.1) and Model 3 (Supplementary Table 4.2) were re-

estimated excluding those with diabetes (model a), existing cardiovascular disease (model 

b), clinically significant depressive symptoms (model c), those on anti-depressant 

medications (model d), and finally excluding all of the above (model e). Any substantive 

conclusions regarding the pattern of associations remained unchanged.   
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4.5. Discussion 

 

This study uses comprehensive data from a large community-dwelling population-based 

sample to demonstrate an association between lower orthostatic BP and poorer subjective 

memory. This relationship tended to occur in a linear ‘dose-response’ pattern and 

persisted after making adjustments for age, sex, education, BMI, 

cardiovascular/cerebrovascular conditions, smoking, medications, and importantly both 

depression and the MoCA, a clinically established objective measure of cognition sensitive 

to the presence of MCI – suggesting that neither depressive symptoms nor objective 

cognitive deficits alone explain this association.352  In keeping with prior studies 

investigating the effects of orthostatic BP on outcomes in older adults, the associations were 

stronger with SBP but nevertheless accompanied by consistent patterns in DBP.274 

 

This study provides support for the hypothesis that subtle cardiovascular autonomic 

dysfunction may be present in SMI and reflected in sub-clinical OH. Orthostatic BP is 

regulated by the ANS and accumulating evidence suggests that higher brain centres may be 

involved in cardiovascular autonomic regulation.355 These regions may be among the first to 

be affected in dementia associated neurodegeneration and thus account for the relationships 

shown here.218 SMI, in the absence of objective cognitive deficits, is proposed as an early 

stage of cognitive decline.103  These findings were robust to adjustment for objective 

cognitive function and in sensitivity analysis including only those with the highest scores on 

the MoCA.  

To my knowledge this is the first study to assess the relationship between SMI and 

orthostatic measures using continuous BP recordings at a population level. Elmståhl and 
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Widerström previously reported associations with symptoms of OI and SMI.278 Orthostatic 

intolerance is classically attributed to cerebral hypoperfusion and continuous monitoring of 

orthostatic BP may detect subtle BP changes in those experiencing OI not detectable using 

traditional methods.184  Sub-clinical orthostatic BP dysregulation may be related to cognitive 

decline via cerebral hypoperfusion.356 The results suggest that the absolute lowest BP (or ‘

Nadir’) reached post-stand may be important in determining the consequences for the 

cerebral circulation. We note that the predicted mean SBP reached post-stand in those with 

poor subjective memory was 92.2mmHg (95%CI 87.1; 97.3) relative to 99.3mmHg (95%CI 

97.4;101.2) among those with excellent subjective memory. A SBP of <90mmHg is 

classically taken to represent critical hypotension; however this threshold may be higher in 

elders.357 The differences in orthostatic BP we have demonstrated among the different 

categories of subjective memory are comparable to the BP lowering effect of 

antihypertensive monotherapy358  and may reflect subtle autonomic dysfunction similar to 

that detected  by continuous BP monitoring in early Parkinson’s disease.359 

 

Scuteri et al previously reported that hypotensive episodes (defined as at least one reading 

<100mmHg)  during 24-hour ambulatory monitoring, which could plausibly have resulted 

from daytime orthostatic fluctuations – were more common in those with SMI.116 The HUNT 

study, which sampled a population of 12,225 participants, aged 65 and over, found that 

relative to moderate sitting SBP levels, higher seated SBP was associated with better 

subjective memory - in line with these results suggesting that lower supine BP drives lower 

SBP following orthostatic stress.114 Lower orthostatic BP, even at sub-clinical levels, may 

not be effectively compensated by auto-regulatory processes and this may result in 

inadequate hemodynamic responses to cognitive demands.189 High metabolic requirements 

necessitate careful regulation of CBF; there is precise coupling of regional brain activity to 
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regional blood flow and this may contribute to the auto-regulation of cerebral perfusion.192 

In older adults, PET imaging in subjects with SMI demonstrated less efficient coupling of 

blood flow to regional brain activity.344  

 

By adjusting for supine BP, stabilisation of BP to seated levels after standing was 

investigated.  Time to stabilisation may better determine the consequences of orthostatic 

stress over and above absolute BP reached post stand.274 This highlighted sex differences; 

men with poor subjective memory had a larger orthostatic SBP deficit and slower SBP 

stabilisation than men with excellent subjective memory - a pattern consistent with impaired 

cardiovascular autonomic homeostasis. Although sex differences in cognitive deficits 

remain poorly understood121, a recent study has suggested that SMI may reflect objective 

cognition in men but affective state in women.140 Women reported poorer subjective memory 

despite having better objective cognition; men however were more accurate in self-appraisal 

of cognitive abilities.140 The HUNT study also described sex differences in their findings - 

in men, but not women, lower seated systolic BP was related to greater SMI relative to 

moderate seated systolic BP.114 Interestingly, older men have previously been shown to have 

higher rates of OH-related hospitalizations and demonstrate poorer cerebral auto-regulation 

during standing than women.185  

 

Limitations to this work include that it is a cross-sectional analysis so causation cannot be 

established. In keeping with many studies investigating SMI this study includes a single item 

measure of SMI. There remains a lack of consensus in the literature as to the best way to 

measure SMI360. Asking about decline in subjective memory may be a more reliable 

harbinger of dementia361 and  should be considered in future studies. Furthermore, 
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respondents who attended the health centre assessment tended to be younger, better educated 

and in better health. In mitigation, it could be argued that this will have the effect of biasing 

the estimates downwards. Finally we do not have access to corroborating measures of 

cerebral auto-regulation or neuroimaging in this cohort to further investigate hypotheses with 

regard to the underlying pathophysiology of these relationships.  

 

SMI has known overlaps with psychiatric diagnoses.102 Adjustment for measures of anxiety 

did not substantively alter the relationships shown here (results not shown). In those with 

established cardiovascular disease, poorer autonomic function has been linked to greater 

depressive symptoms.362 While in sensitivity analysis findings remained robust to exclusion 

of those with indicators of clinical depression and cardiovascular disease, concomitant 

analysis of other markers of cardiovascular autonomic function e.g. HRV and BRS may have 

enriched understanding of autonomic function in those with SMI. Both HRV and BRS 

however require the additional analysis of electrocardiographic tracings which was beyond 

the scope of the current investigation.  

 

No corrections for multiple comparisons were made thus the possibility of type 1 error must 

be acknowledged. Repeated comparisons were minimised however, by investigating the 

relationship with the ‘Nadir’ and by focusing analysis on the first 30 seconds. There is 

limited population data available on continuous orthostatic BP changes and as yet no 

definitive manner in which to approach this data271, thus this analysis is somewhat 

exploratory and only consistent patterns across groups are interpreted. 
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While the oldest-old are those most at risk of developing dementia, the accompanying 

neuropathological changes may begin decades earlier.35 The wide age range of this sample  

(50-91 years)  encompasses those at risk for future dementia, however given that the mean 

age of the sample is 62 years, appropriate caution should be used in the extrapolation of these 

findings to older age groups – in particular to those aged 80+.  

 

Despite such caveats these results point towards potentially modifiable contributors to SMI. 

SMI has been consistently associated with poorer quality of life thus efforts focused on 

intervention should represent both a clinical and public health priority.102  Orthostatic BP 

dysregulation is treatable – often by employing simple conservative strategies including 

modification of culprit medications and ensuring adequate fluid intake.363 

 

This study demonstrates that sub-clinical OH is associated with SMI; these results add to 

evidence linking orthostatic BP dysregulation to cognitive dysfunction and to research 

examining the organic underpinnings of SMI. Continuous BP monitoring may provide 

detailed insights into orthostatic BP patterns accompanying early autonomic dysfunction 

which is not detectable by standard methods. If these findings were to be replicated, subtle 

cardiovascular autonomic dysfunction as reflected in poorer BP response to orthostasis, may 

represent a modifiable risk marker for SMI in older adults. 

 



 

 

Supplementary Table 4.1: Systolic Orthostatic Blood Pressure by Subjective Memory (adjusted) 

 
Excellent Very Good p Good p Fair p Poor p 

 Model a 

 excluding participants with Diabetes n=4063/4340 

Supine BP Ref. -1.51 [-3.61,0.59] 0.158 -3.46 [-5.55,-1.38] 0.001 -3.48 [-6.15,-0.82] 0.010 -5.08 [-10.35,0.19] 0.059 

Nadir Ref. -1.66 [-3.99,0.68] 0.164 -3.06 [-5.39,-0.74] 0.010 -4.50 [-7.46.-1.54] 0.003 -8.76 [-14.62,-2.90] 0.003 

10sec Ref. -1.92 [-4.31,0.47] 0.116 -3.53 [-5.91,-1.15] 0.004 -4.50 [-7.54,-1.46] 0.004 -8.29 [-14.3,-2.28] 0.007 

20sec Ref. -1.57 [-4.05,0.92] 0.216 -3.04 [-5.52,-0.57] 0.016 -4.52 [-7.68,-1.36] 0.005 -5.78 [-12.03-0.46] 0.070 

30sec Ref. -1.53 [-3.92,0.86] 0.210 -2.91 [-5.29,-0.53] 0.017 -4.20 [-7.23,-1.16] 0.007 -3.97 [-9.98,2.04] 0.195 

 Model b 
 

 
 

 
 

 
 

 

 excluding participants with existing CVD/cerebrovascular disease,  n=3844/4340 

Supine BP Ref. -1.88 [-3.97, 0.21] 0.078 -3.59 [-5.67,-1.50] 0.001 -4.82 [-7.52,-2.12] <0.001 -5.06 [-10.86,0.74] 0.087 

Nadir Ref. -2.13 [-4.44,0.19] 0.071 -3.42 [-5.73,-1.11] 0.004 -5.34 [-8.33,-2.35] <0.001 -9.72 [-16.14,-3.30] 0.003 

10sec Ref. -2.39 [-4.78,-0.01] 0.049 -3.94 [-6.31,-1.56] 0.001 -5.18 [-8.25,-2.11] <0.001 -9.98 [-16.58,-3.38] 0.003 

20sec Ref. -2.04 [-4.51,0.44] 0.107 -3.74 [-6.21,-1.26] 0.003 -5.81 [9.01,-2.61] <0.001 -7.52 [-14.4,-0.64] 0.032 

30sec Ref. -2.03 [-4.42,0.37] 0.097 -3.61 [-6.00,-1.22] 0.003 -5.72 [-8.81,-2.62] <0.001 -5.85 [-12.5,0.8] 0.085 

 Model c 

 excluding participants with CESD>=16, n=3988/4340 

Supine BP Ref. -1.52 [3.58,0.55] 0.150 -3.20 [-5.26,-1.13] 0.002 -3.74 [-6.44,-1.05] 0.007 -2.22 [-7.91,3.47] 0.444 

Nadir Ref. -1.52 [-3.81,0.76] 0.192 -2.83 [-5.11,-0.54] 0.015 -4.28 [-7.26,-1.29] 0.005 -5.96 [-12.25,0.34] 0.064 

10sec Ref. -1.78 [-4.13,0.56] 0.136 -3.28 [-5.62,-0.93] 0.006 -4.22 [-7.27,-1.16] 0.007 -5.60 [-12.1,0.86] 0.089 

20sec Ref. -1.38 [3.85,1.08] 0.271 -2.80 [-5.27,-0.34] 0.026 -4.78 [-8.00,-1.57] 0.004 -3.38 [-10.16,3.41] 0.330 

30sec Ref. -1.40 [3.76-0.97] 0.247 -2.84 [-5.21,-0.48] 0.284 -4.89 [-7.97,-1.81] 0.018 -1.80 [-8.30,4.71] 0.588 
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 Model d 

 excluding participants on ADT,  n=4086/4340 

Supine BP Ref. -1.46 [-3.53,0.61] 0.167 -3.08 [-5.14,-1.01] 0.004 -3.53 [-6.21,-0.85] 0.010 -0.24 [-5.78,5.30] 0.932 

Nadir Ref. -1.14 [-3.43,1.16] 0.332 -2.23 [-4.51,0.06] 0.057 -3.74 [-6.71,-0.78] 0.013 -5.08 [-11.21,1.05] 0.104 

10sec Ref. -1.44 [-3.79,0.92] 0.231 -2.75 [-5.10,-0.41] 0.022 -3.77 [-6.81,-0.73] 0.015 -4.59 [-10.9,2,1.7] 0.153 

20sec Ref. -1.26 [-3.71,1.19] 0.314 -2.42 [-4.87,0.03] 0.052 -4.20 [-7.38,-1.03] 0.009 -1.72 [-8.27,4.83] 0.607 

30sec Ref. -1.44 [-3.79,0.92] 0.232 -2.62 [-4.97,-0.27] 0.029 -4.67 [-7.72,-1.62] 0.003 -0.87 [-7.16,5.42] 0.786 

 Model e 
 

 
 

 
 

 
 

 

 Excluding participants with CVD, Diabetes, ADT and CESD>=16:  n=3230/4340 

Supine BP Ref. -1.75 [-3.95,0.45] 0.118 -3.64 [-5.85,-1.43] 0.001 -4.76 [-7.73,-1.79] 0.002 -2.80 [-10.46,4.86] 0.474 

Nadir Ref. -1.57 [-4.03,0.89] 0.212 -3.52 [-6.00,-1.04] 0.005 -4.52 [-7.85,-1.18] 0.008 -8.41 [-17.00,0.19] 0.055 

10sec Ref. -1.52 [-4.04,1.01] 0.240 -3.71 [-6.26,-1.17] 0.004 -4.09 [-7.51,0.67] 0.019 -7.68 [-16.0,1.14] 0.088 

20sec Ref. -1.52 [-4.15,1.10] 0.255 -3.56 [-6.20,0.92] 0.008 -4.73 [-8.27,-1.18] 0.009 -5.12 [-14.26,4.03] 0.273 

30sec Ref. -1.62 [-4.15,0.91] 0.210 -3.48 [-6.03,-0.93] 0.008 -4.96 [-8.38,-1.53] 0.005 -4.65 [-13.47,4.18] 0.302 

Data are regression coefficients [95% Confidence Intervals] and associated p-values  for differences between categories of subjective memory;  

‘Nadir’=lowest blood pressure recorded post-stand; CVD=cardiovascular disease; CES-D=Centre for Epidemiological Studies Depression Scale; ADT=Antidepressant treatment 

Model a-e adjusted for (where not excluded as noted above) age, age squared and sex,  education level, BMI, depressive symptoms, objective cognitive deficits (MoCA), physical 
co-morbidities (chronic conditions and cardiovascular disease), medications (antidepressants and antihypertensive) and a history of smoking 
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Supplementary Table 4.2: Systolic Orthostatic Blood Pressure Stabilisation by Subjective Memory stratified by Sex (adjusted for supine Systolic BP) 

  

 Model a   

 excluding participants with Diabetes 
  

 
Men (n=1831) Women (n=2232) 

  Excellent Poor p Poor p 

Supine SBP Ref. - - - - 

Nadir Ref. -7.33 (-12.58, -2.09) 0.006 -0.98 (-7.47,5.52) 0.768 

10sec Ref. -7.63 (-12.90,-2.37) 0.005 0.98 (-5.30,7.27) 0.757 

 Model b 

 excluding participants with CVD/Cerebrovascular disease 
  

 
Men (n=1732) Women(n=2112) 

  Excellent Poor p Poor p 

Supine SBP Ref. - - - - 

Nadir Ref. -6.16 (-11.50,-0.83) 0.024 -3.70 (-11.,4.27) 0.363 

10sec Ref. -6.84 (-12.25,-1.43) 0.013 -2.36 (-10.08,5.35) 0.548 

 Model c  

 excluding participants with CES-D >=16 
  

 
Men (n=1839) Women (n=2095) 

  Excellent Poor p Poor p 

Supine SBP Ref. - - - - 

Nadir Ref. -4.94 (-10.227,0.355) 0.067 -2.34 (-5.43,0.75) 0.137 

10sec Ref. -4.81 (-10.11,0.49) 0.075 -1.13 (-8.69,6.43) 0.769 
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 Model d  

 excluding participants with ADT 

  
 

Men (n=1924) Women (n=2162) 

  Excellent Poor p Poor p 

Supine SBP Ref. - - - 
 

Nadir Ref. -7.16 (-12.5,-1.79) 0.009 -1.73 (-8.61,5.15) 0.623 

10sec Ref. -7.67 (-13.07,-2.27) 0.005 -0.04 (-6.69,6.61) 0.99 

 Model e  

 excluding participants with Diabetes, CVD, CES-D >=16, & ADT 
  

 
Men (n=1481) Women (n=1749) 

  Excellent Poor p Poor p 

Supine SBP Ref. - - - - 

Nadir Ref. -7.20 (-14.0,-0.35) 0.04 -2.54 (-14.21,9.14) 0.67 

10sec Ref. -6.94 (-13.89,0.004) 0.05 -0.45 (-11.70,10.79) 0.937 

Data are regression coefficients (95% Confidence Intervals) and associated p-values  for differences between categories of subjective memory 

‘Nadir’ =lowest blood pressure recorded post-stand, CVD=cardiovascular disease; CES-D=Centre for Epidemiological Studies Depression Scale; ADT=Antidepressant 

treatment 

Models a- e further adjusted (where not excluded as noted above) for age, age squared and sex,  education level, BMI, depressive symptoms, objective cognitive deficits 

(MoCA), physical co-morbidities (chronic conditions and cardiovascular disease), medications (antidepressants and antihypertensive), a history of smoking and supine SBP 1
5
9
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5. STUDY II - Baroreflex Sensitivity, Depression, Anxiety 

and Anti-Depressant use in Older Adults 

 

Study II investigates cardiac BRS as the independent variable of interest and affective 

symptoms as the outcome of interest. Prior population-based studies investigating BRS and 

affective symptoms have focused on depressive symptoms (despite known overlap between 

anxiety and depression) and suggest that associations may vary according to ADT. Here, 

associations between BRS and symptoms of depression and anxiety in older adults are 

investigated, additionally exploring potential sex differences and confounding effects of 

ADT.  

 

 

Figure 5.1: Thesis Figure: Study II 

Study II investigates cross-sectional associations between Baroreflex Sensitivity, 

Depression, Anxiety and Anti-depressant use in Older Adults.  
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Baroreflex Sensitivity, Depression, Anxiety and Anti-depressant use in Older Adults 

 

5.1. Abstract 

 

Introduction: Baroreflex Sensitivity is a measure of cardiovascular autonomic function. 

This study investigates the hypothesis that lower BRS is associated with higher symptoms 

of anxiety and depression in older adults, and that these associations will differ according to 

sex and ADT status.  

 

Methods: Data was from 3459 participants aged 50+ from the first wave (2009-2011) of the 

TILDA cohort study. Multivariate multiple regression was used to test associations between 

non-invasively measured BRS and symptoms of worry (assessed using the abbreviated Penn 

State Worry Questionnaire (PSWQ-A)), global anxiety (Hospital Anxiety and Depression 

Scale-Anxiety Subscale (HADS-A)) and depression (Center for Epidemiological Studies 

Depression Scale (CES-D)). 

 

Results: Associations between BRS and symptoms of depression and anxiety were evident 

but varied according to sex and ADT status. For example, with respect to anxiety outcomes: 

for every one msec/mmHg increase in BRS in men there was on average a decrease of -0.06 

(95% Confidence Interval -0.11;-0.02); p=0.01 and -0.03 (-0.06;-0.01); p=0.005 in scores on 

the PSWQ-A and HADS-A respectively. In contrast, in women on antidepressants, for every 
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one msec/mmHg increase in BRS there was an increase of 0.24 (0.03;0.44); p=0.02 and  0.12 

(0.03;0.22); p=0.01 in scores on PSWQ-A and HADS-A.  

 

Conclusions: This study reports complex, sex-specific associations between BRS, anxiety 

and depressive symptoms which may have implications for ADT in older adults. 
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5.2. Introduction 

Impaired cardiovascular autonomic function may be associated with greater affective 

symptoms in older adults, however the relationship is understudied. The majority of 

investigations have focused on HRV88,319,364–366, while few studies have investigated BRS. 

Baroreflex sensitivity reflects the ability of the cardiovascular ANS to respond to short term 

BP fluctuations157 and lower BRS is associated with greater BP instability.89 A change in 

systemic BP initiates the baroreflex via stretch sensitive mechanoreceptors located in the 

intima of the carotid artery and aorta causing, for example, an increase in HR and peripheral 

resistance in response to a drop in systemic BP.157 A higher BRS indicates a closer 

relationship between BP and HR, while low BRS reflects the decoupling of this relationship, 

and is a known correlate of increased cardiovascular morbidity and mortality.367  

 

Sex differences in the prevalence of both CVD368 and affective disorders69 are well 

described. Cardiovascular autonomic function, including BRS, may also differ according to 

sex.369–371  Both anxiety and depression are more prevalent in women and this sex difference 

persists into later life.58,372 Some studies suggest GAD is the most common affective disorder 

in later life and may precede the development of a depressive episode; symptoms of worry 

are the primary feature of GAD.373,374 Recent studies investigating BRS and affect in older 

adults have focused solely on associations with depression – anxiety has not been 

investigated as an outcome of interest.319–321 Moreover, results have been conflicting: two 

studies reported lower BRS in those with depressive symptoms319,320, however a third found 

no association, instead reporting an association between lower BRS and  ADT.321 
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Anti-depressants are commonly used to treat anxiety and depression in older adults but are 

more frequently prescribed to women.375  ADT may adversely impact cardiovascular 

autonomic function.376 Therefore any relationship between cardiovascular autonomic 

function and affective symptoms in older adults may be confounded by ADT.376  

 

Here, associations between BRS and affective symptoms in older adults are examined.  

Hypotheses under investigation: 

1. BRS will be lower in older adults with higher levels of depressive and/or anxiety 

symptoms. 

 2. The relationship between BRS and symptoms of depression and/or anxiety will vary 

according to sex and concurrent ADT  
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5.3. Methods 

 

Sample 

 

This study is based on the analysis of cross-sectional data from the first wave of TILDA, 

conducted 2009-2011. This is a population-based, nationally representative study of 

community-dwelling adults aged 50 and over. The TILDA data collection process has been 

described in detail elsewhere.349 Briefly, participants were assessed in their own home by 

means of a Computer Assisted Interview (CAPI) delivered by a trained interviewer. They 

were also invited to return a Self-Completion Questionnaire, which they completed 

unsupervised and which collected information on more sensitive topics. In total 8,175 

participants aged 50 and older enrolled in the TILDA cohort of whom 6,636 returned the 

Self-Completion Questionnaire. Each participant was invited to attend a detailed physical 

health assessment in one of two university-affiliated centres and specially trained research 

nurses carried out 5035 individual ‘health centre’ assessments. Figure 5.2 outlines the 

sample included in the complete case analysis. 
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Figure 5.2: Study II: Flow Diagram  

N=8175 

TILDA Wave 1 Sample 

>=50years 

N=4248 attended Health Centre 

Assessment 

N =6811 returned  

Self-Completion Questionnaire 

Excluded: 

n=503 missing BRS/non-physiological 

BRS values 

n=87 Atrial fibrillation on ECG  

n=190 Self-reported arrhythmia   

Excluded missing co-variates:  

n=30 exercise 

n=10 seated BP//HR 

n=4 missing BMI 

Excluded: 

n=131 missing CES-D 

n=1233 did not return Self Completion 

Excluded: 

n=595 missing PSWQ-A 

n=271 missing HADS-A 

Primary 
Analytical Sample  

N=3459 
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Ethics 

 

Trinity College Dublin Health Research Ethics Committee granted Ethical Approval for the 

study. Each participant provided written informed consent prior to enrolment in the study. 

Those unable to give informed consent were excluded.  

 

Primary Explanatory Variable: 

 

Baroreflex Sensitivity 

Baroreflex Sensitivity was derived using the non-invasive ‘sequence’ method.313 

Participants lay supine for ten minutes in a quiet, dimly lit room maintained at a steady 

ambient temperature. During this time BP was assessed non-invasively using a beat-to-beat 

plethysomnography device (Finometer® MIDI device, Finapres Medical Systems BV, 

Amsterdam, The Netherlands, www.finapres.com) and HR was recorded using a three lead 

ECG tracing. An algorithm was applied to the extracted data and the rate of change of 

successive heart beats to a change in SBP of 10mmHg was calculated. A higher BRS thus 

corresponds to a more sensitive coupling of BP and HR. 

 

All ECG tracings were screened and those with objective evidence of Atrial Fibrillation 

(n=87), a self-reported cardiac arrhythmia (n=190) and those without baroreflex readings 

(n=503) (including non-physiological readings) were excluded from this analysis.  
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Outcomes of Interest: 

 

Anxiety Symptoms 

Two questionnaires were used to investigate anxiety symptoms in later life - in order to 

measure both global anxiety symptoms and symptoms of worry.98 

 

Global Anxiety 

Symptoms of anxiety were recorded using the anxiety subscale of the HADS-A which is a 

self-report questionnaire, assessing the frequency of anxiety symptoms over the last week.377 

This scale is scored from 0-21 with higher scores reflecting greater symptoms of anxiety. A 

cut-point of ≥8 has been validated as potentially reflecting clinically relevant symptoms.378 

 

Symptoms of Worry  

Symptoms of worry were captured using the abbreviated version of the PSWQ-A which has 

been validated for use in older adults.374,379 This is an 8 item questionnaire which assesses a 

person’s tendency to worry and associated ability to control worry. Higher scores reflect 

greater levels of worry. A cut-point of 23 has previously been validated as reflecting 

potential case-level symptoms.374  
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Depressive Symptoms 

Levels of depressive symptoms over the previous week were recorded using the CES-D.380  

Each question offers a four-point response scale with options ranging from, “Rarely or none 

of the time (less than 1 day)” to “All of the time (5-7 days)”. This is a 20-item questionnaire, 

which produces a total score ranging from 0-60 and is validated for use in epidemiological 

populations. Higher scores indicate greater levels of depressive symptoms.354 A cut-point of 

16 has been shown to have a high sensitivity and specificity for clinically relevant case-level 

symptoms in older adults.354 

 

Covariates 

 

Age, sex and educational attainment were recorded. Smoking history was noted as current, 

past or never. BMI was calculated as kg/m2 from height and weight measurements.  

 

Haemodynamic Variables 

BP and HR were also measured in the seated position using an automated oscillometric 

device (‘Omron’). SBP, DBP and resting HR were calculated as the average of two 

consecutive seated measures.  
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Medications 

Medication use was determined by recording medication names from the medicine 

packaging in the participant’s home and classified using the WHO ATC system (WHO, 

2012).  

 

Antidepressant use was identified where the first four digits of the World Health ATC code 

were “N06A” including SSRI’s (N06AB) and SNRI (NO6AX). 

 

Antihypertensive use was identified using the codes “C02*” (anti-adrenergic agents) “C03*” 

(diuretics), “C07*” (beta-blockers), “C08*” (calcium-channel blockers), “C09*” 

(angiotensin-converting-enzyme inhibitors and angiotensin-receptor blockers) and 

combinations of the above “(C02*)”.  

  

Cardiovascular conditions 

Cardiovascular/ cerebrovascular conditions were recorded to include: angina, myocardial 

infarction, heart failure, stroke or Transient Ischaemic Attack, hypercholesterolemia, 

structural heart disease, angioplasty and coronary artery bypass graft. The total number of 

cardiovascular diseases was then summed and recoded as 0, 1, 2 or more condit ions and 

added to models as a categorical variable. 
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Self-reported levels of physical activity were measured using the International Physical 

Activity Questionnaire - Short Form; validated cut-points were used to classify the 

population into three levels of physical activity: ‘Low’, ‘Moderate’ and ‘High’.381 
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Statistical Analysis 

 

Appropriate descriptive statistics were employed to describe the population according to sex. 

Unadjusted associations between BRS and affective symptoms were examined using scatter 

plots and linear, quadratic and lowess fits. Simultaneous multivariate multiple regression 

analysis was employed to estimate the relationship between BRS as an independent variable 

across outcomes i.e. across CES-D, HADS-A and PSWQ-A scores. Multivariate multiple 

regression differs from simple linear regression in that several dependent variables are 

jointly regressed on the same independent variables.382 The individual coefficients and 

standard errors produced are identical to those that would be produced by estimating each 

equation separately, however coefficients can be tested across equations thus allowing for 

tests of statistical significance to account for the co-variance of outcomes.382  

 

An initial minimally adjusted model (Model 1) included age, sex and education as 

independent variables. Given potential non-linear effects, age was modelled as a piecewise 

linear function with knots at five year intervals.  Model 2 additionally adjusted for BMI, 

height, smoking, CVD, co-morbidity, physical activity, seated SBP, seated DBP and HR. To 

assess the moderating influence of sex, an interaction term between BRS and sex was tested 

and, where significant, was retained in further modelling. In Model 3 the additional 

moderating influence of ADT on any sex-specific association between BRS and the 

dependent variables was assessed with the addition of a three way interaction term i.e. 

sex*BRS*ADT. Estimates from models were plotted to aid interpretation of interaction 

effects. 
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Sensitivity analysis 

 

Given the skewed distribution of BRS, models were repeated using the natural log 

transformed variable. Further, to test associations between potentially more clinically 

relevant categorisations of both BRS and affective symptoms, outcomes were categorised 

according to ‘case-level’ cut-points, and BRS was categorised according to tertiles of the 

population distribution. Separate multivariable logistic regression analyses were run for each 

outcome (case-level symptoms: No=0, Yes=1) testing for interactions between sex and BRS 

(coded as a three-item categorical variable: lowest tertile; middle tertile; highest tertile - with 

the lowest tertile as the referent category). Where interactions were significant, subsequent 

analyses were stratified by sex. Models were repeated excluding those on ADT and 

subsequently those participants with a self-reported history of two or more cardiovascular 

conditions.  
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5.4. Results 

 

The final analysis sample was 3459. 54.0% (n=1873) were women and the mean age was 

61.1 years (SD 8.0) with no difference in mean age between men and women. Women had 

higher scores across all outcome measures and were more likely to be prescribed ADT (Table 

5.1).  Men had more cardiovascular conditions, were more likely to be current smokers and 

to have a higher BMI. Women had a higher HR but lower SBP and DBP.  

 



 

 

Table 5.1: Characteristics of Sample  

 Total Sample Men Women  

N 3459 1586 (45.85) 1873 (54.15) p-value 

Baroflex Sensitivity (msec/mmHg)median IQR 7.47 (6.19) 7.36 (6.19) 7.53 (6.09) 0.22 

 

Affective Symptoms 

    

CES-D score, median IQR 3 (7) 3 (6) 4 (7) <0.001 

HADS-A score, median IQR 5 (4) 4 (5) 5 (5) <0.001 

PSWQ-A Score, median IQR 13 (11) 12 (8) 15 (12) <0.001 

Using Anti-Depressants n %: 192 (5.55) 59 (3.72) 133 (7.10) <0.001 

 

Demographics 

    

  Age years, mean (SD) 61.11 (8.01) 61.19 (8.18) 61.04 (7.93) 0.57 
Primary Education Only n % 648 (18.73) 341 (21.50) 307 (16.39) <0.001 

 

Cardiovascular  

    

Systolic Blood Pressure, mmHg, mean (SD)  134.61 (19.40) 139.03 (18.05) 130.87 (19.72) <0.001 

Diastolic Blood Pressure, mmHg, mean (SD) 82.60 (10.93) 84.08 (10.66) 81.34 (11.00) <0.001 

Heart Rate, bpm, mean (SD) 69.09 (11.11) 67.97 (11.38) 70.05 (10.77) <0.001 
>=2 cardiovascular conditions n % 257 (7.43) 143 (9.02) 114 (6.09) 0.001 

>=2 comorbid diseases n % 446 (12.89) 137 (8.64) 309 (16.50) <0.001 

Using Antihypertensives n %: 1005 (29.05) 506 (31.90) 499 (26.64) <0.001 

Beta blockers n % 301 (8.70) 170 (10.72) 131 (6.99) <0.001 

Current Smoking n % 496 (14.34) 230 (14.50) 266 (14.20) <0.001 

BMI, kg/m2 , mean (SD) 28.49 (4.92) 29.16 (4.41) 27.93 (5.25) <0.001 

Exercise, n % (inactive) 1276 (36.89) 723 (45.59) 553 (29.52) <0.001 

 

SD=Standard Deviation; IQR=interquartile Range; bpm=beats per minute; mmHg=millimetres of mercury; BMI= Body mass Index; kg/m2=kilogrammes/metre squared; 

msec=millisecond; BRS=Baroreflex Sensitivity; CES-D= The Center for Epidemiological Studies Depression Scale; PSWQ-A= Penn State Worry Questionnaire- Abbreviated; 

HADS-A= Hospital Anxiety and Depression Scale- Anxiety Subscale 
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Median BRS was 7.47 (IQR 6.19) and did not differ according to sex. The distribution of 

BRS was skewed. However, analyses using the natural log of BRS suggested similar 

associations and patterns across groups, therefore associations with the untransformed 

variable are reported for ease of interpretation.  

 

Visual inspection of the unadjusted association between BRS and affective symptoms 

suggested a moderating effect of sex (Figure 5.3). In fully adjusted models there was no 

difference in the coefficient of BRS across outcomes, but there was an interaction with sex 

- the omnibus test of significance for the two way interaction (BRS*Sex) was significant 

across outcomes on simultaneous multivariate regression analysis (p=0.003) and was robust 

to adjustment for all covariates (Table 5.2).  

 

 
 

Figure 5.3: Association between Baroreflex Sensitivity and Affective Symptoms 

According to Sex (unadjusted) 

CES-D= Center for Epidemiological Studies Depression Scale ; PSWQ-A= Penn State 

Worry Questionnaire- Abbreviated ; HADS-A= Hospital Anxiety and Depression Scale- 

Anxiety Subscale ; msec/mmHg=milliseconds/millimetre of mercury 



 

 

 

 

Table 5.2: Multivariate Multiple Regression of the Association between Baroreflex sensitivity across Affective Outcomes according to sex and anti-depressant treatment 

 Depression Anxiety  

 CES-D PSWQ-A HADS-A Omnibus p-value  for Interaction 

 Beta (95% CI) p-value Beta (95% CI) p-value Beta (95% CI) p-value  

 Model 1      BRS*Sex = 0.008 

Men -0.05 (-0.10; -0.01) 0.02 -0.07 (-0.11;-0.02) 0.008 -0.03 (-0.06;-0.01) 0.004  

Women 0.01 (-0.04;0.06) 0.64 0.04 (-0.01;0.09) 0.149 0.02 (0.00;0.05) 0.06  

 Model 2      BRS*Sex = 0.003 

Men -0.04 (-0.08;0.00) 0.06 -0.06 (-0.11;-0.02) 0.009 -0.03 (-0.06;-0.01) 0.006  

Women 0.03 (-0.01;0.08) 0.15 0.04 (-0.01;0.09) 0.08 0.04 (-0.01;0.09) 0.08  

 Model 3      BRS*Sex*ADT = 0.008 

No ADT        

Men -0.03 (-0.08;0.01) 0.13 -0.06 (-0.11;- 0.02) 0.01 -0.03 (-0.06;-0.01) 0.005  

Women 0.01 (-0.03;0.06) 0.53 0.03 (-0.02;0.08) 0.24 0.02 (-0.00;0.05) 0.09  

ADT        

Men -0.23 (-0.46;0.01) 0.06 -0.01 (-0.27;0.25) 0.93 -0.02 (-0.11;0.14) 0.77  

Women 0.34 (0.15;0.52) <0.001 0.24 (0.03;0.44) 0.02 0.12 (0.03;0.22) 0.01  
 

Data are regression coefficients with 95% Confidence Intervals 

Model 1 adjusted for age,  sex, education 

Model 2 Additionally adjusted for BMI, height, physical activity, Smoking status, Cardiovascular disease, co-morbidities, anti-hypertensives, antidepressants, systolic BP, diastolic 

BP, resting heart rate  

BRS=Baroreflex Sensitivty; ADT=Antidepressant Medication; CES-D= The Center for Epidemiological Studies Depression Scale; PSWQ-A= Penn State Worry Questionnaire- 
Abbreviated; HADS-A= Hospital Anxiety and Depression Scale- Anxiety Subscale 
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There was an inverse association between BRS and affective symptoms in men, but a trend 

towards a positive association between BRS and affective symptoms in women (Table 5.2, 

Model 2; Figure 5.4). At low levels of BRS there was no difference in affective symptoms 

between sexes, however with increasing BRS the estimated difference between sexes in 

affective symptoms increased (Supplementary Figure 5.1).  

 

There was a further moderating influence of ADT on the sex-specific relationship between 

BRS and outcomes such that the slope of the positive association between affective 

symptoms was steeper in women on ADT and the slope of the inverse relationship between 

BRS and depressive symptoms was more strongly negative in men on ADT (Table 5.2; 

Model 3; Figure 5.4; Supplementary Figure 5.2). The omnibus test of the three-way 

interaction (sex*BRS*ADT) i.e. the moderating effect of ADT on the sex-specific 

relationship between BRS and affective symptoms, was significant across outcomes 

(p=0.008) but was not significant in individual models with global anxiety nor worry as the 

outcome (p>0.1).  
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Figure 5.4: Association between Baroreflex Sensitivity and Depressive Symptoms 

According to Sex and Antidepressant Treatment (adjusted) 

CES-D= Center for Epidemiological Studies Depression Scale (CES-D); 

msec/mmHg=milliseconds/millimetre of mercury 

 

Overall, there was evidence of a moderating relationship of ADT on the sex-specific 

relationship across outcomes. In men not on ADT there was a small negative association 

between BRS and symptoms of anxiety/worry: for every one msec/mmHg increase in BRS 

in men there was on average an estimated decrease of -0.06 (95% Confidence Interval -0.11;-

0.02); p=0.01 in scores on the PSWQ-A and a decrease -0.03 (-0.06;-0.01); p=0.005 in scores 

on the HADS-A. There was an association of similar magnitude (-0.03(-0.08; 0.01) with 

symptoms of depression but this was non-significant (p=0.13). In contrast, in men on ADT, 

there was a strong negative association between BRS and symptoms of depression (-0.23 (-

0.46; 0.01); p=0.06 but no similar increase in the magnitude of association with anxiety 

symptoms. 
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In women not on ADT, there were trends towards positive associations with affective 

symptoms which were small in magnitude and did not reach statistical significance. In 

women on ADT however, there were large positive associations between BRS and 

symptoms of anxiety and worry; for every one msec/mmHg increase in BRS there was a 

0.24 (0.03; 0.44); p=0.02 increase in scores on PSWQ-A and a 0.12 (0.03; 0.22); p=0.01 

increase in scores on HADS-A. Likewise in women on ADT there was a strong positive 

association between BRS and depressive symptoms: for every one msec/mmHg unit increase 

in BRS there was a 0.34(0.15; 0.52); p=0.001 increase in scores on the CES-D. 

 

Sensitivity analyses 

 

Similar results were seen in models using the maximal sample for each outcome. In fully 

adjusted logistic regression analyses, patterns of association between tertiles of BRS and 

case level affective symptoms were similar to the main analysis i.e. an inverse relationship 

in men and a positive relationship in women. Interactions between sex and BRS were 

significant in all models (p<0.05). Subsequent analyses stratified by sex demonstrated a 

linear ‘dose-response’ relationship - in men those in the highest tertile of BRS relative to the 

lowest had a decreased risk of case-level affective symptoms but the reverse association was 

seen in women i.e. risk of case-level affective symptoms increased across tertiles of BRS 

(Supplementary Table 5.1; Supplementary Figure 5.3). Results were similar when excluding 

participants on ADT and those with high levels of CVD (>=2 self-reported cardiovascular 

diseases).
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5.5. Discussion 

 

In this large population-based sample of older adults, the association between BRS and 

affective symptoms varied according to sex. In keeping with the primary hypothesis, BRS 

and affective symptoms were inversely related; however, this finding was restricted to men. 

In women, there was instead a trend towards a positive relationship between BRS and 

affective symptoms, an association which was stronger in women on ADT. Overall, effect 

sizes were small for those participants not on ADT and levels of significance varied, but 

patterns of sex differences were consistent across outcomes and persisted after accounting 

for a wide range of confounding factors including cardiovascular risk, BP, HR, smoking, 

BMI, physical activity, cardiovascular conditions and anti-hypertensive treatment.  

 

To my knowledge this is the first population-based study to describe the association between 

BRS and measures of symptoms of depression and anxiety in older adults. This is important 

as both affective symptoms and cardiovascular risk differ in prevalence according to sex - 

including into later life.58,132 Anxiety and depression are often co-morbid and both have been 

associated with increased vascular risk. Higher anxiety symptoms in those with a diagnosis 

of depression often reflect greater severity and may predict poorer treatment response.383 

Furthermore, in addition to a measure of global anxiety symptoms TILDA also specifically 

measured levels of worry – the primary feature of Generalised Anxiety Disorder (GAD) 

which,  as previously noted, may be the most common affective disorder in later life and 

may precede the development of a depressive episode.373,374 
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In older men these findings are in keeping with prior small clinical studies in which lower 

BRS was associated with anxiety and depressive symptoms.318,384  A case-control study 

based in a tertiary care setting also reported a relationship between lower BRS and greater 

depressive symptoms in patients in a secondary care psychiatric setting, however sex specific 

differences were not investigated and the authors acknowledged that the majority of patients 

were treated with ADT.319 More recently, two large population-based studies have also 

investigated the cross-sectional relationships between BRS and depression, specifically in 

older adults – with conflicting results. As with the findings in men, Dauphinot et al reported 

an association between lower BRS and greater depressive symptoms in a large population-

based sample of participants, all of whom were aged 65, which persisted in participants not 

on ADT320.  In contrast, Empana et al found no association between BRS and depressive 

symptoms and reported no interaction according to sex. This difference may be due to their 

use of a volunteer sample recruited via occupational health screening, or the larger 

proportion (60%) of males included.321 This investigation thus extends the literature by 

exploring anxiety as a related outcome and assessing associations across the full spectrum 

of affective symptoms in the population.  

 

A positive association between BRS and affective symptoms in women was unexpected. 

Sex-specific relationships between cardiovascular autonomic function and affective 

symptoms however have previously been reported, and a positive relationship in women is 

in line with limited evidence from prior work. For example, in  a small sample of middle 

aged women (N=41; mean age 43.73 (+/-)11.2) Verkuil et al. reported that those with higher 

levels of  ‘sadness’ (one of the core symptoms of depression) had higher levels of 

parasympathetic activation as indexed by HRV measured over a 24hr period369, which was 
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in line with earlier findings from the same group.385 In a large group of Chinese older adults, 

Chen et al reported lower HRV only in men with depression and anxiety but not in women370. 

Thayer et al have thus suggested that while men may be predisposed to a ‘fight or flight’ 

response, women may be more likely to have a more adaptive ‘tend and befriend’ stress 

response (e.g. women may disclose their distress) which is reflected in greater 

parasympathetic tone.369,385 Moreover, sex hormones may play a role. Oestrogen is a known 

neuroprotectant and may influence sex differences in cardiovascular ageing e.g. the average 

age of stroke is higher in women than men. 119,386 As TILDA is a relatively young cohort 

(mean age 61 years) the full extent of post-menopausal increased cardiac risk may not yet 

be evident – as the sample ages the association between BRS and affective symptoms in 

women may change.   

 

The directions of associations are the same across all outcomes including in those 

participants not on ADT. The cardiovascular effects of ADT are controversial and some prior 

work on ADT and autonomic function in older adults has suggested that differences in 

autonomic function are attributable to ADT rather than psychopathology.376 A recent meta-

analysis suggests that differences in Heart Rate Variability persist however, even in non-

medicated depressed patients.387 In the current study it is not possible to conclude whether 

the statistical effect of ADT reflects the role of the medication or is instead a measure of 

disease severity i.e. those with more severe affective symptoms may be more likely to seek 

and be prescribed ADT. As with many observational studies investigating the effect of 

medication, confounding by indication may play a role. In sensitivity analyses excluding 

those participants on ADT, sex differences remain evident in associations with case-level 

symptoms – mirroring the associations seen in the main analysis – suggesting there may be 
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baseline sex-differences in the relationship between outcomes and BRS which are stronger 

in more severe symptom states. Alternatively, ADT may worsen BRS in men with higher 

levels of depression and improve BRS in women with depression and anxiety.  The small 

number of participants on individual ADT, particularly when stratified by sex, precluded 

investigation of the effect of different classes of ADT. It is of note, however, that in this 

cohort there were more women on SSRI’s than SNRI’s. SNRI treatment has been associated 

with poorer BRS321 but SSRI treatment may reduce sympathetic nervous activity376 which 

may in turn have beneficial effects for BRS which primarily reflects parasympathetic tone. 

As men in this cohort have a higher prevalence of CVD it may be that this affects both BRS 

and risk of affective disorder, however neither adjustment for CVD in main analyses nor 

exclusion of those with high levels of CVD in sensitivity analyses altered overall 

associations. We note the small numbers overall on ADT and the cross-sectional nature of 

this investigation, therefore any interpretation of the effects of ADT should be treated with 

appropriate caution. 

 

Limitations include a lack of information on lifetime anxiety or depressive disorder among 

participants. It is therefore uncertain if the reported differences relate to lifetime symptom 

burden or presentations unique to older age. Also we acknowledge that, in line with previous 

studies321, this work does not account for peripheral vasomotor effects of the baroreflex. The 

large number of hypothesis tests conducted should also be considered as a limitation, 

although these tests were not independent as the outcomes are correlated with one another.348 

This is a cross-sectional analysis therefore interpretations with respect to causation are 

speculative. Future waves of TILDA data, in particular work incorporating neuroimaging, 

will help to unpick these complex processes. Additionally, loss of participants who did not 
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attend a health assessment and/or failed to return a SCQ may have introduced bias. In 

mitigation it could be argued that this would tend to lead to an underestimate of associations, 

as those with higher levels of affective symptoms and physical risk were less likely to 

complete the health assessment or self-completion questionnaire. 

 

Strengths include that this investigation was conducted in a large population-based study in 

which we were able to examine a wide range of commonly occurring psychopathology with 

accurately measured co-variates including objective BP, HR and medications. Moreover, in 

keeping with moves towards understanding the causes of psychopathology across traditional 

diagnostic boundaries388, the analyses acknowledged the overlap between symptoms of 

depression and anxiety in older adults by simultaneously modelling the three outcomes as 

dependent variables. In contrast to prior studies, we investigated affective symptoms as 

continuous outcomes hence acknowledging the importance of subthreshold symptoms for 

poorer outcomes in this demographic.62 Similar patterns of sex differences were seen across 

the spectrum of anxiety and depressive symptoms, including in those in whom these were of 

case-level severity. These results thus support theories of shared aetiology of depression and 

anxiety in older adults.70,389 

 

These results may have important implications with regard to the assessment and 

management of affective symptoms in older adults - particularly in the context of co-morbid 

cardiovascular disease. If these results were to be replicated it is possible that sex-specific 

treatment approaches may be required including monitoring of BRS during treatment or 

assessment of CVD risk prior to treatment. 



 

 

Supplementary Material 

Supplementary Table 5.1: Sex Stratified association between tertiles of Baroreflex Sensitivity and case-level symptoms of depression and anxiety. 

 Depression  Anxiety  

Case-Level Depressive Symptoms(CES-D) Case-Level Worry (PSWQ-A) Case-Level Global Anxiety (HADS-A) 

men women men women men women 

OR 

(95% CI) 

p-value OR 

(95% CI) 

p- 

value 

OR 

(95%CI) 

p-value OR 

(95% CI) 

p-value OR 

(95% CI) 

p 

-value 

OR 

(95% CI) 

p 

-value 

Tertiles of 

BRS 

            

1 (lowest) ref - ref - ref - ref - ref - ref - 

2 0.60 

(0.35-1.03) 

0.07 1.11 

(0.73-1.68) 

0.63 0.88 

(0.59-1.30) 

0.52 1.25 

(0.93-1.69) 

0.14 0.86 

(0.62; 1.19) 

0.37 

 

1.13 

(0.86-1.49) 

0.40 

3 (highest) 0.43 

(0.23-0.82 

0.01 1.36 

(0.88-2.11) 

0.17 0.67 

(0.43-1.06) 

0.09 1.51 

(1.10-2.07) 

0.01 0.55 

(0.38; 0.80) 

0.002 1.41 

(1.05-1.89) 

0.02 

 

 

            

Excluding 

ADTa 

            

1 (lowest) ref - ref - ref - ref - ref - ref - 

2 0.52 

(0.29-0.94) 

0.031 1.12 

(0.71-1.79) 

0.62 0.93 

(0.62-1.40) 

0.73 1.31 

(0.95-1.80) 

0.10 0.83 

(0.60-1.16) 

0.28 1.21 

(0.91-1.62) 

0.19 

3 (highest) 0.42 
(0.21-0.83) 

0.012 1.49 
(0.92-2.43) 

0.11 0.62 
(0.38-1.00) 

0.05 1.53 
(1.10-2.15) 

0.01 0.53 
(0.36-0.77) 

0.001 1.42 
(1.04-1.94) 

0.03 

 

 

 

 

 

 

 

            

1
8
6

 



 

 

 

Excluding 

CVDb 

 

            

1 (lowest) ref - ref - ref - ref - ref - ref - 

2 0.61 

(0.34-1.10) 

0.10 1.13 

(0.72-1.78) 

0.60 0.83 

(0.54-1.27) 

0.38 1.29 

(0.94-1.77) 

0.11 0.83 

(0.59-1.17) 

0.28 1.16 

(0.87-1.56) 

0.31 

3 (highest) 0.45 

(0.23-0.90) 

0.03 1.48 

(0.92-2.39) 

0.11 0.60 

(0.37-0.98) 

0.04 1.62 

(1.16-2.27) 

0.01 0.48 

(0.32-0.72) 

<0.001 1.47 

(1.07-2.00) 

 

0.02 

 

Data are Odds Ratios (OR) presented with 95% Confidence Intervals (95% CI) 

 

Models additionally adjusted for age,  sex, education, BMI, physical activity, Smoking status, Cardiovascular disease, co-morbidities, anti-hypertensives, antidepressants, systolic 

BP, diastolic BP, resting heart rate 

 

BRS=Baroreflex Sensitivty; ADT=Antidepressant Medication; CES-D= The Center for Epidemiological Studies Depression Scale; PSWQ-A= Penn State Worry Questionnaire- 
Abbreviated; HADS-A= Hospital Anxiety and Depression Scale- Anxiety Subscale; CVD=Cardiovascular Disease  
aExcluding n=192 participants treated with antidepressant medication 
bExcluding n=372 participants with >=2self-reported cardiovascular disorders  
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Supplementary Figure 5.1: Average Marginal Effects of Sex on association between 

Baroreflex Sensitivity and Affective Symptoms. 

CES-D= Center for Epidemiological Studies Depression Scale; PSWQ-A= Penn State 

Worry Questionnaire- Abbreviated; HADS-A= Hospital Anxiety and Depression Scale- 

Anxiety Subscale  



 

189 

 

 

 

Supplementary Figure 5.2: Association between Baroreflex Sensitivity and Affective 

Symptoms According to Sex and Antidepressant treatment (adjusted). 

CES-D= The Center for Epidemiological Studies Depression Scale; PSWQ-A= Penn State 

Worry Questionnaire- Abbreviated; HADS-A= Hospital Anxiety and Depression Scale- 

Anxiety Subscale; msec/mmHg=milliseconds/millimetre of mercury  
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Supplementary Figure 5.3: Sex Stratified association between tertiles of Baroreflex 

Sensitivity and case-level symptoms of depression and anxiety. 

Data are Odds Ratios (OR) presented with 95% Confidence Intervals (95% CI) 

CES-D= The Center for Epidemiological Studies Depression Scale; PSWQ-A= Penn State 

Worry Questionnaire- Abbreviated; HADS-A= Hospital Anxiety and Depression Scale- 

Anxiety Subscale; msec/mmHg=milliseconds/millimetre of mercury 
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6. STUDY III - Cognitive Status, Grey Matter Atrophy and 

Lower Orthostatic Blood Pressure in Older Adults 

 

Study III investigates orthostatic BP as the independent variable of interest and adjudicated 

CS as the outcome of interest. Study III aims to build on findings from Study I and II in 

TILDA which have demonstrated associations between lower orthostatic BP and lower BRS 

(even when sub-clinical) and poorer brain health in men aged 50+ (as denoted by greater 

SMI and greater affective symptoms). Study III uses data from the US-based longitudinal 

Health ABC cohort and ‘The Healthy Brain Project’ neuroimaging sub-study. Prior 

studies investigating longitudinal associations between orthostatic BP and CS have had 

various limitations including measurement of orthostatic BP at a single time point, a focus 

on consensus OH, and limited duration of follow-up; while the most comprehensive study 

to date did not investigate MCI nor address the potential mediating role of structural 

neuroimaging markers of brain health.  

 

Figure 6.1: Thesis Figure: Study III 

Study III investigates prospective associations between orthostatic blood pressure and 

Cognitive Status in Older Adults and explores the mediating effect of Grey Matter atrophy 

and White Matter Hyperintensities.  
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Cognitive Status, Grey Matter Atrophy and Lower Orthostatic Blood Pressure in 

Older Adults 

 

6.1. Abstract 

Introduction: Associations between orthostatic BP and CS have been described with 

conflicting results. This study investigates the hypothesis that long-term exposure to lower 

orthostatic BP is related to having worse CS later in life and that atrophy of regions involved 

in central regulation of autonomic function mediate these associations. 

Methods: Three-to-four measures of orthostatic BP were obtained from 1997-2003 in a 

longitudinal cohort of ageing, and average systolic orthostatic BP response (ASOBPR) was 

computed as % change in systolic BP from sit-to-stand measured at one minute post stand. 

CS was determined in 2010-2012 by clinician-adjudication (n=240; age=87.1±2.6; 59% 

women; 37% black) with a subsample also undergoing concurrent structural neuroimaging 

(n=129). Grey matter volume (GMV) of regions related to autonomic function was 

measured. Multinomial regression was used to compare ASOBPR in those who were 

cognitively intact versus those with a diagnosis of MCI or Dementia, controlling for 

demographics, trajectories of seated BP, incident cardiovascular risk/events and medications 

measured from 1997 to 2012. Models were repeated in the subsample with neuroimaging, 

before and after adjustment for regional GM volume.   

Results: There was an inverse association between ASOBPR and probability of Dementia 

diagnosis (9% lower probability for each % point higher ASOBPR: OR 0.91, 95%CI 



 

193 

 

0.85;0.98; p=0.01). Associations were similar in the subgroup with neuroimaging before and 

after adjustment for regional GM volume.  

Conclusion: ASOBPR may be an early marker of risk of dementia in older adults living in 

the community.  
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6.2. Introduction 

 

Lower orthostatic BP, the impaired stabilization of BP after standing, is common among 

older adults. Associations between lower orthostatic BP and poorer CS have been described 

with conflicting results. Lower orthostatic BP has been associated prospectively with poorer 

CS in four large epidemiological samples.278,288,291,294 Lower orthostatic BP has also been 

associated with conversion to dementia in two clinical studies of patients with Parkinson’s 

disease390 and MCI.280 Three other prospective population-based studies however found no 

longitudinal association.281,292,293 Furthermore the associations described in the 

Atherosclerosis Risk in Communities study did not survive correction for demographic 

factors or conventional cardiovascular risk294 and the most comprehensive cohort study to 

date did not investigate MCI.288 The majority of prior studies have investigated screening 

tests of cognition rather than clinician-directed adjudicated diagnosis, and measured 

orthostatic BP at a single time point.164,348,391  Moreover, measurement protocols and 

definitions of orthostatic BP investigated have varied across studies.164,280,288,294  

 

This study aims to investigate the relationship between repeated measures of orthostatic BP 

and CS obtained 10 years later in a well-defined, prospectively-followed cohort of older 

adults. A secondary aim was to explore the mediating role of known MRI markers of brain 

health, WMH and GM atrophy.  Examining the central nervous system pathways linking 

orthostatic BP to CS is important because accumulating evidence suggests that higher brain 

centres may be involved in cardiovascular autonomic regulation355 and orthostatic BP 

levels.220 Additionally it has been postulated that lower orthostatic BP may relate to CS via 

cerebral hypoperfusion220 – to which watershed areas of the cortex may be particularly 
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vulnerable.392  Investigations incorporating neuroimaging are limited, with variable 

directions and strengths of associations described. For example, lower orthostatic BP in 

patients has been associated with WMH in patients with dementia289, however Soennysn et 

al298 found no relationship between lower orthostatic BP and WMH in a clinical sample with 

‘mild dementia’. Most studies including neuroimaging are in clinical cohorts or small 

samples and have not examined regional cortical GM atrophy.300,301,393 

 

Hypothesis 

Long-term exposure to lower orthostatic BP is related to having worse CS in later life; this 

association will be mediated via smaller volume of brain regions involved in central 

regulation of autonomic function.   
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6.3. Methods 

Study sample 

Participants of this study were recruited from the Health Aging and Body Composition Study 

(ABC) at the Pittsburgh site. The Health ABC study began in 1997 in Memphis, TN and 

Pittsburgh, PA, USA with 3075 community-dwelling white and black older adults aged 70-

79, recruited from a random sample of Medicare-eligible adults living within designated zip 

codes, with no difficulties performing activities of daily living, walking a quarter mile, or 

climbing 10 steps without rest, free of life-threatening cancers and who planned to remain 

within the study area for at least 3 years.  Participants were invited to regular follow-up 

through to 2012.  Of the 1527 participants enrolled in the study in 1997-98 at the Pittsburgh 

site, 819 were alive and were contacted in 2006-07 (year 10 of the parent Health ABC cohort) 

to participate in the Healthy Brain Project (HBP) a neuroimaging sub-study of cognition and 

mobility. Of the 314 enrolled in the HBP in 2006-07, 246 returned in 2010-12 for a cognitive 

assessment and follow-up MRI (63 had died before cognitive adjudication was completed, 

and 5 did not have complete data to allow determination of CS). 240 of these participants 

had complete data on orthostatic BP from 1997-2003 of whom a subset of 129 participants 

also were eligible for brain MRI in 2010-2012 and had complete data on MRI outcomes of 

interest. The study population used in this analysis is depicted in Figure 6.2. 

  

http://bmcpsychiatry.biomedcentral.com/articles/10.1186/1471-244X-13-266#Fig1
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Figure 6.2: Study III Flow Diagram 
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Baseline sample 
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n=63 deceased 
n=5 no neurological data 
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2006-07 
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Ethics 

The study protocol was approved by the University of Pittsburgh Institutional Review Board. 

All participants provided written informed consent. 

 

Magnetic Resonance Imaging  

MRI scans were obtained at the MR Research Centre of the University of Pittsburgh with a 

3Tesla Siemens TIM TRIO scanner equipped for echo-planer imaging. Acquisition and 

processing protocols have been published.394 Brain tissue volumes (GM, white matter, 

cerebrospinal fluid) were quantified on skull-stripped T1-weighted images in native 

anatomical space. A FLAIR sequence was also acquired for WMH. Scans with incidental 

findings were excluded following review by a clinical radiologist.  

 

Grey matter regions were identified using the Automated Anatomical Labelling atlas.395 

Regions of interest were chosen a priori based on a recently published meta-analysis which 

produced a map of brain areas involved in central autonomic regulation, these included:  

Dorsolateral  Prefrontal Cortex, Precuneus, Lingual Gyrus, Cingulate Cortex, Insula, 

Thalamus, Amygdala, Hippocampus, Parahippocampus, Angular Gyrus, Suprmarginal 

Gyrus and Frontoinsular Cortex.217 An index of Grey Matter Atrophy of total brain was 

calculated using the equation: 1- (total GMV/total intracranial volume). Total brain WMH 

volume was estimated by summing all voxels classified as WMH, which were then further 

normalized by total brain volume.394    
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Main Predictor Variable 

Orthostatic Blood Pressure 

The Health ABC study collected orthostatic BP in Years 1, 2, 4, 6 i.e. from 1997-1998 until 

2002-2003. BP was measured in the seated position at the brachial artery using a mercury 

sphygmomanometer. Average seated SBP and DBP were derived as the means of two 

consecutive BP measures. Following a quiet rest period of at least five minutes, the 

participant was asked to stand and BP was recorded at heart level after one minute. 

Standardized protocols were followed for all BP measurements. Quality assurance and 

control protocols were regularly implemented for the centrally trained clinic staff. Testers 

were required to gain re-certification of competence in assessments annually. 

 

Longitudinal Characterization of Orthostatic Blood Pressure 

To be included in the analysis each participant had a minimum of three (from a maximum 

of four) annual observations of orthostatic BP. 174(72.5%) of participants had at least three 

measures with 66(27.5%) missing one orthostatic BP measure. In the neuroimaging 

subsample 98 participants (75.97%) had four measures and 31(24.03%) were missing one 

orthostatic BP measure from a maximum of four. Five participants who had only two 

measurements and one participant who had one measurement were excluded from this 

analysis (Figure 6.2).  
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Three derived measures of orthostatic BP were of interest: 

 

I. Average Systolic Orthostatic BP response (ASOBPR): As per Hayakawa280, 

Lagro279, Feeney238 and Romero-Ortuno274, systolic orthostatic BP response was 

computed as (standing SBP/seated SBP)*100, thus yielding a continuous variable 

expressed in percentage points. Standing BP may be higher or lower than seated BP, 

thus participants with a systolic orthostatic BP response > 100% have a standing SBP 

that exceeds seated SBP. Systolic orthostatic BP response was computed as described 

above at each available time point for each individual and averaged across time 

points to obtain an index of prior exposure to systolic orthostatic BP response over 

time i.e. ASOBPR. Average diastolic orthostatic BP response was calculated in the 

same manner. Trajectories describing the slope between annual observations of 

systolic Orthostatic BP response were also computed by Dr. Robert Boudreau.   

 

II. Consensus Orthostatic Hypotension(OH)161: Upon standing, if a drop in SBP of 

>=20mmHg and/or drop in DBP of >=10mmHg occurred this was denoted using a 

dichotomous variable where consensus OH was defined as present or absent.  A 

binary variable (no/yes) was then coded to denote those participants who met 

consensus OH criteria (i.e. baseline or incident consensus OH) at any point over the 

available annual measures. 

 

III. Absolute change in orthostatic BP: Orthostatic BP change was calculated for each 

year as ‘Delta SBP’ = seated SBP minus standing SBP; ‘Delta DBP’ = seated DBP 
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minus standing DBP. A positive Delta BP indicates that standing BP dropped lower 

than seated BP, whereas a negative Delta BP indicates that BP had risen above the 

seated measure when standing. Longitudinal average Delta SBP and Delta DBP were 

then calculated as the mean of available repeated annual observations. 

 

Main Outcome of Interest: 

Cognitive Status  

According to a protocol previously validated in the Cardiovascular Health Study396, CS was 

clinically adjudicated on Health ABC participants who were seen at the year 14 site visit in 

2010-12, using all data from previous visits as well as cognitive assessments at the time of 

the MRI.397 At the time of brain MRI an assessment of neurological function and extensive 

battery of cognitive tests was administered including: (1) pre-morbid intelligence: the 

American version of the National Reading test and Raven’s Colored Progressive Matrices; 

(2) memory: California Verbal Learning Test, and Rey-Osterrieth figure; (3) language: 

Boston Naming Test and verbal fluency test; (4) visuo-perceptual and/or visuo-

constructional: block design and copy of a geometric figure; and (5) executive function: 

Stroop test.397 This neuropsychological battery and adjudication aimed to identify MCI and 

dementia; detailed normative data had previously been obtained through the Cardiovascular 

Health Study dementia study.396,397 Adjudicated outcomes, which took educational 

attainment into account, included: cognitively normal (n=100), MCI (n=80), dementia 

(n=60), or no neurological data (n=5) with the prevalence of cognitive impairment reflecting 

national estimates of the prevalence of dementia in those over 80 years.398 
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Co-variates: 

Demographics, Anthropometry and Health Behaviours 

Age, sex and race were recorded at entry examination to the Health ABC study.  Body Mass 

Index (kg/m2) and smoking history (‘pack-years’) were also recorded at baseline. Average 

alcohol consumption throughout the study was based on participants annual report of 

alcoholic drinks consumed per week over the last 12 months and was summarized as: 0 = 

<=1 drink; 1 = >1-7 drinks per week; 2 = > 1 daily alcoholic drink. Participants were given 

examples of what constituted a ‘standard drink’ e.g. 12 ounces of beer (1 can), 5 ounces of 

wine (a full glass), as previously reported 399. No information was collected on specific 

beverages. 

 

Adjudicated Cardiometabolic Conditions 

Stroke, coronary heart disease, diabetes and hypertension status were coded according to 

baseline prevalence and incidence during follow-up. This data was based on annually 

adjudicated health outcomes using a standardized protocol.  

 

Longitudinal measures of seated BP  

Seated BP was measured in years 1, 2, 4, 5, 6, 8 and yearly from year 10 – 15. Trajectories 

of SBP change were calculated using annualized slopes of the repeated measures of seated 

SBP together with the variability in SBP between visits by Dr. Robert Boudreau. 

Additionally, average seated SBP was calculated as the mean of SBP measurements from 

Year 1 (1997-1998) Health ABC until time of Cognitive Adjudication.  No person was 

missing >=7 years of data for any seated SBP measurement.   
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Medications 

A medication inventory was completed at each annual clinic visit (except year 4, 7 and 9) 

including antihypertensives and ADT. A variable was computed to report the percentage of 

annual visits a participant was on an antihypertensive or antidepressant i.e. ranging from 0% 

for participants who were not taking an antihypertensive medication at any visit, to 100% 

for a person who was recorded to have been taking the medication at every visit.  
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Statistical Analysis 

Continuous orthostatic BP variables were normally distributed; oneway ANOVA was used 

to assess the unadjusted relationship between adjudicated CS groups (i.e. Normal vs. MCI; 

Normal vs. Dementia) and orthostatic BP.  Multinomial regression models adjusted for age, 

sex and race were used to characterize the relationship between adjudicated CS (i.e. Normal 

vs. MCI; Normal vs. Dementia) and orthostatic BP. Other variables were added one at a time 

in separate blocks to this model and changes in the relationship between orthostatic BP and 

CS were examined: longitudinal average seated SBP; longitudinal trajectories of seated SBP; 

cardiometabolic conditions; health behaviours; antidepressants and antihypertensive 

medications. Parsimonious models included only variables that were significantly associated 

with CS in bivariate analysis. 

 

The relationship between orthostatic BP and CS was also estimated in the subsample with 

concurrent neuroimaging adjusting for age, sex and race; the neuroimaging measures were 

then added to this model to explore potential mediation effects of brain structural 

characteristics on the relationship between orthostatic BP and CS. Parsimonious models 

included only neuroimaging variables that were significantly associated with CS in 

correlations adjusted for age, sex and race and total GM atrophy, corrected for multiple 

comparisons (given hypothesized lateralized relationships, Sidak correction for 14 

comparisons was p<0.00366). 
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6.4. Results 

A total of 100 participants were determined to have normal cognition, 80 MCI and 60 

Dementia. The mean age of the sample at the time of MRI was 87 years (SD 2.9); there was 

a female preponderance (59% women) and 37% of the sample was black. Compared to those 

who remained cognitively normal, those who received a final diagnosis of MCI or Dementia 

were more likely to be black, to have had a stroke and there were significant differences in 

alcohol consumption between groups, although similar proportions of those with Dementia 

and normal CS consumed alcohol daily (Table 6.1). There were no significant age or sex 

differences between CS groups at baseline.



 

 

Table 6.1: Description of the sample by Cognitive Status 

 

 Total Sample Normal Mild Cognitive 

Impairment 

Dementia P 

 n=240 100 80 60  

 

Cumulative Orthostatic Blood Pressure Parametersa 

    

Average Systolic Orthostatic BP Response, %, mean (SD)  103.14 (4.86) 103.95 (4.96) 102.99 (4.95) 101.99 (4.37) 0.043 

Consensus Orthostatic Hypotension, n (%) 25 (10.42) 11 (11.00) 8 (10.00) 6 (10.00) 0.969 

Delta SBP, mmHg, mean (SD) -4.00 (6.43) -4.97 (6.61) -3.70 (6.44) -2.79 (5.94) 0.101 

Slope of trajectory of Average Systolic Orthostatic BP 

Response, %, mean (SD)  

-0.08 (2.09) -0.24 (2.23) -0.01 (1.91) 0.09 (2.10) 0.600 

Seated SBP, mmHg, mean (SD) 135.63 (14.88) 132.82 (15.84) 136.66 (13.76) 138.96 (14.00) 0.030 

Standing SBP, mmHg, mean (SD) 139.63 (15.93) 137.78 (16.69) 140.35 (13.93) 141.74 (17.00) 0.278 

 

Cumulative Seated Systolic Blood Pressure Parametersb 

    

Average Seated SBP, mmHg, mean (SD) 134.00 (12.65) 131.54 (13.13) 135.18 (11.73) 136.50 (12.50) 0.032 

Slope of trajectory of Seated SBP, mmHg, mean (SD) -0.63 (0.80) -0.58 (0.86) 0.62 (0.67) -0.73 (0.85) 0.518 

 

Demographicsc  

     

Age, mean (SD) 72.30 (2.60) 72.47 (2.46) 72.55 (2.58) 73.27 (2.80) 0.142 

Female n (%) 142 (59.17) 53 (53.00) 49 (61.25) 40 (66.67) 0.211 

Black race n (%) 90 (37.50) 27 (27.00) 37 (46.25) 26 (43.33) 0.017 

 

Medicationsb 

     

Antihypertensive Treatment, % visits, mean (SD) 61.91 (35.5) 59.5 (35.49) 69.90 (32.76) 55.28 (37.49) 0.036 

Antidepressant Treatment, % visits, mean (SD) 8.09 (19.96) 8.58 (21.17) 6.77 (18.76) 9.03 (19.67) 0.601 

 

Co-morbid diseaseb 

     

Cardiovascular disease n (%) 56 (23.33) 22 (22.00) 21 (26.25) 13 (21.67) 0.751 

Stroke n (%) 14 (5.83) 0 (0.00) 10 (12.50) 4 (6.67) 0.002 

Hypertension n (%) 203 (84.58) 78 (78.00) 72 (90.00) 53 (88.33) 0.056 

Diabetes n (%) 58 (24.17) 25 (25.00) 15 (18.75) 18 (30.00) 0.296 

2
0
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Other risk factors 

     

Body Mass Index c, kg/m2, mean (SD) 27.46 (4.49) 26.90 (4.65) 28.12 (4.23) 27.52 (4.49) 0.193 

Smoking c, pack year, mean (SD) 13.14 (24.85) 11.92 (22.26) 14.95 (27.29) 12.75 (25.79) 0.713 

Weekly Alcohol Consumptionc, n (% )      

       <1 drink per week 93 (38.75) 28 (28.00) 35 (43.75) 30 (50.00) 0.030  

          1-7 drinks per week 120 (50) 59 (59.00) 39 (48.75) 22 (36.67) 

        Daily 27 (11.25) 13 (13) 6 (7.5) 8 (13.33) 

p values are from ANOVA for normally distributed continuous variables, Kruskal-Wallis for non-normal and χ2 for categorical variables;  

ASOBPR, Average Systolic Orthostatic BP Response; SD, standard deviation; %, Percentage; mmHg, millimeters of mercury; SBP, systolic blood pressure; DBP, diastolic blood 

pressure; Weekly Alcohol Consumption, 1–7 alcoholic drinks per week. 

aCalculated from three-to-four annual observations 1997–2003 seated SBP to standing. 
bFrom study entry to time of MRI (1997–98 until 2010–12). 
cRecorded at study entry (1997–98). 
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In the group as a whole, ASBOPR was above 100% in 185 (77.1%) participants and below 

100% in 55 (22.9%) participants. ASOBPR was significantly lower in those with Dementia 

(101.99 (SD 4.37)) or MCI (102.99 (SD 4.95)) as compared to those with normal CS (103.95 

(SD 4.96)), in 2010-2012, p=0.04 for linear trend (Figure 6.3). Associations did not differ 

according to sex nor race. There were no significant differences between CS groups in 

consensus OH or in the slope of change of the trajectory of longitudinal orthostatic BP 

(p>0.1), nor were there differences between CS groups in Average Diastolic Orthostatic BP 

response or Delta DBP (p>0.1). 

 

 

Figure 6.3: Average Systolic Orthostatic BP response and Cognitive Status 

Unadjusted average systolic Orthostatic BP response (averaged across three to four 

repeated annual observations from 1997-1998 until 2002-2003 with higher values  

reflecting higher standing BP relative to seated BP) against later Cognitive Status (2010-

2012). OBP=Orthostatic BP; MCI= Mild Cognitive Impairment; SD=Standard Deviation 
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In multinomial regression analysis adjusted for age, sex and race, ASOBPR was lower for 

those with Dementia as compared to those who had normal CS (Model 1). Each percentage 

point greater rise in ASOBPR was associated with a 9% reduced odds of a final Dementia 

diagnosis (Table 6.2). Additionally there was a trend towards a relationship between lower 

ASOBPR and MCI, although this did not reach statistical significance (p=0.12). Further 

adjustment for relevant co-variates did not meaningfully alter these relationships (Models 2, 

3, 4, 5). Results were similar when adjusting for alcohol intake and stroke.  

 



 

 

 

Table 6.2: Multivariate Multinomial Regression Results Comparing Average Systolic Orthostatic BP Responsea across Diagnostic Categories of Cognitive Statusb 

(n=240);  coefficients of Average Systolic Orthostatic BP Response are reported as odds ratios (OR) and 95% confidence intervals (CI). 

 

 Normal Cognition vs. 

Mild Cognitive Impairment 

Normal Cognition vs. 

Dementia 

Model Variables in  the model OR (95% CI) p OR (95% CI) p 

1 Age, sex, race 0.951 (0.891-1.014) 0.122 0.912 (0.849-0.980) 0.012 

2 Model 1 + Longitudinal seated SBP 0.953 (0.893-1.017) 0.144 0.914 (0.850-0.983) 0.016 

3 Model 1 + Cardiometabolic conditions 0.971 (0.907-1.039) 0.397 0.919 (0.855-0.988) 0.023 

4 Model 1   + Health Behaviours 0.953 (0.892-1.017) 0.145 0.914 (0.848-0.984) 0.017 

5 Model 1 +  Antidepressants & antihypertensives 0.950 (0.891-1.014) 0.124 0.914 (0.850-0.983) 0.015 

 

Data are Odd Ratios (95% Confidence Intervals) for differences between diagnostic categories of Cognitive Status. 

Longitudinal seated SBP= average seated systolic blood pressure 1997-2012; Cardiometabolic conditions=Stroke, Coronary Heart Disease, Diabetes; Health behaviours= alcohol 

consumption, body mass index, physical activity, smoking history. 
aAverage Systolic Orthostatic BP Response :   percent change in SBP from sitting to stand, averaged across all (three to four) annual observations 1997-2003 with higher values 

reflecting higher standing SBP relative to seated SBP 
bCognitive Status i.e. Dementia, Mild Cognitive Impairment, Normal Cognition adjudicated 2010-2012 
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Of the 129 participants in the neuroimaging subsample, the mean age at time of MRI was 86 

years (SD 2.7), 61.2% were female and 42.6% were black. After adjustment for age, sex, 

race and total atrophy index, lower ASOBPR  was associated with lower GMV in subcortical 

regions spatially co-localized within the medial temporal lobe and lateralized to the right 

hemisphere (right hippocampus, right parahippocampus, and the right middle cingulate 

gyrus) in addition to the right dorsolateral prefrontal cortex and  right lingual gyrus (Table 

6.3). Using the most conservative adjustment for multiple comparisons (p<0.00366), 

associations remained significant with the right dorsolateral prefrontal cortex and right 

lingual gyrus. Associations with WMH were not significant.  
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Table 6.3: Relationship of Regional Grey Matter Volumesa with Average Systolic Orthostatic BP 

Responseb (n = 129) 

 

 Partial Correlation 

Co-efficient 

p 

Dorsolateral Prefrontal Cortex 0.2823 0.0014**† 

Precuneus 0.1085 0.2283 

Lingual Gyrus 0.2751 0.0019**† 

Cingulate Cortex:   

 Anterior 0.0919 0.3079 

 Middle 0.2153 0.0159* 

 Posterior 0.1252 0.1642 

Insula 0.1272 0.1575 

Thalamus -0.0123 0.8915 

Amygdala 0.0491 0.5870 

Hippocampus 0.1815 0.0428* 

Parahippocampus 0.1804 0.0441* 

Angular Gyrus 0.0749 0.4063 

Suprmarginal Gyrus -0.0282 0.7546 

Frontoinsular Cortex  0.0616 0.4953 

 

Data are Partial Correlation Coefficients adjusted for Age, Sex, Race & Atrophy Index.  

 

**p<0.01 *p<0.05; † Survives Sidak Correction for multiple comparisons (14 comparisons; p<0.00366);  
a MRI brain 2010-2012; Data shown are for Right Hemispheric Relationships; Left Sided Relationships were 

not significant. 
 
b Average Systolic OBP Response :  percent change in SBP from sitting to stand, averaged across all (three 

to four) annual observations 1997-2003 with higher values reflecting higher standing SBP relative to seated 

SBP 
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In this subsample, the relationship between lower ASOBPR and dementia status remained 

significant after initial adjustment for age, sex and race and was similar in magnitude and in 

the same direction to the relationship in the larger sample (Table 6.4). The relationship 

between lower ASOBPR and dementia status was similar after adjustment for GMV. Table 

6.4 shows results of the parsimonious models, adjusted for the regions of right dorsolateral 

prefrontal cortex or right lingual gyrus, associated with orthostatic BP after correction for 

multiple comparisons. 



 

 

Table 6.4: Multivariate Multinomial Regression Results Comparing Diagnostic Categories of Cognitive Statusa.  

Relationship with Average Systolic Orthostatic BP Responseb adjusted for MRIc parameters (n=129); coefficients of Average Systolic Orthostatic BP Response are 

reported as odds ratios (OR) and 95% confidence intervals (CI). 

 

 

 

Normal Cognition vs. 

Mild Cognitive Impairment 

Normal Cognition vs. 

Dementia 

Model Variables in the model 

 

OR (95% CI) p OR (95% CI) P 

1 Age, sex, race 0.940 (0.865-1.02) 0.143 0.863 (0.756-0.985) 0.029 

2 Model 1 +  WMH  0.940 (0.865-1.021) 0.144 0.861 (0.754-0.984) 0.028 

3 Model 1 +  Atrophy Index  0.944 (0.867-1.027) 0.179 0.869 (0.762-0.992) 0.038 

4 Model 1 +  Atrophy Index &  DLPFC  GMV  0.939 (0.858-1.028) 0.171 0.833 (0.723-0.958) 0.011 

5 Model 1  + Atrophy Index & Lingual Gyrus GMV 0.930 (0.850-1.017) 0.110 0.852 (0.742-0.979) 0.023 

 

Data are Odd Ratios (95% Confidence Intervals) for differences between diagnostic categories of Cognitive Status. WMH=White Matter Hyperintensities DLPFC=Dorsolateral 

Prefrontal Cortex; GMV= Grey Matter Volume; OBP=Orthostatic Blood Pressure 

 
a Cognitive Status i.e. Dementia, Mild Cognitive Impairment, Normal Cognition adjudicated 2010-2012;  
 
b Average Systolic Orthostatic BP Response :   percent change in SBP from sitting to stand, averaged across all (three to four) annual observations 1997-2003 with higher values 

reflecting higher standing SBP relative to seated SBP 

 
c MRI brain 2010-2012 

 

 

2
1
4

 



 

215 

 

Sensitivity Analysis 

 

Educational attainment was accounted for during cognitive adjudication, however given the 

importance of educational attainment to CS, models were re-estimated additionally adjusting 

for years of high school educational attainment (Supplementary Table 6.1). Given that the 

magnitude of orthostatic BP drop upon standing tends to correlate with a higher baseline BP, 

models investigating associations between ASOBPR and CS were re-estimated adjusting for 

seated SBP contemporaneous to the measures of standing SBP (Supplementary Table 6.2). 

The direction and size of the reported relationships remained unchanged. I also tested for a 

U-shaped relationship between orthostatic BP and CS, as reported by prior studies291, 

however non-linear effects of ASOBPR (tested by addition of a quadratic ASOBPR term to 

regression models) were not significant.   

 

Similar associations were evident between the absolute change in SBP (‘Delta’ SBP) and 

CS after adjustment for age, sex and race. These associations remained after adjustment for 

seated BP and other relevant co-variates (Supplementary Table 6.3). 

 

Mean standing SBP was higher than mean seated SBP in all CS groups; accordingly 

ASOBPR in each group was above 100%. Given that our hypothesis related to exposure to 

lower orthostatic BP and its relationship with CS, I additionally created a binary variable 

which categorized participants into groups: those among whom systolic orthostatic BP 

response was >=100% (n=185 (77.1%)) and <100% (n=55 (22.9%)). Of participants with 

systolic orthostatic BP response <100%, 40/55 (72.7%) were classified as having either MCI 
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or Dementia versus 100/185 (54.1 %) of those with a response >100% (p=0.01) with similar 

patterns of association with CS evident, as with the continuous variable including after 

adjusting for age, sex and race (Supplementary Table 6.4). 

 

Given the potential importance of co-medication on orthostatic BP I additionally computed 

variables to reflect the burden of prescription medication during the period of orthostatic BP 

collection i.e. 1997-2003. This included exposure to polypharmacy (defined as >=4 

prescribed medications), medications used to treat prostate disorders (e.g. alpha blockers 

such as tamulosin), and use of anti-depressants and anti-hypertensives. There were no 

significant differences in ASOBPR between participants exposed versus not exposed to these 

medications 1997-2003 (Supplementary Table 6.5). 
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6.5. Discussion 

This study reports associations between the average of repeated observations of systolic 

orthostatic BP and later CS in a community-dwelling, bi-racial cohort of the oldest-old, 

followed prospectively over 15 years. Specifically, a lower standing SBP relative to seated 

SBP averaged over six years from study entry (ASOBPR) increased odds of a dementia 

diagnosis at the end of the study period. Furthermore, lower ASOBPR was also related to 

lower GMV in brain regions known to be related to autonomic regulation and vulnerable to 

hypoperfusion injury. This study extends previous investigations of the relationship between 

orthostatic BP and CS with analysis of repeated measures of orthostatic BP, neuroimaging, 

clinical adjudication of CS and 15 years of prospective follow-up data in a well-defined 

cohort aged 69+ at time of first orthostatic BP assessment. 

  

These findings are in line with a recent meta-analysis suggesting that lower orthostatic BP 

has independent prognostic value for end-organ disease.345 The associations I report are 

independent of other cardio-metabolic risk factors, including longitudinal average seated 

SBP, seated SBP trajectories, and antihypertensive treatment. In this study, on average, 

standing BP was higher than mean seated BP (and therefore mean ASOBPR was >100%) 

which is in keeping with other study populations using a sit-to-stand orthostatic BP 

measurement protocol.261,400 Furthermore, although the magnitude of orthostatic BP drop 

upon standing tends to correlate with a higher baseline BP, additional sensitivity analysis 

adjusting for average seated SBP contemporaneous to orthostatic BP measures did not 

substantively affect the associations reported here.  
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While other studies have suggested that higher orthostatic BP may also be associated with 

poorer CS291,301, there was no evidence of a U-shaped relationship between ASOBPR and 

CS in this cohort. Kario et al. previously reported a cross-sectional U-shaped relationship 

between orthostatic BP, white matter changes and cognitive test scores.299 More recently 

Curreri et al reported prospective associations between elevated orthostatic BP and lower 

cognitive scores 4 years later.291 Discrepancies may reflect the longer duration of 

longitudinal follow-up in the current study, use of longitudinal orthostatic BP measurements, 

and investigation of a clinically adjudicated cognitive outcome rather than cognitive scores. 

However both lower and elevated orthostatic BP may reflect increased orthostatic BP 

variability – which has also been linked to poorer CS  but which requires additional standing 

orthostatic BP measures to calculate.288 Therefore the impact of elevated orthostatic BP may 

have been underestimated in the current study. Alternatively, as elevated orthostatic BP has 

also been hypothesized to reflect a pre-hypertension state401 it may be less important in a 

cohort in whom dementia diagnosis was adjudicated aged 83+. 

 

Prior studies of orthostatic BP and cognitive outcomes have focused on consensus 

OH.164,293,348 This study additionally investigated the more recently proposed characteristic 

of ASOBPR based on emerging literature using continuous beat-to-beat orthostatic BP 

measurements182,236 which has recently been shown to predict conversion from MCI to 

dementia in a clinical sample.280 Population norms derived from continuous orthostatic BP 

measurement indicate that an initial systolic orthostatic BP drop immediately after standing 

is a universal finding among adults aged 50+.184 With increasing age, time to stabilization 

of orthostatic BP to pre-stand levels and therefore the duration of exposure to lower BP is 

prolonged.184 These findings, using more widely available and pragmatic standard clinical 
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measures, mirror those using more sophisticated techniques.  Therefore one may speculate 

that lower ASOBPR in those participants with Dementia and MCI in this cohort may reflect 

larger initial orthostatic BP drops on standing and subsequent slower stabilization. This is 

further supported by sensitivity analyses categorizing ASOBPR indicating that the 

relationship with poorer CS was stronger in those with a systolic orthostatic BP response 

<100%.   Thus ASOBPR may be a more sensitive indicator of hemodynamic homeostasis 

than the simple presence or absence of consensus OH, or absolute change in orthostatic BP, 

as it takes into account the conditional change from prestand SBP.   

 

This study additionally hypothesized that the relationship between lower orthostatic BP and 

later CS may be mediated by lower GMV, possibly caused by central dementia-related 

neurodegeneration218 cerebral hypoperfusion arising from lower peripheral orthostatic 

BP.280 Lower ASOBPR was related to smaller GMV of the right hippocampus, right 

parahippocampus and right middle cingulate gyrus. Associations were strongest with regions 

of potential relevance to autonomic function including the right dorsolateral prefrontal cortex 

and the right lingual gyrus, and remained even after applying stringent conservative tests for 

significance due to multiple comparisons. Lateralized associations are in keeping with 

previously reported differential hemispheric vulnerability in the borderzone region of the 

right frontal cortex in AD392 and dorsolateral prefrontal cortex involvement in sympathetic 

regulation.217 In this cohort GMV did not however mediate the association between 

ASOBPR and CS, thus other pathways may exist to explain this association - for example 

endothelial dysfunction has been posited as a causal mechanism in both orthostatic BP 

dysregulation and dementia.402,403 
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This study found no relationship between ASOBPR and atrophy of the insula. The insula 

may be vulnerable to deep watershed ischemia and is involved in autonomic regulation.218,404 

The earliest dementia-related neuropathological changes may affect the insula218, therefore 

neuroimaging concurrent to the measurement of orthostatic BP may have been better timed 

to demonstrate an association. There was no relationship between ASOBPR and WMH. This 

is in line with other studies using neuroimaging to investigate the relationship between 

orthostatic BP and dementia298 but is perhaps surprising given relationships between 

orthostatic BP, stroke and cardiovascular disease.345  

 

These findings must be interpreted in the context of several limitations. Importantly, 

although this study applied consensus OH criteria, participants underwent a seated-to-stand 

procedure rather than supine-to-stand and the measurement of orthostatic BP at 3 min is 

lacking. A larger orthostatic BP drop would be expected from the supine position and may 

account for a lack of association with traditional orthostatic BP indices and the low 

prevalence of consensus OH. Optimal timing of the standing BP measurement is contested 

however 405, and measurements of standing BP beyond one minute at each annual visit would 

have allowed investigation of within-person systolic orthostatic BP variability.288 However  

a  single measurement of standing orthostatic BP at one minute is a limitation common to 

other studies.261,348 Future studies using more advanced measures will allow further 

investigation of the relationship between orthostatic BP drops occurring < 1 minute (e.g. 

Initial Orthostatic Hypotension – defined as drop of >=40mmHg occurring within 15seconds 

of standing associated with symptoms such as dizziness ) and cognitive outcomes.  
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Loss to follow-up and differential participation of more robust older adults may have 

introduced bias; furthermore, neuroimaging was only available on a subset of those with 

cognitive adjudication. It is important to note however that the association between 

ASOBPR and CS was robust, remaining significant even when tested in the smaller 

subsample. This study cannot infer causality based on the determination of CS and MRI data 

at a single time point. Furthermore, orthostatic BP measures contemporaneous to MRI and 

cognitive adjudication were not available. Neuropathological changes associated with 

dementia however, likely begin decades prior to the onset of the clinical syndrome and are 

progressive35, therefore it is plausible cortical atrophy at the time of MRI would be more 

advanced in those with earlier onset orthostatic BP dysregulation. 

 

Further work is required to determine if a causal relationship exists between orthostatic BP 

and CS. If a causal relationship were to be established, interventions to improve ASOBPR 

may be important in preserving CS into late old age. Simple conservative strategies are the 

cornerstone of management of orthostatic BP dysregulation e.g. rationalization of 

medications, judicious use of antihypertensives and adequate fluid and salt intake. 

Examining ASOBPR response may help uncover future CS in the oldest-old. Lower 

ASOBPR may be on the causal pathway to poorer CS by reducing GMV of brain regions 

important in autonomic control. Strategies to control ASOBPR may impact future CS, 

possibly by reducing GM atrophy in these regions. 

 



 

 

 

Supplementary Table 6.1: Multivariate Multinomial Regression Results Comparing Average Systolic Orthostatic BP Responsea across Diagnostic Categories of Cognitive 

Statusb (n=240); coefficients of Average Systolic Orthostatic BP Response are reported as odds ratios (OR) and 95% confidence intervals (CI) (additionally adjusting for 

years of education) 

 

 Normal Cognition vs. 

Mild Cognitive Impairment 

Normal Cognition vs. 

Dementia 

Model Variables in the model OR (95% CI) p  OR (95% CI) p  

1 Age, sex, race + education 0.951 (0.892-1.014) 0.124 0.910 (0.847-0.979) 0.011 

2 Model 1  + Longitudinal seated  SBP  0.953 (0.893-1.017) 0.146 0.912 (0.848-0.981) 0.014 

3 Model 1  +  Cardiometabolic conditions 0.974 (0.910-1.043) 0.448 0.918 (0.854-0.988) 0.022 

4 Model 1  + Health Behaviours 0.953 (0.893-1.017) 0.147 0.913 (0.846-0.984) 0.018 

5 Model 1 +  Antidepressants & antihypertensives 0.951 (0.891-1.014) 0.127 0.912 (0.848-0.981) 0.013 

 

Data are Odd Ratios (95% Confidence Intervals) for differences between diagnostic categories of Cognitive Status. 
OBP=Orthostatic Blood Pressure; Longitudinal seated SBP= average seated systolic blood pressure 1997-2012; Cardiometabolic conditions=Stroke, Coronary Heart Disease,  

Diabetes; Health behaviors= alcohol consumption, body mass index, physical activity, smoking history. 
 

aAverage Systolic Orthostatic BP Response :   percent change in SBP from sitting to stand, averaged across all (three to four) annual observations 1997-2003 with higher values 

reflecting higher standing SBP relative to seated SBP 
 

bCognitive Status i.e. Dementia, Mild Cognitive Impairment, Normal Cognition adjudicated 2010-2012 
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Supplementary Table 6.2: Multivariate Multinomial Regression Results Comparing Average Systolic Orthostatic BP Responsea across Diagnostic Categories of Cognitive 

Statusb (n=240); coefficients of Average Systolic Orthostatic BP Response are reported as odds ratios (OR) and 95% confidence intervals (CI); (additionally adjusting for 

seated SBPc at time of Orthostatic BP) 

 Normal Cognition vs. 

Mild Cognitive Impairment 

Normal Cognition vs. 

Dementia 

Model Variables in model OR (95% CI) p Value OR (95% CI) p Value 

1 Age, sex, race, + seated SBP c 0.955 (0.896-1.020) 0.170 0.919 (0.854-0.988) 0.023 

 

SBP=Systolic Blood Pressure 

Data are Odd Ratios (95% Confidence Intervals) for differences between diagnostic categories of Cognitive Status. 
 

aAverage Systolic Orthostatic BP Response :   percent change in SBP from sitting to stand, averaged across all (three to four) annual observations 1997-2003 with higher values 

reflecting higher standing SBP relative to seated SBP 
 

bCognitive Status i.e. Dementia, Mild Cognitive Impairment, Normal Cognition adjudicated 2010-2012 

 
cAverage Seated SBP, averaged across all (three to four) annual observations 1997-2003 where standing SBP was not missing 
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Supplementary Table 6.3. Multivariate Multinomial Regression Results Comparing Average ‘Delta SBP’a across Diagnostic Categories of Cognitive Statusb (n=240) 

coefficients of Average ‘Delta SBP’ are reported as odds ratios (OR) and 95% confidence intervals (CI) 
 

 Normal Cognition vs. 

Mild Cognitive Impairment 

Normal Cognition vs. 

Dementia 

Model Co-variates OR (95% CI) p  OR (95% CI) p  

1 Age, sex, race 1.040 (0.990-1.092) 0.114 1.061 (1.005- 1.119) 0.031 

2 Model 1   + seated SBPc 1.038 (0.989-1.091) 0.127 1.059 (1.003-1.117) 0.040 

3 Model 1   +  Longitudinal seated  SBP  1.042 (0.992-1.0943) 0.103 1.063 (1.007(1.224) 0.027 

4 Model 1  +  Cardiometabolic  conditions 1.027 (0.976-1.081) 0.305 1.057 (1.001-1.116) 0.044 

5 Model 1   + Health Behaviors 1.039 (0.989-1.091) 0.132 1.059 (1.002-1.120) 0.042 

6 Model 1 +  Antidepressants & antihypertensives 1.041 (0.991-1.094) 0.107 1.059 (1.003-1.118) 0.039 

      

SBP=Systolic Blood Pressure 

 

Data are Odd Ratios (95% Confidence Intervals) for differences between diagnostic categories of Cognitive Status. 
 

aAverage Delta SBP :   seated SBP minus standing Systolic BP, averaged across all (three to four) annual observations 1997-2003 with higher values reflecting greater absolute 

drop in Systolic BP  
 

bCognitive Status i.e. Dementia, Mild Cognitive Impairment, Normal Cognition adjudicated 2010-2012 
 

c Average Seated SBP contemporaneous to standing SBP measure, averaged across all (three to four) annual observations 1997-2003 where standing SBP was not missing 
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Supplementary Table 6.4: Multivariate Multinomial Regression Results Comparing ‘Average Systolic Orthostatic BP Response’ 

(coded as a binary categorical variable <100% vs. >100%)a across Diagnostic Categories of Cognitive Statusb (n=240);  

coefficients are reported as odds ratios (OR) and 95% confidence intervals (CI) 

 

 Normal Cognition vs. 

Mild Cognitive Impairment 

Normal Cognition vs. 

Dementia 

Model Co-variates OR (95% CI) p  OR (95% CI) p  

1 Age, sex, race 2.64 (1.25-5.57) 0.011 2.12 (0.934-4.79) 0.072 

 

Data are Odd Ratios (95% Confidence Intervals) for differences between diagnostic categories of Cognitive Status. 
 

aAverage Systolic Orthostatic BP Response coded as a binary categorical variable where 0= average systolic orthostatic BP response >100% and  1=Average Systolic Orthostatic 
BP Response  <100% . 
 

cCognitive Status i.e. Dementia, Mild Cognitive Impairment, Normal Cognition adjudicated 2010-2012 
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Supplementary Table 6.5: Descriptive Statistics Comparing Average Systolic Orthostatic BP Responsea according to medicationb  (n=240) 

 Average Systolic BP Response  

Medication No Yes p 

Anti-Hypertensives (n=81 (33.75%) 103.16 (4.71) (n=159 (66.25%)) 103.13(4.95) 0.96 

Anti-depressants (n=225 (93.75%)) 103.06 (4.85) (n=15 (6.24%)) 104.24(5.07) 0.36 

‘Anti-prostate’c (n=215 (89.58%)) 103.10 (4.82) (n=25 (10.42%)) 103.49(5.26) 0.71 

Polypharmacyc (n=116 (48.33) 103.02 (5.01) (n=124 (51.66%)) 103.25 (4.73) 0.72 

 

p-values are from independent t-tests 
 

aAverage Systolic Orthostatic BP Response :   percent change in SBP from sitting to stand, averaged across all (three to four) annual observations 1997-2003 with higher values 
reflecting higher standing SBP relative to seated SBP 
 

bExposed vs Not exposed 1997-2003 
 

cMedications used to treat prostate disorders 
 

d4 or more prescribed medications 
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7. STUDY IV - Childhood Trauma and Lifetime Syncope 

Burden among Older Adults 

 

Studies I-III have shown that greater BP instability may be associated with poorer brain 

health in older adults:  greater SMI and affective symptoms in men, and poorer objective 

cognition and greater GM atrophy in a prospectively followed biracial cohort of the oldest 

old. Study IV recognizes the importance of the life course to the investigation of brain health 

– by acknowledging that cardiovascular autonomic function and brain health in older adults 

is underpinned by biological processes and environmental / behavioural exposures occurring 

earlier in life. VVS may be a lifelong tendency that first emerges in adolescence. 

Psychological stress is an important determinant of BP and may have lifelong consequences 

for ANS regulation; bidirectional associations between BP and affective symptoms have 

been descried across the life course. A small number of clinical studies have reported 

associations between childhood trauma (a severe psychological stressor) and syncope. Study 

IV investigates potential pathways from childhood trauma to recurrent syncope in later life. 

 

 

Figure 7.1: Thesis Figure: Study IV 

Study IV investigates life course pathways linking stress and blood pressure instability. 
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Childhood Trauma and Lifetime Syncope Burden among Older Adults 

7.1. Abstract 

Introduction: Vasovagal syncope is governed by the ANS and often precipitated by highly 

salient emotional situations. This study investigates the hypothesis that a lifetime tendency 

toward VVS may be precipitated by exposure to childhood trauma. 

Methods: This study uses data from the first wave of TILDA of adults aged 50+ (n=6497) 

who were asked to report lifetime syncope frequency and any history of childhood sexual or 

physical abuse. Mediation analysis was used to assess the relative importance of pathways 

via which childhood trauma could plausibly increase risk of later life recurrent syncope 

including via depression, mid-life cardiovascular disease and frequent syncope in youth.  

Results: 18.2% reported a lifetime syncopal event: 4.0% frequent syncope in youth and 

1.5% recurrent syncope in the last year. 10.9% reported childhood sexual or physical abuse, 

rising to 14.2% among those reporting any lifetime syncopal event, 21.0% with frequent 

syncope in youth and 20.2% with recurrent syncope in later life. In fully adjusted logistic 

regression models the report of childhood sexual or physical abuse was independently 

associated with frequent syncope in youth (OR 1.85 (95%CI% 1.27-2.71); p=0.001; OR 2.14 

(1.48-3.10); p<0.001 respectively). A history of frequent syncope in youth and depression 

partially mediated the relationship between childhood sexual and physical abuse and 

recurrent syncope in later life, while mid-life cardiovascular disease was less important.  

Conclusion: Childhood trauma may contribute to a lifelong vasovagal tendency. Early 

attention should be given to the potential precipitating and perpetuating psychosocial factors 

affecting recurrent syncope.  
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7.2. Introduction 

 

Up to 40% of the population will experience at least one syncopal event during their lifetime, 

the majority of which will be  attributable to the ‘common faint’, otherwise known as 

neurally mediated VVS.406 In those with VVS, T-LOC results from cerebral hypoperfusion 

induced by reflex peripheral vasodilatation and/or bradycardia, although the exact 

mechanisms remain incompletely understood.407  Clinical features include a typical 

prodrome of dizziness, unsteadiness and blurred vision, followed by brief self-limiting LOC 

and loss of postural tone, then complete and rapid recovery. Triggers are usually readily 

identifiable and may be physiological (e.g. prolonged orthostasis) and/or psychological (e.g. 

blood injury phobia).408   

 

VVS affects all ages and may negatively impact quality of life, particularly if recurrent.409 

Childhood sexual and physical abuse are known to be associated with a broad range of poor 

health outcomes even into later life.410 Although several small clinical studies have 

suggested higher rates of childhood maltreatment in those with syncope253,254, a recent meta-

analysis synthesizing the evidence to date on links between childhood sexual abuse and 

somatic outcomes specifically highlighted insufficient evidence relating to syncope.255 

Various pathways could plausibly link childhood trauma and syncope later in life including 

poor cardiovascular health in mid-life, poor mental health, and altered autonomic 

function.253,255,411 
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Clinical history is the key to diagnosis in VVS.168 The pattern with which syncope occurs 

across a lifetime can be highly indicative of a VVS tendency – e.g. the experience of frequent 

syncope in youth.242 VVS most commonly has its onset in the post-pubertal period with a 

female preponderance.243 The incidence of childhood sexual and physical abuse also peak 

in this age group, and follows a similar sex distribution.412 VVS is classically associated with 

readily identifiable triggers including highly salient emotional situations, hence ‘trait 

faintness’ has been suggested as an important stress-response in humans.247 Across the life 

course syncope incidence has a bimodal distribution, with a second peak occurring after 65 

years.413 Those who have a history of VVS in youth are more likely to represent with events 

which are also attributable to VVS in later life.243 These syncopal events, perhaps with an 

interlude lasting decades, are seen as a recurrence of the same underlying tendency and hence 

VVS has been likened to other chronic diseases which have a relapsing-remitting course.414 

 

Syncope however may also herald a more malign diagnosis particularly in older adults in 

whom a cardiac cause must be considered.415 Syncope may thus pose a diagnostic dilemma 

and often precipitates extensive high-cost, low-yield investigations; yet even in older adults, 

a definitive cause will remain elusive in up to 50%.416 Childhood trauma has been associated 

with elevated mid-life cardiovascular risk411, however a cardiac cause of syncope, 

particularly when examined at the population level, is less likely to account for frequent 

syncope in youth.413 

 

VVS and psychiatric diagnoses commonly co-occur and may affect the course and 

recurrence of syncopal events.244 Depression is more common in those with syncope409, and 

an elevated risk of depression is a known sequela of exposure to childhood trauma.235 



 

231 

 

Among the psychiatric diagnoses regularly encountered in syncope clinic populations is 

‘psychogenic pseudosyncope’254, believed to be akin to ‘non-epileptic attacks’ which in the 

neurology literature have been consistently linked to higher rates of childhood trauma.417 

Such dissociative events may account for up to 6% of referrals to specialist tertiary care 

syncope units168 although this may be a significant underestimate. Seeking a history of 

psychological trauma remains an important element in the psychiatric evaluation of those 

presenting with such dissociative phenomena, however both the etiological and diagnostic 

relevance of such reports are debated.418  

 

This study sought to explore associations between a history of childhood sexual and physical 

abuse and lifetime syncope burden in a large population-based sample of older adults aged 

50+. 

 

Hypotheses under investigation: 

 

1. Given established links between childhood trauma and both mid-life cardiovascular 

disease and depression I hypothesize that childhood sexual and physical abuse will 

be related to recurrent syncope in later life via these mediators.  

 

2. Similar to the effect seen in other chronic diseases, this study investigates the 

hypothesis that a life time tendency toward VVS or ‘trait-faintness’ may be 

precipitated by exposure to childhood trauma. I expect that those exposed to 

childhood sexual and physical abuse would report a greater lifetime burden of 
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syncopal events - particularly in a pattern suggestive of a tendency towards VVS e.g. 

those with a history of recurrent syncope in youth.  

 

3. Given the recognition that a predisposition to VVS starts early and may persist for 

decades, I further anticipate that frequent syncope in youth would mediate any 

relationship between childhood trauma and recurrent syncope in later life, even after 

accounting for other plausible pathways linking syncope to childhood trauma, 

including cardiovascular disease and poorer mental health.  
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7.3. Methods  

 

Sample 

This analysis is based on data from the first wave of TILDA, conducted 2009-2011. This is 

a population-based, nationally representative study of community-dwelling adults aged 50 

and over. The TILDA data collection process has been described in detail elsewhere.349 

Briefly, participants were assessed in their own home by means of a Computer Assisted 

Interview delivered by a trained interviewer. They were also invited to return a Self-

Completion Questionnaire, which they completed unsupervised and which collected 

information on more sensitive topics. In total 8,175 participants aged 50 and older enrolled 

in the TILDA cohort of whom 6,636 returned the Self-Completion Questionnaire - which 

included questions on childhood sexual and physical abuse. Less than 2% (n=139) of those 

who returned the Self-Completion Questionnaire were missing on any of the variables of 

interest resulting in a final sample of 6,497 participants. 

 

Ethics 

Trinity College Research Ethics committee granted Ethical Approval for the study. Each 

participant provided written informed consent prior to enrolment in the study.  
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Outcome Variables 

Assessment of Syncope Burden: 

Three questions were used to record lifetime syncope burden: 

1. Lifetime event: ‘Have you ever had a blackout or fainted?’ responses were coded as 

a binary categorical variable i.e. never=0 / ever=1. 

 

2. Vasovagal tendency in youth: ‘Were you a frequent fainter when you were younger?’ 

with answers coded as a binary categorical variable i.e. no=0 / yes=1. 

 

3. Recurrent late life syncope: ‘Approximately how many times have you had a 

blackout or fainted in the last year?’ a binary categorical variable was coded to 

indicate those participants with recurrent (>=2) reported syncopal episodes in the last 

twelve months i.e. recurrent syncope in the last year no=0 / yes=1. 

 

Primary Predictor Variables:  

 

Assessment of Childhood Trauma 

As per the US population-based Health and Retirement Study235, a history of childhood 

abuse was collected by four questions querying a history of sexual or physical abuse prior 

to the age of 18 by parents or others: ‘Before you were 18 years old, were you ever sexually 

abused by either of your parents?’, ‘Before you were 18 years old were you ever sexually 

abused by anyone other than your parents?’; ‘Before you were 18 years old, were you ever 

physically abused by either of your parents?’, ‘Before you were 18 years old were you ever 
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physically abused by anyone other than your parents?’. Responses to these questions were 

coded to produce two binary categorical variables: history of childhood sexual abuse no=0 

/ yes=1; history of childhood physical abuse no=0 / yes=1.  

 

Co-variates 

 

Age, sex and education were recorded, as was smoking history (current, past, never). Co-

morbid somatic conditions were recorded as the number of self-reported doctor-diagnosed 

conditions including: asthma, lung disease, arthritis, osteoporosis, diabetes, peptic ulcer 

disease, cancer and hip fracture. These were summed to give a total number of age-related 

chronic physical co-morbidities. Further relevant cardiovascular/ cerebrovascular conditions 

were recorded to include: angina, myocardial infarction, heart failure, stroke, Transient 

Ischemic Attack, hypercholesterolemia, structural heart disease and arrhythmia. The total 

number of cardiovascular conditions was then summed and recoded as 0, 1, 2 or more, and 

was later added to regression models as a categorical variable. 

 

The total number of prescribed medications was recorded in the participant’s home and 

coded using the World Health Organizations Anatomical Therapeutic Chemical index.419 

Those participants who were taking 5 or more regular medications were defined as subject 

to ‘polypharmacy’. 

 

Levels of depressive symptoms over the previous week were recorded using the CES-D.353  

Each question offers a four-point response scale with options ranging from, “Rarely or none 
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of the time (less than 1 day)” to “All of the time (5-7 days)”. This is a 20-item questionnaire, 

which produces a total score ranging from 0-60 and is validated for use in epidemiological 

populations. Higher scores indicate greater levels of depressive symptoms.354  

 

Delayed word recall score was used as a measure of cognition.420 In this test ten common 

words are presented orally which the participant is asked to remember, the number of words 

recalled after a short delay is recorded with higher scores indicating better recall.   

 

Statistical Analysis  

 

All statistical analysis was conducted using the statistical software package Stata v12. 

Appropriate descriptive statistics were employed to describe the population according to a 

history of lifetime syncope burden. Using multiple binary logistic regression I investigated 

associations of childhood sexual and physical abuse with syncope burden. Separate models 

were run with childhood sexual or physical abuse as the independent variable of interest and 

syncope burden (lifetime syncopal event or history of frequent syncope in youth or recurrent 

syncope in the last year) as the dependent variable. Co-variates including age, sex, education, 

cardiovascular disease, co-morbidity, smoking history, polypharmacy and current 

depressive symptoms were added to this model and changes in the relationship between 

childhood trauma and syncope burden were examined. Where late life recurrent syncope 

was the outcome of interest, these models were adjusted for frequent syncope in youth. 

Interactions between childhood sexual and physical abuse were tested, as were interactions 

between the trauma variables of interest and sex. Finally, formal mediation analysis was 

performed using the Stata macro ‘binary_mediation’421, in an attempt to better understand 
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the relative effects of hypothesized life-course factors in mediating the relationship between 

childhood trauma and recurrent late life syncope (see Figure 7.2 for conceptual pathway). I 

also calculated the proportion of the total mediating or “indirect” effect as a proportion of 

the total effect, and the proportion of each putative mediator’s indirect effect as a proportion 

of the total indirect effect. This was followed by a bootstrapping procedure422, clustered by 

household, to obtain standard errors for the indirect effects and their proportions along with 

95% percentile confidence intervals. 



 

 

 

Figure 7.2: Conceptual pathways leading from childhood trauma to recurrent syncope in later life. 

* A history of childhood sexual or physical abuse 

Total effect d = d’ + a + b + c; Total direct effect = d’; Total indirect effect = a + b +c

2
3
8
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In sensitivity analysis I repeated all regression models, further adjusting for a history of self-

reported ill-health in childhood and poverty in childhood, as potential alternative 

explanations for the associations reported. In addition, given that CES-D is a short-term 

assessment of depressive symptoms, I repeated all mediation analyses replacing CES-D in 

models with a lifetime self-reported doctor’s diagnosis of a depressive disorder. 
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7.4. Results 

 

Of the total analysis sample (n=6497), 18.2% (n=1,181) of the sample reported a lifetime 

history of syncope. Compared to participants with no lifetime history of syncope, 

participants who reported any episode also reported higher rates of physical health co-

morbidities, including higher levels of cardiovascular disease and greater current depressive 

symptoms. Participants with any lifetime history of syncope did not differ on tests of 

cognitive function relative to those without a history of syncope (Table 7.1a).  
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4.0% (n=262) of the sample additionally reported a history of frequent syncope in youth, 

with 1.5% (n=94) of the sample having experienced recurrent syncope in the last year (Table 

7.1b). Of those who reported frequent syncope in youth and those reporting recurrent 

syncope in the last twelve months, a majority were female (79.8%(n=209) and 62.8% 

respectively (n=59)).   

Table 7.1a: Characteristics of Sample by Lifetime History of Syncopal Eventa 

 
Total sample 

n=6497 

Never 

n=5316  

(81.8 %) 

Ever  

n=1181 

 (18.2 %) 

p 

 Demographics:     

Age(mean (SD)) 63.39 (9.5) 63.48 (9.5) 62.96 (9.4) 0.042 

Education n (% primary only) 1775 (27.0) 1454 (27.3) 304 (25.7) <0.001 

Gender n ( % female) 3539 (54.6) 2825 (53.1) 714 (60.5) <0.001 

 Childhood trauma:     

Any history of Abuse n (%) 706 (10.9) 538 (10.1) 168 (14.2) <0.001 

Childhood Sexual Abuse n (%) 440 (6.8) 329 (6.2) 111 (9.4) <0.001 

Childhood Physical Abuse n (%) 479 (7.4) 366 (6.9) 113 (9.6) 0.001 

 Affective Symptoms & 

 Cognitive Health 

    

Depressive Symptomsb, 

(median (IQR)) 

3 (7) 3 (6) 4 (8) <0.001 

Cognitionc (mean (SD)) 5.99 (2.3) 5.94 (2.3) 6.19 (2.3) >0.99 

 Comorbidity & 

 Cardiovascular Risk: 

    

CVD conditions n (% ≥2)  777 (12.0) 557 (10.5) 220 (18.6) <0.001 

Chronic conditions n (% ≥2) 1116 (17.2) 852 (16.0) 264 (22.4) <0.001 

Polypharmacy n (%) 1327 (20.4) 1019 (19.2) 308 (26.1) <0.001 

Current Smoker n (%) 1084 (16.7) 861 (16.2) 223 (18.9) 0.030 

 

CVD=Cardiovascular conditions; Polypharmacy = five or more regular medications 

IQR: Interquartile Range; SD: Standard Deviation 
aLifetime History of Syncopal Event  i.e. Ever fainted (no/yes) 
bCenter for Epidemiological Studies Depression Scale score 
cDelayed Word Recall score 
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Table 7.1b: Characteristics of Sample by Lifetime Syncope Burdena 

 
Ever 

 

Frequent in 

youth 

 

Recurrent 

episodes in the 

last year  
n=1,181 

(18.2%) 

n=262 (4.0%) n=94 (1.45%) 

Demographics:    

Age(mean (SD)) 62.96 (9.4) 62.52 (8.8) 63.12 (9.9) 

Sex n ( % female) 304 (25.7) 209 (79.8) 59 (62.8) 

Education n (% primary only) 714 (60.5) 66 (25.2) 30 (31.9) 

Childhood trauma:    

Any history of Abuse n (%)  168 (14.2) 55 (21.0) 19 (20.2) 

Childhood Sexual Abuse n (%) 111 (9.4) 36 (13.7) 12 (12.8) 

Childhood Physical Abuse n (%) 113 (9.6) 39 (14.9) 17 (18.1) 

Mental & Cognitive Health:    

Depressive Symptomsb (median (IQR)) 4 (8) 4 (8) 5 (12) 

Cognitionc (mean (SD)) 6.19(2.3) 6.43 (2.4) 5.95 (2.4) 

Comorbidity & Cardiovascular Risk:    

CVD conditions n (% ≥2)  220 (18.6) 51 (19.5) 23 (24.5) 

Chronic conditions n (% ≥2) 264 (22.4) 74 (28.2) 29 (30.9) 

Polypharmacy n (%) 308 (26.1) 64 (34.8) 37 (39.4) 

Current Smoker n (%) 223 (18.9) 51 (19.5) 23 (24.5) 

 

 IQR=Interquartile range; SD=Standard Deviation; Polypharmacy = five or more regular medications; 

CVD=Cardiovascular conditions. 
 

aLifetime Syncope Burden i.e. Ever fainted (no/yes); Frequent fainting in youth (no/yes); Recurrent syncope 

in Later Life (>=2 events in the last 12 months: no/yes) 
 

bDepressive Symptoms = Center for Epidemiological Studies Depression Scale score 
 

cCognition=Delayed Word Recall score 
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In multiple binary logistic regression analysis the relationship between childhood trauma 

and the report of any lifetime history of syncope was similar across those with a history of 

sexual abuse (OR 1.29 (95%CI% 1.03-1.63)) and those with a history of physical abuse (OR 

1.22 (95%CI% 0.97-1.53)), although after full adjustment for all covariates there was no 

longer a statistically significant relationship with physical abuse (Table 7.2). Both childhood 

sexual and physical abuse were associated with a history of frequent syncope in youth. The 

associations were statistically significant and large even after adjustment for a history of 

later life syncope. 



 

 

Table 7.2:  Multivariate Binary Logistic Regression Analyses: Models showing associations of Lifetime Syncope Burdena with Childhood Traumab; 

coefficients of Childhood Trauma are reported as odds ratios (OR) and 95% confidence intervals (CI). 

 

 Lifetime Syncopal Event c Frequent Syncope in Youthc Recurrent Syncope in Later Lifed 

OR (95%CI) p OR (95%CI) p OR (95%CI) p 

Childhood sexual abuse 1.29 (1.03 – 1.63) 0.030 1.85 (1.27-2.71) 0.001 1.36 (0.71-2.62) 0.35 

Childhood physical abuse 1.22 (0.97-1.53) 0.091 2.14 (1.48-3.10) <0.001 1.91 (1.08-3.39) 0.026 

 

aLifetime Syncope Burden i.e. Ever fainted (no/yes); Frequent fainting in youth (no/yes); Recurrent syncope in Later Life (>=2 events in the last 12 months: no/yes) with  separate 

models for each outcome 
 

bChildhood Trauma i.e. childhood sexual or childhood physical abuse (no/yes) with  separate models for each exposure 
 

cModel additionally adjusted for age, sex, education, smoking history, cardiovascular conditions, co-morbidity, polypharmacy, depression, delayed word recall 
 

dModel  additionally adjusted for age, sex, education, smoking history, cardiovascular  conditions, co-morbidity, polypharmacy, depression, delayed word recall &  history of 
frequent syncope in youth 

2
4
4
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A history of childhood physical abuse was independently associated with increased odds of 

recurrent syncope in the past twelve months (OR 1.91 (95%CI% 1.08-3.39)) – a relationship 

which was independent of adjustment for all covariates. Given the smaller number of cases 

reporting recurrent syncope in later life however, the standard errors of the estimates were 

larger (Table 7.2). The association between childhood sexual abuse and recurrent late life 

syncope was no longer significant after full adjustment; in addition, the effect size was 

smaller than that for the effect of childhood physical abuse. 

 

Using mediation analysis to examine pathways linking childhood trauma to recurrent late 

life syncope revealed that the effect of both childhood sexual and physical abuse on later life 

recurrent syncope was partially mediated. Table 7.3 displays the proportions of the total 

effect (d in Figure 7.2) which was mediated (total indirect effect i.e. a + b + c in Figure 7.2). 

0.42 (0.13-2.59) of the total effect of sexual abuse on recurrent syncope in later life was 

mediated by the combination of the hypothesized pathways, of which the proportion 

mediated via frequent syncope in youth was 0.60 (0.37-0.85) and via depressive symptoms 

was 0.34 (0.14-0.58). With regard to physical abuse, 0.30 (0.17-1.03) of the total effect was 

mediated: 0.57 (0.36-0.81) via frequent fainting in youth and 0.34 (0.11-0.53) via 

depression. 0.06 (-0.06-0.20) of the indirect effect from childhood sexual abuse to recurrent 

syncope in later life was mediated via established cardiovascular disease, while the 

equivalent proportion for childhood physical abuse was 0.10 (0.001-0.28), although these 

were estimated with less precision than the other pathways. 



 

 

Table 7.3:  Binary Mediation Analyses where Childhood Traumaa is the independent variable and Recurrent Syncope in Later Lifeb is the Outcome Variable with Frequent 

Syncope in Youth, Depressive Symptoms and Cardiovascular Disease as putative mediators.  

Co-efficients are presented as proportions (ratios) with  95% Bias Corrected (BC) Confidence Intervals ( CI) 

 

 Childhood Sexual Abuse Childhood Physical Abuse 

Proportion Bootstrap 95% BC CI Proportion Bootstrap 95% BC CI 

Total Indirect effect 
c((a+b+c)/(a+b+c+d')=(a+b+c)/d) 

0.42 (0.13-2.60) 0.30 (0.17-1.03) 

Frequent syncope in Youthd 

c((a/(a+b+c)) 

0.60 (0.37- 0.85) 0.57 (0.36-0.81) 

Depressione 

c(b/(a+b+c)) 

0.34 (0.14-0.58) 0.33 (0.11-0.53) 

Cardiovascular Conditionsf 

c(c/(a+b+c)) 

0.06 (-0.06-0.20) 0.10 (0.001-0.28) 

 

aChildhood Trauma i.e. childhood sexual or childhood physical abuse (no/yes) with  separate models estimated for each exposure 
 

bRecurrent syncope in Later Life (>=2 events in the last 12 months: no/yes)  
 

cPathway effects calculated as proportions denoted as per conceptual pathways in Figure 7.2.  
 

dFrequent fainting in youth (no/yes) 
 

eCenter for Epidemiological Studies Depression Scale score 
 

fTwo or more self-reported cardiovascular conditions 

2
4
6
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The predictive power of the logistic regression models was not improved when examining 

the additive and multiplicative effect on syncope risk of experiencing both sexual and 

physical abuse. Interaction terms between sex and either form of childhood maltreatment 

under investigation were not significant. 

 

Sensitivity Analysis 

After examination of models further adjusted for a history of self-reported ill-health or 

poverty in childhood, any substantive conclusions regarding the size and direction of 

associations remained unchanged. Similarly, mediation analysis using a self-reported 

diagnosis of a depressive disorder in place of the CES-D demonstrated a similar proportion 

of the indirect effects were mediated via mental health. 
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7.5. Discussion 

 

In this large population-based cohort, exposure to childhood sexual abuse was independently 

associated with the report of any lifetime episode of syncope and also with the experience 

of frequent syncope in youth. Childhood physical abuse was related to reports of frequent 

syncope in youth and recurrent syncope in later life. These relationships persisted even after 

adjustment for a wide range of co-variates including demographics, depressive symptoms, 

physical co-morbidities and cardiovascular risk. In formal mediation analysis investigating 

pathways by which childhood trauma could plausibly affect later life recurrent syncope, 

frequent syncope in youth was shown to partially mediate the relationship - a pathway in 

keeping with childhood trauma contributing to a lifelong predisposition towards VVS414 or 

‘trait faintness’.247  

 

Several small clinical studies have suggested that childhood sexual and physical abuse may 

be clinically relevant in those presenting with syncope.  A recent study based in a specialist 

tertiary-referral syncope clinic which described the semiology of psychogenic 

pseudosyncope (a dissociative disorder) reported that childhood sexual or physical abuse 

was present in 11.6 % of patients254; work from the same group has also recently reported 

that VVS and PPS co-occur 423, suggesting a potential common etiological pathway. 

Furthermore, an investigation of childhood syncope referrals in a pediatric unit suggested 

that psychosocial stressors, including maltreatment and familial discord, were common 

potential precipitants of recurrent unexplained syncopal events.253  
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VVS is arguably the most overt, and common, manifestation of autonomic malfunction thus 

these findings are in keeping with research suggesting a link between childhood sexual and 

physical abuse and altered autonomic equilibrium.424,425 Of those who experience any 

lifetime syncope, the majority will have had an event attributable to VVS, similarly those 

with a history of frequent syncope in youth.413 The exact mechanism underpinning VVS 

remains poorly understood but may result from paradoxical parasympathetic overdrive414 in 

response to a sympathetic increase in heart rate. In face of threat, the recruitment of the 

parasympathetic division of the ANS may serve as a means of self-soothing, thus higher 

levels of parasympathetic tone may be adaptive.247 Indeed ‘trait faintness’ has been likened 

to ‘tonic immobility’426 in mammals and may be an important omission from the commonly 

understood stress-response in humans.247 However, although such defence mechanisms in 

animals may share a common evolutionary basis, T-LOC is unique to humans and thus 

potentially less adaptive.173   

 

A stress response may be decoupled from the original acute stressor i.e. so that a stress 

response occurs despite no ongoing threat, as occurs in panic disorder427 or post-traumatic 

stress disorder.428 It is thus plausible that a VVS tendency may become habituated in youth 

in those exposed to childhood trauma, and persist throughout one’s lifetime. VVS and 

psychological responses to childhood trauma may therefore have common neural substrates 

i.e. childhood trauma may lead to alterations in brain regions with relevance to both VVS 

and psychological responses. For example, relative to healthy controls, neuroimaging has 

identified differences in caudate GM volume both in those with recurrent VVS 172 and in 

those with a history of childhood sexual abuse.429 
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In support of the study hypothesis I also report evidence that there may be an indirect effect 

of childhood sexual and physical abuse on recurrent late life syncope mediated via 

depression. Depression has previously been related to syncope in older adults329 and has 

repeatedly been shown to have a higher prevalence in those who experienced childhood 

sexual and physical abuse.235 Prior studies have pointed to the high burden of psychiatric co-

morbidity particularly among those with recurrent unexplained syncope.244,430 Thus, in 

common with other studies investigating psychological correlates of syncope244,409, these 

results demonstrate that mental health may be an important determinant of elevated syncope 

risk.  

 

This study found less evidence of mediated relationships via mid-life cardiovascular disease, 

while there was an independent direct association between childhood physical abuse and late 

life recurrent syncope. Childhood abuse may increase even mid-life sub-clinical 

cardiovascular risk411, therefore it is possible that a reliance on established cardiovascular 

diagnoses underestimated mediated effects via this pathway. In estimation of the direct 

effects however, this study did control for both cardiovascular behavioural risk markers 

(smoking) and conditions that increase cardiometabolic risk (diabetes) via which an effect 

of childhood trauma could also translate into increased syncope risk in later life. Among 

older adults presenting with syncope, a cardiac cause is more likely than in younger adults.413 

Even among elders however, the most common aetiology remains neurocardiogenic i.e. 

VVS or OH431. 

 

While in this sample childhood physical abuse remained independently associated with 

recurrent syncope in the last twelve months, childhood sexual abuse did not. The effect sizes 
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were similar in relation to the effect of childhood sexual and physical abuse across each of 

the syncope outcomes except in recurrent later life syncope. It is however important to note 

that the precision of the estimates for later life syncope were lower, in part determined by 

the lower rate of cases of later life syncope (<8% of lifetime and <36% of youth syncope). I 

did not find evidence of increased risk of syncope in those exposed to both childhood sexual 

and physical abuse nor of increased sex specific risk. 

 

In this cohort, it was not possible to definitively delineate the type of syncope experienced, 

and thus the response may have captured heterogeneous causes of syncope, particularly with 

regard to those events which occurred within the last twelve months in older adults. It is 

accepted that the most important element in the diagnosis of VVS is clinical history.168 The 

lifetime pattern of events, such as frequent events occurring in youth and recurring in later 

life, is strongly suggestive of an underlying tendency towards VVS.243 Furthermore, 

although TILDA did not capture the age of participant’s syncopal events in ‘youth’, it is 

reasonable to expect that these are in line with data (which was internationally consistent) 

suggesting that the peak of syncope onset in ‘youth’ is at 13 years.243 

 

Both childhood sexual and physical abuse and syncope burden were self-reported. The 

lifetime prevalence of syncope in this cohort is lower than prior reports of up to 40%.413 

Kenny et al 170 suggest that differences in reported syncope prevalence may be explained by 

varying methods of syncope ascertainment e.g. the use of a single item question rather than 

detailed syncope interview or case adjudication, and the population under investigation.  In 

the current study potential ambiguity in the terms ‘faint’ and ‘frequent’ in the questions on 

syncope history may have resulted in under-reporting. Given the nature of studies 
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investigating the outcomes of childhood sexual and physical abuse, the majority are based 

on self-reported retrospective data.432 In this study, I was unable to investigate differences 

in outcomes based on the severity or duration of these stressors. I note however that the 

prevalence of childhood abuse in this population is in keeping with more detailed 

investigations in the Irish population, being consistent with the prevalence of the more severe 

forms of childhood abuse.233  

 

This study uses retrospectively recalled data that was collected within a cross-sectional 

framework in an attempt to delineate life course pathways in older adults, therefore reverse 

causality cannot be ruled out. Given the temporal ordering of the events however, reverse 

causality is unlikely. Poor or inaccurate recall of trauma or syncopal events may be of further 

concern in an ageing cohort in whom a higher prevalence of syncope may be expected, 

however analysis controlled for a measure of cognitive function; moreover the mean age of 

this sample was ~63 years. Moreover, given the salient nature of events under investigation 

(i.e. childhood trauma and syncope) they are perhaps more likely to be recalled with 

accuracy than other retrospectively collected information. Additionally, sensitivity analyses 

adjusting for other childhood stressors such as childhood ill-health and poverty did not 

attenuate the associations described.  

 

Further research is required to investigate the potential links between a history of childhood 

sexual and physical abuse and syncope, particularly in those who present with a history 

indicative of an underlying tendency towards VVS. Even decades after the initial exposure, 

those with a history of childhood sexual and physical abuse may be at greater risk for 
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recurrent syncope. Early attention should be given to the potential precipitating and 

perpetuating psychosocial factors affecting syncope.  
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8. CONCLUSIONS 

 

8.1. Summary of Findings 

It is increasingly understood that the ANS is of fundamental importance to optimal 

regulation of affect and cognitive function.433 The current thesis reports novel links between 

BP instability (as underpinned by cardiovascular autonomic function) and brain health in 

older adults.  

 

Evidence before Study I 

 

Subjective Memory Impairment may be an early risk marker for dementia, potentially 

representing a preclinical phase when neurodegeneration remains amenable to 

intervention.434 Orthostatic hypotension may also be on the pathway to dementia.288 One 

prior study had reported a prospective association between OI, but not lower orthostatic BP, 

and SMI.278 Orthostatic intolerance, but not orthostatic BP, had also been prospectively 

associated with white matter progression in the CHS.304 In neither study however did the 

associations survive adjustment for confounders. Associations with OI but not with 

orthostatic BP may have been explained by use of standard orthostatic BP measurement not 

sensitive to early (i.e. <30seconds) post-stand orthostatic BP change. Study I thus focused 

on associations between BP instability (peripheral change in orthostatic BP assessed using 

beat-to-beat measurement) and SMI in older adults. 
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Contribution of Study I 

 

Lower orthostatic BP as detected early post-stand (i.e. immediately after standing) - even 

when not meeting criteria for OH - was associated with greater SMI. This association was 

independent of objective cognition, co-morbidity, depressive symptoms and 

antihypertensive medication. After accounting for differences in supine BP, associations 

were stronger with systolic orthostatic BP and persisted only in men. Study I is, to my 

knowledge, the first report of associations between lower orthostatic BP, as measured using 

beat-to-beat BP technology, and SMI in a population-based study. 

 

Evidence before Study II 

 

Study II complemented the initial focus on orthostatic BP by investigating cardiac BRS as 

the independent variable of interest. The baroreflex is the fundamental autonomic reflex 

involved in regulating the BP response to standing.435 Impaired BRS had previously been 

associated with orthostatic BP dysregulation436, cognitive dysfunction315, affective 

symptoms320, reduced hippocampal perfusion322 and lower microstructural integrity310 in 

older adults. Notably, both SMI and affective symptoms may represent prodromal markers 

of neurocognitive disorders such as AD.100,434 Prior studies investigating BRS and affective 

symptoms however, had focused solely on depressive symptoms320, despite known overlap 

between anxiety and depression in later life. Study II thus investigated associations between 

BRS and symptoms of depression and anxiety in older adults additionally accounting for 

potential sex differences (as seen in Study I) and potential confounding by ADT.366  
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Contribution of Study II 

 

This thesis reports evidence of an association between lower BRS and greater affective 

symptoms, however, similar to findings seen in the association between orthostatic BP and 

SMI, this association was seen only in men. The association between lower BRS and greater 

affective symptoms was stronger in those on ADT, but remained even in men not on any 

treatment. In general, associations were in the opposite direction in women. To my 

knowledge, this is the first study investigating associations between BRS and affective 

symptoms (i.e. investigating both anxiety and depression) in a population-based cohort of 

older adults. 

 

Evidence before Study III 

 

Findings from Study I and II in TILDA suggested that lower orthostatic BP and lower BRS 

(even at sub-clinical levels) may be associated with brain health in older men – as reflected 

in greater SMI and affective symptoms. To overcome the cross-sectional limitations of the 

TILDA data available at the time, this thesis thus extended investigation to the longitudinal 

Health ABC cohort. The Health ABC study had collected four measures of orthostatic BP 

over 6 years from study entry. After up to 15 years of follow-up, participants underwent 

MRI brain and CS adjudication as part of the ‘The Healthy Brain Project’ sub-study. Prior 

studies investigating longitudinal associations between orthostatic BP and CS had various 

limitations including measurement of orthostatic BP at a single time point, a focus on 

consensus OH, and a limited duration of follow-up (as reviewed in Table 3.1), while the 
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most comprehensive study from the Rotterdam cohort had not investigated MCI nor 

investigated the potential mediating role of structural brain change.288 

Contribution of Study III 

 

In line with findings from Study I and II, Study III reported associations between subclinical 

orthostatic BP change and poorer brain health (poorer CS and greater GM atrophy) 15 years 

later. This is, to my knowledge, the first investigation to report prospective associations 

between lower orthostatic BP and reduced regional GM volumes on MRI in a population-

based sample. Associations between lower orthostatic BP and greater GM atrophy were seen 

in regions relevant to cognitive function, affect regulation and autonomic function – 

including the right hippocampus and dorsolateral prefrontal cortex. Contrary to Study I and 

II however, there were no differences in findings according to sex, nor were differences 

apparent according to race (although the sample size may have been underpowered to detect 

such differences). There was no evidence of associations between lower orthostatic BP and 

global WMH. 

 

Evidence before Study IV 

 

Studies I-III had shown that greater BP instability was associated with poorer brain health 

in older adults: poorer subjective cognition and greater affective symptoms in men, and with 

dementia, MCI and greater GM atrophy when assessed prospectively. The final investigation 

recognised the importance of the life course to the investigation of ageing outcomes. It 

acknowledged that cardiovascular autonomic function in older adults is underpinned by 
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biological processes and environmental/behavioural exposures occurring earlier in life. This 

may be particularly important in investigation of the ANS, given its role in the stress 

response. Vasovagal syncope is perhaps the most overt manifestation of autonomic 

dysfunction and BP instability – syncope has been associated with lower orthostatic BP and 

BRS437, greater affective symptoms338 and poorer cognition.164 VVS is known to occur in 

response to stress – be that psychological (e.g. fear) or physiological (e.g. prolonged 

standing)323 – and has been associated with psychiatric disorder.244 Psychological stress is 

an important determinant of BP regulation, and exposure to stress in adolescence may have 

lifelong consequences for ANS regulation.237 VVS may be a lifelong tendency or trait that 

most often first emerges in adolescence.242 A number of small clinical studies had reported 

associations between exposure to childhood trauma and syncope.254,438 We thus investigated 

potential pathways from childhood trauma to recurrent syncope in later life. 

 

Contribution of Study IV 

 

This thesis reports associations between childhood trauma (physical and sexual abuse) and 

recurrent syncope across the life course, and evidence of important life course mediators 

including mid-life depression. Childhood trauma is independently associated with frequent 

syncope in youth. Syncope in youth is on the pathway between childhood trauma and later 

life recurrent syncope. Exposure to childhood trauma may thus contribute to a lifelong 

vasovagal tendency and therefore potentially to lifelong associations with poorer brain 

health. There were no differences in the associations according to sex. Study IV adds to the 

literature linking stress, the ANS and BP regulation, bringing a novel life course perspective 

to associations with VVS.  
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Implications of all the available evidence 

 

Taken together, Studies I-IV suggest that greater BP instability, even at subclinical levels, 

and as underpinned by the cardiovascular ANS, may be on the pathway to poorer brain health 

in later life. Furthermore, early exposure to stress may be a life course determinant of BP 

instability – thus further highlighting central regulation / integration of the ANS and 

peripheral BP responses.  

 

Recognition of an important role for the cardiovascular ANS in regulation of affect and 

cognitive function in later life potentially provides new therapeutic opportunities. For 

example, the associations reported herein between BP instability and brain health are 

apparent at early, potentially preclinical stages of dementia – when effects on brain health 

may be more likely to be amenable to intervention. In Health ABC, lower orthostatic BP 

preceded dementia and MCI ascertainment by up to 15 years. Current recommendations for 

addressing the contributions of BP to brain health in later life focus on hypertension.33 

Results in this thesis suggest however that there are independent associations with BP 

instability, although associations may differ according to sex and medication status.  

Measurement of BP instability – even simple ascertainment of seated to standing BP – 

remains poorly adhered to in clinical practice.439 This thesis thus underlines the importance 

of routine measurement of orthostatic vital signs in older adults.  
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Furthermore, we present a life course approach to reflex syncope; a vasovagal tendency – 

even among older adults – may have its roots in earlier life, potentially reflecting exposure 

to severe psychosocial stress. Clinically, this underlines the importance of a comprehensive 

psychosocial history in all patients presenting with syncope regardless of age440, and 

provides further weight to evidence of potential central control of BP regulation.232 

 

A major strength of the investigations in this thesis is that they were conducted on large 

population-based datasets and incorporate cross-sectional, longitudinal and life course 

analytical strategies. Both cohorts were well-characterised, allowing adjustment for other 

potential pathways. In particular, Study III is, to my knowledge, the first to have incorporated 

advanced structural MRI neuroimaging measures when investigating prospective 

associations between orthostatic BP and CS in a community-dwelling cohort free from 

dementia and functional limitations at baseline assessment.  

 

Considering some of the Bradford Hill441 criteria classically used to assess a causative 

association, this thesis demonstrates a temporal sequence of  association between BP 

instability and cognition across the spectrum of cognitive impairment in older adults, ranging 

from potential preclinical symptoms (i.e. SMI) in TILDA, to prodromal dementia (i.e. MCI) 

and dementia in Health ABC. Furthermore, there is consistency of findings across these two 

populations. A biological gradient is seen in associations between BP instability and 

cognition in both Health ABC and TILDA. This thesis has additionally outlined biologically 

plausible mechanisms linking BP instability and poorer brain health, including BP instability 

as a peripheral consequence of accumulating neuropathology and/or cerebrovascular change 

as a consequence of cerebral hypoperfusion.  
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8.2. Limitations 

 

Bias in an epidemiological setting has been defined by Holmes as, ‘any systematic error 

which leads to an inaccurate estimate of the association between an exposure and an 

outcome’.442 Limitations to the individual investigations in this thesis are discussed in detail 

in the chapter relating to each study. Here however, potential sources of bias of greatest 

relevance across the studies are reviewed: selection bias, information bias and confounding.   

 

According to Holmes, selection bias occurs, ‘when participants of the study differ from the 

target population that the investigators are trying to study.’442 This is of particular relevance 

to population-based cohorts.  

 

Two of the most common causes of participant-loss in population-based cohort studies are 

in evidence in this thesis: the TILDA-based studies were vulnerable to initial non-response, 

while, given the long running nature of the Health ABC study, Study III was vulnerable to 

attrition bias or bias due to participant drop-out between waves. As noted by Matthews, ‘Any 

hypothesis in longitudinal studies may be affected by attrition and poor response rates.’443 

 

Wave 1 of TILDA had a response rate (62%) in line with other large population-based 

cohorts444, however, relative to the 2006 Irish census and 2011 Quarterly National 

Household Survey, the TILDA sample had a lower proportion of participants from 

socioeconomically disadvantaged backgrounds and from the oldest age groups.445 Further, 

there was differential non-response between the different components of the study i.e. 
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between the CAPI, the SCQ and the Health Assessment, which was likely a function of the 

varying data-collection methods employed. There was a lower response to the SCQ among 

disadvantaged participants and those who had reported higher levels of depressive symptoms 

on the CES-D in the CAPI.445 Similarly, with respect to the in-clinic health assessment, 

socioeconomic disadvantage was associated with lower rates of participation, as was 

increasing distance from the health assessment centre.445 A TILDA pilot study had 

demonstrated the risk of systematic underrepresentation of older participants and those with 

greater levels of co-morbidity in the larger cohort, therefore participants were offered a 

shortened home health assessment.262 Measurement of beat-to-beat orthostatic BP and BRS 

(which were of primary interest to this thesis) however was not feasible outside of the 

formalised health-centre setting.  

 

In TILDA, to account for differing participation rates in the sample versus the target sample 

(i.e. the Irish population aged 50+), survey weights were derived. Survey weights can be 

used to give greater weight in analysis to those in the study sample who have features similar 

to those with missing data e.g. to those from a lower socioeconomic position (SEP).445 After 

careful consideration these weights were not used in this thesis, a decision which reflects 

ongoing debate with regard to the necessity of a ‘representative’ sample, particularly when 

investigating ‘biological’ associations.446,447 This issue has been brought to the fore by low 

response rates to the UK biobank survey.448 While population representativeness may be 

necessary to make correct inferences about society, it has been argued this is not necessarily 

true with respect to causal inferences in biological associations, where accuracy of the data 

collection (information bias) and controlling for confounders is perhaps of paramount 

importance.446 
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The baseline Health ABC sample was derived from randomly selected participants within 

designated ‘zip-codes’. In US-based research however, the use of zip-codes in participant 

selection has been criticised, in particular with regard to recruiting participants 

representative of varying socioeconomic circumstances given that indices of neighbourhood 

deprivation are likely to vary widely.449 However, underrepresentation of the oldest old and 

African Americans in research450, and the tendency for greater survival of women to older 

ages, were prospectively addressed by Health ABC. All participants were aged 70+ at study 

entry and followed over 15 years, and black participants and men were oversampled. 

Moreover, with regard to this thesis, the inclusion of the Health ABC cohort helps to address 

the relatively young mean age (~60 years) and lack of ethnic diversity in the TILDA sample. 

 

Due to its long running nature, drop out due to death, loss to follow-up, or voluntary 

withdrawal is a potential source of bias in Health ABC – limitations common to all 

population-based longitudinal cohorts.451 Indeed drop out due to death is unavoidable in any 

long running study of the oldest old, however the frequent follow-up assessments as occurred 

in Health ABC (every two years) may have helped to mitigate the potential impact of reverse 

causality e.g. terminal decline.452 Biannual assessments over 15 years however, may have 

represented a high participant-burden and individuals may have both left and re-entered the 

study.452 A 2005 systematic review of the causes of drop-out in long running longitudinal 

studies of older adults concluded that, other than death, older age and cognitive impairment 

were the two most likely cause of attrition.451 Oversampling of those most likely to be lost 

to follow-up (as in the oversampling of men and black participants in the health ABC study) 

may thus have reduced bias in estimates of these groups in Study III.450  
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Perhaps the biggest limitation to Study III is that the Healthy Brain Project included only a 

small sub-sample of the original cohort of Health ABC in whom CS adjudication +/- MRI 

neuroimaging were available. Survival bias is thus an important caveat i.e. that healthier 

participants may have been more likely to survive to the end of the study and partake in in-

depth assessments including MRI. However, as one of the overarching themes of this thesis 

was the identification of early points of association between the ANS and brain health, 

examination of healthier participants is in keeping with this aim and may rather have been 

expected to bias estimates towards the null.  

 

Information Bias 

 

Exposures  

 Measurement of Orthostatic Blood Pressure  

 

Adequate training, standardised protocols and monitoring of potential sources of variation –

e.g. between sites of data collection – are of particular importance to the internal validity of 

research conducted in large observational cohorts.453 In both TILDA and Health ABC, 

measurement of orthostatic BP was conducted according to standardised protocols. For 

example in TILDA, orthostatic BP measurement was conducted in a temperature controlled 

room and peripheral finger measurement of BP using the sphygmomanometer was calibrated 

to brachial BP.454,455 Three phases of BP processing were then conducted by TILDA 

bioengineers to exclude participants with excessive BP artefacts.184 
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It is known that time of day, season and food consumption may each affect BP, however in 

neither cohort were participants asked to refrain from their usual medication, food or caffeine 

consumption.454 In a TILDA pilot study however, Fan454 demonstrated that although time 

since food consumption was associated with lower supine SBP, the impact on orthostatic BP 

was limited – as those with more recent food consumption also had lower SBP throughout 

the stand.454  Recent data on the repeatability of continuous orthostatic BP measurements 

however, suggest they show only low to moderate reliability even within a 4–12-week 

period.455 To overcome cross-sectional limitations of the TILDA data available at the time 

however, this thesis additionally investigated associations between orthostatic BP and brain 

health in Health ABC. Similar associations were seen using standard measurements of 

orthostatic BP - which had the advantage of up to four repeated annual measures over six 

years. 

 

TILDA is the first population-based large scale study to incorporate beat-to-beat orthostatic 

BP measures and, at the time of the investigations presented here, longitudinal data was not 

available.184 Therefore optimal clinical cut-points with respect to associations with important 

outcomes (e.g. falls, cognitive outcomes) were not (and have yet to be) agreed.271 Moreover, 

the application of cut-points, even categorisation of data into quantiles, has long been argued 

against in epidemiological research, given the loss of information and possible introduction 

of bias.456 In line with this, and given our aim to focus on subclinical parameters, this thesis 

focused on orthostatic BP (and BRS) as continuous phenomena.  

 

Perhaps the most important limitation to the measurement of orthostatic BP is in the Health 

ABC cohort where a seated-to-stand rather than supine-to-stand BP protocol was utilised. 
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Moreover, HR response to stand was not measured. Notably the seat-to-stand procedure has 

been used to induce changes in CBF when assessed using TCD and may be more 

generalizable to everyday clinical use.457 Lastly, investigation of delayed orthostatic BP 

change was not possible in TILDA or Health ABC, as measures of orthostatic BP beyond 

two minutes were not available in either cohort. A more recent study however has suggested 

that in line with the findings of this thesis early orthostatic BP changes (1 min or less) are 

key in predicting poor outcomes.458 

 

 Baroreflex Sensitivity 

 

In TILDA, BRS was measured using a non-invasive method of assessment – the sequence 

method – which has the advantage of being applicable at scale. However, the sequence 

method does not permit assessment of the entire range of function of the baroreflex, which 

has been demonstrated to exist along a sigmoidal curve with saturation occurring at either 

end.311 Moreover, as noted by Barnes the sequence method assesses only the cardiac 

component of BRS and not necessarily the peripheral sympathetic efferent response, which 

in turn may change with age and according to sex.27 Future studies should seek to clarify if 

sex differences in MSNA may also be implicated in associations between BRS and affective 

symptoms.  
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 Syncope 

 

Syncope in youth, and within the last year, were both retrospectively reported by participants 

and are thus subject to recall bias. Based on prior work in clinical settings, those reporting 

both a history of recurrent syncope in youth and later in life were considered to have 

evidence of a lifelong vasovagal tendency.242 In the specialist clinical setting confirmation 

of vasovagal tendency may require HUT, which is beyond the scope of a large scale 

population-based cohort. Notably however, both the ESC168 and the AHA guidelines suggest 

that VVS323 can be diagnosed on history alone. Use of a diagnostic risk score (such as brief 

screening scores validated in clinical settings459) to categorise participants in TILDA 

according to likelihood of cardiac aetiology versus benign aetiology, may have improved 

accuracy of ascertainment. However investigation of self-reported syncopal events is in line 

with prior studies.170,413 With respect to reporting a lifetime frequency of syncope 

occurrence, participants may have been some decades past the index event, in particular 

given that VVS is most common in teenage years. Notably however, accounting for a marker 

of current cognitive ability in the study analysis did not attenuate associations.  

 

 Childhood adversity 

 

Study IV additionally relied on retrospective reporting of traumatic events in childhood by 

participants – namely a history of childhood sexual and physical abuse – and recall bias may 

again have been of concern. The majority of studies exploring adult life health sequelae of 

childhood exposure to trauma also use retrospectively reported data. In an examination of 

the consistency of reporting of traumatic events in the Kaiser Permanente Adverse 



 

269 

 

Childhood Events (‘ACE’) cohort, where the mean age (~64years) was similar to the average 

age of the TILDA cohort, there was moderate to good consistency in reporting of events 

across waves.432 However, consistent reporting is not equivalent to accurate reporting, with 

other studies suggesting both under and over reporting of childhood traumatic events.460,461  

 

Prospective studies investigating the adult sequelae of childhood abuse pose difficulties of 

representativeness (by its very nature childhood abuse is an exposure that is hidden), hence 

its prevalence may be significantly underestimated in prospective studies of those who have 

come to the attention of services in childhood.461 Moreover, the experience of those who 

have had intervention in childhood is likely to differ systematically from those who report 

abuse in adult life. While details relating to duration, frequency and severity may be less 

well remembered, the presence or absence of a history of abuse has been proposed as the 

most reliable information462 – as is used in Study IV. McCrory and colleagues also note that 

within the Irish context the prevalence of severe abuse in contemporaneous Irish-based 

surveys is similar to the overall prevalence of childhood trauma reported in the TILDA 

cohort.235 Finally, a frequently raised concern is the impact of concurrent affective symptoms 

on reporting of past traumatic events. However, while some studies suggest this may 

increase retrospective reporting, others have suggested current affective symptoms have no 

effect.463  Future studies using information from prospective studies to supplement those 

using retrospective reporting may be required to better determine the associations with 

syncope and childhood trauma across the life course.460  
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Outcomes 

 Subjective Memory Impairment 

 

In line with the HRS this thesis used a single item in the assessment of SMI. At present, SMI 

is tested in multiple ways across studies, with reviews highlighting many sources of variation 

and limitations.101 For example, findings may differ depending on the population 

investigated e.g. participants attending memory clinics likely differ from those in 

population-based studies. Moreover there is often little overlap between the assessment 

scales used in studies, the time period over which impairment or change in subjective 

function is assessed, or even what is meant by ‘normal cognitive testing’.101 The terminology 

to define the concept of SMI is also debated; a working group has been established to provide 

consensus on definitions and research criteria used to define ‘subjective cognitive decline’, 

with a focus on improving the consistency of terminology across studies.101  Despite these 

limitations, the report of SMI remains one of the few ways in which the earliest stages of 

dementia may be both readily and inexpensively identified. Subsequent waves of TILDA 

have additionally asked participants about change in SMI – this should be incorporated into 

future studies to confirm associations with BP instability.  

 

 Cognitive screening tests vs adjudicated outcomes 

 

In common with many large-scale population-based studies, objective global cognitive 

function in TILDA was assessed via use of short cognitive screening tests administered in 

person including the MMSE and MoCA.352,464 Both the MMSE and MoCA have been 

subject to Cochrane Reviews as to their use in community-dwelling populations as screening 
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tools for dementia.   The evidence was deemed insufficient to recommend a cut-point for 

dementia diagnosis on MoCA.465 It was suggested that scores on the MMSE may contribute 

to a dementia diagnosis however it was recommended that it should not be used in isolation 

in a community based setting.466 The MoCA was used in sensitivity analyses in Study I 

however as it may have superior sensitivity to Vascular Cognitive Impairment relative to the 

MMSE, although in turn it may overestimate cognitive impairment in those with lower 

educational attainment.467,468  

 

Case ascertainment of dementia in population-based studies may involve a screening process 

e.g. administration of a cognitive screening tool, followed by more detailed examination of 

those screened positively by a clinical examination / consensus group.469 For example, in the 

US-based HRS, use of detailed cognitive testing on a representative subsample was used to 

estimate CS in participants in the larger sample and subsequently the US population.470 

Alternatively, case ascertainment may involve diagnosis via medical record linkage.469 In 

the Healthy Brain Study, a smaller number of participants, the availability of linked medical 

records, neuroimaging and proxy information allowed adjudication of CS. By contrast, this 

was not feasible in the TILDA cohort at the time of this investigation. While differing 

methods of cognitive assessment between the TILDA cohort and Health ABC could be 

viewed as a limitation in this thesis, findings were consistent across studies i.e. a linear, 

graded association between subclinical orthostatic BP change and cognition (both subjective 

and objective CS).   
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 Affective symptoms vs standardised clinical interviews 

 

In common with the majority of epidemiological studies, screening instruments were used 

in TILDA to assess affective symptoms e.g. the CES-D is used in the HRS family of studies 

as well as LASA, the CHS and Health ABC.  Medical record linkage was not available in 

TILDA, although it can be used as an adjunct, or as an alternative to, affective symptom 

assessment within a cohort. Structured diagnostic interviews (e.g. Diagnostic Interview 

Schedule471 and Composite International Diagnostic Interview472) provide higher specificity 

in identifying clinical psychiatric disorder but have the disadvantage of being more time 

consuming (and thus costly) to administer and must be delivered by trained clinical or lay 

interviewers. Structured diagnostic interviews are more commonly used in investigations 

where there is a greater emphasis on categorical psychiatric outcomes e.g. the 

Epidemiological Catchment Area471 studies and National Comorbidity Surveys69,473 in the 

US, and LASA474 in Europe. However, the investigation of affective symptoms rather than 

disorder is in keeping with the continuum approach favoured throughout this thesis. The 

findings in Study II investigating affective symptoms as continuous outcomes add weight to 

the view that within the population affective symptoms occur across a spectrum of severity.62  

 

Investigation of affective symptoms, and symptom overlap, as in Study II is also in line with 

the National Institute of Mental Health Research Domain Criteria (RDoC) which have 

advocated for a move away from categorical diagnoses in research.65 Perhaps similarly to 

the revised criteria for AD, where a continuum approach is emphasised, the RDoC seeks to 

promote investigation of psychiatric symptoms across traditional diagnostic boundaries and 
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across diagnostic categories e.g. cognitive dysfunction as a trans-diagnostic feature of 

psychiatric disorder.65  

 

 Neuroimaging 

 

One of the central limitations to Study III investigating neuroimaging outcomes pertains to 

the small sample size limiting the power to investigate potential sex and ethnic differences 

in associations. Further, the timing of neuroimaging concurrent with dementia adjudication 

only, rather than also contemporaneous to the orthostatic BP measures, limits inferences 

with respect to the direction of associations.  

 

Region of interest analysis was used to select the GM regions investigated rather than a 

‘data-driven’ voxel-wise analysis.475 Data driven analysis may be less subject to 

predetermined hypotheses with respect to the function of brain regions and investigator 

bias.475 In addition, the systematic review from which GM regions of interest were chosen 

was primarily based on functional studies217 – structure may not equate to function. 

Furthermore, studies included in meta-analysis were based on small samples of functional 

neuroimaging most likely among young adults217, such findings may not translate to older 

adults in whom imaging was performed in the 9th decade.  Finally, more advanced 

parameters of white matter integrity such as microstructural integrity of white matter tracts 

as provided by Diffusion Tensor Imaging14 may have helped to better elucidate associations 

with BP instability, particularly at early stages of disease. 
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At the time of the investigations in TILDA no neuroimaging was available, thus many of the 

hypothesised mediating factors between BP instability and brain health as discussed in 

Section 1.2 (i.e. cerebral hypoperfusion, impaired cerebral autoregulation, brain structural 

and functional change, border zone ischaemia and amyloid deposition), could not be 

investigated. Future studies should include more detailed measures of brain structure and 

function such as those which have been collected in TILDA Wave 3.  Studies investigating 

change in neuroimaging may be important e.g. in the CHS study OI was associated with 

WMH progression but did not survive adjustment.304  
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Potential Confounders 

 

 ‘.. the main road to general statements on nature is through studies that control skilfully for 

confounding variables and thereby advance our understanding of causal mechanisms.’ 

(Rothman, 2013) 446 

 

 Socioeconomic position  

 

‘It is the same cause that wears out our bodies and our clothes’. Bertolt Brecht476 

 

Socioeconomic position is a known determinant of health outcomes.476 Prior studies in 

TILDA have suggested that there may be an SEP gradient in autonomic function, and there 

are well described associations between SEP and cognition and affect in later life.477,478 In 

both TILDA and Health ABC education level was used throughout to adjust for SEP.  In the 

US, black race may additionally reflect a greater level of socioeconomic disadvantage and 

disparity in access to health services479, therefore in Study IV both education and race were 

adjusted for in all analyses. Moreover, educational attainment was also considered during 

CS adjudication. Other indicators of SEP include income, occupation and health insurance 

cover. All participants in the Health ABC were recruited from Medicare lists within selected 

zip-codes and were eligible for ‘Medicare’ or free care in light of their age.480  
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Use of other indictors of SEP in TILDA had limitations. For example, missing data was high 

on questions relating to income477, perhaps due to the reluctance of the participants to 

disclose sensitive information. Moreover, other commonly used indicators of SEP – such as 

occupation – may be less easily applied within the Irish context, as the income and 

socioeconomic status associated with an occupation such as farming in Ireland will be 

dependent on the associated acreage and location.481 Childhood SEP may be an important 

indicator of childhood disadvantage and life course outcomes in Study IV, however once 

again fathers’ occupation poses a similar difficulty as ~25% of the TILDA sample reported 

that they were from a farming background.481 In the TILDA-based studies there may be 

residual confounding given that adjustment was made only for a single measure of SEP. 

Overall however, less advantaged participants were less likely to participate in the health 

assessment and the loss of less advantaged participants from analyses, among whom health 

status may also have been poorer, may have biased the associations reported herein towards 

the null.  

 

 Medications  

 

In the investigations presented in this thesis one of the most important potential confounding 

variables is medication use. Accordingly, medication use was adjusted for in all analyses. 

Ascertainment of medication use in TILDA participants was conducted during the CAPI 

interviews when participants were interviewed in their own homes and interviewers 

reviewed the packaging of all the medications which the participants reported they were 

taking on a regular basis.60 This allowed the interviewers to accurately record the medication 

names which were then assigned the appropriate WHO ATC codes. In TILDA however, 
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Richardson et al482 have validated the information collected during CAPI assessments 

against pharmacy records. The study concluded that there was ‘good’ or even ‘very good’ 

agreement for the majority of medication classes – including antidepressant medications and 

antihypertensives. Of particular importance to the conclusions of this thesis, neither sex, 

cognition nor affective symptoms affected agreement between the CAPI and pharmacy 

records.482 Notably however, only those participants who were in receipt of free medication 

via government insurance (‘a medical card’) were included in the validation study. Overall 

agreement between the self-reporting and pharmacy records in TILDA with respect to 

cardiovascular medications was similar to that reported in the Rotterdam study. This is 

important as one of the most comprehensive investigations into the association between 

orthostatic BP and CS was based in the Rotterdam cohort.288 Notably however, neither the 

duration of treatment, timing of administration, nor dosage were recorded. Similarly in 

Health ABC, participants were asked to bring medications taken in the past 2 weeks with 

them to their clinic assessment and these were recorded and coded according to the Iowa 

Drug Information System.483 To account for potential change in medication burden between 

waves, these were coded as time-varying variables to account for variation in treatment 

across waves in Study III. 

 

 Co-morbid disease 

 

The associations herein may also have been subject to confounding by co-morbid disease. 

While these were adjusted for in all analyses e.g. for hypertension and diabetes, the accuracy 

with which these were ascertained potentially differed between cohorts. In TILDA, all co-

morbidities were based on self-reported ‘doctor diagnosed disease’ i.e. participants were 
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asked to report diseases or disorders of which they had previously received a diagnosis from 

a doctor.60 In the Health ABC study, some co-morbid disorders were centrally adjudicated 

i.e. a self-reported diagnosis or hospitalisation for a disorder was confirmed by health 

records, discharge summaries and medications and agreed on by a centrally validated 

protocol.484 Due to the lack of medical record linkage this was not possible in the TILDA 

cohort. Despite differing levels of objective verification of reports of co-morbidity, similar 

findings were identified in both cohorts. 

 

 Analytic strategies 

 

The primary limitation to the investigations based in TILDA is the cross-sectional nature of 

the data, thus limiting interpretation of causality in associations. In Study III (Health ABC / 

Healthy Brain Project), causality cannot be inferred simply by the temporal ordering of the 

assessments i.e. that orthostatic BP was measured prior to CS and neuroimaging. Similarly, 

in Study IV this thesis applied a life course framework within a cross-sectional study; even 

here, temporal ordering (i.e. an event in youth cannot be caused by an event in later life) 

does not prove causality.  

 

Causal inference is however classically limited in epidemiological analyses, thus modern 

epidemiological techniques such as Mendelian Randomisation (MR) may prove useful in 

future analyses seeking to identify causality.442 MR is an instrumental variable approach 

based on genetic associations and as such has been referred to as ‘nature’s randomised 

controlled trials’.442 An instrumental variable is one related to the outcome only through the 

exposure. Increasingly, genetic associations are emerging for ANS: including VVS242, 
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orthostatic BP485 and HRV486; thus MR may be a method which could potentially be utilised 

in future studies investigating associations between BP instability and brain health.  

 

In Study I and III, conditional change in orthostatic BP was investigated i.e. change in 

orthostatic BP dependent on the baseline measure. Classically this may pose a statistical 

challenge whereby investigating absolute ‘change’ versus the relative change (i.e. taking 

into account the baseline measure) may result in varying associations (Lord’s paradox).487 It 

is of note however that in both Study I and III associations were in the same direction and 

of a similar magnitude (although statistical significance varied) when investigating absolute 

change or conditional change. In both studies, conditional change indices were reported in 

primary analyses given known associations between hypertension and the degree of BP 

change on standing.  

 

In Study I, the associations between orthostatic BP and SMI were investigated using separate 

linear regressions, although as noted in the investigation only overall patterns and consistent 

associations across time-points were interpreted. An analytic method such as multilevel 

modelling may have more appropriately accounted for the non-independent nature of the 

measures across time points.  
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8.3. Future Directions  

 

Clarifying the role of anti-hypertensives in determining associations between blood 

pressure instability and brain health in older adults 

 

 The Systolic Blood Pressure Intervention Trial  

Observational studies have consistently suggested that lower and decreasing BP in later life 

is associated with poor outcomes – including greater mortality.488 As reviewed, much of the 

work suggesting that BP instability in later life may be associated with poor brain health, in 

addition to the findings of this thesis, is observational.288 Such observational evidence is 

therefore challenged by the SPRINT Randomised Control Trial, published during the work 

of this thesis, which has demonstrated a positive effect of intensive BP lowering in older 

adults.489  

 

 What was the SPRINT trial? 

The US-based multi-centre randomised controlled trial investigated the impact of standard 

versus intensive treatment of SBP in 9261 participants at increased cardiovascular risk (i.e. 

≥15%  Framingham risk score) but free from diabetes with an SBP of >= 130mmHg.489 The 

primary outcome was a composite of fatal and non-fatal major cardiovascular events (i.e. 

myocardial infarction, acute coronary syndrome, stroke, heart failure, or death from 

cardiovascular causes). Exclusion criteria for entry onto the study included dementia, 

nursing home residents, eGFR <20ml/min, heart failure (ejection fraction <35%), a history 

of stroke, diabetes or ‘non-adherence’ risk. The intensive treatment target SBP was 
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120mmHg versus the standard treatment target of 140mmHg. The trial was stopped 

prematurely after a median of 3.26 years due to significant reductions in the primary outcome 

and the risk of all cause-mortality in those treated to the intensive SBP target relative to those 

treated to 140 mmHg.489 

 

 Older Adults and SPRINT 

Despite the exclusion criteria (which clearly meant that many patients within the day-to-day 

remit of a clinician working with older adults were not included) the SPRINT trial did 

include 2636 (28%) participants aged 75+.490  Efforts were also made by the investigators to 

establish baseline frailty status using the deficit accumulation model (Rockwood’s Frailty 

Index (FI)) and gait speed.489,491 Approximately one third of participants aged 75+ would 

have been considered ‘frail’ according to the FI or using a gait speed < 0.8 m/s. The benefits 

of treatment to <120mmHg extended to those in the older group – irrespective of frailty 

status.489,491 In the older group those treated to the intensive target had a 34% lower risk of 

the primary outcome (Number Needed To Treat (NNT)= 27) and a 33% lower risk (NNT=41) 

of all-cause mortality.490 

  

 Blood Pressure Instability in SPRINT 

Importantly however, among those aged 75+ rates of syncope and hypotension were more 

common in the intensive treatment group at rates of 3.0% and 2.4% respectively versus 2.4% 

and 1.4% in the standard target group; with similar rates described in the larger trial.490 There 

were no differences between groups in rates of injurious falls. At study entry orthostatic BP 

was measured using a seated-to-stand protocol with SBP measured upon standing at one 

minute; standing SBP  <110mmHg was an exclusion criteria – which notably included 9.4% 
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of those older adults screened for eligibility.400 Additionally, orthostatic BP was measured 

throughout trial follow-up (median of 3.4 years)  at visits 1, 6 and 12 months and thereafter 

at yearly intervals.489 Rates of OH were similar in both groups at study end in those aged 

75+, but overall were significantly lower in the intensively treated group.492  

 

 TILDA vs SPRINT 

A recent investigation compared the TILDA population with the SPRINT population in 

terms of adverse outcomes i.e. injurious falls and syncope.493  The authors identified 407 

participants in the TILDA cohort who at baseline assessment were >=75 years and would 

have met criteria for entry to the SPRINT trial.493 After a similar duration of follow-up to 

the SPRINT trial, during which the TILDA participants were undergoing standard 

community-based hypertension treatment, rates of injurious falls and syncope were ~5 times 

higher than those recorded in the SPRINT trial i.e. 111 (27.3%) reported an injurious fall 

and 54 (13.3%) reported syncope in TILDA; in SPRINT the respective numbers were 

73/1319 (5.5%) and 32/1319 (2.4%). The TILDA group suggests that these findings raise 

concerns with respect to intensive BP lowering among older adults – in particular with 

respect to the external validity of SPRINT and thus its application to a real world setting.493 

It is of note however that in TILDA these outcomes were self-reported, whereas in SPRINT 

injurious falls were recorded via ED attendance – suggesting that only the most serious 

events were captured in the SPRINT data.494  

 

 SPRINT & Cognition – ‘SPRINT MIND Sub-Study’ 

A planned sub-study of the SPRINT RCT is ongoing;  this  incorporates neuroimaging 

(including PET amyloid imaging) and detailed neuropsychological testing with the aim to 
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clarify the effect of systolic BP lowering on cognitive outcomes in older adults.52 In common 

with TILDA,  the MoCA was used to assess global cognitive function in SPRINT, and the 

median score among older adults was similar to the population mean for those aged 75+ in 

TILDA, with less than tertiary level education.495,496  

 

Prior work has suggested that the beneficial effects of antihypertensive treatment on 

cognitive function may be restricted to particular classes e.g. beta-blockers, calcium channel 

blockers and ACE-inhibitors.52 As the SPRINT study is open-label, it may be underpowered 

to adequately assess anti-hypertensive class effects on brain health. Measures of affective 

symptoms have been included in the SPRINT trial, however results with a focus on ‘quality 

of life’ measurement (which included a screener for affective symptoms) suggested no 

difference between groups.497 

 

As noted by Supiano495 and Lipsitz498, clinicians have historically been cautious with respect 

to lowering BP in the older adults with hypertension – in particular among frail older 

patients. Concerns have commonly included the risk of adverse consequences including OH 

and falls – potentially as a result of cerebral hypoperfusion.498 Indeed in the setting of OH, 

antihypertensive treatment may be withdrawn.492 Lipsitz has previously noted a small 

literature (now bolstered by the SPRINT trial) which suggests that treatment of hypertension 

may, perhaps counterintuitively, reduce OH and improve cerebral autoregulation and 

CBF.498 For example, in a 2005 clinical study Lipsitz and colleagues followed three groups 

of patients aged 65+ years: 19 patients were normotensive, 18 were patients with treated 

hypertension (SBP<140mmHg) and 14 were patients with poorly controlled BP (i.e. 

SBP>160 mmHg).499 At baseline, blood flow velocity in the middle cerebral artery and 
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distensibility of the carotid artery were measured; these measures were repeated after 6 

months of treatment to a BP target <140 mmHg in the uncontrolled group only – the other 

patients groups were observed. At repeat, in those now treated to <140mmHg, there were 

improvements in CBF and carotid artery distensibility – an effect not seen in the groups who 

were simply observed.499 These findings underscore the importance of future studies to 

better phenotype BP behaviour which may help clinicians understand how to better tailor 

antihypertensive treatment for older adults; thereby incorporating the heterogeneity of 

ageing into personalised treatment approaches. 

 

If BP instability is a consequence of hypertension, then treating hypertension may help to 

reduce its prevalence. For example, if BP is under central control, treating hypertension may 

limit further damage to central vascular control centres of the brain. Any beneficial effects 

of lower BP targets on BP instability may however depend on the degree of BP instability 

(e.g. asymptomatic OH vs recurrent syncope) which may in turn vary according to the 

cumulative duration of exposure to hypertension and co-morbidity. Despite standing 

hypotension representing an exclusion criteria at study entry, higher rates of syncope and 

hypotension were nevertheless seen in the intensive target group.489 It is possible that those 

who experienced increased syncope and hypotension may have had greater baseline 

impairments in BP homeostasis (potentially reflected in lower BRS) – thus more work is 

required to prospectively identify those patients in whom intensive BP treatment may also 

benefit BP instability. As reviewed in Chapter 1, mid-life hypertension is a risk marker for 

later-life brain health, thus treatment in mid-life (or earlier) with anti-hypertensives / lifestyle 

interventions may be required to prevent deleterious effects of prolonged exposure to 

hypertension.52 Managing mid-life hypertension, and life course vascular risk, may 

additionally reduce any late-life tendency towards BP instability.  
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Clarifying the role of Anti-depressant Medication in associations between Blood 

Pressure Instability and Brain Health in Older Adults 

 

Observational evidence has suggested that there are both benefits and potential risks for 

brain health associated with ADT in older adults.500 Further work is required to delineate the 

impact of ADT on cardio-vagal BRS/BP instability and on brain health in older adults, and 

whether effects differ by sex. Notably, the Sertraline Against Depression and Heart Disease 

(‘SADHART’) trial found that SSRI’s are safe and effective in the treatment of major 

depression in patients with coronary heart disease – there was no change in R-R variability 

on 24-hour recording.501 An analysis of the Three City Study suggested that the highest risk 

of mortality was among older depressed men on ADT, however the authors concluded that 

it was depression, rather than ADT, which was driving the association with mortality.502 

Such findings are therefore in line with the associations described between BRS, ADT and 

affective symptoms herein.  

 

Nonetheless, concern has been expressed regarding the increasing prescription of ADT 

among older adults – in particular for subthreshold affective symptoms.86 Therefore 

increasing the availability, and evidence base, for psychosocial interventions in older adults 

with subthreshold symptoms (importantly considering both depression and anxiety) may 

help to mitigate concerns regarding autonomic side effects of ADT. For example, the 

ENhancing Recovery in Coronary Heart Disease (ENRICHD) trial showed that cognitive-

behavioural therapy was effective for treating depression in patients with coronary heart 

disease – however similarly to the results seen with sertraline, there was no impact on 

cardiovascular morbidity or mortality.503  
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Overall, further work is required to clarify if autonomic dysfunction is associated with 

affective symptoms in older adults, and the direction of causality across the life course. 

Carney has suggested that there may be different sub-types of depression in which 

autonomic function / cardiovascular function is affected504 – this thesis further suggests that 

there may be differences according to sex in older adults. It is possible that effective 

treatment of affective symptoms – be that pharmacological or psychological - across the life 

course may be important in maintaining brain health into later life. 

 

Longitudinal follow-up and Neuroimaging in the TILDA sample 

 

Longitudinal follow-up of the TILDA cohort will help to clarify if the sex differences 

identified in associations between BP instability and brain health herein persist; notably 

these differences were seen only in Study I and II - both of which were cross-sectional. Sex-

differences were not seen in Study III and IV in which longitudinal / life-course perspectives 

were investigated. However, if these results were to be replicated it is possible that sex-

specific treatment approaches to maintain brain health into later life may be required. 

 

Since the completion and publication of the findings in Study III, increasing numbers of 

cohort studies have reported links between orthostatic BP and later dementia / cognitive 

imapriment.505–507 Although at the time of writing, the investigation herein remains the only 

population-based study to incorporate neuroimaging into the prospective investigation of 

associations between orthostatic BP and CS in older adults, and only one other study based 

in a middle aged sample has incorporated repeated measures of orthostatic BP.507 
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Longitudinal follow-up of the TILDA sample, which has since incorporated both structural 

and functional neuroimaging (including advanced measures of cortical microstructure and 

CBF) will help to clarify the role of BP instability in determining brain health in older adults. 

Future studies additionally incorporating amyloid imaging will also be useful in assessing 

the relationship between BP instability and amyloid neuropathology – although studies with 

repeat measures over time will be required to better understand any bidirectional 

associations.   

 

Study III is one of the first studies to apply insights from continuous measures of orthostatic 

BP to standard clinical assessment. At present, use of continuous orthostatic BP measures 

remains confined to research and specialist settings. To increase applicability of the findings 

herein, greater consensus is required with respect to the interpretation of continuous 

orthostatic BP measures – and how any prognostic insights may usefully be applied to 

traditional measures.  
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‘Big Data’ & ‘Disruptive technologies’ 

 

According to Rajtmajer, ‘The human brain has ~80 billion neurons each with between 100 

and 1000 synaptic connections, making the task of modelling brain functioning the ultimate 

big data problem’.475 Data science has been described, ‘as the extraction of knowledge from 

high-volume datasets by use of computing science and statistics’.508  

 

Continuous measurement of orthostatic BP generates large quantities of data – which in this 

thesis were summarised into 10-second bins in line with prior studies in TILDA.184  In future, 

studies which utilize the beat-to-beat nature of this data may help to better delineate and 

individualise associations with brain health outcomes. Investigators should seek to integrate 

‘multimodal’ MRI data (i.e. parameters from different imaging sequences) to assess 

associations between BP instability and brain health. Imaging may be more informative if 

investigated concurrently – so called ‘data fusion’.475 Techniques to synthesise the ‘big data’ 

available both in continuous autonomic measurements (orthostatic BP, BRS, HRV) and MRI 

neuroimaging in TILDA, in particular when incorporating repeat time points, may pose a 

computational challenge, yet provide opportunities to better understand the fine-grained, and 

potentially individual / sub-group-specific, associations between BP instability and brain 

health. 

 

This thesis has focused on BP instability as a marker of loss of adaptation to quotidian 

stressors e.g. standing; but also as a potential reflection of cortical adaptions to stress e.g. 

VVS secondary to trauma exposure potentially mediated by altered BRS. Such loss of 

adaptive variability is characteristic of impaired autonomic function148 – and perhaps 
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characterises ageing itself. Indeed according to Lopez-Otin509, ‘Aging is characterized by a 

progressive loss of physiological integrity, leading to impaired function and increased 

vulnerability to death.’ Interestingly, Gorelick221 has most recently described a state of 

optimal brain health as the ‘capacity to function adaptively in the environment’ with intact, 

measurable, ‘competencies across the domains of “thinking, moving, and feeling”’. 

Researchers should aim to capitalise on the detailed haemodynamic measures and brain 

imaging captured in cohorts such as TILDA, to intricately track how physiological systems 

change and interact, in ageing and across the life course. In a 1992 paper, Lipsitz510 described 

ageing as a ‘process of complexity loss’ across physiological systems and suggested that loss 

of complexity in haemodynamic indices is mirrored, for example, by changes in higher 

cortical function. Lipsitz further highlighted the potential of the application of advanced data 

analysis (e.g. chaos theory, fractal dynamics) to track physiological measures as they change 

with age. Over twenty five years later, increasing technological capability e.g. mobile 

physiological and behavioural data capture, multimodal MRI, machine learning techniques, 

may now allow us better harness this data to track changes in complexity at the individual 

level. Tracking trajectories of change may permit better understanding of how peripheral 

haemodynamics drive changes in central processes with age – or vice versa – and may allow 

identification of the earliest points of loss of adaptability allowing quantification of 

individual risk for poor outcomes, thus highlighting the very earliest points of potential 

intervention. 

  

Understanding how autonomic function underpins optimal cognitive and affective regulation 

in older adults, and indeed how this process tracks from earlier in life, may ultimately help 

to better identify the type and timing of appropriate intervention. Thus allowing older adults 
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to maintain better brain health, and thus, crucially, independence and better quality of life – 

for longer. 
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