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Summary 

Orthostatic hypertension is an emerging clinical entity characterised by an exaggerated increase 

in blood pressure upon standing. Although its recognition has grown in recent years, the 

historical heterogeneity in diagnostic definitions and methodologies has complicated 

comparisons across studies and delayed standardised clinical understanding. In response to these 

challenges, a recent consensus definition has been proposed, providing a unified framework for 

research and clinical practice.  

 

This thesis aims to investigate the prevalence and clinical associations of exaggerated orthostatic 

pressor response (EOPR) and orthostatic hypertension (OHT), as defined by the recent 

consensus criteria, in older adults. Furthermore, it explores the contribution of body composition 

parameters, to these blood pressure phenotypes. Given the physiological influence of body 

composition parameters understanding their potential role offers novel insights into the potential 

underlying mechanisms of OHT. 

 

Using data from two independent cohorts—the Technology Research for Independent Living 

(TRIL) Clinic and the FRAILMatics Clinical Study—this research determined the prevalence 

of EOPR and OHT, examined their associations with cardiovascular conditions and metabolic 

markers, and explored the relationships between body composition and orthostatic blood 

pressure changes. Orthostatic BP responses were assessed at multiple time stamps (including 

60-, 90-, 120- and 180-seconds post-stand), allowing for a more nuanced characterisation of 

haemodynamic patterns. 
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The prevalence of EOPR ranged from 7.0% to 24.3%, while that of OHT ranged from 7.0% to 

21.5% across both cohorts. Notably, EOPR and OHT were significantly associated with female 

sex (p = 0.031, OR = 3.36, 95% CI: 1.1–10.0), heart failure (p = 0.019, OR = 2.5, 95% CI: 1.1–

5.4), higher haemoglobin levels (p = 0.050, OR = 1.4, 95% CI: 1.0–2.0), and lower serum 

albumin, which appeared to have a protective effect (p = 0.041, OR = 0.85, 95% CI: 0.7–0.9). 

Variations in body composition also emerged as relevant factors, with associations observed for 

body mass index (BMI) (p = 0.033, OR = 1.0, 95% CI: 1.0–1.1), greater adiposity (p = 0.026, 

OR = 1.1, 95% CI: 1.0–1.3), and reduced muscle mass (p = 0.036, OR = 0.8, 95% CI: 0.7–0.9). 

These findings suggest that alterations in body composition may contribute to the 

pathophysiological mechanisms linking orthostatic blood pressure responses to increased 

cardiometabolic risk in older adults. 

 

By applying recent consensus definitions and evaluating body composition in this context, this 

study advances current understanding of OHT and its clinical significance, underscoring the 

need for further research to confirm causal pathways and develop targeted intervention 

strategies.  
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Orthostasis and blood pressure response 

Transitioning to an upright position demands rapid and coordinated physiological adjustments 

to counteract the effects of gravity and maintain adequate blood flow to vital organs (1). Gravity 

poses a significant challenge for the human body, since all intravascular pressures have a gravity 

dependent component. Consequently, it requires multiple control mechanisms to preserve 

optimal tissue perfusion when the magnitude or direction of the gravitational field changes 

relative to the body (2). This process, known as orthostasis, highlights the body's ability to 

maintain haemodynamic stability through intricate regulatory mechanisms.  

 

Upon standing, blood is redistributed due to a venous pooling that shifts away blood from the 

thorax to the highly compliant venous capacitance vessels located below the diaphragm. This 

redistribution creates a transient drop in blood pressure (BP) and in consequence the venous 

return and cardiac preload, leading to a transient decline in stroke volume and mean arterial 

blood pressure (3). The decrease in BP subsequently reduces both peripheral and cerebral 

perfusion pressures (4), that without a counter-regulatory response, a precipitous fall in BP 

would occur, and cerebral hypoperfusion and loss of consciousness would follow (5).  

 

The neuronal pathways of the autonomic nervous system (ANS) are the initial hemodynamic 

responses, this occurs trough the baroreceptors which are mechanosensitive afferent nerve 

endings that are interspersed in the arterial elastic layers (6). Baroreflexes are the principal 

counter regulators of short-term adjustments in systolic blood pressure (SBP), as their role is to 

“buffer” changes in BP by the level of sympathetic nervous system (SNS) outflow (7).   When 

standing, the transient drop in BP is sensed by the baroreceptors which detect mechanical 
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deformation of the vessel wall. This triggers a decrease in the activity of the parasympathetic 

nervous system (PNS) and an increase in the SNS outflow via the vagus nerve (6). 

 

Consequently, heart rate (HR) and cardiac contractility increase, as illustrated in Figure 1-1. 

Additionally, the heightened activity of the SNS promotes peripheral and splanchnic 

vasoconstriction (4, 8), ultimately enhancing cardiac output (CO) (9). Although, peripheral 

vasoconstriction may not significantly contribute BP recovery and maintenance, contractions of 

the lower limb muscles, denominated as skeletal muscle pump (SMP), appear to play a more 

prominent role by reducing venous pooling and actively pumping venous blood back to the heart 

(5). In health, the work in tandem of these systems restores BP within 30 seconds (10). 

 

 

Figure 1-1. Adaptative cardiovascular mechanisms upon standing. 
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While HR and vasoconstriction help to recover BP extremely fast, maintaining BP and ensuring 

long-term cardiovascular stability requires both short-term (vasoregulatory) and long-term 

(natriuretic and diuretic) mechanism to support cardiopulmonary homeostasis (7). Baroreflexes 

also contribute to these processes by activating neurohumoral pathways, such as the renin-

angiotensin-aldosterone system (RAAS) and vasopressin, which are essential for sustaining 

vascular tone and fluid balance, particularly during prolonged orthostasis (11, 12). Therefore, 

proper baroreceptor function is crucial for both immediate BP adjustments and long-term 

regulation.  

 

Phenotypes of blood pressure response 

The variability in BP upon standing gives rise to different phenotypes, which originate from 

inadequate coordination of ANS responses (13). These responses can manifest as an excessive 

drop on BP upon standing, as observed in orthostatic hypotension (OH), or conversely, as an 

exaggerated increase in BP, characteristic of orthostatic hypertension (OHT) (14, 15). Although 

OH was not formally defined until 1996—when a consensus statement was published by the 

American Autonomic Society and the American Academy of Neurology—it remains the most 

common and extensively studied disorder related to orthostasis (16).  

 

The prevalence of OH varies widely depending on the study setting and population 

characteristics, such as age and comorbidities. In community-dwelling older adults, prevalence 

estimates range from 5% to 30%, with higher rates observed with increasing age (17-20). This 

BP phenotype can be asymptomatic or present with symptoms of orthostatic intolerance, such 
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as light-headedness and pre-syncope. Its clinical significance lies in its strong association with 

both syncopal and non-syncopal falls (21, 22). The aetiology of OH can be divided in non-

neurogenic and neurogenic. Non-neurogenic causes of OH include hypovolaemia, medications, 

heart failure or valvular heart disease (23). In contrast, neurogenic OH results from damage 

caused to the central or peripheral baroreceptor and ANS pathways by either deposition of α-

synuclein in primary autonomic failure or small fibre peripheral neuropathies in secondary 

autonomic failure (5, 24).  

 

As mentioned before, the proper functioning of baroreceptors, plays a significant role in the 

maintaining BP and enabling a proper response to stand. However, impairment of the baroreflex 

system is not limited to neurodegenerative conditions (25).  Other chronic pathophysiological 

and structural changes tend to diminish the baroreceptor capacity, primarily at the level of 

mechanosensory transduction. This includes direct damage to mechanosensitive baroreceptors, 

a disruption of the coupling between vascular wall stretch and receptor activation, and increased 

vascular stiffness, which leads to reduced distensibility (6). The diminished baroreflex 

sensitivity results in  impaired autonomic regulation which favours an exaggerated sympathetic 

outflow (26). This heightened sympathetic activity has been associated to reduced cardiac 

performance and may be the aetiology of another BP phenotype: orthostatic hypertension (27, 

28). 
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Orthostatic hypertension 

OHT refers to an exaggerated increase in BP on standing. Although it has been infrequently 

reported in the literature (29), there is a growing recognition of its clinical significance (30). To 

understand the clinical relevance of OHT, it is necessary to examine how its definition has 

evolved over time.  

 

Historical definitions and diagnostic approaches 

Initially, an orthostatic increase of BP was described in 1922 by Schneider and Truesdell, whose 

study of apparently healthy aviators revealed that some individuals exhibited an average 

orthostatic increase in SBP by 2.3 mmHg with a maximal change reaching up to 40 mmHg (31). 

Subsequently, in 1940, the term of “orthostatic hypertension” was introduced by McCann and 

Romansky, who reported several cases of women with renal ptosis. They termed OHT as an 

increase in diastolic blood pressure (DBP) of 20 mmHg or more upon assuming an upright 

posture (32). 

 

Over time, numerous research groups have proposed a definition for OHT. None of them based 

on normative data or cardiovascular risk estimates (33). Some definitions have focused solely 

on SBP, considering an increase of  ≥10 or 20 mmHg as diagnostic (34). Others included the 

absolute difference in both SBP and DBP, with some proposing a threshold of ≥20 mmHg of 

SBP and ≥10 mmHg of DBP (35). Certain groups also have emphasised the transition from a 

normotensive supine BP to hypertensive levels (defined as ≥140/90 mmHg) upon standing as 
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indicative of OHT (36). Nevertheless, a standardised definition was not established until recent 

years, as discussed in subsequent sections 

 

In addition to the definition variability, different diagnostic protocols have been employed to 

diagnose OHT and studies vary in their use of SBP and/or DBP, diagnostic cut-offs, and timings 

of BP measurements. While some studies have utilised passive head-up tilt testing (37), others 

have relied on active stand tests, using either manual or beat-to-beat BP measurements (38). 

This distinction is important, as the active stand test has shown to produce a marked transient 

BP reduction during the initial phase, likely reflecting systemic vasodilatation mediated by 

cardiopulmonary baroreflex activation (39). As summarised in Table 1, previous studies have 

employed heterogeneous definitions, varied diagnostic thresholds, and different measurement 

protocols. These methodological inconsistencies complicate the comparability of findings and 

have delayed the development of standardised clinical guidelines. 
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Table 1. Previous studies investigating OHT 

Year Author Definition of OHT Method of 

detection 

Sample Design Observed clinical 

associations 

1998 Kario et. 

al.(34) 

SBP ≥10 mmHg in 

the average of 6-10 min 

after standing 

HUT test 

 

24-h ABPM 

Individuals with HTN 

aged 60 

Cross 

sectional 

• Nocturnal dipping 

2000 Alagiakrishnan 

et. al. (38) 

SBP or DBP ≥10 

mmHg at 3 min after 

standing 

Active stand 

test 

Individuals aged 65 Cohort • Hypertension  

• BMI 

2001 Yoshinari et. 

al. (36) 

Conversion in SBP to 

≥140 mmHg and DBP 

to ≥ 90 mmHg at 1 min 

after standing  

Active stand 

test 

Males with and 

without DM2 

 

 

Cross 

sectional 

• Diminished vibration 

sensation 

• Hypertriglyceridemia 

2002 Kario et. al. 

(37) 

SBP ≥20 mmHg in 

the average of 6-10 min 

after standing 

HUT 

 

MRI 

Individuals with HTN 

aged ≥60 

Cross 

sectional 

• Silent cerebrovascular 

disease 



25 

 

2004 Eguchi et. al. 

(40) 

SBP ≥10 mmHg in 

the average of 2-9 min 

after standing 

HUT  

ABPM 

MRI 

Individuals with and 

without HTN  

Cross 

sectional 

• Silent cerebral infarct 

• Higher BNP:ANP 

ratio 

2008 Hoshide et. al. 

(41) 

Change of SBP divided 

by deciles  

ABPM Individuals with HTN RCT • Higher BNP level 

• Higher urinary Alb:Cr 

ratio 

2010 Fan et. al.(42)  SBP ≥20 mmHg after 

3 min standing  

Active stand 

test 

Individuals with and 

without HTN aged 

≥45 

Cross 

sectional 

• PAD 

• Stroke 

2011 Yatsuya et. al. 

(43) 

SBP >20 mmHg 

categorized in 5 

categories by cutoff 

points 

Active stand 

test  

Individuals aged 45-

64 

Cohort  • Lacunar stroke 

2015  Veronese et. al. 

(44) 

SBP >20 mmHg after 

1 and 3 min standing 

Active stand 

test  

Individuals aged ≥65 Cohort 

 

• All-cause mortality 

• CVD mortality 
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2016 Agnoletti et. al. 

(45) 

SBP >20 mmHg after 

1 and 3 min standing 

Active stand 

test 

Individuals aged ≥80 

and living in a nursing 

home 

Cohort • CVD mortality  

• All-cause mortality 

2016 Bursztyn et. al. 

(46) 

SBP >20 mmHg after 

1 min standing 

Active stand 

test 

Individuals aged ≥85 

years  

Cohort • Higher BMI 

• Anaemia  

2016  Townsend et. 

al. (35) 

SBP ≥20 mmHg or 

DBP ≥10 mmHg after 

1 min standing 

 

Active stand 

test 

Individuals with HTN 

aged ≥50 

Cross 

sectional 

• High glucose 

• High weight  

• High sodium 

2017 Velilla-

Zancada et. al. 

(47) 

SBP ≥20 mmHg or 

DBP ≥10 mmHg at 1 

and/or 3 min after 

standing 

Active stand 

test 

Individuals aged ≥18  Cross 

sectional 

• All-cause mortality 

2018 Bhuachalla et. 

al.(48) 

SBP ≥20 mmHg or 

DBP ≥10 mmHg at 

Active stand 

test 

Individuals aged ≥50  Cohort • Age-related macular 

degeneration 
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time 30s – 110 s after 

standing 

2019  Kostis et. al. 

(49) 

SBP ≥15 mmHg after 

1min standing 

Active stand 

test 

Individuals with HTN 

aged ≥60 

RCT • All-cause mortality 

2021 Rouabhi et. al. 

(50) 

SBP >20 mmHg from 

seated to standing 

Active stand 

test 

Individuals aged 21 - 

74 years with mild to 

moderate CKD  

Cohort • Higher BMI 

• Higher risk of kidney 

outcomes or mortality 

2022  Palatini et. al. 

(51) 

Increments of SBP and 

DBP divided by deciles  

 

Active stand 

test 

ABPM 

 

Individuals with HTN 

aged ≥18 

Cohort  • Smoking 

• Higher Epi:Cr ratio 

• MACE 

• Renal events 

2022  Barzkar et. al. 

(52) 

SBP ≥20 mmHg or 

DBP ≥10 mmHg at 3 

min after standing 

Active stand 

test  

Individuals with 

history of TIA or 

minor stroke 

Retrospec

tive 

• Lower incidence of 

TIA 
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2022  Strumia et. al. 

(53) 

SBP ≥20 mmHg or 

DBP ≥10 mmHg at 3 

min after standing 

Active stand 

test 

Cognitive test 

Individuals aged ≥65 Cohort  • Cognition (MMSE 

0.52 points lower) 

2023 Palatini et. al. 

(54) 

SBP >20 mmHg when 

standing 

Active stand 

test 

ABPM 

Individuals with HTN 

aged ≥18 

Cohort • Lower supine SBP 

2024  Ma et. al. (55) Change of SBP divided 

in 5 categories  

Active stand 

test 

Individuals aged 45-

64 

Cohort • Dementia  

2024 Choi et. al. (56) SBP >20 mmHg 

within 3 min standing 

and upright SBP 

≥140mmHg 

Active stand 

test 

Individuals aged ≥65 

years with HTN 

RCT • Physical frailty 

• Cognitive impairment 

ABPM: ambulatory blood pressure monitor; Alb: Cr: Albumin: Creatinine ratio; BNP:ANP: B-type natriuretic peptide: Atrial natriuretic 

peptide ratio; BMI: body mass index; CKD: chronic kidney Disease; CVD: cardiovascular disease; DBP: diastolic blood pressure; DM2: 

type 2 diabetes mellitus; Epi:Cr: Epinephrine: Creatinine ratio; HTN: hypertension; HUT: Head-up tilting test; MACE: mayor adverse 

cardiovascular events; MMSE: Mini-Mental State Examination; MRI: magnetic resonance imaging; PAD: peripheral arterial disease; 

SBP: systolic blood pressure; TIA: transient ischemic attack. 
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Consensus definition of OHT 

In 2023, OHT was recognized in the European Society of Hypertension (ESH) guidelines as a 

"Specific Hypertension Phenotype," emphasizing the ongoing lack of a universally accepted 

definition (57). To address this gap, the American Autonomic Society and the Japanese Society 

of Hypertension jointly proposed a consensus definition in 2023, aiming at establishing a 

pragmatic framework suitable for use in research and epidemiological studies (58). This 

consensus recognized that the increase in BP upon standing can manifest with and without 

increasing the absolute BP value, therefore they introduced the term Exaggerated Orthostatic 

Pressor Response (EOPR) and established a diagnostic criteria for OHT that included the 

increase of the absolute BP value. 

 

This proposal was grounded by evidence from large population-bases studies, such as the 

Malmö Preventive Project, which included 33,346 individuals aged 45.7 ± 7.4 years, reported 

a mean increase in SBP upon standing of 1.2 mmHg with a standard deviation (SD) of 8.8 

mmHg. Similarly, the Malmö Offspring Study demonstrated that, among 4,019 individuals, 

SBP increased by 1.4 ± 8.6 mmHg after three min of standing  (59, 60). Based on these 

findings, a sustained SBP increase of at least 20 mmHg, corresponding to two standard 

deviations above the population mean, was proposed as diagnostic threshold for EOPR (58), 

recognising that this elevation can lead to either normal (normotensive) or high (hypertensive) 

BP levels while upright. The rationale for this threshold was to avoid excluding BP elevations 

that might have negative influences on the cardiovascular system, while remaining within the 

normotensive range (58).  Furthermore, the diagnostic threshold for OHT included individuals 
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who met this criterion and exhibited an absolute standing SBP reaching hypertensive levels of 

≥140 mmHg, (13, 58). 

 

Therefore, the consensus definition (58) was established as follows:  

•  An exaggerated orthostatic pressor response (EOPR) is a sustained increase in 

systolic blood pressure by at least 20mmHg when changing from the supine to the 

standing position regardless of absolute blood pressure while standing.  

 

• Orthostatic hypertension (OHT) is defined as an exaggerated orthostatic pressor 

response associated with a systolic blood pressure of at least 140 mmHg while standing.  

 

A notable distinguishing feature of the consensus definition was the exclusion of DBP 

measurements as diagnostic criteria. This decision was based on the observation that, under 

normal physiological conditions, DBP typically increases by approximately 10 mmHg upon 

standing due to early stabilisation mechanisms (9), thereby complicating the interpretation of 

DBP changes in the context of OHT (9, 58).  Furthermore, although the definition provides 

clear diagnostic cutoff values, it does not specify a timeframe for what constitutes a "sustained” 

increase, nor does it outline the criteria required to confirm the persistence of BP elevation. 

The timing of measurement remains a subject of ongoing debate. While some studies advocate 

for assessing blood pressure at 1- and 3-minutes post-standing, others recommend using the 

mean of measurements taken between 1 and 3 minutes (54). The authors of the consensus 

definition suggest measuring the standing BP at 1, 3, and 5 min after-standing, to confirm the 

sustained character of the orthostatic pressor response (58). 
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Epidemiology  

The epidemiology of OHT varies substantially based on diagnostic criteria and population 

characteristics, with a higher prevalence among females and older individuals (33). In using a 

definition based on an increase in SBP ≥20 mmHg and/or DBP ≥10 mmHg upon 1 min 

standing, such as the study by Townsend et al., which aimed to characterise patterns of 

orthostatic SBP changes among participants in the Systolic Blood Pressure Intervention Trial 

(SPRINT), a prevalence of OHT of 5% was reported (35). Other studies, which have adopted 

definitions more closely aligned with the proposed criteria for EOPR, have reported prevalence 

rate ranging from 5% to 30% (44-46). The differences on the studied population may partly 

explain this variation. For instance, the study by Agnoletti et. al., which reported a prevalence 

of 28%, focused on a very old, institutionalised cohort (45). In contrast, Bursztyn’s study, 

conducted among community-dwelling older adults, found a prevalence of only 5% (46). 

Variations in measurement protocols, including the timing of BP assessments and differences 

between methodologies, likely contribute to the substantial variability observed on prevalence 

estimates. This is particularly relevant given that the timing of BP measurement has been 

shown to influence diagnostic yield; for example, studies averaging BP values between one 

and three minutes of standing have reported much lower prevalence rates, as low as 0.6% (54).  
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Aetiology  

The aetiology of OHT is unclear; however, it is considered a manifestation of an overactivity 

of the SNS, accompanied by a reduced PNS activity (61, 62). Early hypothesis suggested that 

this overresponse resulted from an excessive pooling to compliant veins upon standing. This 

pooling was thought to reduce the venous return and decreased the cardiac volume, thereby 

triggering a compensatory sympathetic overactivity that caused vasoconstriction and a rise on 

BP (63). Notably, these early observations relied on diagnostic criteria solely focused on the 

increase of DBP, without accounting for SBP changes. 

 

Subsequent findings, particularly those by Lee et. al., challenged this theory. They 

demonstrated that individuals with OHT did not exhibit significant differences in CO and 

stroke volume, thereby refuting the idea that excessive pooling was the primary mechanism 

(64). Moreover, the immediate rise in BP suggests a primary increase in systemic vascular 

resistance rather a compensatory response to CO (65). Based on these findings, the authors 

hypothesized that vascular adrenergic hyperactivity was a more plausible explanation for the 

increase in total peripheral resistance (64). This hypothesis is further supported by studies 

demonstrating elevated levels of norepinephrine (NE) and vasopressin after standing in groups 

of individuals with OHT, compared to those with a normal orthostatic BP response (37).  

 

It has been proposed that cardiopulmonary and/or arterial baroreceptor reflex hyperreactivity, 

as well as α-adrenergic hyper-reactive vascular function, may be responsible to this 

sympathetic overactivity (48). However, these mechanisms may differ across age groups. In 
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younger individuals a baroreflex hypersensitivity with sympathetic overactivation is likely to 

be the predominant mechanism (66). In contrast, in older adults, increased in vascular 

resistance and central sympathetic activation, due to comorbidities and age-related changes in 

vascular function, may impair baroreceptor sensitivity, facilitating a sustained BP elevation 

upon standing (13, 67). In both cases, individuals with OHT appear to exhibit an exaggerated 

baroreceptor-mediated sympathetic response to the transient drop in BP that occurs with 

orthostasis, likely due to an impaired regulation of the baroreceptors, with elevated plasma 

catecholamine level (18, 64).  

 

Potential link between body composition and OHT 

OHT has been associated with multiple cardiovascular conditions and metabolic risk factors, 

including hypertension (38), obesity (50) and hypertriglyceridemia (36), as it will be discussed 

later in this chapter. Owing to the overlap in risk profiles, these associations suggest that the 

pathophysiology of OHT may be influenced by underlying systemic factors. They raise the 

possibility of a pathophysiological link between OHT and body composition. However, while 

these associations are biologically plausible, direct empirical evidence specifically linking 

body composition components to orthostatic hypertension remains limited. 

 

Body composition is known to be associated with several cardiovascular and metabolic 

conditions (68). Among its various components, fat mass and lean muscle mass have emerged 

as particularly significant determinants of cardiovascular health, primarily due to their 

substantial variability both between individuals and within individuals over time (69). 
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Historically, OHT has only been linked with elevated BMI (38, 46). However, BMI is a limited 

measure and fails to distinguish between fat and lean muscle mass (70). This limitation is 

particularly significant given the potentially physiological effects of these tissue compartments 

on orthostatic BP regulation. 

 

Theoretically, the action of fat mass increasing the activity of the SNS (71), reducing the vagal 

tone (72) and increasing the activity of the SNS and the RAAS (73), may contribute to an 

exaggerated hypertensive response upon standing. These variations can increase vascular 

resistance and cardiac output, thereby elevating and facilitating a sustained BP elevation with 

orthostasis. Muscle mass, on the other hand, plays an important role in maintaining vascular 

function through its association with arterial elasticity, a key factor facilitating a rapid detection 

of BP variability during postural changes (74). Furthermore, both fat and muscle compartments 

modulate baroreflex sensitivity, partly via their impact on arterial distensibility and stiffness  

(75, 76). Together, these components of body composition may contribute to the underlying 

pathophysiological mechanisms of OHT.  
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Clinical associations 

The clinical associations of OHT have been demonstrated across different populations, as 

illustrated in Table 1. A 2023 systematic review and meta-analysis (77), that included studies 

with orthostatic systolic and/or diastolic hypertension, found that systolic OHT was associated 

with a 21% greater risk of all-cause mortality (HR: 1.21, 1.05–1.40), a 39% increased risk of 

CVD mortality (HR: 1.39, 1.05–1.84), and near double odd of stroke/cerebrovascular disease 

(OR: 1.94, 1.52–2.48). Similarly, Kostis et. al (49). reported that OHT was associated with 

higher all-cause mortality at 4.5 (HR 1.87, 95% CI 1.30–2.69, p = 0.0007) and 17 years 

(HR1.40, 95% CI 1.17–1.68, p = 0.0003), in individuals aged ≥60 years at the Systolic 

Hypertension in the Elderly Program (SHEP). 

 

OHT is associated with cardiovascular comorbidities, including hypertension (38) and 

peripheral arterial disease (42). In a study including individuals with and without hypertension, 

Eguchi et. al. (40), demonstrated that OHT, defined as an increase in SBP of ≥10 mmHg, was 

associated with greater cardiac burden as measured by the BNP/ANP ratio (5.1±3.9 vs. 2.4±1.5, 

p＜0.01) and higher number of silent cerebral infracts. Complementing these findings, Kario 

et. al. (34) observed that OHT was associated abnormal BP variations, particularly extreme 

nocturnal dipping in individuals with hypertension aged ≥60 years. The clinical significance 

of OHT extends to younger demographics as well; data from the Coronary Artery Risk 

Development in Young Adults study demonstrated that normotensive adults with an increase 

in BP upon standing showed an increased incidence of arterial hypertension during the follow-

up period (66).  
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Notably, OHT also demonstrate significant correlations with metabolic risk factors, such as 

higher BMI (35) and elevated blood glucose levels (46). In a study with individuals with type 

2 diabetes mellitus, Yoshinari et. al. (36) found that OHT, defined as an increase in SBP/DBP 

over ≥140/≥90 mmHg, was associated with vibration sensation and hypertriglyceridemia. 

Additionally, results from SPRINT study, identified other metabolic risk factors associated 

with OHT such as higher BMI, higher blood levels of glucose and sodium, in individuals with 

hypertension aged ≥50 years (35).  

 

MD hypothesis and aims  

Overall, OHT has been investigated across a range of studies. However, the existing literature 

is marked by considerable heterogeneity in terms of study populations, methodologies, 

research objectives, and the underlying mechanisms explored. As mentioned before, the lack 

of a unified definition has further complicated comparisons between studies and limited the 

generalisability of findings. The recent development of a consensus definition (58) represents 

a crucial step toward the understanding of the condition and ensuring more consistent research 

and clinical practice. Nevertheless, relatively few studies to date have adopted this definition. 

Moreover, the potential pathophysiological relationship between OHT and body composition 

has been hinted at but remains unconfirmed. These gaps highlight the need for studies applying 

the consensus definitions to investigate the clinical and metabolic correlates of OHT more 

precisely. 
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This study is motivated by the high prevalence of OHT in the older population alongside 

persistent gaps in understanding its clinical associations and underlying physiological 

mechanisms.  

 

Hypothesis 

My hypothesis is that an EOPR and OHT, as defined by recent consensus criteria, are 

associated with a higher prevalence of cardiovascular conditions and metabolic risk factors in 

older adults. According to these criteria (58), EOPR is characterised by a ≥20 mmHg increase 

in SBP, with OHT additionally requiring an absolute SBP ≥140 mmHg upon standing. 

Furthermore, these associations are hypothesised to be mediated, at least in part, by individual 

differences in body composition, reflecting the influence of adipose and muscle mass on 

autonomic function and blood pressure regulation 

 

Research question 

In line with this hypothesis, the following research question was formulated: 

What are the associations between orthostatic hypertension (OHT) and cardiovascular and 

metabolic conditions in older adults, and how does body composition contribute to these 

associations? 
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This hypothesis was tested on data from the Technology Research for Independent Living 

(TRIL) Clinic and the FRAILMatics Clinical Cohort. Both studies collected information on 

community-dwelling older adults and including active stand tests and relevant clinical 

variables. Both were convenience samples, and whilst TRIL was one more representative of 

healthy volunteers, FRAILMatics was composed by attendees of a hospital-based falls clinic. 

The inclusion of two distinct cohorts allows for the examination of findings across populations 

with different health profiles, enhancing the generalisability of the results. The description of 

the populations utilized in this research will be fully detailed in the methods section, together 

with the design rationale for each aim. To address the research question, the study was 

structured around the following specific aims: 

 

1. Determine the prevalence of EOPR and OHT, in two independent populations using 

the most recent consensus definition.  

2. Examine the association between EOPR and OHT and cardiovascular and metabolic 

conditions.  

3. Explore the relationship between body composition parameters and the presence of 

EOPR and OHT, and investigate their potential contribution to the underlying 

pathophysiology  
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Chapter 2: Research Settings and Study Populations  

This project encompassed two cross-sectional studies, each utilizing secondary data analysis 

to explore key physiological patterns with the current definition of EOPR and OHT in two 

different convenience samples.  The first study employed historic data from the Technology 

Research for Independent Living (TRIL) study. The second study analysed a contemporary 

dataset from the FRAILMatics clinical sample, providing a more current perspective. I 

personally carried out all statistical analyses, ensuring a rigorous and comprehensive 

approach to data interpretation. 

 

Technology Research for Independent Living (TRIL) 

The Technology Research for Independent Living (TRIL) was a clinical research platform 

designed to test and guide the development of new technologies aimed at maintaining and 

enhancing the independent living of older adults. TRIL was established in 2007 as a partnership 

between the TRIL Centre and the Mercer’s Institute for Successful Ageing at St James’s 

Hospital, Dublin, and funded by Intel Corporation.  As well as aiming to guide the growth of 

new technologies, TRIL also offered a free outpatient clinical service to community-dwelling 

odder adults aged 60 and over, providing a comprehensive geriatric assessment (CGA) (78) 

with the goal of creating an efficient, patient-centred service that provided a detailed one-stop 

multidisciplinary assessment in multiple domains, this through the use of both existing an 

experimental technologies. 
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Participant selection 

The recruitment of this study occurred trough the referrals from health professionals that 

considered individuals “at risk” and with the need of a CGA, and self-referrals from persons 

who learned about the clinic through leaflets, the TRIL website, or media articles. The 

inclusion criteria were as follows: 

▪ Aged 60 and over 

▪ Not medically unwell 

▪ Able to walk independently (including with a stick or frame) 

▪ Able to provide informed consent for research  

 

Data Collection  

The data from TRIL participants was collected between August 2007 and May 2009. Each 

evaluation included data collection across the following sections: 

▪ Medical assessments 

▪ Active stand test  

 

The medical assessment included an evaluation of anthropometric data, questionnaire of past 

medical history and use of medications, physical exam, electrocardiogram and blood test.  
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For the active stand test, individuals underwent a lying-to-standing orthostatic test with non-

invasive beat-to-beat blood pressure monitoring by the Finometer Pro device (Finapres 

Medical Systems BV, Amsterdam, The Netherlands), de detailed description of its calibration 

and use is described in detail by Romero-Ortuno et. al.(20). The standing process was aimed 

to be completed within three seconds, and after standing the BP was monitored for three 

minutes with subjects standing motionless and the monitored arm resting extended by the side 

(79). Immediately after the test, subjects were asked to report whether they had felt dizziness, 

faintness or light-headedness.  

 

Measurements  

During the TRIL the following individual measurements were considered for analysis.  

 

Anthropometric data  

This included measurements of height, weight, and body mass index (BMI), which provide an 

overall assessment of body composition.  

 

Questionnaire on past medical history  

A structured questionnaire was used to collect participants medical histories, including 

diagnosis of hypertension (history of high BP diagnosed by a physician), heart failure (previous 

medical diagnosis of heart failure), ischemic heart conditions (history of coronary artery 

disease, myocardial infarction, or angina), atrial fibrillation (history of diagnosis or 
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electrocardiographic evidence of atrial fibrillation), and stroke (history of cerebrovascular 

events, including ischemic or haemorrhagic stroke). 

 

Medication use  

Participants provided information on current medication use, including both prescription and 

over-the-counter drugs. Particular attention was given to medications with potential impact 

over cardiovascular function during orthostasis, such as beta-blockers, diuretics, alpha 

blockers and the regular use of nitrates.  

 

Blood tests  

Venous blood samples were obtained for the analysis of haemoglobin, albumin, B-type 

natriuretic peptide (BNP), and osmolality. 

 

Characteristics of the TRIL sample  

Between August 2007 and May 2009, a total of 624 community-dwelling older adults aged 60 

years and over were recruited from two primary sources: self-referrals (n = 417, 67%) and 

health professional referrals (n = 207, 33%). Participants referred by health professionals were 

drawn from a range of allied health services, including the emergency department, the Falls 

and Blackout Unit at St. James’s Hospital, general practitioners, and other clinical settings. 

Notably, the health profiles of these two groups differed, with self-referred participants 

exhibiting clinical characteristics consistent with the healthy volunteer effect.  
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Of the 624 subjects recruited, 16 were unable to complete the active stand test, 10 had an active 

stand data that could not be saved, and 11 had missing data, resulting in a sample of 587 

participants available for analysis. To maximize the reliability of self-reported parameters, 

participants who scored below 23 on the Mini-Mental State Examination (MMSE) were 

excluded, as this threshold has been shown to be optimal for dementia screening in Irish 

community settings (80). Additionally, to reduce confounding conditions with overlapping 

physiological profiles, participants with diabetes, Parkinson’s disease, severe chronic kidney 

disease, pacemakers, or deficiencies in vitamin B12 and folate were also excluded. These 

exclusion criteria resulted in the removal of 112 participants, yielding a final analytical sample 

of 442 individuals. This has been described by Romero-Ortuno (20) and is represented in 

Figure 2-1. 

 

Figure 2-1. Flowchart of participants on TRIL study. 
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Ethical approval  

This study received ethical approval from the St. James’s Hospital and Adelaide and Meath 

hospital inc. National Children’s Hospital (SJH/AMNCH) Research Ethics Committee 

(approval reference number: 2007/06/13). It complied with the Declaration of Helsinki, and all 

participants provided written informed consent. 

 

FRAILMatics clinical sample  

The FRAILMatics clinical sample is a study designed to research and develop advanced frailty 

identification tools that automatically detect subtle, dysregulated responses to stressors across 

physiological systems, without requiring expert interpretation. FRAILMatics is a Science 

Foundation Ireland-funded research programme (18/FRL/6188). The FRAILMatics Clinical 

sample was established in 2019 at the outpatient Falls and Syncope Unit (FASU) at the 

Mercer’s Institute for Successful Ageing in St James’s Hospital, Dublin. The FASU is a 

specialized outpatient clinic that employs non-invasive neuro-cardiovascular technologies to 

offer expert evaluations for adult patients referred for dizziness, pre-syncope, syncope, or fall 

(81). 
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Participant selection 

The recruitment of this study occurred prospectively with the recruitment of one physician (5) 

in FASU clinic on average 2 mornings per week. 

The inclusion criteria were as follows: 

▪ Aged 50 and over 

▪ Able to mobilise independently (including with a stick or frame) 

▪ Able to provide informed consent for research  

▪ Able to transfer independently or with minimal assistance 

 

The exclusion criteria were the following:  

▪ History of confirmed or presumed neurogenic OH 

▪ Contraindication to bioelectrical impedance analysis (BIA) 

 

Data Collection 

The data of participants in FRAILMatics was collected between November 2021 and March 

2022. Each evaluation included data collection across the following sections: 

▪ Medical history 

▪ Active stand test  

▪ Hand grip strength (HGS) 

▪ Bioelectrical impedance analysis (BIA)  
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The medical assessment included an evaluation of past medical history and use of medications, 

through self-report, electronic health record review and General Practitioner correspondence. 

For the active stand test, individuals underwent a lying-to-standing orthostatic test with non-

invasive beat-to-beat blood pressure monitoring by the Finometer Pro device (Finapres 

Medical Systems BV, Amsterdam, The Netherlands). The standing process was aimed to be 

completed within three seconds, and after standing the BP was monitored for three minutes 

with subjects standing motionless and the monitored arm resting extended by the side  

 

HGS was assessed using a Jamar Hydraulic Hand Dynamometer (Performance Health, 

Wisconsin, USA). The highest value from two consecutive seated measurements taken on the 

left and right hands was used. Values were rounded to the nearest 2 kg, in accordance with the 

device's precision.  The anthropometric data was measured with a Seca 222 Stadiometer (Seca 

Ltd, Birmingham, UK) to the nearest 0.01m, and the bioelectrical impedance analysis was 

performed with the TANITA® DC-430 MAP Body Composition Analyzer (Tanita Europe, 

Amsterdam, The Netherlands). Participants stood barefoot on the scale, which measured 

weight to the nearest 0.01 kg.  
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Measurements 

During the FRAILMatics study the following individual measurements were considered for 

analysis.  

Anthropometric data  

This included measurements of height, weight, body mass index (BMI), and the BIA was 

conducted to assess body composition, including fat mass, muscle mass, and percentage of 

total body water.  

 

Questionnaire on past medical history  

A structured questionnaire was used to collect participants medical histories, including 

diagnosis of hypertension (history of high BP diagnosed by a physician), heart failure (previous 

medical diagnosis of heart failure), and ischemic heart conditions (history of coronary artery 

disease, myocardial infarction, or angina).  

 

Medication use  

Participants provided information on current medication use, including both prescription and 

over-the-counter drugs. Particular attention was given to medications with potential impact 

over cardiovascular function during orthostasis, such as beta-blockers, and diuretics.  
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Characteristics of the FRAILMatics sample 

Between November 2021 and March 2022, a total of 123 community-dwelling adults aged 50 

years and over were recruited at the Falls and Syncope Unit at St. James’s Hospital, creating a 

profile of participants that were already seeking medical attention. Of these, five had a 

contraindication to or declined BIA, seven had probable or confirmed neurogenic OH, and in 

two there was no active stand test, or the active stand signal was of poor quality. Thus, the 

included sample size was 109 participants. This has been described by Duggan (5) and is 

outlined in Figure 3.  

 

Figure 2- 2. Flowchart of participants on FRAILMatics study 
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BIA contraindicated or declined 
(N=5) 
Neurogenic OH (N=7) 

Poor quality signals or no active 
stand test (N=4) 
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Ethical approval  

This study received ethical approval as an amendment to the original FRAILMatics study from 

the Tallaght University Hospital/St. James’s Hospital Joint Research Ethics Committee 

(Project ID: 0221; approved on 2 August 2022). It complied with the Declaration of Helsinki, 

and all participants provided written informed consent. 

 

Orthostatic Hypertension  

The proposed definitions by the American Autonomic Society and the Japanese Society of 

Hypertension in 2023 (58), were used to diagnose OHT. This definition was chosen because it 

is the only widely recognized consensus definition of OHT currently available. As previously 

described, the proposed criteria are based on the change (Δ) in SBP, calculated between 

baseline SBP the average of measurements obtained prior to standing) and the zenith (highest 

SBP point reached within 60, 90 and 120 seconds following active stand), as well as the time 

elapsed since standing. In the TRIL study the time recorded was of 120 seconds and in the 

FRAILMatics study was of 180 seconds.  

 

The consensus definition of OHT and EOPR do not specify a precise timeframe for the concept 

of "sustained" elevation. Therefore, for the goals of this study, the term “sustained” was 

established as an increment of SBP lasting for more than 30 seconds after standing. EOPR was 

defined as a sustained increase in SBP of at least 20 mmHg upon standing, irrespective of the 

absolute standing SBP. OHT was defined as the combination of a sustained EOPR and an 

absolute standing SBP of ≥140 mmHg. 
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Statistical Analysis 

All statistical analyses were conducted using IBM SPSS Statistics for Windows (Version 26.0, 

Armonk, NY: IBM Corp.). Statistical significance was defined as P < 0.05 throughout. 

 

For the demographic characteristics of both cohorts, continuous variables with a normal 

distribution were summarised using the mean and standard deviation (SD), while non-normally 

distributed continuous variables were described using the median and interquartile range. 

Categorical variables were presented as counts (n) and percentages (%). Depending on variable 

type, the chi-square test was used for categorical variables, and the Student’s t-test was used 

for continuous variables. 

 

Changes in SBP, stratified by orthostatic response status, were represented graphically from 

the point of standing up to 120 or 180 seconds, depending on data availability for each cohort. 

Mean SBP changes and standard errors of the mean (SEM) were plotted for the EOPR and 

OHT groups at each recorded time point. 

 

Logistic regression models were employed to assess the predictive value of relevant covariates 

on the presence of EOPR and OHT across different time points. Statistical significance was 

determined using 95% confidence intervals (CI) and a P-value < 0.05. Multicollinearity among 

independent variables was assessed through correlation analysis; variables demonstrating 

strong correlations (defined as r > 0.6) were excluded from the regression models. 
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Chapter 3: Results 
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Technology Research for Independent Living (TRIL) 

Introduction 

This study explores the factors associated with OHT, using the currently established consensus 

definition proposed by the American Autonomic Society and the Japanese Society of 

Hypertension (58).  Prior studies utilising alternative definitions of OHT have reported 

associations with elevated body mass index (BMI) (38), cardiovascular conditions(42) and 

other metabolic disorders (36), suggesting a potential link between OHT and cardiometabolic 

risk factors. However, these studies lack a unified definition of OHT, and considerable 

variability exists in the methodologies used for blood pressure assessment, thereby limiting the 

comparability and generalisability of their findings.  

 

Considering these methodological inconsistencies, the present study aims to examine EOPR 

and OHT, along with their clinical and biochemical correlates, using data from the TRIL study. 

This dataset provides high-resolution measurements through continuous beat-to-beat BP 

monitoring during an active stand test, complemented by a detailed medical evaluation. 
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Demographics 

A total of 624 community-dwelling older adults aged 60 years and over were registered to be 

part of the TRIL Clinic. Of those, participants with missing or poor quality data on the active 

stand test and with conditions that could diminish the reliability of self-reported symptoms 

(82) or increase the presence of autonomic disorders were excluded. The final analytical 

sample was 442 and the reasons and number of participants excluded has been described in the 

methodology section and by Romero-Ortuno (20). 

 

The baseline characteristics of this study have been described in Table 2. The mean age of the 

sample was 72.1 years (SD = 7.1), 71.7% (n= 317) were female and the mean BMI was of 26.6 

(SD 4.5). The prevalence of hypertension was 42.3% (n= 187), heart failure 28.7% (n= 127), 

ischemic heart conditions 14.7% (n= 65), 4.1% (n=18) had atrial fibrillation, and 3.2% (n = 

14) had history of stroke. In relation to the use of drugs with cardiovascular effects 19.5% 

(n=86) of participants reported regular use of beta blockers, 19.2% (n= 85) used diuretics, 3.2% 

(n= 14) used alpha blockers, and 2.7% (n= 12) reported regular use of nitrates. Among the 

blood test, the mean haemoglobin was 13.5 g/dL (SD 1.3), albumin 41.7 g/dL (SD 2.9), B-type 

natriuretic peptide 263.2 pg/mL (SD 475.3) and osmolality of 295.5 mOsm/Kg (SD 6.5).  
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Table 2. Baseline characteristics of the TRIL study 

 

BMI: Body mass index; BNP: B-type natriuretic peptide; SD: Standard deviation; TRIL: 

Technology Research for Independent Living.  

  

Characteristics Values 

Age, years (mean SD) 72.1 (7.1) 

Female (n %) 317 (71.7) 

BMI (mean SD) 26.6 (4.5) 

Hypertension (n %) 187 (42.3) 

Heart failure (n %) 127 (28.7) 

Ischemic heart conditions (n %) 65 (14.7) 

Atrial fibrillation (n %) 18 (4.1) 

Stroke (n %) 14 (3.2) 

Haemoglobin (mean SD) 13.5 (1.3) 

Albumin (mean SD) 41.7 (2.9) 

BNP (mean SD) 263.2 (475.3) 

Osmolality (mean SD) 295.5 (6.5) 

Beta blockers (n %) 86 (19.5) 

Diuretics (n %) 85 (19.2) 

Alpha blockers (n %) 14 (3.2) 

Nitrate (n %) 12 (2.7) 
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Bivariate visualisation  

To examine the unadjusted differences in the BP response upon standing and to visualize the 

sustained increase lasting more than 30 seconds, graphical representations of the BP changes 

were created.  Figure 3-1 displays the unadjusted mean change in SBP, along with 95% 

confidence intervals, for participants who met the criteria for EOPR at 60 and 90 seconds, 

respectively. Figure 3-2 illustrate the corresponding data for those meeting the criteria at 120 

seconds. While the same representation corresponding unadjusted mean changes in SBP for 

individuals meeting the criteria for OHT at the same time points, is shown in the Figures 3-3 

and 3-4. Visual inspection of the graphs indicates a lack of overlap in the 95% confidence 

intervals, suggesting a significant difference between individuals classified as having EOPR 

or OHT at each time point. Moreover, the sustained increase in blood pressure beyond 30 

seconds is clearly evident in both groups. 
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Figure 3-1. Mean change in SBP after standing grouped by EOPR cut-off at 60 and 90 seconds 

in the TRIL study. 
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 Figure 3-2. Mean change in SBP after standing grouped by EOPR cut-off at 120 seconds in 

the TRIL study. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-3. Mean change in SBP after standing grouped by OHT cut-off at 60 seconds in the 

TRIL study. 
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Figure 3- 4. Mean change in SBP after standing grouped by the criteria for OHT at 90 and 120 

seconds in the TRIL study. 
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Demographics by orthostatic response status 

The sample was stratified according to the presence or absence of exaggerated orthostatic 

pressor response (EOPR) at 60-, 90-, and 120-seconds post-standing. Characteristics of the 

study participants across these time points are presented in Tables 3-1 to 3-3. Differences 

between groups were assessed using independent t-tests for continuous variables and chi-

squared tests for categorical variables. The prevalence of EOPR varied by the timing of 

measurement, with the lowest proportion observed at 60 seconds (7.2%) and the highest at 90 

seconds (10.4%). A high proportion of females was observed across all time points, particularly 

at 90 seconds, where 82.6% of those with EOPR were women.  

 

At 60 seconds, no statistically significant differences were observed between groups in terms 

of demographic, clinical, or biochemical variables. However, at 90 seconds, heart failure was 

significantly more prevalent in participants with EOPR compared to those with a normal 

response (41.3% vs. 27.3%, p < 0.05). This association was not sustained at 120 seconds. 

Nevertheless, at the 120-second time point, participants with EOPR were significantly older 

(mean 74.5 vs. 71.7 years, p < 0.05), though no other comorbidities reached statistical 

significance. 

 

Regarding laboratory markers, serum albumin levels were consistently lower in the EOPR 

group at both 90 seconds (p = 0.016) and 120 seconds (p = 0.023). In addition, BNP levels 

were significantly higher in individuals with EOPR at 90 seconds (mean 390.4 vs. 250.6 

pg/mL, p = 0.007) and at 120 seconds (345.0 vs. 256.4 pg/mL, p = 0.043). 
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Table 3-1. Clinical characteristics of participants with and without EOPR at 60 seconds in the 

TRIL study. 

EOPR at 60 seconds in the TRIL study 

 No EOPR EOPR P 

N (n %) 410 (92.8) 32 (7.2)  

Age, years (mean 

SD) 
72.0 (7.1) 72.3 (7.6) 0.994 

Female (n %) 294 (71.7) 23 (71.9) 0.984 

BMI (mean SD) 26.4 (4.2) 28.2 (7.6) 0.597 

Hypertension 

(n %) 
173 (42.2) 14 (43.8) 0.864 

Heart failure 

(n %) 
114 (27.8) 13 (40.6) 0.123 

Ischemic heart 

conditions (n %) 
60 (14.6) 5 (15.6) 0.879 

Atrial fibrillation 

(n %) 
16 (3.9) 2 (6.3) 0.520 

Stroke (n %) 13 (3.2) 1 (3.1) 0.989 

Haemoglobin 

(mean SD) 
13.5 (1.3) 13.6 (0.82) 0.713 

Albumin  

(mean SD) 
41.8 (2.9) 41.1 (2.8) 0.176 

BNP (mean SD) 253.2 (480.1) 424.4 (513.3) 0.077 

Osmolality  

(mean SD) 
295.5 (6.4) 295.4 (7.3) 0.931 

Beta blockers (n %) 76 (18.5) 10 (31.3) 0.080 

Diuretics (n %) 76 (18.5) 9 (28.1) 0.185 

Alpha blockers  

(n %) 
13 (3.2) 1 (3.1) 0.989 

Nitrates (n %) 12 (2.9) 0 (0.0) 0.327 

*Statistically significant difference (P < 0.05); EOPR: Exaggerated orthostatic pressor 

response; BMI: Body mass index; BNP: B-type natriuretic peptide; SD: Standard deviation; 

TRIL: Technology Research for Independent Living.  
 



61 

 

Table 3-2. Clinical characteristics of participants with and without EOPR at 90 seconds in the 

TRIL study. 

EOPR at 90 seconds in the TRIL study 

 No EOPR EOPR P 

N (n %) 396 (89.6) 46 (10.4)  

Age, years (mean 

SD) 
71.7 (7.1) 74.2 (7.4) 0.078 

Female (n %) 279 (70.5) 38 (82.6) 0.083 

BMI (mean SD) 26.4 (4.3) 27.8 (6.2) 0.299 

Hypertension 

(n %) 
166 (41.9) 21 (45.7) 0.628 

Heart failure 

(n %) 
108 (27.3) 19 (41.3) 0.047* 

Ischemic heart 

conditions (n %) 
57 (14.4) 8 (17.4) 0.587 

Atrial fibrillation 

(n %) 
15 (3.8) 3 (6.5) 0.377 

Stroke (n %) 13 (3.3) 1 (2.2) 0.684 

Haemoglobin 

(mean SD) 
13.5 (1.2) 13.5 (1.1) 0.741 

Albumin  

(mean SD) 
41.9 (2.9) 40.7 (3.0) 0.016* 

BNP (mean SD) 250.6 (485.0) 390.4 (456.3)  0.007* 

Osmolality  

(mean SD) 
295.5 (6.4) 296.1 (6.9) 0.480 

Beta blockers (n %) 73 (18.4) 13 (28.3) 0.111 

Diuretics (n %) 73 (18.4) 12 (26.1) 0.213 

Alpha blocker  

(n %) 
13 (3.3) 1 (2.2) 0.684 

Nitrate (n %) 11 (2.8) 1 (2.2) 0.811 

*Statistically significant difference (P < 0.05); EOPR: Exaggerated orthostatic pressor 

response; BMI: Body mass index; BNP: B-type natriuretic peptide; SD: Standard deviation; 

TRIL: Technology Research for Independent Living. 
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Table 3-3. Clinical characteristics of participants with and without EOPR at 120 seconds in 

the TRIL study 

EOPR at 120 seconds in the TRIL study 

 No EOPR EOPR P 

N (n %) 404 (91.4) 38 (8.6)  

Age, years (mean 

SD) 
71.7 (7.1) 74.5 (7.1) 0.012* 

Female (n %) 287 (71.0) 30 (78.9) 0.301 

BMI (mean SD) 26.4 (4.3) 27.9 (6.3) 0.315 

Hypertension 

(n %) 
168 (41.6) 19 (50.0) 0.315 

Heart failure 

(n %) 
112 (27.7) 15 (39.5) 0.126 

Ischemic heart 

conditions (n %) 
58 (14.4) 7 (18.4) 0.499 

Atrial fibrillation 

(n %) 
16 (4.0) 2 (5.3) 0.700 

Stroke (n %) 13 (3.2) 1 (2.6) 0.844 

Haemoglobin 

(mean SD) 
13.5 (1.2) 13.4 (1.0) 0.462 

Albumin  

(mean SD) 
41.9 (2.9) 40.7 (2.6) 0.023* 

BNP (mean SD) 256.4 (485.4) 345.0 (458.2) 0.043* 

Osmolality  

(mean SD) 
295.6 (6.3) 294.5 (7.6) 0.568 

Beta blockers (n %) 75 (18.6) 11 (28.9) 0.122 

Diuretics (n %) 73 (18.1) 12 (31.6) 0.043* 

Alpha blocker  

(n %) 
13 (3.2) 1 (2.6) 0.844 

Nitrate (n %) 11 (2.7) 1 (2.6) 0.974 

*Statistically significant difference (P < 0.05); EOPR: Exaggerated orthostatic pressor 

response; BMI: Body mass index; BNP: B-type natriuretic peptide; SD: Standard deviation; 

TRIL: Technology Research for Independent Living. 
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Those meeting the criteria for OHT followed a similar trend to the EOPR group, with the 

lowest prevalence observed at 60 seconds (7.0%) and the highest at 90 seconds (10.2%). 

Characteristics of the study sample, stratified by OHT status, are presented in Tables 3-4, 3-5, 

and 3-6, corresponding to the 60-, 90-, and 120-second time points, respectively.  

 

At 90 seconds, heart failure was significantly more prevalent among participants with OHT 

(42.2%) compared to those with a normal response (27.2%, p < 0.05). This association, 

however, did not remain statistically significant at 120 seconds. As shown in Table 3-6, older 

age was also significantly associated with OHT at 120 seconds (mean 74.3 years, p < 0.05), 

mirroring the pattern observed among those who met the criteria for EOPR. Regarding 

laboratory markers, serum albumin levels were significantly lower in participants with OHT at 

both 90 and 120 seconds (p < 0.05), and elevated BNP levels were also significantly associated 

with OHT at 90 seconds (p < 0.01) and 120 seconds (p < 0.05). 

 

These findings suggest consistent associations between both EOPR and OHT, and markers of 

cardiovascular strain, particularly at later measurement points. 
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Table 3-4. Clinical characteristics of participants with and without OHT at 60 seconds in the 

TRIL study.  

 OHT at 60 seconds in the TRIL study 

 No OHT OHT P 

N (n %) 411 (93.0) 31 (7.0)  

Age, years (mean 

SD) 
72.0 (7.1) 71.6 (7.1) 0.754 

Female (n %) 295 (71.8) 22 (71.0) 0.923 

BMI (mean SD) 26.4 (4.2) 28.4 (7.7) 0.459 

Hypertension 

(n %) 
173 (42.1) 14 (45.2) 0.739 

Heart failure 

(n %) 
115 (28.0) 12 (38.7) 0.203 

Ischemic heart 

conditions (n %) 
60 (14.6) 5 (16.1) 0.817 

Atrial fibrillation 

(n %) 
16 (3.9) 2 (11.1) 0.489 

Stroke (n %) 13 (3.2) 1 (3.2) 0.985 

Haemoglobin 

(mean SD) 
13.5 (1.2) 13.6 (0.8) 0.658 

Albumin  

(mean SD) 
41.8 (2.9) 41.4 (2.5) 0.292 

BNP (mean SD) 253.2 (479.4) 431.8 (524.1) 0.107 

Osmolality  

(mean SD) 
295.6 (6.4) 295.0 (7.1) 0.676 

Beta blockers (n %) 76 (18.5) 10 (32.3) 0.062 

Diuretics (n %) 77 (18.7) 8 (25.8) 0.335 

Alpha blocker  

(n %) 
13 (3.2) 1 (3.2) 0.985 

Nitrate (n %) 12 (2.9) 0 (0.0) 0.335 

*Statistically significant difference (P < 0.05); OHT: orthostatic hypertension; BMI: Body 

mass index; BNP: B-type natriuretic peptide; SD: Standard deviation; TRIL: Technology 

Research for Independent Living. 
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Table 3-5. Clinical characteristics of participants with and without OHT at 90 seconds in the 

TRIL study. 

 OHT at 90 seconds in the TRIL study 

 No OHT OHT P 

N (n %) 397 (89.8) 45 (10.2)  

Age, years (mean 

SD) 
71.7 (7.1) 74.2 (7.4) 0.092 

Female (n %) 280 (70.5) 37 (82.2) 0.99 

BMI (mean SD) 26.4 (4.3) 27.8 (6.2) 0.202 

Hypertension 

(n %) 
167 (42.1) 20 (44.4) 0.760 

Heart failure 

(n %) 
108 (27.2)) 19 (42.2) 0.035* 

Ischemic heart 

conditions (n %) 
57 (14.4) 8 (17.8) 0.539 

Atrial fibrillation 

(n %) 
15 (3.8) 3 (6.7) 0.355 

Stroke (n %) 13 (3.3) 1 (2.2) 0.702 

Haemoglobin 

(mean SD) 
13.5 (1.2) 13.5 (1.1) 0.741 

Albumin  

(mean SD) 
41.9 (2.9) 40.7 (3.0) 0.017* 

BNP (mean SD) 250.6 (485.0) 390.4 (453.3) 0.005* 

Osmolality  

(mean SD) 
295.5 (6.4) 296.1 (6.9) 0.502 

Beta blockers (n %) 73 (18.4) 13 (28.9) 0.092 

Diuretics (n %) 74 (18.6) 11 (24.4) 0.349 

Alpha blocker  

(n %) 
13 (3.3) 1 (2.2) 0.702 

Nitrate (n %) 11 (2.8) 1 (2.2) 0.830 

*Statistically significant difference (P < 0.05); OHT: orthostatic hypertension; BMI: Body 

mass index; BNP: B-type natriuretic peptide; SD: Standard deviation; TRIL: Technology 

Research for Independent Living. 
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Table 3-6. Clinical characteristics of participants with and without OHT at 120 seconds in the 

TRIL study. 

 OHT at 120 seconds in the TRIL study 

 No OHT OHT P 

N (n %) 406 (91.9) 36 (8.1)  

Age, years (mean 

SD) 
71.8 (7.1) 74.3 (7.1) 0.024* 

Female (n %) 289 (71.2) 28 (77.8) 0.400 

BMI (mean SD) 26.4 (4.3) 28.0 (6.4) 0.192 

Hypertension 

(n %) 
169 (41.6) 18 (50.0) 0.330 

Heart failure 

(n %) 
112 (27.6) 15 (41.7) 0.074 

Ischemic heart 

conditions (n %) 
58 (14.3) 7 (19.4) 0.402 

Atrial fibrillation 

(n %) 
16 (4.0) 2 (5.6) 0.641 

Stroke (n %) 13 (3.2) 1 (2.8) 0.889 

Haemoglobin 

(mean SD) 
13.5 (1.3) 13.5 (0.96) 0.648 

Albumin  

(mean SD) 
41.9 (2.9) 40.7 (2.6) 0.021* 

BNP (mean SD) 255.7 (484.9) 355.7 (462.1) 0.015* 

Osmolality  

(mean SD) 
295.6 (6.3) 294.5 (7.7) 0.638 

Beta blockers (n %) 75 (18.5) 11 (30.6) 0.079 

Diuretics (n %) 74 (18.2) 11 (30.6) 0.072 

Alpha blocker  

(n %) 
13 (3.2) 1 (2.8) 0.889 

Nitrate (n %) 11 (2.7) 1 (2.8) 0.981 

*Statistically significant difference (P < 0.05); OHT: orthostatic hypertension; BMI: Body 

mass index; BNP: B-type natriuretic peptide; SD: Standard deviation; TRIL: Technology 

Research for Independent Living. 
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Multivariate Logistic Regression  

After conducting the univariate analysis to identify variables associated with EOPR and OHT, 

multivariate logistic regression was conducted independently at each time point to identify 

potential predictors, adjust for confounding factors, and assess the independent effects of each 

variable on that time point. Due to the absence of statistically significant associations at the 60 

seconds time point, multivariate analysis was limited to the 90- and 120-seconds mark. To 

determine the variables included in the models, multicollinearity was assessed through 

correlation analysis among predictor variables and no strong correlations were identified 

(defined as r > 0.6), allowing for their inclusion in the regression models. The inclusion of 

pharmacological treatments in the models was not feasible, as the number of participants using 

certain medications was too small to support stable or reliable statistical estimates, thereby 

limiting the explanatory power of the models. 

 

Meeting the criteria for EOPR at 90 seconds (Table 3-7), was significantly associated with 

female sex, with increased odds of developing an exaggerated response, with an odds ratio of 

5.82 (p=0.003). Heart failure was also a strong predictor, showing an odds ratio of 2.50 

(p=0.019). Higher haemoglobin levels were significantly associated with an increased 

likelihood of EOPR (OR: 1.47, p=0.031), while higher albumin levels were inversely 

associated with the response, indicating a protective effect (OR: 0.84, p=0.022). In contrast, 

age, BMI, hypertension, and osmolality did not reach statistical significance in predicting 

EOPR at this time point. 
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As detailed in Table 3-8, at 120 seconds, female sex remained a significant predictor for EOPR, 

though with a lower odds ratio of 3.18 (p=0.037). BMI, which was not significant at 90 

seconds, emerged as a significant factor at this later time point, with an odds ratio of 1.10 

(p=0.025). In contrast to the 90 seconds, heart failure was no longer a significant predictor 

(p=0.272). Albumin levels, which were significantly protective at 90 seconds, showed a 

borderline effect at 120 seconds (p=0.071), while age, hypertension, and osmolality remained 

non-significant.  

Table 3-7. Multivariate logistic regression for EOPR at 90 seconds in the TRIL study. 

EOPR 90 seconds Odds ratio 95% Conf Interval P 

Age 1.03 0.98 1.09 0.272 

Female 5.82 1.79 18.94 0.003* 

BMI 1.07 0.99 1.15 0.089 

Hypertension 1.12 0.53 2.37 0.765 

Heart failure 2.50 1.16 5.40 0.019* 

Haemoglobin 1.47 1.04 2.08 0.031* 

Albumin 0.84 0.73 0.98 0.022* 

Osmolality 1.01 0.95 1.07 0.803 

*Statistically significant result (P < 0.05); EOPR: exaggerated orthostatic pressor response; 

BMI: body mass index; TRIL: Technology Research for Independent Living. 

 

Table 3-8. Multivariate logistic regression for EOPR at 120 seconds in the TRIL study. 

EOPR 120 seconds Odds ratio 95% Conf Interval P 

Age 1.05 0.99 1.11 0.118 

Female 3.18 1.08 9.39 0.037* 

BMI 1.10 1.01 1.19 0.025* 

Hypertension 1.03 0.47 2.26 0.941 

Heart failure 1.58 0.70 3.57 0.272 

Haemoglobin 1.31 0.93 1.84 0.127 

Albumin 0.87 0.75 1.01 0.071 

Osmolality 0.96 0.91 1.02 0.173 

*Statistically significant result (P < 0.05); EOPR: exaggerated orthostatic pressor response; 

BMI: body mass index; TRIL: Technology Research for Independent Living. 
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For those participants meeting the criteria for OHT, a similar analysis was performed, with 

results presented in Tables 3-9 and 3-10. Once more, due to the absence of statistically 

significant associations at the 60 seconds time point, multivariate analysis was limited to the 

90- and 120-seconds mark and the inclusion of variables was guided by an assessment of 

multicollinearity where no strong correlations were identified (defined as r > 0.6). 

 

 As shown in Table 3-9, at 90 seconds female sex was again a strong predictor of OHT, with 

an odds ratio of 5.82 (p=0.003), while heart failure was also significantly associated with 

increased odds (OR: 2.50, p=0.019). Higher haemoglobin levels were a significant predictor 

(OR: 1.47, p=0.031), whereas albumin levels showed a protective effect (OR: 0.84, p=0.022). 

Similarly, at 120 seconds (Table 3-10), female sex continued to be significantly associated with 

OHT, though with a lower odds ratio of 3.36 (p=0.031). BMI once more became significant at 

this time point, with an odds ratio of 1.09 (p=0.033). Unlike in EOPR, haemoglobin remained 

a significant predictor at 120 seconds, although with borderline significance (OR: 1.43, 

p=0.050). Albumin continued to be protective (OR: 0.85, p=0.041), while heart failure was no 

longer a significant predictor (p=0.192). Similar to the results obtained in the EOPR analysis, 

age, hypertension, and osmolality did not reach statistical significance. 
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Table 3-9. Multivariate logistic regression for OHT at 90 seconds in the TRIL study. 

OHT 90 seconds Odds ratio 95% Conf Interval P 

Age 1.03 0.98 1.09 0.272 

Female 5.82 1.79 18.94 0.003* 

BMI 1.07 0.99 1.15 0.089 

Hypertension 1.12 0.05 2.37 0.765 

Heart failure 2.50 1.16 5.40 0.019* 

Haemoglobin 1.47 1.04 2.08 0.031* 

Albumin 0.84 0.73 0.98 0.022* 

Osmolality  1.01 0.95 1.07 0.803 

*Statistically significant result (P < 0.05); OHT: orthostatic hypertension; BMI: body mass 

index; TRIL: Technology Research for Independent Living. 

 

Table 3-10. Multivariate logistic regression for OHT at 120 seconds in the TRIL study. 

OHT 120 seconds Odds ratio 95% Conf Interval P 

Age 1.04 0.98 1.10 0.201 

Female 3.36 1.12 10.06 0.031* 

BMI 1.09 1.01 1.18 0.033* 

Hypertension 1.15 0.52 2.56 0.727 

Heart failure 1.74 0.76 3.91 0.192 

Haemoglobin 1.43 1.00 2.04 0.050* 

Albumin 0.85 0.73 0.99 0.041* 

Osmolality  0.96 0.91 1.02 0.207 

*Statistically significant result (P < 0.05); OHT: orthostatic hypertension; BMI: body mass 

index; TRIL: Technology Research for Independent Living. 

 

Overall, in the TRIL study, female sex seemed to be the most consistent predictor for both 

EOPR and OHT across different time points. While heart failure, haemoglobin and BMI 

showed a variable significance, with each being significant at either 90 or 120 seconds, 

respectively. Albumin appeared to have a protective effect against both EOPR and OHT, 

particularly at 90 seconds, although its impact at 120 seconds was less robust, yet but still 

statistically significant. 
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FRAILMatics clinical sample  

Introduction 

In the previous study, the presence of an exaggerated orthostatic pressor response (EOPR) and 

orthostatic hypertension (OHT) had observed associations with sex, BMI, heart failure, 

haemoglobin and albumin. As mentioned in the introduction of the TRIL study, prior research 

has demonstrated an association of OHT with higher BMI (38), cardiovascular conditions such 

as hypertension and heart failure (34, 38) and interestingly, with greater Albumin: Creatinine 

ratio in patients with renal conditions (41), but this has been found without a unified definition 

and with different methodologies. Some studies defined OHT based on quintiles of SBP 

increase, while others included the measurement of DBP or considered all measurements taken 

after standing without a clear determination of when this phenomenon was most frequent. In 

some cases, the definitions used aligned more closely with EOPR rather than OHT. 

Consequently, while the findings are comparable to those of previous reports, direct 

comparisons remain challenging due to methodological differences. 

 

Given these limitations and the observed associations, past and present, with haemoglobin, 

albumin, and BMI, further investigation into the potential role of nutritional status and body 

composition in orthostatic responses is warranted. To address this, the FRAILMatics clinical 

sample was analysed. In this study participants underwent an active stand test with beat-to-

beat blood pressure monitoring alongside BIA to assess body composition.  
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Demographics  

A total of 123 individuals were enrolled in the FRAILMatics clinical sample. As mentioned in 

the methodology section, some participants either had contraindications to or declined the BIA, 

had probable or confirmed neurogenic orthostatic hypotension, and either did not undergo an 

active stand test or had poor-quality active stand signals. Consequently, the final sample 

included 109 participants, this has been described in the methodology section and  by Duggan 

(5). 

 

Of the 107 included participants, the mean age of the sample was 69.8 years (SD = 10.4)), 

57.0% (n= 61) were female. The prevalence of hypertension was 47.7% (n= 51), heart failure 

13.1% (n= 14) and ischemic heart conditions 11.2% (n= 12). In relation to the use of drugs 

with cardiovascular effects only 18.7% (n=20) of participants reported regular use of beta 

blockers, and 8.4% (n= 9) used diuretics. Regarding the body composition, the mean height 

was 1.67 m (SD 0.08), weight 74.3 kg (SD 15.8), BMI was 26.4 (SD 4.6), muscle mass 47.8 

kg (SD 10.4), total percentage of body water 46.7% (SD 5.8) and fat mass 24.0 kg (SD 9.0).  
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Table 3. Baseline characteristics of the FRAILMatics Cohort 

 

BMI: Body mass index; SD: Standard deviation.  

  

Characteristics Values 

Age, years (mean SD) 69.8 (10.4) 

Female (n %) 61 (57.0) 

Hypertension (n %) 51 (47.7) 

Heart failure (n %) 14 (13.1) 

Ischemic heart conditions (n %) 12 (11.2) 

Height (mean SD) 1.67 (0.08) 

Weight (mean SD) 74.3 (15.8) 

BMI (mean SD) 26.4 (4.6) 

Muscle mass (mean SD) 47.8 (10.3) 

Percentage of body water, % (mean SD) 46.7 (5.8) 

Fat mass, kg (mean SD) 24.0 (9.0) 

Betablockers (n %) 20 (18.7) 

Diuretics (n%) 9 (8.4) 
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Bivariate visualisation 

To explore the unadjusted differences in the BP response upon standing and to visualize the 

sustained increase lasting more than 30 seconds, graphical representations of the BP changes 

were created.  Figure 3-5 displays the unadjusted mean SBP, along with along with 95% 

confidence intervals, for participants who met the criteria for EOPR at 60 and 90 seconds. 

Figure 3-6 illustrate the corresponding data for those meeting the criteria at 120 and 180 

seconds. 

 

Likewise, Figures 3-7 and 3-8 show the corresponding unadjusted mean changes in SBP for 

individuals meeting the criteria for OHT at the same time points, accordingly. Visual inspection 

of these figures indicates a lack of overlap in the 95% confidence intervals, suggesting a 

significant difference between individuals classified as having EOPR or OHT at each time 

point, and the sustained increase in blood pressure beyond 30 seconds is clearly evident in the 

both groups. Moreover, those with EOPR show a steady and prolonged increase in BP, and 

individuals with OHT experience a more pronounced and rapid rise in blood pressure, often 

peaking around 90 to 120 seconds, followed by minor fluctuations. 
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Figure 3-5. Mean change in SBP after standing grouped by EOPR at 60 and 90 seconds in the 

FRAILMatics Cohort. 
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Figure 3-6. Mean change in SBP after standing grouped by EOPR at 120 and 180 seconds in 

the FRAILMatics Cohort. 
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Figure 3-7. Mean change in SBP after standing grouped by OHT at 60 and 90 seconds in the 

FRAILMatics Cohort. 
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Figure 3-8. Mean change in SBP after standing grouped by OHT at 120 and 180 seconds in 

the FRAILMatics Cohort. 
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Demographics by orthostatic response status 

In the FRAILMatics cohort, the prevalence of EOPR also increased slightly over time, ranging 

from 18.7% at 60 seconds to 24.3% at 180 seconds post-standing. Characteristics of the study 

population, grouped by EOPR status, are detailed in Tables 3-11 to 3-14, corresponding to the 

60-, 90-, 120-, and 180-second time points, respectively.  

 

At 60 seconds, no statistically significant differences were observed between participants with 

and without EOPR. By 90 seconds, several differences became apparent. Participants with 

EOPR had significantly higher BMI (mean 28.7 vs. 25.8 kg/m², p = 0.031), higher fat mass 

(mean 29.4 vs. 22.6 kg, p = 0.009), and lower percentage of body water (mean 44.1% vs. 

47.4%, p = 0.012).  At 120 seconds, percentage of body water remained significantly lower 

among those with EOPR (44.8% vs. 47.3%, p = 0.022), although other differences observed at 

90 seconds were no longer statistically significant. At 180 seconds, EOPR prevalence reached 

its highest (24.3%), but no statistically significant associations were observed at this time point. 
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Table 3-11. Clinical characteristics of participants with and without EOPR at 60 seconds in the 

FRAILMatics Cohort. 

EOPR at 60 seconds in the FRAILMatics Cohort 

 No EOPR EOPR P 

N (n %) 87 (81.3) 20 (18.7)  

Age, years (mean SD) 69.2 (10.6) 72.3 (9.2) 0.235 

Female (n %) 49 (56.3) 12 (60.0) 0.764 

BMI (mean SD) 26.0 (4.4) 28.0 (5.0) 0.115 

Hypertension 

(n %) 
39 (44.8) 12 (60.0) 0.221 

Ischemic heart 

conditions (n %) 
9 (10.3) 3 (15.0) 0.552 

Muscle mass, kg 

(mean SD) 
48.1 (10.9) 46.8 (7.8) 0.820 

Percentage of body 

water, %  (mean SD) 
45.8 (5.3) 45.5 (7.2) 0.135 

Fat mass, kg  

(mean SD) 
23.4 (8.8) 26.7 (9.8) 0.154 

Betablockers (n %) 16 (18.4) 4 (20.0) 0.868 

Diuretics (n %) 8 (9.2) 1 (5.0) 0.542 

*Statistically significant difference (P < 0.05); EOPR: Exaggerated orthostatic pressor 

response; BMI: Body mass index; SD: Standard deviation.  
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Table 3-12. Clinical characteristics of participants with and without EOPR at 90 seconds in 

the FRAILMatics Cohort. 

EOPR at 90 seconds in the FRAILMatics Cohort 

 No EOPR EOPR P 

N (n %) 85 (79.4) 22 (20.6)  

Age, years (mean SD) 69.5 (10.6) 70.6 (9.5) 0.708 

Female (n %) 47 (55.3) 14 (63.6) 0.481 

BMI (mean SD) 25.8 (3.9) 28.7 (5.9) 0.031* 

Hypertension 

(n %) 
40 (47.1) 11 (50.0) 0.806 

Ischemic heart 

conditions (n %) 
10 (11.8) 2 (9.1) 0.723 

Muscle mass, kg 

(mean SD) 
48.0 (11.0) 47.3 (7.3) 0.896 

Percentage of body 

water, % (mean SD) 
47.4 (5.1)     44.1 (7.1)   0.012* 

Fat mass, kg (mean 

SD) 
22.6 (7.7)    29.4 (11.5) 0.009* 

Betablockers (n %) 16 (20.0) 4 (13.6) 0.495 

Diuretics (n %) 7 (8.2) 2 (9.1) 0.897 

*Statistically significant difference (P < 0.05); EOPR: Exaggerated orthostatic pressor 

response; BMI: Body mass index; SD: Standard deviation. 
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Table 3-13. Clinical characteristics of participants with and without EOPR at 120 seconds in 

the FRAILMatics Cohort. 

EOPR at 120 seconds in the FRAILMatics Cohort 

 No EOPR EOPR P 

N (n %) 83 (77.6) 24 (22.4)  

Age, years (mean SD) 70.0 (11.0) 68.8 (7.8) 0.407 

Female (n %) 44 (53.0) 17 (70.8) 0.120 

BMI (mean SD) 26.0 (3.9) 28.0 (6.2) 0.282 

Hypertension 

(n %) 
39 (47.0) 12 (50.0) 0.795 

Ischemic heart 

conditions (n %) 
10 (12.0) 2 (8.3) 0.611 

Muscle mass, kg 

(mean SD) 
48.3 (11.0) 46.2 (7.9) 0.555 

Percentage of body 

water, % (mean SD) 
47.3 (5.1)     44.8 (7.3) 0.022* 

Fat mass, kg (mean 

SD) 
22.8 (7.3) 28.1 (12.6) 0.116 

Betablockers (n %) 18 (21.7) 2 (8.3) 0.139 

Diuretics (n %) 8 (9.6) 1 (4.2) 0.395 

*Statistically significant difference (P < 0.05); EOPR: Exaggerated orthostatic pressor 

response; BMI: Body mass index; SD: Standard deviation.  
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Table 3-14. Clinical characteristics of participants with and without EOPR at 180 seconds in 

the FRAILMatics Cohort. 

EOPR at 180 seconds in the FRAILMatics Cohort 

 No EOPR EOPR P 

N (n %) 81 (75.7) 26 (24.3)  

Age, years (mean SD) 70.5 (10.7) 67.5 (9.0) 0.140 

Female (n %) 45 (55.6) 16 (61.5) 0.592 

BMI (mean SD) 25.9 (3.9) 27.9 (6.0) 0.248 

Hypertension 

(n %) 
35 (43.2) 16 (61.5) 0.104 

Ischemic heart 

conditions (n %) 
10 (12.3) 2 (7.7) 0.513 

Muscle mass, kg 

(mean SD) 
48.0 (10.8) 47.3 (8.8) 0.977 

Percentage of body 

water, % (mean SD) 
46.9 (7.3) 46.2 (7.3) 0.477 

Fat mass, kg (mean 

SD) 
23.3 (7.3) 26.4 (12.8) 0.682 

Betablockers (n %) 17 (21.0) 3 (11.5) 0.282 

Diuretics (n %) 7 (8.6) 3 (7.7) 0.879 

*Statistically significant difference (P < 0.05); EOPR: Exaggerated orthostatic pressor 

response; BMI: Body mass index; SD: Standard deviation. 
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The characteristics of individuals meeting criteria for OHT are summarised in Tables 3-15 to 

3-18. The prevalence of OHT increased slightly across time points, from 17.8% at 60 seconds, 

to 18.7% at 90 seconds, 19.6% at 120 seconds, and 21.5% at 180 seconds. 

At 60 seconds, participants with OHT had a significantly higher BMI (28.4 vs. 26.0 kg/m², p 

= 0.045) and lower percentage of body water (44.4% vs. 47.2%, p = 0.043) than those without 

OHT. The strongest differences were observed at 90 and 120 seconds. At 90 seconds, 

participants with OHT had significantly higher BMI (29.2 vs. 25.8 kg/m², p = 0.005), 

significantly greater fat mass (30.4 vs. 22.5 kg, p = 0.015), and significantly lower body water 

percentage (43.2% vs. 47.5%, p = 0.013). These associations remained consistent at 120 

seconds, with significant differences again observed in fat mass (29.9 vs. 22.6 kg, p = 0.015) 

and body water (43.8% vs. 47.4%, p = 0.007). At 180 seconds, the prevalence of OHT reached 

21.5%. While BMI remained significantly higher in the OHT group (28.7 vs. 25.8 kg/m², p = 

0.044), differences in fat mass and body water were no longer statistically significant.  

Overall, these findings indicate that OHT in the FRAILMatics cohort is consistently associated 

with higher adiposity and lower body water percentage, particularly at 90 and 120 seconds.  
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Table 3-15. Clinical characteristics of participants with and without OHT at 60 seconds in the 

FRAILMatics Cohort.  

OHT at 60 seconds in the FRAILMatics Cohort 

 No OHT OHT P 

N (n %) 88 (82.2) 19 (17.8)  

Age, years (mean SD) 69.1 (10.56) 72.6 (9.3) 0.178 

Female (n %) 49 (55.7) 12 (63.2) 0.551 

BMI (mean SD) 26.0 (4.47) 28.4 (4.6) 0.045* 

Hypertension 

(n %) 
39 (44.3) 12 (63.2) 0.136 

Ischemic heart 

conditions (n %) 
9 (10.2) 3 (15.8) 0.486 

Muscle mass, kg 

(mean SD) 
48.1 (10.85) 46.7 (8.0) 0.810 

Percentage of body 

water, % (mean SD) 
47.2 (5.7) 44.4 (5.6) 0.043* 

Fat mass, kg (mean 

SD) 
23.2 (8.8) 27.6 (9.2) 0.064 

Betablockers (n %) 16 (18.2) 4 (21.1) 0.771 

Diuretics (n %) 8 (9.1) 1 (5.3) 0.586 

*Statistically significant difference (P < 0.05); OHT: orthostatic hypertension; BMI: Body 

mass index; SD: Standard deviation. 
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Table 3-16. Clinical characteristics of participants with and without OHT at 90 seconds in the 

FRAILMatics Cohort. 

OHT at 90 seconds in the FRAILMatics Cohort 

 No OHT OHT P 

N (n %) 87 (81.3) 20 (18.7)  

Age, years (mean SD) 69.3 (10.72) 71.9 (8.8) 0.625 

Female (n %) 48 (55.2) 13 (65.0) 0.423 

BMI (mean SD) 25.8 (4.0) 29.2 (5.8) 0.005* 

Hypertension 

(n %) 
40 (46.0) 11 (55.0) 0.466 

Ischemic heart 

conditions (n %) 
10 (11.5) 2 (10.0) 0.849 

Muscle mass, kg 

(mean SD) 
48.0 (10.9) 47.2 (7.7) 0.237 

Percentage of body 

water, % (mean SD) 
47.5 (5.5) 43.2 (5.5) 0.013* 

Fat mass, kg (mean 

SD) 
22.5 (7.8) 30.4 (11.2) 0.015* 

Betablockers (n %) 17 (19.5) 3 (15.0) 0.639 

Diuretics (n %) 7 (8.0) 2 (10.0) 0.776 

*Statistically significant difference (P < 0.05); OHT: orthostatic hypertension; BMI: Body 

mass index; SD: Standard deviation. 
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Table 3-17. Clinical characteristics of participants with and without OHT at 120 seconds in 

the FRAILMatics Cohort. 

OHT at 120 seconds in the FRAILMatics Cohort 

 No OHT OHT P 

N (n %) 86 (80.4) 21 (19.6)  

Age, years (mean SD) 70.0 (10.8) 68.9 (8.3) 0.495 

Female (n %) 46 (53.5) 15 (71.4) 0.137 

BMI (mean SD) 25.8 (3.9) 28.8 (6.2) 0.060 

Hypertension 

(n %) 
39 (45.3) 12 (57.1) 0.332 

Ischemic heart 

conditions (n %) 
10 (11.6) 2 (9.5) 0.784 

Muscle mass, kg 

(mean SD) 
48.1 (10.8) 46.8 (8.2) 0.808 

Percentage of body 

water, %  (mean SD) 
47.4 (5.4) 43.8 (6.3) 0.007* 

Fat mass, kg (mean 

SD) 
22.6 (7.4) 29.9 (12.4) 0.015* 

Betablockers (n %) 18 (20.9) 2 (9.5) 0.229 

Diuretics (n %) 8 (9.3) 1 (4.8) 0.502 

*Statistically significant difference (P < 0.05); OHT: orthostatic hypertension; BMI: Body 

mass index; SD: Standard deviation. 
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Table 3-18. Clinical characteristics of participants with and without OHT at 180 seconds in 

the FRAILMatics Cohort. 

OHT at 180 seconds in the FRAILMatics Cohort 

 No OHT OHT P 

N (n %) 84 (78.5) 23 (21.5)  

Age, years (mean SD) 70.2 (10.6) 68.0 (9.4) 0.291 

Female (n %) 47 (56.0) 14 (60.9) 0.673 

BMI (mean SD) 25.8 (3.9) 28.7 (5.9) 0.044* 

Hypertension 

(n %) 
36 (42.9) 15 (65.2) 0.057 

Ischemic heart 

conditions (n %) 
10 (11.9) 2 (8.7) 0.666 

Muscle mass, kg 

(mean SD) 
47.8 (10.8) 48.1 (8.9) 0.585 

Percentage of body 

water, % (mean SD) 
47.1 (5.5) 45.2 (6.4) 0.172 

Fat mass, kg (mean 

SD) 
22.9 (7.4) 27.9 (12.7) 0.195 

Betablockers (n %) 18 (21.4) 2 (8.7) 0.165 

Diuretics (n %) 7 (8.3) 2 (8.7) 0.956 

*Statistically significant difference (P < 0.05); OHT: orthostatic hypertension; BMI: Body 

mass index; SD: Standard deviation. 
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Multivariate Logistic Regression  

A multivariate logistic regression was conducted, independently at each time point to identify 

potential predictors, adjust for confounding factors, and assess the independent effects of each 

variable on that time point. Due to the inconstant statistically significant associations at the 60 

seconds time point, the multivariate analysis was limited to the 90-, 120- and 180-seconds 

mark. To determine the variables included in the models, multicollinearity was assessed 

through correlation analysis among predictor variables and no strong correlations were 

identified (defined as r > 0.6), allowing for their inclusion in the regression models. BMI was 

excluded from the analysis due to redundancy with other body composition measures (muscle 

mass, fat mass, and body water). Additionally, as in the previous study, the inclusion of 

pharmacological treatments was not feasible given the small number of participants in the 

corresponding subgroups. 

 

Among participants who met the criteria for EOPR at 90 seconds, female sex was significantly 

associated with a lower likelihood of exhibiting an exaggerated response (OR = 0.05, 95% CI: 

0.00–0.85, p = 0.038). However, this association was not observed at subsequent time points. 

At the same time point, and higher muscle mass appeared to have a protective effect, as 

indicated by an OR of 0.87 (95% CI: 0.77–0.99, p = 0.036). On the other hand, a higher amount 

fat mass was associated with an increased likelihood of EOPR (OR= 1.15, 95% CI: 1.02–1.30, 

p = 0.026). At 120 seconds, the relationship between muscle mass and EOPR remained 

significant, with an OR of 0.88 (95% CI: 0.79–1.00, p = 0.045), and the fat mass was again 

positively associated with an exaggerated response (OR= 1.18, 95% CI: 1.05–1.33, p = 0.005). 
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By 180 seconds, muscle mass remained protective (OR= 0.89, 95% CI: 0.80–1.00, p = 0.042), 

while the fat mass continued to be associated with increased risk, as indicated by an odds ratio 

of 1.26 (95% CI: 1.02–1.26, p = 0.017). 

Table 3-19. Multivariate logistic regression for EOPR at 90 seconds in the FRAILMatics 

Cohort. 

EOPR 90 seconds Odds ratio 95% Conf Interval P 

Age 0.98 0.92 1.05 0.639 

Female 0.05 0.00 0.85 0.038* 

Hypertension 0.53 0.17 1.66 0.278 

Muscle mass 0.87 0.77 0.99 0.036* 

Percentage body water 0.92 0.72 1.17 0.480 

Fat mass 1.15 1.02 1.30 0.026* 

*Statistically significant result (P < 0.05); EOPR: exaggerated orthostatic pressor response. 
 

Table 3-20. Multivariate logistic regression for EOPR at 120 seconds in the FRAILMatics 

Cohort. 

EOPR 120 seconds Odds ratio 95% Conf Interval P 

Age 0.96 0.90 1.02 0.175 

Female 0.56 0.04 7.10 0.654 

Hypertension 0.76 0.26 2.24 0.622 

Muscle mass 0.88 0.79 1.00 0.045* 

Percentage body water 1.14 0.93 1.39 0.207 

Fat mass 1.18 1.05 1.33 0.005* 

*Statistically significant result (P < 0.05); EOPR: exaggerated orthostatic pressor response. 
 

Table 3-21. Multivariate logistic regression for EOPR at 180 seconds in the FRAILMatics 

Cohort. 

EOPR 180 seconds Odds ratio 95% Conf Interval P 

Age 0.93 0.87 0.99 0.015* 

Female 0.51 0.04 5.93 0.590 

Hypertension 2.44 0.82 7.22 0.108 

Muscle mass 0.89 0.80 1.00 0.042* 

Percentage body water 1.16 0.96 1.40 0.125 

Fat mass 0.66 1.02 1.26 0.017* 

*Statistically significant result (P < 0.05); EOPR: exaggerated orthostatic pressor response. 
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The analysis of participants who met the criteria for OHT is presented in Tables 3-22, 3-23, 

and 3-24 for the 90-, 120-, and 180-second time points, respectively. At 90 seconds, female sex 

was significantly associated with a reduced likelihood of exhibiting an exaggerated 

hypertensive response (OR = 0.01, 95% CI: 0.00–0.28, p = 0.007). However, once again, this 

association was not observed at later time points. Muscle mass also demonstrated a protective 

effect at 90 seconds (OR = 0.86, 95% CI: 0.75–1.00, p = 0.043). At 120 seconds, fat mass 

emerged as a significant risk factor for OHT (OR = 1.18, 95% CI: 1.04–1.33, p = 0.011), while 

muscle mass continued to be protective (OR = 0.87, 95% CI: 0.77–1.00, p = 0.043). By 180 

seconds, the protective effect of muscle mass was no longer statistically significant, and fat 

mass showed a borderline association with OHT (p = 0.065).  

 

Overall, findings from the FRAILMatics cohort indicate that muscle mass and fat mass are 

consistent predictors of both EOPR and OHT, while the role of sex appears to be more time-

point specific. Although female sex was significantly associated with reduced odds of EOPR 

and OHT at 90 seconds, this association did not persist across later time points. In contrast, 

higher muscle mass consistently demonstrated a protective effect, particularly at 90 and 120 

seconds, though its significance diminished by 180 seconds. Conversely, greater fat mass 

emerged as a stable risk factor, showing a consistent association with increased odds of both 

EOPR and OHT across most time points. 
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Table 3-22. Multivariate logistic regression for OHT at 90 seconds in the FRAILMatics 

Cohort. 

OHT 90 seconds Odds ratio 95% Conf Interval P 

Age 1.00 0.94 1.08 0.929 

Female 0.01 0.00 0.28 0.007* 

Hypertension 0.62 0.19 2.08 0.443 

Muscle mass 0.86 0.75 1.00 0.043* 

Percentage body water 0.74 0.53 1.01 0.060 

Fat mass 1.11 0.97 1.27 0.142 

*Statistically significant result (P < 0.05); OHT: orthostatic hypertension. 

 

Table 3-23. Multivariate logistic regression for OHT at 120 seconds in the FRAILMatics 

Cohort. 

OHT 120 seconds Odds ratio 95% Conf Interval P 

Age 0.96 0.89 1.02 0.177 

Female 0.22 0.01 3.69 0.290 

Hypertension 1.00 0.32 3.10 0.999 

Muscle mass 0.87 0.77 1.00 0.043* 

Percentage body water 1.04 0.83 1.31 0.729 

Fat mass 1.18 1.04 1.33 0.011* 

*Statistically significant result (P < 0.05); OHT: orthostatic hypertension. 

Table 3-24. Multivariate logistic regression for OHT at 180 seconds in the FRAILMatics 

Cohort. 

OHT 180 seconds Odds ratio 95% Conf Interval P 

Age 0.94 0.88 1.00 0.052 

Female 0.20 0.01 2.77 0.229 

Hypertension 2.27 0.76 6.82 0.144 

Muscle mass 0.90 0.80 1.01 0.078 

Percentage body water 1.02 0.83 1.25 0.850 

Fat mass 1.11 0.99 1.24 0.065 

*Statistically significant result (P < 0.05); OHT: orthostatic hypertension. 
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Chapter 4: Discussion  
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Discussion 

This study explored whether EOPR and OHT, as defined by recent consensus criteria (58), is 

associated with cardiovascular and metabolic conditions in older adults and examined the 

potential contribution of body composition to these associations. In addressing this question, 

we aimed to determine the prevalence of EOPR and OHT in two independent samples of older 

individuals, and to investigate their associations with cardiovascular comorbidities, metabolic 

markers, and body composition parameters. Furthermore, we sought to explore how 

differences in body composition might contribute to the underlying pathophysiological 

mechanisms involved. 

 

Using the recent consensus definition, the prevalence of EOPR ranged from 7.0-24.3%, while 

that of OHT ranged from 7.0-21.5% across both studies. We observed that both EOPR and 

OHT were associated with cardiovascular comorbidities; metabolic parameters also played a 

role, as higher body mass index (BMI) and differences in body composition were related to 

greater risk. Furthermore, markers of nutritional and metabolic status were significantly 

associated with the development of EOPR and OHT. These findings indicate that elevation of 

BP upon standing is relatively common in community-dwelling older adults and provides 

insight on the factors associated with orthostatic BP regulation.   

 

Body composition, particularly the differential effects of fat mass and muscle mass, emerged 

as a key determinant of EOPR and OHT. Across both samples, a higher BMI was associated 

with these conditions (p = 0.033, OR = 1.0, 95% CI: 1.0–1.1), in line with previous studies 
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(46, 50), although methodological differences between studies must be considered and are 

discussed later. However, unlike previous studies, the present work extends existing knowledge 

by dissecting the contributions of specific body compartments. Our analysis indicates that 

higher fat mass increased the likelihood of EOPR and OHT (p = 0.026, OR = 1.1, 95% CI: 

1.0–1.3), whereas greater muscle mass appeared to confer a protective effect (p = 0.036, OR = 

0.8, 95% CI: 0.7–0.9). Fat mass has been linked to increased sympathetic activity and reduced 

baroreflex sensitivity, contributing to exaggerated BP responses upon standing (75). In 

contrast, muscle mass has been associated with enhanced arterial wall elasticity and lower 

arterial stiffness, factors that may protect against orthostatic blood pressure dysregulation (74, 

83). These findings add weight to the hypothesis that metabolism contributes to the 

sympathetic hyperactivity underlying EOPR/OHT and underscore the importance of 

considering not only body size but also body composition when assessing cardiovascular risk 

in older adults. 

 

In addition to body composition, we observed significant associations with cardiovascular 

conditions such as heart failure (HF) (p = 0.019, OR = 2.5, 95% CI: 1.1–5.4), which may reflect 

shared underlying mechanisms, particularly autonomic dysfunction and vascular alterations 

(84). In HF, overactivation of the sympathetic nervous system (SNS) and impairment of 

baroreflex function are well-documented phenomena that tend to worsen as the condition 

progresses (85, 86). These autonomic disturbances, along with other physiological changes 

that occur in HF, such as increased vascular stiffness and altered volume regulation, may 

contribute to both EOPR and OHT (87). Although previous studies have linked OHT to broader 

cardiovascular risk, including the work by Veronese et al.  (44) which established OHT as a 
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cardiovascular risk factor, its specific relationship with HF has been less explored (38, 40-42, 

51). Our results suggest that HF may increase the likelihood of OHT, potentially due to the 

cardiovascular burden and through its effects on baroreflex function. 

 

Beyond cardiovascular conditions, serum biomarkers also contributed to risk profiles. Lower 

albumin levels were linked to the presence of both EOPR and OHT, and subsequent analysis 

indicated that higher albumin concentrations may exert a protective effect (p = 0.041, OR = 

0.85, 95% CI: 0.7–0.9). In contrast, although haemoglobin levels were not significantly 

associated in initial analyses, higher concentrations were associated with increased risk in later 

models (p = 0.050, OR = 1.4, 95% CI: 1.0–2.0). Whilst no previous data have directly linked 

these biomarkers to OHT, the observed patterns are biologically plausible. Albumin is known 

to exert anti-inflammatory and antioxidant effects and plays a role in transporting molecules 

involved in endothelial function (88, 89), supporting vascular function. Elevated haemoglobin 

levels, on the other hand, have been associated with increased cardiovascular risk, possibly 

due to higher blood viscosity and reduced nitric oxide (NO) availability, impacting flow-

mediated dilatation and increasing peripheral vascular resistance (90). Thus, alterations in 

albumin and haemoglobin concentrations may influence vascular responses to orthostatic 

stress through their effects on inflammation, endothelial function, and haemodynamic 

properties. 

 

Few studies have explored similar aims to the present research, particularly using the recent 

consensus definition. In this study, we examined independently the prevalence of EOPR and 

OHT, something that to our knowledge has not been done before. However, our epidemiology 
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is comparable to previous reports in community-dwelling older adults, where rates have ranged 

between 5% and 30% for OHT, defined in different forms (44-46). In agreement with the 

findings reported by Choi et al. (56), previous literature has suggested an association between 

female sex and OHT. However, our results did not consistently replicate this finding across 

both cohorts. In further modelling, female sex emerged as risk factor for EOPR/OHT at the 

TRIL study but appeared protective in the FRAILMatics cohort at the 90-second mark, with 

no significant associations observed at later time points. We hypothesized that this discrepancy 

may be due to differences in the populations, as the FRAILMatics cohort is younger and has a 

smaller comorbidity burden on cardiovascular conditions (44). However, methodological 

factors, sample size variation, or the influence of unmeasured confounders cannot be excluded, 

and future studies are needed to clarify the role of sex in orthostatic pressor responses. 

 

Studies examining the association between OHT and BMI employed methodological 

approaches distinct from those utilised in the present study. Some, such as Bursztyn et al. (46), 

identified the association at the 60-second mark, whereas Alagiakrishnan et al. (38), reported 

it following three minutes of standing. As far as we are aware, the present study is the first to 

describe these associations at multiple specific time points. We observed a positive association 

at all measurement points after 60 seconds, although not precisely at the 60-second mark. 

Furthermore, although there is no established consensus regarding the definition of sustained 

orthostatic responses, our findings suggest a sustained nature, as the proportion of individuals 

meeting the criteria for EOPR and OHT increased after 90 seconds in both samples. This 

suggest that orthostatic pressor responses may be more reliably detected with prolonged 
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standing measurements. These findings highlight the importance of measurement timing in the 

detection of EOPR and OHT.  

 

Regarding body composition parameters, no prior studies have specifically examined the role 

of fat mass and muscle mass in relation to EOPR or OHT. However, while visceral adiposity 

appears to increase sympathetic tone, its influence on baroreflex sensitivity remains 

controversial (91). Therefore, although the influence of fat and muscle mass on sympathetic 

tone and vascular elasticity is well established, further studies are needed to clarify the effect 

on baroreflex modulation. Meanwhile, we hypothesise that the associations observed in our 

study may be explained by the contribution of fat mass to sympathetic activation and reduced 

vascular distensibility, two mechanisms central to the proposed pathophysiology of OHT (92, 

93). Conversely, greater muscle mass may help preserve vascular function and buffer 

orthostatic BP changes (5). 

 

In addition to body composition, age-related physiological changes and chronic conditions 

may further impair vascular compliance and autonomic function. As previously noted, 

excessive venous pooling is not the primary mechanism underlying OHT in older adults; rather, 

it is an increase in vascular resistance (63, 64). Ageing is associated with reduced venous 

compliance, driven by venous wall thickening and an increased collagen-to-elastin ratio, which 

together diminish venous distensibility (94, 95). These structural alterations, mediated by local 

myogenic and humoral mechanisms, influence venous biomechanics and reduce the capacity 

of the venous system to accommodate changes in BP upon standing (96-98). Consequently, 
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this may result in an exaggerated rise in BP during orthostasis, particularly when baroreflex 

buffering is impaired.  

 

Taken together, these physiological mechanisms offer a plausible explanation for the 

exaggerated orthostatic pressor responses observed in older adults. Nonetheless, these findings 

must be interpreted within the context of the study's strengths and limitations. This study has 

several strengths, including the use of two independent and well-characterised samples of older 

adults, the application of recent consensus definitions for EOPR and OHT, and a detailed 

assessment of body composition parameters extending beyond traditional measures.  

 

Although two independent populations were included, they differed in important ways: one 

cohort consisted of generally healthier, younger individuals with fewer comorbidities, while 

the other comprised older adults with a greater burden of cardiovascular risk factors. This 

heterogeneity may have introduced variability into the observed associations. Other limitations 

include that the report of conditions was made through self-report, the intrinsic constraints of 

BIA in estimating muscle mass (99), information regarding the timing of medication 

administration relative to the active stand test was not available and the medication analysis 

was not included in multivariate models due to the limited sample size, and potential 

confounding effects from pharmacological treatments cannot be entirely ruled out. 

Furthermore, while BP measurements were taken at multiple time points, they were not 

assessed longitudinally within individuals. Although this approach allowed for the exploration 

of BP behaviour across different phases of standing, it limits the ability to draw conclusions 

about dynamic BP recovery patterns over time. 
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The findings of the present study are significant for several reasons. Firstly, from a 

pathophysiological perspective, they provide new insights into the factors involved in the 

development of exaggerated orthostatic pressor responses. As far as we are aware, no previous 

study has specifically addressed which cardiovascular and metabolic factors are associated 

individually with the two recently proposed definitions of EOPR and OHT (58). Secondly, 

EOPR and OHT are increasingly recognized as markers of cardiovascular risk, with some 

authors identifying OHT as a potential pre-hypertensive state (13, 100), and the observed 

associations with modifiable factors such as fat mass and muscle mass suggest opportunities 

for intervention. Strategies aimed at reducing adiposity and preserving muscle mass may not 

only improve overall metabolic health but could also help mitigate orthostatic BP alterations, 

supporting the view that these responses are markers of metabolic dysfunction. Moreover, 

these findings highlight the importance of incorporating orthostatic BP testing and body 

composition assessment into the routine evaluation of older adults, particularly those at 

elevated cardiovascular risk. 
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Conclusion 

In conclusion, the recent consensus definitions of EOPR and OHT provide a more uniform 

framework to guide future research in this area. This study offers new insights into the 

associations between exaggerated orthostatic pressor responses and cardiovascular, metabolic, 

and body composition factors in older adults. By applying the recently established consensus 

definitions, this study contributes to standardising the evaluation of orthostatic blood pressure 

alterations, facilitating more consistent comparisons across future research. Based on these 

findings, we propose that EOPR and OHT may have a metabolic origin or are closely linked 

to metabolic syndrome. Confirmation of this hypothesis requires further investigation through 

longitudinal studies and interventional trials. By highlighting the contribution of modifiable 

factors such as fat and muscle mass, these results underscore the need for new strategies aimed 

at reducing cardiometabolic risk and improving vascular regulation in ageing populations.  
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