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Background and purpose: Orthostatic hypotension is frequent with aging with

a prevalence of 20%–30% in people aged 65 or older and is considered to

increase the risk for coronary events, strokes and dementia. Our objective was

to characterize the association of orthostatic hypotension and cognitive func-

tion longitudinally over 6 years in a large cohort of the elderly aged over

50 years.

Methods: In all, 495 participants were assessed longitudinally with the Schel-

long test and comprehensive cognitive testing using the extended CERAD neu-

ropsychological test battery at baseline and after 6 years. In a subgroup of 92

participants, cerebral magnetic resonance imaging was evaluated for white

matter changes using a modified version of the Fazekas score.

Results: The prevalence of orthostatic hypotension increases with aging

reaching up to 30% in participants aged >70 years. Participants with ortho-

static hypotension presented with a higher vascular burden index (1.03 vs.

0.69, P ≤ 0.001), tended to have a higher prevalence of cerebral white matter

hyperintensities (91.7% vs. 68.8%, P = 0.091) and showed a faster deteriora-

tion in executive and memory function (Trail Making Test B 95 vs. 87 s,

P ≤ 0.001; word list learning sum �0.53 vs. 0.38, P = 0.002) compared to par-

ticipants without orthostatic hypotension.

Conclusion: Orthostatic hypotension seems to be associated with cognitive

decline longitudinally.

Introduction

Orthostatic hypotension (OH) is defined as a reduc-

tion of systolic blood pressure of at least 20 mmHg or

diastolic blood pressure of at least 10 mmHg within

3 min of standing [1]. The prevalence of OH increases

with aging [2] with about 20%–30% of people aged

65 or older being affected [3]. Reasons for OH are,

amongst others, a reduced baroreceptor sensitivity, a

reduced activity of the sympathetic nervous system

[4], aortic stiffness [5] and cardiovascular diseases or

other conditions causing a decrease in cardiac output.

Several studies report a bidirectional interaction of

OH with multimorbidity in elderly people comprising

hypertension, coronary heart disease and a higher risk

for strokes [6], promoting cognitive dysfunction, falls

and all-cause mortality [7–9]. The effect of OH on

cognitive function remains contradictory in the litera-

ture depending on the age group, test battery (screen-

ing tool versus comprehensive multi-domain testing),

covariates and study design. Several cross-sectional

studies showed either no association with global cog-

nitive function [3,10,11] or a significant association in

terms of global cognitive decline [2,4,12–14]. In a

long-term analysis of the Rotterdam study, Wolters

et al. reported a higher risk of Alzheimer’s disease

and vascular dementia in participants with OH [15].
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The pathogenic model of the interaction between OH

and cognitive decline highlights episodes of cerebral

hypoperfusion during orthostatic reactions [2], espe-

cially in interaction with an impaired autoregulation

[4], causing cerebral small vessel disease [16] mainly in

subcortical, frontal and prefrontal areas. Thus, it is to

be expected that alertness, the ability to concentrate

and executive function in particular are affected in

patients with OH [17]. Following this concept, the aim

was to evaluate the impact of OH on all domains of

cognitive function over time in interaction with aging

and cardiovascular risk profiles in a longitudinal study

of the elderly aged over 50 in a 6-year interval.

Methods

Study population

The TREND study (T€ubingen Risk Evaluation for

Neurodegenerative Diseases) is a prospective longitu-

dinal study initiated in 2009 with biennial assessments

of elderly participants aged between 50 and 80 years

without neurodegenerative diseases.

The study was performed at the Department of Neu-

rology and the Department of Psychiatry of the Univer-

sity Hospital T€ubingen, Germany. A large assessment

battery with mainly quantitative, unobtrusive measure-

ments for repeated objective application was designed.

For more details about the TREND study see https://

www.trend-studie.de/. Study data were collected and

managed using REDCap electronic data capture tools

hosted at University of T€ubingen [18].

Cohorts for the present analysis

Overall cohort. Only the subgroup of 495 participants

who fully completed longitudinal assessments over

6 years were included in the present analyses.

Orthostatic function was assessed using the Schel-

long test with repeated blood pressure measurements

during lying and at 30, 90, 150 and 210 s of active

standing. The maximum change in blood pressure at

one of the active standing time points was used for

the definition of OH. OH was defined as a decrease of

more than 20 mmHg in systolic and/or more than

10 mmHg in diastolic blood pressure [19].

Cognitive function was tested using the standard-

ized German version of the extended CERAD-Plus

neuropsychological battery [20]. The battery contains

the following subtests: semantic and phonematic ver-

bal fluency tasks, Boston Naming Test, Mini Mental

State Examination, word list learning, word list recall,

word list recognition, figure drawing, figure recall and

the Trail Making Tests A and B. The subtests of the

CERAD-Plus battery were grouped into four

domains: executive function, memory, language and

visuospatial abilities.

Nested cohort. To directly overcome the effect of age

and sex and evaluate whether results from the overall

cohort analyses remain robust a matching approach

(nested cohort) was performed to make sure that OH

is independently associated with cognitive decline. For

the nested cohort 1:1 matching was performed

(n = 86) with identical means in age at examination

(64.26 years) and sex (female 50%). Of 87 participants

with OH (OH+ participants), only 86 participants

could be matched with 86 participants without OH

(OH� participants) as there was no matching partner

for the 87th OH+ participant identical in age and sex.

Magnetic resonance imaging cohort. In a subgroup of

92 participants (OH+ n = 12; OH� n = 80), cerebral 3

T magnetic resonance imaging (MRI) was performed

between 2005 and 2017. MRI acquisition was recom-

mended and performed as medical routine during fol-

low-up for the following reasons: headache, dizziness,

subjective memory impairment.

T2 or fluid attenuated inversion recovery weighted

images were officially evaluated by a trained radiolo-

gist and rated according to Fazekas [21] by a neurolo-

gist trained in the interpretation of MRI scans. There

was just one rater. We used the grading for white

matter hyperintensities according to Prins and Schel-

tens [22]: Fazekas 0, no white matter hyperintensities;

Fazekas 1, focal or punctuate lesions (single lesions

≤9 mm or grouped lesions <20 mm); Fazekas 2,

beginning confluent lesions (single lesions 10–20 mm,

grouped lesions >20 mm in any diameter, no more

than connecting bridges between individual lesions);

Fazekas 3, confluent lesion (single lesions or confluent

areas of hyperintensity ≥20 mm in any diameter).

Statistics

IBM� SPSS� 22.0 software (IBM Corp. Released

2013. IBM SPSS Statistics for Windows, Version 22.0.

Armonk, NY: IBM corp) was used for statistical anal-

ysis. For cognitive variables, D values between base-

line and follow-up after 6 years were calculated in

order to assess changes over time.

Overall cohort

To compare cognitive-associated longitudinal D values

between OH+ participants versus OH� participants

ANCOVA was used with the covariates age, years of

education, sex and the cardiovascular risk factors

hypertension, arteriosclerosis, diabetes mellitus, smok-

ing (pack years ≥ 15) and obesity (body mass

index ≥ 30), which were assessed in a structured inter-

view. A vascular burden index defined as the sum of

© 2019 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology
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these cardiovascular risk factors was calculated [23].

The prevalence of mild cognitive impairment (MCI)

between OH+ and OH� participants was also com-

pared using the chi-squared test. In this context, MCI

was categorized into amnestic MCI single and multi-

ple domain as well as non-amnestic MCI single and

multiple domain [24]. The non-amnestic MCI included

the domains language (phonematic and semantic ver-

bal fluency, Boston Naming Test), executive function

(Trail Making Test B) and visuospatial abilities (figure

drawing). The amnestic MCI included the memory

domain (word list recall, figure recall). For the defini-

tion of MCI, standard deviations of �1 as well as

�1.5 were explored.

Nested cohort

To compare cognitive-associated longitudinal D values

between OH+ versus OH� participants the non-para-

metric Mann–Whitney U test was used.

MRI cohort

The age at baseline examination between OH+ and

OH� participants was compared using the non-para-

metric Mann–Whitney U test. For comparison of the

vascular burden index between the two groups, uni-

variate analysis of variance was used. The prevalence

of white matter hyperintensities grading 0–3 according

to the revised Fazekas score by Prins and Scheltens

was compared using the chi-squared test. Multivariate

regression analysis including age, sex, years of educa-

tion, OH status, D systolic and diastolic blood

pressure, baseline CERAD sum score, Beck Depres-

sion Inventory score, cardiovascular risk factors and

Fazekas grading (Fazekas grading 0 or 1 = 0, Fazekas

grading 2 or 3 = 1) was performed to evaluate the

association with cognitive function over time mea-

sured by the D CERAD sum score.

Results

Orthostatic hypotension and age

Eighty-seven participants of the cohort of 495 (17.6%)

presented with OH at baseline with an increase of

prevalence with aging (age group 51–55 years 9.8%,

56–60 years 16.9%, 61–65 years 17.2%, 66–70 years

17.3%, 71–75 years 28.1%, 76–80 years 30.8%)

(Fig. 1). Consequently, the OH+ cohort was older than

the OH� cohort (OH+ 64.4 years, OH� 62.4 years,

P = 0.015). There were no significant differences in sex

and years of education.

Orthostatic hypotension and cognitive function

Overall cohort

Compared to the OH� cohort, the OH+ cohort pre-

sented with worse cognitive performance measured by

higher D values between baseline and follow-up in the

overall CERAD sum score (P ≤ 0.001) (Fig. 2) as well

as in the executive function and memory domains.

For single test results per domain and per time point

see Table 1.
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Figure 1 Prevalence of orthostatic

hypotension stratified by age in the over-

all cohort. [Colour figure can be viewed

at wileyonlinelibrary.com]
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Linear regression analysis revealed D systolic blood

pressure and male sex to be associated with worse D
values of the CERAD sum score (Table S1). There

were no significant differences between the prevalence

of MCI at follow-up examination between OH+ and

OH� (Table S2).

Nested cohort

Participants with OH presented with worse cognitive

performance between baseline and follow-up in the

domain memory function (word list learning 2,

P = 0.001; word list learning sum, P = 0.021; figure

recall sum, P = 0.039) as measured by higher D values.

Factors associated with orthostatic hypotension

Overall cohort

Participants with OH presented with a higher vascular

burden index (OH+ 1.03, OH� 0.69, P ≤ 0.001) and a

Figure 2 Deterioration of cognitive function of OH+ partici-

pants versus OH� participants in the CERAD sum score. [Col-

our figure can be viewed at wileyonlinelibrary.com]

Table 1 Results of cognitive testing amongst participants of the overall cohort with (OH+) and without (OH�) orthostatic hypotension over

the 6-year interval

OH+ (n = 87) OH� (n = 408)

P value baseline

D-baseline –
follow-up

P value DBaseline Follow-up Baseline Follow-up OH+ OH�

Age at time point (years) 64 70 62 68 0.015 – – –

Sex (male) 51.% 46% 0.259 – – –

Years of education 14 15 0.400 – – –

CERAD sum score 86.03 84.21 85.82 85.56 ≤0.001 �1.83 �0.25 ≤0.001
MMSE 28.91 28.41 28.88 28.56 ≤0.001 �0.49 �0.33 0.169

Memory

Word list learning 1 5.55 5.62 5.58 5.83 ≤0.001 0.07 0.26 0.014

Word list learning 2 7.59 7.17 7.37 7.53 ≤0.001 �0.41 0.16 0.031

Word list learning 3 8.44 8.25 8.50 8.45 ≤0.001 �0.18 �0.04 0.107

Word list learning sum 21.57 21.05 21.44 21.81 ≤0.001 �0.53 0.38 0.002

Word list intrusion sum 0.54 0.60 0.48 0.62 0.043 0.06 0.14 0.919

Word list recall 7.56 7.33 7.69 7.57 ≤0.001 �0.23 �0.12 0.014

Word list recall intrusion 0.17 0.24 0.16 0.21 0.198 0.07 0.05 0.936

Word list recognition correct yes 9.78 9.75 9.82 9.77 0.080 �0.03 �0.04 0.133

Word list recognition correct no 9.98 9.79 9.97 10.13 0.117 �0.18 0.16 0.499

Word list discriminability 98.79 97.70 98.96 98.33 0.074 �1.09 �0.59 0.002

Figure recall sum 9.57 9.14 9.36 9.40 ≤0.001 �0.44 0.04 0.244

Visuospatial abilities

Figure drawing sum 10.31 10.15 10.36 10.28 0.009 �0.16 �0.08 0.924

Language

Phonematic verbal fluency 19.05 15.50 18.49 14.98 ≤0.001 �3.22 �3.58 0.507

Semantic verbal fluency 25.38 24.25 24.94 23.97 ≤0.001 �1.13 �0.91 0.703

Boston naming test 14.52 14.53 14.63 14.54 ≤0.001 0.01 �0.09 0.692

Executive function

Trail making test A 37.69 40.35 35.38 37.50 ≤0.001 2.65 2.17 0.006

Trail making test B 94.35 95.17 83.97 86.54 ≤0.001 0.82 3.33 ≤0.001
Trail making test B – A 56.65 54.82 48.65 48.52 ≤0.001 �1.83 0.82 0.040

Trail making test B:A 2.69 2.44 2.48 2.38 0.043 �0.25 �0.10 0.753

Neuropsychiatric symptoms

Beck Depression Inventory 7.89 6.52 7.33 6.70 0.590 �1.36 �0.62 0.352

MMSE, Mini Mental State Examination. For comparison of baseline and D values, ANCOVA with the covariates age, years of education, sex

and the cardiovascular risk factors hypertension, arteriosclerosis, diabetes mellitus, smoking and obesity was used. Dichotomous data were

compared by chi-squared test. Data are given as mean values. P-values in bold represent significant differences.
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higher prevalence of hypertension (OH+ 51.7%, OH�
34.3%, P = 0.003) and obesity (OH+ 19.5%, OH�
9.3%, P = 0.009). Moreover, OH+ participants were

more likely to take antihypertensive medication (OH+
59.8%, OH� 40.9%, P = 0.001), namely beta-receptor

blockers (OH+ 27.6%, OH� 18.2%, P = 0.036), AT1-

receptor antagonists (OH+ 32.2%, OH� 18.7%,

P = 0.005) and calcium antagonists (OH+ 14.9%,

OH� 7.5%, P = 0.027). OH+ participants also had a

higher prevalence of intake of platelet inhibitors

(OH+ 28.7%, OH� 19.0%, P = 0.032). Details are

provided in Table 2.

Nested cohort

Findings from the overall cohort could partly be con-

firmed in the nested cohort with a higher intake of

AT1-receptor antagonists (OH+ 35.0%, OH� 20.6%,

P = 0.014). There were no significant differences con-

cerning the vascular burden index (OH+ 1.03, OH�
0.74, P = 0.085) and the cardiovascular risk factors.

White matter hyperintensities in cerebral MRI

In the MRI subgroup OH+ and OH� participants

were similar in age (OH+ 63.9 years, OH� 62.9 years,

P = 0.880) and in vascular burden index (OH+ 0.7,

OH� 0.8, P = 0.656). The prevalence of white matter

hyperintensities tended to be higher in OH+ (91.7%)

compared to OH� (68.8%) (P = 0.091). Specifically,

OH+ participants showed less Fazekas 0 scoring

whilst the prevalence of Fazekas 1 and 2 scoring was

higher compared to the OH� group: Fazekas 0, OH+
8.3%, OH� 31.3%; Fazekas 1, OH+ 50%, OH�
42.5%; Fazekas 2, OH+ 41.7%, OH� 22.5%; Fazekas

3, OH+ 0%, OH� 3.8%) (Fig. 3).

Regression analysis revealed no association between

white matter hyperintensities as assessed by Fazekas

scoring with cognitive function over time measured by

D CERAD scores (beta 0.084, P = 0.458).

Discussion

By evaluating OH in relation to cognitive function

over time in interaction with aging and cardiovascular

risk profiles in a longitudinal study of elderly subjects

aged over 50 years it was found that (i) the prevalence

of OH increases with aging reaching up to 30% in

participants aged >70 years; (ii) OH+ participants pre-

sent with a higher vascular burden index and higher

prevalence of cerebral white matter hyperintensities;

and (iii) OH+ participants, especially those with large

variability in systolic blood pressure, seem to show a

faster deterioration of cognitive function, especially in

the executive and memory domains. Further evidence

supporting our finding comes from the large Hyper-

tension in the Very Elderly Trial (HYVET) cohort.

The cohort consisted of 3121 participants of whom

538 were classified as OH+ and presented with

increased risk of cognitive impairment assessed by the

Mini Mental State Examination and/or a diagnosis of

dementia according to Diagnostic and Statistical Man-

ual of Mental Disorders, 4th edition [25]. In a long-

term analysis of the Rotterdam study, Wolters et al.

reported a higher risk of Alzheimer’s disease and vas-

cular dementia in participants with OH after 15 years

[15]. Interestingly, the risk of both entities was compa-

rable. Unfortunately, no information on the

Table 2 Factors associated with orthostatic hypotension in the over-

all cohort

OH+ OH�
P

value

Anticoagulation 6/87

(6.9%)

21/401

(5.2%)

0.345

Platelet inhibition 25/87

(28.7%)

76/401

(19%)

0.032

Antihypertensive medication 52/87

(59.8%)

164/401

(40.9%)

0.001

Beta-receptor blockers 24/87

(27.6%)

73/401

(18.2%)

0.036

ACE inhibitors 18/87

(20.7%)

53/401

(13.2%)

0.056

AT1-receptor antagonists 28/87

(32.2%)

75/401

(18.7%)

0.005

Calcium antagonists 13/87

(14.9%)

30/401

(7.5%)

0.027

Vasodilators 2/87

(2.3%)

0/401 (0%) 0.031

Medication for diabetes 6/87

(6.9%)

20/401

(5%)

0.310

Sum of antihypertensive

medication (mean)

1.21 0.71 ≤0.001

Antidepressant medication 16/87

(18.4%)

50/401

(12.5%)

0.101

Benzodiazepines 0/87 (0%) 6/401

(1.5%)

0.306

Z-drugs 2/87

(2.3%)

6/401

(1.5%)

0.432

Hypertension 45/87

(51.7%)

140/401

(34.3%)

0.003

Pack years ≥ 15 years 14/87

(16.1%)

56/387

(13.7%)

0.389

Diabetes 7/87

(8.0%)

20/401

(4.9%)

0.188

Atherosclerosis 7/87

(8.0%)

22/401

(5.4%)

0.245

Obesity 17/87

(19.5%)

38/400

(9.3%)

0.009

Vascular burden index (mean) 1.03 0.69 ≤0.001

For comparison of vascular burden index between OH+ and OH�
participants, ANCOVA with the covariates age, years of education and

sex was used. Dichotomous data assessing frequencies were com-

pared by chi-squared test. P-values in bold represent significant dif-

ferences.
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predominantly involved cognitive domains before and

at the time of diagnosis has been reported. Whether

the amnestic domain (Alzheimer’s disease) and execu-

tive dysfunction (vascular dementia) were to be found

might be conjectured. Although conversion to a mani-

fest disease stage was not observed in our cohort, it

was shown that those two domains (amnestic, execu-

tive) in particular were impaired. A longer follow-up

of our cohort is needed to detect conversion to mani-

fest disease stages. Of note and similar to our analysis

a large variability in systolic blood pressure was

reported as the most significant determinant of OH

[15].

The age-related prevalence of OH with up to 30%

in subjects older than 70 years observed in our study

is in line with the literature [2,3]. Interestingly, current

concepts focus on a bidirectional interaction of OH

with multimorbidity in elderly people comprising

hypertension, coronary heart disease and a higher risk

for strokes [6], promoting cognitive dysfunction, falls

and mortality [7–9]. Indeed, participants with OH in

the present study showed more pronounced cardiovas-

cular risk profiles and a higher prevalence of white

matter hyperintensities in cerebral MRI [26]. Remark-

ably, some of the factors such as body mass index,

hypertension and/or respective antihypertensive medi-

cation, diabetes and smoking can potentially be influ-

enced by lifestyle and should be part of medical

counseling not only in the context of cardiovascular

diseases but also in terms of cognitive function. In this

line of evidence, a recent analysis reported bolus water

drinking, physical counter maneuvers and abdominal

compression to be effective non-pharmacological treat-

ment options in the elderly with OH [27].

The strength of the study is the longitudinal design

including a comprehensive cognitive test battery

assessing all cognitive domains in detail.

The limitations of the present study comprise the

small sample size especially with regard to the MRI

cohort and the visual rating of MRI by just one

blinded rater as well as the fact that the MRIs were

not generated at one time point.

Taken together, the hypothesis of an association

between cardiovascular risk profiles, OH and cognitive

decline could be further supported in a large cohort

of the elderly over a period of 6 years. Knowledge of

such circuits offers windows for medical counseling

where lifestyle factors that could potentially be influ-

enced should be addressed.
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