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ORTHOSTATIC HYPOTENSION

From Normal Cognition to Cognitive Impairment 
and Dementia
Impact of Orthostatic Hypotension

Xin Xia , Rui Wang, Davide L. Vetrano, Giulia Grande, Erika J. Laukka , Mozhu Ding , Laura Fratiglioni, Chengxuan Qiu

ABSTRACT: The role of orthostatic hypotension (OH) in the continuum of cognitive aging remains to be clarified. We sought 
to investigate the associations of OH with dementia, cognitive impairment, no dementia (CIND), and CIND progression to 
dementia in older adults while considering orthostatic symptoms. This population-based cohort study included 2532 baseline 
(2001–2004) dementia-free participants (age ≥60 years; 62.6% women) in the SNAC-K (Swedish National Study on Aging 
and Care in Kungsholmen) who were regularly examined over 12 years. We further divided the participants into a baseline 
CIND-free cohort and a CIND cohort. OH was defined as a decrease by ≥20/10 mm Hg in systolic/diastolic blood pressure 
upon standing and further divided into asymptomatic and symptomatic OH. Dementia was diagnosed following the international 
criteria. CIND was defined as scoring ≥1.5 SDs below age group-specific means in ≥1 cognitive domain. Data were analyzed 
with flexible parametric survival models, controlling for confounding factors. Of the 2532 participants, 615 were defined 
with OH at baseline, and 322 were diagnosed with dementia during the entire follow-up period. OH was associated with an 
adjusted hazard ratio of 1.40 for dementia (95% CI, 1.10–1.76), 1.15 (0.94–1.40) for CIND, and 1.54 (1.05–2.25) for CIND 
progression to dementia. The associations of dementia and CIND progression to dementia with asymptomatic OH were 
similar to overall OH, whereas symptomatic OH was only associated with CIND progression to dementia. Our study suggests 
that OH, even asymptomatic OH, is associated with increased risk of dementia and accelerated progression from CIND 
to dementia in older adults. (Hypertension. 2021;78:769–778. DOI: 10.1161/HYPERTENSIONAHA.121.17454.) • 
Data Supplement

Key Words: cohort studies ◼ dementia ◼ hypotension ◼ orthostatic ◼ population

Orthostatic hypotension (OH) is a common condition 
in older adults and reflects an insufficient hemody-
namic adaptation to postural changes.1 OH can be 

generally divided into neurogenic OH caused by neuro-
degenerative disorders (eg, Parkinson disease) and non-
neurogenic OH caused by other factors such as using 
medications that can decrease the cardiac sympathetic 
tone and conditions that can lead to reduced blood vol-
ume.1 A few population-based studies in middle-aged 
and older people have linked OH with an elevated risk of 
dementia, and cerebral hypoperfusion may partly explain 
the association.2–6 However, most people with OH do not 
report any symptoms linked to cerebral hypoperfusion, 

indicating large interindividual variability in cerebrovascu-
lar autoregulation.7–9 Notably, it remains to be clarified 
whether the association of OH with dementia varies by 
the presence or absence of cerebral hypoperfusion-
related orthostatic symptoms. Besides, the role of OH 
in the prodromal dementia phases is poorly understood. 
Data from a memory clinic setting showed a higher prev-
alence of OH in people with cognitive impairment than 
those with normal cognition,10 but evidence from longitu-
dinal studies is mixed.2,5,11–18 Furthermore, OH has been 
associated with the progression from cognitive impair-
ment to dementia in a memory clinic setting,19 whereas 
evidence from population-based studies is lacking.

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 3, 2021

mailto:chengxuan.qiu@ki.se


OR
TH

OS
TA

TI
C 

HY
PO

TE
NS

IO
N

770  September 2021 Hypertension. 2021;78:769–778. DOI: 10.1161/HYPERTENSIONAHA.121.17454

Xia et al Orthostatic Hypotension and Cognitive Aging

This population-based cohort study of Swedish older 
adults aimed to increase the understanding of OH’s role 
in the cognitive continuum from normal cognitive func-
tion to cognitive impairment and dementia. Specifically, 
we sought to (1) examine the association of OH with 
dementia, (2) evaluate the association of OH with cog-
nitive impairment, no dementia (CIND), and (3) assess 
the association of OH with the progression from CIND 
to dementia. We also considered orthostatic symptoms 
when examining these associations.

METHODS
This study used data from the ongoing SNAC-K (Swedish 
National Study on Aging and Care in Kungsholmen). The ano-
nymized data from the SNAC-K study are accessible when the 
administrative committee of the SNAC-K study at the Aging 
Research Center, Karolinska Institutet, Stockholm, Sweden, 
approves the request (www.snac-k.se).

Study Design and Participants
This is a population-based cohort study using data from the 
SNAC-K, a multidisciplinary study of aging and health among 
people aged ≥60 years, living at home or in institutions in the 
Kungsholmen area of central Stockholm.20 The study popula-
tion consists of samples randomly selected from 11 age groups 

(60, 66, 72, 78, 81, 84, 87, 90, 93, 96, and 99+ years). Between 
2001 and 2004, 3363 (73.3%) of the 4590 invited individuals 
participated in the baseline examination. After that, the younger 
cohorts (age <78 years) are examined every 6 years, and the 
older cohorts (age ≥78 years) are examined every 3 years. All 
waves of examination in the SNAC-K study and the linkage of 
SNAC-K data with register data were approved by the Regional 
Ethical Review Board in Stockholm, Sweden. Written informed 
consent was obtained from all participants or a proxy if the par-
ticipant was cognitively impaired.

Our study used data from 2001 to 2004 (baseline) to 
2013 to 2016 and defined 3 analytical samples to address 
the 3 specific research objectives (Figure 1). To evaluate the 
OH-dementia association, we excluded individuals with demen-
tia (n=240), missing dementia diagnosis (n=10), with Parkinson 
disease (n=33), or missing postural blood pressure (BP) mea-
surements (n=208) at baseline from the 3363 participants. Of 
the 2872 (85.4%) dementia-free people, 340 (11.8%) indi-
viduals were further excluded due to dropout, leaving 2532 
persons in the dementia-free cohort (analytical sample 1). Of 
these, 2224 (87.8%) persons had information to define CIND 
at baseline and were divided into a baseline CIND-free cohort 
(n=1648) and a CIND cohort (n=576). For the OH-CIND asso-
ciation, we used data from the baseline CIND-free cohort and 
further excluded 113 (6.9%) people due to lack of informa-
tion to define CIND during the follow-up period, leaving 1535 
participants in analytical sample 2. We used data of the CIND 
cohort (analytical sample 3) to analyze the association between 
baseline OH and the progression from CIND to dementia.

Ascertainment of OH
In the baseline examination, BP was measured 4 times from the 
left arm with a sphygmomanometer in a quiet room with a con-
stant temperature.21 BP in the sitting position was measured 
twice; at each time, BP was measured after a 5-minute rest. 
The third BP reading was measured after a 5-minute rest in 
the supine position. Then, participants were instructed to stand 
up, and the fourth BP reading was measured after 1 minute of 
standing. OH was defined as a drop of ≥20 mm Hg in systolic 
BP (SBP) or ≥10 mm Hg in diastolic BP (DBP) from the third 
to fourth reading.1 Symptoms upon 1 minute of standing were 
explicitly asked and recorded. We considered light-headedness, 
dizziness, fatigue, weakness, syncope, visual disturbances, and 
hearing disturbances as orthostatic symptoms related to cere-
bral hypoperfusion.22

Nonstandard Abbreviations and Acronyms

AD Alzheimer Disease
ARIC Atherosclerosis Risk in Communities
CIND cognitive impairment, no dementia
DBP diastolic blood pressure
HYVET cohort  Hypertension in the Very Elderly Trial 

cohort
OH orthostatic hypotension
SBP systolic blood pressure
SNAC-K  Swedish National Study on Aging 

and Care in Kungsholmen
TILDA Irish Longitudinal Study on Ageing

Novelty and Significance

What Is New?
• The study suggests that orthostatic hypotension, even 

when asymptomatic, is associated with worse cognitive 
outcomes in older adults.

What Is Relevant?
• Short-term blood pressure instability, which can be 

induced by postural change, may play a role in acceler-
ating cognitive aging.

Summary
Our study found that orthostatic hypotension, even 
asymptomatic orthostatic hypotension, was associated 
with an increased risk of dementia and accelerated pro-
gression from cognitive impairment to dementia. Fur-
ther research is needed to understand the mechanisms 
underlying these associations.
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Diagnosis of Dementia and Alzheimer Disease
At each study visit, all participants were examined via structured 
interviews (eg, lifestyle factors and health history) and a clinical 
examination (eg, chronic health conditions, use of medications, 
and physical functioning). Cognitive tests used for dementia 
diagnosis included the Mini-Metal State Examination, the clock 
drawing test, and the Digit Span Forward and Backward tests. 
Dementia was diagnosed according to the Diagnostic and 
Statistical Manual of Mental Disorders, fourth edition criteria 
following a 3-step procedure.23 In brief, the examining physi-
cian made the first diagnosis based on interviews and clini-
cal examinations. Then, another physician made the second 
diagnosis independently by reviewing all records from inter-
views and clinical examinations. A neurologist external to the 
data collection made a final diagnosis in case of disagreement 
between the first and second diagnoses. The National Institute 
of Neurological and Communicative Disorders and Stroke and 
the Alzheimer Disease and Related Disorders Association 
criteria were applied for the diagnosis of Alzheimer disease 
(AD).24 We did not analyze other types of dementia separately 
due to too few cases. Among the deceased participants who 
had not been diagnosed with dementia, dementia cases were 
identified through medical charts reviewed by physicians in the 

SNAC-K research group and through linkage to the Swedish 
Cause of Death Register.

Diagnosis of CIND
Trained psychologists assessed cognitive function during 
each wave of examination using a comprehensive neuro-
psychological battery involving 5 cognitive domains: episodic 
memory (free recall), executive function (trail making test, part 
B), language (category and letter fluency), visuospatial abili-
ties (mental rotations), and perceptual speed (digit cancel-
lation and pattern comparison).25,26 The raw score for each 
test was standardized into a Z score using the baseline mean 
and SD, and the average of Z scores was generated for a 
specific domain when more than one test was performed.26 
CIND was defined as a test score of ≥1.5 SDs below the age 
group-specific mean in at least one cognitive domain, without 
meeting the criteria for dementia.26

Assessments of Covariates
Education was dichotomized as below high school and high 
school or above. Body mass index was categorized as normal 
(<25 kg/m2), overweight (25–29.9 kg/m2), and obesity (≥30 

Figure 1. Flowchart of the study 
participants. 
CIND indicates cognitive impairment, 
no dementia; and OH, orthostatic 
hypotension.
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kg/m2). Smoking was dichotomized as never and ever smok-
ing. Heavy alcohol drinking was defined as consuming ≥8 
drinks/wk for women and ≥15 drinks/wk for men. Physical 
inactivity was defined as light/moderate/intensive exercise 
≤2 to 3 times per month. Diabetes was determined through 
the following sources: glycated hemoglobin (HbA1c ≥6.5%), 
a record of diabetes in the Swedish National Patient Register, 
self-reported history of diabetes, and use of oral blood glu-
cose-lowering medication or insulin injection. High cholesterol 
level was defined as having nonfasting total serum choles-
terol ≥6.22 mmol/L or current use of lipid-lowering drugs. 
Antihypertensive medication included diuretics, α-blockers, 
β-blockers, β-/α-blockers, angiotensin-converting enzyme 
inhibitors, angiotensin II receptor blockers, and calcium chan-
nel blockers and other vasodilators. Walking speed was used 
as a measure of motor function and measured through a 2.4- 
or 6-meter walk test; slow walking speed was defined as <0.8 
m/s. Heart diseases, including atrial fibrillation, heart failure, 
and ischemic heart disease, were ascertained by integrating 
information from the baseline interviews, clinical examination, 
and the Swedish National Patient Register27 and catego-
rized as having 0, 1, and ≥2 heart diseases. Cerebrovascular 
disease was ascertained through the same procedure.27 
Genotyping of APOE was performed using matrix-assisted 
laser desorption/ionization time-of-flight analysis on a modi-
fied Sequenom MassARRAY platform at the Mutation Analysis 
Facility, Karolinska Institutet, and APOE genotype was divided 
as carrying any ε4 allele versus no ε4 allele.

Statistical Analysis
Baseline characteristics of study participants by OH status 
were compared using logistic regression and linear regression 
models adjusted for age.

We used flexible parametric survival models to estimate 
the hazard ratio and 95% CI of dementia and AD associated 
with baseline OH using follow-up time as the time scale. We 
further divided OH into asymptomatic and symptomatic OH in 
the models. To evaluate the associations of OH with cognitive 
outcomes by the severity of OH, we also divided OH into mild 
OH (SBP drops by 20–29 and DBP drops by 10–14 mm Hg 
after 1 minute of standing) and severe OH (SBP/DBP drops 
≥30/15 mm Hg after 1 minute of standing).3 The time of 
dementia onset was defined as the date of study visit on which 
the participants were first diagnosed with dementia or the date 
of death for dementia cases identified from medical charts and 
the Swedish Cause of Death Registry. The follow-up time was 
defined as the time interval between the date of the baseline 
examination and the date of dementia onset, death, or end 
of follow-up, whichever came first. We first adjusted for age, 
sex, and education in the models, then additionally adjusted 
for body mass index, smoking, heavy alcohol drinking, physi-
cal inactivity, diabetes, high cholesterol level, SBP in the sitting 
position (continuous), antihypertensive medication use, slow 
walking speed, number of heart diseases, and cerebrovascu-
lar disease. We applied the same analytical procedures for the 
associations of OH with incident CIND and CIND progression 
to dementia or AD, except that for the OH-CIND association, 
the follow-up time was defined as the time interval between 
the date of the baseline examination and the date of CIND 
onset, death, or the time when the individuals were censored 

due to lack of subsequent CIND information, whichever came 
first. We also explored the interaction of OH with sex and APOE 
ε4 allele on the risk of the cognitive outcomes by including the 
individual variables and their interaction terms simultaneously in 
the models. Finally, we estimated the standardized cumulative 
incidence of dementia by OH status using flexible parametric 
survival models while considering the competing risk of death.28

We performed the following sensitivity analyses by (1) 
applying a more stringent definition of OH (SBP/DBP declines 
≥30/15 mm Hg after 1 minute of standing) among people 
with supine hypertension (SBP/DBP ≥150/90 mm Hg in the 
supine position)29; (2) dividing OH into non-neurogenic and 
neurogenic OH (defined as the ratio of the heart rate increase 
to SBP decline <0.5 bpm/mm Hg when standing up from the 
supine position) to explore if the associations of OH with cog-
nitive outcomes differ by OH cause30; and (3) exploring the 
impact of potential reverse causality on the OH-dementia asso-
ciations by setting a lag period of 3 years between OH assess-
ment and dementia assessment in the survival models.

We dealt with missingness in covariates with multiple 
imputation by chained equations. Statistical analyses were 
performed with R software version 3.6.2 (R Foundation for 
Statistical Computing, Vienna, Austria) and Stata Statistical 
Software: Release 16.0 (StataCorp, College Station, TX).

RESULTS
The mean age of the 2532 participants in the demen-
tia-free cohort was 73.1 (SD, 10.4) years, 62.6% were 
women, and 615 (24.3%) had OH (545 without and 70 
with symptoms; 434 with mild OH and 181 with severe 
OH) at baseline (Table 1). Compared with people without 
OH, those with OH were older, less obese, more likely 
to have diabetes, have lower SBP in the sitting position, 
and more likely to have slow walking speed and ≥2 heart 
diseases (Table 1).

During the 12-year follow-up period (mean, 8.5 years; 
SD, 3.7 years), 322 (12.7%) participants developed 
dementia, including 211 (8.3%) with AD. Controlling for 
demographic factors, OH was significantly associated with 
an increased risk of dementia and AD, and the associa-
tions remained similar after further controlling for vascular 
risk factors, motor function, and comorbid heart diseases 
and cerebrovascular disease (Table 2). Severe OH was 
more strongly associated with dementia and AD com-
pared with mild OH (Table 2). The time by which 10% of 
people with OH developed dementia was ≈9 years since 
baseline and 10.5 years for those without OH (Figure 2A).

Of the 1535 CIND-free participants at baseline, 331 
(21.6%) were detected with OH (297 without and 34 
with symptoms). During a mean follow-up period of 7.9 
years (SD, 3.5 years), 546 (35.6%) developed CIND. OH 
was associated with an increased risk of CIND, but the 
association was not significant (Table 3).

In the 576 individuals with CIND at baseline, 148 
(25.7%) had OH (127 without and 21 with symptoms; 
105 mild OH and 43 severe OH), and 127 (22.0%) 
developed dementia (83 with AD) during a mean 
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follow-up period of 7.6 years (SD 3.9 years). OH was 
significantly associated with an elevated risk of CIND 
progression to dementia and AD, while only mild OH was 
associated with an increased risk of CIND progression 
to AD (Table 3). The time by which 20% of individuals 
developed dementia was 8.6 years in people with OH 
and 11.7 years in those without OH (Figure 2B). We did 
not find statistical interaction of OH with sex or APOE ε4 
allele in the association of OH with dementia, CIND, or 
CIND progression to dementia.

Further analysis by the presence of OH-related symp-
toms suggested that symptomatic OH had a stronger 
association with dementia than asymptomatic OH; how-
ever, the association with symptomatic OH was no longer 
significant when adjusted for all confounding factors (Fig-
ure 3A). In addition, neither symptomatic nor asymptomatic 
OH at baseline was significantly associated with incident 
CIND (Figure 3B). Finally, symptomatic OH was associated 
with the progression from CIND to dementia (Figure 3B).

The sensitivity analyses showed that when the more 
stringent definition was applied to defining OH for 

people with supine hypertension, the associations of OH 
with dementia, AD, and CIND progression to dementia 
and AD became stronger; besides, symptomatic OH was 
significantly associated with an elevated risk of dementia 
and CIND progression to dementia (Table S1 in the Data 
Supplement). Furthermore, when dividing OH accord-
ing to possible etiology, the results showed that both 
non-neurogenic and neurogenic OH were significantly 
associated with an increased risk of dementia, whereas 
only non-neurogenic OH was significantly associated 
with CIND progression to dementia and AD (Table S2). 
Finally, after excluding 282 (11.1%) people with follow-
up time shorter than 3 years, OH was still significantly 
associated with dementia and AD (Table S3).

DISCUSSION
This population-based cohort study of older adults indi-
cates that OH, even asymptomatic OH, is associated 
with an elevated risk of dementia and CIND progres-
sion to dementia. Demographic factors, motor function, 

Table 1. Baseline Characteristics of the Study Participants by OH Status in the Dementia-Free Cohort

Characteristics Overall (n=2532)

Orthostatic hypotension

P valueNo (n=1917) Yes (n=615)

Age, y, mean (±SD) 73.1 (±10.4) 72.3 (±10.2) 75.4 (±10.6) <0.001

Female sex, n (%) 1585 (62.6) 1178 (61.5) 407 (66.2) 0.219

Education-high school or above, n (%) 1905 (75.2) 1464 (76.4) 441 (71.7) 0.663

Obese status (BMI), n (%)

 Normal weight (<25 kg/m2) 1138 (44.9) 822 (42.9) 316 (51.4)  

 Overweight (25–29.9 kg/m2) 993 (39.2) 778 (40.6) 215 (35.0) 0.010

 Obesity (≥30 kg/m2) 317 (12.5) 258 (13.5) 59 (9.6) 0.008

Ever smoking, n (%) 1350 (53.3) 1029 (53.7) 321 (52.2) 0.601

Heavy alcohol drinking, n (%) 436 (17.2) 348 (18.2) 88 (14.3) 0.156

Physical inactivity, n (%) 694 (27.4) 499 (26.0) 195 (31.7) 0.208

Diabetes, n (%) 221 (8.7) 152 (7.9) 69 (11.2) 0.024

High cholesterol level, n (%) 308 (12.2) 239 (12.5) 69 (11.2) 0.669

SBP in the sitting position, mm Hg, mean (±SD) 144 (±19.8) 144 (±19.4) 143 (±21.0) 0.020

Antihypertensive medication use, n (%) 1008 (39.8) 734 (38.3) 274 (44.6) 0.283

Antihypertensive medication classes, n (%)

 Diuretics 483 (19.1) 332 (17.3) 151 (24.6) 0.060

 β-blockers 504 (19.9) 366 (19.1) 138 (22.4) 0.239

 Calcium channel blockers 258 (10.2) 184 (9.6) 74 (12.0) 0.245

 ACE inhibitors and angiotension receptor blockers 301 (11.9) 221 (11.5) 80 (13.0) 0.506

Slow walking speed, n (%) 564 (22.3) 377 (19.7) 187 (30.4) 0.025

No. of heart diseases, n (%)

 0 1972 (77.9) 1526 (79.6) 446 (72.5)  

 1 380 (15.0) 276 (14.4) 104 (16.9) 0.544

 ≥2 180 (7.1) 115 (6.0) 65 (10.6) 0.030

Cerebrovascular disease, n (%) 155 (6.1) 107 (5.6) 48 (7.8) 0.350

P values were derived from the age-adjusted logistic or general linear regression models, except for age. The number of people with 
missing data was 3 for education, 84 for BMI, 15 for smoking, 15 for alcohol consumption,77 for high cholesterol level, 33 for SBP in the 
sitting position, 2 for antihypertensive medication use, 2 for antihypertensive medication classes, and 27 for walking speed. ACE indicates 
angiotensin-converting enzyme; BMI, body mass index; OH, orthostatic hypotension; and SBP, systolic blood pressure.
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and cardiovascular burdens could not fully explain these 
associations. In addition, reverse causality may not fully 
account for the association of OH with dementia.

Several population-based longitudinal studies of mid-
dle-aged and older cohorts have shown OH was associ-
ated with an increased risk for dementia.2–6 For instance, 
the ARIC study (Atherosclerosis Risk in Communities) 
of middle-aged adults (mean age 54 years) in the 

United States found that baseline OH was associated 
with a 54% increased risk of dementia over a 24-year 
follow-up period.5 In contrast, the Malmö Preventive 
Project (mean age 45 years) in southern Sweden did 
not suggest such an association, possibly due to the low 
prevalence of OH in middle-aged adults and an underdi-
agnosis of dementia cases.31 Population-based studies 
of older ages generally supported a weak-to-moderate 

Table 2. Associations of Baseline OH With Incident Dementia and Alzheimer Disease

OH status

Dementia Alzheimer disease

No. of cases

Hazard ratio (95% CI)

No. of cases

Hazard ratio (95% CI)

Model 1 Model 2 Model 1 Model 2

No OH (n=1917) 213 1.00 (Reference) 1.00 (Reference) 141 1.00 (Reference) 1.00 (Reference)

OH (n=615) 109 1.48 (1.17–1.87)* 1.40 (1.10–1.76)* 70 1.45 (1.09–1.93)† 1.39 (1.04–1.86)†

 Mild OH (n=434) 62 1.24 (0.93–1.64) 1.18 (0.89–1.57) 43 1.30 (0.92–1.83) 1.26 (0.89–1.78)

 Severe OH (n=181) 47 2.00 (1.46–2.75)* 1.84 (1.34–2.53)* 27 1.78 (1.18–2.70)* 1.66 (1.09–2.52)†

Hazard ratios were derived from flexible parametric survival models. Model 1 adjusted for age, sex, and education; Model 2 further adjusted for body mass index, 
smoking, heavy alcohol drinking, physical inactivity, diabetes, high cholesterol level, systolic blood pressure in the sitting position, antihypertensive medication use, slow 
walking speed, number of heart diseases, and cerebrovascular disease. OH indicates orthostatic hypotension.

*P<0.01.
†P<0.05.
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Figure 2. Cumulative incidence of 
dementia by orthostatic hypotension 
(OH) status.
A, In the dementia-free cohort (n=2532). 
B, In the cognitive impairment, no 
dementia (CIND) cohort (n=576). 
Results were from flexible parametric 
models taking competing risk of death 
into account, adjusting for age, sex, 
education, body mass index, smoking, 
heavy alcohol drinking, physical inactivity, 
diabetes, high cholesterol level, systolic 
blood pressure in the sitting position, 
antihypertensive medication use, slow 
walking speed, number of heart diseases, 
and cerebrovascular disease.
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association between OH and the risk of dementia.2–4,6 
The 12-year follow-up data from the Three-City study in 
people aged over 65 years showed that OH was related 
to a 24% increased risk of dementia3; the 25-year fol-
low-up data from the Rotterdam study (mean age 68.5 
years) showed that OH was associated with a 15% 
increased risk of dementia.4 The finding of the stron-
ger association of dementia with severe OH than with 
mild OH was also in line with the Three-City study.3 Nei-
ther of the Three-City study and the Rotterdam study 
showed an association of OH with AD.3,4 In contrast, 
we found that OH was associated with an elevated risk 
not only for dementia but also for AD. However, people 
clinically diagnosed with AD are often accompanied by 
cerebrovascular pathology,32–34 which should be kept in 
mind when interpreting the findings of the associations 
of OH with AD and CIND progression to AD.

Evidence for the association between OH and cogni-
tive impairment is inconclusive. The SNAC-Skåne study 
in southern Sweden did not find an association between 
OH and incident mild cognitive impairment.2 In contrast, 
the Amsterdam Dementia Cohort study of the memory 
clinic setting found that OH was associated with an 
increased risk of incident mild cognitive impairment or 
dementia.19 Furthermore, previous studies on the associ-
ation between OH and cognitive decline showed mixed 
results.5,11–18 Data from the HYVET cohort (Hypertension 

in the Very Elderly Trial cohort) suggested OH was asso-
ciated with increased risk of cognitive decline over 2 
years of follow-up16; the TILDA (Irish Longitudinal Study 
on Ageing) suggested that OH was associated with 
global cognitive decline, mainly driven by the decline in 
executive function.17 Besides, data from the Tübingen 
Risk Evaluation for Neurodegenerative Diseases study 
of people aged 50 to 80 years in Germany showed that 
people with OH experienced a faster decline in global 
cognition, executive function, and memory.18 However, 
data from the ARIC study and a few population-based 
studies of older adults did not support an association 
between OH and cognitive decline.5,11–15 The lack of 
association between OH and mild cognitive impairment 
or cognitive decline in these studies could be partly due 
to the short follow-up time and the use of the Mini-
Mental State Examination in the assessment of cogni-
tive function,2,11,12,15,35 which has low sensitivity to detect 
changes in certain cognitive domains such as executive 
function. Our study had a relatively long follow-up period 
and used a comprehensive neuropsychological battery 
to define cognitive impairment but still did not find a sig-
nificant association between OH and CIND. However, 
the missingness in CIND during the follow-up period 
might lead to underestimation of the association in our 
study. Therefore, the OH-CIND association deserves 
further investigation.

Orthostatic symptoms can be a sign of both OH 
severity and poor cerebral autoregulation,7–9 thus hav-
ing important clinical implications. However, few studies 
on the associations of OH with cognitive impairment 
and dementia have considered orthostatic symptoms.2,16 
The SNAC-Skåne study showed symptomatic subclini-
cal OH (ie, the BP decrease does not meet the OH 
definition) but not OH was associated with mild cog-
nitive impairment.2 The HYVET study demonstrated a 
stronger association between symptomatic subclinical 
OH and dementia compared with OH.16 Our study did 
not find associations of symptomatic OH with CIND or 
dementia partly owing to limited statistical power, but 
the results did suggest that symptomatic OH was asso-
ciated with an increased risk of CIND progression to 
dementia. Further large-scale studies are warranted to 
clarify the role of orthostatic symptoms in the relation-
ship between OH and cognitive impairment and demen-
tia. Meanwhile, our results showed that asymptomatic 
OH was associated with dementia and CIND progres-
sion to dementia, suggesting that asymptomatic OH 
may deserve attention in clinical practice.

Cerebral hypoperfusion induced by OH could explain 
the associations of OH with adverse cognitive outcomes. 
We previously reported that low BP in very old age was 
associated with a higher risk of dementia and AD.36 A 
plausible explanation is that low BP results in insuffi-
cient cerebral blood flow, which may increase the risk of 
dementia.37 In the current study, the associations of OH 

Table 3. Associations of Baseline OH With Incident CIND 
and CIND Progression to Dementia

OH status
No. of 
cases

Hazard ratio (95% CI)

Model 1 Model 2

From normal cognitive function to CIND

 No OH (n=1204) 417 1.00 (Reference) 1.00 (Reference)

 OH (n=331) 129 1.14 (0.93–1.39) 1.15 (0.94–1.40)

  Mild OH (n=249) 98 1.11 (0.89–1.39) 1.14 (0.92–1.43)

  Severe OH (n=82) 31 1.23 (0.85–1.77) 1.17 (0.80–1.69)

Progression from CIND to dementia

 No OH (n=428) 82 1.00 (Reference) 1.00 (Reference)

 OH (n=148) 45 1.73 (1.20–2.49)* 1.54 (1.05–2.25)†

  Mild OH (n=105) 31 1.52 (1.00–2.31)† 1.44 (0.93–2.22)

  Severe OH (n=43) 14 2.46 (1.38–4.36)* 1.82 (0.98–3.35)

Progression from CIND to Alzheimer disease

 No OH (n=428) 52 1.00 (Reference) 1.00 (Reference)

 OH (n=148) 31 1.91 (1.22–2.99)* 1.72 (1.08–2.74)†

  Mild OH (n=105) 23 1.79 (1.09–2.95)† 1.79 (1.07–3.00)†

  Severe OH (n=43) 8 2.33 (1.10–4.94)† 1.55 (0.69–3.50)

Hazard ratios were derived from flexible parametric survival models. Model 
1 adjusted for age, sex, and education; Model 2 further adjusted for body mass 
index, smoking, heavy alcohol drinking, physical inactivity, diabetes, high choles-
terol level, systolic blood pressure in the sitting position, antihypertensive medi-
cation use, slow walking speed, number of heart diseases, and cerebrovascular 
disease. CIND indicates cognitive impairment, no dementia; and OH, orthostatic 
hypotension.

*P<0.01.
†P<0.05.D
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with dementia and CIND progression remained evident 
after adjusting for the sitting SBP, suggesting that the 
effect of OH on cognition was independent of low sit-
ting BP. Postural changes from a supine to a standing 
position can lead to a redistribution of blood to lower 
extremities and a reduction in BP, which may also result 
in reduced cerebral blood flow, and repeated episodes 
of OH may be responsible for cerebral ischemic dam-
age and an elevated risk for dementia.1,22,37 People who 
experience orthostatic symptoms are more likely to have 
insufficient cerebral blood perfusion,9 which may partly 
explain the slightly stronger association of symptomatic 
OH with the progression from CIND to dementia than 
that of asymptomatic OH. The association of OH with 
CIND was not evident in our study. Similarly, previous 
studies demonstrated that OH was related to an ele-
vated risk for dementia but not faster cognitive decline 
or cognitive impairment.2,5 These findings suggest that 
OH may be more harmful to people that already have 
cognitive impairment. Alternatively, OH can be an early 
sign of underlying neuropathological changes in the 
brain. BP responses to postural changes are regulated 
by baroreflex in coordination with the central autonomic 
network, which involves multiple brain regions (eg, hypo-
thalamus, insular cortex, and amygdala).1 The regulation 
could be altered in the context of neurodegenerative 
conditions.38–40 However, our data showed that both 
non-neurogenic and neurogenic OH were associated 

with dementia and CIND progression and that the asso-
ciation of OH with dementia remained evident even 
when introducing a lag period of 3 years between OH 
assessment and dementia diagnosis. These findings 
imply that the underlying neurodegeneration is unlikely 
to fully account for the associations of OH with cognitive 
outcomes in older adults.

This study has limitations. First, supine and stand-
ing BP was only measured once, which may affect the 
accuracy of the assessments and lead to nondifferen-
tial misclassification of exposure and underestimation of 
the true association. Second, we were unable to examine 
the effect of delayed OH (ie, OH occurs after 3 min-
utes of active standing) owing to lacking relevant data, 
which may have a more profound impact on cognition.17,19 
Third, although we have controlled for a broad range of 
potential confounding factors, we cannot completely 
rule out residual confounding bias due to imperfect 
measurements of some factors and unmeasured con-
founders. Fourth, we have limited power to detect the 
weak-to-moderate associations of symptomatic OH with 
cognitive outcomes due to the relatively few people with 
symptomatic OH. Finally, the study population has a bet-
ter socioeconomic status compared with other regions of 
Sweden. Therefore, caution should be taken when gen-
eralizing our research findings.

In conclusion, this population-based cohort study sug-
gests that OH, even asymptomatic OH, is associated with 
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Figure 3. The associations of 
asymptomatic and symptomatic 
orthostatic hypotension (OH) with 
cognitive outcomes, compared with 
people without OH.
A, The associations of OH with dementia 
(n=2532). B, The associations of OH with 
cognitive impairment, no dementia (CIND; 
n=1535) and CIND progression to 
dementia (n=576). Results were derived 
from flexible parametric survival models, 
and n/N indicates the number of outcome 
events/the number of participants. Model 
1 adjusted for age, sex, and education; 
model 2 further adjusted for body mass 
index, smoking, heavy alcohol drinking, 
physical inactivity, diabetes, high 
cholesterol level, systolic blood pressure 
in the sitting position, antihypertensive 
medication use, slow walking speed, 
number of heart diseases, and 
cerebrovascular disease. AD indicates 
Alzheimer disease.
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an increased risk of dementia and the progression from 
CIND to dementia in older adults. Further studies with 
beat-to-beat BP measures, neuropathological biomark-
ers, and vascular aging measures could help clarify the 
mechanisms underlying these associations. In addition, 
the early identification of OH in older adults may help 
identify individuals at risk for dementia and implement 
timely actions to address the underlying causes of OH 
and thereafter prevent or delay dementia onset. This is 
possible given that OH can be managed by nonpharma-
cological and pharmacological interventions.

PERSPECTIVES
OH is a common and usually asymptomatic condition 
in older adults and associated with an elevated risk for 
dementia and accelerated progression from CIND to 
dementia. However, further investigations are warranted 
to clarify the mechanisms underlying these associations.
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