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Objectives.  To examine the association of orthostatic hypotension with incident heart failure (HF) in older adults.

Methods.  Of the 5,273 community-dwelling adults aged 65  years and older free of baseline prevalent HF in the 
Cardiovascular Health Study, 937 (18%) had orthostatic hypotension, defined as ≥20 mmHg drop in systolic or 
≥10 mmHg drop in diastolic blood pressure from supine to standing position at 3 minutes. Of the 937, 184 (20%) had 
symptoms of dizziness upon standing and were considered to have symptomatic orthostatic hypotension. Propensity 
scores for orthostatic hypotension were estimated for each of the 5,273 participants and were used to assemble a cohort 
of 3,510 participants (883 participants with and 2,627 participants without orthostatic hypotension) who were balanced 
on 40 baseline characteristics. Cox regression models were used to estimate the association of orthostatic hypotension 
with centrally adjudicated incident HF and other outcomes during 13 years of follow-up.

Results.  Participants (n = 3,510) had a mean (±standard deviation) age of 74 (±6) years, 58% were women, and 15% 
nonwhite. Incident HF occurred in 25% and 21% of matched participants with and without orthostatic hypotension, 
respectively (hazard ratio, 1.24; 95% confidence interval, 1.06–1.45; p = .007). Among matched participants, hazard 
ratios for incident HF associated with symptomatic (n = 173) and asymptomatic (n = 710) orthostatic hypotension were 
1.57 (95% confidence interval, 1.16–2.11; p = .003) and 1.17 (95% confidence interval, 0.99–1.39; p = .069), respectively.

Conclusions.  Community-dwelling older adults with orthostatic hypotension have higher independent risk of devel-
oping new-onset HF, which appeared to be more pronounced in those with symptomatic orthostatic hypotension.
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Orthostatic hypotension, a blood pressure dysregu- 
lation, has been shown to be a risk factor for incident heart 

failure (HF) in middle-aged adults (1,2). Although orthostatic 
hypotension is common in older adults (3–5) and other blood 
pressure disorders such as isolated systolic hypertension 
(6) and isolated diastolic hypotension (7) are common risk 
factors for incident HF, little is known about the association 
of orthostatic hypotension with incident HF in older adults. 
In the Rotterdam Study, among an all-white cohort of adults, 
aged 55 years or older, orthostatic hypotension was associated 
with higher risk of coronary heart disease and all-cause 
mortality but had no significant association with incident HF 

(8). Because orthostatic hypotension is often associated with 
other HF risk factors such as prior acute myocardial infarction 
and isolated systolic hypertension and diabetes (2,9), to what 
extent its association with outcomes are intrinsic in nature 
remains unclear. Regression-based risk adjustments may 
not ensure that baseline confounders are properly balanced 
between the two study groups, in which case, the adjusted 
association may not be reflective of the true association 
(10). Therefore, in the current study, we examined the 
independence of association of orthostatic hypotension with 
incident HF in a propensity-matched cohort of older adults in 
the Cardiovascular Health Study.
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Methods

Study Design and Participants
The Cardiovascular Health Study is an ongoing epide-

miological study of risk factors for cardiovascular morbid-
ity and mortality in community-dwelling adults aged 65 
and older (N = 5,888 [11–14]). Participants from four U.S. 
communities were recruited during the period 1989–1990 
(n = 5,201) and a second cohort of African Americans were 
recruited in 1992–1993 (n = 687). We used a public-use copy 
of the Cardiovascular Health Study data (N = 5,795; 93 did 
not consent to be part of the public-use data) obtained from 
the National Heart, Lung, and Blood Institute, which also 
sponsored the study. Of the 5,795 participants, 267 had no 
data on baseline orthostatic hypotension. Of the remaining 
5,528 participants, 255 patients with centrally adjudicated 
prevalent HF at baseline were excluded (6,7,15), resulting 
in a final sample size of 5,273 older adults free of baseline 
HF. Missing values for covariates were imputed based on 
values predicted by age, sex, and race.

Baseline Orthostatic Hypotension
Baseline blood pressure was measured using a mercury 

sphygmomanometer after 20 minutes of rest in the supine 
position, as well as after 3 minutes of standing. Orthostatic 
hypotension was defined as a systolic blood pressure drop of 
≥20 mmHg or a diastolic blood pressure drop of ≥10 mmHg 
after 3 minutes of standing, or dizziness, lightheadedness, 
or faintness upon standing (9). Participants in this latter 
category were considered to have symptomatic orthostatic 
hypotension. Of the 5,273 older adults without HF, 937 
(18%) had baseline orthostatic hypotension, of whom 184 
(20%) were symptomatic.

Incident Heart Failure and Other Outcomes
The primary outcome of the current study was new-

onset HF during 13 years of follow-up. The Cardiovascular 
Health Study Events Committee centrally adjudicated inci-
dent HF. The process of adjudication has been previously 
described (6,7,16) and has been described as comparable 
to the Framingham criteria for the diagnosis of HF (17). 
Briefly, self-reports of physician-diagnosed HF during 
semiannual visits were validated by medical record review 
for symptoms, signs, and other supporting findings sugges-
tive of HF, use of medications commonly used for HF, and 
follow-up surveillance assessments. Secondary outcomes 
included all-cause mortality and incident cardiovascular 
events, namely, acute myocardial infarction, angina pecto-
ris, stroke, and peripheral arterial disease.

Assembly of a Balanced Study Cohort
To attenuate the confounding effect of other HF risk fac-

tors, the prevalence of which were likely to be higher in 

those with orthostatic hypotension (2,9), we used propen-
sity score matching to assemble a cohort in which those 
with and without orthostatic hypotension would be well 
balanced in all measured baseline characteristics (18–20). 
Propensity scores or probabilities of orthostatic hypoten-
sion were estimated for each of the 5,273 participants using 
a nonparsimonious multivariable logistic regression model 
(21–23). In the model, orthostatic hypotension was used as 
the dependent variable and the 40 baseline characteristics 
displayed in Figure 1 were entered as covariates. A greedy 
matching protocol was used to match each participant with 
orthostatic hypotension with up to three participants with-
out orthostatic hypotension who had similar propensity 
scores (24,25). Thus, we matched 883 orthostatic hypoten-
sion participants with another 2,627 nonorthostatic hypo-
tension participants. Absolute standardized differences for 
all 40 covariates were estimated and presented as Love 
plots (26,27). Of the 883 matched participants with orthos-
tatic hypotension, 173 (20%) had symptomatic orthostatic 
hypotension.

Statistical Analysis
Pearson chi-square test, Student t test, Wilcoxon rank-

sum test, and paired-sample t test were used to compare 
between-group baseline characteristics, before and after 
propensity matching, as appropriate. We used Kaplan–
Meier and Cox proportional hazard analyses to estimate the 
associations of orthostatic hypotension with incident HF 
and other outcomes. Subgroup analyses were conducted to 
examine homogeneity of association with incident HF. To 
understand the impact of symptoms of dizziness associated 
with orthostatic hypotension, we separately examined the 
associations of symptomatic (n = 173) and asymptomatic 
(n = 710) orthostatic hypotension (versus those without; 
n = 2,627) with incident HF. A formal sensitivity analysis 
was conducted to quantify the degree of a hidden bias that 
would need to be present to invalidate our conclusions 
based on the propensity-matched cohort (28). We then 
repeated our analysis in all 5,273 prematch participants 
using three different Cox regression models: (a) unadjusted; 
(b) multivariable-adjusted, using all covariates used in the 
propensity score model; and (c) propensity score–adjusted 
models. All statistical tests were two-tailed with 95% 
confidence levels and a p value < .05 was considered 
significant. SPSS for Windows, version 20 (IBM Corp., 
Armonk, NY) was used for all data analysis.

Results

Baseline Characteristics
Participants (n = 3,510) had a mean (±standard deviation) 

age of 74 (±6) years, 58% were women, and 15% were non-
white. Imbalances in baseline characteristics before match-
ing and balances achieved after matching between patients 
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with and without orthostatic hypotension are displayed in 
Table 1. Among those with orthostatic hypotension, mean 
drops in systolic and diastolic blood pressures were 20 
and 7 mmHg, respectively. There was no significant differ-
ence in drop of either blood pressure between participants 

with symptomatic and those with asymptomatic orthostatic 
hypotension (p = .913 and .302, respectively). After match-
ing, standardized differences for all measured covariates 
were <10%, suggesting substantial covariate balance across 
the groups (Figure 1).

Table 1.  Baseline Characteristics of Participants With and Without Orthostatic Hypotension, Before and After Propensity Score Matching

Variable, n (%) or Mean (± SD)

Before Matching (n = 5,273) After Matching (n = 3,510)

Orthostatic Hypotension

p Value

Orthostatic Hypotension

p ValueNo (n = 4,336) Yes (n = 937) No (n = 2,627) Yes (n = 883)

Age, years 73 (6) 74 (6) <.001 74 (6) 74 (6) .705
Female 2,495 (58) 540 (58) .960 1,541 (59) 506 (57) .480
Nonwhite 711 (16) 142 (15) .349 394(15) 131(15) .907
Married 2,884 (67) 616 (66) .650 1,738 (66) 584 (66) .991
Education, college or higher 1,912 (44) 363 (39) .003 1,024 (39) 348 (39) .820
Income, ≥25,000 1,591 (37) 326 (35) .273 907 (35) 315 (36) .536
Smoking, pack years 17 (27) 17 (26) .825 18 (28) 17 (25) .487
Alcohol per week, units 2.6 (6.6) 2.1 (5.8) .015 2.1 (5.2) 2.2 (6.0) .766
Body mass index, kg/m2 27 (4) 26 (4) <.001 26 (4) 26 (4) .644
General health fair to poor 961 (22) 257(27) .001 693 (26) 226 (26) .646
Pulse rate, beats per minute 68 (11) 68 (12) .577 68 (11) 68 (11) .971
Systolic blood pressure, mmHg 136 (21) 138 (23) .029 137 (22) 138 (23) .512
Diastolic blood pressure, mmHg 71 (11) 69 (12) <.001 70 (11) 70 (12) .664
Ankle arm index ratio 1.07 (0.17) 1.04 (0.18) <.001 1.06 (0.17) 1.05 (0.17) .179
Morbidities
  Coronary artery disease 741 (17) 188 (20) .030 504 (19) 169 (19) .976
  Hypertension 2,513 (58) 571 (61) .093 1,550 (59) 528 (60) .678
  Diabetes 666 (15) 167 (18) .061 432 (16) 149 (17) .766
  Stroke 149 (3) 52 (6) .002 117 (5) 43 (5) .608
  COPD 530 (12) 121 (13) .560 345 (13) 117 (13) .929
  Cancer 626 (14) 142 (15) .572 411 (16) 134 (15) .739
  Arthritis 2,206 (51) 465 (50) .488 1,320 (50) 438 (50) .741
  Atrial fibrillation, by ECG 91 (2) 21 (2) .784 63 (2) 19 (2) .675
  LV hypertrophy, by ECG 180 (4) 50 (5) .107 124 (5) 39 (4) .711
  LV ejection fraction, <55% 309 (7) 83 (9) .067 214 (8) 72 (8) .994
Antihypertensive drug use 1,962 (45) 449 (48) .137 1,204 (46) 413 (47) .608
  ACE inhibitors 291 (7) 54 (6) .287 168 (6) 49 (6) .367
  Beta-blockers 542 (13) 129 (14) .291 330 (13) 118 (13) .537
  Calcium channel blockers 537 (12) 128 (14) .286 344 (13) 116 (13) .974
  Diuretics 1,164 (27) 270 (29) .219 708 (27) 252 (29) .360
Geriatric parameters
  ADL score 0.11 (0.45) 0.13 (0.49) .190 0.12 (0.50) 0.12 (0.46) .862
  IADL score 0.31 (0.68) 0.35 (0.71) .126 0.34 (0.72) 0.34 (0.70) .929
  Walk block last week 40 (55) 37 (54) .141 37 (52) 38 (54) .844
  Time to walk 15 feet, seconds 5.7 (2.1) 5.8 (2.2) .198 5.8 (2.2) 5.8 (2.1) .799
  Loss balance 940 (22) 239 (26) .011 629 (24) 213 (24) .914
  Orthostatic dizziness 855 (20) 184 (20) .955 508 (19) 173 (20) .869
  Fall frequency 125 (3) 43 (5) .007 104 (4) 35 (4) .995
Laboratory data
  Serum glucose, mg/dL 111 (36) 112 (37) .362 111 (35) 112 (37) .583
  Serum creatinine, mg/dL 0.95 (0.35) 0.99 (0.51) .009 0.95 (0.35) 0.96 (0.31) .537
  Hemoglobin, g/dL 14.0 (1.3) 14.0 (1.4) .894 14.0 (1.4) 14.0 (1.4) .558
  Serum uric acid, mg/dL 5.7 (1.5) 5.5 (1.5) .005 5.6 (1.5) 5.6 (1.5) .818
  Serum total cholesterol, mg/dL 212 (39) 212 (40) .784 213 (39) 212 (40) .947
  Serum triglyceride, mg/dL 138 (75) 143 (79) .072 140 (74) 142 (76) .619
  Serum albumin, g/dL 4.00 (0.29) 4.01 (0.30) .021 4.01 (0.29) 4.01 (0.30) .671
  Serum C-reactive protein, mg/dL 4.7 (8.2) 4.5 (8.0) .518 4.6 (8.0) 4.5 (8.1) .807

  Serum insulin, μU/mL 16.6 (23.9) 16.8 (23.9) .760 16.4 (22.5) 16.7 (24.1) .761

Notes: ACE = angiotensin-converting enzyme; ADL = activities of daily living; COPD = chronic obstructive pulmonary diseases; ECG = electrocardiography; 
IADL = instrumental activities of daily living; LV = left ventricular; LVH = left ventricular hypertrophy, SD = standard deviation.
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Association of Orthostatic Hypotension With Incident 
Heart Failure

Incident HF occurred in 25% and 21% of matched par-
ticipants with and those without orthostatic hypotension, 
respectively, during 13  years of follow-up (hazard ratio 
[HR] associated with orthostatic hypotension, 1.24; 95% 
confidence interval [CI], 1.06–1.45; p  =  .007, Table  2, 
Figure 2). This association was rather homogeneous across 
various clinically relevant subgroups, except for subgroups 
with and without coronary artery disease and asymptomatic 
left ventricular systolic dysfunction (Figure 3). Compared 
with older adults without orthostatic hypotension, HRs 
associated with symptomatic (n = 173) and asymptomatic 
(n = 710) orthostatic hypotension were 1.57 (95% CI, 1.16–
2.11; p = .003) and 1.17 (95% CI, 0.99–1.39; p = .069), 
respectively. Among the 5,273 prematched participants, 
unadjusted, multivariable-adjusted, and propensity score–
adjusted HRs for incident HF associated with orthostatic 
hypotension were 1.42 (95% CI, 1.23–1.64; p < .001), 1.29 
(95% CI, 1.11–1.50; p = .001), and 1.24 (95% CI, 1.07–
1.43; p = .005), respectively (Table 2).

Association of Orthostatic Hypotension With Other 
Outcomes

Baseline orthostatic hypotension had no significant 
association with all-cause mortality or other incident 
cardiovascular events (Table 3). However, compared with 
those without orthostatic hypotension, matched participants 
with symptomatic orthostatic hypotension had higher risk 
of all-cause mortality (HR, 1.45; 95% CI, 1.18–1.77; p < 
.001), incident acute myocardial infarction (HR, 1.22; 95% 
CI, 0.75–1.96; p = .423), angina pectoris (HR, 1.74; 95% CI, 
1.24–2.47; p < .001), and stroke (HR, 1.69; 95% CI, 1.19–
2.42; p = .004). Orthostatic hypotension associated with 
unadjusted, multivariable-adjusted, and propensity-adjusted 
HRs for all-cause mortality and other cardiovascular events 
in the prematch cohort are displayed in Table 3.

Discussion
Findings from our study demonstrate that among commu-

nity-dwelling older adults, baseline orthostatic hypotension 
has independent association with higher risk for incident 

Figure  1.  Love plots displaying absolute standardized differences comparing 40 baseline characteristics between patients with and those without baseline 
orthostatic hypotension in the Cardiovascular Health Study, before and after propensity score matching. 

Table 2.  Associations of Baseline Orthostatic Hypotension With Incident Heart Failure

Outcomes

% (events/total)

Hazard Ratio, (95% CI); p ValueNo Orthostatic Hypotension Orthostatic Hypotension

Prematched
  Unadjusted 20% (850/4,336) 25% (237/937) 1.42 (1.23–1.64); p < .001
  Multivariable-adjusted* — — 1.29 (1.11–1.50); p = .001
  Propensity score–adjusted — — 1.24 (1.07–1.43); p = .005
Matched 21% (557/2,627) 25% (220/883) 1.24 (1.06–1.45); p = .007

*Adjusted for all variables in Figure 1.
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HF but not with other incident cardiovascular events or 
mortality. The association with incident HF was mostly 
mediated by symptomatic orthostatic hypotension. Further, 
symptomatic orthostatic hypotension also had independent 
associations with total mortality, incident stroke, and inci-
dent angina pectoris. These findings suggest that in older 
adults, orthostatic hypotension may not be an independ-
ent risk factor for mortality and cardiovascular morbidity 
unless associated with symptoms of dizziness.

Older adults with orthostatic hypotension had higher 
prevalence of many HF risk factors such as coronary 
artery disease and stroke, which may in part explain the 
unadjusted association with higher risk of incident HF. 
Adjustment for these and other confounders attenuated 
this association but did not render it to nonsignificance. 
The persistent association of orthostatic hypotension and 
incident HF among matched older adults is unlikely to 
be explained by any of the measured baseline risk fac-
tors that were balanced between the groups. This leaves 
the potential for confounding by unmeasured confound-
ers. However, findings from our sensitivity analysis sug-
gest that a hidden binary covariate that is a near-perfect 

Figure 2.  Kaplan–Meier plot for incident heart failure by baseline orthos-
tatic hypotension (CI = confidence interval; HR = hazard ratio).

Figure 3.  Association of baseline orthostatic hypotension with incident heart failure in subgroups of propensity-matched cohort of older adults in the Cardiovascular 
Health Study. CI = confidence interval; LV = left ventricular.
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predictor of incident HF would need to increase the odds 
of orthostatic hypotension by 14% to explain away this 
association, suggesting that the association observed in 
our study was rather insensitive to bias due to unmeasured 
confounders (28).

Another potential explanation is that although our 
matching allowed a balance in the prevalence of risk factors 
such as coronary artery disease, it is possible that those with 
orthostatic hypotension had more severe disease, which 
progressed at a faster rate during follow-up, leading to more 
new HF cases. Our observation of lack of an association 
of asymptomatic orthostatic hypotension and the similarity 
in drop of blood pressure in those with symptomatic and 
asymptomatic orthostatic hypotension is intriguing and 
suggests that blood pressure dysregulation per se may not be 
prognostically important. Although orthostatic hypotension 
has been shown to be associated with left ventricular 
hypertrophy, vascular stiffness, and impaired ventricular 
filling in older adults (29–31), these cross-sectional 
observations are likely due to shared pathophysiology and 
may not imply causal associations.

Several studies have examined the association of ortho-
static hypotension with incident HF in middle-aged adults 
(1,2). In contrast, the current study is based on community-
dwelling older adults in whom both orthostatic hypotension 
and HF are common. Further, in contrast to previous studies 
in which incident HF was primarily based on hospitalized 
HF patients, HF was centrally adjudicated in our study based 
on both inpatient and outpatient diagnoses (16). Findings 
from our study also demonstrated, for the first time, the 
association of orthostatic hypotension with incident HF and 
other adverse outcomes were more pronounced in the pres-
ence of orthostatic dizziness. Finally, propensity matching 
allowed us to assemble a balanced cohort and conclude that 

the association of orthostatic hypotension with incident HF 
is unlikely to be explained by baseline imbalances in other 
measured risk factors.

Risk factors for HF in older adults may vary from those 
in younger adults. Nontraditional risk factors such as iso-
lated diastolic hypotension, impairment of activities of 
daily living, and hypoalbuminemia may be risk factors 
for incident HF in older adults (7,32,33). Findings from 
the current study suggest that orthostatic hypotension, 
especially when associated with dizziness, maybe a new 
nontraditional risk factor for HF in old age. Orthostatic 
hypotension is easily measured in clinical practice and 
should be routinely assessed in older adults. Although 
primary orthostatic hypotension has no effective therapy, 
iatrogenic orthostatic hypotension may be avoided by 
avoiding culprit drugs and aggressive initiation of antihy-
pertensive drugs (34).

Our study has several limitations that are typical for an 
observational study. Despite the displayed balance in all 
measured baseline covariates, bias due to imbalances in 
unmeasured covariates is possible. It is possible that partici-
pants without baseline orthostatic hypotension developed 
orthostatic hypotension during follow-up and vice versa. 
This regression dilution may have attenuated the association 
observed in our study (35). Future studies need to develop 
interventions that may reduce the risk of orthostatic hypo-
tension in older adults. The A allele of the single-nucleotide 
polymorphism rs4149601, located in the NEDD4L gene 
and associated with blood pressure variations, has been 
shown to be protective against orthostatic hypotension in 
those with hypertension (36). However, the investigators of 
the Genetics of Postural Hemodynamics Consortium have 
recently examined 31 recently discovered blood pressure–
associated single-nucleotide polymorphisms and observed 

Table 3.  Associations of Baseline Orthostatic Hypotension With Other Outcomes

Outcomes

% (events/total)

Hazard Ratio, (95% CI); p ValueNo Orthostatic Hypotension Orthostatic Hypotension

All-cause mortality
  Prematch (unadjusted) 42% (1,826/4,336) 51% (474/937) 1.30 (1.17–1.43); p < .001
  Postmatch (adjusted) 47% (1,221/2,627) 50% (437/883) 1.10 (0.99–1.23); p = .084
Incident acute myocardial infarction*
  Prematch (unadjusted) 11% (451/3,992) 14% (117/848) 1.31 (1.07–1.61); p = .009
  Postmatch (adjusted) 12% (278/2,380) 13% (108/804) 1.20 (0.96–1.50); p = .112
Incident angina pectoris*
  Prematch (unadjusted) 19% (693/3,721) 21% (166/784) 1.22 (1.03–1.45); p = .021
  Postmatch (adjusted) 19% (413/2,207) 21% (156/746) 1.17 (0.97–1.40); p = .100
Incident stroke*
  Prematch (unadjusted) 13% (549/4,187) 16% (141/885) 1.30 (1.08–1.57); p = .005
  Postmatch (adjusted) 14% (345/2,510) 16% (132/840) 1.18 (0.97–1.44); p = .106
Incident peripheral artery disease
  Prematch (unadjusted) 4% (162/4,336) 4% (36/937) 1.09 (0.76–1.56); p = .640
  Postmatch (adjusted) 4% (113/2,627) 4% (31/883) 0.84 (0.56–1.25); p = .381

*Baseline-prevalent cases were excluded from the at-risk populations.
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weak associations between these gene variants and orthos-
tatic hypotension (37).

In conclusion, among community-dwelling older 
adults, baseline orthostatic hypotension is associated with 
higher risk of incident HF, which appears to be more pro-
nounced in those with associated dizziness. Future studies 
need to develop and test interventions to treat orthostatic 
hypotension.
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