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Abstract

Background: Orthostatic hypotension (OH) has been related to the increased risk of future congestive heart failure (CHF)
events. However, the overall quantitative estimate of predictive ability of OH for CHF has not been determined. We
therefore performed a meta-analysis to investigate the association between OH and incident CHF.

Methods: Prospective cohort studies relevant to the aim of the study were identified by searching of Medline and Embase
databases up to December 25, 2012 without restrictions and by reviewing the reference lists from retrieved articles.

Results: A total of 51270 subjects and 3603 incident CHF cases from 4 prospective cohorts were included in the meta-
analysis. Using random effect model, the pooled result indicated that presence of OH at baseline was significantly
associated with an increased risk for future CHF outcomes (adjusted hazard ratio: 1.30, 95% confidence interval 1.09-1.55;
p =0.004). Results of stratified analysis suggested that the association between OH and CHF incidence seemed to be
significant in middle-age subjects, or the individuals with hypertension and diabetes at baseline, but did not significant in
the elderly subjects or those without hypertension or diabetes.

Conclusions: Our meta-analysis confirmed that presence of OH is related to a significant increased risk for development of
CHF in the future. Studies are needed to explore the potential mechanisms underlying this association. More importantly,
screen for OH may be of great clinical significance for the early identification of subjects at higher risk for development of

CHF.
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Introduction

Despite impressive advances in medical management and
device therapy in recent decades, congestive heart failure (CHF)
remains a major and growing public health problem that is
associated with frequent hospitalization, poor quality of life and
high rates of morbidity and mortality [1,2]. Aggressive modifica-
tion of known CHF risk factors is critical for the primary
prevention of CHF. However, although some common risk
factors, including diabetes mellitus (DM), hypertension and
coronary artery disease (CAD) et al. [3-5], have been explored
in previous population-based studies, early identity of individuals
who have higher risk for developing CHF is still difficult, especially
for the general population without apparent cardiovascular
diseases (CVD).

Orthostatic hypotension (OH), described as abnormal fall in
blood pressure (BP) on standing, has been observed to be prevalent
in both the elderly and the middle-age population [6]. Although
individuals with OH are often asymptomatic, evidence from
several epidemiologic studies indicated that these subjects are
associated with increased risk of future CVD or mortality [7-9].
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Recently, some prospective cohort studies have found a significant
association between OH and risk of incident CHF [10,11], while
the findings have not always been consistent [12,13]. Therefore,
we performed a meta-analysis to provide an overview of relevant
studies and to provide an overall quantitative estimate of
predictive ability of OH for CHF. Moreover, we tried to clarify
which subgroups of subjects with OH are at higher risk for
incident CHF.

Methods

We followed the Meta-Analysis of Observational Studies in
Epidemiology protocol [14] and Cochrane Handbook guidelines
[15] throughout the design, implementation, analysis, and
reporting for this study.

Literature Searching

Pubmed and Embase databases were searched for relevant
records, using the terms “orthostatic hypotension”, “postural
hypotension” in combination with “heart failure”, “cardiac
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association of OH and risk of CHF reported as HRs and 95% Cls.
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The quality of each study was assessed using the Newcastle-
Ottawa Scale [17]. This scale ranges from 1 to 9 stars and judges
each study on three broad categories: selection of the study groups;
the comparability of the groups; and the ascertainment of the
outcome of interest.

Statistical Analysis and Data Synthesis

RevMan (Version 5.1; Cochrane Collaboration, Oxford, UK)
and STATA software (Version 12.0; Stata Corporation, College
Station, TX) were used for the meta-analysis. We transformed
hazard ratios by taking their natural logarithms and calculating
standard errors from the corresponding 95% CI as follows:
(Ln[upper limit of CI] - Ln[lower limit of CI])/3.92. To estimate a
pooled effect and corresponding 95% CI for the participants with

Hazard Ratio

Table 2. Congestive heart failure outcome definitions and follow up data in the prospective cohort studies included in the meta-
analysis.
Person-
Follow- year Study
Study CHF outcome definition N total up N cases follow-up Eventrates Adjusted factors quality
per 1000
years person-years

Verwoert Documented CHF (coded as 5064 6.6 571 33422 17.1 Age, sex, smoking, use of 9
2008 1-50 for ICD-10, validated antihypertensive medications,

using European Heart failure BMI, SBP, DBP, DM, TC

guidelines) from GP, CHF and HDL-C

hospitalization/death
Fedorowski CHF hospitalization (coded as 32669 24.0 1293 784056 1.7 Age, sex, smoking, use of 9
2010 428 for ICD-9 or I-50 or I-11.0 antihypertensive medications,

for ICD-10) documented by BMI, SBP, DBP, DM and TC

national hospital discharge

registry
Lin CHF hospitalization 1174 1.0 19 1174 16.2 Age, sex, smoking, resting 7
2011 documented HR, BMI, SBP, DBP, DM,

by medical records and TC and prevalent CAD

discharge diagnosis by

attending physicians
Jones CHF hospitalization/death 12363 17.5 1720 216353 8.0 Age, sex, race, smoking, alcohol 9
2012 (coded as 428 for ICD-9 use, educational level, resting

or 1-50 for ICD-10) HR, BMI, SBP, DM, HTN,

documented by hospital LVH and prevalent CAD

discharge registry or death

certificate
Quality of the included studies were evaluated using the Newcastle-Ottawa Scale (range, 1~9 stars). OH, orthostatic hypotension; CHF, congestive heart failure; GP,
general practitioners; ICD, International Classification of Diseases; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; DM, diabetes
mellitus; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; HR, heart rate; CAD, coronary artery disease; HTN, hypertension; LVH, left ventricular
hypertrophy.
doi:10.1371/journal.pone.0063169.t002

OH at baseline versus those without, we weighted the logarithm of
the hazard ratios by the inverse of their variance. The Cochrane’s
Q test [15] and I test [18] were used to assess heterogeneity
among studies. In the presence of relevant heterogeneity
(1>50%), we used random effect model to obtain a pooled
estimate of effect. Sensitivity analyses [19] were conducted to
evaluate the robustness of our results. We removed each study
individually to evaluate that study’s effect on the summary
estimates. Publication bias was evaluated by visually inspecting
funnel plots for asymmetry [20]. We also performed the
nonparametric “trim and fill” procedure [18] to further assess
the possible effect of publication bias in our meta-analysis. This
method considers the possibility of hypothetical “missing” studies
that might exist, imputes their HRs, and recalculates a pooled HR

Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Verwoert 2008 01133 0.0997 30.7% 1.12[0.92,1.36) T

Fedorowski 2010 01989 0.094 321% 1.22[1.01,1.47) i

Lin 2011 0.5499 04917 3.2% 1.73 [0.66, 4.54]

Jones 2012 0.4318 0.0858 34.0% 1.54[1.30,1.82) -

Total (95% CI) 100.0% 1.30 [1.09, 1.55] @
Heterogeneity: Tau?= 0.02; Chi*= 6.92, df= 3 (P = 0.07); F= 57% 0?2 0?5 H 2 5

Test for overall effect: Z=2.91 (P = 0.004)

Figure 2. Adjusted hazard ratio of congestive heart failure in subjects with orthostatic hypotension at baseline compared those
without orthostatic hypotension. Cl, denotes confidence interval; the size of each square is proportional to the study’s weight (inverse of

variance - V).
doi:10.1371/journal.pone.0063169.g002
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Table 3. Sensitivity analysis.
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Studies p value for heterogeneity Pooled HR and 95% CI p value for overall effect
All included 0.07 57% 1.30 [1.09, 1.55] p=0.004

Exclude Verwoert 2008 0.17 44% 1.39 [1.23, 1.57] p<<0.001

Exclude Fedorowski 2010 0.05 67% 1.35 [1.19, 1.53] p<0.001

Exclude Lin 2011 0.04 70% 1.30 [1.17, 1.45] p<<0.001

Exclude Jones 2012 0.60 1.18 [1.03, 1.35] p=0.01

HR, hazard ratio; Cl, confidence interval.
doi:10.1371/journal.pone.0063169.t003

that incorporates the hypothetical missing studies as though they
actually existed.

Results

Search Results

The study selection process is shown in Figure 1. Overall, the
database searching identified 363 citations from Pubmed and
Embase, of which four studies [10-13] with 51270 participants
and 3603 incident CHF cases were finally included in the meta-
analysis.

Study Characteristics

The characteristics of the included studies were shown in
Table 1 and 2. Three of the studies [10-12] were conducted in
Europe and North America, while the other one [13] was
conducted in China and published in Chinese. All of the included
studies were general population-based prospective cohort studies.
The mean age of the participants in each study varied from 45.6 to
81.1 years, and the proportions of the male ranged from 38.4% to
95.6%. Two studies included a small proportion of patients with
CAD at enrollment [11,13], while didn’t for the other two studies
[10,12]. The definitions of OH in each study were consistent with
the consensus of the international statement [16], although there
were a little difference concerning the timing for measurements of
SBP and DBP in standing position. The prevalence of OH at
baseline varied between 5.0% and 25.6%. The studies generally
defined incidence CHF as hospitalization for CHF or death from
CHF. The mean follow-up duration varied from 1 year to 24
years, and the incidence of CHF outcomes varied from 1.7 to
17.1 per 1000 person-years in the studies. All of the included
studies presented the association of OH and CHF incidence after
fully adjusting the conventional cardiovascular risk factors,
including age, gender, smoking status, BMI, prevalence of
hypertension and DM.

Quality Assessment

The overall quality of studies included in the meta-analysis was
good, with three studies [10-12] scoring 9 stars on the Newcastle-
Ottawa scale and the other one [13] scoring 7 stars.

Orthostatic Hypotension and the Risk of Congestive
Heart Failure

All of the included studies showed that participants with OH at
baseline had increased risk of CHF during follow-up compared
with those without OH, although results of 2 studies [12,13] were
not significant. By pooling these studies together with a random
effect model, result of our meta-analysis confirmed that partic-
ipants with OH at baseline had a significant increased risk of

PLOS ONE | www.plosone.org

incident CHF (adjusted HR: 1.30, 95% CI 1.09-1.55; p=0.004,
Figure 2). Significant heterogeneity was detected among the
included studies (Cochrane’s Q test: p=0.07, I* = 57%). Sensitiv-
ity analysis by omitting one study at a time didn’t substantially
change the overall result (adjusted HR 1.18 ~ 1.39, p all <0.05;
Table 3). In addition, we observed that no significant heteroge-
neity could be detected after the study by Jones et al. [11] was
omitted (Cochrane’s Q test: p = 0.60, I = 0%).

Influence of Participant Characteristics on the Association
between Orthostatic Hypotension and the Risk of

Congestive Heart Failure

Since some of the studies [10-12] reported the association
between OH and CHF risk according to the age range, sex,
hypertension status and DM status of the participants, we
combined these data to investigate whether these characteristics
of the participants could affect the association between OH and
CHEF. Although the cut-off values of the age range in different
studies were not exactly the same, by pooling of the data from
similar age ranges, results of our stratified meta-analysis indicated
that presence of OH seemed to increase the risk of CHF only in
younger participants (<45 years or 45 ~ 65 years), but didn’t in
elderly participants (>65 years, Figure 3A). Presence OH
increased the risk of CHF in both males and females
(Figure 3B), which suggested that gender of the participants
didn’t seem to affect the association between OH and CHF. In
addition, we observed that presence of OH at baseline significantly
increased the risk of CHF incidence in participants with
hypertension or DM, but didn’t in those without these comorbid-
ities (Figure 4A and 4B).

Publication Bias

The publication bias was difficult to describe because the
number of studies included in the current meta-analysis is small,
although the funnel plot was asymmetry by visually inspecting
(Figure 5). We performed ““trim-and-fill” analysis which conser-
vatively imputes a hypothetical negative unpublished study in
order to produce a symmetrical funnel plot. The pooled analysis
incorporating the hypothetical study continued to show a
statistically significant association between OH and CHF inci-
dence (adjusted HR: 1.29, 95% CI 1.09-1.52, p=10.002).

Discussion

In this meta-analysis, by pooling the results of all available
prospective cohort studies, we found that subjects with presence of
OH were associated with about 30% higher risk of CHF incidence
compared with those without OH at baseline. We also found that
association between OH and increased CHF risk seemed to be
significant in middle-age participants, and in those with hyper-
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Study or Subgroup  log[Hazard Ratio]

Hazard Ratio

SE _Weight [V, Random, 95% CI
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Hazard Ratio
IV, Random, 95% CI

Age < 45 years

Fedorowski 2010(26~45years)  0.7178 0.2293 9.7%
Subtotal (95% CI) 9.7%
Heterogeneity: Not applicable

Test for overall effect: Z=3.12 (P=0.002)

Age 45 ~ 65 years

Verwoert 2008 (45 ~ 63 years) 01222 0.3864 4.5%
Fedorowski 2010(45~61years) 01133 0.1064 19.3%
Jones 2012 (45 ~ 55 years) 06419 01511 15.2%
Jones 2012 (55 ~ 64 years) 0.3148 01049 19.4%
Subtotal (95% CI) 58.4%

2.05[1.31,3.22]
2.05[1.31,3.22]

1.131[0.53, 2.41]
1.121[0.91,1.38]
1.80[1.41, 2.55]
1.37[1.12,1.68]
1.38 [1.08, 1.75]

Heterogeneity: Tau®=0.04; Chi*=8.42, df=3 (P=0.04); F=64%

Test for overall effect: Z= 2.57 (P =0.01)
Age > 65 years

Lin 2011(65 ~ 100 years) 0.5499 04917  3.0%
Verwoert 2008 (63 ~ 71 years) -0.0943 0.208 11.0%
Verwoert 2008 (71 ~ 98 years) 0.2776 01208 17.9%
Subtotal (95% CI) 31.9%

1.73[0.66, 4.54]
0.91[0.61,1.37]
1.32[1.04,1.67]
1.19 [0.89, 1.59]

Heterogeneity: Tau*= 0.02; Chi*= 2.92, df= 2 (P = 0.23); F=32%

Test for overall effect. Z=1.20 (P =0.23)

Total (95% CI) 100.0%

1.37 [1.14,1.63]

Heterogeneity: Tau*= 0.03; Chi*=15.99, df=7 (P=0.03); F= 55%

Test for overall effect. Z= 3.44 (P = 0.0006)

Test for subaroun differences: Chi*=3.93. df=2 (P=0.14). F=49.1%

Hazard Ratio

Weight IV, Random, 95% CI

e

4
-4

Hazard Ratio
IV, Random, 95% ClI

Study or Subgroup log[Hazard Ratio] SE

Male

Verwoert 2008 -0.0513 01749 13.7%
Fedorowski 2010 0.7324 0079 18.0%
Jones 2012 black 0.5365 0.2846 9.1%
Jones 2012 white 0.27 01383 154%
Subtotal (95% CI) 56.3%

0.95[0.67,1.34]
2.08[1.78, 2.43]
1.71[0.98, 2.99]
1.31[1.00,1.72]
1.46 [0.99, 2.15]

Heterogeneity: Tau®= 0.13; Chi*= 21.15, df= 3 (P < 0.0001); = 86%

Test for overall effect. Z=1.90 (P = 0.06)

Female

Verwoert 2008 01989 01239 16.1%
Jones 2012 black 0.47 01723 13.8%
Jones 2012 white 0.4637 01734 13.8%
Subtotal (95% CI) 43.7%

1.22[0.96, 1.56]
1.60[1.14,2.24]
1.89[1.13, 2.23]
1.41[1.17,1.70]

Heterogeneity: Tau*= 0.00; Chi*=2.37,df=2 (P=0.31); F=16%

Test for overall effect: Z= 3.57 (P = 0.0004)

Total (95% ClI) 100.0%

1.46 [1.16, 1.83]

Heterogeneity: Tau®= 0.07; Chi*= 26.83, df=6 (P = 0.0002); F=78%

Test for overall effect. Z=3.21 (P = 0.001)

Test for subaroun differences: Chi*=0.02. df=1 {(P=0.88). F=0%

—

X W

(&)}
[

05 07 1 1.

Figure 3. Adjusted hazard ratio of congestive heart failure in subjects with orthostatic hypotension at baseline compared those
without orthostatic hypotension stratified by the age ranges (A) and gender (B) of the subjects. Cl, denotes confidence interval; the size
of each square is proportional to the study’s weight (inverse of variance - IV).
doi:10.1371/journal.pone.0063169.g003

tension or DM, but not significant in the elderly subjects, or in
those without hypertension or DM. These results confirmed the
hypothesis that individuals with OH, even without other CVD or
risk factors, are at high risk for development of CHF in the future.

Although several previous cross-sectional studies have shown
that presence of OH is independently related to left ventricular
hypertrophy confirmed by electrocardiogram or echocardiography

PLOS ONE | www.plosone.org

[21-23], the exact mechanisms underlying the significant predic-
tive effect of OH for development of CHF are not known. Besides,
at this stage, we can’t decide whether or not OH was causally
related to CHF and whether or not OH was only a marker of a
generally increased risk of CHF incidence. Several suggested
mechanisms may be helpful to understand the relationship
between presence of OH and increased risk for future CHF, of
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Hazard Ratio Hazard Ratio

Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Hypertensive

Verwoert 2008 0131 01107 22.0% 1.14[0.92,1.42) B
Fedorowski 2010 05423 00622 26.8% 1.72[1.52,1.94] —=
Jones 2012 0.4886 01053 225% 1.63[1.33, 2.00] —
Subtotal (95% CI) 71.3%  1.49[1.17,1.89] -
Heterogeneity: Tau®= 0.04; Chi*=10.64, df=2 (P =0.0058); F=81%

Test for overall effect: Z= 3.26 (P = 0.001)

Non-hypertensive

Verwoert 2008 -0.0101  0.246 10.7% 0.99[0.61, 1.60]

Jones 2012 0.2927 01499 18.0% 1.34 [1.00, 1.80] —
Subtotal (95% ClI) 28.7% 1.23 [0.94, 1.61] “‘
Heterogeneity: Tau®= 0.00; Chi*=1.10,df=1 {P=0.29); F= 9%

Test for overall effect: Z=1.48 (P=0.14)

Total (95% Cl) 100.0% 1.40 [1.15,1.70] .
Heterogeneity: Tau®= 0.03; Chi*= 14.88, df= 4 (P = 0.005); F=73% 0’5 0’7 1 1%5 2
Test for overall effect: Z= 3.33 (P = 0.0009) ’ ’ ’

Test for subaroun differences: Chi*=1.11.df=1 P=029.F=10.1%

B Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Diabetic
Venwoert 2008 0.678 0.2452 18.6% 1.897[1.22,3.19)] — .
Fedorowski 2010 0.6831 0.0924 27.7% 1.98 [1.65, 2.37] ——
Subtotal (95% CI) 463%  1.98[1.67, 2.34] <>
Heterogeneity: Tau®= 0.00; Chi*=0.00, df=1 (P=0.98); F=0%

Test for overall effect: Z=7.89 (P < 0.00001)

Non-diabetic

Venwoert 2008 0 01118 26.7% 1.00[0.80,1.24] I
Jones 2012 0.4055 0.1048 271% 1.50[1.22,1.84] ——
Subtotal (95% CI) 53.7% 1.23[0.82,1.83]

Heterogeneity: Tau®= 0.07; Chi*=7.00, df=1 (P = 0.008); I*= 86%

Test for overall effect: Z=1.01 (P =0.31)

Total (95% CI) 100.0%  1.53[1.09, 2.14] -
Heterogeneity; Tau?= 0.10; Chi*= 23.35, df= 3 (P =< 0.0001); F= 87% u’s u=7 1 155 2

Test for overall effect: Z=2.49 (P = 0.01)

Test for subaroun differences: Chi*=4.70.df=1{(P=0.03. F=78.7%

Figure 4. Adjusted hazard ratio of congestive heart failure in subjects with orthostatic hypotension at baseline compared those
without orthostatic hypotension stratified by the comorbidities of hypertension (A) and diabetes mellitus (B) of the subjects. Cl,
denotes confidence interval; the size of each square is proportional to the study’s weight (inverse of variance - IV).

doi:10.1371/journal.pone.0063169.9g004

which autonomic dysfunction is an interesting one. It has been well
recognized that baroreflex dysfunction probably induced by
impairment of baroreceptor due to aging or atherosclerosis, is
one of the most important causes of OH [6,24,25]. Indeed, when
subjects stand up from a supine position, blunted baroreceptor
may fail to deactivate the baroreflex and the vagal output therefore
can not be down-regulated, leading to OH [6,24]. On the other
side, dysfunction of baroreflex has also been observed in CHF
patients [26,27]. Impaired baroreceptor may fail to activate the
baroreflex in CHF patients with hemodynamic stress, and the
sympathetic tone maintained activation, which has been accepted
as an important mechanism underlying the pathogenesis and
progression of CHF [26,27]. Furthermore, increasing studies in
both animal models [28] and human patients [29] suggested that
activation of baroreflex with an implanted device may be a
potential treatment for CHF, reflecting the fact that dysregulation
of baroreflex may be an intermediate process for the association
between OH and incident CHF. In addition to autonomic

PLOS ONE | www.plosone.org

dysfunction, some other mechanisms have also been suggested to
be involved, such as reduced coronary flow caused by frequent
postural BP drop [30], increased early subclinical atherosclerotic
burden [31,32], abnormal nocturnal change in BP [33], and
increased longstanding cardiovascular overload [22]. These
mechanisms are also needed to be confirmed by future studies.

Our stratified analysis indicated that the significant association
between OH and CHF incidence can be found in middle-age
subjects and those with hypertension and DM at baseline. These
results highlight the predictive effect of OH for future CHF in both
the low-risk population and the high-risk population with known
CHEF risks. Although the results were not significant for elderly
subjects and those without hypertension or DM, our study still
found presence of OH increased the risk of future CHF in these
subgroups (HRs all >1). In our point of view, these insignificant
results may be attributed to the small number of the included
studies.
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Figure 5. Funnel plots with trim and fill. The black dots present the
identified studies included in the meta-analysis; the empty dot presents
the estimated missing study after adjustment for publication bias.
doi:10.1371/journal.pone.0063169.g005

Our study has some limitations which should be considered
when interpreting the results. First, the number of studies included
in the meta-analysis and stratifies analyses is small. The results for
some subgroups should be interpreted with caution. Second, the
CHF outcomes of the included studies were defined as CHF
hospitalization or death. So, some less severe or asymptomatic
CHEF cases may not be included. Third, our meta-analysis is based
on observational studies. Hence, we cannot exclude the chance,
residual or unmeasured confounding. However, since there
seemed to be no evidence-based effective intervention for the
treatment of OH [34], it 1s difficult to confirm our results in a large
randomized trial. Fourth, potential therapy to OH and many

References

1. Hunt SA, Abraham WT, Chin MH, Feldman AM, Francis GS, et al. (2009)
2009 Focused update incorporated into the ACC/AHA 2005 Guidelines for the
Diagnosis and Management of Heart Failure in Adults A Report of the
American College of Cardiology Foundation/American Heart Association Task
Force on Practice Guidelines Developed in Collaboration With the International
Society for Heart and Lung Transplantation. J Am Coll Cardiol 53: e1-e90.

2. McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Bohm M, et al. (2012)
ESC guidelines for the diagnosis and treatment of acute and chronic heart
failure 2012: The Task Force for the Diagnosis and Treatment of Acute and
Chronic Heart Failure 2012 of the European Society of Cardiology. Developed
in collaboration with the Heart Failure Association (HFA) of the ESC.
Eur J Heart Fail 14: 803-869.

3. Gottdiener JS, Arnold AM, Aurigemma GP, Polak JF, Tracy RP, et al. (2000)
Predictors of congestive heart failure in the elderly: the Cardiovascular Health
Study. J] Am Coll Cardiol 35: 1628-1637.

4. Bibbins-Domingo K, Lin F, Vittinghoff E, Barrett-Connor E, Hulley SB, et al.
(2004) Predictors of heart failure among women with coronary disease.
Circulation 110: 1424-1430.

o

disease pathogenesis and risk factors to heart failure with preserved or reduced
cjection fraction: insights from the framingham heart study of the national heart,
lung, and blood institute. Circulation 119: 3070-3077.

6. Benvenuto LJ, Krakoff LR (2011) Morbidity and mortality of orthostatic
hypotension: implications for management of cardiovascular disease.
Am ] Hypertens 24: 135-144.

7. Masaki KH, Schatz IJ, Burchfiel CM, Sharp DS, Chiu D, et al. (1998)
Orthostatic hypotension predicts mortality in elderly men: the Honolulu Heart
Program. Circulation 98: 2290-2295.

8. Rose KM, Eigenbrodt ML, Biga RL, Couper DJ, Light KC, et al. (2006)
Orthostatic hypotension predicts mortality in middle-aged adults: the Athero-
sclerosis Risk In Communities (ARIC) Study. Circulation 114: 630-636.

9. Fedorowski A, Stavenow L, Hedblad B, Berglund G, Nilsson PM, et al. (2010)
Orthostatic hypotension predicts all-cause mortality and coronary events in

PLOS ONE | www.plosone.org

. Lee DS, Gona P, Vasan RS, Larson MG, Benjamin EJ, et al. (2009) Relation of

Orthostatic Hypotension and Heart Failure Risk

kinds of medications such as antihypertensive medication may
affect the risk between OH and CHF. However, as indicated in a
recent review [34], many commonly recommended interventions
for OH have a limited evidence base supporting their use, and the
effects have not been confirmed. Also, effects of some antihyper-
tensive medications on OH, such as angiotensin-converting
enzyme inhibitors, are not always consistent [6]. Furthermore,
potential treatment for OH was not specified in the included
studies, although the use of antihypertensive medications was
adjusted in two of the studies when estimating the association
between OH and incident CHF [10,12]. We acknowledged that
lack of controlling for potential treatment to OH and other
medications is an important limitation of our study. Fifth, we did
not have data on individual studies to assess CHF etiology
(ischemic or non-ischemic) or types (preserved or reduced left
ventricular systolic function). Nevertheless, our study also has
numerous strengths, including the relative high quality of studies
included (quality score ranging from 7 to 9), a large pooled sample
size, robustness of the results in sensitivity analysis, and use trim-
and-till analysis to handle potential publication bias.

In conclusion, results of our meta-analysis confirmed that
presence of OH is related to a significant increased risk for
development of CHF in the future, especially for the middle-age
subjects and those with morbidities such as hypertension and DM.
Studies are needed to explore the potential mechanisms under-
lying this association. More importantly, screen for OH may be of
great clinical significance for the early identification of subjects at
higher risk for development of CHF.

Author Contributions

Conceived and designed the experiments: WX ZL XIL. Performed the
experiments: WX ZL XL. Analyzed the data: WX ZL. Contributed
reagents/materials/analysis tools: WX ZL XL. Wrote the paper: WX ZL
XL.

middle-aged individuals (The Malmo Preventive Project). Eur Heart J 31: 85—
9l.

10. Fedorowski A, Engstrom G, Hedblad B, Melander O (2010) Orthostatic
hypotension predicts incidence of heart failure: the Malmo preventive project.
Am J Hypertens 23: 1209-1215.

11. Jones CD, Loehr L, Franceschini N, Rosamond WD, Chang PP, et al. (2012)
Orthostatic hypotension as a risk factor for incident heart failure: the
atherosclerosis risk in communities study. Hypertension 59: 913-918.

12. Verwoert GC, Mattace-Raso FU, Hofman A, Heeringa J, Stricker BH, et al.
(2008) Orthostatic hypotension and risk of cardiovascular disease in elderly
people: the Rotterdam study. J Am Geriatr Soc 56: 1816-1820.

13. Lin ZQ), Xie ZQ, Wu ZQ), Feng GF, Pan CM, et al. (2011) [Correlation between
orthostatic hypotension and cardiovascular risks in elderly population].
Zhonghua Yi Xue Za Zhi 91: 2530-2533.

14. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, et al. (2000) Meta-
analysis of observational studies in epidemiology: a proposal for reporting. Meta-
analysis Of Observational Studies in Epidemiology (MOOSE) group. JAMA
283: 2008-2012.

15. Higgins J, Green S (2011) Cochrane Handbook for Systematic Reviews of
Interventions Version 5.1.0. The Cochrane Collaboration. Available: www.
cochranehandbook.org. Accessed 2012 Dec 15.

16. Kaufmann H (1996) Consensus statement on the definition of orthostatic
hypotension, pure autonomic failure and multiple system atrophy. Clin Auton
Res 6: 125-126.

17. Wells GA, Shea B, O’Connell D, Peterson J, Welch V, et al. (2010) The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. Available: http://www.ohri.ca/programs/clinical_
epidemiology/oxford.asp. Accessed 2012 Dec 15.

18. Higgins JP, Thompson SG (2002) Quantifying heterogeneity in a meta-analysis.
Stat Med 21: 1539-1558.

19. Patsopoulos NA, Evangelou E, Toannidis JP (2008) Sensitivity of between-study
heterogeneity in meta-analysis: proposed metrics and empirical evaluation.

Int J Epidemiol 37: 1148-1157.

May 2013 | Volume 8 | Issue 5 | 63169



20.

21.

22.

23.

28.

Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis
detected by a simple, graphical test. BMJ 315: 629-634.

Kario K, Eguchi K, Hoshide S, Hoshide Y, Umeda Y, et al. (2002) U-curve
relationship between orthostatic blood pressure change and silent cerebrovas-
cular disease in elderly hypertensives: orthostatic hypertension as a new
cardiovascular risk factor. ] Am Coll Cardiol 40: 133-141.

Eguchi K, Kario K, Hoshide S, Hoshide Y, Ishikawa J, et al. (2004) Greater
change of orthostatic blood pressure is related to silent cerebral infarct and
cardiac overload in hypertensive subjects. Hypertens Res 27: 235-241.

Fan XH, Wang Y, Sun K, Zhang W, Wang H, et al. (2010) Disorders of
orthostatic blood pressure response are associated with cardiovascular disease
and target organ damage in hypertensive patients. Am J Hypertens 23: 829-837.

. Robertson D (2008) The pathophysiology and diagnosis of orthostatic

hypotension. Clin Auton Res 18 Suppl 1: 2-7.

. Hosokawa K, Ide T, Tobushi T, Sakamoto K, Onitsuka K, et al. (2012) Bionic

baroreceptor corrects postural hypotension in rats with impaired baroreceptor.
Circulation 126: 1278-1285.

Sabbah HN (2012) Baroreflex activation for the treatment of heart failure. Curr
Cardiol Rep 14: 326-333.

. Georgakopoulos D, Little WC, Abraham WT, Weaver FA, Zile MR (2011)

Chronic baroreflex activation: a potential therapeutic approach to heart failure
with preserved ejection fraction. J Card Fail 17: 167-178.

Sabbah HN, Gupta RC, Imai M, Irwin ED, Rastogi S, et al. (2011) Chronic
electrical stimulation of the carotid sinus baroreflex improves left ventricular

PLOS ONE | www.plosone.org

30.

31.

32.

33.

34.

Orthostatic Hypotension and Heart Failure Risk

function and promotes reversal of ventricular remodeling in dogs with advanced
heart failure. Circ Heart Fail 4: 65-70.

. Bisognano JD, de Leeuw P, Bach DS, Lovett EG, Kaufman CL (2009) Improved

functional capacity and cardiovascular structure after baroreflex activation
therapy in resistant hypertension patients with symptomatic heart failure: results
from European and United States trials of the Rheos System. J Cardiac Fail 15:
S62.

Rose KM, Tyroler HA, Nardo CJ, Arnett DK, Light KC, et al. (2000)
Orthostatic hypotension and the incidence of coronary heart discase: the
Atherosclerosis Risk in Communities study. Am J Hypertens 13: 571-578.
Mattace-Raso FU, van der Cammen T], Knetsch AM, van den Meiracker AH,
Schalekamp MA, et al. (2006) Arterial stiffness as the candidate underlying
mechanism for postural blood pressure changes and orthostatic hypotension in
older adults: the Rotterdam Study. J Hypertens 24: 339-344.

Fedorowski A, Ostling G, Persson M, Struck J, Engstrom G, et al. (2012)
Orthostatic blood pressure response, carotid intima-media thickness, and plasma
fibrinogen in older nondiabetic adults. J Hypertens 30: 522-529.

Voichanski S, Grossman C, Leibowitz A, Peleg E, Koren-Morag N, et al. (2012)
Orthostatic hypotension is associated with nocturnal change in systolic blood
pressure. Am J Hypertens 25: 159-164.

Logan IC, Witham MD (2012) Efficacy of treatments for orthostatic
hypotension: a systematic review. Age Ageing 41: 587-594.

May 2013 | Volume 8 | Issue 5 | 63169



