Received: 1 March 2019

Revised: 23 April 2019

Accepted: 5 May 2019

DOI: 10.1111/jch.13613

ORIGINAL PAPER

WILEY

Orthostatic hypotension and the risk of atrial fibrillation and
other cardiovascular diseases: An updated meta-analysis of
prospective cohort studies

Min Min MD! | Tingting Shi MD! | Chenyu Sun MD? | Mingming Liang MD? |
Yun Zhang MD! | Guang Bo MD?! | Yehuan Sun PhD?

'Department of Epidemiology and Health
Statistics, School of Public Health, Anhui
Medical University, Hefei, China

The First Affiliated Hospital of Anhui
Medical University, Hefei, China

Correspondence

Yehuan Sun, Department of Epidemiology
and Health Statistics, School of Public
Health, Anhui Medical University, Hefei
230032, Anhui, China.

Email: yhsun_ahmu_edu@yeah.net

1 | INTRODUCTION

Abstract

The relationships between orthostatic hypotension (OH) and some kinds of cardio-
vascular disease are inconsistent among studies. This updated meta-analysis was con-
ducted in hopes of producing progress on this topic. A systematic database search
was performed in electronic databases, including the Chinese Biomedical Database
(CBM), PubMed, Web of Science, and the Cochrane Library. Summary hazard ratio
(HR) estimates with 95% confidence intervals (Cls) were calculated by a random-ef-
fects model. Statistical heterogeneity was assessed with Cochran's Q test and the 12
statistic. From 1462 potentially eligible records, 15 studies met the inclusion crite-
ria. Subjects with OH had a high risk of heart failure (HF) and atrial fibrillation (AF)
(pooled HR 1.34, 95% Cl 1.17-1.52, P < 0.001 and pooled HR 1.51, 95% CI 1.28-1.79,
P < 0.001, respectively). This meta-analysis also showed significant associations be-
tween OH and the risks of developing coronary heart disease (CHD) (pooled HR 1.44,
95% Cl 1.18-1.75, P < 0.001) and myocardial infarction (Ml) (pooled HR 1.52, 95% Cl
1.12-2.06, P = 0.008). Our study suggests that OH is positively associated with high
risks of HF and AF. Moreover, it may be related to high risks of CHD and MI.

2 | METHODS

2.1 | Literature search

Orthostatic hypotension (OH) has been related to increased morbid-
ity, leading to increased hospitalizations. It is traditionally character-
ized by a sustained reduction of at least 20 mm Hg in systolic blood
pressure (SBP) and/or a decrease in diastolic blood pressure (DBP) of
at least 10 mm Hg within 3 minutes of standing or tilting the head
up to at least 60° on a table.>* OH is prevalent among the elderly
population, with a pooled prevalence of 22.2%, but is often assessed
and treated inadequately.® Studies have reported effects of OH on
cardiovascular diseases (CVD), cerebrovascular events, and mortal-
ity.6*® However, OH as an independent risk factor for CVD has been
controversial. Therefore, we systematically reviewed the literature
from 1996 to update the association between OH and some kinds of
cardiovascular diseases, including coronary heart disease (CHD), myo-
cardial infarction (MI), heart failure (HF), and atrial fibrillation (AF).

This review was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta Analyses statement. A com-
prehensive literature search was conducted in online databases. The
Chinese Biomedical Database, PubMed, Web of Science, and the
Cochrane Library were searched from January 1996 (when the con-
sensus definition of OH was established) through January 2019. The
search terms were as follows: (orthostatic hypotension OR postural
hypotension) combined with the following keywords: (“cardiovascu-
lar diseases” OR “coronary heart disease” OR CHD OR “myocardial
infarction” OR MI OR “heart failure” OR HF OR “atrial fibrillation”
OR AF). The references of relevant articles were hand searched.
Our search was restricted to English and Chinese literature. Two au-
thors (Min Min and Tingting Shi) reviewed the titles and abstracts to
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identify potential studies and subsequently obtained the full texts
(Figure 1).

2.2 | Study selection

To be eligible for inclusion in our systematic review, studies had to
meet the following criteria: (a) use of comparable definitions and meas-
urements of OH based on the 1996 consensus; (b) availability of the full
text in English or Chinese in a peer-reviewed journal; (c) prospective
cohort design; and (d) inclusion of an adult population (218 years). The
exclusion criteria were (a) retrospective studies, case-control studies,
case reports, reviews, commentaries, and letters, as well as experimen-
tal studies; (b) studies with no clear definition of OH; and (c) studies
concerning hypotension generally and not OH specifically.

2.3 | Data extraction and study quality assessment

We extracted adjusted odds ratios (ORs) or hazard ratios (HRs) and
95% confidence intervals (Cls) directly from original studies. When
the study populations of included studies partially overlapped, we
extracted data from the study with the largest sample size or with a
longer follow-up. To assess the quality of selected studies, we used
the Newcastle-Ottawa instrument, which is recommended for co-
hort and case-control observational studies. It contains eight ques-
tions in three parts: study selection, comparability and verification
of exposure, and outcome investigation. The quality of selected
studies can be classified into three groups: (a) low quality—when re-
ceiving up to 3 stars, (b) moderate quality—when getting 4-6 stars,
and (c) high quality—from 7 to 9 stars.**

2.4 | Statistical analysis

All statistical analyses were performed using STATA software

(version 14.0; Stata Corp). The pooled effects for the outcomes

and 95% confidence intervals were calculated using the Mantel-
Haenszel method, adopting a random-effect model. Cochrane's Q
(;(2) statistic and the I? statistic were used to assess the heteroge-
neity across studies. When the I? statistic was <25%, heterogene-
ity between studies was considered low; a value of between 25%
and 50% suggested moderate heterogeneity; and a value of more
than 50% indicated high heterogeneity. For the Cochran Q test, a P
value of <0.05 is considered a possibility of significant heterogene-
ity.15 To detect potential publication bias, Begg's test and Egger's
test were used, and a P value < 0.05 is considered evidence of pub-
lication bias.'®” Sensitivity analysis was performed to evaluate
the robustness of the results and the impact of each single study
on the summary estimate of effect. Moreover, subgroup analysis
and meta-regression were performed to examine the source of

heterogeneity.

3 | RESULTS

3.1 | The basic characteristics of participants

In total, 1462 articles were retrieved from the literature, of which
four articles*®2! had the same population. We chose the article

written by Juraschek et al?! for its long follow-up. Finally, 15 met

the inclusion criteria and were included in the meta-analysis.21'35

The majority of studies were performed in Europe,?228 five were

212932 3nd three were in Asia. 3%

21-26,28-30,32-35

conducted in North America,
Most of the cohorts included the general population,
and one included hypertensive patients.?” The other one included
patients with both hypertension and diabetes mellitus.3! The sam-
ple size of the cohorts ranged from 190 to 32 797. The mean age of
the participants varied from 45.6 to 83.4 years. The mean length
of follow-up ranged from 1.0 to 26.0 years. The quality assess-
ment of the 15 studies scored 8.2 stars on average. Detailed char-

acteristics of the included studies are displayed in Table 1. Devices

Screening Identification

Included Eligibility

Records excluded (n =1165 ):

Pubmed:809 Additional records
Web of Science:336 identified through
The Cochrane reference (n = 3)
Library:215

CBM:99 (n=1459)

Not relevant studies:463;
Not  prospective  cohort

Full-text articles assessed
for eligibility
(n=297)

studies:369
Duplications: 328
Full-text not available:5

A,

Studies included in
qualitative synthesis
(n=15)

l

Studies included in
quantitative synthesis
(n=15)

Full-text articles excluded
(n=282):

Not relevant studies: 123
Duplication: 15

Outcome data not available:86
Not concerning specifically
orthostatic hypotension:58

FIGURE 1 Flow diagram of the
detailed process of selection of articles
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utilized for blood pressure measurement and diagnosis criteria of
OH are listed in Table S1.

3.2 | Meta-analysis for the association between
OH and HF

Eight studies reported data about the relationship between OH and
heart failure.2122:2526:28.31.32.35 Tha pooled result demonstrated a
positive relationship between OH and HF (summary HR 1.34, 95%
Cl 1.17-1.52, P < 0.001), with moderate heterogeneity (1> = 48.7%).

The forest plot is shown in Figure 2.

3.3 | Meta-analysis for the association between
OH and AF

Four studies comprising 77 132 participants assessed the pro-
spective association between OH and AF.232830 Fedorowski
et al observed a high risk of developing AF among individuals
with OH.%® However, the ARIC study found a positive associa-
tion among those with and without hypertension.29 The study
conducted by Ko et al also suggested a significant association
between OH and AF after adjusting for hypertension and other
cardiovascular risk factors.’® Another population-based cohort
study indicated that a history of OH hospitalization predicted
atrial fibrillation,?® where the symptoms of OH were more se-
vere than in the other three studies. The strength of the associa-
tion between OH and AF was expressed by hazard ratios (HRs)
ranging from 1.3 to 1.89 in individual studies. When pooled to-
gether, the summary HR was 1.51 (95% Cl 1.28-1.79, P < 0.001)

TABLE 1 Characteristics of the included studies

Follow-

First author Year Country Sample up(y)
Juraschek® 2018  USA 9139 26
Fedorowski?2 HF 2010  Sweden 32669 24
Fedorowski?® AF 2010  Sweden 32797 227
Fedorowski?* MPP 2010  Sweden 32797 227
Verwoert?® 2008  Netherlands 5064 6.8
Casiglia?® 2013  ltaly 1016 9.3
Fedorowski?” CPP 2013 Sweden 8788 6
Yasa®® 2018  Sweden 30528 15
Agarwal?’ 2013  USA 12071 18
Ko*° 2018  USA 1736 13.5
Fleg®! 2016  USAand 4266 3.9

Canada
Alagiakrishnan®? 2013  USA 3510 13
Lin® 2011  China 1174 1.1
Chou®* 2015  China 13486 4.5
Li% 2018  China 190 1
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with moderate heterogeneity (I = 48.5%). The pooled HR of the
association between OH and AF was 1.51 (95% Cl 1.28-1.77,
P < 0.001, I? = 0) for the hypertensive population and 1.33 (95%
Cl 0.84-2.09, P = 0.224, I1?> = 0) for the diabetic population. The
forest plot is shown in Figure 3.

3.4 | Meta-analysis for the association between
OH and CHD

Coronary heart disease was defined on the basis of the International
Classification of Diseases 9th and 10th Revisions or fatal and non-
fatal myocardial infarction. Ten studies explored the relationship be-
tween OH and CHD.2%242731%5 Five out of the ten studies suggested

that baseline OH had no significant association with CHD,?¢:27:3%:32.34

and the other 5 studies showed contrary results.??4253335 The
meta-analysis results indicated that baseline OH had an independ-
ent association with high risk for CHD (pooled HR 1.44, 95% ClI
1.18-1.75, P < 0.001), with significant heterogeneity (I = 75.4%). The

forest plot is shown in Figure 4.

3.5 | Meta-analysis for the association between
OH and Ml

Eight studies reported data about MI.224273135 The 8 studies in-
cluded 73 350 participants. The pooled result demonstrated that OH
was related to a high risk of developing Ml (pooled HR 1.52, 95% ClI
1.12-2.06, P = 0.008), but the heterogeneity was large (I? = 77.2%).
The forest plot is shown in Figure 5. Summary effects for the asso-
ciation between OH and HF, AF, CHD, and Ml are shown in Table 2.

Mean BMI OH

age Men Diabetes Hypertension (kg/ preva- Study
(y) (%) (%) (%) m2) lence (%) Quality
542 43 8.8 28.9 272 3 9
45.6 68.2 47 40.2 246 6.1 9
45.6 68.2 4.8 40.3 246 6.6 9
45.6 68.2 4.8 40.3 24.6 6.6 9
68.1 384 89 26.9 26.2 178 9
71.7 41.2  26.8 - 273 165 8
52.3 52.2 6.2 100 27.9 12.1 9

58 40 34 61 26 1.6 9
54.1 45 9 34 275 5 9
71.7 39.8 6.6 44.6 26.5 14.8 9
62.1 534 100 100 321 20 7

74 42 16.6 59.2 259 252 8
81.1 95.6 41.2 72.3 251 256 7
54.8 47 24.8 42.4 — 0.09 8
82.6 679 54.2 73.1 251 347 5
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Study %
D HR (95% CI) Weight
Verwoert (2008) ——o—— 1.12(0.92, 1.36) 17.73
Fedorowski-HF (2010) —0—;— 1.22 (1.01, 1.46) 18.53
Casiglia (2013) ——o—o— 1.07 (0.71, 1.62) 7.55
Alagiakrishnan (2013) —0—;— 1.24 (1.06, 1.45) 20.60
Juraschek (2018) —o— 1.65 (1.34, 2.04) 16.71
Yasa (2018) —;—0— 1.78 (1.21, 2.62) 8.30
Li (2018) 1.33(0.66, 2.18) 4.16
Fleg (2016) —-—o— 1.85(1.17,2.93) 6.42
Overall (I-squared = 48.7%, p = 0.058) <> 1.34 (1.17,1.52) 100.00
NOTE: Weights are from random effects analysis 3
T ! T
341 1 2.93

FIGURE 2 Forest plot of the association between OH and HF

3.6 | Subgroup analysis

The subgroup analysis was conducted based on stratification by vari-
ables such as the mean age, gender, mean BMI, proportions of par-
ticipants with hypertension and diabetes mellitus, prevalence of OH,
follow-up duration, and study quality. For the association between OH
and CHD, a meta-regression was conducted. The results of subgroup
analysis and meta-regression are presented in Tables S2 and S3, which
suggested that these variables did not seem to affect the prospective
association between OH and cardiovascular diseases. Three studies
reported the association between OH and CHD among the Chinese
population.®¥° After pooling, the pooled HR was 2.63 (95% Cl
1.13-6.15, P = 0.025, I? = 79.5%), indicating a stronger correlation than
that among the total population. However, it was not significant for
the association between OH and MI among the Chinese population
(the pooled HR was 4.29, 95% C1 0.95 to 19.40, P = 0.059, I = 86.6%).

3.7 | Publication bias

Begg's funnel plot was made to assess publication bias through visual
assessments (Figures S1-S4). Furthermore, Egger's test and Begg's
test were performed to quantitatively assess the publication bias.
For AF, HF, CHD, and M, both Egger's test and Begg's test showed
no publication bias (Table 2).

3.8 | Sensitivity analysis

By omitting the included studies sequentially, sensitivity analysis
was conducted. The results are shown in Table S4. The removal of
each study only made limited differences to the results, and the di-
rection of the pooled effect remained the same. No individual study
significantly affected the pooled effect when omitted, which indi-

cated reasonably robust results were obtained.

Yasa (2018)

Overall (I-squared = 48.5%, p = 0.120)

NOTE: Weights are from random effects analysis

'
:—QH 1.89 (1.48, 2.41) 24.42

1.51(1.28, 1.79) 100.00

FIGURE 3 Forest plot of the

Study % o
association between OH and AF
ID HR (95% Cl) Weight
Fedorowski (2010) _— 1.30 (1.05, 1.61) 27.85
Agarwal (2013) + 1.40 (1.15,1.71) 29.76
Ko (2018) —_— 1.61(1.17, 2.20) 17.97

T
415 1 2.41
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Study

Fedorowski CPP (2013)
Fedorowski MPP (2010)
Casiglia (2013)
Verwoert (2008)

Lin (2011)
Alagiakrishnan (2013)
Juraschek (2018)

Chou (2015)

Li (2018)

Fleg (2016)

Overall (I-squared = 75.4%, p = 0.000)

NOTE: Weights are from random effects analysis

FIGURE 4 Forest plot of the
association between OH and CHD

T
.0242

%
HR (95% Cl) Weight
|
s 1.00 (0.70, 1.44) 1027
| 1.26 (1.03, 1.53) 13.40
= 1.25 (0.82, 1.88) 9.27
Lo 1.20 (1.00, 1.45) 13.61
P 2.76 (1.68, 4.54) 7.89
L 1.20 (0.96, 1.50) 12.94
T 2.00 (1.64, 2.44) 13.39
—-.:— 1.27 (0.7, 2.10) 7.86
——+——— 5 3583(306,4139) 204
——o:— 1.31(0.87, 1.98) 9.33
<> 1.44 (1.18,1.75) 100.00
‘
: T
1 414

4 | DISCUSSION

In this updated meta-analysis, we found that OH was strongly as-
sociated with future risks of CHD, HF, AF, and MI. Subgroup analy-
sis showed that among the Chinese population, the pooled HR of
the association between OH and CHD was 2.63 (95% Cl 1.13-6.15,
P=0.025, 1> = 79.5%), indicating a stronger correlation than that among
the total population. The results of this updated meta-analysis corrob-
orated findings from a previous systematic review.® In a meta-anal-
ysis of four studies, individuals with OH predicted a 30% higher risk
for developing HF in the future than did those without OH.*? Another
meta-analysis including 13 prospective cohort studies demonstrated
that OH was an independent predictor of increased mortality and HF
and CHD.' However, a recent trial on blood pressure reduction in a
population with diabetes mellitus demonstrated that OH was not as-
sociated with CVD events.*!

There are several explanations linking OH and cardiovascular dis-
eases, including AF, HF, CHD, and M. First, OH may increase the risk
of cardiovascular diseases by affecting heart structure, such as left
ventricular hypertrophy (LVH). OH may provoke intermittent ischemic
bouts and increase afterload, finally leading to LVH.%%¢ Moreover,
LVH has been regarded as a risk factor for AF®” and HF.>® One study
demonstrated that OH was associated with high risks of future HF, Ml,
and CHD, as well as concurrent subclinical markers of atherosclerosis
and intermediate-term elevations in biomarkers reflecting myocar-
dial injury and strain,?* which suggests pathways relating OH and the
pathogenesis of HF, MI, and CHD. In addition, sustained and enhanced
pro-inflammatory activity might be one of the mechanisms underlying
the longitudinal association between OH and cardiovascular morbid-
ity.3? One study demonstrated that patients with OH have elevated
plasma levels of inflammatory biomarkers, particularly immunoglobu-

lin-like transcript 3 (ILT-3), midkine (MK), and regenerating islet-derived

Study %
D HR (95% CI) Weight
Fedorowski MPP (2010) —0—§ 1.01 (0.70, 1.45) 14.95
Lin (2011) ————— 8.99(2.91,27.82) 5.31
Alagiakrishnan (2013) -o— 1.20 (0.96, 1.50) 17.22
Fedorowski CPP (2013) —0—% 1.01(0.70, 1.45) 14.95
Chou (2015) ——o—-— 1.27 (0.77, 2.10) 12.61
Li (2018) ——+—————> 881(3.06,41.39) 429
Juraschek (2018) ~—o— 1.88 (1.44, 2.46) 16.55
Fleg (2016) ——0—%— 1.31(0.87, 1.98) 14.13
Overall (I-squared = 77.2%, p = 0.000) <> 1.52 (1.12, 2.06) 100.00
NOTE: Weights are from random effects analysis 3

FIGURE 5 Forest plot of the T : T

.0242 1 414
association between OH and Ml




1226 MIN ET AL.
WILEY
TABLE 2 Summary of effect measure
Test of association Test of heterogeneity Publication bias
Group No. of studies HR (95% Cl) z P P 1 (%) Model Egger's test Begger's test
AF 4 1.51(1.28-1.79) 491 <0.001 5.83 0.120 48.5 R 0.139 0.470
CHD 10 1.44(1.18-1.75) 3.55 <0.001 36.66 <0.001 75.4 R 0.309 0.074
HF 8 1.34(1.17-1.52) 4.31 <0.001 13.65 0.058 48.7 R 0.165 0.386
MI 8 1.52(1.12-2.06) 2.67 0.008 30.71 <0.001 77.2 R 0.418 0.458

Abbreviations: AF, atrial fibrillation; CHD, coronary heart disease; Cl, confidence interval; HF, heart failure; HR, hazard ratio; MI, myocardial

infarction.

protein 4 (REG-4), independently of age, sex, prevalent cardiovascular
disease, and risk factors.*® These elevated plasma levels of inflamma-
tory biomarkers may suggest a complex interplay among inflamma-
tion, autonomic dysfunction, and atherothrombosis, which could be
potentially related to the pathophysiological pathway underlying the
link between classical OH and CHD, HF and MI.** Furthermore, auto-
nomic dysfunction underlying OH may contribute to the relationship
between OH and AF.*>*° Artery stiffness** and baroreflex dysfunc-

4546 \which failed to maintain cardiovascular homeostasis, also

tion,
have been proposed to explain the relationship between OH and a se-
ries of cardiovascular diseases. CHD, AF, HF, and Ml could affect each
other, and they shared some common risk factors. Further studies are
warranted to explore the specific mechanism underlying the associa-
tion of OH and AF, HF, MI, and CHD.

Some strengths of our study should be mentioned: It included
a large number of studies, including the newest relevant studies,
with large sample sizes or long follow-up. Furthermore, compared
with previous systematic reviews, our meta-analysis analyzed the
relationship between OH and two other cardiovascular events (AF
and MI) and included more studies from the Asian population. Thus,
our study may provide more robust scientific evidence on this topic
than previous ones. Meanwhile, several limitations also need to be
addressed. The diagnostic criteria for cardiovascular diseases were
unclear in some included studies. Second, the operational protocols
for measuring OH varied among individual studies. Finally, some tra-
ditional CVD risk factors, such as aging, smoking, diabetes, hyper-
tension, obesity, dyslipidemia, and previous cardiovascular disease,
may confound the relationship between OH and CVD, even though

these factors have been partly adjusted for in individual studies.

5 | CONCLUSIONS

Our study further confirms that OH may predict a high risk of de-
veloping a series of cardiovascular diseases, including AF, HF, CHD,
and MI.
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