Curr Hypertens Rep (2013) 15:703-716
DOI 10.1007/s11906-013-0403-y

PREVENTION OF HYPERTENSION: PUBLIC HEALTH CHALLENGES (NK HOLLENBERG, SECTION EDITOR)

Association Between Pre-hypertension
and Cardiovascular Outcomes: A Systematic Review
and Meta-analysis of Prospective Studies

Xiaofan Guo - Xiaoyu Zhang - Liang Guo - Zhao Li - Ligiang Zheng -
Shasha Yu - Hongmei Yang + Xinghu Zhou - Xingang Zhang -

Zhaoqing Sun - Jue Li - Yingxian Sun

Published online: 15 November 2013
© Springer Science+Business Media New York 2013

Abstract

Background The quantitative associations between
prehypertension or its separate blood pressure (BP) ranges
and the risk of main cardiovascular diseases (CVDs) have
not been reliably documented.

Methods We performed a comprehensive search of PubMed
(1966 to June 2012) and the Cochrane Library (1988 to June
2012) without language restrictions. Prospective studies were
included if they reported multivariate-adjusted risk ratios
(RRs) and corresponding 95 % confidence intervals (CIs) of
desirable outcomes, including fatal or non-fatal incident
stroke, coronary heart disease, myocardial infarction (MI) or
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total CVD events, with respect to prehypertension or its sep-
arate BP ranges (low range: 120-129/80-84 mmHg; high
range: 130-139/85-89 mmHg) at baseline with normal BP
(<120/80 mmHg) as reference. Pooled RRs were estimated
using a random-effects model or a fixed-effects model.
Results Twenty-nine articles met our inclusion criteria, with 1,
010,858 participants. Both low-range and high-range
prehypertension were associated with a greater risk of devel-
oping or dying of total CVD (low-range: RR: 1.24; 95 % CI:
1.10 to 1.39; high range: RR: 1.56; 95 % CI: 1.36 to 1.78),
stroke (low-range: RR: 1.35; 95 % CI: 1.10 to 1.66; high-
range: RR: 1.95; 95 % CI: 1.69 to 2.24) and myocardial
infarction (MI) (low range: RR: 1.43; 95 % CI: 1.10 to 1.86;
high range: RR: 1.99; 95 % CI: 1.59 to 2.50). The whole range
prehypertension had a 1.44-fold (95 % CI: 1.35to 1.53), 1.73-
fold (95 % CI: 1.61 to 1.85), and 1.79-fold (95 % CI: 1.45 to
2.22) risk of total CVD, stroke, and MI, respectively. There
was no evidence of publication bias.

Conclusions Prehypertensive patients have a greater risk of
incident stroke, MI and total CVD events. The impact was
markedly different between the low and high prehypertension
ranges.

Keywords Prehypertension - Cardiovascular diseases -
Meta-analysis

Introduction

Cardiovascular disease (CVD) is the leading cause of prema-
ture morbidity and mortality [1]. High blood pressure (BP)
constitutes a major cardiovascular risk factor [2, 3]. More than
7 million deaths worldwide and 1.27 million premature car-
diovascular deaths in China were attributable to high BP
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[3, 4]. The number of hypertensive adults was predicted to
increase by about 60 % to a total of 1.56 billion in 2025 all
over the world [5], leading to an extremely huge global
disease burden.

The relationship between BP and CVD risk is continuous.
No definable threshold has been identified, down to a BP of at
least 115/75 mmHg [6]. This might be one of the reasons that
the concept of prehypertension was brought up in guidelines
for the management of BP by the seventh report of the Joint
National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure (JNC 7) [7]. The
disease burden caused by prehypertension is impressive [4,
8]. Also considering the high prevalence and underdiagnosis
rate of prehypertension [9, 10] and the high progression rate
from prehypertension to hypertension [11, 12], effective strat-
egies on prevention for this segment of the population would
be of great value.

To identify persons at high risk of CVDs and to provide
evidence for the prevention and treatment strategies of
prehypertension, recognition of how risky prehypertension is
for developing or dying of CVDs becomes the first step to
take. There exist considerable studies showing that
prehypertension is associated with stroke, myocardial infarc-
tion (MI), or coronary heart disease (CHD), but the results are
inconsistent. For example, Qureshi et al. found that
prehypertension was not associated with stroke [13], while a
few other studies found the opposite relationship [14, 15]. Itis
difficult to confirm this issue in a single study, due to limited
events. Therefore, we performed this meta-analysis to assess
the associations between baseline prehypertension and inci-
dent stroke, CHD, MI and total CVD events at a prospective
level.

Methods
Literature Search

We performed a systematic review of the published literature
according to the recommendations of the Meta-analysis of
Observational Studies in Epidemiology Group [16]. We con-
ducted a comprehensive search of PubMed (1966 to June
2012) and the Cochrane Library (1988 to June 2012) without
language restrictions. Search terms including MeSH words
and text words were related to exposure (“prehypertensi*” or
“high normal blood pressure”) and to outcomes (“cardiovas-
cular disease”, “coronary disease”, “myocardial ischemia”,
“myocardial infarction”, “coronary stenosis”, “acute coronary

syndrome”, “atherosclerosis”, “ischemic heart disease”, “an-

gina”, “stroke”, “cerebral infarction”, “intracranial hemor-

rhage”, “cerebrovascular disease”, “cerebrovascular attack”,
“cardiovascular mortality”, “cardiovascular event” ). The lit-

erature search was undertaken by two authors (Guo X and

@ Springer

Zhang XY) independently. Articles published in non-English
language were reviewed and translated. We also manually
searched the references of original and relevant reviews to
ascertain additional studies. If the articles did not contain all of
the necessary information, we contacted the authors for any
possible additional published or unpublished data.

Inclusion and Exclusion Criteria

As described in our previous study [17], studies had to meet
the following criteria for inclusion: (1) original article with
prospective cohort design; (2) they assessed prehypertension
or high normal BP as baseline exposure; (3) they assessed
fatal or non-fatal incident stroke, CHD, MI, or total CVD
events as outcome; (4) median follow-up of at least 3 years;
and (5) they reported multivariate-adjusted risk ratio (RR) or
hazard ratio (HR) and 95 % confidence interval (95 % CI)
between exposure and outcomes with normal BP as reference.
Multiple samples with different gender, age or ethnic groups
from the same population were also included. If we identified
multiple reports from the same study, the one with the most
detailed information was adopted.

Studies were excluded if they met one of the following
criteria: (1) no original data, such as reviews or comments; (2)
only age-adjusted and gender-adjusted or unadjusted RR or
HR was reported; (3) duplicated studies; (4) not conducted in
human; and (5) data were derived from secondary analyses of
clinical trials.

Data Extraction

Two investigators (Guo L and Li Z) extracted the data inde-
pendently, with discrepancies resolved by an additional re-
viewer (Zheng) and through discussion. A standardized data
extraction form was used. Information extracted included first
author’s name, publication year, country, sample characteris-
tics, prevalence of prehypertension, follow-up, definition of
high BP, adjusted variables, outcome assessment, and
multivariate-adjusted RRs or HRs and corresponding 95 %
CIs. An electronic abstraction database was created in
Microsoft Excel.

Assessment of Study Quality

As described previously [17], we assessed quality of all arti-
cles that met the selection criteria with the following eight
items according to the guidelines developed by the US
Preventive Task Force and the modified checklist [18-20]:
(1) prospective study design; (2) maintenance of comparable
groups; (3) adjustment of potential confounders; (4) docu-
mented loss of follow-up rate; (5) outcome assessed blind to
exposure status; (6) clear and proper definition of exposures
(prehypertension) and outcomes (stroke, CHD, MI and total
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CVD events); (7) temporality (BP measured at baseline, not at
time of outcomes assessment) and (8) follow-up of at least
1 year. Studies were graded as good quality if they met seven
to eight criteria; fair if they met four to six; and poor if they
met less than four criteria.

Statistical Analysis

We obtained pooled estimates basing on the multivariate-
adjusted RRs or HRs with 95 % CIs from included studies
in order to estimate the quantitative association between
prehypertension and the CVD outcomes. Between-study het-
erogeneity was tested by Q-statistic and quantified by the I?
statistic. I” statistic of 0—40 % indicates unimportant hetero-
geneity, 30-60 % indicates moderate heterogeneity, 50-90 %

indicates substantial heterogeneity, and 75-100 % indicates
considerable heterogeneity [21]. If there existed statistically
significant heterogeneity (P <0.1 and I*>50 %), we chose a
random-effects model, otherwise, a fixed-effects model was
used.

Prehypertension was defined as systolic blood pressure
(SBP) at 120-139 mmHg or diastolic blood pressure (DBP)
at 80—-89 mmHg. We further divided prehypertension into two
BP ranges (i.e. low range: SBP of 120-129 mmHg or DBP of
80-84 mmHg; and high range: SBP of 130-139 mmHg or
DBP of 85-89 mmHg), with normal BP (SBP<120 mmHg
and DBP<80 mmHg) the reference category. The outcome
assessment was the relative risk of fatal or non-fatal incident
stroke, CHD, MI and total CVD in the whole prehypertensive
range or in low-range and high-range prehypertension,

Fig. 1 Flow chart of the study
selection process

1654 studies identified and
screened (Pubraed: n=1553;

Cochrane: n=101)
Excluded after
—» review of tile: —W Reasons for exclusion:
1n=1479 not relevant, reviews,
- . editonals, case
Studies retmeved for raore reponts, studies on
detailed evaluation: n=175 non-hurnan subjects
non-prospective
Excluded  after cohort design
M review of abstract: =
n=102
Potential relevant articles for

further assessment; n=67

—p No e ports of exposure blood pressure: n=4

Excluded after review of full texts: n=38
Duplicate data: n=>5
Derrved frora cliracal mal: n=2

No e ports of desirable outcoraes: n=20
Inappropmiate reference group n=>5
No raultrvariate -adjusted results: n=2

h 4

Studies included: n=29
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respectively. Subgroup analyses were performed according to
average age (<65 years vs. >65 years), gender (men vs.

women), location (Asian vs. non-Asian), sample size
(<10000 vs. >10000), follow-up (<10 years vs. >10 years)

and study quality (good vs. fair).

Results

Possible publication bias was evaluated visually by funnel

plots and statistically by Begg’s and Egger’s tests. We also

evaluated the influence of individual studies by sensitivity

analysis to see the extent to which inferences depend
on a particular study or group of studies. All analyses
were performed using statistical package Stata version

Fig. 2 Association between two
ranges of prehypertension, low
range (a) and high range (b), and
the risk of developing or dying of
total cardiovascular disease. Low
range prehypertension: 120—129/
80-84 mmHg; high range
prehypertension: 130—139/85—

89 mmHg. C/ confidence interval

Literature Search and Study Characteristics

11.0 and values of P<0.05 were considered to be sta-
tistical significant.

The initial database search generated 1,654 papers, of which
1,587 were excluded after review of title and abstract. Among
the retrieved 67 articles, 29 articles met our inclusion criteria,

a

Study Risk %
1D Ratio (5% CI)  Weight
Ramachandran $. Vasan et al, 2001 (F) +— 1.10 (D.60, 2.00) 2.86
Ramachandran $. Vasan et al, 2001 (\) — e 1.30 (0.80, 1.80) 4.49
Guixian Wu et al, 2002 — 1.70 (1.20, 2.40) 5.74
Hisatomi Adma et al, 2003 + : 0.86 (0.32,2.27) 1.28
Acch G. Meinous 11l et al, 2004 —_— 0.99 (0.66, 1.50) 4.78
Heather A Liszka et al, 2005 T 1.24 (.96, 1.59) 7.51
£bhijit V. Kshirsagar et al, 2006 D ——— 1.69 (1.37,2.09) 2837
Judith Hsia et al, 2007 ——— 1.40 (1.18, 1.67) 9.18
Qiuping Gu et al, 2008 ——— 1.20 (0.81, 1.80) 4.94
Yoshihiro Kokubo et al, 2008 (F) + : 0.86 (0.42,1.72) 2.24
Yoshihire Kokubo et al, 2008 (W) ; — 1.83 (1.05, 3.20) 3.21
A lkeda et al, 2009 (F) - 1.17 (0.68, 2.02) 3.31
Ai lkeda et al, 2009 (W) ——— 1.17 (0.69, 1.98) 3.47
Caros Lorenzo et al, 2009 v 1.55 (0.86,2.77) 2.99
Mangesh $. Pednekar et al, 2009 (F) ——— 4 0.70 (0.52, 0.95) 6.54
Mangesh $. Pednekar et al, 2009 (M) =L 1.11 (D.95, 1.29) 9.61
Yukiko Ishikawa et al, 2010 e 1.43 (0.96, 2.10) 5.05
Nan Hee Kim et al, 2011 . - 0.93 (0.33,2.63) 1.15
F Hadaegh et al, 2012 (Bderdy) - - 0.83 (0.47, 1.46) 3.13
F Hadaegh et al, 2012 (Middle age) —_—— 1.06 (0.71, 1.57) 4.97
Masayo Fukuhara et al, 2012 ——— 1.72(1.17,2.51) 5.19
Overall (l-squared = 50.9%, p = 0.004) 1.24(1.10, 1.39) 100.00
NOTE: We kbt are o andom 1Rt alsk it

T T
313 1 3z
b
Study Risk %
1D Ratio (95% CI) Weight
Ramachandran $. “asan et al, 2001 (F) —L- 1.80 (1.00, 3.10) 3.41
Ramachandran $. Vasan et al, 2001 (M) e 1.60 (1.10, 2.30) §.28
Guixian Wu et al, 2002 i ——— 2.90(2.10,4.00) 5.84
Hisatomi Adma et al, 2003 +— 143 (0.62,3.27) 1.99
Aech G. Mainous 1l et al, 2004 —— 1.19 (0.82, 1.71) §.30
Heather A Liszka et al, 2005 —— 1.42 (1.09, 1.84) 6.61
£bhijit V. Kshirsagar et al, 2006 y —l— 2.33(1.85,292) 7.05
Judith Hsia et al, 2007 — 1.77 (1.52, 2.06) 7.96
Qiuping Gu et al, 2008 ——— 1.41 (1.01, 1.95) 5.76
Yoshihiro Kokubo et al, 2008 (F) . B E—— 1.32(0.69,253) 2.85
Yoshihiro Kokubo et al, 2008 (W) —_—— 2.11(1.22,3.64) 3.56
A lkeda et al, 2009 (F) e 148 (0.88,2.48) 3.79
Ai lkeda et al, 2009 (W) —— 1.30 (0.78,2.17) 3.84
Caros Lorenzo et al, 2009 + 2.11 (1.05, 4.26) 2.57
hMangesh $. Pednekar et al, 2009 (F) — 1.08 (0.80, 1.45) 6.16
hngesh §. Pednekar et al, 2009 (W) e 1.18 (0.99, 1.39) 7.77
Yukiko Ishikawa et al, 2010 b 148 (1.01,2.17) 5.13
Nan Hee Kim et al, 2011 — 1.31 (0.48,3.59) 146
F Hadaegh et al, 2012 (Bdedy) —_— 0.89 (0.51, 1.54) 3.51
F Hadaegh et al, 2012 (viddle age) —— 162 (1.11,2.37) 5.16
hasayo Fukuhara et al, 2012 —_— 185(1.25,2.74) 5.01
Overall (l-squared = 64.2%, p = 0.000) <> 1.56 (1.36, 1.78) 100.00
1
NOTE: We kbt are i randim TRt nalsk !
T T
xS 1 12
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with 1,010,858 participants [13—15, 22—47]. Figure 1 provides
a diagram of the selection process and reasons for exclusion.
The included studies varied in sample size from 566 [24] to
347,978 [29]. All but three of the studies [14, 29, 41] included
both men and women. Eleven of the studies were conducted in
the United States, four in China, eight in Japan, and one each
in Germany, India, Iran, Korea, Singapore and Turkey.
Follow-up ranged from 6.9 to 25 years. Most of included
participants were free of CVDs and were not on use of

antihypertensive medication. Table 1 summarizes the charac-
teristics of the included studies.

Prehypertension and Total Cardiovascular Disease

In the pooled analysis from twenty-one populations, both low-
range and high-range prehypertension were associated with a
greater risk of developing or dying of total CVD (low-range:
RR: 1.24; 95 % CI: 1.10 to 1.39, P<0.001; high range: RR:

Fig. 3 Association between
prehypertension and the risk of
developing or dying of total
cardiovascular disease (a), stroke
(b), coronary heart disease (c¢),
and myocardial infarction (d). CI
confidence interval

@ Springer

a
Study Risk %
1D Ratio (85% CI)  Weight
Arch G. Mainous Il et al, 2004 R 1.08 (0.77,1.52) 3.30
Heather A. Liszka et al, 2005 —_— 1.32 (1.05, 1.65) 6.64
Paul D. Terny et al, 2006 -+ 1.48 (1.42,1.54) 29.44
Wenyu Wang et al, 2006 e 1.74(1.34,2.28) 5.08
Judith Hsia et al, 2007 — 1.66 (1.44,1.92) 1267
Kuo Liong Chien et al, 2007 e 1.73(1.00,2.98) 136
Jeannette Lee et al, 2008 “4- 1.50 (0.80,260) 1.18
Qiuping Gu et al, 2008 —_— 1.23(0.85,1.79) 2.80
Atsushi Hozawa et al, 2009 —_— 1.10 (0.72,1.69) 217
Carlos Lorenzo et al, 2009 + 1.55 (0.86,2.77) 1.19
Dongfeng Gu et al, 2009 -+ 1.34(1.27,1.42) 26.71
Yukiko Ishikawa et al, 2010 —_—— 1.45(1.04,2.03) 3.40
Nan Hee Kim et al, 2011 + - 1.11(0.44,2.78) 049
Masayo Fukuhara et al, 2012 1.64(1.18,2.26) 3.48
Overall (l-squared = 37.5%, p=0.077) < 1.44 (1.35, 1.53) 100.00
NOTE: Weights are from random effects analysis :
I I
336 1 2498
b
Study Risk %
1D Ratio (85% CI) Weight
Kei Asayama et al, 2004 +—— 1.40 (0.92,2.12) 2.91
Adnan I. Qureshi et al, 2005 . 2.30 (0.80, 6.30) D42
Judith Hsia et al, 2007 —— 1.93 ?.49. .5D§ 7.58
Ying Zhang et al, 2008 — 1.75(1.18,2.59) 3.29
Dongfeng Gu et al, 2009 -+ 1.72 (1.59, 1.86) 82.53
Tsogzolmaa Dorjgochoo et al, 2009 b 1.65(0.98,2.78) 1.87
Fumitaka Tanaka et al, 2010 — 1.72 gﬂ.gs. 3.13§ 1.34
Overall (l-squared =0.0%, p=0.918) vl 1.73 (1.61, 1.85) 100.00
T ’ T
159 1 6.3
Cc
Study Risk %
1D Ratio (95% CI) Vfeight

Adnan |. Qureshi et al, 2005
Altan Onat et al, 2008 —
Dongfeng Gu et al, 2009

Tsogzolmaa Dorjgochee—et-ab2000—4————

— & 1.70(1.20,2.40) 10.82
1.34 (0.90, 2.00) 8.16
1.32 (1.18, 1.50) 78.71
0.74 (0.35, 1.57) 2.31

Overall (l-squared = 29.74%, p = 0.234) <> 1.34 (1.20, 1.50) 100.00
1
T . T
35 1 2.86
Study Risk %
1D Ratio (35% CI) Weight
Adnan |. Qureshi et al, 2005 —_— e 350 (1.60, 7.50) 7.53
Judith Hsia et al, 2007 —. 1.76 (1.40, 2.22) 84.51
Raimund Erbel et al, 2012 (M) - - 1.13 (0.42, 3.03) 4.60
Raimund Erbel et al, 2012 (F) +~— 1.23 (0.39, 3.94) 3.36
Overall (I-squared = 27.7%, p = 0.246) ﬂ} 1.79 (1.45, 2.22) 100.00
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1.56;95 % CI: 1.36 to 1.78, P <0.001) (Fig. 2a, b). The risk of
total CVD was increased among the whole range of
prehypertensive populations (RR: 1.44; 95 % CI: 1.35 to
1.53, P<0.001) (Fig. 3a).

Prehypertension and Stroke

Eight studies with eleven populations and nine studies with
twelve populations evaluated the risk of low-range and high-
range prehypertension for stroke, respectively. Both two
ranges increased the risk of developing or dying of stroke
(low-range: RR: 1.35; 95 % CI: 1.10 to 1.66, P=0.004; high
range: RR: 1.95; 95 % CI: 1.69 to 2.24, P<0.001) (Fig. 4a, b).
Seven studies investigated the association between the whole
range of prehypertension and stroke, the pooled result of
which showed that prehypertension was related to a greater
risk of developing or dying of stroke (RR: 1.73; 95 % CI: 1.61
to 1.85, P<0.001), with no evidence of heterogeneity
(=0 %, P=0.918) (Fig. 3b).

Prehypertension and Coronary Heart Disease
Seven studies with nine populations distinguished the two
ranges of prehypertension. The pooled result showed that

neither low-range nor high-range prehypertension was signif-
icantly associated with an increased risk of developing or

Fig. 4 Association between two a

dying of CHD (low-range: RR: 1.11; 95 % CI: 0.87 to 1.42,
P=0.39; high range: RR: 1.33; 95 % CI: 0.96 to 1.83,
P=0.085) (Fig. 5a, b). However, in the pooled analysis of
four studies evaluating the whole range, prehypertension in-
creased the risk of CHD (RR: 1.34; 95 % CI: 1.20 to 1.50,
P<0.001) (Fig. 3¢).

Prehypertension and Myocardial Infarction

In the pooled analysis from three populations, low-range
prehypertension increased 1.43-fold risk of developing or dy-
ing of MI (P=0.007), while high-range prehypertension was
associated with a much higher risk (RR: 1.99; 95 % CI: 1.59 to
2.50, P<0.001) (Fig. 5c, d). Among the whole range
prehypertensive populations, risk of incident MI was also in-
creased (RR: 1.79; 95 % CI: 1.45 to 2.22, P<0.001) (Fig. 3d).

Sources of Heterogeneity

Tables 2 and 3 show further analysis stratified by different
population groups in each range of prehypertension. Between-
study heterogeneity was observed. The heterogeneity of effect
was due to differences in gender, age, location, sample size,
follow-up or study quality. No publication bias was observed
(Begg’s test all P>0.05; Egger’s test all P>0.05, figures not

ranges of prehypertension, low IS[;"'d" 2'::;0 ©5% cI) érei aht
range (a) and high range (b), and
the risk of developing or dying of Hisatomi Arima et al, 2003 + + 0.43 (0.15, 1.51) 281
Abhijit V. Kshirsagar et al, 2006 B S cam— 153(0.92,254) 982
stroke. Low range Judith Hsia et al, 2007 -l 138 (1.01,1.90) 1551
prehypertension: 120-129/80— Yoshihire Kokubo et al, 2008 (M) B 192 (092,397) 598
84 mmHg; high range Yoshihire Kokubo et al, 2008 (F) + : 0.77 (032, 1.83) 454
prperinsion 130-13955 - Afkeda ot 2008 0 = [t
: i lkeda et al, ———— . 14, 2. ;
89 mmHg. CT confidence interval Mangesh S. Pednekar et al, 2009 (M) —t—— 116 078, 1.74) 1267
Mangesh S. Pednekar et al, 2009 (F) - : 0.51(0.23,1.13) 525
Tsogzolmaa Dorjgochoo et al, 2009 — T 1.21(0.67,2.17) 847
Masayo Fukuhara et al, 2012 —_—— 1810113, 291) 1067
Overall (l-squared = 40.3%, p = 0.080) < 1.35(1.10, 1.66)  100.00
NOTE: Weights are from random effects analysis ;
1 I
A5 1 6.67
b
Study Risk %
1D Ratio (95% CI)  Wieight
Hisatomi Arima et al, 2003 —_— 100 (0.42,237) 2.70
Abhijit V. Kshirsagar et al, 2006 — B 131 (0.70,2.45) 5.15
Judith Hsia et al, 2007 —— 2.15(1.64,281) 27386
Yoshihiro Kokubo et al, 2008 (M) ——t——— 2.04(1.00,422) 3.90
Yoshihiro Kokubo et al, 2008 (F) —_— 1.11(0.50,2.43) 3.13
Ai lkeda et al, 2009 (M) e 260 (1.68,401) 1067
Ai lkeda et al, 2009 (F) — 208(1.44,300) 1500
Mangesh S. Pednekar et al, 2009 (M) —— 1.73(1.15,2.61) 12.03
hMangesh 5. Pednekar et al, 2009 (F) —— 1.19(0.59,2.41) 408
Tsogzolmaa Dorjgochoo et al, 2009 —— 2.34(1.32,412) 624
F Hadaegh et al, 2012 + 4.10 (0.86, 19.50) 0.83
Masayo Fukuhara et al, 2012 —_— 2.00(1.22,3.25) 842
Owverall (lsquared = 4.7%, p =0.399) <> 195(169,2.24) 100.00
T + T
0513 1 195
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Fig. 5 Association between two
ranges of prehypertension, low
range (a and ¢) and high range (b
and d), and the risk of developing

a
Study
1D

Hisatomi Arima et al, 2003

Risk
Ratio (35% CI)

%
Weight

3.41(0.35,33.20) 1.09

or dying of coronary heart disease Abhijit V. Kshirsagar et al, 2006 1—— 1.70 (1.35, 2.13) 19.30
; Ai lkeda et al, 2009 (M) ——— 1.35(0.64,2.88) 7.24
(a and b), and myocardial Mangesh S. Pednekar et al, 2009 (M) — 1.19 0.97, 1.45) 20.06
infarction (¢ and d). Low range Mangesh S. Pednekar et al, 2009 (F) , 0.73 (0.47, 1.14) 13.15
prehypertension: 120—-129/80— Tsogzolmaa Dorjgochoo et al, 2009 0.63 (0.29, 1.61) 6.00
84 mmHg; high range F Hadaegh et al, 2012 (Middle age) e 0.99 (0.66, 1.52) 13.83
EOS - - F Hadaegh et al, 2012 (Elderly) — 0.71(0.328, 1.31) 9.3
grgehypgteng]on' lg((i) 139/85 | Masayo Fukuhara et al, 2012 - 138 (0.77, 2.46) 10.02
mmflg. ¢1 confidence interva Overall (lsquared = 60.1%, p=0010) 43> 1.1 (087, 1.42) 100.00
NOTE: Weights are from random effects analysis
T T
b 030 1 3.2
Study Risk %
1D Ratio (95% CI)  Weight
Hisatomi Arima et al, 2003 L = 3.32 (0.35,32.00)1.82
Abhijit V. Kshirsagar et al, 2006 | == 2.44(1.92,3.12) 1617
Ai lkeda et al, 2009 (M) —t—— 1.32 (062, 2.80) 9.00
Mangesh S. Pednekar et al, 2009 (M) - 1.11 (0.89, 1.38) 16.45
Mangesh S, Pednekar et al, 2009 (F) = 1.15(0.75, 1.78) 13.48
Tsogzolmaa Dorjgochoo et al, 2009 —— 0.82(0.33,1.99) 7.45
F Hadaegh et al, 2012 (Middle age) ' 1.71 (1,16, 2.53) 14.12
F Hadaegh et al, 2012 (Elderly) —! 0.64 (0.34, 1.21) 10.51
Masayo Fukuhara et al, 2012 IR 1.46 (0.80, 2.65) 11.01
Overall (l-squared = 76.2%, p = 0.000) K> 1.33 (096, 1.83) 100.00
NOTE: Weights are from random effects analysis| '
1 1
0313 1 32
Study Risk %
1D Ratio (95% CI) Wyeight
Judith Hsia et al, 2007 —_—— 141 (107, 1.87)87.02
Yoshihiro Kokuba et al, 2008 (M) - 1.78 (0.75, 4.22)9.09
Yoshihiro Kokube et al, 2008 (F) + 117 (0.31,434)3.89
Overall (I-squared = 0.0%, p = 0.841) —_— 1.43 (1.10, 1.86) 100.00
] 1
d 23 1 4.34
Study Risk %
0 Ratio (95% CI) Weight
Judith Hsia et al, 2007 —_— 1.97 (1.55, 2.51)88.47
Yaoshihiro Kokubo et al, 2008 (M) —- 232(1.02,527)7.62
Yoshihiro Kokubo et al, 2008 (F) . 183(0.58, 575310
Overall (l-squared =0.0%, p=0922) -¢:=~ 1.99 (1.59, 2.50) 100.00
1 1
174 1 5.75

shown). The sensitivity analysis showed that the omission of any
of the studies from the analysis did not alter the overall finding.

Discussion

The present study provided a comprehensive review of the
literature worldwide and quantitative estimates of prospective
associations between prehypertension and CVDs among
population-based studies. From multivariable adjusted stud-
ies, we found that prehypertension was associated with a
clearly increased risk of incident stroke, MI and total CVD
events, even within the lower range. The effects of

@ Springer

prehypertension on CVD outcomes differed by many factors,
such as gender, age group and study quality.

The overall prevalence of prehypertension in the US was
31 % according to the Third National Health and Nutrition
Examination Survey (NHANES III) [48]. Over 32 million
men and 21 million women aged 20 years or older in the US
were estimated to be prehypertensive [49]. Given the large
population and the robust impact of prehypertension on car-
diovascular outcomes, the caused burden is considerable. It
was estimated that in China alone, there were 0.22 million
cardiovascular deaths in adults attributed to prehypertension
in 2005 [4]. In the present study, we found that the baseline
prehypertensive population had a 1.44-fold risk of developing
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Table 2 Subgroup analyses to explore source of heterogeneity in the low range prehypertension

Subgroups Stroke CHD CVD
No. RR  95%CI P-value for No. RR 95%CI  P-value for No. RR 95 % Cl  P-value for
heterogeneity heterogeneity heterogeneity
Gender
Men 3 1.53  1.01-2.16 0431 2 1.2 099-146 0.022 6 1.28 1.07-1.54 0.784
Women 5 1.17  0.83-1.65 2 0.72  0.49-1.07 7 1.08  0.79-1.47
Age group
>65y 1 048 0.15-1.52  0.068 2 1.05 028393 0.139 3 085  0.55-1.33 0.086
<65y 10 14 1.15-1.7 7 1.15  09-1.48 18  1.226 1.12-143
Location
Asian 9 1.29 098-1.7 0.87 8 1.03  0.84-1.25 0.001 13 1.17  0.98-1.39 0.011
Non-Asian 2 142 1.09-1.86 1 1.7 1.35-2.14 8 1.37 1.22-1.53
Sample size
<10000 5 135 0.9-2.02 0.72 5 123 0.84-1.79 0.044 13 1.28 1.10-1.49 0.133
>10000 6 133 1.03—1.71 4 099 0.72-1.37 8 1.2 0.99-1.44
Follow-up
<10y 4 1.13  0.82-1.55  0.057 5 094 0.73-12  <0.001 8 .12 092-136 0.019
>10y 7 1.56  1.22-1.99 4 1.64 1.34-2.01 13 1.37 1.22-1.55
Study quality
Good 7 1.57 132-1.87  0.008 5 122 0.87-1.71 0.046 16  1.36 1.24-1.50 0.001
Fair 4 09  0.58-1.39 4 096 0.65-1.42 5 1.05  0.78-1.41

CHD coronary heart disease; CVD cardiovascular disease; RR risk ratio; C/ confidence interval

or dying of total CVD. Even within the lower range group, the  early stage might reduce a substantial future burden. A recent
risk was increased, indicating that effective intervention in this ~ meta-analysis including 18 studies reported a higher RR of

Table 3 Subgroup analyses to explore source of heterogeneity in the high range prehypertension

Subgroups Stroke CHD CVD
No. RR 95%CI P-value for No. RR 95%CI P-value for No. RR 95%CI P-value for
heterogeneity heterogeneity heterogeneity
Gender
Men 3 209 158275 0.772 2 1.13  091-139 0.854 6 1.61 1.11-232 0.108
Women 5 1.99 1.64-24 2 1.08  0.73-1.59 7 1.58  1.25-2.00
Age group
>65y 2 1.39  0.65-297 0378 2 1.01 024424 0.021 3 1.07  0.71-1.63  0.086
<65y 10 1.97 1.71-2.28 7 143 1.03-1.97 18 1.6 1.39-1.84
Location
Asian 10 1.93  1.62-2.29 0.831 8 1.19  1.97-147 <0.001 13 149 1.22-1.81 0.007
Non-Asian 2 1.99  1.55-2.55 1 244 191-3.11 8 1.66  1.42-1.95
Sample size
<10000 6 1.61 1.21-2.15 0.141 5 1.54 096249 <0.001 13 1.61 1.37-1.89 0.133
>10000 6 207 176243 4 1.12 0.93-1.34 8 1.51 1.21-1.88
Follow-up
<10y 5 1.99 1.63-243 0.76 5 1.12 0.85-1.48 <0.001 8 1.47  1.15-1.87 0.116
>10y 7 1.9 1.55-2.33 4 195 1.36-2.79 13 1.64 1.43-1.88
Study quality
Good 8 206 174242 0.194 5 147 0.95-2.28 <0.001 16 1.65 1.48-1.84 0.002
Fair 4 1.65 12522 4 .11 0.92-1.34 5 144 0.99-2.09

CHD coronary heart disease; CVD cardiovascular disease; RR risk ratio; C/ confidence interval
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1.55 for CVD among prehypertensive participants [50]. This
higher risk might be explained by the fact that some studies
evaluating fatal events as outcomes were not included in that
analysis. Although a secondary analysis of a clinical trial,
which was not included in the present study, found that
prehypertension was not associated with an increased risk of
fatal CVD [51], the impact of drug use was not fully elimi-
nated. In line with a former study in the Asia-Pacific region
[52], we observed that the effect of prehypertension on total
CVD vanished among participants aged 65 years or older.

Stroke is most highly correlated with BP among various
vascular diseases [53]. The present study found that
prehypertensive participants increased about 1.7-fold in risk
of developing or dying of stroke, which was similar to the
result from a previous study [54]. The RR for incident stroke
was also quite similar in the analysis by Huang et al. [50],
indicating a robust association between prehypertension and
stroke. A recent meta-analysis of 16 randomized controlled
trials indicated that antihypertensive therapy among
prehypertensives could significantly reduce the risk of stroke
[55], leading to a doubt that whether only lifestyle modifica-
tion recommended by JNC 7 [7] is adequate. In our further
subgroup analyses, we observed that among the low-range
prehypertensive population, only men with prehypertension
had a significantly increased risk for stroke, while the gender-
specific result disappeared in the high-range population. The
underlying mechanism is not understood. We also found that
prehypertension was not associated with stroke among the
elderly, the potential reasons of which were discussed by
Lee et al. [54].

Also, we observed a 1.34-fold risk of CHD associated with
prehypertension from four studies, which was a little higher
than the result in the Asia-Pacific region [52] and lower than
the result from Huang et al. [S0]. While in the analyses of two
separate range groups, the results were not statistically signif-
icant, even in the high-range prehypertension. This discrep-
ancy is probably due to different distributions of the included
populations. A novel finding is that high range
prehypertensive population had a nearly two-fold risk of
developing or dying of MI, meriting attentions in the clinical
work. However, the number of included studies is relatively
small, and more cohorts are expected. Of note, Butler et al.
found that among the elderly, prehypertension was related to a
1.63-fold risk of incident heart failure over 10 years follow-up
in the US [56]. The positive association was consistent with a
previous study [14], indicating a roll of mildly raised BP in the
mechanism of heart failure.

The strengths of our study include the comprehensive
review of the literature worldwide and the large sample size
we collected. There are limitations in the present study that
merit discussion. First, the contributing studies varied in the
degree of confounders. Although we only included multivar-
iable adjusted studies to minimize the impacts, it remains a

@ Springer

possibility that residual confounding and bias across the stud-
ies caused overestimation of the associations. Second, due to
the limited number of studies, we pooled results from studies
involving different definitions of CVD, which might compro-
mise the results. In addition, although our literature search was
extensive, there still was a possibility of omissions. Plus, a
delay between search and publication was inevitable. Even
though our meta-analysis has several limitations, it probably
represents the most comprehensive review and the most ac-
curate estimate to critically appraise the evidence surrounding
the association between prehypertension and different types of
CVD.

Conclusions

From the worldwide data, prehypertension was significantly
associated with an increased risk of incident stroke, MI and
total CVD. The impact was markedly different between the
two BP ranges. Effective BP reduction treatment giving full
consideration of the risk stratifications of different BP ranges
should be initiated in this early stage to reduce a substantial
future burden. Trials investigating the effects of BP reduction
on different types of CVD outcomes among prehypertensive
subjects are expected.

Compliance with Ethics Guidelines

Conflict of Interest Xiaofan Guo, Xiaoyu Zhang, Liang Guo, Zhao L1,
Ligiang Zheng, Shasha Yu, Hongmei Yang, Xinghu Zhou, Xingang
Zhang, Zhaoqing Sun, Jue Li, and Yingxian Sun declare that they have
no conflict of interest.

Human and Animal Rights and Informed Consent This article does
not contain any studies with human or animal subjects performed by any
of the authors.

References

1. World Health Organisation. The global burden of disease: 2004
update. Geneva: World Health Organisation; 2008.

2. Lawes CM, Rodgers A, Bennett DA, Asia Pacific Cohort Studies
Collaboration, et al. Blood pressure and cardiovascular diseases in
the Asia-Pacific region. J Hypertens. 2003;21:707-16.

3. Lawes CM, Vander Hoorn S, Rodgers A, International Society of
Hypertension. Global burden of blood-pressure-related disease,
2001. Lancet. 2008;371:1513-8.

4. He J, Gu D, Chen J, et al. Premature deaths attributable to blood
pressure in China: a prospective cohort study. Lancet.
2009;374(9703):1765-72.

5. Keamney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He
J. Global burden of hypertension: analysis of worldwide data. Lancet.
2005;365:217-23.

6. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R, Prospective
Studies Collaboration. Age-specific relevance of usual blood



Curr Hypertens Rep (2013) 15:703-716

715

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

pressure to vascular mortality: a meta-analysis of individual data for
one million adults in 61 prospective studies. Lancet. 2002;360:1903—
13.

. Chobanian AV, Bakris GL, Black HR, et al. Seventh report of the Joint

National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure. Hypertension. 2003;42(6):1206-52.

. Rodgers A, Ezzati M, Vander Hoorn S, Lopez AD, Lin RB, Murray

C]J, et al. Distribution of major health risks: findings from the Global
Burden of Disease Study. PLoS Med. 2004;1:e27.

. Guo X, Zou L, Zhang X, et al. Prehypertension: a meta-analysis of

the epidemiology, risk factors, and predictors of progression. Tex
Heart Inst J. 2011;38(6):643-52.

Hansen ML, Gunn PW, Kaelber DC. Underdiagnosis of hypertension
in children and adolescents. JAMA. 2007;298(8):874-9.

De Marco M, de Simone G, Roman MJ, et al. Cardiovascular and
metabolic predictors of progression of prehypertension into hyper-
tension: the Strong Heart Study. Hypertension. 2009;54(5):974-80.
Zheng L, Sun Z, Zhang X, et al. Predictors of progression from
prehypertension to hypertension among rural Chinese adults: results
from Liaoning Province. Eur J Cardiovasc Prev Rehabil. 2010;17(2):
217-22.

Qureshi Al, Suri MF, Kirmani JF, Divani AA, Mohammad Y. Is
prehypertension a risk factor for cardiovascular diseases? Stroke.
2005;36(9):1859-63.

Hsia J, Margolis KL, Eaton CB, et al. Prehypertension and cardio-
vascular disease risk in the Women’s Health Initiative. Circulation.
2007;115(7):855-60.

Gu D, Chen J, Wu X, et al. Prehypertension and risk of cardiovascu-
lar disease in Chinese adults. J Hypertens. 2009;27(4):721-9.
Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observa-
tional studies in epidemiology: a proposal for reporting. Meta-
analysis Of Observational Studies in Epide-miology (MOOSE)
group. JAMA. 2000;283:2008—-12.

Guo X, Zhang X, Zheng L, Guo L, Li Z, Yu S, et al. Prehypertension is
not associated with all-cause mortality: a systematic review and meta-
analysis of prospective studies. PLoS One. 2013;8(4):e61796.

Harris RP, Helfand M, Woolf SH, Third US Preventive Services Task
Force, et al. Current methods of the US Preventive Services Task
Force: a review of the process. Am J Prev Med. 2001;20(3 Suppl):
21-35.

. Smith GL, Lichtman JH, Bracken MB, et al. Renal impairment and

outcomes in heart failure: systematic review and meta-analysis. J Am
Coll Cardiol. 2006;47(10):1987-96.

Lee M, Saver JL, Chang KH, Liao HW, Chang SC, Ovbiagele B.
Impact of microalbuminuria on incident stroke: a meta-analysis.
Stroke. 2010;41(11):2625-31.

Higgins JPT, Green S. Cochrane handbook for systematic reviews of
interventions. Cochrane Collaboration, 2008.

Vasan RS, Larson MG, Leip EP, et al. Impact of high-normal blood
pressure on the risk of cardiovascular disease. N Engl J Med.
2001;345(18):1291-7.

Wu G, Wu Z, Liu J, et al. Impact of high-normal blood pressure on
risk of cardiocerebrovascular disease in 11 provinces in China.
Zhonghua Yi Xue Za Zhi. 2002;82(16):1083-5.

Arima H, Tanizaki Y, Kiyohara Y, et al. Validity of the INC VI
recommendations for the management of hypertension in a general
population of Japanese elderly: the Hisayama study. Arch Intern
Med. 2003;163(3):361-6.

Asayama K, Ohkubo T, Kikuya M, et al. Prediction of stroke by self-
measurement of blood pressure at home versus casual screening
blood pressure measurement in relation to the Joint National
Committee 7 classification: the Ohasama study. Stroke.
2004;35(10):2356-61.

Mainous 3rd AG, Everett CJ, Liszka H, King DE, Egan BM.
Prehypertension and mortality in a nationally representative cohort.
Am J Cardiol. 2004;94(12):1496-500.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Liszka HA, Mainous 3rd AG, King DE, Everett CJ, Egan BM.
Prehypertension and cardiovascular morbidity. Ann Fam Med.
2005;3(4):294-9.

Kshirsagar AV, Carpenter M, Bang H, Wyatt SB, Colindres RE.
Blood pressure usually considered normal is associated with an
elevated risk of cardiovascular disease. Am J Med. 2006;119(2):
133-41.

Terry PD, Abramson JL, Neaton JD, MRFIT Research Group. Blood
pressure and risk of death from external causes among men screened
for the Multiple Risk Factor Intervention Trial. Am J Epidemiol.
2007;165(3):294-301.

Wang W, Lee ET, Fabsitz RR, et al. A longitudinal study of hyper-
tension risk factors and their relation to cardiovascular disease: the
Strong Heart Study. Hypertension. 2006;47(3):403-9.

Chien KL, Hsu HC, Sung FC, Su TC, Chen MF, Lee YT. Incidence
of hypertension and risk of cardiovascular events among ethnic
Chinese: report from a community-based cohort study in Taiwan. J
Hypertens. 2007;25(7):1355-61.

Onat A, Yazici M, Can G, Kaya Z, Bulur S, Hergen¢ G. Predictive
value of prehypertension for metabolic syndrome, diabetes, and
coronary heart disease among Turks. Am J Hypertens. 2008;21(8):
890-5.

Gu Q, Burt VL, Paulose-Ram R, Yoon S, Gillum RF. High blood
pressure and cardiovascular disease mortality risk among U.S. adults:
the third National Health and Nutrition Examination Survey mortality
follow-up study. Ann Epidemiol. 2008;18(4):302-9.

Zhang Y, Galloway JM, Welty TK, et al. Incidence and risk factors
for stroke in American Indians: the Strong Heart Study. Circulation.
2008;118(15):1577-84.

Kokubo Y, Kamide K, Okamura T, et al. Impact of high-normal blood
pressure on the risk of cardiovascular disease in a Japanese urban
cohort: the Suita study. Hypertension. 2008;52(4):652-9.

Lee J, Heng D, Ma S, Chew SK, Hughes K, Tai ES. Influence of pre-
hypertension on all-cause and cardiovascular mortality: the
Singapore Cardiovascular Cohort Study. Int J Cardiol. 2009;135(3):
331-7.

Ikeda A, Iso H, Yamagishi K, Inoue M, Tsugane S. Blood pressure and
the risk of stroke, cardiovascular disease, and all-cause mortality among
Japanese: the JPHC Study. Am J Hypertens. 2009;22(3):273-80.
Lorenzo C, Aung K, Stern MP, Haffner SM. Pulse pressure,
prehypertension, and mortality: the San Antonio heart study. Am J
Hypertens. 2009;22(11):1219-26.

Hozawa A, Kuriyama S, Kakizaki M, Ohmori-Matsuda K, Ohkubo
T, Tsuji L. Attributable risk fraction of prehypertension on cardiovas-
cular disease mortality in the Japanese population: the Ohsaki Study.
Am J Hypertens. 2009;22(3):267-72.

Pednekar MS, Gupta R, Gupta PC. Association of blood pressure and
cardiovascular mortality in India: Mumbai cohort study. Am J
Hypertens. 2009;22(10):1076-84.

Dorjgochoo T, Shu XO, Zhang X, et al. Relation of blood pressure
components and categories and all-cause, stroke and coronary heart
disease mortality in urban Chinese women: a population-based pro-
spective study. J Hypertens. 2009;27(3):468-75.

Tanaka F, Makita S, Onoda T, et al. Prehypertension subtype with
elevated C-reactive protein: risk of ischemic stroke in a general
Japanese population. Am J Hypertens. 2010;23(10):1108-13.
Ishikawa Y, Ishikawa J, Ishikawa S, et al. Prehypertension and the
risk for cardiovascular disease in the Japanese general population: the
Jichi Medical School Cohort Study. J Hypertens. 2010;28(8):1630-7.
Kim NH, Cho HIJ, et al. Combined effect of high-normal blood
pressure and low HDL cholesterol on mortality in an elderly
Korean population: the South-West Seoul (SWS) study. Am J
Hypertens. 2011;24(8):918-23.

Hadaegh F, Mohebi R, Khalili D, Hasheminia M, Sheikholeslami F,
Azizi F. High normal blood pressure is an independent risk factor for
cardiovascular disease among middle-aged but not in elderly

@ Springer



716

Curr Hypertens Rep (2013) 15:703-716

46.

47.

48.

49.

50.

S1.

52.

53.

populations: 9-year results of a population-based study. J Hum
Hypertens. 2013;27(1):18-23.

Fukuhara M, Arima H, Ninomiya T, et al. Impact of lower range of
prehypertension on cardiovascular events in a general population: the
Hisayama Study. J Hypertens. 2012;30(5):893-900.

Erbel R, Lehmann N, Md&hlenkamp S, et al. Subclinical coronary
atherosclerosis predicts cardiovascular risk in different stages of
hypertension: result of the Heinz Nixdorf Recall Study.
Hypertension. 2012;59(1):44-53.

Wang Y, Wang QJ. The prevalence of prehypertension and hyperten-
sion among US adults according to the new joint national committee
guidelines: new challenges of the old problem. Arch Intern Med.
2004;164:2126-34.

Lloyd-Jones D, Adams R, Carnethon M, et al. Heart disease and
stroke statistics—2009 update: a report from the American Heart
Association Statistics Committee and Stroke Statistics
Subcommittee. Circulation. 2009;119(3):e21—¢181.

Huang Y, Wang S, Cai X, Mai W, Hu Y, Tang H, et al.
Prehypertension and incidence of cardiovascular disease: a meta-
analysis. BMC Med. 2013;11:177. doi:10.1186/1741-7015-11-177.
Bowman TS, Sesso HD, Glynn RJ, Gaziano JM. JNC 7 category and
risk of cardiovascular death in men: are there differences by age? Am
J Geriatr Cardiol. 2005;14(3):126-31.

Arima H, Murakami Y, Lam TH, et al. Effects of prehypertension and
hypertension subtype on cardiovascular disease in the Asia-Pacific
Region. Hypertension. 2012;59(6):1118-23.

Writing Group Members, Lloyd-Jones D, Adams RJ, et al. Heart
disease and stroke statistics: 2010 update: a report from the American
Heart Association. Circulation. 2010;121:e46—215.

@ Springer

54.

55.

56.

57.

58.

59.

60.

61.

Lee M, Saver JL, Chang B, Chang KH, Hao Q, Ovbiagele B.
Presence of baseline prehypertension and risk of incident stroke: a
meta-analysis. Neurology. 2011;77(14):1330-7.

Sipahi I, Swaminathan A, Natesan V, Debanne SM, Simon DI, Fang
JC. Effect of antihypertensive therapy on incident stroke in cohorts
with prehypertensive blood pressure levels: a meta-analysis of ran-
domized controlled trials. Stroke. 2012;43(2):432-40.

Butler J, Kalogeropoulos AP, Georgiopoulou VV, et al. Systolic
blood pressure and incident heart failure in the elderly. The cardio-
vascular health study and the health, ageing and body composition
study. Heart. 2011;97(16):1304-11.

The sixth report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure. Arch
Intern Med. 1997; 157:2413-46.

1999 World Health Organization-International Society of
Hypertension guidelines for the management of hypertension,
Guidelines Subcommittee. J Hypertens. 1999; 17:151-83.

Mancia G, De Backer G, Dominiczak A, et al. 2007 Guidelines for
the management of arterial hypertension: The Task Force for the
Management of Arterial Hypertension of the European Society of
Hypertension (ESH) and of the European Society of Cardiology
(ESC). J Hypertens. 2007;25(6):1105-87.

European Society of Hypertension-European Society of Cardiology
Guidelines Committee. 2003 European Society of Hypertension-
European Society of Cardiology guidelines for the management of
arterial hypertension. J Hypertens. 2003;21:1011-53.

Ogihara T, Kikuchi K, Matsuoka H, et al. The Japanese society of
hypertension guidelines for the management of hypertension (JSH
2009). Hypertens Res. 2009;32:3-107.


http://dx.doi.org/10.1186/1741-7015-11-177

	Association Between Pre-hypertension and Cardiovascular Outcomes: A Systematic Review and Meta-analysis of Prospective Studies
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Literature Search
	Inclusion and Exclusion Criteria
	Data Extraction
	Assessment of Study Quality
	Statistical Analysis

	Results
	Literature Search and Study Characteristics
	Prehypertension and Total Cardiovascular Disease
	Prehypertension and Stroke
	Prehypertension and Coronary Heart Disease
	Prehypertension and Myocardial Infarction
	Sources of Heterogeneity

	Discussion
	Conclusions
	References


