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Abstract

Background: Prospective cohort studies of prehypertension and the incidence of cardiovascular disease (CVD) are
controversial after adjusting for other cardiovascular risk factors. This meta-analysis evaluated the association
between prehypertension and CVD morbidity.

Methods: Databases (PubMed, EMBASE and the Cochrane Library) and conference proceedings were searched for
prospective cohort studies with data on prehypertension and cardiovascular morbidity. Two independent reviewers
assessed the reports and extracted data. The relative risks (RRs) of CVD, coronary heart disease (CHD) and stroke
morbidity were calculated and reported with 95% confidence intervals (95% Cls). Subgroup analyses were
conducted on blood pressure, age, gender, ethnicity, follow-up duration, number of participants and study quality.

Results: Pooled data included the results from 468,561 participants from 18 prospective cohort studies.
Prehypertension elevated the risks of CVD (RR = 1.55; 95% Cl = 141 to 1.71); CHD (RR = 1.50; 95% Cl = 1.30 to 1.74);
and stroke (RR = 1.71; 95% Cl = 1.55 to 1.89). In the subgroup analyses, even for low-range prehypertension, the risk

cardiovascular risk factors.

of CVD was significantly higher than for optimal BP (RR = 1.46, 95% Cl = 1.32 to 1.62), and further increased with
high-range prehypertension (RR = 1.80, 95% Cl = 141 to 2.31). The relative risk was significantly higher in the
high-range prehypertensive populations than in the low-range populations (x’= 569, P = 0.02). There were no
significant differences among the other subgroup analyses (P>0.05).

Conclusions: Prehypertension, even in the low range, elevates the risk of CVD after adjusting for multiple
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Background

In 2003, the seventh report of the Joint National Com-
mittee on Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure (JNC 7) proposed a new
blood pressure (BP) category of 120 to 139 mm Hg sys-
tolic blood pressure (SBP) or 80 to 89 mm Hg diastolic
blood pressure (DBP) and designated it as “prehyperten-
sion” [1]. This proposal was based, at least in part, on a
meta-analysis of 61 prospective studies, which indicated
that mortality from ischemic heart disease and stroke in
individuals aged 40 to 89 years increases in a log-linear
relationship with BP, from levels as low as 115 mm Hg
systolic and 75 mm Hg diastolic [1,2].
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Since the JNC 7 proposal, epidemiologic studies have
shown that prehypertension is a common worldwide
condition in up to 30 to 50% of the studied population
[3,4]. Approximately 90% of individuals with prehyper-
tension have at least one other cardiovascular risk factor
and 68% have at least one significant clinical risk factor
for heart disease or stroke [5]. Some studies have de-
monstrated that prehypertension is an independent
risk factor for cardiovascular disease (CVD) [6-9], while
others have not shown the same results after data were
adjusted for baseline cardiovascular risk factors [10,11].
It remains unclear whether mild BP elevation directly in-
creases the risk of cardiovascular disease or whether
other concurrent risk factors are responsible for the
increase [12]. Furthermore, arguments against using
the term “prehypertension” also include the fact that
there is heterogeneity within this category, as the risk of
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progressing to hypertension and developing CVD is
higher in individuals with BP 130 to 139/85 to 89 mm
Hg than in those with BP 120 to 129/80 to 84 mm Hg
[3,13].

Given these inconsistent results, a meta-analysis of
prospective cohort studies that examines the association
of prehypertension with CVD morbidity may help clarify
this issue. The objective of the present study was to
evaluate the association between prehypertension and
composite CVD, coronary heart disease (CHD) and
stroke incidence.

Methods

Search strategy and selection criteria

We searched the electronic databases (PubMed,
EMBASE and the Cochrane Library) up to the third week
of December 2012 using the search terms: “prehyperten-
sion”, “prehypertensive”, “pre-hypertension”, “pre-hyper-
tensive”, “high-normal blood pressure”, “high normal
blood pressure”, “optimal blood pressure”, “borderline
hypertension” or “borderline blood pressure”, and “cardio-
vascular disease”, “cardiovascular events”, “coronary artery
disease”, “coronary heart disease”, “ischemic heart di-
sease”, “stroke” or “cerebrovascular disease”. We restricted
the search to human studies. Terms were explored
whenever possible within each database. There were no
language or publication form restrictions. Conference
proceedings for the past 10 years from the American
College of Cardiology Meeting, American Heart Associ-
ation Scientific Sessions and the European Society of
Cardiology Congress, and the reference lists of poten-
tially relevant studies were also searched manually.

Studies were included if they met the following cri-
teria: (1) prospective cohort studies of participants aged
>18 years; (2) BP and other cardiovascular risk factors
were evaluated at baseline; (3) the follow-up duration
was >2 years and the study assessed the incidence of
composited CVD, CHD or stroke morbidity; (4) they
reported the multivariate-adjusted relative risks (RRs, in-
cluding study-specific relative risk ratios or hazard ratios)
and 95% confidence intervals (ClIs) for events associated
with prehypertension (BP 120 to 139/80 to 89 mm Hg) vs.
reference (optimal BP, BP <120/80 mm Hg) or reported
RRs and 95% ClIs of low-range (BP 120 to 129/80 to 84
mm Hg) and high-range prehypertension (BP 130 to 139/
85 to 89 mm Hg) vs. reference, respectively.

Studies were excluded if: (1) enrollment depended on
having a particular risk factor condition; (2) they repor-
ted only age- and gender-adjusted relative risk; and (3)
data were derived from the same cohort or from secon-
dary analysis, or from combined analysis of other cohort
studies.

If duplicate studies were derived from the same co-
hort and offered the same outcome messages, the latest
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published study was included. However, if duplicate
studies offered additional messages for subgroup analysis
that could not be derived from the primary included
study, they were included in the subgroup analysis.

Data extraction and quality assessment

Two investigators worked independently (YH and XC)
to identify potentially relevant articles using the search
strategy defined earlier. Full manuscripts of potentially
relevant studies were obtained and reviewed according
to predefined criteria. Information on study and parti-
cipant characteristics, follow-up duration, and outcome
assessment was abstracted and transferred to specially
designed, pretested forms. Discrepancies were resolved
by discussion with other investigators (WM, SW). When
the primary outcome data were unpublished, we contac-
ted the principal author for additional information.

The quality of each study was evaluated with reference
to the US Preventive Task Force guidelines and a mo-
dified checklist used in previous studies [14-16]. This
checklist assessed the following eight characteristics: (1)
prospective study design; (2) maintenance of comparable
groups; (3) adequate adjustment of potential confoun-
ders (at least five of six factors: age; sex; diabetes mel-
litus (DM); body mass index (BMI) or other measure of
overweight/obesity; cholesterol; and smoking); (4) docu-
mented loss to follow-up rate; (5) outcome assessed
blind to baseline status; (6) clear definition of exposures
(prehypertension) and outcomes; (7) temporality (BP
measured at baseline, not at the time of outcomes as-
sessment); and (8) follow-up duration >2 years. Studies
were graded as good quality if they met 7 to 8 criteria,
fair for 4 to 6 criteria, and poor for <4 criteria.

Data synthesis and analysis

The primary outcome considered was the risk of com-
posited CVD morbidity, and secondary outcomes were
risks of CHD and stroke morbidity associated with
prehypertension, respectively. Subgroup analyses of the
primary outcome were conducted according to BP (low-
range prehypertension vs. high-range prehypertension);
participant’s age (average <55 years vs. >55 years); gen-
der (men vs. women); ethnicity (Asians vs. non-Asians);
follow-up duration (<10 years vs. 210 years); participant
number (<10,000 vs. 210,000); and study quality (good
(score 7 to 8) vs. fair (score 4 to 6)).

Study-specific risk ratios or hazard ratios were used as
the common measure of association between prehyper-
tension and CVD across studies. Multivariate-adjusted
RRs and 95% Cls were used for analysis. We logarith-
mically transformed these values in every study and
calculated the corresponding standard errors (SEs) to
stabilize the variance and normalize the distribution
[15,16]. The statistical analysis used the inverse variance
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approach to combine log relative risks and SEs. When
multivariate-adjusted RRs and 95% Cls for events associ-
ated with prehypertension were available, these data
were used directly in the pooled meta-analysis calcula-
tions. For studies that published the RRs and 95% ClIs of
specific subgroups (for example, men and women, low-
range and high-range prehypertension, or age-specific
subgroups), but did not report an estimated overall risk,
the information for each subgroup was used to calculate
the overall RRs and 95% ClIs for entry into the meta-
analysis calculations.

We used x> and I” statistics to test heterogeneity (25%,
50% and 75% representing low, moderate and high het-
erogeneity, respectively) [17]. Fixed-effects models were
used for comparison with random-effects models on the
overall risks estimate and yielded similar findings, but
we detected between-study heterogeneity for several out-
comes; therefore, results from the random-effects mo-
dels are presented here. To assess for publication bias,
we constructed funnel plots for each outcome in which
the In (RR) was plotted against its SE. Additionally, we
conducted sensitivity analyses in which the pooled RR
was recalculated by omitting one study at a time.
P-values were two-tailed and the statistical significance
was set at 0.05. All analyses were performed with RevMan
software (version 5.1 for Windows, The Cochrane Colla-
boration, Copenhagen, Denmark).

We also determined the population-attributable risk
(PAR) for prehypertension on the basis of the pooled
RR. PAR% expresses the proportion of disease in the
study population that is attributable to the exposure
(prehypertension) and could be eliminated if the ex-
posure was eliminated. The PAR% was calculated as
PAR% = (Pe)(RR - 1)/((Pe)(RR - 1) + 1)) x 100, where Pe
is the proportion of the population exposed to the risk
factor (prehypertension), and RR indicates multivariate-
adjusted relative risk [9].

Results

Selected studies and characteristics

The selection of studies for inclusion in the meta-
analysis is shown in Figure 1. Of the initial 22,386 re-
cords, two reviewers determined independently that 42
required a review of the full manuscript. Our final pri-
mary analysis included 19 articles [7-11,18-31], with a
total of 468,561 participants, derived from 18 prospect-
ive cohort studies (two articles were from the Strong
Heart Study and reported the risk factors for CHD [19]
and stroke [24], respectively). Eighteen of the primary
papers were published in full and one was in abstract
form [10]. However, study data from this abstract were
acquired by correspondence with the main author. One
article from the Framingham Heart Study was excluded
for primary outcome analysis, because more recent data
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Potentially relevant articles identified and screened for retrieval (n = 22,386)

Records after duplicates removed |

A

| Potentially relevant articles (n = 20,412) |

> Not associated with prehypertension and cardiovascular
morbidity (n = 20,370)

v

| Potential articles for detailed evaluation (n = 42) |

Not reported RRs and 95% Cls (n = 3)

Not compared prehypertension vs. optimal BP (n = 13)

»| Not multivariate-adjusted RRs (n = 2)

From the same cohorts (n = 4)*

From secondary analysis or combined analysis of other cohort
studies (n =1)

v

Atrticles included in the meta-analysis (n = 19) f

Figure 1 Flow of selection for studies through review. BP, blood
pressure; Cls, confidence intervals; RRs indicates relative risks.” Only
the latest of the published duplicate studies from the same cohort
was included if they offered the same outcome messages. However,
one of these studies offered additional messages for subgroup
analysis according to BP and gender [6], which could not be derived
from the primary included study [9], so it was re-included when
performing the subgroup analyses. ' Data were derived from 18
prospective cohort studies (two articles were from the Strong Heart
Study and reported the risk factors for CHD [19] and stroke

[24], respectively).
J

from the same cohort were available [9]. However, as
this article offered additional messages for subgroup
analyses according to BP and gender that could not be
derived from the article included in the primary group
[9], the study data were re-entered for subgroup ana-
lyses. Table 1 summarizes the key characteristics of the
included studies. All prospective cohort studies were de-
rived from the general population. Of the 18 studies 11
were from Asia (3 from China [7,25,29], 6 from Japan
[18,23,26-28,31], and 2 from Iran [10,30]); 5 were from
the United States [8,9,19-21,24]; and 1 each was from
Turkey [22] and Germany [11]. The proportion of
Asians was 79.6% (n = 372,927).

The prehypertension incidence ranged from 25.2%
[28] to 46.0% [18]. The sample size ranged from 1,702
[18] to 158,666 [25]. The follow-up duration ranged
from 2.7 years [28] to 31 years [9]. Two studies enrolled
women only [10,21], whereas all others enrolled both
genders. All studies adjusted adequately for potential
confounders (at least five of six factors: age, sex, DM,
BMI or other measure of overweight/obesity, cholesterol
and smoking) except for one study that adjusted for age,
sex, heart rate, smoking and obesity [22]. Thirteen stu-
dies were graded as good quality and five were graded as
fair quality. The details of the quality assessment and



Table 1 Study characteristics

Study Country Prevalence of Sample size Age (y), average Follow-up (y) Participants with Events for analysis
prehypertension (%) (% women) (range or SD) baseline CVD excluded

Wu, 2002 [7] China 353 27,739 (46.3) 474 (35 to 64) 7 Not report VD

Asayama, 2004 [18] Japan 46 1,702 (61) 60.6 (10.7) 106 Free of stroke Stroke

Liszka, 2005 [8] United States 33 8,986 (54.6) NA (=25) 18 No CVD, stroke, Ml

Lee, 2006 [19] United States 326 4,372 (60.6) 56.2(45 to 74) 12 Yes CHD

Qureshi, 2005 [9] United States 411 5,181 (55.3) 440 (8.6) 31 Yes CAD, stroke, Ml

Kshirsagar,2006 [20] United States 373 8,960 (55) 53(45 to 64) 116 Yes CVD, CHD, stroke

Hsia, 2007 [21] United States 39 60,785 (100) 62.8 (7.0) 77 Yes CVD, M|, stroke

Onat, 2008 [22] Turkey 328 3,034 (50.4) 48 (12) 6.6 Free of DM and CHD CHD

Kokubo, 2008 [23] Japan 35 5494 (53) 55 (30 to 79) 11.7 Yes CVD, M, stroke

Zhang, 2008 [24] United States 32.1 4,507 (60) 56 (45 to 74) 134 Free of stroke Stroke

Gu, 2009 [25] China 345 158,666 (51) 56 (=40) 7.7 No CVD, CHD, stroke

lkeda, 2009 [26] Japan 43 33,372 (65) 54 (40 to 69) 11.0 Yes CHD, stroke

Ishikawa, 2010 [27] Japan 323 11,000 (61.3) 55.1 (11.5) 10.7 Yes cvD

Tanaka, 2010 [28] Japan 252 22,676 (66) 62 (40 to 80) 27 Yes Ischemic stroke

Wu, 2012 [29] China 30.0 100,116 (20.1) 494 (30 to 70) 4 Yes CVD, stroke

Hadaegh, 2013 [30] Iran 34.5 6,273(57) 47.1 (230) 93 Yes CVD, CHD

Sadeghi, 2012" [10] Iran 36 3,255 (100) 497 (=235) 6.7 Yes CVD, CHD, stroke

Fukuhara, 2012 [31] Japan 37.7 2,634 (58) 59.1 (=40) 19 Yes CVD, CHD, Stroke

Erbel, 2012 [11] Germany 262 4,181 (53) 593 (40 to 75) 7.18 Yes Ml,stroke , revascularization

" Article in Chinese; T Authors contacted for clarification of data.

CHD Coronary heart disease, CVD Cardiovascular disease, DM Diabetes mellitus, M/ Myocardial infarction, NA indicates not available.
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Risk Ratio Risk Ratio
Study or Subgrou log[Risk Ratio SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Wu 2002 0.802 01237 6.0% 2.23(1.75,2.84] 2002 -
Asayama 2004 03365 02142 3.4% 1.40(0.92,213] 2004 T
Liszka 2005 0.2776 01168 6.3% 1.32[1.05,1.66] 2005 i
Qureshi 2005 0.5596 01676  4.6% 1.75(1.26,2.43] 2005 —
Lee 2006 0.3436 01221  B.1% 1.41[1.11,1.79] 2006 =
Kshirsagar 2006 0.6678 00791 7.7% 1.95[1.67,2.28] 2006 o
Hsia 2007 0.5068 00725 8.0% 1.66 [1.44,1.91] 2007 Sie
Onat 2008 0.2927 02031  3.6% 1.34[0.90, 2.00] 2008 i S
Kokubo 2008 0.6152 01422 5.3% 1.85[1.40,2.44] 2008 =%
Zhang 2008 0.5596 0.2011  3.7% 1.75[1.18,2.60] 2008 T
Gu 2009 0.2927 0.0274 9.4% 1.34(1.27,1.41] 2009 e
Ikeda 2009 06471 0.0968 7.0% 1.91[1.58,2.31] 2009 =
Ishikawa 2010 0.3716 01696 4.5% 1.45(1.04,2.02] 2010 -
Tanaka 2010 05423 0.3137 2.0% 1.72(0.93,3.18] 2010 5
Wu 2012 02776 01118 6.4% 1.32[1.086,1.64] 2012 e
Hadaegh 2012 01398 01138 6.4% 1.15([092,1.44] 2012 ™
Sadeghi 2012 0.1044 025 28% 1.11(0.68,1.81] 2012 R
Fukuhara 2012 0.4947 0168 4.5% 1.64(1.18,2.28] 2012 e
Erbel 2012 0.3577 0.2837 2.3% 1.43(0.82,2.49] 2012 T
Total (95% Cl) 100.0% 1.55[1.41,1.71] *
Heterogeneity: Tau®= 0.02; Chi*= 58.69, df= 18 (P < 0.00001); I*= 69% -0_1 012 0:5 é é 1IJ'

Test for overall effect: Z= 8.97 (P < 0.00001)

\

Figure 2 Forest plot of comparison: prehypertension vs. optimal blood pressure, outcome: cardiovascular morbidity.

Favours prehypertension Favours optimal BP

adjusted confounders are presented in Additional file 1:
Table S1.

Primary and secondary outcomes
The data were heterogeneous (I = 69%), so we used the
random-effects model to combine results from all stud-
ies. In this model, the presence of prehypertension was
associated with a 55% increase in CVD morbidity after
multivariate adjustment for established cardiovascular risk
factors (RR = 1.55; 95% CI = 1.41 to 1.71, P<0.00001,
Figure 2). A visual inspection of the funnel plot found no
evidence of publication bias (Additional file 1: Figure S1).
Eleven (n = 292,026) and 12 studies (n = 406,539)
reported multivariate-adjusted RRs and 95% Cls for
CHD and stroke associated with prehypertension, re-
spectively. We used the random-effects model on the
pooled data from these studies and calculated a 50% in-
crease in CHD incidence (RR = 1.50; 95% CI = 1.30 to
1.74, P <0.00001, I*> = 67%, Figure 3) and a 71% increase

in stroke incidence (RR = 1.71; 95% CI = 1.55 to 1.89,
P <0.00001, I* = 26%, Figure 4). However, the difference
between the incidence of CHD and stroke was not sig-
nificant (x’= 2.13, P = 0.14).

On the basis of the pooled RR, the PARs of CVD,
CHD and stroke for prehypertension were 15.9%, 14.6%
and 19.6%, respectively.

Subgroup analyses

In the subgroup analyses, prehypertension significantly
predicted higher CVD risk across subgroups with ana-
lyses conducted according to participant’s age, gender,
ethnicity, follow-up duration, participant number and
study quality. Even low-range prehypertension increased
the risk of CVD compared to optimal BP (RR = 1.46,
95% CI = 1.32 to 1.62), and the risk further increased
with high-range prehypertension (RR = 1.80, 95% CI =
141 to 2.31). The relative risk was higher in the high-
range than in the low-range prehypertensive populations

Test for overall effect: Z= 5.42 (P < 0.00001)

Favours prehypertension Favours optimal BP

Figure 3 Forest plot of comparison: prehypertension vs. optimal blood pressure, outcome: coronary heart disease.

Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI _Year IV, Random, 95% CI
Qureshi 2005 0.5306 01777 8.4% 1.70(1.20,2.41] 2005
Kshirsagar 2006 0.7031 0.085 13.1% 2.02[1.71,2.39] 2006 S
Lee 2006 0.3436 01221 11.1% 1.41[1.11,1.79] 2006 -
Hsia 2007 0.5653 0.1168 11.4% 1.76[1.40,2.21] 2007 i
Kokubo 2008 0.7885 0.238 6.1% 2.20[1.38,3.51] 2008 =
Onat 2008 0.2927 02031 7.3% 1.34[0.90,2.00] 2008 S
Ikeda 2003, men 0.2927 0.2696 5.2% 1.34(0.78,2.27] 2008 S T
Gu 2009 0.2776 0.0653 14.1% 1.32[1.16,1.50] 2008 it
Hadaegh 2012 0.0862 01203 11.2% 1.08(0.86,1.38] 2012 5
Sadeghi 2012 0.4824 03056  4.4% 1.62[0.88,2.95] 2012 o
Fukuhara 2012 0457 0194 7.7% 1.17[0.80,1.71] 2012 ==
Total (95% Cl) 100.0%  1.50[1.30, 1.74] L 2

i 2= - Chif= = - Rz k + + + t J
Heterogeneity: Tau®= 0.04; Chi®= 30.40, df= 10 (P = 0.0007), I*=67% 01 02 05 5 s 10
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Study or Subgrou log[Risk Ratio

Asayarna 2004 0.3365 0.2142 4.9%
Qureshi 2005 0.8329 05388 09%
Kshirsagar 2006 0.3646 0.2016 55%
Hsia 2007 06575 0132 107%
Kokubo 2008 0.5068 0.1829 6.5%
Zhang 2008 05596 02011  55%
Gu 2009 0.5423 0.0401 30.4%
Ikeda 2009 0.6981 01038 147%
Tanaka 2010 0.5423 03137 25%
Wu 2012 0.4055 0.1445 9.4%

Sadeghi 2012
Fukuhara 2012

-0.844 0.4735 1.1%
0.6471 018621 7.9%
Total (95% CI) 100.0%

Test for overall effect: Z=10.54 (P = 0.00001)

\

Risk Ratio

SE Weight [V, Random. 95% Cl Year
1.40(0.92, 2.13] 2004
2.30(0.80, 6.61] 2005
1.44 [0.97, 2.14] 2008
1.93[1.49, 2.50] 2007
1.66[1.16, 2.38] 2008
1.75[1.18,2.60] 2008
1.72[1.59,1.86] 2009
2.01 [1.64, 2.46] 2009
1.72[0.93,3.18] 2010 b
1.50(1.13,1.99] 2012

0.43[0.17,1.09] 2012 I —
1.91[1.39, 2.62] 2012 —

1.71[1.55, 1.89] ¢+
Heterogeneity: Tau®= 0.01; Chi*=14.92, df=11 (P = 0.19); F= 26%

Figure 4 Forest plot of comparison: prehypertension vs. optimal blood pressure, outcome: stroke.

Risk Ratio
IV, Random, 95% Ci

01 02 05 2 5 10
Favours prehypertension Favours optimal

(x*= 5.69, P = 0.02, Table 2). We found no significant
differences in the other subgroups (Table 2).

Sensitivity analyses

Multiple methods were used to test the sensitivity and
the primary results were not influenced by the use of
fixed-effect models compared with random-effect mo-
dels, odds ratios compared with RRs or recalculation by
omitting one study at a time.

Table 2 Subgroup analyses of the association between
prehypertension and cardiovascular morbidity

Subgroup Risk ratio (95% Cl)  P-value between
subgroups
Blood pressure range
Low-range prehypertension  1.46 (132, 1.62) 0.02
High-range prehypertension  1.63 (1.47, 1.80)
Gender
Men 1.80 (144, 2.24) 0.1
Women 146 (128, 1.67)
Race/ethnicity
Asian 1.54 (1.34,1.77) 0.96
Non-Asian 155 (136, 1.77)
Participant’s average age
<55 years 155 (131, 1.84) 0.72
255 years 1.50 (1.35, 1.67)
Follow-up duration
<10 years 145 (1.27,1.67) 0.21
210 years) 1.63 (145, 1.84)
Participant number
<10,000 1.59 (138, 1.84) 052
210,000 149 (1.28,1.73)
Study quality
Good (score 7 to 8) 1.54 (1.37,1.73) 1

Fair (score 4 to 6) 154 (121, 1.96)

Discussion

This meta-analysis found, after controlling for multiple
cardiovascular risk factors, a robust and significant asso-
ciation between prehypertension and CVD incidence.
The results were consistent across age, gender, trial
characteristics, follow-up duration and ethnicity. More
importantly, even low-range prehypertension increased
the risk of CVD compared with optimal BP and the risk
was higher with high-range prehypertension. The PARs
calculation indicated 15.9% of CVD, 14.6% of CHD and
19.6% of stroke cases could be prevented if prehyper-
tension was eliminated.

The primary strength of this meta-analysis was that
the included studies were restricted to prospective
cohort studies only and they reported multivariate-
adjusted relative risks. It has been reported that prehy-
pertension is associated with other cardiovascular risk
factors [3,32,33]. In several multivariate analyses, high
BMI was the strongest predictor of prehypertension
among traditional risk factors [4,34,35]. In large popula-
tions, individuals with prehypertension are also more
likely to have diabetes [5], impaired fasting glucose [4],
metabolic syndrome [36], and dyslipidemia than normo-
tensive individuals [4]. After controlling for these risk
factors, some prospective studies have demonstrated
prehypertension is still an independent risk factor for
CVD [6-9], while others have not shown the same re-
sults [10,11]. In our meta-analysis, all of the included
studies adequately adjusted for potential confounders (at
least five of six factors: age, sex, DM, BMI or other
measure of over-weight/obesity, cholesterol and smok-
ing) except one study which adjusted for age, sex, heart
rate, smoking and obesity [22]. This feature probably
mitigated the possibility of known confounders influen-
cing the association between prehypertension and CVD.

The term “prehypertension” has been contentious since
the JNC 7 proposal [37]. Other national and international
hypertension guidelines have adopted neither the term
nor the concept behind prehypertension, preferring to
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retain the older classification systems for BP [3]. For ex-
ample, the 2007 report from the Task Force for the Man-
agement of Arterial Hypertension of the European Society
of Hypertension (ESH) and of the European Society of
Cardiology (ESC) preferred to term the 120 to 129/80 to
84 mm Hg group as “normal blood pressure” and the 130
to 139/85 to 89 mm Hg group as “high normal” [38].

One of the most important arguments against the
term “prehypertension” is that the risks of progressing to
hypertension and developing cardiovascular events are
different in those with BP 130 to 139/85 to 89 mm Hg
than in those with BP in the 120 to 129/80 to 84 mm Hg
range. Our meta-analysis reported that even low-range
prehypertension increased the risk of composited CVD
compared with optimal BP and the risk was higher with
high-range prehypertension. In a recently published meta-
analysis, Lee et al. reported that prehypertension was
associated with a higher risk of incident stroke [16]; how-
ever, the association of low-range prehypertension and
stroke was not significant (RR = 1.22, 95% CI = 0.95 to
157, P = 0.11). Another recently published meta-analysis
by Shen et al. had reported that prehypertension was asso-
ciated with a higher risk of CHD; however, the association
of low-range prehypertension and CHD was not signifi-
cant [39]. In contrast, our analysis found that even low-
range prehypertension increases the risk of CVD. One
possible cause of these inconsistent findings may be the
differences in the events assessed. Lee’s and Shen’s ana-
lyses focused on stroke and CHD, respectively [16,39]. In
contrast, our analysis focused primarily on composited
cardiovascular morbidity. Also, we used a wider search
strategy with more search terms, including “prehyperten-
sion”, “prehypertensive”, “high normal blood pressure”,
“optimal blood pressure”, “borderline hypertension” or
“borderline blood pressure”. We believe that the wider
search strategy is important for meta-analyses to avoid
missing potentially relevant studies. Meta-analyses may be
biased when the literature search fails to identify all rele-
vant studies.

Our analysis is supported by a study by Arima et al.
[40], which included 346,570 participants from 36 cohort
studies in the Asia-Pacific region, showing that after
adjusting for age, sex, cholesterol and smoking, the ha-
zard ratio for CVD was 1.41 (95% CI = 1.31 to 1.53) in
prehypertension. However, there are some important dif-
ferences in the two analyses. First, most of our included
studies were adequately adjusted for potential con-
founders, including BMI and DM, which were the stron-
gest predictors of prehypertension [4,34,35]. However,
BMI and DM were not adjusted in Arima’s analysis [40].
Second, our analysis used worldwide data, while Arima
et al. used data only from the Asia-Pacific region. Our
subgroup analysis found no difference between Asians
and non-Asians.
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Considering that the great incidence of prehyper-
tension is up to 30 to 50% [3,4], successful intervention
in such a large population could, therefore, have a major
public health impact. An effective massive public health
intervention may be chiefly educational aiming both at
patients and physicians. Healthcare professionals should
recommend lifestyle changes early to subjects with
prehypertension. However, since the incidence of CVD
increased across the whole range of prehypertension,
physicians should be aware of which subgroup of the
population are at high risk for CVD and of steps that
should be taken to treat modifiable risk factors in these
people, especially in high-range prehypertension [41]. It
had been reported that many risk factors, including
overweight, dyslipidemia and impaired glucose metabo-
lism were associated with prehypertension and adverse
events [33,42,43]. These associated CV risk factors are
indicators for selection of subpopulations for future con-
trolled trials of pharmacological treatment, and control-
ling these factors is helpful in clinical management of
prehypertension [44].

This meta-analysis has some limitations. First, we had
no access to individual patient-level data. However, as
discussed previously, most of the included studies were
adequately adjusted for potential confounding risk fac-
tors and were of good quality; this may have mitigated
the possibility of other cardiovascular risk factors influ-
encing the association of prehypertension and CVD.
Second, in most included studies, the determination of
prehypertension was based on one single-day measure-
ment, albeit with multiple readings. This may misclassify
BP levels due to “white coat effect” or “masked hyper-
tension” and lead to a dilution bias. However, our results
are indicative, on the basis of a “snapshot” BP measure-
ment, that prehypertension is associated with increased
CVD risk. Finally, selection and publication bias are al-
ways possible. We used multiple assessors to minimize
the likelihood of such bias, including a comprehensive
search strategy, two independent reviewers, standardized
eligibility criteria, and funnel plot testing for assessment
of publication bias. We consider it unlikely that the re-
sults and our conclusions were influenced by such bias.

Conclusions

Prehypertension, even at low levels, is associated with a
high risk of CVD. This reaffirms the importance of the
definition of prehypertension and its importance to
health professionals engaged in the primary prevention
of CVD. However, because of the significant difference
in the risk of CVD for BP between 120 to 129/80 to 84
mm Hg and 130 to 139/85 to 89 mm Hg, we suggest
that this category should be subdivided into low- and
high-range prehypertension and that lifestyle modification
should be advocated earlier than usual in prehypertension.
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Further studies are needed to reveal better predictors
of high-risk subpopulations with prehypertension (espe-
cially in high-range prehypertension) to select subpopu-
lations for future controlled trials of pharmacological
treatment.
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