
Clinical Investigations
Hypertension
Association of all-cause and cardiovascular mortality
with prehypertension: A meta-analysis
Yuli Huang, MD, a Liang Su, MD, a Xiaoyan Cai, MD, b Weiyi Mai, MD, PhD, c Sheng Wang, MD, a Yunzhao Hu, MD, b

Yanxian Wu, MD, b Hongfeng Tang, MD, b and Dingli Xu, MD a Guangzhou, and Foshan, China
Background Studies of prehypertension and mortality are controversial after adjusting for other cardiovascular risk
factors. This meta-analysis sought to evaluate the association of prehypertension with all-cause and cardiovascular disease
(CVD) mortality.

Methods The PubMed, EMBASE, Cochrane Library databases, and conference proceedings were searched for studies
with data on prehypertension and mortality. The relative risks (RRs) of all-cause, CVD, coronary heart disease (CHD), and
stroke mortality were calculated and presented with 95% CIs. Subgroup analyses were conducted according to blood
pressure, age, gender, ethnicity, follow-up duration, participant number, and study characteristics.

Results Data from 1,129,098 participants were derived from 20 prospective cohort studies. Prehypertension significantly
increased the risk of CVD, CHD, and stroke mortality (RR 1.28, 95% CI 1.16-1.40; RR 1.12, 95% CI 1.02-1.23; and RR 1.41,
95% CI 1.28-1.56, respectively), but did not increase the risk of all-cause mortality after multivariate adjustment (RR 1.03, 95%
CI 0.97-1.10). The difference between CHD mortality and stroke mortality was significant (P b .001). Subgroup analyses
showed that CVD mortality was significantly increased in high-range prehypertension (RR 1.28, 95% CI 1.16-1.41) but not in
low-range prehypertension (RR 1.08, 95% CI 0.98-1.18).

Conclusion Prehypertension is associated with CVD mortality, especially with stroke mortality, but not with all-cause
mortality. The risk for CVD mortality is largely driven by high-range prehypertension. (Am Heart J 2014;167:160-168.e1.)
The seventh report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure proposed a new classification, prehyper-
tension, for patients presenting with a systolic blood
pressure (BP) of 120 to 139 mmHg or diastolic BP of 80 to
89 mm Hg.1 Studies have demonstrated that prehyperten-
sion is an independent risk factor for cardiovascular
disease (CVD).2-5 However, reports on the association of
prehypertension with all-cause mortality and CVD
mortality are inconsistent.6-9 Furthermore, arguments
against using the term “prehypertension” include the fact
that there is heterogeneity within this category because
the risk of developing CVDmay be different in individuals
with BP of 130-139/85-89 mm Hg than in those with BP in
the range of 120-129/80-84 mm Hg.10,11
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These inconsistent results could be clarified by a meta-
analysis of prospective cohort studies. Our objective was
to evaluate the association of prehypertension with all-
cause and CVD mortality, as well as coronary heart
disease (CHD) and stroke mortality.
Methods
Search strategy and selection criteria
Electronic databases (PubMed, EMBASE, and the Cochrane

Library) were searched to the third week of December 2012
using the following terms: “prehypertension,” “prehyperten-
sive,” “pre-hypertension,” “pre-hypertensive,” “high normal
blood pressure,” “optimal blood pressure,” or “borderline
hypertension” and “mortality,” “death,” “deaths,” or “fatal.”
There were no restrictions for language or publication form. In
addition, conference proceedings (American College of Cardi-
ology Meeting, American Heart Association Scientific Sessions
and European Society of Cardiology Congress, American
Hypertension Society, World Hypertension Congress) from the
past 10 years, and the reference lists of potentially relevant
studies were searched manually.
Studies were included if they met the following criteria: (1)

prospective cohort studies and participants ≥18 years; (2) BP
and other cardiovascular risk factors evaluated at baseline; (3)
follow-up duration ≥2 years and with assessment of cardiovas-
cular mortality, or all-cause mortality; (4) reported the
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Figure 1
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Records after duplicates removed (n = 421)
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cardiovascular events by review of abstracts (n = 5847)

Potentially articles for detailed evaluation (n = 50)

Full-text articles excluded (n = 30)
Not reported RRs and 95% CIs (n = 11)

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

Define prehypertension only with systolic blood pressure (n = 1) 

Not multivariate-adjusted RRs (n = 1)

From the same cohorts (n = 1)
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studies (n = 1)

With participants less than 18 years old (n = 1)

Data from combined analysis of other cohort studies: (n = 1)
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mortality (n = 12)

Only reported all-cause mortality (n = 2)

Only reported cardiovascular mortality (n = 6)

Flow of articles through review.
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multivariate-adjusted relative risks (RRs) and 95% CIs for events
associated with prehypertension (BP 120-139/80-89 mm Hg) vs
reference (optimal BP, BP b 120/80 mm Hg), or reported
RRs and 95% CIs for low-range (BP 120-129/80-84 mm Hg) and
high-range prehypertension (BP 130-139/85-89 mm Hg) vs
reference, respectively.
Studies were excluded if (1) enrollment depended on having a

particular condition or risk factor, such as diabetes mellitus or
chronic kidney disease; (2) the RR was adjusted only for age and
sex; and (3) data were derived from the same cohort or from a
secondary analysis or combined analysis of other cohort studies.
If duplicate studies were from the same cohort and offered

the same outcome messages, only the latest published study
was included.
Data extraction and quality assessment
Two investigators (Y.H. and S.W.) independently used the

search strategy described earlier to identify and screen
potentially relevant articles. Full articles of potentially relevant
studies were reviewed by predefined eligibility criteria.
The quality of each study was evaluated following the

guidelines developed by the US Preventive Task Force and a
modified checklist,12-14 which assessed the following: (1)
designation of prospective study; (2) maintenance of compara-
ble groups; (3) adequate adjustment of potential confounders (at
least 5 of 6 factors: age, sex, diabetes mellitus, body mass index
or other measure of overweight/obesity, cholesterol, and
smoking); (4) documented follow-up rate; (5) outcome assessed
blind to the baseline status; (6) clear definition of exposures and
outcomes; (7) temporality (BP measured at baseline, not at the
time of outcomes assessment); and (8) a follow-up of at least 2
years. Quality of studies was graded as good, fair, or poor, if they
met 7 to 8, 4 to 6, or b4 criteria, respectively.

Data synthesis and analysis
The primary outcomes were the risk of all-cause and CVD

mortality; secondary outcomes were the risks of CHD and stroke



Table I. Study characteristics

Study Country

Prevalence of
prehypertension

(%)
Sample size
(% women)

Age (y),
average

(range or SD)
Follow-
up (y)

Baseline
CVD

excluded
Events for
analysis

Study
quality

Mainous et al6 United States 28.7 9087 (52.4) NA (30-74) 12 No ALL/CVD mortality Good
Bowman et al16 United States 66.2 53,163 (0) 53.0 (39-85) 5.7 Yes CVD mortality Fair
Sairenchi et al17 Japan 39.8 89,024 (66.0) NA (40-79) 8.8 Yes ALL/CVD mortality Good
Baldinger et al8 Switzerland 77.1 22,927 (0) 39 ± 8 8.2 No ALL/CVD mortality Fair
Hsia et al et al18 United States 38.8 60,785 (100) 62.8 ± 7.0 7.7 Yes CVD mortality Good
Terry et al19 United States NA 347,978 (0) 45.9 (35-57) 25 Yes CVD mortality Good
Gu et al20 United States 30.8 16,917 (47.8) 45.6 (≥18) 8.5 No CVD mortality Good
Thomas et al21 France 54.2 69,989 (40.7) 56.5 (N50) 15.3 No CVD mortality Good
Lorenzo et al22 United States 31.6 3632 (56.9) 41.0 (25-64) 15.2 Yes ALL/CVD mortality Good
Lee et al23 Singapore 28.5 5830 (50.6) 39.7 (NA) 14.0 No ALL/CVD mortality Good
Dorjgochoo et al24 China 33.2 68,438 (100) 55.1 ± 9.1 5.1 No ALL/CVD mortality Good
Hozawa et al25 Japan 41.8 12,928 (57.3) 61.2 ± 9.4 11.7 Yes ALL/CVD mortality Good
He et al9 China 34.5 169,871 (50.8) 55.8 (≥40) 9 No ALL/CVD mortality Good
Ikeda et al26 Japan 43 33,372 (65.0) 50.5 (40-69) 11.0 Yes ALL/CVD mortality Good
Pednekar et al7 India 38.8 148,173 (40.2) 50 (≥35) 5.5 No ALL/CVD mortality Fair
Kim et al27 Korea 28.7 2376 (77.9) 69.8 (60-92) 7.6 Yes ALL/CVD mortality Good
Gombojav et al28 Korea 50.8 2496 (57.7) 73.6 ± 5.9 11.8 No ALL mortality Fair
Aghababaei et al29 Iran 36 3255 (100) 49.7 (≥35) 6.7 Yes ALL mortality Good
Stojanov et al30 Serbia 40.8 265 (48.7) 43.6 (30-60) 36 Yes All/CVD mortality Fair
Takashima et al31 Japan 41.2 8592 (56.0) 49.4 (30-92) 21.3 Yes CVD mortality Good

Abbreviation: NA, Not available.
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mortality. Subgroup analyses of primary outcomes were
conducted according to level of BP (low-range vs high-range
prehypertension), participant's age (average age 30-39, 40-49, 50-
59, and ≥60 years), gender (men vs women), ethnicity (Asian vs
non-Asian, black vs white when data were available), follow-up
duration (b10 years vs ≥10 years), participant number (b10,000
vs≥10,000), exclusion of participants with baseline CVD (yes vs
no), and adequate adjustment for risk factors (yes vs no).
Multivariate-adjusted outcome data (expressed as RRs and

95% CIs) were used for analysis. We logarithmically transformed
these values in each study and calculated the corresponding SEs.
The statistical analysis used the inverse variance approach to
combine log RRs and SEs.
We used χ2 and I2 statistics to test heterogeneity.15 Results of

studies were pooled by using fixed-effects models, if appropri-
ate, after consideration of heterogeneity among studies.
Otherwise, random-effects models were used. We assessed
publication bias by inspecting funnel plots for each outcome in
which the ln (RR) was plotted against SE. We also conducted
sensitivity analyses in which the pooled RR was recalculated by
omitting one study at a time. P values were 2 tailed, and the
statistical significance was set at .05. All analyses were
performed with RevMan software (version 5.1 for Windows;
The Cochrane Collaboration, Copenhagen, Denmark).
We 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 exposure was eliminated. The PAR% was
calculated as PAR% = (Pe)(RR − 1)/[(Pe)(RR − 1) + 1)] × 100,
where Pe is the proportion of prehypertension and RR indicates
multivariate-adjusted RR.37

This study was supported by the Medical Scientific Research
Grant of Guangdong (A2012663) and Cardiovascular Medicine
Research Fund of Guangdong, China (2011X38). The authors
are solely responsible for the design and conduct of this study,
all study analyses, the drafting and editing of the manuscript, and
its final contents.
Results
Selected studies and characteristics
Of the initial 6,318 records, we determined that 50
articles qualified for full review (Figure 1). Our final
primary analysis included data for 1,129,098 participants
derived from 20 prospective cohort studies, 6-9,16-31 12
reported all-cause and cardiovascular mortality,6-9,17,22-27,30

6 reported only cardiovascular mortality,16,18-21,31 and 2
reported only all-cause mortality.28,29 Therefore, there
were 14 and 18 studies for analyses of all-cause and CVD
mortality, respectively.
Of the 20 studies, 11 were from Asia and7,9,17,23-29,31 9

from the United States6,16,18-20,22 and Europe (Table I).8,21,30

The proportion of Asians was 48.2%, the prehypertension
prevalence was 28.5%23 to 77.1%,8 and the follow-up
duration was 5.124 to 36 years.30 According to the
predefined quality assessment criteria, 15 studies were
graded as good6,9,17-27,29,31 and 5 were fair.7,8,16,28,30 Four
studies were not adequately adjusted for.7,19,24,30 The details
of quality assessment and adjustment for confounders are
presented in online Appendix Supplementary Table.

Primary outcomes
The analysis pooled data for all-cause mortality for

571,674 participants from 14 studies and CVD mortality



Figure 2

Forest plot of all-cause mortality comparison: prehypertension vs optimal BP.

Figure 3

Forest plot of CVD mortality comparison: prehypertension vs optimal BP.
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for 1,123,347 participants from 18 studies. Both data sets
were heterogeneous (all-cause mortality I2 = 66%; CVD
mortality I2 = 63%); therefore, random-effects models
were used for the analyses.
Overall, prehypertension was not associated with an

increased all-cause mortality after multivariate adjustment
(RR 1.03, 95% CI 0.97-1.10) (Figure 2); however, prehyper-
tension significantly increased CVD mortality (RR 1.28, 95%
CI 1.16-1.40) (Figure 3). There was no evidence of
publication bias identified by funnel plots (Figure 4 for all-
cause mortality and Figure 5 for CVD mortality).
Secondary outcomes
Seven studies (n = 498,700) reported data for CHD and

stroke mortality associated with prehypertension. These
data were not heterogeneous (I2 = 12% and 19% for CHD
mortality and stroke mortality, respectively), and fixed-
effects models were used for analyses. We found that
prehypertension increased a 12% and 41% in CHD
(RR 1.12, 95% CI 1.02-1.23) and stroke mortality (RR
1.41, 95% CI 1.28-1.56) (Figure 6), respectively. The
difference between CHD and stroke mortality was
significant (P = .0009).

image of 


Figure 4

Funnel plot of all-cause mortality comparison: prehypertension vs
optimal BP.

Figure 5

Funnel plot of CVD mortality comparison: prehypertension vs
optimal BP.
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Population-attributable risk for prehypertension
The proportion of prehypertension was available in 19

of the included studies. We used these data to calculate
the PAR. On the basis of the pooled RR, the PARs of CVD,
CHD, and stroke mortality for prehypertension were
10.5%, 4.8%, and 14.6%, respectively.
Subgroup analyses
Prehypertension was not associated with all-cause

mortality across subgroups according to BP range,
participant's age, gender, ethnicity, follow-up duration,
and participant number (Table II), even for high range
prehypertension (RR 1.03, 95% CI 0.95-1.12). In the
subgroups that excluded participants with baseline CVD
or that were adequately adjusted for confounders,
prehypertension was associated with a slight increase in
all-cause mortality (Table II, baseline CVD excluded, RR
1.08, 95% CI 1.02-1.14; adequately adjusted, RR 1.06, 95%
CI 1.03-1.10). However, there were no significant
differences between subgroups of the studies, either
baseline CVD data were excluded or not (P = .28), nor
subgroups of studies adequately or inadequately adjusted
for confounders (P = .37).
High-range, other than low-range, prehypertension

significantly increased CVD mortality (RR 1.28 [95%
CI 1.16-1.41] and RR 1.08 [95% CI 0.98-1.18],
respectively). The RR was significantly higher in
high-range than in low-range prehypertension (P =
.01) (Table III). Prehypertension predicted higher
CVD mortality across all other subgroups, except
that was not adequately adjusted for confounders (RR
1.28, 95% CI 0.98-1.67).
We also performed subgroup analysis of CVD mortality

according to race as black, white, Asian, and mixed
population (participants in 3 studies from United States
reported data including black, white, and other ethnic-
ity). Our data showed that CVD mortality was trended to
be higher in black than other ethnicities (black: RR 1.83,
95% CI 1.13-2.96; white: RR 1.38, 95% CI 1.16-1.63; Asian:
RR 1.23, 95% CI 1.10-1.37; mixed: RR 1.38 95% CI 1.11-
1.71). However, the subgroup differences were not
significant (P N .05) (Table III).
Sensitivity analyses
We used multiple methods to perform the sensitivity

analyses and found that the primary results were not
influenced by the use of fixed-effects models compared
with random-effects models, odds ratios compared
with RRs, and recalculation by omitting one study at
a time.
Discussion
These results show that after controlling for multiple

cardiovascular risk factors, prehypertension is significant-
ly associated with CVD mortality, largely driven by high-
range prehypertension. The risk for stroke mortality is
higher than CHD mortality. The PARs calculation
indicated that 10.5% of CVD, 4.8% of CHD, and 14.6%
of stroke death could be prevented if prehypertension
was eliminated. However, prehypertension is not associ-
ated with all-cause mortality.
A previous meta-analysis also indicated that mortality

from ischemic heart disease and stroke increases from BP
levels as low as 115/75 mm Hg upward.2 However, 90%
of the participants in the study were from Europe, North
America, or Australia, where other cardiovascular risk
factors may be more prevalent.32 Our analysis included a
higher proportion of Asian participants (48.2%), and the
results were similar for Asians and non-Asians. These
results show that prehypertension is a worldwide health
problem. We also performed a subgroup analysis of CVD
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Figure 6

Forest plot of CHD and stroke mortality comparison: prehypertension vs optimal BP.
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mortality according to race such as black, white, Asian,
and mixed population. Our results showed that although
CVD mortality was not significantly different among race
subgroups, it tends to be higher in black than other
ethnicities. This is supported by epidemiologic data
showing that black people are at high risk for developing
hypertension and quite susceptible to CVD complica-
tions.33 Our analysis also showed that prehypertension
predicted higher CVD mortality in both subgroups with
or without exclusion baseline CVD. This result was
supported by an intravascular ultrasound study in patients
with CHD, which demonstrated that prehypertension is
associated with acceleration of coronary atherosclerosis
than those with optimal BP.34

The term “prehypertension” has been contentious.
The 2013 report from the Task Force for the Manage-
ment of Arterial Hypertension of the European Society of
Hypertension and of the European Society of Cardiology
preferred to classify the 120-129/80-84 mm Hg as
“normal blood pressure” and the 130-139/85-89 mm Hg
as “high normal.”35 One of the most important
arguments against using the term prehypertension is
that the risks of CVD are different in those with BP of
130-139/85-89 mm Hg and those with BP of 120-129/80-
84 mm Hg. Our study had sufficient power to
demonstrate that prehypertension is associated with
CVD mortality, especially with stroke mortality. The risk
for CVD mortality is largely driven by high-range
prehypertension. Another meta-analysis of our group
reported that even for low-range prehypertension, the
risk of CVD was significantly higher than for optimal BP
and further increased with high-range prehypertension.
36 Therefore, our findings reaffirm the importance of the
definition of “prehypertension” rather than being
“normal” for individuals with BP of 120-139/80-89 mm
Hg. However, because of the significant difference in the
risk for BP of 120-129/80-84 and 130-139/85-89 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. Further studies are necessary to reveal
better predictors of high-risk subpopulations with
prehypertension (especially in high-range prehyperten-
sion) to select subpopulations for future controlled trials
of pharmacologic treatment.
It is interesting that in our analysis, although prehy-

pertension was associated with CVD mortality, the
association was not significant for all-cause mortality,
even at high-range prehypertension levels. In the sub-
groups where participants with baseline CVD were
excluded and the data were adjusted for adequate risk
factors, prehypertension was associated with a very slight
increase in all-cause mortality. Although such studies may
provide better-quality, precise, and reliable data, there
were no significant differences between subgroups of
studies with baseline CVD excluded or not, or between
subgroups of studies adequately adjusted for risk factors
or not. The results indicate that, compared with the
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Table II. Subgroup analyses of the association between
prehypertension and all-cause mortality

Subgroup RRs (95% CI) P

P value of RRs,
difference between

subgroups

BP range
Low-range
prehypertension

0.96 (0.85-1.08) .49 .33

High-range
prehypertension

1.03 (0.95-1.12) .48

Gender
Men 1.10 (1.00-1.20) .05 .10
Women 0.98 (0.89-1.08) .67

Ethnicity
Asians 1.02 (0.95-1.08) .64 .23
Non-Asians 1.23 (0.90-1.67) .19

Participant's average age (y)
30-39 1.22 (0.78-1.91) .37 .33
40-49 1.23 (0.94-1.61) .14
50-59 0.98 (0.88-1.09) .72
≥60 1.09 (0.93-1.27) .24

Follow-up duration
(y)
b10 1.01 (0.92-1.10) .90 .32
≥10 1.07 (0.98-1.18) .12

Participant no.
b10,000 1.09 (0.96-1.23) .19 .83
≥10,000 1.02 (0.94-1.10) .71

Participants with baseline CVD excluded
Yes 1.08 (1.02-1.14) .01 .28
No 1.01 (0.91-1.12) .85

Adjusted for adequate risk factors⁎
Yes 1.06 (1.03-1.10) .0007 .37
No 0.99 (0.84-1.16) .86

⁎Adjusted for at least 5 of 6 factors: age, sex, diabetes mellitus, body mass index or
other measure of overweight/obesity, cholesterol, and smoking.

Table III. Subgroup analyses of the association between
prehypertension and cardiovascular mortality

Subgroup RRs (95% CI) P

P value of RRs,
difference between

subgroups

BP range
Low-range
prehypertension

1.08 (0.98-1.18) .12 .01

High-range
prehypertension

1.28 (1.16-1.41) b.0001

Gender
Men 1.32 (1.18-1.47) b.0001 .39
Women 1.21 (1.04-1.41) .01

Ethnicity
Black 1.83 (1.13-2.96) .01 .30
White 1.38 (1.16-1.63) .0002
Asians 1.23 (1.10-1.37) .0002
Mixed 1.38 (1.11-1.71) .003

Participant's
average age (y)
30-39 1.83 (1.08-3.12) .03 .03
40-49 1.48 (1.42-1.54) b.0001
50-59 1.21 (1.06-1.38) b.0001
≥60 1.35 (1.04-1.74) .02

Follow-up
duration (y)
b10 1.24 (1.08-1.41) .002 .08
≥10 1.41 (1.32-1.51) b.0001

Participant
number
b10,000 1.29 (1.05-1.59) .01 .87
≥10,000 1.27 (1.14-1.41) b.0001

Participants with baselineCVDexcluded
Yes 1.32 (1.17-1.48) b.0001 .51
Not 1.24 (1.08-1.42) .002

Adjusted for adequate risk factors⁎
Yes 1.30 (1.22-1.39) b.0001 .89
No 1.28 (0.98-1.67) .07

⁎Adjusted for at least 5 of 6 factors: age, sex, diabetes mellitus, body mass index or
other measure of overweight/obesity, cholesterol, and smoking.
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robust and significant increase in cardiovascular mortal-
ity, the association of prehypertension and all-cause
mortality is weak.
The reasons for the discrepancy in the association of

prehypertension with cardiovascular and all-cause mor-
tality are unclear. Data from the Multiple Risk Factor
Intervention Trial showed that after 25 years of follow-up
in men, a small but significant decrease was found in the
risk of death from external causes in subjects with
prehypertension, compared with optimal BP (hazard
ratio 0.91, 95% CI 0.83-1.0).19 The “non-CVD” death may
mitigate the calculated risks for all-cause mortality.
This meta-analysis has some limitations. First, we had

no access to individual patient level data. However, most
included studies were adequately adjusted for potential
confounders, reducing the likelihood that other cardio-
vascular risk factors influenced the association of
prehypertension and mortality. Second, the determina-
tion of prehypertension in most of the studies was based
on single-day measurement; this may misclassify BP levels
in individuals with “white coat effect” or “masked
hypertension.” Furthermore, it also failed to characterize
BP variability, which is an independent risk factor for
CVD.37 Nevertheless, the results indicate, on the basis of
a snapshot BP measurement, that prehypertension is
associated with increased CVD but not all-cause mortality.
Third, individuals with prehypertension are more likely
to progress into hypertension than those with optimal BP,
but most of the included studies did not adjust the BP
clarification and management afterwards. However, it is
important to note that in the study by Hsia et al,18 BP
category was updated with serial BP measurement in a
nonreversible fashion. For example, if a prehypertension
participant developed hypertension at year 3 of follow-
up, she was shifted into the hypertension category at that
time and could not revert to the prehypertension
category. This study showed that prehypertension was
associated with CVD death (RR 1.58, 95% CI 1.12-2.21).
This result sufficiently supported the view that after
adjusting for the development of hypertension in the
future, prehypertension is an independent risk factor for
CVD mortality. Finally, we focused on general population
and excluded studies with enrollment depended on a
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particular condition. A recently published study showed
that in patients with chronic kidney disease, those with
systolic BP of 130 to 159 mm Hg and diastolic BP of 70 to
89 mm Hg had the lowest adjusted mortality rates.38 This
finding is different from ours may mainly because of a
different condition of background disease at enrollment.
Hence, our results should not be extended to those with
particular conditions.
In conclusion, prehypertension is associated with

increased risks of CVD mortality but not all-cause
mortality. The increased risks are largely driven by higher
values within the prehypertensive range. This reaffirms
the importance of the definition of prehypertension, as
well as the inhomogeneity of the prehypertension
subcategory. This information is important to health
professionals and those engaged in the primary preven-
tion of CVD. However, given the negative result of all-
cause mortality, our study raises concern that all-cause
mortality and “non-CVD” death should be evaluated in
future studies, especially for pharmacologic treatment in
this field.
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justed

Study Risk factors

Mainous et al6 Age, race, sex, smoking, BMI, exercise, CHOL, DM
Bowman et al16 Age, BMI, exercise, DM, smoking and drinking, an
Sairenchi et al17 Age, sex, CHOL, HDL-C, DM, BMI, atrial fibrillation

and antihypertensive medication
Baldinger et al8 Age, BMI, smoking, impaired glucose metabolism,
Hsia et al18 Age, BMI, DM, CHOL, and smoking
Terry et al19 Age, race, income, CHOL, smoking, and use of me
Gu et al20 Age, sex, race/ethnicity, physical activity, smoking

DM, chronic kidney disease, and history of HF, hea
Thomas et al21 Age, sex, CHOL, DM, physical activity, smoking, dr
Lorenzo et al22 Age, sex, ethnic, education, BMI, CHOL, and smok
Lee et al23 Age, sex, BMI, CHOL, HDL-C, ethnic, presence of D
Dorjgochoo et al24 Age, education, waist-to-hip ratio, smoking, history
Hozawa et al25 Age, sex, smoking, hyperglycemia, CHOL, and BM
He et al9 Age, sex, education level, smoking and drinking sta

medication, history of CVD or DM, geographic reg
Ikeda et al26 Age, sex, BMI, smoking and drinking status, antihy

CHOL, and public health center areas
Pednekar et al7 Age, education, religion, mother tongue, smoking,
Kim et al27 Age, sex, BMI, FBG, CHOL, HDL-C, and smoking
Gombojav et al28 Age, education, physical activity, smoking, drinking
Aghababaei et al29 Age, DM, CHOL, BMI, smoking, and menopause
Stojanov et al30 Age, gender, BMI
Takashima et al31 Age, sex, BMI, CHOL, hyperglycemia, smoking, an

Abbreviations: BMI, Body mass index; CHOL, cholesterol level; DM, diabetes mellitus; HF, he
in the included studies.
Supplementary Table. Quality assessment and confounders ad
adjusted Study quality

, HF, heart attack, and stroke Good
d aspirin and multivitamin use Fair
, proteinuria, smoking and drinking status, Good

history of other disease Fair
Good

dication for diabetes Good
status, obesity, and hypercholesterolemia,
rt attack, or stroke

Good

inking, and antihypertensive drug Good
ing Good
M, CVD, smoking and drinking Good
of CVD and DM Good
I Good
tus, BMI, physical activity, antihypertensive
ion and urbanization

Good

pertensive medication, history of DM, Good

and BMI Fair
Good

, chronic disease, and antihypertensive therapy Fair
Good
Fair

d drinking habit Good

art failure; HDL-C, high-density lipoprotein cholesterol; FBG, fasting blood glucose.
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