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RESEARCH DESIGN AND METHODS

A prospective population-based cohort of 2,132 adults in Shanghai was established
in 2002, and CVD information was collected during 10.9 years of follow-up. After
assessing the association between BP categories and incident CVD, we analyzed the
risk for CVD by blood glucose categories and BP categories combined by using
multiple Cox regression analysis among 1,419 participants at follow-up.
RESULTS

The corresponding incidence of CVD per 1,000 person-years for the BP <130/80
mmHg, 130–139/80–89 mmHg, and ‡140/90 mmHg or treated groups were 3.0,
6.0, and 13.9, respectively. After adjusting for age, sex, and other factors, BP ‡140/
90 mmHg was signiﬁcantly associated with a higher CVD risk in general (hazard ratio
2.68 [95% CI 1.36–5.25]) and in various blood glucose categories (normoglycemia
2.59, prediabetes 3.03, diabetes mellitus [DM] 4.98). However, BP of 130–139/
80–89 mmHg was signiﬁcantly associated with a higher CVD risk in an estimated
baseline 10-year atherosclerotic CVD (ASCVD) risk ‡10% (3.82 [1.42–9.78]) or DM
(3.54 [1.05–11.88]) but not in the general population or for a baseline 10-year ASCVD
risk <10%, normoglycemia, or prediabetes.
CONCLUSIONS

BP of 130–139/80–89 mmHg may result in a signiﬁcantly higher CVD risk in Chinese
adults with an estimated 10-year ASCVD risk ‡10% or DM but not in those with
normoglycemia or prediabetes.
High blood pressure (BP) is an important public health concern and a risk factor for
adverse health outcomes, including coronary heart disease, stroke, and chronic kidney disease. In patients with diabetes mellitus (DM), the presence of hypertension
substantially increases the risk of cardiovascular disease (CVD) events, and reductions
in BP can reduce cardiovascular morbidity and mortality (1,2).
In the past 30 years, the BP level for the diagnosis and treatment of hypertension in
the general hypertensive population and the optimal level to which BP should be
reduced in patients with DM have not been agreed on (3,4). Since the American
Diabetes Association publication of a position statement on DM and hypertension in
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EPIDEMIOLOGY/HEALTH SERVICES RESEARCH

OBJECTIVE

To investigate cardiovascular disease (CVD) risks caused by blood pressure (BP) of
130–139/80–89 mmHg among Chinese adults with different glucose metabolism.
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September 2017 (5) and the American
College of Cardiology/American Heart
Association publication of the 2017 guidelines for the prevention, detection, evaluation, and management of high BP in
adults (6), signiﬁcant controversy has
surrounded the applicability of the
guidelines to patients with BP 130–
139/80–89 mmHg (7–13).
Moreover, the latest American guidelines state that there is limited quality
evidence on the precise BP target in
adults with DM, and the guidelines do
not suggest the optimal level for prediabetes (6). We have found that prediabetes combined with BP $140/90
mmHg could signiﬁcantly promote CVD
risks (14). However, data are lacking on
how BP levels of 130–139/80–89 mmHg
affect long-term CVD risks in Chinese
adults with different glucose metabolism, especially in DM or prediabetes.
The current study has allowed us to observe the 10-year CVD risks and explore
the optimal BP level among Chinese adults
with various blood glucose categories
and BP categories combined.
RESEARCH DESIGN AND METHODS
Study Population

The cohort was established in 2002, and
the study design and population have
been described previously (14–17). Brieﬂy,
a cross-sectional survey was conducted in
an urban community in Shanghai, China, in
2002. The ﬁrst examination of 2,132 male
and female participants ages 18–76 years
from the Pingliang community was conducted from November 2002 to January
2003. At baseline, all participants underwent physical examination and were
interviewed with standardized questionnaires. Data were collected on physiciandiagnosed DM status and hypertension,
family history of DM, educational background, and lifestyle factors, such as cigarette smoking, alcohol consumption, and
currently used medications for hypertension and DM. Plasma glucose was measured during an oral glucose tolerance
test, and serum lipid proﬁle was assayed
in all participants.
A total of 1,609 participants (75.5%)
were included in the follow-up, which
lasted from July to December 2013, but
an additional follow-up was done from
September to October 2014 for those unavailable for the previous one. All participants at follow-up were interviewed with
the same standardized questionnaires,

with the addition of information related
to CVD events. After exclusion of 159 participants with previous CVD and 31 with
missing data, 1,419 participants were included in the ﬁnal analysis.
This study was approved by Ruijin
Hospital ethics committee (Shanghai,
China). Written informed consent was
obtained from each participant, and all
methods were carried out in accordance
with relevant guidelines and regulations.
Study End Points

We documented nonfatal coronary heart
disease, nonfatal cerebrovascular disease, and cardiovascular death occurring between baseline 2002 and October
2014 (14,15). Nonfatal coronary heart
disease was further deﬁned as nonfatal
myocardial infarction, coronary revascularization, and hospitalizations for unstable angina. Nonfatal cerebrovascular
disease included cerebral ischemic attack, cerebral hemorrhage, and cerebral
infarction from any cause. Information on
cardiovascular deaths was obtained from
the ofﬁcial death certiﬁcates of the district. Finally, after excluding four participants who experienced cerebral ischemic
attack, 139 CVD events were analyzed.
BP and Blood Glucose Measurement

BP was measured with a mercury sphygmomanometer after checking for device
accuracy. BP was measured three times,
with a 1-min interval between measurements. Systolic BP (SBP) and diastolic BP
(DBP) were the mean of the last two of
the three measurements taken in participants in the sitting position after 5 min
of rest. BP categories were deﬁned as
,130/80 mmHg, 130–139/80–89 mmHg,
and $140/90 mmHg or treated.
Plasma glucose was measured during
a 75-g oral glucose tolerance test, and
type 2 DM was deﬁned by a fasting
plasma glucose (FPG) level $7.0 mmol/L
and/or a 2-h postchallenge glucose
(2hPG) level $11.1 mmol/L, a previous
physician diagnosis of type 2 DM, or use of
antidiabetic medication at baseline. Prediabetes was deﬁned as impaired fasting
glucose or impaired glucose tolerance
alone or combined. Impaired fasting glucose was deﬁned as FPG between 5.6 and
7.0 mmol/L and 2hPG ,7.8 mmol/L. Impaired glucose tolerance was deﬁned as
2hPG between 7.8 and 11.1 mmol/L (18).
Normoglycemia was deﬁned by FPG ,5.6
mmol/L and 2hPG ,7.8 mmol/L.
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Other Variables of Interest

Triglycerides (TG), total serum cholesterol (TC), HDL, and LDL levels were
measured enzymatically. Anthropometric measurements were conducted by
trained nurses or clinical postgraduates.
Smoking and alcohol consumption, educational background, diet, and physical
activity were acquired through welldesigned questionnaires. Assessment
methods of these variables have been
described elsewhere (14). Brieﬂy, family
history of DM was deﬁned as at least one
ﬁrst-degree relative or grandparents with
DM. Smoking and drinking status were
classiﬁed as currently, formerly, and never
consumed. Physical activity was calculated
as the product of the duration and frequency of each activity (in hours per day)
weighted by an estimate of the metabolic
equivalent of that activity (14). Ten-year
atherosclerotic CVD (ASCVD) risk was
estimated using prediction equations
validated by the Prediction for ASCVD
Risk in China project (19).
Data Analysis

For database management and statistical analysis, we used SAS 9.2 software
(SAS Institute Inc., Cary, NC). Data are
expressed as mean 6 SD, %, geometric
mean with 95% limits, or hazard ratios
(HRs) with 95% CIs. All statistical tests
were two-sided, with P , 0.05 considered signiﬁcant. Serum TG values were
log-transformed before analysis because
of skewed distribution.
Multiple Cox regression analysis was
performed to compute HRs with their
95% CIs. The log-rank test was used to
compare the cumulative incidence of
CVD between groups, with the KaplanMeier survival function used to show the
time to events. We considered individuals with BP ,130/80 mmHg (or with
normoglycemia, if considered) as the
reference group. Dummy variables were
used to compute HRs (95% CIs) for each
subgroup against the reference group.
RESULTS
Baseline Characteristics

The follow-up time was 10.5–12.0 years
(mean 10.9 years). The mean values of
anthropometric data and metabolic
variables by BP category at baseline
are presented in Table 1. Participants
with a BP of 130–139/80–89 mmHg
and $140/90 mmHg or treated were
more likely to be male and to have
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Table 1—Characteristics of the study participants according to the BP categories at baseline
BP category (mmHg)
Overall (n = 1,419)

,130/80 (n = 305)

130–139/80–89 (n = 375)

$140/90 or treated (n = 739)

P value

SBP (mmHg)

129.6 6 18.6

109.8 6 8.8

121.9 6 8.2

141.6 6 16.2

0.00

DBP (mmHg)

82.9 6 10.7

70.1 6 4.9

82.7 6 4.1

89.7 6 9.4

0.00

Age (years)

54.2 6 12.1

48.1 6 12.4

51.6 6 11.8

58.0 6 10.7

0.00

41.2
5.9 6 1.7

29.8
5.5 6 1.2

42.7
5.7 6 1.6

45.1
6.2 6 1.8

0.00
0.00

Variable

Male prevalence
FPG (mmol/L)

5.9 6 2.8

5.3 6 2.0

5.5 6 2.4

6.4 6 3.1

0.00

LDL (mmol/L)

2.84 6 0.81

2.66 6 0.74

2.77 6 0.77

2.95 6 0.84

0.00

HDL (mmol/L)

1.44 6 0.44

1.51 6 0.38

1.47 6 0.58

1.40 6 0.36

0.00

TG (mmol/L)#

1.28 (1.24–1.32)

1.02 (0.96–1.08)

1.17 (1.11–1.24)

1.46 (1.40–1.52)

0.00

2hPG (mmol/L)

TC (mmol/L)

4.94 6 0.98

4.74 6 0.89

4.84 6 0.94

5.08 6 1.01

0.00

BMI (kg/m2)

25.1 6 3.5

23.4 6 3.2

24.5 6 3.2

26.1 6 3.4

0.00

Waist circumference (cm)
Waist-to-hip ratio

80.3 6 9.8
0.84 6 0.06

75.5 6 8.9
0.82 6 0.06

78.6 6 8.1
0.83 6 0.06

83.1 6 10.1
0.85 6 0.07

0.00
0.00

Family history of DM

19.1

22.6

18.4

18.0

0.11

Alcohol use
Currently and former
Never

15.9
84.1

6.6
93.4

14.4
85.6

20.6
79.4

Smoking status
Current and former
Never

23.7
76.3

16.1
83.9

27.2
72.8

25.0
75.0

Physical activity
Inactive
Medium
Active

38.1
34.9
27.1

32.5
35.7
31.8

40.5
34.1
25.3

39.1
34.9
26

0.00

0.01

0.05

Data are mean 6 SD, %, or geometric mean (95% limits). #Serum TG values were log-transformed before analysis because of skewed distribution.

more cigarette or alcohol consumption.
Compared with those with BP ,130/80
mmHg, age, FPG, 2hPG, LDL, TC, TG,
BMI, waist circumference, and waistto-hip ratio were higher among participants with BP 130–139/80–89 mmHg
and the highest among participants
with BP $140/90 mmHg or treated.
No signiﬁcant difference was found in
family history of DM and physical activity
among these three groups.
Among participants with hypertension
at baseline, 36.8% were currently taking antihypertensive medications, among
whom 35.1% used angiotensin receptor
blockers or ACE inhibitors and 48.6% of
these patients had controlled BP (SBP
,140 mmHg, DBP ,90 mmHg). Moreover, we compared the baseline characteristics between participants who
attended follow-up with those lost to
follow-up and found no signiﬁcant difference in glucose levels, blood lipid
proﬁle, BP, and any other factors between the two groups (data not shown).

corresponding incidence of CVD per
1,000 person-years for the BP ,130/
80 mmHg, 130–139/80–89 mmHg, and
$140/90 mmHg or treated groups were
3.0, 6.0, and 13.9, respectively.
Supplementary Table 1 shows the
adjusted HRs and 95% CIs of 10.9-year
risk of CVD according to BP levels, using
BP ,130/80 mmHg as the reference. No
signiﬁcantly elevated CVD risks were
found in the BP 130–139/80–89 mmHg
group in a crude and adjusted model.
After adjusting for age, sex, BMI, and
other factors, multiple Cox regression
analysis showed that BP $140/90 mmHg
or treated was signiﬁcantly associated
with the development of CVD (HR 2.68
[95% CI 1.36–5.25]).
Figure 1 shows the Kaplan-Meier survival curve for CVD according to BP
category at baseline. The cumulative
survival rate for CVD was signiﬁcantly
lower in participants with BP $140/90
mmHg or treated.

BP Categories and CVD

Sensitivity Analysis of CVD Risks for
130–139/80–89 mmHg

During the follow-up, 139 participants
(9.8%) experienced CVD events, and the

Sensitivity analysis was performed according to various baseline characteristics

of the study population on the risk of
CVD for BP of 130–139/80–89 mmHg
compared with that for BP ,130/80
mmHg. No signiﬁcant differences were
found in predictive values across
groups for age, sex, BMI, smoking, and
drinking. However, a signiﬁcant prediction of CVD for BP of 130–139/80–89
mmHg was found in participants with
an estimated baseline 10-year ASCVD

Figure 1—Kaplan-Meier survival curve for
CVD according to the BP categories (mmHg)
at baseline.

1897

1898

Effect of High BP and Glucose Metabolism on CVD

Diabetes Care Volume 41, September 2018

Table 2—Multivariable-adjusted HRs for the risks of CVD according to various blood glucose categories and BP categories
combined at baseline
Adjusted HR (95% CI)

BP category (mmHg)

n/total

Rate/1,000
person-years

Normoglycemia
,130/80
130–139/80–89
$140/90 or treated

5/199
13/223
28/297

2.3
5.5
9.1

1
2.36 (0.84–6.63)
3.94** (1.52–10.21)

1
2.04 (0.73–5.73)
2.73* (1.05–7.14)

1
2.01 (0.71–5.64)
2.59* (1.01–6.80)

Prediabetes
,130/80
130–139/80–89
$140/90 or treated

4/89
5/113
43/301

4.2
4.1
13.9

1.81 (0.49–6.73)
1.78 (0.51–6.12)
6.08** (2.41–15.36)

1.50 (0.40–5.59)
1.29 (0.37–4.49)
3.41* (1.32–8.79)

1.49 (0.40–5.56)
1.18 (0.34–4.11)
3.03* (1.16–7.88)

DM
,130/80
130–139/80–89
$140/90 or treated

1/17
6/39
34/141

5.5
15.0
24.6

2.40 (0.28–20.57)
6.70** (2.04–21.94)
10.95** (4.28–27.99)

1.54 (0.18–13.32)
4.09* (1.23–13.59)
5.81** (2.22–15.21)

1.42 (0.16–12.27)
3.54* (1.05–11.88)
4.98** (1.88–13.17)

Crude HR (95% CI)

Model 1

Model 2

Model 1 adjusted for age and sex. Model 2 adjusted for age, sex, BMI, family history of DM, physical activity, and cigarette smoking and
alcohol status. *P , 0.05; **P , 0.01.

risk $10% (HR 3.82 [95% CI 1.42–9.78];
P = 0.005) but not in those with a baseline ASCVD risk ,10% (Supplementary
Table 2).
Blood Glucose Categories Combined
With BP Categories and CVD

We assessed the risk for CVD among
participants stratiﬁed according to three
blood glucose categories (normoglycemia, prediabetes, and DM) and three BP
categories (,130/80 mmHg, 130–139/
80–89 mmHg, and $140/90 mmHg or
treated) combined. Table 2 shows the
adjusted HRs and 95% CIs for CVD according to the various blood glucose and
BP categories combined, using normoglycemia and BP ,130/80 mmHg as the
reference. As expected, the coexistence
of DM and BP $140/90 mmHg or treated
was associated with the most signiﬁcant
increases in the incidence of CVD (HR
4.98 [95% CI 1.88–13.17]). DM combined
with BP of 130–139/80–89 mmHg increased the CVD risk by 3.54 times
(95% CI 1.05–11.88) compared with
the reference group. Prediabetes and
BP $140/90 mmHg or treated in the
same individual considerably increased
the risk for developing CVD (adjusted HR
3.03 [1.16–7.88]) compared with that in
the reference group. However, prediabetes combined with BP of 130–139/
80–89 mmHg was not associated with
an elevated CVD risk in the crude and
adjusted models (1.18 [0.34–4.11]).
Figure 2 presents the effect of various
categories of glucose metabolism and BP
categories combined on the prevalence
of CVD among Chinese adults. Rates per

1,000 person-years were calculated in
these nine groups.
CONCLUSIONS

With the release of the American Diabetes Association and American College
of Cardiology/American Heart Association guidelines, signiﬁcant controversy
exists about the optimal BP target among
patients with DM or prediabetes worldwide. Our study investigated the CVD
risks caused by a BP of 130–139/80–89
mmHg in a Chinese population-based
cohort and found for the ﬁrst time in our
knowledge that a BP of 130–139/80–89
mmHg results in a signiﬁcantly higher

CVD risk in Chinese adults with an estimated 10-year ASCVD risk $10% or DM
but not in those with normoglycemia or
prediabetes.
Evidence in support of a lower threshold (130/80 mmHg) has been reported
in recent studies, including the Systolic Blood Pressure Intervention Trial
(SPRINT) and a meta-analysis of randomized controlled trials of antihypertensive
medications. In SPRINT (4), targeting
an SBP of ,120 mmHg (automated BP
corresponding to 130 mmHg in ofﬁce)
versus ,140 mmHg resulted in lower
rates of fatal and nonfatal major cardiovascular events and death among 9,361

Figure 2—The effect of various blood glucose categories and BP categories combined on the
prevalence of CVD among Chinese adults. Rates per 1,000 person-years were calculated in these
nine groups.
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patients without DM. Subsequently, a
systematic review and meta-analysis provided strong support for lowering SBP
to ,130 mmHg, which led to decreased
risks of CVD (20,21). However, these
studies were not stratiﬁed according
to baseline 10-year ASCVD risk. A metaanalysis of data in 67,475 patients across
11 trials and 26 randomized groups
showed that treating 1,000 patients for
5 years would prevent 14 (95% CI 8–21),
20 (8–31), 24 (8–40), and 38 (16–61)
cardiovascular events (P = 0.04 for trend)
in those with a baseline 5-year ASCVD
risk of ,11%, 11–15%, 15–21%, and .21%,
respectively (22). The current study
investigated the CVD events with BP 130–
139/80–89 mmHg in the general population stratiﬁed for 10-year ASCVD risk. We
conﬁrmed that a BP of 130–139/80–89
mmHg does not result in a signiﬁcantly
increased risk of CVD in general, but it
does in those with an estimated 10-year
ASCVD risk $10% (HR 3.82 [95% CI 1.42–
9.78]; P = 0.005) (Supplementary Table 2),
which supports the use of predictive
baseline ASCVD equations to inform BPlowering treatment decisions.
The prevalence of hypertension among
adults with DM is ;80%, and the coexistence of hypertension and DM markedly increases the risk of developing CVD
and microvascular disease (23). The presence of type 2 DM almost triples the risk
of developing CVD at any level of SBP,
starting from prehypertensive levels (24).
Accumulated evidence suggests that BP
reduction in patients with type 2 DM and
hypertension largely improves CVD outcomes (25). However, the optimal BP
target in individuals with DM remains
controversial. Moreover, little or insufﬁcient evidence exists on the outcome
beneﬁt of the threshold for the initiation
of antihypertensive therapy in patients
with prediabetes.
To judge the usefulness and appropriateness of the new threshold, we must
look at its inﬂuence on the long-term
incidence of the CVD (7). The current
study, a population-based prospective
cohort lasting 10.9 years, enabled us to
explore the incidence of CVD among
individuals with a BP of 130–139/80–89
mmHg and DM or prediabetes. After
assessing the association between BP
categories and risk of CVD, we continued
to analyze the risk for CVD by blood
glucose categories and BP categories combined. As expected, we found that the
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coexistence of BP $140/90 mmHg or
treated and DM was associated with the
most signiﬁcant increases in the incidence
of CVD (HR 4.98 [95% CI 1.88–13.17]). A BP
of 130–139/80–89 mmHg combined with
DM increased the CVD risk 3.54 times (95%
CI 1.05–11.88). Of note, a BP of 130–139/
80–89 mmHg combined with prediabetes
was not associated with an elevated CVD
risk in the crude and adjusted models. To
our knowledge, we provide the ﬁrst data
on the occurrence of CVD among Chinese
adults with a BP of 130–139/80–89 mmHg
and DM or prediabetes.
The appropriate BP target in patients
with DM is a long-time controversial
issue. On the basis of the UKPDS (UK
Prospective Diabetes Study) 36 (25) and
clinical trials from UKPDS 38 (26), Hypertension Optimal Treatment (HOT) trial
(27), Appropriate Blood Pressure Control
in Diabetes (ABCD) trial (28), and Action in
Diabetes and Vascular Disease: Preterax
and Diamicron MR Controlled Evaluation
(ADVANCE) study (29), previous hypertension and DM guidelines suggested a
BP target ,130/80 mmHg in patients
with DM (30,31). After the publication of
the Action to Control Cardiovascular Risk
in Diabetes (ACCORD)-BP study (3), targeting SBP to ,120 mmHg versus ,140
mmHg did not reduce the rate of fatal
and nonfatal CVD events in patients with
DM; therefore, more guidelines returned
to a recommended BP ,140/90 mmHg
in patients with hypertension and DM.
However, the ACCORD-BP results were
questioned in the literature because of
statistical power. The secondary analysis of
the ACCORD trial demonstrated a signiﬁcant outcome beneﬁt in the intensive BP/
standard glycemic group (32). Recently, a
pooled analysis from the ACCORD-BP and
SPRINT studies showed that intensive BP
lowering (SBP target ,120 mmHg) may
have a similar favorable effect and appears
to decrease cardiovascular events in patients with and without type 2 DM (33). In
addition, a meta-analysis of 13 randomized
clinical trials in 37,736 participants suggested that in patients with type 2 DM or
prediabetes, an SBP treatment goal of
130–135 mmHg is acceptable (34).
Very few published studies focused on
the optimal BP level in individuals with
prediabetes. Our previous study showed
that prediabetes combined with BP
$140/90 mmHg increases the risk for
CVD (14). A post hoc analysis of SPRINT
showed that the beneﬁcial effects of

intensive SBP treatment (target ,120
mmHg) on CVD events and all-cause mortality are similar among individuals with
prediabetes (deﬁned as fasting serum
glucose $5.6 mmol/L) and normoglycemia; however, only fasting blood glucose
was used to deﬁne the prediabetes status,
whereas 2-h blood glucose was not included in the diagnoses (35). In the current
study where glycemic status was deﬁned
by FPG and 2hPG, we found that a BP of
130–139/80–89 mmHg may result in a signiﬁcantly increased CVD risk in DM rather
than in normoglycemia or prediabetes.
This study had several limitations. First,
because serum creatinine and urinary albumin levels were not measured at baseline, related information of chronic kidney
disease could not be evaluated among
participants with a BP of 130–139/80–
89 mmHg. Nonetheless, we assayed these
levels in the 10.9-year follow-up to investigate chronic kidney disease factors in this
population in the future 16-year follow-up.
Second, we did not perform a baseline
HbA1c test in every participant in 2002
and, therefore, might have missed some
participants with DM detected by HbA1c
alone. However, the clinical diagnosis of
both prediabetes and DM were based on
FPG and 2hPG, and HbA1c was not included
in the diagnostic criteria until 2010 (18).
In conclusion, this study conﬁrms that
patients with a BP of 130–139/80–89
mmHg combined with an estimated
10-year ASCVD risk $10% or DM may
have an increased risk for CVD. A BP of
130–139/80–89 mmHg does not lead to
a signiﬁcantly elevated CVD risk among
those with normoglycemia or prediabetes. DM and an increased baseline 10-year
ASCVD risk may result in increased CVD
events in the future, which implies that the
targeted BP should be ,130–139/80–89
mmHg in these patients. The current
change in the 2017 guidelines was mainly
based on epidemiological evidence, not
randomized controlled trials; thus, there
is little or insufﬁcient evidence on the
outcome beneﬁt of antihypertensive therapy from adequately powered, placebocontrolled clinical trials, even in the SBP
range of 130–139 mmHg. Additional trials
are imperative to explore the optimal BP
target among patients with BP 130–139/
80–89 mmHg and DM in China.
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