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Abstract

Background This study aimed to investigate the risks of all-cause and cardiovascular mortality associated with blood
pressure (BP) levels of 130-139/80-89 mmHg in Chinese adults with different glucose metabolism, during a long-
term follow-up of over 20 years.

Methods A prospective population-based cohort of 2,132 adults in Shanghai was established in 2002 and followed
for 21 years. The association between BP categories and mortality was assessed, and the risk was further analyzed
using multiple Cox regression analysis by combining BP and blood glucose categories.

Results The final analysis included 2,004 participants, with 397 all-cause and 166 cardiovascular mortality. The
incidence of all-cause and cardiovascular mortality per 1,000 person-years for different BP categories were as follows:
BP < 130/80 mmHg (4.5 and 1.3), 130-139/80-89 mmHg (7.7 and 2.9), and > 140/90 mmHg or treated groups (19.9
and 8.7), respectively. After adjusting for age, sex, and other factors, BP = 140/90 mmHg was significantly associated
with a higher risk of mortality across different blood glucose categories. However, using BP < 130/80 mmHg and
normoglycemia as the reference, a BP of 130-139/80-89 mmHg was significantly associated with higher risks of all-
cause (hazard ratio 3.30 [95% confidence interval 1.48-7.38], P<0.01) and cardiovascular mortality (9.60 [1.93-47.7],
P<0.01) in diabetes, but not in those with normoglycemia or prediabetes.

Conclusions BP of 130-139/80-89 mmHg may lead to a significantly higher risk of all-cause and cardiovascular
mortality in Chinese adults with diabetes, but not in those with normoglycemia or prediabetes. This suggests that the
targeted BP for people with diabetes should be < 130-139/80-89 mmHg.
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Background

Observational studies have consistently demonstrated a
strong correlation between elevated blood pressure (BP)
and the development of cardiovascular disease (CVD)
[1, 2]. These studies have provided valuable insights into
the relationship between BP and CVD risk, highlight-
ing the importance of maintaining optimal BP levels for
long-term cardiovascular health. A comprehensive meta-
analysis of 61 prospective studies further supports these
findings by revealing a clear dose-response relationship
between BP levels and CVD risk [1]. The analysis showed
that individuals with systolic blood pressure (SBP) lev-
els below 115 mmHg and diastolic blood pressure (DBP)
levels below 75 mmHg had the lowest risk of CVD. As
BP levels increased beyond these thresholds, the risk of
developing CVD increased logarithmically.

In recent years, several hypertension guidelines have
been released, [3—6] and there is growing concern about
blood pressure levels of 130-139/80-89 mmHg. Accord-
ing to the 2017 AHA/ACC guidelines, [3] this range is
classified as stage 1 hypertension and requires therapy
initiation if accompanied by clinical atherosclerotic car-
diovascular disease or an estimated 10-year CVD risk of
>10%. However, the 2018 Chinese hypertension guide-
lines, [4] 2020 ISH guidelines, [5] and 2023 European
guidelines [6] consider 130-139/80-89 mmHg as “prehy-
pertension” or “high normal” or an overlap between the
two. Nevertheless, the recent guidelines all recommend a
target blood pressure of 130/80 mmHg for hypertensive
patients, either alone or in combination with other car-
diovascular risk factors [6, 7].

Hypertension often coexists with other cardiovascu-
lar risk factors, such as impaired glucose metabolism.
There is a higher prevalence of hypertension among indi-
viduals with type 2 diabetes (T2D), and vice versa, which
increases the risk of CVD events [8]. Accumulated evi-
dence strongly suggests that reducing BP in individu-
als with T2D can have a substantial positive impact on
cardiovascular outcomes [9, 10]. Guidelines from orga-
nizations such as ACC/AHA,[3] AACE/ACE,[11] ESC/
EASD,[12] and ADA [13] recommend a BP target of
<130/80 mmHg for patients with T2D. The ESC/EASD
guidelines also provide recommendations for manag-
ing BP in individuals with diabetes and prediabetes
[12]. However, there are still some studies with varying
conclusions regarding BP targets for diabetes and pre-
diabetes. Recent meta-analyses demonstrated that a BP
target range of >130/80 to <140/90 mmHg may be opti-
mal for patients>65 years with T2D, but specific targets
may need to be individualized based on patients’ unique
circumstances [14]. Reducing diastolic BP, particularly

below 60 mmHg, is associated with increased risk of
all-cause mortality [15]. Moreover, at early stage of dia-
betes, a slightly elevated systolic BP (140-150 mmHg) is
transiently associated with better beta-cell function in
T2D patients with HbA1c>10% but not in those with
HbA1c<10% [16]. This is a significant gap in our under-
standing, considering the increasing prevalence of pre-
diabetes and its potential implications for both clinical
management and public health.

In our previous study, we investigated the risk of CVD
events in Chinese adults with a BP range of 130-139/80—
89 mmHg and varying glucose metabolism [17]. By con-
ducting a follow-up study for over 20 years, we collected
data on vital status and cause of death, allowing us to
investigate the long-term associations between blood
pressure levels of 130-139/80-89 mmHg and mortal-
ity from all causes and cardiovascular diseases among
Chinese adults with different glucose metabolism. We
hypothesize that the BP range of 130-139/80-89 mmHg
in patients with diabetes may result in a significantly
increased risk of mortality, similar to the risk observed
for CVD events in our previous study.

Methods

Study design and participants

The prospective population-based cohort of 2,132 adults
in Shanghai was established in 2002, and the study design
had been described previously [17-21]. The first exami-
nation 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 physician diag-
nosed diabetes and hypertension, family history of diabe-
tes, educational background, cigarette smoking, alcohol
consumption, and currently used medications for hyper-
tension and diabetes. An oral glucose tolerance test and
serum lipid profile were assayed in all participants. Till
now, 4 times follow-up were conducted in 2004, 2013—
2014, 2018-2020, and 2022-2023, respectively. All par-
ticipants at follow-up were interviewed with the same
standardized questionnaires. At last, after excluding 128
participants lost to follow-up over four follow-up peri-
ods, a total of 2,004 participants were followed among
21 years’ follow-up, and were included in the final anal-
ysis, including 397 all-cause mortality and 166 cardio-
vascular mortality. Cardiovascular mortality included
deaths attributable to stroke, myocardial infarction,
and other cardiovascular diseases. Information on all-
cause mortality and cardiovascular mortality were firstly
obtained during this follow-up from the family mem-
bers of the deceased people, and then were confirmed
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from the official death certificates of the district. This
study was approved by Ruijin Hospital ethics committee
and written informed consent was obtained from each
participant.

Measurements and definition of variables

BP was measured three times using a mercury sphygmo-
manometer while the participant was in a sitting position
after a 5-minute rest. SBP and DBP were determined as
the average of the last two of the three measurements.
BP categories were defined as follows: <130/80 mmHg,
130-139/80-89 mmHg, and >140/90 mmHg or treated.
Plasma glucose levels were measured during a 75-g oral
glucose tolerance test. Diabetes was defined by a fasting
plasma glucose (FPG) level>7.0 mmol/L and/or a 2-hour
post-challenge glucose (2hPG) level>11.1 mmol/L, a pre-
vious physician diagnosis of diabetes, or the use of antidi-
abetic medication at baseline. Prediabetes was defined as
FPG between 5.6 and 7.0 mmol/L and/or 2hPG between
7.8 and 11.1 mmol/L [22]. Normoglycemia was defined
by FPG <5.6 mmol/L and 2hPG<7.8 mmol/L. Triglycer-
ides (TG), total serum cholesterol (TC), HDL, and LDL
levels were measured enzymatically.

Anthropometric measurements were conducted by 20
trained nurses or clinical postgraduates. Smoking and
alcohol consumption, educational background, diet, and
physical activity were acquired through well designed
questionnaires. Family history of diabetes was defined
as at least one first-degree relative or grandparents with
diabetes. Smoking and drinking status were classified as
currently, formerly, and never consumed. Physical activ-
ity was calculated as the product of the duration and fre-
quency of each activity (in hours per day) weighted by an
estimate of the metabolic equivalent of that activity. Ten-
year atherosclerotic CVD (ASCVD) risk was estimated
using prediction equations validated by the Prediction
for ASCVD Risk in China project, [23] which evolved
from The Framingham Heart Study, but is more suitable
for Chinese people. In the prediction equations, the fol-
lowing major risk factors are included: age, treated or
untreated SBP, total cholesterol, HDL-C, current smok-
ing, and diabetes mellitus. Additionally, for men, 4 addi-
tional variables—waist circumference, geographic region,
urbanization, and family history of ASCVD—have been
added to the equation. For women, 2 additional vari-
ables—waist circumference, and geographic region—
have been included [23].

Statistical analysis

We used SAS 9.4 software for database management and
statistical analysis. Data are expressed as mean*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
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log-transformed before analysis because of skewed distri-
bution. Multiple Cox regression analysis was performed
to compute HRs (95% Cls). The log-rank test was used to
compare the cumulative incidence of mortality between
groups, with the Kaplan Meier survival function used
to show the time to events. Proportionality assumptions
for the Cox models were assessed by diagnostic plots of
the scaled Schoenfeld residuals and log-minus-log sur-
vival plots. Substantial deviations from proportional-
ity were not observed. We considered individuals with
BP<130/80 mmHg (or with normoglycemia, if consid-
ered) as the reference group. Dummy variables were used
to compute HRs (95% ClIs) for each subgroup against the
reference group.

Results

Baseline characteristics

The median of follow-up time was 16.5 (interquartile
range, 10.8 to 20.2) years. The mean values of anthropo-
metric 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 more cigarette or
alcohol consumption.

Compared with those with BP<130/80 mmHg, age,
FPG, 2hPG, LDL, TC, TG, BMI, waist circumference,
and waist-to-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. Inverse
relationship was observed between the prevalence of
diabetes family history and BP categories. No significant
difference was found in physical activity among these
three groups. Moreover, we compared the baseline char-
acteristics between participants who attended follow-up
with those lost to follow-up and found no significant dif-
ference in glucose levels, blood lipid profile, BP, and any
other factors between the two groups (data not shown).

Among the 1077 participants with hypertension at
baseline, 379 (35.2%) were currently taking antihyperten-
sive medications. Among the 309 participants with T2D,
181 (58.6%) were currently taking antidiabetic medica-
tions. Among those taking antidiabetic medications,
55.2% were using metformin (17% in combination with
insulin, 37% in combination with sulfonylurea, and 10%
in combination with glucosidase inhibitors), 23.3% were
using insulin, 43.1% were using sulfonylurea, 21.5% were
using glucosidase inhibitors, and 42.5% were using two or
more drugs.

BP categories and all-cause and cardiovascular mortality

During a median follow-up of 16.5 years, there were 397
deaths from all causes and 166 deaths from cardiovascu-
lar causes among the 2,004 subjects, with a total of 29,395
person-years. The corresponding incidence of all-cause
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Table 1 Characteristics of the study participants, according to the BP categories at baseline
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Variables Overall BP categories (mmHg) P Value®
(N=2004) <130/80 130-139/80-89 = 140/90 or treated
(N=407) (N=520) (N=1077)

SBP(mmHg) 130.7+£19.5 109.4+9.2 1220+83 143.0+£16.8 <0.0001
DBP(mmHg) 83.6+£109 69.8+5.2 820+35 89.6+9.7 <0.0001
Age (years) 546+13.1 473+14.2 51.1+£128 59.1+108 <0.0001
Male prevalence, % 399 29.7 412 432 <0.0001
FPG(mmol/I) 60+1.8 56£15 57+15 63+2.0 <0.0001
2hPG(mmol/l) 6.0+28 53+24 55+22 65+3.1 <0.0001
LDL(mmol/l) 14+04 15+04 15+0.5 14+04 <0.0001
HDL(mmol/) 28+0.8 26+0.7 2.7+08 30+£08 <0.0001
TG(mmol/l)# 1.29 (1.26-1.33) 1.02 (0.97-1.07) 1.20 (1.14-1.26) 146 (1.41-1.51) <0.0001
TC(mmol/l) 49+10 47409 48+0.9 51+£1.0 <0.0001
BMI (Kg/mz) 251435 233+33 244+32 260+34 <0.0001
Waist circumference (cm) 80.1+9.5 752490 783+82 829+94 <0.0001
Waist:hip ratio 08+0.1 08+0.1 0.8+0.1 08+0.1 <0.0001
Family history of diabetes% 186 24.1 18.1 16.7 0.005
Alcohol use % <0.0001

Currently and Former 15.0 74 13.7 186

Never 86.0 926 86.3 814
Smoking status % 0.002

Current and Former 23.1 16.8 26.0 240

Never 769 8232 74.0 76.0
Physical activity % 0.42

Inactive 383 350 40.8 383

Medium 349 357 34.8 346

Active 26.8 293 244 27.1
ASCVD score (%)* 3,67 (1.38-8.08) 0.91(0.47-2.10) 2.00 (1.04-3.97) 6.73 (3.48-11.03) <0.0001
ASCVD score > 10%, % 18.0 23 38 303 <0.0001

Abbreviation: SBP: systolic blood pressure; DBP: diastolic blood pressure; FPG: fasting plasma glucose; 2hPG, 2-hour post-challenge glucose; LDL: low-density
lipoprotein; HDL: high density lipoprotein. TG: Triglycerides; TC: total serum cholesterol; BMI: body mass index

Results are given mean=SD or n (%) or geometric mean (95% Limits)

#Serum TG values were log-transformed before analysis because of skewed distribution. *ASCVD score (%) was expressed as median (lower and upper quartiles).
&Means and proportions were compared across different BP categories using one-way ANOVA and Fisher’s exact test, respectively

mortality per 1,000 person-years for the BP<130/80
mmHg, 130-139/80-89 mmHg, and >140/90 mmHg or
treated groups were 4.5, 7.7 and 19.9, respectively, and
of cardiovascular mortality were 1.3, 2.9 and 8.7, respec-
tively (Fig. 1).

Using BP<130/80 mmHg as the reference, the group
with BP 130-139/80-89 mmHg showed significantly
higher risks of all-cause and cardiovascular mortality in
the crude model, but not in the 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 higher risks
of all-cause mortality (HR 2.45 [95%CI 1.65-3.63]) and
cardiovascular mortality (3.40 [1.65-7.00]) (Table 2). Fig-
ure 2 shows the Kaplan-Meier survival curve for all-cause
and cardiovascular mortality according to BP category at
baseline. The cumulative survival rates for all-cause and
cardiovascular mortality were significantly lower in par-
ticipants with BP>140/90 mmHg or treated.

BP categories combined with blood glucose categories and
all-cause and cardiovascular mortality

We assessed the risk for all-cause and cardiovascular
mortality among participants stratified according to
three BP categories (<130/80 mmHg, 130-139/ 80-89
mmHg, and 2140/90 mmHg or treated) and three blood
glucose categories (normoglycemia, prediabetes, and
diabetes) combined. Table 3 shows the adjusted HRs
and 95% ClIs for all-cause and cardiovascular mortality
according to the various BP and blood glucose catego-
ries combined, using BP <130/80 mmHg and normogly-
cemia as the reference. As expected, the coexistence of
BP>140/90 mmHg or treated and diabetes were associ-
ated with the most significant increases in the all-cause
mortality (HR 4.44 [95% CI 2.42-8.16]) and cardiovascu-
lar mortality (HR 11.8 [95% CI 2.86—48.7]). When com-
pared with the reference group, BP of 130-139/80-89
mmHg combined with diabetes increased the all-cause
mortality by 3.3 times and cardiovascular mortality by
9.6 times. BP>140/90 mmHg or treated and prediabetes
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Fig. 1 The effect BP categories on the incidence of all-cause and cardiovascular mortality among Chinese adults. Rates per 1,000 person-years were

calculated in these three groups

Table 2 Multivariate-Adjusted Hazard Ratios for the risks of all-cause and CVD mortality according to the BP categories at baseline

N/Total Rate/1000 person-years Crude HR (95% Cl)  Adjusted HR (95% Cl)
Model 1 Model 2

All-cause mortality

<130/80 28/407 4.5 1 1 1

130-139/80-89 58/520 7.7 1.78 (1.14-2.80) * 1.55(0.99-2.44) 1.54 (0.98-2.43)

=140/90 or treated 311/1077 199 459 (3.12-6.75) t 238(1.61-351) 1 2.45(1.65-3.63)t
CVD mortality

<130/80 8/407 13 1 1 1

130-139/80-89 22/520 29 2.36 (1.05-5.31) * 2.13(0.95-4.79) 2.20(0.98-4.99)

>140/90 or treated 136/1077 87 6.99 (343-14.3) t 3.27(1.60-6.68) 3.35(1.63-691)t

3.40 (1.65-7.00)t

Model 1 adjusted for age and sex. Model 2 adjusted for age, sex, BMI, family history of diabetes, history of CVD, physical activity, and cigarette smoking and alcohol

status. *P<0.05; 1<0.01

in the same individual considerably increased the risk
for all-cause mortality (adjusted HR 2.82 [1.54-5.16])
and cardiovascular mortality (adjusted 5.64 [1.36-23.4],
respectively. However, BP of 130-139/80-89 mmHg
combined with prediabetes was not associated with an
elevated risk of all-cause and cardiovascular mortality
in the crude and adjusted models. Figure 3 presents the
effect of various categories of BP and glucose metabolism

categories combined on the prevalence of all-cause and
cardiovascular mortality among Chinese adults. Rates
per 1,000 person-years were calculated in these nine
groups.
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Fig. 2 Long-term effects of blood pressure 130-139/80-89 mmHg on all-cause and cardiovascular mortality among Chinese adults

Table 3 Multivariate-Adjusted Hazard Ratios for the risks of All-cause deaths according to BP categories and blood glucose categories

at baseline
BP category (mm Hg) All-cause Mortality CVD mortality
n/total Rate/1000 Adjusted HR (95% n/total Rate/1000 Adjusted HR
person-years (@) person-years (95% CI)*
Normoglycemia
<130/80 12/256 3.1 1 2/256 0.5 1
130-139/80-89 24/307 54 1.52 (0.76-3.04) 8/307 1.8 3.12 (0.66-14.8)
=140/90 or treated 87/407 13.7 2.57 (1.40-4.72) 29/407 46 4.78 (1.14-20.2)*
Prediabetes
<130/80 9/124 4.8 1.17 (0.49-2.78) 3/124 16 2.10(0.35-12.6)
130-139/80-89 22/167 9.2 2.05(1.01-4.17) 8/167 34 4.33 (0.92-20.5)
>140/90 or treated 119/434 194 2.82(1.54-5.16)1 50/434 8.1 5.64 (1.36-23.4)*
Diabetes
<130/80 7/27 16.9 2.75(1.08-7.01)* 3/27 7.2 5.53(0.92-33.4)
130-139/80-89 12/46 183 3.30(1.48-7.38)t 6/46 9.1 9.60 (1.93-47.7)1
=140/90 or treated 105/236 332 4.44 (2.42-8.16)t 57/236 18.0 11.8(2.86-48.7)t

*Adjusted for age, sex, BMI, family history of diabetes, history of CVD, physical activity, and cigarette smoking and alcohol status. *P<0.05; t£<0.01
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Fig. 3 The effect of various blood glucose categories and BP categories combined on the incidence of all-cause and cardiovascular mortality among
Chinese adults. Rates per 1,000 person-years were calculated in these nine groups

Sensitivity analysis of the risks of all-cause and
cardiovascular mortality for 130-139/80-89 mmHg
Sensitivity analysis was conducted to explore the impact
of different baseline characteristics of the study popula-
tion on the risk of all-cause and cardiovascular mortality
for BP levels of 130-139/80—-89 mmHg compared to BP
levels below 130/80 mmHg. No significant differences in
predictive values were observed across groups based on
age, sex, BMI, smoking, drinking, and baseline 10-year
ASCVD risk of 210% or not (Table 4).

Discussion

In this comprehensive study, we thoroughly investigated
the potential risks of all-cause and cardiovascular mor-
tality among a Chinese population-based cohort with a
BP range of 130-139/80-89 mmHg. Our groundbreak-
ing findings implied that individuals falling within this
BP range face a notably higher risk of both all-cause and
cardiovascular mortality when accompanied by a diag-
nosis of diabetes. Importantly, these risks persist over
an extended follow-up period of more than 20 years,
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Table 4 Adjusted Sensitivity Analyses on the Risk of All-cause deaths for BP 130-139/80-89 mm Hg as compared with that of

<130/80 mmHg
N (case/total) 130-139/80-89 mm Hg vs. <130/80 mmHg
Rate / 1000 PYs Hazard ratio (95% Cl)* P P
All-cause mortality
Sex Women 25/306 55 1.26 (0.66-2.42) 048 033
Men 33/214 1.1 1.84 (0.94-3.60) 0.07
Age >50 years 54/301 12.1 1.39(0.84-2.30) 0.20 045
<50 vyears 4/219 13 0.89 (0.24-3.36) 087
Body mass index >240 kg/m2 33/282 8.0 1.90 (0.92-3.94) 0.08 0.22
<24.0 kg/m? 25/238 7.3 1.15(0.62-2.13) 0.65
Current smoking in men Yes 20/129 1.1 1.12 (0.49-2.56) 0.79 0.23
No 13/85 1.3 3.19(1.07-9.51) 0.001
Alcohol intake in men Yes 7/64 8.1 1.45 (0.35-6.00) 0.61 0.56
No 26/150 125 2.30 (1.04-5.06) 0.04
ASCVD risk score >10% 8/30 343 1.93 (0.49-7.54) 0.94 0.65
<10% 31/490 4.8 122 (0.67-2.21) 052
CVD mortality
Sex Women 10/306 22 149 (0.51-4.38) 047 021
Men 12/214 4.1 3.52(0.96-12.9) 0.06
Age >50 years 21/301 4.7 01 (0.85-4.79) 011 0.12
<50 years 1/219 0.3 0.65 (0.04-10.5) 0.76
Body mass index =240 kg/m2 11/282 2.7 1.74 (0.54-5.64) 035 045
<24.0 kg/m? 11/238 32 2.76 (0.86-8.85) 0.09
Current smoking in men Yes 4/129 22 1.07 (0.18-6.00) 0.94 0.08
No 8/85 7.0 12.8(1.44-114.0) 0.02
Alcohol intake in men Yes 1/64 12
No 11/150 53 4.57(0.98-21.2) 0.06
ASCVD risk score >10% 3/30 17.2 1.65(0.23-11.8) 0.94 0.46
<10% 19/490 1.6 1.65(0.51-5.29) 040

*Adjusted for age, sex, body mass index, smoking and drinking, use of antihypertensive drugs, mean arterial pressure, family history of diabetes, and serum

cholesterol, as appropriate

emphasizing the long-term implications of elevated BP
levels in this specific population.

BP targets and CVD risk

BP of 130-139/80-89 mmHg has different definitions
in various guidelines. These definitions are primarily
based on the differing understanding of the long-term
effects of BP in this range on outcomes, such as cardio-
vascular events and mortality. Several individual studies
and meta-analyses of observational data have reported
a progressively higher risk of CVD from <120/80 to
130-139/80-89 mmHg [24-26]. In many of these meta-
analyses, the hazard ratios for coronary heart disease and
stroke ranged from 1.1 to 1.5 for BP of 120-129/80-84
mmHg, and from 1.5 to 2.0 for BP of 130-139/85-89
mmHg compared to <120/80 mmHg. However, there
is still controversy regarding the association of BP of
130-139/80-89 mmHg with all-cause mortality. A meta-
analysis of prospective cohort studies showed that BP of
120-139/80-89 mmHg increased the risk of CVD by 55%
and cardiovascular mortality by 17%, but not increase the
risk of all-cause mortality [26]. Another pooled analysis

of three prospective Chinese cohorts with a total follow-
up of 1,718,089 person-years showed that BP of 130—
139/80-89 mmHg increased the risk of cardiovascular
mortality by 40%, but not of all-cause mortality (HR 1.04,
95% CI 0.89-1.21), compared to BP<120/80 mm Hg [27].
In our study, we found that BP of 130-139/80-89 mmHg
was not significantly with all-cause and cardiovascular
mortality in Chinese adults, whether in crude models or
when adjusted for age, sex, BMI, family history of diabe-
tes, physical activity, and cigarette smoking and alcohol
status. These finding are consistent with our previous
finding on CVD events [17].

BP target in patients with diabetes

There has been extensive discussion over the past decade
about individualized blood pressure targets for patients
with diabetes and hypertension. In fact, hypertension
and optimal blood pressure targets are more complex
in patients with diabetes than in those with hyperten-
sion alone. Hypertension and impaired glucose metabo-
lism have distinct genomic characteristics, emphasizing
the need for studies on the impact of genomic features
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on pure and combined forms of the diseases [28]. In a
meta-analysis of randomized controlled trials involving
patients with diabetes or prediabetes, lowering systolic
blood pressure to <135 mmHg was associated with a
10% reduction in all-cause mortality compared to lower
intensity control, while more intensive blood pressure
control (£130 mmHg) was more strongly associated with
a reduction in stroke risk but did not lower other events
[29]. For years, guidelines have recommended keeping
patients’ blood pressure controlled below 130/80 mm Hg
[30, 31]. The basis for these guidelines is the UK Prospec-
tive Diabetes Study 36'", UK Prospective Diabetes Study
[32], the Hypertension Optimal Treatment (HOT) trial
[33], the Appropriate Blood Pressure Control in Diabetes
(ABCD) trial [34], and the Action in Diabetes and Vas-
cular Disease: Preterax and Diamicron MR Controlled
Evaluation (ADVANCE) study [35]. However, after the
publication of the Action to Control Cardiovascular Risk
in Diabetes (ACCORD)-BP study [36], the treatment
target for patients with diabetes was changed in 2013 to
a blood pressure lower than 140/90 mm Hg, leading to
updates in multiple hypertension guidelines [30, 31] Sub-
sequent systematic reviews concluded that treating indi-
viduals with blood pressure already below 140 mm Hg is
associated with a reduced risk of stroke and albuminuria
[37], thus questioning the relaxation of guidelines. In an
observational study conducted in Japan, it was found that
a home SBP of at least 125 mmHg in the morning was an
independent predictor of cardiovascular events in indi-
viduals with diabetes. It has been proposed that diabetic
East Asians should aim for a home morning SBP below
125 mmHg [38]. The latest hypertension guidelines
recommend controlling blood pressure targets below
130/80 mm Hg for patients with diabetes [6, 7].

To determine the optimal BP threshold among patients
with diabetes and hypertension, it is crucial to consider
its influence on long-term outcomes. In this study, which
spanned 21 years and involved a population-based pro-
spective cohort, we examined the incidence of all-cause
and cardiovascular mortality among individuals with
a BP of 130-139/80-89 mmHg and either diabetes or
prediabetes. After assessing the association between BP
categories and the risk of all-cause mortality and cardio-
vascular mortality, we further analyzed the risk of mor-
tality by combining BP categories with blood glucose
categories. As expected, we found that individuals with
a BP>140/90 mmHg (or treated) and diabetes had the
highest incidence of all-cause mortality (HR 4.51) and
cardiovascular mortality (HR 12.0). Of note, individuals
with a BP of 130-139/80-89 mmHg combined with dia-
betes had a 3.26 times higher risk of all-cause mortality
and a 9.53 times higher risk of cardiovascular mortality.
Interestingly, a BP of 130-139/80-89 mmHg combined
with prediabetes did not show an increased risk of
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all-cause and cardiovascular mortality in both crude and
adjusted models. To our knowledge, this study provides
the first data on the occurrence of all-cause and cardio-
vascular mortality among Chinese adults with a BP of
130-139/80-89 mmHg and either diabetes or prediabe-
tes in a population-based prospective cohort.

BP target in individuals with prediabetes

Prediabetes is an intermediate glycemic state between
normal glycemia and diabetes, and it affects about half of
the population in China. There is inconsistent association
between prediabetes and CVD disease, as well as cardio-
vascular and all-cause mortality [39, 40]. The associa-
tion between prediabetes and CVD risk may be affected
by hypertension status. Two earlier studies conducted
in China showed that individuals with prediabetes and
hypertension had a higher risk of CVD events compared
to those without prediabetes or hypertension [18, 41].
However, a recent study conducted on 3,313 black adults
in the Jackson Heart Study (JHS) without diabetes or a
history of CVD at baseline found that prediabetes was
not associated with an increased risk of cardiovascular or
all-cause mortality, regardless of hypertension status [42].
The present study shows that individuals with prediabe-
tes combined with a BP of >2140/90 mmHg or who are
being treated for hypertension indeed have a higher risk
of cardiovascular and all-cause mortality.

Strengths and limitations

Our study should be interpreted within the context of
its strengths and limitations. One of the strengths of our
study is a population-based prospective cohort with the
extensive follow-up period of 21 years, allowing us to
track outcomes over a long period of time. However, it is
important to acknowledge the limitations of our analyses
as well. Firstly, not all participants underwent a baseline
HbAlc test in 2002, which may have resulted in some
cases of diabetes being missed if they were only detected
by HbAlc. This potential oversight could have affected
the overall picture of diabetes prevalence in our study.
Nevertheless, it is worth noting that the clinical diagno-
sis of both prediabetes and diabetes was primarily based
on FPG and 2hPG levels. HbAlc was not included in the
diagnostic criteria until 2010, so our findings are based
on the established criteria at the time of the study. Sec-
ondly, our study used office BP measurements instead of
24-hour ambulatory BP monitoring. It has been shown
that 24-h ambulatory systolic BP, but not office BP, is
independently associated with cardiac remodeling, coro-
nary microvascular dysfunction, and diastolic dysfunc-
tion among asymptomatic individuals with Diabetes
Mellitus [43]. Thirdly, our study has a relatively small
sample size and includes participants who are relatively
young. Despite a follow-up period of over 20 years, the
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number of deaths in certain subgroups is still low. This
limitation may result in the analysis lacking sufficient sta-
tistical power for these subgroups. Given the relatively
small sample size in this study, we are unable to distin-
guish statistically whether the observed risk is primarily
attributed to blood pressure or diabetes. However, we
can observe the additive effect of both blood pressure
and diabetes status. Forth, since serum creatinine and
urinary albumin levels were not measured at baseline, it
was not possible to evaluate the related information of
chronic kidney disease in participants with a BP of 130-
139/80-89 mmHg. Finally, it is important to note that
this study is solely observational in nature. Therefore,
further research in the form of randomized controlled
clinical trials is needed to evaluate the potential benefits
derived from antihypertensive treatment among this spe-
cific patient population.

Conclusions

In conclusion, our findings of this study suggest that indi-
viduals with diabetes and a BP of 130-139/80-89 mmHg
may face a significantly higher risk of all-cause and car-
diovascular mortality over an extended follow-up period
of more than 20 years. This highlights the importance of
maintaining a target BP level below 130/80 mmHg for
individuals with diabetes.
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