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Abstract

Background: Reliable quantification of the relationship between hypertension and diabetes risk is limited, especially
among Chinese people. We aimed to investigate the association between hypertension and the risk of diabetes in a
large cohort of the Chinese population.

Methods: This was a retrospective propensity score-matched cohort study among 211,809 Chinese adults without
diabetes at baseline between 2010 and 2016. The target independent and dependent variable were hypertension at
baseline and incident diabetes during follow-up respectively. The propensity score matching using a non-parsimonious
multivariable logistic regression was conducted to balance the confounders between 28,711 hypertensive patients and
28,711 non-hypertensive participants. The doubly robust estimation method was used to investigate the association
between hypertension and diabetes.

Results: In the propensity-score matching cohort, diabetes risk increased by 11.0% among hypertensive patients (HR =
1.110, 95% confidence interval (Cl): 1.031-1.195, P = 0.00539). And diabetes risk dropped to 83% among hypertensive
subjects after adjusting for the propensity score (HR = 1.083, 95%Cl: 1.006-1.166, P=0.03367). Compared to non-
hypertensive participants with low propensity score, the risk of incident diabetes increased by 2.646 times among
hypertensive patients with high propensity score (HR = 3.646, 95%Cl: 2.635-5.045, P < 0.0001).

Conclusion: Hypertension was associated with an 11.0% increase in the risk of developing diabetes in Chinese adults.
And the figure dropped to 8.3% after adjusting the propensity score. Additionally, compared to non-hypertensive
participants with low propensity scores, the risk of incident diabetes increased by 2.646 times among hypertensive
patients with high propensity scores.
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Background

Diabetes mellitus is an important global public health
problem with high morbidity and disability. The World
Health Organization estimated that the prevalence of
diabetes in adults was 8.5% in 2016 [1]. Due to the aging
population and unhealthy lifestyles, the prevalence of
diabetes worldwide tends to continue to rise. The global
diabetes prevalence in 2019 was estimated to be 9.3%
(463 million people), rising to 10.2% (578 million) by
2030 and 10.9% (700 million) by 2045 [2]. It is a debili-
tating chronic epidemic with potentially various compli-
cations. Diabetes can mediate multiple organ damage,
leading to cardiovascular events, kidney disease and
cerebrovascular complications [3-5]. Consequently, the
high morbidity of diabetes has important social, eco-
nomic and developmental implications worldwide.

American Diabetes Association (ADA) position state-
ment showed that hypertension and diabetes common co-
exist in the same individual, which depends on the type of
diabetes, age, gender, race/ethnicity, body mass index, and
the presence of kidney disease, among other factors [6-9].
The two diseases have etiological aspects in common,
such as obesity, inflammation, oxidative stress, insulin re-
sistance, and factors associated with increased micro-
vascular and macrovascular impairment [10]. Diabetes
mellitus is more frequent in hypertensive than normoten-
sive subjects [11-13]. Therefore, hypertension may be
considered among the greatest provoking factors for inci-
dent diabetes. Furthermore, uncontrolled blood pressure
was associated with a two-fold increased risk of incident
diabetes in treated hypertensive patients [14]. A study ex-
tending the findings showed the presence of hypertensive
target organ damage increased the risk of developing dia-
betes [15]. Despite the evidence linking hypertension and
incident diabetes, published studies on the impact of
hypertension on the development of diabetes have pro-
vided conflicting findings. Although some studies have
demonstrated an increased risk of diabetes in patients
with hypertension, others have observed that after adjust-
ment for some covariates, blood pressure has no signifi-
cant effect on the risk of the subsequent development of
diabetes [16—19]. Given these discrepant findings, most of
these studies recruited a relatively small number of pa-
tients from a single center, and they did not ensure bal-
ance in measured confounders.

The traditional parsimonious regression model used in
previous studies could result in bias because of unmeas-
ured or residual confounding or the overfitting of the
model [20], potentially preventing identification of the
association between hypertension and incident diabetes.
However, the propensity score is a conditional probabil-
ity of having a particular exposure given a set of mea-
sured covariates at baseline. Propensity score matching
is useful in such studies in which there are many
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covariates potentially confounding a rare outcome, and
there are resource constraints that prevent the conduc-
tion of randomized clinical trials [21]. Therefore, a large
cohort study, using propensity score-matched (PSM)
data to estimate the association between hypertension
and incident diabetes should be conducted, using real-
world data from 211,809 Chinese adults across 32 sites
and 11 cities between 2010 and 2016.

Methods
Study design and data source
This retrospective cohort study was based on a comput-
erized database established by the Rich Healthcare
Group in China, namely, the ‘DATADRYAD’ database
(www.Datadryad.org). We downloaded the raw data for
free from the site, provided by Chen et al. [22] from: As-
sociation of body mass index and age with incident dia-
betes in Chinese adults: a population-based cohort
study. Dryad Digital Repository. https://doi.org/10.1136/
bmjopen-2018-021768). The original study enrolled a
total of 685,277 Chinese persons =20 years old with at
least two visits from 2010 to 2016 across 32 sites and 11
cities in China (Shanghai, Beijing, Nanjing, Suzhou,
Shenzhen, Changzhou, Chengdu, Guangzhou, Hefei,
Wuhan, Nantong). Cohort entry was defined as the date
of the initial visit. In each visit to the health check cen-
ter, participants completed a detailed questionnaire
assessing demographic, lifestyle and family history of
chronic disease. The trained staff conducted the clinical
measurements, including body weight, height, blood
pressure. Biochemical tests about fasting plasma glucose
(FPQ), triglyceride (TG), total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), serum creatinine (Scr),
serum urea nitrogen (BUN), alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) were per-
formed on an autoanalyzer (Beckman 5800). Body mass
index (BMI) was equal to the weight divided by the
square of height. The estimated glomerular filtration rate
(eGFR) was calculated using the Chronic Kidney Disease
Epidemiology Collaboration equation (CKD-EPI). The
data were collected under standardized conditions and
performed in accordance with uniform procedures. La-
boratory methods also were carefully standardized
through stringent internal and external quality controls.
The authors of the original study have waived all copy-
right and related ownership of the raw data. Therefore, we
could use these data for secondary analysis without infrin-
ging on the authors’ rights. Furthermore, the original study
was approved by the Rich Healthcare Group Review Board,
and the information was retrieved retrospectively. And the
original study was conducted in accordance with the Dec-
laration of Helsinki, so did this secondary research [22].
The data are anonymous, and the requirement for
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informed consent was waived by the Rich Healthcare
Group Review Board due to the observational nature
of the study, as reported elsewhere [23, 24].

Study sample

Consistent with the original study, participants were eli-
gible for inclusion in our research aged 20-99 years old
with at least two visits between 2010 and 2016. Partici-
pants were excluded at baseline in the original study, as
follows:(1) no available information on weight, height and
gender; (2) extreme BMI values (< 15kg/m2 or>55kg/
m2, 3) visit intervals <2years; (4) no available fasting
plasma glucose value; (5) participants diagnosed with dia-
betes at baseline and participants with undefined diabetes
status at follow-up. A total of 211,833 participants
remained after applying the exclusion criteria in the ori-
ginal study [22]. In the present study, we further excluded
participants with incomplete blood pressure (n = 24). Fig-
ure 1 depicted the participant’s selection process. Finally,
our study included 211,809 participants for the secondary
analysis. And the baseline characteristics of the included
population and the excluded population were similar.

Outcome measures

The outcome of interest was incident diabetes. Diabetes
mellitus was defined as fasting plasma glucose >7.00
mmol/L and/or self-reported diabetes during the follow-
up period [22]. Patients were censored at the time of
diagnosis of diabetes or the last visit, whichever came
first. Fasting venous blood samples were collected after
at least 10 h fast at each visit. Plasma glucose levels were
measured by the glucose oxidase method.

Exposure of interest and covariates

The exposure of interest was hypertension. Hypertension
was defined as systolic blood pressure (SBP) values =140
mmHg and/or diastolic blood pressure (DBP) values
290 mmHg [25-27]. Blood pressure value was obtained
by trained staff using standard mercury sphygmoma-
nometers through office blood pressure measurements.
Covariates of interest included age, gender, BMI, FPG,
TG, TC, HDL-C, LDL-C, ALT, AST, BUN, eGFR, smok-
ing status, drinking status, family history of diabetes.

Statistical analyses

Continuous variables were expressed as the means +
standard deviations (normal distribution) or medians
(quartiles) (skewed distribution), and categorical variables
were expressed as frequency or percentages. Two-sample
t-tests were used for normally distributed continuous vari-
ables, Wilcoxon rank-sum tests for non-normally distrib-
uted continuous variables, and chi-square tests for
categorical variables [28]. Missing continuous variables
were mainly supplemented by means or median. And
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missing categorical variables in each covariate are consid-
ered as a group.

Considering the differences in the baseline characteris-
tics between eligible participants in hypertension and
non-hypertension groups (Table 1), propensity-score
(PS) matching was used to identify a cohort of patients
with similar baseline characteristics. The propensity
score was estimated using a non-parsimonious multivar-
iable logistic-regression model [29], with hypertension as
the independent variable and all the baseline characteris-
tics outlined in Table 1 as covariates. The variables used
for matching included age, gender, BMI, FPG, TC, TG,
HDL-C, LDL-C, ALT, AST, BUN, eGFR, family history
of diabetes, smoking and drinking status. Matching was
performed with the use of a 1:1 matching protocol with-
out replacement (greedy-matching algorithm), with a
caliper width equal to 0.0005. More stringent caliper was
also attempted but 0.0005 gave the best matching model.
Standardized differences (SD) were estimated for all the
baseline covariates before and after matching to assess
pre-matched imbalance and post-matched balance [30].
Standardized differences of less than 20.0% for a given
covariate indicated a relatively small imbalance. The
person-years of follow-up were calculated from the base-
line interview to the date of incident diabetes or follow-
up interview, whichever came first [31]. We used cumu-
lative incidence and person-years incidence to describe
the incidence rate [32]. Besides, we also used the log-
rank test to compare the Kaplan—Meier hazard ratios
(HR) for incident diabetes. The doubly robust estimation
method, the combination of the multivariate regression
model and a propensity score model, was also applied to
infer the independent associations between blood pres-
sure status and the risk of diabetes [33, 34]. The Cox
proportional-hazards regression model was performed
by adjusting for all covariates in the PS matched cohort.
Prespecified subgroup analyses were performed on the
basis of two types of characteristics. Subgroups were
based on age, gender, BMI, FPG, eGFR, BUN, ALT,
AST, TC, TG, HDL-C, LDL-C, smoking and drinking
status. For the continuous variables, we converted them
to a categorical variable according to the clinical cut
point. Each stratification was adjusted for all the factors,
except for the stratification factor itself. In the subgroup
analyses, only the corresponding matched pairs in the
same subgroup were chosen to maintain the balance of
baseline characteristics between hypertension and non-
hypertension groups. For example, in the subgroup of
participants with FPG < 6.1 mmol/L, only when matched
pairs of hypertensive and non-hypertensive participants
both belong to the FPG < 6.1 mmol/L subgroup, these
participants can be included in the subgroup analysis.
The modifications and interactions of subgroups were
inspected by likelihood ratio tests.
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According to the data source article:

in 2010 - 2016

685,277 Chinese participants >20

years old with at least two visits

473,444 Were excluded
103,946 Had no available weight and

324,233 Had visit intervals

height measurements
1 Had no available information on
gender
152 Had extreme BMI values (<15
kg/m2 or >55 kg/m2)
31,370 Had no available fasting plasma

glucose value

less than 2 years

7,112 Diagnosed with diabetes at
baseline

6,630 Undefined diabetes status at

follow-up

v

211,833 Were included in the original

According to our study:

24 Had incomplete blood pressure

v

29,377 With hypertension

211,809 Were included in study analysis

182,432 Without hypertension

28,711 With hypertension
28,711 Without hypertension

57,422 Were included in propensity-score—matched analysis

Fig. 1 Flowchart of study participants

For sensitivity analyses, the inverse probability of
treatment weights (IPTW) was also calculated using
the estimated propensity scores. IPTW was calculated
as the inverse of the propensity score for hypertensive
patients and as the inverse of (1- propensity score)
for the non-hypertensive patients. IPTW model was
used to generate a weighted cohort [34]. We con-
ducted a series of sensitivity analyses to evaluate the
robustness of the findings of the study and how our

conclusions can be affected by applying various asso-
ciation inference models. We added two association
inference models in the original cohort and the
weighted cohort in the sensitivity analysis. The calcu-
lated effect sizes and p values from all these models
were reported and compared. All results are reported
according to the STROBE statement [35, 36].

All of the analyses were performed with the statistical soft-
ware package R (http://www.R-projectorg, The R
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Table 1 Baseline characteristics before and after propensity-score matching in the original cohort
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Characteristic

Hypertension

Before Matching

Non-hypertension

SD (100%)

Hypertension

After Matching

Non-hypertension

SD (100%)

Participants
Age (years)
Gender

Male

Female

BMI (Kg/m2)
FPG (mmol/L)
TC (mmol/L)
TG (mmol/L)
ALT (U/L)
BUN (mmol/L)

eGFR (ml/min/1.73 mA?2)

HDL-C (mmol/L)
<1.04

21.04

Not recorded
LDL-C (mmol/L)
<4.14

2414

Not recorded
AST (U/D)

<40

240

Not recorded
Smoking status
Current smoker
Ever smoker
Never smoker
Not recorded
Drinking status
Current drinker
Ever drinker
Never drinker

Not recorded

Family history of diabetes

No

Yes

29377
51.53+ 1484

20410 (69.48%)
8967 (30.52%)
2529+341
5.15+066
5.00+0.93

143 (1.00-2.11)
22.30 (16.00-34.00)
490+1.20
101.79+£17.04

2539 (8.64%)
15,014 (51.11%)
11,824 (40.25%)

16,977 (57.79%)
938 (3.19%)
11,462 (39.02%)

11,740 (39.96%)
1010 (3.44%)
16,627 (56.60%)

1984 (6.75%)
364 (1.24%)
5432 (18.49%)
21,597 (73.52%)

335 (1.14%)
1217 (4.14%)
6228 (21.20%)
21,597 (73.52%)

28,934 (98.49%)
443 (1.51%)

182432
4058 £11.56

95,702 (52.46%)
86,730 (47.54%)
2291 +321
4.88+0.59

4.66 + 087

1.03 (0.71-1.50)
17.50 (12.50-26.10)
462+1.11
111.38 +14.86

11,777 (6.46%)
87,923 (48.19%)
82,732 (45.35%)

97,295 (53.33%)
3184 (1.75%)
81,953 (44.92%)

72,694 (39.85%)
3086 (1.69%)
106,652 (58.46%)

10,090 (5.53%)
2195 (1.20%)
40,161 (22.01%)
129,986 (71.25%)

1016 (0.56%)
7739 (4.24%)
43,691 (23.95%)
129,986 (71.25%)

178,532 (97.86%)
3900 (2.14%)

82.0
350

720
43.0
37.0
44.0
270
240
60.0

9.0

50

28,711
51.05+ 1457

19,858 (69.17%)
8853 (30.83%)
2520£335
5.14+066

499+ 093

1420 (1.00-2.10)
22.30 (16.00-34.00)
489+1.19
10219+ 16.85

2481 (8.64%)
14,662 (51.07%)
11,568 (40.29%)

16,557 (57.67%)
912 (3.18%)
11,242 (39.15%)

11,460 (39.92%)
970 (3.38%)
16,281 (56.70%)

1962 (6.83%)
363 (1.26%)
5312 (18.50%)
21,074 (73.40%)

331 (1.15%)
1200 (4.18%)
6106 (21.27%)
21,074 (73.40%)

28,271 (98.47%)
440 (1.53%)

28,711
4860 +13.81

28,290 (98.53%)
421 (1.47%)
2519+333
513+064
488093

143 (1.00-2.16)
24.60 (17.90-37.00)
482+1.11
111.83£15.99

3078 (10.72%)
12,104 (42.16%)
13,529 (47.12%)

14,838 (51.68%)
716 (2.49%)
13,157 (45.83%)

11,145 (38.82%)
1051 (3.66%)
16,515 (57.52%)

3196 (11.13%)
526 (1.83%)
5190 (18.08%)
19,799 (68.96%)

416 (1.45%)
1786 (6.22%)
6710 (23.37%)
19,799 (68.96%)

28,393 (98.89%)
318 (1.11%)

17.2
87.0

03

1.6

42

124

54
587

25

3.7

Values are n (%) or mean + SD

SD Standardized differences, BMI Body mass index, FPG Fasting plasma glucose, ALT Alanine aminotransferase, AST Aspartate aminotransferase, TC Total
cholesterol, TG Triglyceride, HDL-C High-density lipoprotein cholesterol, LDL-C Low-density lipid cholesterol, BUN Serum urea nitrogen, eGFR Estimated glomerular

filtration rate
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Foundation) and Empower-Stats (http://www.empowerstats.
com, X&Y Solutions, Inc., Boston, MA). The tests were 2-
tailed, and P < 0.05 was taken as statistically significant.

Results

Study population

We identified 211,809 participates (54.82% men and
45.18% women) who met our inclusion criteria (Fig. 1)
of whom 29,377 (13.87%) with hypertension and 182,432
(86.13%) without hypertension. The mean age of the
population was 42.10 + 12.65 years. A total of 4173 par-
ticipants developed diabetes during the median follow-
up of 3.12 years. Before propensity-score matching, there
were differences in several baseline characteristics be-
tween the hypertensive and non-hypertensive groups
(Table 1). We found that participants with hypertension
generally had higher age, BMI, FPG, TC, TG, ALT and
BUN. Participants with hypertension also had a higher
percentage of males and higher rates of current smokers
and drinkers. With the use of one-to-one propensity-
score matching, 28,711 hypertensive patients matched
with 28,711 non-hypertensive subjects. After matching,
the standardized differences were less than 20.0% for al-
most all variables, indicating that the propensity scores
were well matched. Namely, there were only small differ-
ences in baseline characteristics between hypertensive
and non-hypertensive groups. In addition, there were
only small differences in baseline characteristics between
the two groups in the weighted cohort. (Table S1).
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The incidence rate of diabetes

Table 2 showed the incidence of diabetes by hyper-
tension exposure before and after propensity-score
matching. Before propensity-score matching, a total of
4173 participants developed diabetes during follow-up.
The incidence rate of diabetes was 630.947 per 100,
000 person-years in the overall population, 1693.144
per 100,000 person-years in the hypertensive group
and 460.303 per 100,000 person-years in the non-
hypertensive group. The corresponding cumulative in-
cidence of diabetes in the hypertension and non-
hypertension groups was 5.276% (5.021-5.532%) and
1.438% (1.383-1.492%), respectively. This difference in
the morbidity between the two groups changed sig-
nificantly after the PS-matching procedure (1576.280
per 100,000 person-years among the overall popula-
tion, 1614.820 per 100,000 person-years among the
hypertensive subjects and 1538.463 per 100,000
person-years among the non-hypertensive subjects).
The corresponding cumulative incidence in the hyper-
tension and non-hypertension group was 5.033%
(4.780-5.286%) and 4.887% (4.637-5.136%), respect-
ively. Besides, we assigned participants into subgroups
based on propensity score tertile. Compared with
those in a low propensity score level, participants
with an increased propensity score level had a higher
cumulative incidence in the original cohort (p for

trend<0.00001). The correlation still exists in the
propensity-score matching cohort (p for trend<
0.00001).

Table 2 Incidence rate of incident diabetes before and after propensity-score matching

Variable Participants(n) DM events(n)

Cumulative incidence (%) (95% Cl) Per 100,000 person-year

Before Matching

Total 211,809 4173 1.970 (1.911-2.029) 630.947

Hypertension 29,377 1550 5276 (5.021-5.532) 1693.144

Non-hypertension 182,432 2623 1438 (1.383-1.492) 460.303
PS Tertile

Low 70,603 74 0.105 (0.081-0.129) 33.556

Medium 70,603 386 0.547 (0.492-0.601) 174.786

High 70,603 3713 5.094 (5.083-5.424) 1687.506

After Matching

Total 57422 2848 4.960 (4.782-5.137) 1576.280

Hypertension 28,711 1445 5.033 (4.780-5.286) 1614.820

Non-hypertension 28,711 1403 4.887 (4.637-5.136) 1538463
PS Tertile

Low 19,141 130 0.679 (0.563-0.796) 214725

Medium 19,140 757 3955 (3.679-4.231) 1253.956

High 19,141 1961 10.245 (9.815-10.675) 3280.833

Cl Confidence interval, DM Diabetes mellitus, PS Propensity score
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Kaplan—Meier analysis demonstrated that participants
with hypertension had a higher incidence of diabetes
than those without hypertension in the original cohort
(P <0.0001). After propensity-score matching, the differ-
ence in morbidity between the two groups reduced sig-
nificantly (Fig. 2).

Association between hypertension and incident diabetes
We used the Cox proportional hazard regression model
to evaluate the associations between hypertension and
incident diabetes in the propensity—score—matched co-
hort. We simultaneously showed the results from un-
adjusted, minimally adjusted analysis, fully adjusted
analysis and propensity-score adjusted analysis (Table 3).
In crude model, hypertension had a significant correl-
ation with incident diabetes (HR = 1.110, 95% confidence
interval (CI): 1.031-1.195, P =0.00539). That is, the risk
of developing diabetes increased by 11.0% among hyper-
tensive participants than those without hypertension. In
the minimally adjusted model (adjusted age, gender,
BMI, family history of diabetes, smoking and drinking
status), the correlation still existed (HR: 1.047, 95%CI:
0.968-1.132, P =0.25159). After adjusting for the full co-
variates (age, gender, BMI, FPG, TC, TG, HDL-C, LDL-
C, ALT, AST, BUN, eGFR, family history of diabetes,
smoking and drinking status), we could also detect the
connection, herewith, which was not statistically signifi-
cant (HR =1.069, 95%CI: 0.988-1.157, P =0.09924). In
the propensity-score adjusted model, the risk of develop-
ing diabetes dropped to 8.3% in the population with
hypertension (HR=1.083, 95%CIL: 1.006-1.166, P =
0.03367). Additionally, we explored the relation of other
blood pressure indicators (SBP, DBP, pulse pressure,
mean arterial pressure and hypertension grade) with in-
cident diabetes in the original cohort, the propensity-
score matching cohort and the weighted cohort. The re-
sults showed that all these blood pressure indicators are
positively related to the risk of diabetes. And the risk of
incident diabetes increased as the grade of hypertension
increased. (Table S2).

Subgroup analysis

We used a subgroup analysis to detect the effect of po-
tential confounders which may affect the relationship
between hypertension and incident diabetes. We treated
age, gender, BMI, FPG, eGFR, BUN, ALT, AST, TC, TG,
HDL-C, LDL-C, smoking and drinking status as the
stratification variables to evaluate the trend of effect
sizes in these variables. Table 4 showed that none of the
interactions were observed based on our prior specifica-
tion. The analysis revealed that the variables listed above
would not affect the association between hypertension
and incident diabetes after propensity-score matching.
However, we detected the interaction based on
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propensity score tertile (Fig. 3). Specifically, with refer-
ence to the non-hypertensive population with the low
propensity score level, the hazard ratios of low, medium
and high propensity score levels in the hypertensive
population were 1.138 (0.800, 1.618), 3.281 (2.444, 4.405)
and 3.646 (2.635, 5.045), respectively. Thus, there was a
stronger association between hypertension and incident
diabetes in the population with a high propensity score
level.

Sensitivity analysis

We used inverse probability of treatment weights
(IPTW) to generate a weighted cohort. To ensure the
robustness of the results, we performed the Cox propor-
tional hazard regression model to assess the relationship
between hypertension and incident diabetes in the ori-
ginal cohort and the weighted cohort, respectively.
Table 5 simultaneously showed the unadjusted, minim-
ally and fully adjusted models in these two cohorts. We
found that hypertension was associated with the likeli-
hood of developing diabetes in both the original cohort
and the weighted cohort. Compared with the non-
hypertensive group in the full model, the risk of diabetes
in the hypertensive group increased by 11.9% in the ori-
ginal cohort (HR=1.119, 95%CI: 1.046-1.198, P-=
0.00110) and 20.1% in the weighted cohort (HR =1.201,
95%CI: 1.151-1.252, P < < 0.00001), respectively.

Discussion

The one-to-one propensity score-matched cohort study
showed that hypertension was related to a higher risk of
developing diabetes in Chinese adults. After propensity-
score matching, hypertension had a significant correl-
ation with incident diabetes and the risk of developing
diabetes increased by 11.0% in the population with
hypertension (HR =1.110, 95% confidence interval (CI):
1.031-1.195, P =0.00539). And the figure dropped to
8.3% after adjusting the propensity score. Subgroup ana-
lysis helped us to better understand the relationship be-
tween hypertension and incident diabetes in different
populations. And we found a stronger association in the
population with a high propensity score level. The cor-
relation also exists both in the original cohort and the
weighted cohort.

Hypertension and diabetes share common risk factors
and frequently coexist. However, there is no consensus
on the association between high blood pressure and the
risk of new-onset diabetes. Meanwhile, few such studies
have been conducted in the Chinese population. In a
study based on a cohort of 4.1 million adults published
in the Journal of the American College of Cardiology,
every 20 mmHg higher systolic blood pressure (SBP) was
associated with a 58% higher risk of type 2 diabetes mel-
litus (T2DM) (HR: 1.58; 95% CI: 1.56—1.59), whereas
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Table 3 Relationship hypertension and incident diabetes in different models

Variable Crude model (HR,95%Cl,P)

Model | (HR,95%Cl,P)

Model Il (HR,95%CI,P) Model 11l (HR,95%Cl,P)

Non-hypertension Ref. Ref.

Hypertension 1.110 (1.031, 1.195) 0.00539

1.047 (0.968, 1.132) 0.25159

Ref. Ref.
1.069 (0.988, 1.157) 0.09924 1.083 (1.006, 1.166) 0.03367

Crude model: we did not adjust other covariates

Model I: we adjust age, gender, BMI, family history of diabetes, smoking and drinking status
Model II: we adjust age, gender, BMI, FPG, TC, TG, HDL-C, LDL-C, ALT, AST, BUN, eGFR, family history of diabetes, smoking and drinking status

Model lll: we adjust propensity score
HR Hazard ratios, Cl Confidence interval, Ref Reference

every 10 mmHg higher diastolic blood pressure (DBP)
was associated with a 52% higher risk of new-onset
T2DM (HR: 1.52; 95% CI: 1.51-1.54) [37]. In the Korean
genome and epidemiology study, after adjusting for
some anthropometric factors, family history of diabetes
and biochemical parameters, people with baseline hyper-
tension were at higher risk of developing diabetes than
the normotensive population. Specifically, in the Grade 1
hypertension group (SBP/DBP 140-159/90-99 mmHg),
people had a 26% increased risk of developing diabetes
(HR 1.26; 95% CI, 1.04—1.54), in the Grade 2 and 3
hypertension group (SBP/DBP =160/100 mmHg), people
increase their risk of diabetes by 60% (HR 1.60; 95% CI,
1.30-1.96) [38]. In a population-based prospective co-
hort study among 10,038 participants in Korea, the re-
searchers found that compared with subjects with
normal baseline blood pressure, people with baseline
hypertension had a 51% higher risk of developing dia-
betes [39]. To the best of our knowledge, antihyperten-
sive drugs may associate with the risk of incident
diabetes [40]. However, several studies demonstrated
that the increased risk of developing diabetes in
people with hypertension is due to hypertension itself,
given that the increased risk of diabetes persists after
adjusting for specific antihypertensive treatments [6,
14]. And a study showed that for the hypertensive
population under the antihypertensive treatment, SBP
control in the range of 120 to <130 mmHg, compared
with the 130 to <140 mmHg, was associated with a
lower risk of incident diabetes [41]. In contrast, other
studies reached inconsistent results that there was no
significant association between blood pressure and the
risk of incident diabetes after adjusting for some co-
variates [42-44]. We analyzed these inconsistent find-
ings, and we speculated that the different results
might be caused by the following factors: (1) the re-
search population was different, including race, gen-
der and age. (2) sample sizes in these studies varied
widely. (3) these studies adjusted for different covari-
ates which may affect the relationship between high
blood pressure and diabetes risk. (4) The follow-up
years varied greatly, affecting the incidence of incident
diabetes. Our findings add to the existing literature,
which supported the hypothesis that hypertension in-
creased the risk of incident diabetes. Antihypertensive

treatment helps control blood pressure at a relatively
low level, reducing the risk of diabetes.

In the present study, the doubly robust estimation
method in the propensity-score matched cohort showed
a significant association between hypertension and inci-
dent diabetes. Hypertension increased the risk of devel-
oping diabetes by 11.0%. And the figure dropped to 8.3%
after adjusting the propensity score. The diabetes risk in
our study was relatively lower than previous researches.
The difference may be that we carried out a propensity-
score matching analysis that minimized potential con-
founders’ effect. Thus the results better showed the rela-
tionship between hypertension and diabetes in the real
world. Besides, the covariates we adjusted were different.
We adjusted more biochemical parameters, including
FPG, TC, TG, HDL-C, LDL-C, ALT, AST, BUN and
eGFR. Evidence showed that those parameters were as-
sociated with hypertension and incident diabetes [45—
47]. Furthermore, our research sample is larger (211,
809) and they were from 32 sites and 11 cities in China,
more representative of the Chinese population. Our re-
sults supported the adverse effect of hypertension on the
occurrence of diabetes. A detailed understanding of
hypertension as a potential risk factor for diabetes will
help us better understand and communicate risks with
patients and lead to more personalized prevention and
management protocols. And the propensity-score
matching analysis has been mainly used to compare dif-
ferent treatment methods in the past [48, 49]. Our re-
search is helpful for the promotion of propensity score
methods in correlation studies.

It is still unclear whether there is a direct causal rela-
tionship between high blood pressure and diabetes risk.
However, there is a substantial overlap between hyperten-
sion and diabetes in etiology and disease mechanisms.
The two diseases share common mediators, including
obesity, endothelial dysfunction, inflammation, oxidative
stress and insulin resistance [10]. In hypertensive people,
the presence of obesity leads to overactivation of the sym-
pathetic nervous and renin-angiotensin-aldosterone sys-
tems, as well as proinflammatory/pro-oxidative
mechanisms, which are related to diabetes [50, 51]. As we
know, hypertension could induce endothelial dysfunction
[52]. The Framingham Offspring Study revealed that some
plasma markers of endothelial dysfunction (such as
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Characteristic No of participants HR (95%Cl) P value P for interaction

Age (years) 0.8253
<45 10,424 1.217 (0.876, 1.691) 0.2420
45-60 9796 1.093 (0.908, 1.315) 0.3490
260 8134 1.047 (0.907, 1.208) 05317

Gender 07122
Male 39,072 1.068 (0.975, 1.170) 0.1587
Female 198 0.847 (0.341, 2.106) 0.7213

BMI (Kg/m?2) 0.2095
<25 16,382 1.038 (0.840, 1.283) 0.7305
2>25,<299 12,466 1.027 (0.899, 1.175) 0.6916
2299 624 0676 (0441, 1.035) 0.0715

FPG (mmol/L) 03394
<6l 48,902 1.162 (1.029, 1.312) 0.0154
26.1 590 1.052 (0.774, 1.430) 0.7455

eGFR (ml/min/1.73 mA2) 0.1310
<90 2316 0.899 (0.678, 1.193) 04616
290 42,158 1.137 (1.026, 1.260) 0.0143

BUN (mmol/L) 0.0675
<71 10,374 0.708 (0476, 1.052) 0.0874
271 26,662 1.053 (0.957, 1.159) 02911

ALT(U/L) 0.7811
<40 36,772 1.102 (0.990, 1.227) 0.0751
=40 2380 1.023 (0.743, 1.409) 0.8886

AST(U/L) 05111
<40 9038 1.123 (0918, 1.373) 0.2607
=40 78 1.011 (0.353, 2.901) 0.9832
Not record 18,880 0.935 (0.819, 1.066) 0.5641

TC (mmol/L) 0.5027
<6.22 48,008 1.092 (0.999, 1.194) 0.0521
26.22 518 0678 (0.312, 1.473) 03257

TG (mmol/L) 0.5843
<266 35,572 1.071 (0.953, 1.203) 02513
2266 3440 0.994 (0.788, 1.255) 0.9612

HDL-C (mmol/L) 0.9791
<1.04 588 0.984 (0474, 2.042) 0.9659
21.04 12,444 1.035 (0.883, 1.212) 06713
Not recorded 11,022 0.953 (0.774, 1.173) 0.6496

LDL-C (mmol/L) 0.1366
<4.14 17,236 1.094 (0.961, 1.245) 0.1758
2414 54 0.000 (0.000, Inf) 0.9999
Not recorded 10,506 1.022 (0.820, 1.274) 0.8449

Smoking status 0.5709
Current/Ever smoker 662 1.295 (0492, 3412) 0.6008
Never smoker 1954 1.134 (0.650, 1.978) 0.6581
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Table 4 Effect size of hypertension on incident diabetes in prespecified and exploratory subgroups (Continued)

Characteristic No of participants HR (95%Cl) P value P for interaction
Not recorded 29,142 1.165 (1.055, 1.287) 0.0026

Drinking status 0.6793
Current/Ever drinker 238 1613 (0.446, 5.832) 0.4656
Never drinker 2944 1.043 (0.734, 1.481) 0.8139
Not recorded 29,142 1.165 (1.055, 1.287) 0.0026

Note 1: Above models adjusted for age, gender, BMI, FPG, TC, TG, HDL-C, LDL-C, ALT, AST, BUN, eGFR, family history of diabetes, smoking and drinking status

Note 2: In each case, the model is not adjusted for the stratification variable

BMI Body mass index, FPG Fasting plasma glucose, eGFR Estimated glomerular filtration rate, BUN Serum urea nitrogen, ALT Alanine aminotransferase, AST
Aspartate aminotransferase, TC Total cholesterol, TG, Triglyceride, HDL-C High-density lipoprotein cholesterol, LDL-C Low-density lipid cholesterol, HR Hazard ratios,

Cl Confidence interval

plasminogen activator inhibitor-1 antigen and von Willeb-
rand factor antigen) were associated with an increased risk
of new-onset diabetes independent of other diabetes risk
factors including obesity, insulin resistance, and inflamma-
tion [53]. Besides, endothelial dysfunction could inhibit
NO synthase and reduce NO bioavailability which is a
crucial factor for the vasodilator action [54]. Therefore,
endothelial dysfunction reduces vasodilation and increases
vascular resistance, limiting insulin and glucose delivery in
the sensitive tissues (ie, skeletal muscle, liver, and adipose
tissue) and blunts insulin-stimulated glucose uptake [10,
55]. There was a low-grade inflammatory reaction in pa-
tients with diabetes and hypertension [56, 57]. High blood
pressure increases inflammatory markers, such as C-
reactive protein, interleukin 6 and adhesion molecules re-
lated to the insulin signaling pathway and B-cell function,
and further leads to the incident diabetes [58, 59]. In
addition, oxidative stress-related cytokines (interleukin-1,
interleukin-6 and tumor necrosis factor-a) could modify
glucose metabolism, which may contribute to the patho-
physiology of diabetes mellitus [60].

P for interaction=0.0417

3.281(2.444.4.405) 36462635, 5.045)

3.584 941)
2,593 ( 3

8)
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1(Re Hypertension

Non-hypertension
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Fig. 3 Three-dimensional bar graph for association between hypertension
and non-hypertension with diabetes based on propensity score. A three-
dimensional bar graph for association between hypertension and non-
hypertension with diabetes based on propensity score in the propensity-
score matching cohort after adjusting age, gender, BMI, FPG, TC, TG, HDL-C,
LDL-C, ALT, AST, BUN, eGFR, family history of diabetes, smoking and
drinking status. PS, Propensity-score; HR, Hazard ratios; Cl, Confidence
interval; Ref, reference

Our study has some strengths. To our knowledge, so
far, there are few cohort studies using propensity score
matching to explore the relation of hypertension with in-
cident diabetes. Propensity-score matching balances the
distribution of measured baseline covariates to minimize
measured confounding factors. Compared with other
statistical methods, since the effectiveness of propensity
score matching is calculated based on the average differ-
ence between matched individuals, it does not need to
make any assumptions about the correlation between
the dependent and explanatory variables. Meanwhile, we
evaluate the relationship among comparable individuals
so that our results were relatively more convincing. Fur-
thermore, as the study was an observational study that
was susceptible to the potential confusion, we also used
strict statistical adjustment to further minimize residual
confounders’ effect. So far, the propensity score adjust-
ment model we conducted is rarely used. Additionally,
we performed the effect modifier factor analysis to ex-
plore other potential risks of the associations between
hypertension and incident diabetes in different sub-
groups. It is worth mentioning that we conducted a set
of sensitivity analysis to ensure the reliability of the re-
sults, especially we used the inverse probability of treat-
ment weights (IPTW) to generate a weighted cohort and
further detected the association between hypertension
and diabetes in the weighted cohort. Moreover, our sam-
ple size was relatively large compared to most previous
similar studies, and the participants came from multiple
centers.

Conversely, some limitations of our study should be
noted. First of all, as the study participants were
Chinese, studies of other races are needed in order to
confirm that our findings can be extended to other
populations. Second, we cannot obtain other import-
ant variables from the electronic database, such as the
history of hypertension, antihypertensive drugs,
change trajectory of blood pressure, fat distribution
and weight changes (waist circumference and waist—
hip ratio). And hypertension was diagnosed based on
baseline blood pressure in our study. And the
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Table 5 Relationship hypertension and incident diabetes in different models of the original and the weighted cohort

Variable Crude model (HR,95%Cl, P)

Model | (HR,95%Cl, P) Model Il (HR,95%Cl, P)

Non-hypertension Ref.

3.745 (3.517, 3.988) < 0.00001
Crude model (HR,95%Cl, P)
Non-hypertension Ref.

1.148 (1.101, 1.197) < 0.00001

Hypertension
Variable

Hypertension

Ref. Ref.

1.388 (1.296, 1.486) < 0.00001 1.119 (1.046, 1.198) 0.00110
Model I (HR,95%Cl, P) Model Il (HR,95%Cl, P)

Ref. Ref.

1.189 (1.140, 1.240) < 0.00001 1.201 (1.151, 1.252) < 0.00001

A In the original cohort; B In the weighted cohort
Crude model: we did not adjust other covariates

Model I: we adjust age, gender, BMI, family history of diabetes, smoking and drinking status
Model II: we adjust age, gender, BMI, FPG, TC, TG, HDL-C, LDL-C, ALT, AST, BUN, eGFR, family history of diabetes, smoking and drinking status

HR Hazard ratios, Cl Confidence interval, Ref Reference

information about those patients with blood pres-
sure < 140/90 under the antihypertensive treatment in
primary study was not provided. Thus, the diagnostic
criteria for hypertension in our study may underesti-
mate the prevalence of hypertension. In the future,
we can consider designing our studies or collaborat-
ing with other researchers to collect as many variables
as possible. Third, the researchers did not conduct a
2-h oral glucose tolerance test. A study showed that
just 55% of diabetic patients were diagnosed by test-
ing fasting blood glucose alone in Asians [61]. Thus,
the diagnostic criteria for diabetes in our study may
underestimate the true prevalence of diabetes. How-
ever, a 2-h oral glucose tolerance test for all partici-
pants was not feasible in such a large cohort. Fourth,
the raw data did not distinguish between type 1 and
type 2 diabetes. However, type 2 diabetes is the most
common kind of diabetes, accounting for approxi-
mately 95% of diabetes patients. Therefore, our re-
search findings are approximately representative of
type 2 diabetes [32]. And the raw data did not distin-
guish between primary (essential) and secondary
(symptomatic) hypertension. Considering that primary
(essential) hypertension is accounting for approxi-
mately 95% of patients with hypertension, so the etio-
logical type of arterial hypertension in the study
refers to primary (essential) hypertension [62]. Fifth,
propensity score matching can ensure a balance of
measured confounding factors but not unmeasured
confounding factors. And although propensity score
matching was performed based on baseline covariates
to minimize measured confounders, it does not en-
sure that all measured baseline characteristics will
match, such as gender. But we reduced the caliper
width to 0.0005 to minimize the interference of some
variables on the results. And more stringent caliper
was also attempted but 0.0005 gave the best matching
model. Sixth, this is an observational study that pro-
vides an inference of association rather than estab-
lishes a causal relationship between hypertension and
diabetes. Therefore, our findings need to be

interpreted cautiously and need to be further vali-
dated by prospective research.

Conclusion

After propensity-score matching, hypertension was associ-
ated with an 11.0% increase in the risk of developing dia-
betes in Chinese adults. And the figure dropped to 8.3%
after adjusting the propensity score. In addition, there was
a stronger association in the population with a high pro-
pensity score level. Compared to non-hypertensive partici-
pants with low propensity scores, the risk of incident
diabetes increased by 2.646 times among hypertensive pa-
tients with high propensity scores. Blood pressure is a po-
tentially modifiable risk factor in terms of interventions
aiming to prevent incident diabetes.
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