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Purpose: Here, we sought to determine the association between pulse pressure difference 
and the incidence of type 2 diabetes mellitus (T2DM) in Chinese people.
Methods: This study involved 211,814 participants among whom 4156 had been diagnosed 
with T2DM. The correlation between pulse pressure difference and T2DM incidence in 
Chinese people was determined by multivariate analysis. A smooth curve fitting diagram was 
then used to explore correlation between pulse pressure difference and T2DM incidence. 
Finally, the inflection point in the correlation between pulse pressure difference and the 
T2DM incidence was located by piecewise linear regression.
Results: To understand the relationship, adjustments were made for sex, age, total serum 
cholesterol (TC), fasting blood glucose (FPG), triglyceride (TG), alanine aminotransferase 
(ALT), family history of diabetes, body mass index (BMI), blood urea nitrogen (BUN), 
drinking status, and smoking status. Diabetes incidence increased by 0.3% [HR 1.003 (1.001, 
1.005), p = <0.05] for every 1mmHg increase in pulse pressure difference. Smooth curve 
analysis showed that, when pulse pressure difference was ≤35mmHg, diabetes incidence 
negatively correlated to pulse pressure difference [HR 0.972 (0.953, 0.972) p = 0.053]. 
However, when pulse pressure difference was >35mmHg, diabetes incidence increased with 
increasing pulse pressure difference [HR 1.044 (1.042, 1.047) p = <0.001]. And between 
pulse pressure difference and fasting blood glucose in the final visit, the blood glucose level 
increased with the elevation of pulse pressure.
Conclusion: The risk of diabetes was lowest at about 35mmHg pulse pressure difference.
Keywords: pulse pressure difference, diabetes mellitus incidence, Chinese population, 
cohort study

Introduction
Hypertension and T2DM often occur together. Both are considered risk factors for 
coronary artery disease, which significantly increases heart disease risk.1 It is projected 
that, by the end of 2045, at least 700 million people worldwide will become victims of 
T2DM. T2DM is highly prevalent and inflicts an enormous economic burden 
on patients and countries.2–5 Although T2DM is closely associated with genetic and 
environmental factors, its pathogenesis is still not fully understood. The identification 
of T2DM risk factors is crucial to its prevention and early treatment in high risk groups.

Clinically, pulse pressure (PP) presents with arterial stiffness.6–8 PP generally 
increases with ageing due to arteriosclerosis progression.Compared with those 
without Diabetes Mellitus, T2DM patients intend to be afflicted with higher PP 
and arterial stiffness. And T2DM patients have a greater risk of suffering from 
cardiovascular disease.9–11
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Despite rising numbers of patients with hypertension, 
the reasons underlying this increase are unclear.12–14 

Elevated blood pressure is a risk factor for T2DM.15,16 

However, evidence of association between pulse pressure 
difference and T2DM is lacking. Here, we investigated the 
association of pulse pressure with T2DM incidence.

Materials and Methods
Patient Enrolment
Previously published data17 were analyzed in the present 
study, thus consent to participate was waived. The Chinese 
Rich Healthcare Group Review Board approved this study. 
All procedures conformed to the guidelines of the 
Declaration of Helsinki and Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE).

Data Acquisition
Data were retrieved from DATADRYAD (www.datadryad. 
org), a publicly available database, and had been submitted 
by Chen.17 The data related to age, body mass index 
(BMI), triglyceride (TG), diabetes family history, blood 
urea nitrogen (BUN), sex, smoking status, drinking status, 
fasting plasma glucose (FPG), total cholesterol (TC), ala
nine aminotransferase (ALT), and family history of dia
betes. All medical data of individuals who underwent 
health checks at 32 sites in 11 Chinese cities from 2010 
to 2016 were collected. Each individual was asked to fill in 
a questionnaire at the medical center at each visit. In 
addition, trained investigators collected participants' 
laboratory parameters. Follow up was initiated in 2010 
after health examinations had been completed and ended 
at diabetes occurrence or on 31 December 2016. Follow- 
up interval was >2 years. Data was collected between 2010 
and 2016. The following parameters were measured: 
height, weight, and blood pressure. BMI was given by 
weight (kg), divided by height (m2). Weight and height 
measurements were accurate to 0.1 kg and 0.1 cm, respec
tively. Pulse pressure was given by systolic pressure minus 
diastolic pressure. ALT, TG, BUN, TC, AST, HDL, and 
LDL levels were evaluated using an autoanalyzer 
(Beckman 5800) based on the American Heart 
Association/American College of Cardiology guidelines. 
Blood pressure was measured using standard mercury 
sphygmomanometers. Participants were quiet and rested 
for 5–10 minutes before blood pressure measurement. The 
cuff width of the blood pressure gauge covered two-thirds 

of the length of the upper arm and the length of the sleeve 
was two-thirds of the length of the upper arm.

Study Population
The study involved 685,277 participants who underwent 
at least 2 visits for a physical assessment between 2010 
and 2016 at 32 sites in 11 Chinese cities. Follow up 
began after health examinations had been completed in 
2010 and stopped upon detection of diabetes or on 
31 December 2016. In this retrospective cohort study, 
211,833 participants (95,710 females and 116,123 
males) met the eligibility criteria. Exclusion criteria 
were: (1) incomplete data, including FPG, sex, height, 
and weight, (2) BMI >55kg/m2 or <15 kg/m2, (3) 
<2-year follow-up, and (4) diabetes status unknown or 
presence of diabetes at baseline. Due to a lack of baseline 
SBP or DBP values, 19 participants were excluded, leav
ing 211,814 participants for final data analysis.

Diagnostic Criteria for Diabetes Mellitus 
Based on IDF
FPG ≥7.0mmol/L or −75g anhydrous glucose in oral glu
cose tolerance test (OGTT) 2 hours later two-hour blood 
glucose concentration ≥11.1mmol/l and/ or 75g OGTT 
with FPG ≥7.0 mmol/L.

-HbA1c ≥6.5%/48 mmol/L/mol.

Statistical Analysis
If missing values were continuous variables, they were sup
plemented with the median or mean. Many smoking and 
drinking records were missing and were treated as categori
cal variables. Data are shown as mean±SD or median (inter
quartile) for continuous variables. For categorical variables, 
they are shown as frequencies or percentages. Multiple logis
tic regression models were used to evaluate associations 
between pulse pressure difference and diabetes mellitus inci
dence. Non-adjusted as well as multivariate adjusted models 
were applied. Non-linear relationships were identified by 
generalized additive models (GAM) because PP was 
a continuous variable. In case there was a non-linear correla
tion, the threshold effect of PP on DM incidence in terms of 
the smoothing plot was calculated by a two-piecewise linear 
regression model. If the incidence of DM and PP ratios was 
evident in a smoothed curve, the recursive method was used 
to automatically calculate the inflection point, where the 
maximum model likelihood was used.
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R 3.3.2 (http://www.R-project.org) and Free Statistics 
software versions were used for data analyses. P ≤0.05 
denoted statistical significance.

Results
Baseline Characteristics of Study 
Participants
This study involved 211,814 participants (mean age: 42.1 
years; male: 54.82%) who were considered nondiabetic at 
baseline assessment. Average follow up was 3.12 years, during 
which 4155 participants were diagnosed with T2DM. Basic 
indices, laboratory examinations, and other parameters are 
shown in Table 1. The participants were assigned to subgroups 
based on PP quartiles. With the lowest-level pulse pressure 
difference, the other three groups had higher BMI, fasting 
blood glucose, triglyceride, ALT, Aspartate transaminase, and 
BUN (Table 1).

Multivariate Cox Regression Analysis of 
the Relationship Between Pulse Pressure 
Difference and T2DM
Table 2 shows the HR and 95% CIs for diabetes corre
lation with pulse pressure difference. In the crude 
model, the HR (95% CI) for diabetes correlation with 
pulse pressure difference was 1.040 (1.037–1.042), the 
HR (95% CI) after age and sex adjustments was 1.015 
(1.013–1.017), and HR (95% CI), after adjustment for 
age, BMI, TC, TG, FPG, ALT, BUN, smoking and 
drinking status, gender, and family history of diabetes, 
was 1.003 (1.001–1.005), p = <0.05. This indicated 
that diabetes incidence increased by 0.3% for every 
1mmHg increase in PP. In sensitivity analysis, PP pro
cessing as a categorical variable (quartiles) revealed 
a similar trend (p = 0.038).

Table 1 Baseline Characteristics of the Study Participants

PP Total (n = 211,814) Q1 (n = 50,772) Q2 (n = 54,334) Q3 (n = 48,506) Q4 (n = 58,202) p

Age (years) 42.1 ± 12.6 40.4 ± 10.3 40.6 ± 10.7 41.2 ± 11.8 45.7 ± 15.8 <0.001

Gender, n (%) <0.001

Male 116,114 (54.8) 22,692 (44.7) 27,563 (50.7) 28,744 (59.3) 37,115 (63.8)
Female 95,700 (45.2) 28,080 (55.3) 26,771 (49.3) 19,762 (40.7) 21,087 (36.2)

BMI (kg/m2) 23.2 ± 3.3 22.4 ± 3.2 22.9 ± 3.2 23.4 ± 3.3 24.1 ± 3.4 <0.001
FPG (mmol/L) 4.9 ± 0.6 4.8 ± 0.6 4.9 ± 0.6 4.9 ± 0.6 5.1 ± 0.6 <0.001

Cholesterol (mmol/L) 4.7 ± 0.9 4.6 ± 0.9 4.7 ± 0.9 4.7 ± 0.9 4.8 ± 0.9 <0.001

Triglyceride (mmol/L) 1.1 (0.7, 1.6) 1.0 (0.7, 1.4) 1.0 (0.7, 1.6) 1.1 (0.8, 1.6) 1.2 (0.8, 1.8) <0.001
HDL (mmol/L) 1.4 ± 0.3 1.4 ± 0.3 1.4 ± 0.3 1.4 ± 0.3 1.4 ± 0.3 <0.001

LDL (mmol/L) 2.8 ± 0.7 2.7 ± 0.7 2.7 ± 0.7 2.8 ± 0.7 2.8 ± 0.7 <0.001

ALT (U/L) 24.0 ± 22.1 21.7 ± 21.6 23.0 ± 22.0 24.8 ± 22.1 26.1 ± 22.6 <0.001
AST (U/L) 24.1 ± 12.4 23.2 ± 13.5 23.5 ± 12.6 24.2 ± 11.7 25.2 ± 11.5 <0.001

BUN (mmol/L) 4.7 ± 1.2 4.5 ± 1.2 4.6 ± 1.2 4.7 ± 1.2 4.8 ± 1.2 <0.001

FPG of final visit 5.1 ± 0.7 5.0 ± 0.6 5.1 ± 0.6 5.1 ± 0.7 5.3 ± 0.8 <0.001

Smoking status, n (%) <0.001

Current smoker 12,073 (5.7) 2767 (5.4) 3003 (5.5) 2924 (6) 3379 (5.8)

Ever smoker 2559 (1.2) 526 (1) 625 (1.2) 662 (1.4) 746 (1.3)

Never smoker 45,588 (21.5) 11,266 (22.2) 11,550 (21.3) 10,415 (21.5) 12,357 (21.2)

Drinking status, n (%) <0.001

Current drinker 1351 (0.6) 238 (0.5) 369 (0.7) 306 (0.6) 438 (0.8)

Ever drinker 8955 (4.2) 1868 (3.7) 2215 (4.1) 2303 (4.7) 2569 (4.4)

Never drinker 49,914 (23.6) 12,453 (24.5) 12,594 (23.2) 11,392 (23.5) 13,475 (23.2)

Family history of diabetes <0.001

No 207,472 (98.0) 49,518 (97.5) 53,161 (97.8) 47,535 (98) 57,258 (98.4)

Yes 4342 (2.0) 1254 (2.5) 1173 (2.2) 971 (2) 944 (1.6)

Note: Values are presented as mean ± SD or n (%). 
Abbreviations: BMI, body-mass index; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high- 
density lipoprotein cholesterol; ALT, alanine aminotransferase; AST, aspartate transaminase; PP, pulse pressure; BUN, blood urea nitrogen.
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Relationship Between Pulse Pressure 
Difference and T2DM According to the 
Smooth Curve Fitting Analysis
To evaluate the relationship between pulse pressure dif
ference and DM, restricted cubic spline smoothing curve 
fitting was adopted in subsequent analysis (Figure 1) 
and revealed that PP and T2DM do not have a simple 

linear relationship. Threshold effect analysis using pie
cewise linear regression (Table 3) showed that, when PP 
was ≤35mmHg, the incidence of T2DM negatively cor
related with PP [HR 0.972 (0.953,0.972) p = 0.053]. 
However, when the PP was >35mmHg, T2DM incidence 
increased with increasing PP [HR 1.044 (1.042, 1.047) 
p <0.001]. This analysis indicated that the risk of T2DM 

Table 2 Relationship Between PP and Risk of Diabetes

Variable Model I (HR, 95% CI, P) p Model II (HR, 95% CI, P) p Model III HR, 95% CI, P) p

pp 1.040 (1.037,1.042) <0.001 1.015 (1.013,1.017) <0.001 1.003 (1.001,1.005) <0.05

PP (quartile)

Q 1 Ref Ref Ref
Q 2 1.205 (1.085~1.339) <0.001 1.153 (1.037~1.281) 0.0082 1.036 (0.954~1.193) 0.520

Q 3 1.636 (1.477~1.812) <0.001 1.414 (1.277~1.566) <0.001 1.135 (1.008~1.252) 0.016
Q 4 2.964 (2.708~3.243) <0.001 1.722 (1.569~1.891 <0.001 1.094 (1.002~1.061) 0.038

p for trend <0.001 <0.001 0.038

Notes: Model I: we did not adjust other covariants. Model II: we adjusted age and gender. Model III: we adjusted age, gender, BMI, TC, TG, FPG, ALT, BUN, smoking and 
drinking status, and family history of diabetes.

Figure 1 Relationship between pulse pressure difference and T2DM.
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incidence was lowest when PP was about 35mmHg 
(Figure 1).

Relationship Between Pulse Pressure 
Difference and Blood Glucose Level in 
the Final Follow-Up According to the 
Smooth Curve Fitting Analysis
Fasting blood glucose measured at final follow-up was 
used as the outcome indicator for sensitivity analysis and 
revealed a nonlinear relationship between pulse pressure 
difference and fasting blood glucose at final visit 

(p =<0.001). Blood glucose level at final visit increased 
with rising PP (Figure 2).

Subgroup Analysis
Subgroup analysis was used to explore other risk factors in 
the association between PP and T2DM incidence. 
Adjustment for age, BMI, TC, TG, FPG, ALT, BUN, 
smoking and drinking status, gender, and family history 
of diabetes did not reveal significant interactions between 
family history of diabetes and age. Additive interactions 
were observed in gender. PP exhibited different trends 
between males and females (Table 4).

Discussion
In this retrospective cohort study, adjustment for age, 
BMI, TC, TG, FPG, ALT, BUN, smoking and drinking 
status, gender, and family history of diabetes identified 
increased PP as an independent risk factor for T2DM. 
Further analysis showed a non-linear association between 

Table 3 Relationship Between Pulse Pressure Difference and 
Diabetes

PP HR (95% CI) p

≤35 0.972 (0.953,0.972) 0.053

>35 1.044 (1.042,1.047) <0.001

Figure 2 Relationship between pulse pressure difference and blood glucose level at the final visit.
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PP and T2DM risk. When PP was ≤35mmHg, the T2DM 
incidence negatively correlated with PP. However, when 
PP was >35mmHg, T2DM incidence increased with 
increasing PP. The risk of T2DM incidence was lowest 
when PP was at about 35mmHg.

Pulse pressure (PP), the arithmetic difference between 
DBP and SBP, is associated with all-cause mortality, car
diovascular events, stroke, kidney injury, severe eye dis
ease, and arterial stiffness18–23 and it is dependent on 
arterial wall elasticity. A previous study found that relative 
to BP, PP had higher predictive potential for adverse 
cardiovascular outcomes in diabetic patients.24,25 Age- 
related stiffening of large arteries increases pulse pressure. 
Thus, there is increasing interest in the significance of PP 
in cardiovascular risk and especially in diabetes.24 Recent 
research found that individuals with T2DM have increased 
PP, which may elevate the risk of adverse cardiovascular 
outcomes.26 The 2017 American Diabetes Association 
position paper “Diabetes and Hypertension”, documents 
that an elevated PP (>60mmHg) in older diabetics may 
elevate the risk of adverse cardiovascular outcomes. 
However, some studies reported11,27,28 that PP may play 
vital roles from an early age as a marker of cardiovascular 
risk and diseased, stiff arteries. Early rise in PP occurs at 
about 30–39 years of age in these diabetics.29

Pathophysiologically, PP represents the pulsatile com
ponent of blood flow and is a marker of arterial stiffness. 
Arterial stiffness is closely associated with progression of 
T2DM complications.30 With age, the large arteries stiffen, 

widening PP. Some studies indicate that arterial stiffness 
predicts T2DM incidence and that poor glycemic control 
and dyslipidemia are arterial stiffness determinants in 
T2DM.31 A longitudinal study found that arterial stiffness 
precedes increased FBG,32 probably because it is caused 
by glycation-mediated enhanced vascular aging and artery 
elasticity decline.33 This is a complex process.

Numerous factors may alter PP, including heart rate, 
obesity, arterial compliance and distensibility, asympto
matic and symptomatic atherosclerosis, aging, antihyper
tensive drug use, and presence or absence of hypertension. 
Previous studies have confirmed that PP negatively corre
lates with BMI. However, the relationship between BMI 
and PP differs across populations. Additionally, PP has 
a different trend in males vs females.34 Sub-analysis by 
gender revealed different trends in participants aged >40 
years and female. Age also strongly influences PP. Some 
studies show that females aged  ≥45 years were more 
likely to have higher PP values than those aged <45 
years.35 Sub-analysis by age revealed that, in participants 
aged ≥40, diabetes incidence positively correlated with 
higher PP. The results obtained in this study confirm 
these data. Elevated PP occurs as a result of age- 
associated stiffening of large arteries. Previous studies 
have associated obesity, blood lipids, and increased 
abdominal circumference with increased PP, probably 
due to atherosclerosis.36,37 Atherosclerosis causes 
increased arterial stiffness. PP and arterial stiffness are 
strongly correlated and increased arterial stiffness can 

Table 4 Effect of PP on Diabetes Risk Stratified by Subgroups

Characteristics No. of Participants DM Event_% HR (95% CI) p for Interaction

Age (years)
20 to <30 28,633 75 (0.3) 0.989 (0.966~1.012) 0.419

30 to <40 82,975 545 (0.7) 0.997 (0.989~1.005)

40 to <50 45,410 785 (1.7) 1.001 (0.994~1.008)
50 to <60 30,003 1221 (4.1) 1.006 (1.001~1.01)

60 to <70 17,528 970 (5.5) 1.002 (0.997~1.007)

≥70 7265 559 (7.7) 1.01 (1.005~1.015)

Family history of diabetes
NO 207472 3986 (1.9) 1.003 (1~1.005) 0.153

YES 4342 169 (3.9) 0.997 (0.983~1.012)

Gender

male 116,114 2991 (2.6) 1 (0.997~1.002) <0.001

female 95,700 1164 (1.2) 1.007 (1.002~1.011)

Note: Model adjusted for age, gender, BMI, TC, TG, FPG, ALT, BUN, smoking and drinking status, and family history of diabetes.
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lead to increased PP.38 Patients with diabetes also have 
a predilection for atherosclerosis.39

We sought to determine the association between PP and 
T2DM to guide T2DM prognosis. The study is based on 
a large cohort to ensure the reliability and robustness of 
results. However, the study has some limitations. First, the 
lack of experimental OGTT may have led to diabetes under
estimation. Second, data on asymptomatic and symptomatic 
atherosclerosis, antihypertensive drug use, and presence or 
absence of hypertension are not available in the database. 
Thus, sub-analysis based on the absence or presence of hyper
tension or antihypertensive drug use could not be done. Future 
studies should prospectively assess the relationship between 
these potential residual confounding factors and diabetes risk.

Conclusion
In this study of Chinese adults, we found that increased PP 
independently correlates with higher risks for developing 
T2DM. T2DM risk was lowest when PP was at about 
35mmHg. At PP = >35mmHg, blood glucose level at 
final visit rose with increasing pulse pressure.

Abbreviations
BMI, Body mass index; FPG, Fasting plasma glucose; TG, 
Triglyceride; TC, Total cholesterol; HDL-C, high density 
lipoprotein cholesterol; LDL-C, Low density lipoprotein 
cholesterol; BUN, Blood urea nitrogen; ALT, Alanine 
aminotransferase; AST, Aspartate aminotransferase; DBP, 
Diastolic blood pressure; SBP, Systolic blood pressure; PP, 
Pulse pressure; HR, Hazard ratios; CI, Confidence inter
val; SD, Standardized difference; DM, Diabetes mellitus; 
T2DM, Type 2 diabetes mellitus.
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