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Abstract: Objective: This study aims to analyze pulse pressure (PP) and risk factors in impaired fasting glucose (IFG) 
among Xinjiang Uygur, Kazakh and Han populations. Method: A cross-sectional study was conducted in Xinjiang re-
gion on Uygur, Kazakh and Han populations aged 30-80 years old, 6928 individuals in total. IFG was screened and 
PP was measured along with the analysis of risk factors. Result: Of 2027 cases with IFG, average PP was 44.55 ± 
14.212 mmHg. Specifically, the average PP was 41.02 ± 11.315 mmHg in Uygur population, 53.42 ± 16.979 mmHg 
in Kazakh population and 44.35 ± 14.013 mmHg in Han population. Pairwise comparisons indicated significant dif-
ference between three groups (F=77.690, P<0.05). The overall incidence of abnormal PP among all IFG populations 
was 51.9% (1053/2027), with males more prone to abnormal PP than females (64.8% vs. 35.2%). For each popula-
tion, the incidence was 41.9% (257/614) in Uygur population, 71.5% (193/270) in Kazakh population and 52.8% 
(603/1143) in Han population. The incidence of abnormal PP was highest in Kazakh population and lowest in Uygur 
population, showing significant difference between the two populations (x2=66.618, P<0.05). Logistic regression 
analysis indicated that the risk factors of abnormal PP among IFG populations on the whole were ethnic group, age, 
2 h postprandial blood glucose (PPG), LDL, TC, TG and BMI. For Uygur population, the risk factors were age, LDL, TC 
and TC. For Kazakh population, the risk factors were age, PPG, LDL, TC and BMI. For Han population, the risk factors 
were age, LDL, TG and BMI. Conclusion: The overall incidence of abnormal PP among IGF populations in Xinjiang on 
the whole was 51.9%. The risk factors of abnormal PP included age, PPG, LDL, TC, TG and BMI. The common risk 
factors shared by the three populations were age and LDL. However, the risk factors varied for each population and 
LDL was the common, controllable risk factor for the three populations. 
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Introduction

Impaired fasting glucose (IFG) is a condition  
of pre-diabetes mellitus (PDM) and an inde- 
pendent risk factor of type 2 diabetes mel- 
litus (T2DM) and coronary heart disease (CHD) 
[1]. For IFG population evolving towards PDM, 
adverse conditions of vascular endothelial cell 
dysfunction and cardiac contraction impair-
ment are already present [2, 3]. Pulse pressure 
(PP) is an indicator of vasomotion. Either a too 
high or too low PP implies abnormal vascular 
function [4]. As demonstrated by clinical stud-
ies [5], the incidence of cardiovascular events 
in patients with abnormal PP is far higher than 

that in patients with normal PP. An increase of 
average PP is a predictor of poor prognosis in 
CHD [6], which may be also true for IFG. We per-
formed a cross-sectional study on PP levels and 
risk factors in IFG patients of Uygur, Kazakh and 
Han ethnic groups in Xinjiang. The purpose was 
to provide clinical evidence for primary preven-
tion of T2DM and CHD. 

Materials and methods 

Subjects

Cluster sample survey was performed in Urumqi 
and multistage sampling was performed in 
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Kashi city and the surrounding counties from 
January 2011 to June 2012, targeting popula-
tions of Uygur, Kazakh and Han ethnic groups, 
6928 individuals in total. They were aged 30- 
80 years old, including 2053 Uygur people, 
2219 Kazakh people and 2656 Han people. 
The response rate was above 96%. The experi-
mental protocol was approved by the ethics 
committee of the First Affiliated Hospital of 
Xinjiang Medical University. All patients signed 
the informed consent. 

Method 

Collection of demographic data and health 
questionnaire survey were performed by trai- 
ned investigators. Blood pressure, height, wei- 
ght and waist circumference (WC) were mea-
sured by using the established method. BMI 
was calculated. Laboratory indicators includ- 
ing FPG, TC, TG, LDL and OGTT 2 hPG were 
detected. Blood glucose was measured by glu-
cose oxidase method. Blood lipids were mea-
sured by enzymatic colorimetric method. IFG 
was diagnosed by the following criteria [7- 
10]: 5.6 mmol/L≤FPG<7.0 mmol/L. High LDL-C, 
LDL-C≥3.37 mmol/L; high TC, TC≥5.18 mmol/L; 

high TG, TG≥1.7 mmol/L. Low BMI, BMI<18.5 
kg/m2; normal BMI, 18.5<BMI<24 kg/m2; high 
BMI, 24≤BMI≤28 kg/m2; obesity, BMI>28 kg/
m2. 2 h PPG was divided by the threshold  
of 11.1 mmol/L (≥11.1 mmol/L and <11.1 
mmol/L). PP levels were divided into normal 
and abnormal, with 30 mmHg≤PP≤40 mmHg 
considered normal, and >40 mmHg or <30 
mmHg abnormal.  

Statistical analysis 

SPSS 17.0 software was used for statistical 
process. Measurements were expressed as 

_
x  

± s and counts as numbers of cases (percent-
ages) [n (%)]. Analysis of variance was adopted 
for intergroup comparisons of measurements. 
Ratios were compared by a chi-square test. 
Risk factors were identified based on logistic 
stepwise regression. 

Results 

Distribution of abnormal PP levels among IFG 
patients of different ethnic groups with age 
and gender 

Of three populations, 2027 cases were found 
with IFG. The average PP level was 44.55 ± 
14.212 mmHg on the whole. For Uygur, Kazakh 
and Han populations, the average was 41.02 ± 
11.315 mmHg, 53.42 ± 16.979 mmHg and 
44.35 ± 14.013 mmHg, respectively. The inci-
dence of abnormal PP among all IFG patients 
was 51.9% (257/614), with more males than 
females (64.8% vs. 35.2%). The incidence of 
abnormal PP among Uygur population was 
41.9% (257/614), with more males than fem- 
ales (21.3% vs. 20.5%). The incidence of abnor-
mal PP among Kazakh population was 71.5% 
(193/270), with more males than females 
(38.6% vs. 33.0%). The incidence of abnormal 
PP among Han population was 52.8% (603/ 
1143), also with more males than females 

Table 1. Distribution of the abnormal pulse pressure levels of patients with impaired fasting glucose 
in Xinjiang Uygur, Kazak and Han nationalities [n (%)]

Age 
(years) Case n (M/F)

Uygur Kazakh Han

Male (M) Female 
(F) Total Male (M) Female 

(F) Total Male (M) Female (F) Total

30~45 468 (290/178) 36 (12.4) 42 (42.2) 78 (16.7) 25 (8.6) 44 (24.7) 69 (14.7) 229 (79.0) 92 (51.7) 321(68.6)

45~60 378 (229/149) 47 (20.5) 60 (40.2) 107 (28.3) 47 (20.5) 44 (29.5) 91 (24.1) 135 (59.0) 45 (30.2) 180 (47.6)

>60 207 (163/44) 48 (29.4) 24 (54.5) 72 (34.8) 32 (19.6) 1 (2.2) 33 (15.9) 83 (36.2) 19 (43.2) 102 (49.3)

Total 1053 (682/371) 131 (19.2) 126 (34.0) 257 (24.4) 104 (15.2) 89 (24.0) 193 (18.3) 447 (65.5) 156 (42.0) 603 (57.3)

Table 2. Logistic stepwise regression analysis 
of abnormal pulse pressure levels in patients 
with impaired fasting glucose in Xinjiang Uygur, 
Kazak and Han nationalities as a whole for risk 
factors

Variable β OR 
value 95% CI P

Age 0.257 1.293 1.111~1.505 <0.05
2h PPG 0.055 1.056 1.016~1.098 <0.05
LDL 0.943 2.567 2.329~2.829 <0.05
TC 0.165 1.179 1.065~1.306 <0.05
TG 0.192 1.211 1.115~1.316 <0.05
BMI 0.025 1.025 1.002~1.048 <0.05
Ethnic group 0.370 1.448 1.211~1.731 <0.05
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ents. ASCOT-CAFÉ found that PP was among 
the best predictors of cardiovascular events 
[11]. Therefore controlling PP and other risk  
factors is very important as early as in PDM 
stage in order to reduce the cardiovascular  
risk for DM patients. According to previous  
epidemiological surveys [12], the proportion of 
PDM patients in Xinjiang is higher than the 
average level in inland China. In Xinjiang, the 
incidence of PDM combined with hyperurice-
mia, metabolic syndrome, hypertension/prehy-
pertension and obesity is 30.3%, 58.3%, 88% 
and 35.4%, respectively. However, epidemio-
logical evidence relating to abnormal PP and 
risk factors for these populations is still lack- 
ing. As indicated by our survey in Xinjiang  
for IFG populations belonging to different eth-
nic groups, the overall incidence of abnormal 
PP among all IFG populations surveyed was 
51.9% (1053/2027), which was much higher 
than in those without IFG. The former was  
faced with a greater risk of cardiovascular and 
cerebrovascular diseases. The incidence of 
abnormal PP varied between the three ethnic 
groups. Logistic regression showed that the 
risk factors of abnormal PP also varied for IFG 
populations of different ethnic groups, due to 
the influence of genetics, life style and dietary 
structure. Therefore, for different ethnic groups, 
different countermeasures should be imple-
mented to control the risk factors, so as to 
reduce the risk of abnormal PP and cardiovas-
cular and cerebrovascular diseases. We found 
that for IFG population of Uygur ethnic group, 
LDL, TC and TG were the risk factors to be  
controlled. For Kazakh population, besides LDL 
and TC, BMI and PPG were also worthy of atten-
tion. For Han population, the risk of abnormal 
PP can be reduced by controlling LDL, TG and 
BMI. Moreover, gender was another risk factor 
of abnormal PP among IFG populations of dif-
ferent ethnic groups, with males more prone to 

(39.1% vs. 13.6%). PP levels were not signifi-
cantly different between stratified age groups 
(Table 1). 

Logistic regression analysis for risk factors of 
abnormal PP levels among IFG patients of dif-
ferent ethnic groups 

Taking PP as dependent variable and ethnic 
group, age, 2 h PPG, LDL, TC, TG and BMI as 
independent variables, stepwise logistic an- 
alysis was performed for risk factors of abnor-
mal PP. Among IFG populations on the whole, 
the risk factors were ethnic group, age, 2 h 
PPG, LDL, TC, TG and BMI. For Uygur popula-
tion, the risk factors were age, LDL, TC and TC. 
For Kazakh population, the risk factors were 
age, PPG, LDL, TC and BMI. For Han population, 
the risk factors were age, LDL, TG and BMI 
(Tables 2, 3). 

Discussion 

As a form of PDM, IFG is associated with a 
much higher risk of developing T2DM, which is 
10 times of the risk for people with normal 
blood glucose. At this stage, the incidence of 
CHD and stroke, intimal medial thickness, ath-
erosclerosis score, total death risk and risk of 
CHD-related deaths are all higher compared 
with people with normal blood glucose. PDM 
refers to the condition where glucose metabo-
lism disorder does not evolve to the extent  
of DM. PDM and DM share similar pathogene-
sis and pathologies such as microangiopathy, 
macroangiopathy and nervous system damage 
already exist before the stage of DM. 

Abnormal PP is one important risk factor for 
cardiovascular diseases. Even among those 
with effective hypertension control, abnormal 
PP is still associated with deaths related to  
cardiovascular diseases, especially in DM pati- 

Table 3. Logistic stepwise regression analysis of abnormal pulse pressure levels in patients with 
impaired fasting glucose in Xinjiang Uygur, Kazak and Hannationalities for risk factors

Variable
Uygur Kazard Han

β OR 95% CI P β OR 95% CI P β OR 95% CI P
Age 0.783 2.189 1.625~2.949 <0.01 0.632 1.882 1.034~3.425 <0.05 0.096 1.101 2.562~3.445 <0.01
PPG 0.034 1.035 0.964~1.111 0.343 0.699 2.011 1.406~2.878 <0.01 0.033 1.033 0.983~1.087 0.198
LDL 0.621 1.861 1.585~2.186 <0.01 0.938 2.555 1.767~3.695 <0.01 1.089 2.971 2.562~3.445 <0.01
TC 0.478 1.613 1.373~1.895 <0.01 0.414 1.513 1.023~2.239 <0.05 0.126 1.134 0.946~1.360 0.173
TG 0.260 1.298 1.136~1.483 <0.01 0.128 1.136 0.639~2.020 0.663 0.181 1.199 1.063~1.352 <0.01
BMI 0.019 1.019 0.972~1.068 0.431 0.131 1.140 1.022~1.271 <0.05 0.001 1.001 1.063~1.352 <0.01
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the risk than females. So for males with IFG, 
efforts should be made to change the life style 
and to control blood lipid levels and BMI, which 
are the risk factors of abnormal PP and cardio-
vascular and cerebrovascular diseases. 

To conclude, abnormal PP is one risk factor of 
cardiovascular and cerebrovascular diseases 
among IFG populations. The risk factors of 
abnormal PP were BMI, 2 h PPG, LDL, TC and 
TG, among which LDL was the common risk fac-
tor shared by IFG populations of different eth-
nic groups. Therefore, controlling LDL is the key 
countermeasure for reducing the risk of abnor-
mal PP and cardiovascular and cerebrovascular 
diseases for all three ethnic groups. 

Acknowledgements

This work was supported by the Natural  
fund project in Xinjiang (Name of the fund: The 
study about Xinjiang uygur and hui people’s 
osteocalcin level difference and its relation- 
ship with insulin resistance. No. 2014211C058) 
and the fund project of Hospital to Xinjiang 
Uygur Autonomous Region, NO. 20130225.

Disclosure of conflict of interest

None.

Address correspondence to: Sheng Jiang, Depart- 
ment of Endocrinology, First Affiliated Hospital of 
Xinjiang Medical University, No. 134 Liyushan south 
Road, Urumqi 830000, Xinjiang, China. Tel: +86-
18999936571; Fax: +86-18999936571; E-mail: 
jiangshengs@yeah.net 

References

[1] Wen CP, Cheng TY, Tsai SP, Hsu HL and Wang 
SL. Increased mortality risks of prediabetes 
(impaired fasting glucose) in Taiwan. Diabetes 
Care 2005; 28: 2756-2761.

[2] Gao S, Wei CY, Wen Y, Wang MH, Chen L, Zeng 
JY and Zheng ZQ. Early evaluation of left ven-
tricular diastolic function in patients with glu-
cose metabolism disorder. Zhong Guo Tang 
Niao Bing Za Zhi 2012; 20: 744-747.

[3] Hu LY, Song GY, Zhu LY and Li XL. Study on 
early change of endothelial function and relat-
ed factors in hyperglycemia patients. Chinese 
Journal of Diabetes 2011; 19: 838-840.

[4] Huang FM. Study on relationship between 
pulse pressure and blood lipids in patients 
with essential hypertension. Journal of Clinical 
and Experimental Medicine 2010; 9: 984-985.

[5] Qu X, Qiu FC, Yan LH and Liu JB. Study of the 
relationship between blood lipids, blood sugar 
and blood pressure in cases with high blood 
pressure. Chinese Journal of Microcirculation 
2006; 16: 43-44.

[6] Hou JT. Clinical analysis of renal damage and 
risk factors of metabolic syndrome in patients 
with abnormal glucose metabolism. Sun Yat-
sen University 2007. 

[7] The American Diabetes Association. Standards 
of medical care in diabetes-2014. Diabetes 
Care 2014; 37: S14-S15.

[8] Joint committee for developing Chinese guide-
lines on prevention and treatment of dyslipid-
emia in adults. Chinese guidelines on preven-
tion and treatment of dyslipidemia in adults 
(no abstract). Chinese Journal of Cardiology 
2007; 35: 390-392.

[9] Yao T, editor in chief. physiology. L2 edition. 
Beijing: People’s Medical Publishing House; 
2005. pp. 166-167.

[10] Working group on obesity in China. Guidelines 
for prevention and control of overweight and 
obesity in Chinese adults. Acta Nutrimenta Si-
nica 2004; 26: 1-4.

[11] Alderman MH, Cohen H and Madhavan S. Dis-
tribution and determinants of cardiovascular 
events during 20 years of successful antihy-
pertensive treatment. J Hypertens 1998; 16: 
761-769.

[12] Zhang HW, Jiang S and Xu YC. A cross-sectional 
study on serum uric acid level and the distribu-
tion of metabolic syndrome among Uigur, Han 
and Kazak prediabetic groups in Xinjiang. Chi-
nese Journal of Epidemiology 2013; 34: 958-
960.

mailto:jiangshengs@yeah.net

