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Abstract
Objective: This study aims to explore the epidemiologic characteristics of pre-hypertension, 

its related risk factors of cardiovascular diseases and its relativity with metabolic disorders among 

community residents of Chengdu city.

Methods: Cluster random sampling was performed in three districts and counties of Chengdu. 

A total of 3524 residents (resident for ≥1 year, ≥18 years of age) were enrolled in the investigation. 

All the participants were interviewed in the questionnaire survey. Physical examination, blood 

pressure measurements, and blood sampling were also performed.

Results: The overall prevalence of pre-hypertension was 34.07%. The prevalence of prehyper-

tension was higher in males than in females (41.16% vs. 23.89%, P<0.05). The prevalence of pre-

hypertension among patients with systolic/diastolic blood pressures of 120–129 mmHg/80–84 mmHg 

and 130–139 mmHg/85–89 mmHg were 34.90% and 17.16%, respectively. The prevalence of pre-

hypertension increased with age, reaching a peak at 30–39 years (39.93%), and then declined. Multi-

ple risk factors for cardiovascular disease were more common in patients with hypertension and pre-

hypertension than in the population with normal blood pressure. Pre-hypertension was associated with 

increased fasting blood glucose and increased relative risks of hypertriglyceridemia, hyperuricemia, 

overweight, obesity, and abdominal obesity, compared with patients who had normal blood pressure.

Conclusion: The prevalence of pre-hypertension in residents of Chengdu was high. Multiple 

metabolic disorders were already present in the population, and multiple cardiovascular disease 

risk factors were more common than in the population with normal blood pressure. Early screening 

for cardiovascular risk factors should be performed in patients with pre-hypertension. In addition, 

comprehensive measures, such as lifestyle improvement and medications, should be implemented.

Keywords: Pre-hypertension, Epidemiological characteristics, Multiple metabolic disorders, 

Cardiovascular risk factor, Early screening, Lifestyle improvement

Introduction
Hypertension is one of the major diseases 

harmful to human health. The incidence of 

hypertension is increasing year-by-year. The 

prevalence of hypertension in China increased 

from 5.8% in 1959 to 18.8% in 2002, and >170 

million patients suffer from hypertension. 

The increase in prevalence of hypertension is 

related, in part, to uncontrolled blood pressure 

in some patients with pre-hypertension. On the 
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basis of previous studies, the USA JNC7 proposed the concept 

of pre-hypertension, which is also referred to as high-normal 

blood pressure in China, according to the “2010 Chinese 

Guidelines for Management of Hypertension”. Specifically, 

pre-hypertension refers to a systolic blood pressure (SBP) of 

120–139 mmHg or a diastolic blood pressure (DBP) of 80–89 

mmHg [1]. In the present study, we investigated the prevalence 

of pre-hypertension in Chengdu, and compared the risk factors 

and metabolic indicators in patients with hypertension and the 

population with normal blood pressure. The results will help 

to explore interventions targeting pre-hypertension, and ulti-

mately reduce the incidence of hypertension, thereby provid-

ing a basis for the prevention and treatment of hypertension 

and related cardiovascular diseases.

Methods
Subjects
Subjects were selected from one rural, one suburban and 

one urban community in Chengdu, from December 2007 to 

December 2008. Cluster stratified sampling was performed 

based on a residents’ committee. People ≥18 years of age with 

a permanent residence >1 year were enrolled. Residents who 

had left the community for >6 months or residents with mental 

illnesses were excluded.

Methods
Data collection and blood pressure  measurements: The 

questionnaires were distributed and collected onsite. The inves-

tigation team consisted of 6–8 medical personnel who had re-

ceived uniform training and who were qualified in performing 

examinations. The methods of investigation and requirements 

were understood by the team members. A unified questionnaire 

was developed. The investigation was started in December 

2007. To exclude the impact of lifestyle changes during the 

holiday period on the investigation results, measurements were 

not performed for 1 week before and 1 week after the festivals.

The following data were collected: (1) demographic indi-

cators (age, sex, occupation, education level, height, weight, 

and per capita income); (2) personal case history (mainly 

referring to diagnosis and treatment information on impor-

tant or chronic diseases, including high blood pressure, high 

cholesterol, diabetes, stroke, coronary heart disease, gout, and 

kidney disease); (3) personal living habits (including dura-

tion of cigarette use and alcohol consumption, average con-

sumptions, and withdrawal time); (4) systemic examinations, 

including blood pressure (mean value of sitting position blood 

pressures measured twice) and heart rate; and (5) fasting blood 

biochemical tests (including blood glucose, total cholesterol, 

triglycerides, high-density lipoprotein (HDL), low-density 

lipoprotein (LDL), uric acid, creatinine, and urea nitrogen). 

Related parameters were standardized with reference to the 

2004 census data for Chengdu.

Participants were kept quiet and rested for 10 minutes in 

a separate room before blood pressure measurements were 

taken using mercury sphygmomanometer. With the par-

ticipants in a sitting position, the blood pressure cuff was 

applied to the right arm; the mid-points were positioned at 

the level of the heart. The sphygmomanometer was placed at 

the height of the heart, and the probe of the stethoscope was 

placed on the brachial artery of the elbow so that the upper 

end of the mercury column of the sphygmomanometer was 

at the eye level of the examiner. The deflation speed was 2–3 

mm/s. The blood pressure was measured three times in each 

subject. Additional measurements were performed if the 

results of two consecutive measurements indicated a SBP 

difference of ≥8 mmHg or a DBP difference of ≥4 mmHg. 

The results of three measurements with differences <8/4 

mmHg were recorded. The diagnostic and grading criteria 

recommended in the “Chinese Guidelines for Hypertension 

Prevention and Treatment (revised edition 2005)” were 

adopted.

Quality control: The investigators were uniformly trained. 

All data were entered twice and checked, and logical errors 

were corrected.

Statistical analysis
A database was established using EPidata3.0 software. The 

obtained data were processed using SPSS13.0 statistical 

software. All the measurement data were expressed as the 

mean±standard deviation. Data were compared between 

groups using t-tests or analysis of variance (LSD method 
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was used for pairwise comparisons). Numerical data were 

compared between groups using χ2-tests, while risk factors 

were analyzed using multivariate logistic regression analy-

sis. A statistical significance level of 0.05 was used.

Results
General information
The total number of participants ≥18 years of age was 3679, of 

whom 3524 completed valid questionnaires, giving a response 

rate of 95.8%. Of the participants, 1805 were women and 

1719 were men, with an age range of 20–95 years (mean age, 

58.8±10.2 years). The general information is shown in Table 1.

Prevalence of pre-hypertension
The prevalence of pre-hypertension in the community popu-

lation of Chengdu city was 34.07% (after standardization). 

The prevalences of pre-hypertension in women and men 

after standardization were 41.16% and 23.89%, respectively. 

The changes in incidences of normal blood pressure, pre-

hypertension, and hypertension according to with ages are 

shown in Figure 1. The prevalence of pre-hypertension ini-

tially increased, then decreased with age, reaching a peak at 

30–39 years of age (39.93%), and then declined. However, 

the prevalence of hypertension increased with age, and 

accelerated in patients 30–39 years of age. The prevalence of 

individuals with blood pressures of 120–129/80–84 mmHg 

and 130–139/85–89 mmHg were 34.90% and 17.16%, 

respectively.

Classification and comparison of patients with pre-hyper-

tension showed that the majority of patients with pre-hyper-

tension had a simple elevation of SBP (582 cases); the mean 

age was 57.55±14.80 years, and accounted for 48.52% of the 

population studied. Participants with elevated of the SBP and 

DBP (511 cases) accounted for 42.61% of the total population, 

with an average age of 54.58±12.86 years. Participants with a 

simple elevation of DBP (106 cases) accounted for only 8.86% 

of the total population, and had an average age of 51.85±11.86 

years.

Comparison of clinical and biochemical indicators
Age, alcohol consumption rate, BMI, and waist circumfer-

ence were higher in patients with hypertension and pre-hyper-

tension than in participants with normal blood pressure. The 

biochemical examinations in the three groups of participants 

showed that the BMI and total cholesterol, triglycerides, uric 

acid, fasting blood glucose, serum creatinine, and urea nitro-

gen levels in patients with hypertension and pre-hypertension 

were significantly higher than participants with normal blood 

pressure (P<0.05); however, the HDL cholesterol levels in 

the former two groups were lower than the participants with 

normal blood pressure, but without statistical significance 

(Table 2).

Table 1. Basic information of participants (means±standard error)

Item  Values

Total number of cases (n)  3524

Age (years)  49.24±12.73

Women  1805 (51.23%)

Men  1719 (48.77%)

BMI (kg/m2)  23.63±3.59

Waist circumference (cm) 80.89±10.746

Heart rate (beats/min)  77.61±11.346

Glucose (mmol/L)  5.57±1.77

Urea (mmol/L)  5.74±1.80

Creatinine (µmol/L)  71.09±29.48

Uric acid (µmol/L)  306.71±84.09

Triglycerides (mmol/L)  1.86±1.75

Cholesterol (mmol/L)  4.61±0.89

HDL (mmol/L)  1.44±0.34

LDL (mmol/L)  2.80±0.76
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Fig. 1. Age-specific prevalence rates of hypertension, pre-

hypertension, and normotension
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Risk factors of cardiovascular diseases and meta-
bolic disorders
A variety of risk factors for cardiovascular disease and meta-

bolic disorders were increased in patients with pre-hyper-

tension and increased more significantly in patients with 

hypertension, compared with the participants with normal 

blood pressure (Table 3).

Discussion
Worldwide studies on pre-hypertension have recently made 

progress. It has been gradually revealed that the patients 

with pre-hypertension are affected by reduced elasticity 

and increased hardness of large arteries, cardiac structural 

changes and dysfunction, insulin resistance, and other haz-

ards. A large proportion of patients can develop hypertension 

Table 2. Clinical and biochemical indexes of participants according to BP levels

 Normotensive 
group n=1557

 Pre-hypertension 
group n=1199

 Hypertension 
group n=768

 P-value

Age (years)  50.51±13.51  57.66±12.34  62.94±10.46  <0.001

Smoking rate (%)  13.45  18.63  20.8  0.05

Alcohol consumption rate (%) 5.52  10.34  11.6  0.033

BMI (kg/m2)  22.22±3.13  23.43±3.52  24.54±3.59  <0.001

Waist circumference (cm)  76.13±9.49  80.19±10.28  83.99±10.72  <0.00

Heart rate (beats/min)  76.84±9.819  77.36±11.26  78.21±10.12  0.05

Glucose (mmol/L)  5.21±1.48  5.49±1.80  5.84±1.86  <0.001

Urea (mmol/L)  5.43±1.52  5.85±1.94  5.83±1.80  <0.001

Creatinine (µmol/L)  66.59±16.00  72.41±41.32  72.50±22.83  <0.001

Triglycerides (mmol/L)  1.57±1.42  1.85±1.63  2.04±1.96  0.003

Total cholesterol (mmol/L)  4.40±0.86  4.58±0.84  4.74±0.92  <0.001

HDL (mmol/L)  1.47±0.29  1.44±0.35  1.43±0.36  0.113

LDL (mmol/L)  2.65±0.75  2.78±0.72  2.91±0.78  <0.001

Uric acid (µmol/L)  284.78±78.56  302.91±81.89  321.79±85.82  <0.001

Table 3. A comparison of ORs(95% CI) for metabolic abnormalities

Metabolic indicators   Pre-hypertension   Hypertension

OR (95% CI) OR (95% CI)

28>BMI≥24  1.783 (1.403–2.267)a  2.631 (2.088–3.316)a

BMI≥28  2.972 (1.837–4.808)a 6.578 (4.181–10.350)a

Waist circumference  1.971 (1.587–2.449)a  3.936 (3.178–4.875)a

 Male >85 cm   

 Female >80 cm   

Fasting blood glucose >6.1 mmol/L 1.875 (1.327–2.649)a 3.119 (2.257–4.310)a

Triglycerides ≥1.70 mmol/L  1.609 (1.282–2.019)a 2.217 (1.785–2.753)a

Total cholesterol ≥5.70 mmol/L  1.375 (0.925–2.045)  1.949 (1.348–2.818)a

HDL <1.00 mmol/L  1.743 (1.176–2.583)a 1.861 (1.274–2.718)a

LDL >3.6 mmol/L  1.239 (0.881–1.743)  1.820 (1.253–2.361)a

Uric acid  2.043 (1.290–3.236)a 3.280 (2.131–5.048)a

 Male >420 mmol/L   

 Female >360 mmol/L   

aP<0.05
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within a short time. Previous studies have shown that a sig-

nificantly higher proportion of patients with pre-hypertension 

develop hypertension, compared with the population with 

ideal blood pressures. The proportion of adults who develop 

hypertension with baseline blood pressures of 120–129/80–84 

mmHg and 130–139/85–89 mmHg within 2 years were 27.2% 

and 43.8% respectively, while the proportion who developed 

hypertension within 10 years increased to 52.6%. The risks 

of coronary heart disease, myocardial infarction, heart fail-

ure, other cardiovascular events, and stroke in population with 

pre-hypertension were significantly higher than the population 

with ideal blood pressure [2–6].

Pre-hypertension has a relatively high global prevalence 

rate. The prevalence rate of pre-hypertension is 31% in the US, 

31.6% in South Korea, 52.8% in Koreans 45–64 years of age, 

30.2% in Taiwan, and 40.5% in Northeast China [7–11]. The 

current study revealed that the prevalence of pre-hypertension 

was 34.07% in Chengdu city, which was lower than northeast 

China and approximating that in Taiwan. This result was pre-

sumably related to the geographic distributions of the disease 

and lifestyles (especially salt intake). The prevalence of pre-

hypertension in males is higher than females. It increases and 

then slightly declines with age <40 years; however, the preva-

lence of hypertension increases rapidly after 40 years of age, 

suggesting that the management and treatment of the popula-

tion with pre-hypertension should be strengthened to reduce 

the risks of further development into hypertension.

Pre-hypertension is closely associated with various risk 

factors for cardiovascular diseases. Population surveys in 

the US, Japan, and South Korea have shown that patients 

with pre-hypertension are more susceptive to complications 

of metabolic syndrome, type 2 diabetes, overweight/obesity, 

and insulin resistance. In addition, the risk for cardiovascular 

disease within 10 years is >15% [12–14]. The current investi-

gation also showed that the BMI and serum total cholesterol, 

triglycerides, uric acid, fasting blood glucose, serum creati-

nine, and urea nitrogen levels in populations with pre-hyper-

tension were significantly higher than populations with normal 

blood pressure (P<0.05), while the HDL-cholesterol levels 

in the population with pre-hypertension were lower than the 

population with normal blood pressure (P=0.02). A variety 

of risk factors for metabolic disorders in the population with 

pre-hypertension were increased. It was shown that the rela-

tive risk of co-existing fasting hyperglycemia, hypertriglyceri-

demia, low HDL levels, hyperuricemia, overweight, obesity, 

and abdominal obesity in patients with pre-hypertension 

were higher than the population with normal blood pressure, 

suggesting that multiple metabolic disorders were present in 

patients with pre-hypertension and ultimately increased the 

incidence of metabolic-related cardiovascular diseases.

The results showed that those participants with pre-hyper-

tension had multiple metabolic disorders and multiple cardio-

vascular risk factors. The risks for various cardiovascular and 

cerebrovascular diseases were higher than those in the popu-

lation with normal blood pressure. In a study performed by 

Trophy et al. [15], patients with pre-hypertension were treated 

with candesartan for 2 years. According to the subsequent 2 

years of observations, it was found that drug treatments could 

reduce the risk of developing hypertension by 66% and delayed 

the occurrence of hypertension. Numerous investigations with 

small sample sizes targeting lifestyle and drug intervention 

therapy of patients with pre-hypertension have been per-

formed extensively worldwide. Multi-center prospective ran-

domized double-blind studies are being performed, indicating 

that researchers have started to pay close attention to the treat-

ment and prognosis of prehypertension [16]. However, the 

grassroots medical workers are paying insufficient attention 

to the population with pre-hypertension compared to patients 

with hypertension. Currently, the close relationship between 

unhealthy lifestyles, such as drinking, smoking, salt addic-

tion, obesity, high life stress, and failing to self-monitor blood 

pressures, with the development of hypertension has been 

widely recognized [17]. Relevant departments in China have 

strengthened the management of community health in hyper-

tensive patients. This survey showed that multiple risk factors 

in patients with pre-hypertension were higher than the popula-

tion with normal blood pressure. Therefore, the health educa-

tion and lifestyle intervention of these patients should also be 

strengthened and considered in the hypertension management 

system of community health services, which will contribute to 

a reduction in the risks of hypertension and related diseases 

long-term.

The Chinese government has devoted significant efforts 

into the community management of hypertension. Although 
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awareness, treatment, and control of hypertension has been 

improved, the prevalence has increased year-by-year. Such an 

unsatisfactory result is probably related to the mismanagement 

of patients with pre-hypertension. A large number of studies 

have shown the importance of early attention and early interven-

tion on the population with pre-hypertension. This study also 

suggests the high prevalence of pre-hypertension and the close 

correlation with multiple cardiovascular risk factors. Therefore, 

it is timely and feasible to strengthen the screening of patients 

with pre-hypertension and assess the risk factors. Appropriate 

interventions on high-risk patients should also be performed, so 

as to effectively prevent and control the disease at a lower cost.
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