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Abstract: The authors aimed to investigate the prevalence and risk factors of prehypertension among a cohort of pa-
tients presenting for a health check-up in Guangzhou. Using an age-and gender-stratified random sample method, 
5170 urban adults aged 18-70 years undergoing health examination in Guangzhou were selected. Prehypertension 
was defined as systolic blood pressure (SBP) of 120-139 mmHg or diastolic blood pressure (DBP) of 80-89 mmHg. 
Overall prevalence of prehypertension in our study population was 35.15% (43.75% in men, 23.56% in women; 
P<0.05). Multivariate logistic regression analysis indicated that age (odds ratio [OR] =1.257), female (OR=0.437), 
fasting blood glucose (OR=1.514), total cholesterol (OR=1.241), triglycerides (OR=1.236), uric acid (OR=1.222), 
and body mass index (OR=1.778) were risk factors for prehypertension. The prevalence of prehypertension was 
reported to be higher among men in our study population in Guangzhou. 
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Introduction

Hypertension is a well-known risk factor for car-
diovascular disease (CVD). According to the 
Seventh Report of the Joint National Committee 
on Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure (JNC-7), pre-
hypertension is defined as a systolic blood 
pressure (SBP) of 120-139 mmHg or a diastolic 
blood pressure (DBP) of 80-89 mmHg in adults 
[1]. Prehypertension has become a major pub-
lic health concern due to its strong association 
with increased risk of hypertension and cardio-
vascular or cerebrovascular events. However, 
JNC-8 guidelines on hypertension do not focus 
on the concept of prehypertension [2, 3]. The 
presence of prehypertension predicts or indi-
cates an increased risk of hypertension in the 
high-risk population. When compared with indi-
viduals with normal blood pressure, those with 
prehypertension have a 31% increased risk of 
coronary heart disease (CHD), 49% greater risk 
of stroke, and 44% greater risk of total cardio-
vascular events [4]. Moreover, prehypertension 
is often linked to target organ damage, such as 

early arteriosclerosis, small vascular damage, 
coronary artery calcification, vascular remodel-
ing, and left ventricular hypertrophy [5-11]. 
Therefore, investigating the prevalence of pre-
hypertension and related risk factors could help 
to prevent hypertension and CVD and end-
organ damage.

The National Health and Nutrition Examination 
Survey of 1999-2006 indicated that the overall 
prevalence of prehypertension in healthy adults 
was 36.3% worldwide [12]. The reported preva-
lence of prehypertension was 31.6% in Korea 
[13] and more than 31.8% in Japan [14]. 
Prehypertension was noted in 50.6% of men 
and 35.9% of women in Israeli adults [15]. Non-
Asian individuals appear more likely to be pre 
hypertensive than their Asian counterparts 
[16].

A survey conducted in 11 provinces of China 
among adults aged 35-64 years indicated that 
32.2% of Chinese adults (34.2% in men, 30.2% 
in women) had prehypertension [17]. Another 
cross-sectional study showed that 40.5% urban 
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adults aged 18-74 years in northeastern China 
had prehypertension, with a prevalence of 
47.7% in men and 33.6% in women [18]. 
Differences in the prevalence of prehyperten-
sion in different groups might be partly 
explained by the geographical and ethnic distri-
bution of the population. Higher levels of fast-
ing blood glucose (FBG), uric acid (UA), total 
cholesterol (TC), low density lipoprotein choles-
terol (LDL-C), or triglyceride (TG) and larger 
waist circumference and body mass index (BMI; 
measure of weight in kilograms divided by the 
height in meters squared) have been consid-
ered to be potential risk factors of prehyperten-
sion [19]. 

Guangzhou, located in southern China, is repre-
sentative of that region. With a gradual increase 
in the floating population, Guangzhou has 
become one of the most populous cities in 
China. Changed eating habits, an accelerated 
pace of work, and increased stress are thought 
to contribute to the increasing incidence of pre-
hypertension and hypertension. However, scant 
data exists regarding the prevalence and risk 
factors associated with prehypertension in 
Guangzhou. The objective of the current study 
was to investigate the prevalence of prehyper-
tension and potential risk factors associated 
with the progression of prehypertension among 
a representative cohort from Guangzhou.

Methods

Study design

This cross-sectional study was carried out in 
the hospitals of 11 districts of Guangzhou from 
November 1 to December 1, 2013. Using an 
age-and gender-stratified random sample 
method, subjects aged 18-70 years undergoing 
health check-up with complete information of 
the following characteristics were included in 
this study: demographic data, height, body 
weight, blood pressure, and TC, TG, LDL-C, HDL-
C, FBG, and UA levels. Individuals with previous 
diagnosis of endocrine disease (Cushing syn-
drome, pheochromocytoma, hyperthyroidism, 
primary aldosteronism, etc.), chronic kidney 
disease (acute or chronic glomerulonephritis, 
pyelonephritis, renal artery stenosis, polycystic 
kidney, etc.), cardiovascular disease (aortic 
coarctation, congenital heart disease, severe 
aortic insufficiency, cardiomyopathy, etc.), sec-
ondary hypertension induced by drugs, and 
undefined tumors were excluded from the 

study. This study was approved by the Ethics 
Committee of the Guangdong Pharmaceutical 
University and informed written consent was 
obtained from all subjects.

Data collection

Information on demographic characteristics 
was collected using a standard questionnaire 
in a face-to-face interview. Trained research 
staff also recorded the data related to the diag-
nosis and treatment of hypertension. Weight 
and height were measured, and BMI was calcu-
lated. The waist circumference was taken at 
the level of the umbilicus by using a non-elastic 
tape. Information on gender, age, birth place, 
ethnic, occupation, marital status, cultural 
background, and economic status was 
collected.

Blood pressure measurement 

SBP and DBP measurements were obtained for 
each subject by trained staff with a desktop 
mercury column sphygmomanometer. Blood 
pressure measurement procedure: (1) the mer-
cury column was adjusted to zero position and 
the bubble within the mercury column was 
excluded; (2) the cuffs covered approximately 
half to two-thirds of the subject’s arm; (3) the 
subjects were advised to avoid alcohol con-
sumption, cigarette smoking, coffee, and tea 
for at least 60 min before their blood pressure 
measurements; (4) the blood pressure was 
measured three times at right brachial artery 
after seating for 5-10 min, and the time interval 
between the two consecutive blood pressure 
measurements was 2 min, and (5) finally, the 
average of 3 blood pressure measurement was 
calculated.

Blood samples and outcome measures

After fasting overnight for about an 8 hours, 
venous blood samples were obtained. The 
serum was isolated from the whole blood and 
was kept at -20°C until analysis. Serum levels 
of TC, TG, LDL-C, HDL-C, UA, and plasma FBG 
levels were measured with an automatic 
Biochemical Analyzer (Beckman-Coulter SYN- 
CHRON LX20, USA).

Diagnostic criteria

The classifications of prehypertension, hyper-
tension and the normal blood pressure were 
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based on the JNC-7 guidelines [1]. Pre- 
hypertension was defined as a SBP of 120-139 
mm Hg or a DBP 80-89 of mmHg. Hypertension 
was defined as SBP ≥140 mmHg and/or DBP 
≥90 mmHg, and also if the subject is on antihy-
pertensive medication. Normal blood pressure 
was defined as subjects with SBP <120 mmHg 
and DBP <80 mmHg without having any antihy-
pertensive medication. Diabetes was diag-
nosed according to the criteria of World Health 
Organization (WHO), 1999 [20] and American 
Diabetes Association (ADA), 2003 [21]. The cri-
teria included a fasting plasma glucose (FPG) 
≥7.0 mmol/L (126 mg/dL) and/or being on 
medical treatment for diabetes with insulin or 
other antihyperglycemic agents. Impaired fast-
ing glucose was defined as a FPG level between 
6.1 and 7.0 mmol/L. According to the criteria of 

China adult dyslipidemia prevention guidelines 
[22], dyslipidemia was defined as TG >1.7 
mmol/L, TC ≥5.18 mmol/L, LDL-C ≥3.37 
mmol/L, or HDL-C <0.91 mmol/L. The body 
mass index values were grouped into four cat-
egories in both males and females as low 
weight (BMI <18.5 kg/m2), normal weight (BMI 
of 18.5 to 24.0 kg/m2), overweight (BMI of  
24.0 to 27.9 kg/m2), and obesity (BMI ≥28.0 
kg/m2). Hyperuricemia was defined as serum 
UA level ≥416 μmol/L in men and ≥357 μmol/L 
in women.

Statistical analysis

The Statistical Analysis System (SAS) software 
(NORTH CAROLINA State University, USA) was 
used for all the statistical analyses. All the data 

Table 1. Prevalence of hypertension and prehypertension by gender and age groups

Items Total population 
(%) (n=5170)

Normal blood pressure 
(%) (n=2551)

Prehypertension 
(%) (n=1817)

Hypertension 
(%) (n=802) P-value# P-value&

Gender
    Male 2967 (57.4%) 1123 (44.02%) 1298 (71.44%) 546 (68.08%)
    Female 2203 (42.6%) 1428 (55.98%) 519 (28.56%) 256 (31.92%) 0.000** 0.083
Age (Years)
    <25 556 (10.8%) 367 (16.30%) 175 (31.47%) 14 (1.75%)
    25~ 1685 (32.6%) 1026 (40.22%) 567 (33.65%) 92 (11.47%) 0.163 0.016*
    35~ 1369 (26.5%) 714 (27.99%) 502 (36.67%) 153 (19.08%) 0.000** 0.000**
    45~ 803 (15.5%) 301 (11.80%) 292 (36.36%) 210 (26.18%) 0.000** 0.000**
    55~ 325 (6.3%) 86 (3.37%) 134 (41.23%) 105 (13.09%) 0.000** 0.000**
    ≥60 432 (8.4%) 57 (2.23%) 147 (34.02%) 228 (28.43%) 0.000** 0.000**
*P<0.05, **P<0.01; #Comparison between prehypertension and normal blood pressure; &Comparison between prehyperten-
sion and hypertension.

Table 2. Anthropometric characteristics of the study population

Items Normal blood pressure 
(n=2551)

Prehypertension 
(n=1817)

Hypertension 
(n=802)

Statistic  
(F-value) P-value

Age (years) 36.11±10.35 40.71±12.75 52.09±13.63 564.046 0.000**
SBP (mmHg) 108.35±7.78 127.23±6.23 148.23±13.63 7422.997 0.000**
DBP (mmHg) 67.85±6.43 79.84±6.08 93.01±8.92 4682.608 0.000**
FBG (mmol/L) 4.79±0.60 5.13±1.25 5.55±1.45 178.969 0.000**
TC (mmol/L) 5.09±0.98 5.41±1.03 5.65±1.08 111.091 0.000**
TG (mmol/L) 1.29±1.01 1.76±1.33 2.09±1.45 162.297 0.000**
HDL (mmol/L) 1.57±0.42 1.43±0.39 1.37±0.38 101.307 0.000**
LDL (mmol/L) 2.70±0.74 2.96±0.77 3.09±0.80 111.246 0.000**
UA (μmol/L) 347.19±92.69 396.37±96.79 411.37±104.01 209.679 0.000**
BMI (kg/m2) 22.27±3.01 24.78±13.72 26.23±10.71 70.237 0.000**
SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TC, total cholesterol; TG, triglycerides; 
HDL, high-density lipoprotein; LDL, low-density lipoprotein; UA, uric acid; BMI, body mass index. Data is presented as mean ± 
SD. **P<0.01.



Prevalence and risk factors of prehypertension

16427	 Int J Clin Exp Med 2015;8(9):16424-16433

were submitted into Epi Data software (Epi 
Data Association, Denmark). The categorical 
variables were expressed as the frequency and 
compared by using the chi-square test. The 
continuous variables were expressed as the 
mean ± standard deviation (SD) and examined 
using t-test and one-way analysis of variance 
(ANOVA) test. Unconditional multivariate logis-
tic regression analysis was used to calculate 
the odds ratio (OR) with 95% confidence inter-

vals (95% CI) for prehypertension. A P-value 
<0.05 was considered statistically significant.

Results 

Prevalence of prehypertension and hyperten-
sion

A total of 5170 subjects (2967 men and 2203 
women) aged 40.21±13.00 years were ulti-

Table 3. Comparison of associated factors between different groups

Items Normal blood  
pressure (n=2551)

Prehyperten- 
sion (n=1817)

Hyperten- 
sion (n=802) OR (95% CI) P-value# OR (95% CI) P-

value&

Gender

    Male 1123 1298 546 1 1

    Female 1428 519 256 0.314 (0.277, 0.358) 0.000** 1.173 (0.979,1.404) 0.083

Age (years)

    <25 367 175 14 1 1

    25~ 1026 567 92 1.159 (0.942, 1.426) 0.163 2.028 (1.127, 3.649) 0.016*

    35~ 714 502 153 1.474 (1.191, 1.825) 0.000** 3.810 (2.147, 3.616) 0.000**

    45~ 301 292 210 2.034 (1.598, 2.590) 0.000** 8.990 (5.071, 15.936) 0.000**

    55~ 86 134 105 3.268 (2.360, 4.523) 0.000** 9.795 (5.368, 17.871) 0.000**

    ≥60 57 147 228 5.408 (3.793, 7.713) 0.000** 19.388 (10.828, 34.714) 0.000**

BG (mmol/L)

    <6.1 2506 1701 668 1 1

    6.1~ 27 64 61 3.492 (2.218, 5.499) 0.000** 2.427 (1.690, 3.486) 0.000**

    ≥7.0 18 52 73 4.256 (2.481, 7.300) 0.000** 3.575 (2.477, 5.159) 0.000**

TC(mmol/L)

    <1.04 0 0 0

    1.04~ 1482 817 285 1 1

    5.18~ 787 639 303 1.473 (1.287, 1.685) 0.000** 1.359 (1.122, 1.647) 0.002**

    ≥6.22 282 361 214 2.322 (1.944, 2.774) 0.000** 1.699 (1.369, 2.110) 0.000**

TG (mmol/L)

    <1.70 2078 1151 404 1 1

    1.70~ 237 299 152 2.278 (1.893, 2.741) 0.000** 1.448 (1.156, 1.815) 0.001**

    ≥2.26 236 367 246 2.808 (2.348, 3.357) 0.000** 1.910 (1.568, 2.326) 0.000**

HDL (mmol/L)

    <0.91 75 106 68 1 1

    0.91~ 127 160 74 0.891 (0.612, 1.299) 0.549 0.721 (0.478, 1.087) 0.118

    1.04~ 1167 955 452 0.579 (0.426, 0.788) 0.000** 0.738 (0.533, 1.021) 0.056

    ≥1.55 1182 596 208 0.357 (0.261, 0.487) 0.000** 0.544 (0.386, 0.767) 0.000**

LDL (mmol/L)

     <3.37 2142 1325 532 1 1

     3.37~ 326 372 192 1.845 (1.566, 2.173) 0.000** 1.285 (1.051, 1.572) 0.014*

     ≥4.14 83 120 78 2.337 (1.752, 3.118) 0.000** 1.619 (1.197, 2.190) 0.002**

Hyperuricemia

     No 1839 992 372 1 1

     Yes 712 825 430 2.148 (1.893, 2.438) 0.000** 1.390 (1.176, 1.642) 0.000**

BMI (kg/m2)

     <18.5 224 45 10 1 1

     18.5~ 1637 794 219 2.414 (1.734, 3.362) 0.000** 1.241 (0.616, 2.503) 0.545

     24.0~ 607 738 385 6.052 (4.318, 8.483) 0.000** 2.348 (1.170, 4.709) 0.014*

     ≥28.0 81 239 186 14.688 (9.772, 22.08) 0.000** 3.502 (1.719, 7.134) 0.000**
FBG, fasting blood glucose; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein; BMI, body mass index; OR, odd ratio; CI, confi-
dence interval. *P<0.05, **P<0.01; #Comparison between prehypertension and normal blood pressure; &Comparison between prehypertension and hypertension.
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mately included in this study. Of those, 1817 
(35.15%) subjects had hypertension including 
1298 (43.75%) male and 519 (23.56%) female. 
A total of 2551 subjects had normal blood pres-
sure. The prevalence of prehypertension was 
41.23% among those aged 55 years to <60 
years, 36.67% among those aged 35 years to 
<45 years, and 36.36% among those aged 45 
years to <55 years. Detailed distribution of 
blood pressure is shown in Table 1. 

Characteristics of prehypertensive subjects

As shown in Table 2, the age of prehypertensive 
subjects was 40.71±12.75 years which was 
significantly different compared to subjects 
with normal blood pressure (36.11±10.35 
years) or hypertensive subjects (52.09±13.63 
years). Total cholesterol, TG, LDL-C, FBG, UA lev-
els and BMI were significantly higher and HDL-C 
levels were significantly lower in prehyperten-

sive subjects than those with normal blood 
pressure individuals (all P-values <0.05).

Factors associated with the prehypertension 
by univariate analysis

The risk factors associated with prehyperten-
sion and hypertension in univariate analysis 
were presented in Table 3. The reference cate-
gory was normal blood pressure. Gender, age, 
TC, TG, LDL-C, HDL-C, FBG, hyperuricemia, and 
BMI were associated with prehypertension in 
univariate analysis.

Predictors of prehypertension by multivariable 
unconditional logistic regression analysis

All significant factors in the univariate analysis 
were considered as independent variables and 
prehypertension and hypertension were con-
sidered as the dependent variables. We further 

Table 4. Category and description of the independent variables
Variable definition Variable Variable assignment
Y Group Normal BP=1; Prehypertension=2
X1 Gender Male=1; Female=2
X2 Age (years) <25=1; 25~ =2; 35~ =3; 45~ =4; 55~ =5; ≥55=6
X3 FBG (mmol/L) <6.1=1; 6.1~=2; ≥7.0=3

X4 TC (mmol/L) <5.18=1; ≥5.18=2

X5 TG (mmol/L) <1.7=1; ≥1.7=2
X6 HDL-C (mmol/L) <0.91=1; ≥0.91=2

X7 LDL-C (mmol/L) <3.37=1; ≥3.37=2
X8 Hyperuricemia (μmol/L) No=0; Yes=1

X9 BMI (kg/m2) <18.5=1; 18.5~ =2; 24.0~ =3; ≥28.0=4

FBG, fasting blood glucose; TC, total cholesterol; TG, triglycerides; BMI, body mass index; HDL, high-density lipoprotein; LDL, 
low-density lipoprotein.

Table 5. Risk factors of prehypertension by unconditional binary stepwise logistic regression analysis
Variables Regression coefficient Standard error Wald statistics P-value OR 95% CI
Constant terms -2.4893 0.2548 95.4373 0.0001
Gender (X1) -0.8281 0.0735 126.9313 0.0001 0.437 (0.378, 0.505)

Age (X2) 0.2285 0.0309 54.8009 0.0001 1.257 (1.183, 1.335)
FBG (X3) 0.4145 0.1289 10.3510 0.0013 1.514 (1.176, 1.949)
TC (X4) 0.2157 0.0694 9.6735 0.0019 1.241 (1.083, 1.421)
TG (X5) 0.2121   0.0812 6.8265 0.0090 1.236 (1.054, 1.449)

Hyperuricemia (X8) 0.2002 0.0745 7.2149 0.0072 1.222 (1.056, 1.414)
BMI (X9) 0.5756 0.0531 117.5653 0.0001 1.778 (1.602, 1.973)
FBG, fasting blood glucose; TC, total cholesterol; TG, triglycerides; BMI, body mass index; OR, odds ratio; CI, confidence inter-
val.
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performed a multivariable unconditional logis-
tic regression analysis (Table 4 presents the 
variables assignment). As shown in Table 5, 
male gender, age, FBG, TC, and TG levels, 
hyperuricemia, and BMI were significantly asso-
ciated with prehypertension. Female gender 
was a protective factor against prehyperten-
sion (OR: 0.437; 95% CI: 0.378-0.505). After 
excluding gender from the analysis (Table 6), 
age ≥25 years, BMI ≥28.0 kg/m2, TC ≥5.18 
mmol/L, TG ≥1.7 mmol/L, FBG ≥6.1 mmol/L 
and hyperglycaemia were the main predictors 
of prehypertension. For each increased unit of 
the variables, prehypertension risk increased 
by 1.234 for age, 1.936 for FBG, 1.447 for TC, 
1.293 for TG, 1.536 for hyperuricemia, and 
1.476 for BMI.

Discussion

The current study revealed that the overall 
prevalence of prehypertension was 35.15% in 
Guangzhou urban adults undergoing health 
check-up. The prevalence of hypertension was 
41.23% of the population already in the age 
group of 55-60 years. Higher prevalence of pre-
hypertension was reported in male (43.75%) as 
compared to female (23.56%) subjects. 
Moreover, age, gender, hyperglycemia, TC, TG, 
hyperuricemia, and BMI were important risk 
factors for prehypertension in the population 
under investigation. For every 10 years incre-
ment in age, the risk of prehypertension 
increased 1.234 times. The risk of prehyper-
tension was about 3 times higher among sub-
jects in the age group of ≥55 years compared 
to those aged below 25 years.

The prevalence of prehypertension may be 
influenced by different factors, such as regional 

climate and lifestyle. The Control Hypertension 
and Other Risk Factors to Prevent Stroke with 
Nutrition Education in Urban Area of Northeast 
China (CHPSNE) study indicated that overall, 
40.5% of urban Chinese adults had prehyper-
tension in northeast China [18]. The prevalence 
of prehypertension was 44.1% in rural adults in 
Liaoning Province [23] and 38.39% in 
Mongolian populations of Inner Mongolia [24].
The prevalence of prehypertension was 35.8% 
in Taiwan [25], which was consistent with our 
study. Liaoning and Inner Mongolia represents 
the northern region of China. Higher prevalence 
of prehypertension in the northern population 
may be attributed to the lower annual average 
temperature and greater salt intake. In the 
eastern region of China, the prevalence of pre-
hypertension was 37.1% in Shandong Province 
[26] and 45.9% in Zhejiang Province [27]. While 
in the western region of China, the prevalence 
of prehypertension was 34.24% (35.6% for 
male and 31.5% for female) [28].

The prevalence of prehypertension has been 
noted to be significantly higher in male individu-
als [16]. No significant difference in the preva-
lence of prehypertension was observed among 
different age groups in our study. In contrast 
with our study, Zhao et al. [29] suggested that 
the prevalence has decreased along with the 
age increment. These findings might be 
explained by the geographical factors.

The incidence of hypertension has increased 
steadily over the past two decades among 
Chinese adults, particularly in young adults, 
women, and rural residents [30]. Individuals 
with prehypertension have an increased risk of 
hypertension [31, 32]. An older age at baseline, 
male sex, Mongolian race, and being over-

Table 6. Risk factors of prehypertension by unconditional binary stepwise logistic regression analysis 
after excluding gender
Variables Regression coefficient Standard error Wald statistics P-value OR 95% CI
Constant terms -4.2792 0.2064 429.6801 0.0001
Age (X2) 0.2106 0.0301 49.0994 0.0001 1.234 (1.164, 1.309)
FBG (X3) 0.4290 0.1288 11.0840 0.0009 1.536 (1.193, 1.977)
TC (X4) 0.3696 0.0789 21.9149 0.0001 1.447 (1.240, 1.689)
TG (X5) 0.2570   0.0820 9.8234 0.0017 1.293 (1.101, 1.518)

Hyperuricemia (X8) 0.3894 0.0719 29.3727 0.0001 1.476 (1.282, 1.699)
BMI (X9)   0.6606 0.0523 159.2748 0.0001 1.936 (1.747, 2.145)
FBG, Fasting blood glucose; TC, total cholesterol; TG, triglycerides; BMI, body mass index; OR, odds ratio; CI, confidence inter-
val.
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weight or obese were the main predictors of 
progression to hypertension [33]. Presence of 
various risk factors altogether, contributes to 
the progression to hypertension from 
prehypertension.

In this study, individuals with prehypertension 
had higher TC, TG, LDL-C, FBG, UA levels and 
BMI than those with normal blood pressure. 
Overweight/abdominal obesity, waist circum-
ference, hyperglycemia, dyslipidemia, male 
gender, older age, smoking, alcohol consump-
tion, and hyperuricemia have been considered 
as risk factors of prehypertension [34]. These 
factors are also the key risk factors of carotid 
atherosclerosis and CVD or cerebrovascular 
diseases [35]. According to the univariate anal-
ysis, gender, age, TC, TG, LDL-C, HDL-C, FBG, 
hyperuricemia, and BMI were the risk factors 
for prehypertension. Multiple unconditional 
logistic regression analysis confirmed that age, 
male, TC, TG, hyperuricemia, diabetes and BMI 
were significantly associated with both prehy-
pertension, while the female was a protective 
factor. High BMI was the strongest determinant 
predictor of prehypertension. This finding sug-
gests that being overweight or obese has a sta-
tistically significant association with the devel-
opment of prehypertension. Therefore, to pre-
vent prehypertension, weight loss may be nec-
essary for all individuals with high BMI. 

Uric acid has not been listed as risk factor for 
CVD in hypertension guidelines 2010 [36]. Yet 
some studies found that a high serum UA level 
was an independent risk factor of prehyperten-
sion and the risk increased with the increment 
of serum UA level [37]. Our study also demon-
strated that high UA level was significantly 
associated with prehypertension. However, the 
mechanisms underlying increased risk of pre-
hypertension in individuals with hyperuricemia 
need to be investigated further. High density 
lipoprotein cholesterol is a strong independent 
predictor of cardiovascular events. Our study 
found that HDL-C was a risk factor for prehyper-
tension in the univariate analysis but not in 
multiple logistic regression analysis. These 
negative findings might be explained by the 
HDL-C level not being fully representative of the 
HDL function [38].

The prevalence of prehypertension in Guang- 
zhou urban adults was not lower than in other 
areas of China, and higher prevalence rate was 

found in male than female subjects. Although 
the JNC-8 guidelines do not specifically focus 
on the concept, prevention and treatment  
of prehypertension, we feel that the identifica-
tion and management of prehypertension 
remains an important method of preventing the 
development of overt hypertension in China. 
Multiple risk factors contribute to the onset and 
development of prehypertension, including 
age, gender, hypercholesterolemia, hyperlipid-
emia, hyperuricemia, and higher BMI. Most  
of these risk factors of prehypertension are 
closely associated with lifestyle factors. Close 
attention should be paid to the identification of 
prehypertension even in the healthy population 
by doctors. Active management of blood pres-
sure, timely and effective treatment of dyslipid-
emia, hyperuricemia or hyperglycaemia, life-
style modifications, and increasing physical 
activity [39] may help to slow down the progres-
sion of prehypertension. Use of appropriate 
anti-hypertensive medication may be neces-
sary in some prehypertensive individuals [40]. 
However, evidences for the treatment of prehy-
pertension are still lacking [41], while lifestyle 
modifications remains the most important 
measure. 

The present study has several methodological 
limitations. First, determination of blood pres-
sure was based on one day measurement, 
which may result in misleading classifications 
of prehypertension. Second, the study was con-
ducted in Guangzhou where most of the sub-
jects were urban inhabitants, so the prevalence 
of prehypertension in the rural areas of south-
ern China remains unrepresented. Moreover, 
this study included subjects who presented 
themselves for a health check-up, hence a 
selection bias cannot be excluded as individu-
als with low incomes were less likely to have 
participated in the health check-up. Third, we 
could not establish the cause-effect relation-
ships because of the cross-sectional nature of 
this study. Finally, data regarding lifestyle fac-
tors including physical activity and dietary hab-
its, especially salt intake, were not collected; 
such factors may influence the blood pressure 
level.

Conclusions

Prehypertension prevalence was higher among 
urban health check-up population in Guang- 
zhou, China. The main determinants of prehy-
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pertension in our population were BMI, hyper-
glycemia, TC level, and hyperuricemia. As all of 
these determinants are modifiable, early identi-
fication and management of prehypertension 
risk factors may help to slow down the progres-
sion of rising blood pressure. Most importantly, 
as prehypertension is usually asymptomatic 
and easily missed, increasing self-awareness 
of prehypertension is also a key prevention 
strategy.
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