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ABSTRACT
Objective: To explore the prevalence and combined
cardiovascular risk factors of prehypertension in
southern China.
Design: A retrospective study; the logistic regression
model was used to find the risk factors of
prehypertension.
Setting: The study was conducted in Shunde District,
southern China, using the community-based health
check-up information.
Participants: Participants aged ≥35 years with
complete health check-up information data between
January 2011 and December 2013 were enrolled and
divided into hypertension, prehypertension and optimal
blood pressure (BP) groups. Prehypertension was further
divided into low-range (BP 120–129/80–84 mm Hg) and
high-range (BP 130–139/85–89 mm Hg) subgroups.
Outcome measures: The prevalence of
prehypertension and the combined cardiovascular risk
factors within the prehypertensive subgroups.
Results: Of the 5362 initially reviewed cases (aged
≥35 years), 651 were excluded because of missing data.
The proportions of optimal BP, prehypertension and
hypertension were 39.1%, 38.6% and 22.3%,
respectively. The average age, proportion of male sex,
overweight, impaired fasting glucose (IFG), dyslipidaemia
and hyperuricaemia were significantly higher in the
prehypertension group than in the optimal BP group (all
p <0.05). Compared with low-range prehypertension, the
proportions of overweight, dyslipidaemia and IFG were
higher in the high-range prehypertension group (all
p<0.05). Multivariate logistic regression analysis showed
that overweight (OR=2.84, 95% CI 1.55 to 5.20), male
sex (OR=2.19, 95% CI 1.39 to 3.45), age (per 10 years,
OR=1.21, 95% CI 1.02 to 1.44, p=0.03) and
hyperuricaemia (OR=1.70, 95% CI 1.14 to 2.54) were
independent risk factors of prehypertension.
Conclusions: Prehypertension is highly prevalent in
southern China. Prehypertensive individuals presented
with many other cardiovascular risk factors. There was
heterogeneity of combined risk factors within the
prehypertensive subgroups.

INTRODUCTION
In 2003, the seventh report of the Joint
National Committee on Prevention, Detection,

Evaluation, and Treatment of High Blood
Pressure ( JNC 7) proposed a new blood pres-
sure (BP) category, including 120–139 mmHg
systolic BP (SBP) or 80–89 mmHg diastolic BP
(DBP), designated as ‘prehypertension’.1 The
prevalence of prehypertension is up to
30–50% worldwide, as well as in many districts
of China.2–4 It is known that in China the
prevalence of hypertension is significantly
higher in the northern area than in the south-
ern area because of the colder climate and
high sodium intake.5 Such regional factors
may also affect the prevalence of prehyperten-
sion. However, the prevalence of prehyperten-
sion in Guangdong Province, southern China
has been rarely reported.
Prehypertensive individuals are prone to

progress into frank hypertension, and most of
them present with clustering of other cardio-
vascular risk factors.6–8 However, the use of the
term ‘prehypertension’ is still controversial.
Most of the arguments against using this term
consist of the possible public anxiety and over-
treatment it may cause. Further, there is a high
heterogeneity within this category because the
risk of progressing to hypertension and
developing cardiovascular disease (CVD) is
higher among people with BP 130–139/85–89
mmHg than among those with BP
120–129/80–84 mmHg.6 9 Furthermore, the

Strengths and limitations of this study

▪ This study shows that prehypertension is highly
prevalent in the Shunde District, southern China.

▪ With the economic development and lifestyle
changes in China, obesity/overweight has become
a very important risk factor for increased blood
pressure.

▪ This is the first study to show that there was a sig-
nificant heterogeneity of combined risk factors
within the prehypertensive subgroups.

▪ Some important confounding factors possibly
associated with increased blood pressure were
not evaluated in the present study.
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question of whether the concurrent cardiovascular risk
factors in subgroups of prehypertension are different
remains unanswered.
Given these inconsistent results, we conducted a retro-

spective analysis to explore the prevalence of prehyper-
tension, and the cardiovascular risk factors in the
subgroups of prehypertension in Guangdong Province,
southern China.

METHODS
Study participants
We performed a retrospective study in Shunde District, a
traditional but economically developed district of
Guangdong Province, in China, using the community-
based health check-up information. Community-based
health check-up information was collected in the Health
Management Center of the First People’s Hospital of
Shunde. The centres provided data for participants who
enrolled in their health check-up programmes conducted
between January 2011 and December 2013. Participants
aged ≥35 years with complete data for the following
characteristics were included in this study: age, sex,
smoking/drinking habits, history of chronic diseases and
treatment, family history of hypertension, height, weight,
BP, fasting plasma glucose (FPG), total cholesterol (TC),
triglycerides (TG), low-density lipoprotein-cholesterol
(LDL-C), high-density lipoprotein-cholesterol (HDL-C),
serum creatinine (Scr), blood urea nitrogen and serum
uric acid (UA).

BP measurement
Although our data were based on retrospective analysis
of community-based health check-up information, the
protocol of BP measurement in our Health
Management Center is carried out consistently since the
foundation of the department. Participants were asked
to avoid caffeinated beverages, smoking and exercise for
at least 30 min, and BP measurements were taken after
the participants were allowed to rest quietly for at least
5 min. Three BP measurements (2 min between each)
were obtained for each individual by trained nurses, who
were part of the Health Management Center, with a
mercury sphygmomanometer. The first and fifth
Korotkoff sounds were recorded as SBP and DBP,
respectively. During the measurements, the participants
were seated with the arm supported at the level of the
heart. The mean of three BP measurements was calcu-
lated and recorded.

Definition of correlative risk factors
The correlative risk factors estimated in our study included
the following: (1) BP classification was based on the recom-
mendations from the JNC 7.1 Optimal BP was defined as
SBP <120 mm Hg and DBP <80 mm Hg. Hypertension was
defined as SBP ≥140 mm Hg and/or DBP ≥90 mm Hg, or
previously diagnosed as hypertension and currently under-
going antihypertensive treatment. Prehypertension was

defined if individuals were not undergoing antihyperten-
sive treatment and had an SBP of 120–139 mmHg and/or
DBP of 80–89 mmHg. Prehypertension was further
divided into low-range (SBP 120–129 and/or DBP 80–
84 mmHg) and high-range (SBP 130–139 mm Hg and/or
DBP 85–89 mmHg) subgroups. (2) Impaired glucose
regulation was diagnosed based on FPG according to the
American Diabetes Association criteria,10 including dia-
betes mellitus (DM; FPG ≥7.0 mmol/L) and impaired
fasting glucose (IFG, FPG 5.6–6.9 mmol/L). Dyslipidaemia
was defined as with a history of receiving antidyslipidaemia
agents or TC ≥5.18 mmol/L, LDL-C ≥3.37 mmol/L,
HDL-C <1.04 mmol/L and/or TG ≥1.7 mmol/L, accord-
ing to the 2007 Guidelines for Prevention and Treatment
of Dyslipidemia in Adults in China.11 Hyperuricaemia was
defined as UA ≥416 μmol/L in men and 357 μmol/L in
women. (3) Overweight and obesity were defined as body
mass index (BMI) 24–27.9 kg/m2 and BMI ≥28 kg/m2

according to Chinese criteria.12 (4) The estimated glom-
erular filtration rate (eGFR) of each participant was esti-
mated using the modified Modification of Diet in Renal
Disease equation adapted for the Chinese13 as:
eGFR=186×Scr−1.154×age−0.203×0.742 (female)×1.233
(Chinese).

Statistical analysis
Statistical analysis was performed using the Statistical
Package for the Social Science software release V.16.0
(SPSS Inc, Chicago, Illinois, USA). Continuous variables
are presented as mean (SD) or median (IQR) as appropri-
ate. Categorical variables are expressed as percentages.
After testing for normality using the Kolmogorov-Smirnov
test, continuous variables were compared using a t test or
the Mann-Whitney U test, and categorical variables were
compared by χ2 test or Fisher’s exact test as appropriate.
Multiple logistic regression analysis was performed to
evaluate predictive factors for prehypertension. Individuals
with optimal BP were used as the reference group.
Multicollinearity (strong correlations among independent
variables) was examined by collinearity diagnostic statistics.
Variance inflation factor values >2.5 or tolerance <0.4 may
indicate concern for multicollinearity in logistic regression
models.14 A value of p<0.05 was considered statistically
significant.

RESULTS
Prevalence of prehypertension
Of the 5362 cases (aged ≥35 years) initially reviewed, 651
were excluded because of missing data. Finally, 4711 cases
(2674 men, 2037 women) were analysed. The proportions
of optimal BP, prehypertension and hypertension were
39.1% (1842 cases), 38.6% (1819 cases) and 22.3% (1050
cases), respectively. The prevalence of prehypertension
was higher in men than in women (43.5% vs 32.2%,
p<0.001). There was an increasing trend of prehyperten-
sion prevalence associated with age (table 1).
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Risk factors clustering in different blood pressure statuses
The average age, proportion of male sex, family history of
hypertension, overweight, IFG, dyslipidaemia, hyperuri-
caemia, levels of FPG, TC, TG, BMI and UA were signifi-
cantly higher in the prehypertension and hypertension
groups than in the optimal BP group (all p<0.05). The
proportions of DM, obesity and level of LDL-C were also
higher in the hypertension group than in the optimal BP
group (all p<0.05); however, the differences were not sig-
nificant in the prehypertension group compared with
that in the optimal BP group (table 2).

Cardiovascular risk factors in different subranges of
prehypertension
To explore the heterogeneity within the prehypertension
category, patients with prehypertension were further
classified into low-range and high-range subgroups. The
proportions of male sex, overweight, IFG, BMI and levels
of FPG were higher in the low-range prehypertension
group than in the optimal BP group (all p<0.05), but
there were no significant differences for other cardiovas-
cular risk factors (all p>0.05). The proportions of male
sex, overweight, obesity, dyslipidaemia, DM, IFG, hyper-
uricaemia and BMI, and levels of TC, LDL-C, TG, FPG
and UA were higher in the high-range prehypertension
group than in the optimal BP group (all p<0.05).
Compared with low-range prehypertension, the propor-
tions of overweight, dyslipidaemia and IFG were higher
in the high-range prehypertension (all p<0.05; table 3).

Risk factors associated with prehypertension
The multivariable-adjusted risk factors associated with
prehypertension are presented in table 4. High BMI
(overweight/obesity) was the most important risk factor
for prehypertension (OR=2.84, 95% CI 1.55 to 5.20,
p<0.001). Age (per 10 years, OR=1.21, 95% CI 1.02 to
1.44, p=0.03), male sex (OR=2.19, 95% CI 1.39 to 3.45,
p<0.001) and hyperuricaemia (OR=1.70, 95% CI 1.14 to
2.54, p=0.009) were also significantly associated with

prehypertension. Furthermore, collinearity statistics were
>0.4 for tolerance and <2.5 for the variance inflation
factor, suggesting that multicollinearity was not a
concern among the independent variables.

DISCUSSION
In this study, we found that prehypertension is highly
prevalent in the Shunde District, Guangdong Province.
Prehypertensive individuals presented with other risk
factors associated with CVD, such as overweight, dyslipidae-
mia, impaired glucose and hyperuricaemia. Furthermore,
combined cardiovascular risk factors were more significant
in people with high-range prehypertension. To the best of
our knowledge, this is the first study to show that there was
a significant heterogeneity of combined risk factors within
the prehypertensive subgroups.
Many epidemiological studies have demonstrated that

prehypertension is an important public health problem.
However, the prevalence of prehypertension in different
countries and districts differs significantly, and may be
influenced by different regional factors, such as climate
and lifestyle, as well as ethnicity. At the beginning of this
century (2000–2001), a cross-sectional survey found that
the prevalence of prehypertension was 21.9% among
Chinese participants aged between 35 and 74 years.3

However, in other subsequent studies, the prevalence of
prehypertension was significantly higher than this ratio.
In rural northeastern China, the prevalence of prehyper-
tension was 35.1% in men and 32.5% in women,15 and
up to 40% in the whole population from urban areas of
northeastern China,16 which may be associated with the
cold climate and high sodium diet. In this study, we
found that the prevalence of prehypertension in the
Shunde District of Guangdong Province, a traditional but
economically developed district of southern China, was
up to 38.6%. It was very similar to that in the urban areas
of northeastern China,16 and significantly higher than
that reported at the beginning of this century for the

Table 1 Prevalence of prehypertension and hypertension by sex and age group

Age (years) n Optimal BP (%) Prehypertension (%) Hypertension (%)

Male

35–49 970 48.1 34.4 17.4

50–64 996 27.1 48.0 24.9

≥65 708 20.6 49.6 29.8

Total 2037 33.0 43.5 23.5

Female

35–49 758 59.8 26.5 12.9

50–64 797 42.3 36.3 22.2

≥65 482 35.1 34.4 30.5

Total 2674 47.1 32.2 20.7

All

35–49 1728 53.2 31.0 15.5

50–64 1793 33.9 42.8 23.7

≥65 1190 26.5 43.4 30.1

Total 4711 39.1 38.6 22.3

BP, blood pressure.
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entire country.3 Further analysis showed that increased
BMI was the most important risk factor for prehyperten-
sion in our study. Even among patients with low-range
prehypertension, BMI was significantly increased com-
pared with the optimal BP group. Therefore, our study
suggests that although sodium intake is relatively low in
the Guangdong Province in southern China,17 the preva-
lence of prehypertension is almost as high as that in the
northern area. With the economic development and life-
style changes, obesity/overweight has become a very
important risk factor for increased BP.
Although the proportions of IFG and dyslipidaemia

were higher in the prehypertension group than in the
optimal BP group, in multivariable analysis the associa-
tions of IFG and dyslipidaemia with prehypertension
were not significant after adjustment for BMI. Many
studies have documented that overweight/obesity can
cause significant insulin resistance, which may play an
important role in impaired glucose metabolism, dyslipi-
daemia and increased BP.18 19 Clinical studies have shown
that weight control can significantly lower BP.20 These
results indicated that lifestyle modifications, such as
weight loss, are effective in the long-term primary preven-
tion of hypertension. With the economic development
and lifestyle changes, lifestyle modifications should be
emphasised as a cornerstone in modern China.
In addition to the traditional risk factors, previous

studies have found that serum UA levels were significantly
associated with prehypertension.21 22 The mechanisms

may be associated with inhibition of the nitric oxide
pathway and activation of the renin-angiotensin system.
Further, UA can cause a proliferation of vascular smooth
muscle cells and renal microvascular damage because of
local inflammation and oxidative stress, finally leading to
high BP.23 24 In our study, we found that the level of UA
tended to increase in the low-range prehypertension
group (p=0.07), and the difference was significant
between high-range prehypertension and the optimal BP
groups. These results indicate that the effect of UA on BP
may be increased throughout the entire prehypertension
range.
In a recent randomised controlled trial, prehypertensive

obese adolescents aged 11–17 years were enrolled and ran-
domised to a urate-lowering therapy (including allopur-
inol or probenecid) or placebo. Participants treated with a
urate-lowering therapy experienced a highly significant
reduction in BP (SBP 10.2 mmHg and DBP 9.0 mmHg,
respectively). Systemic vascular resistance was also reduced
in the urate-lowering therapy group.25 These findings
strongly supported the synergistic pathogenic role of UA
and obesity in hypertension. Genes and diet are important
factors affecting the levels of UA; therefore, we emphasise
the importance of lifestyle modification interventions for
people with prehypertension.
It was interesting that there was significant ‘heterogen-

eity’ of combined cardiovascular risk factors within the
prehypertensive subgroups in our study. Compared with
optimal BP, BMI and FPG were increased in the low-

Table 2 Cardiovascular risk factors in different blood pressure statuses

Optimal BP (n=1842) Prehypertension (n=1819) Hypertension (n=1050) p Value

Age (years) 48.8±10.5 52.1±11.3* 54.3±10.4* 0.008

Male (n (%)) 829 (45.0) 1163 (63.9)* 628 (59.8)*† <0.001

Smoking (n (%)) 301 (16.3) 287 (15.8) 186 (17.7) 0.77

Alcoholic (n (%)) 35 (1.9) 42 (2.3) 27 (2.6) 0.464

Family history of hypertension

(n (%))

274 (14.9) 292 (16.1)* 203 (19.3)*† 0.007

Overweight (n (%)) 236 (12.8) 395 (21.7)* 241 (23.0)* <0.001

Obesity (n (%)) 128 (6.9) 156 (8.6) 98 (9.3)* 0.019

BMI (kg/m2) 21.6±3.2 24.9±3.5* 25.6±4.8* 0.001

Dyslipidaemia (n (%)) 420 (22.8) 488 (26.8)* 312 (29.7)*† <0.001

TC (mmol/L) 5.02±1.25 5.39±1.67* 5.64±1.59*† 0.01

LDL-C (mmol/L) 3.21±1.15 3.45±1.18 3.68±1.32* 0.03

HDL-C (mmol/L) 1.18±0.36 1.09±0.38 1.02±0.41 0.75

TG (mmol/L) 1.66±0.42 2.07±0.58* 2.09±0.63* 0.001

DM (n (%)) 138 (7.5) 168 (9.2) 109 (10.4)* 0.002

IFG (n (%)) 261 (14.2) 384 (21.1)* 275 (26.2)*† <0.001

FPG (mmol/L) 5.14±1.96 5.79±2.03* 5.91±2.27* 0.003

Scr (mmol/L) 72.2±19.7 75.0±25.1 79.2±28.9 0.14

BUN (mmol/L) 5.34±1.71 6.01±1.87 6.25±1.99 0.35

eGFR (mL/min/1.73 m2) 126.8±27.9 125.2±29.4 118.1±28.6 0.76

Hyperuricaemia (n (%)) 233 (12.6) 302 (16.6)* 226 (21.5)*† 0.001

UA (mmol/L) 377.5±32.2 402.9±34.6* 428.1±33.8*† 0.007

*Versus optimal blood pressure p<0.05.
†Versus prehypertension p<0.05.
BMI, body mass index; BP, blood pressure; BUN, blood urea nitrogen; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; FPG,
fasting plasma glucose; HDL-C, high-density lipoprotein-cholesterol; IFG, impaired fasting glucose; LDL-C, low-density lipoprotein-cholesterol;
Scr, serum creatinine; TC, total cholesterol; TG, triglycerides; UA, serum uric acid.
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range prehypertension group and were increased even
further in the high-range prehypertension group.
Furthermore, the proportions of overweight, dyslipidae-
mia and IFG were higher in those in the high-range pre-
hypertension group than in those in the low-range
prehypertension group. These findings confirmed the
importance of the definition of prehypertension, as well
as the inhomogeneity of the prehypertension subcat-
egories. Our prior meta-analysis also found that prehy-
pertension was associated with increased risks of CVD26

and end-stage renal disease.27 However, owing to limit

prospective, randomised trials examining the effects of
antihypertensive therapy on reducing target organ
damage specifically in prehypertension, professional
societies do not currently recommend pharmacotherapy
for prehypertension, even in individuals with high-range
prehypertension.28 29 This is a great gap to be covered
between epidemiological studies and randomised con-
trolled studies in prehypertension. Prehypertensive indi-
viduals are at high risk to progress to sustained
hypertension, as well as CVD and renal damage. So peri-
odic screening is important. For therapeutic

Table 3 Cardiovascular risk factors in different subranges of prehypertension

Low-range
prehypertension
(n=925)

High-range
prehypertension
(n=894) p Value

Age (years) 50.6±11.2 53.7±12.4* 0.08

Male (n (%)) 584 (63.1)* 579 (64.8)* 0.47

Smoking (n (%)) 149 (16.1) 138 (15.4) 0.69

Alcoholic (n (%)) 20 (1.9) 22 (2.7) 0.29

Family history of hypertension (n (%)) 153 (16.5) 139 (15.5) 0.56

Overweight (n (%)) 183 (19.8)* 212 (23.7)* 0.04

Obesity (n (%)) 75 (8.1) 81 (9.1)† 0.47

BMI (kg/m2) 23.7±3.3† 26.1±3.9* <0.001

Dyslipidaemia (n (%)) 227 (24.5) 261 (29.2)* 0.025

TC (mmol/L) 5.25±1.38 5.53±1.70* 0.04

LDL-C (mmol/L) 3.33±1.08 3.58±1.19† 0.10

HDL-C (mmol/L) 1.14±0.35 1.03±0.37 0.69

TG (mmol/L) 1.81±0.56 2.34±0.67† 0.12

DM (n (%)) 78 (8.4) 90 (10.1)† 0.23

IFG (n (%)) 171 (18.5)* 213 (23.8)* 0.005

FPG (mmol/L) 5.52±1.91† 6.07±2.05* 0.002

Scr (mmol/L) 76.1±29.4 73.8±27.0 0.18

BUN (mmol/L) 5.98±2.02 6.04±1.79 0.37

eGFR (mL/min/1.73 m2) 128.7±30.6 121.6±28.4 0.29

Hyperuricaemia (n (%)) 140 (15.1) 162 (18.1)* 0.09

UA (mmol/L) 392.5±40.2 411.8±37.9* 0.08

*Versus optimal blood pressure p<0.01.
†Versus optimal blood pressure p<0.05.
BMI, body mass index; BUN, blood urea nitrogen; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; FPG, fasting plasma
glucose; HDL-C, high-density lipoprotein cholesterol; IFG, impaired fasting glucose; LDL-C, low-density lipoprotein cholesterol; Scr, serum
creatinine; TC, total cholesterol; TG, triglycerides; UA, serum uric acid.

Table 4 Multivariate logistic regression analysis for risk factors of prehypertension

Risk factors OR 95% CI p Value

Age (per 10 years) 1.21 1.02 to 1.44 0.03

Sex (men vs women) 2.19 1.39 to 3.45 <0.001

Smoking (yes vs no) 0.97 0.70 to 1.34 0.85

Alcoholic (yes vs no) 1.12 0.89 to 1.41 0.33

Family history of hypertension (yes vs no) 1.29 0.88 to 1.89 0.19

Overweight/obesity (yes vs no) 2.84 1.55 to 5.20 <0.001

Dyslipidaemia (yes vs no) 1.58 0.92 to 2.71 0.09

Impaired glucose regulation (yes vs no) 1.64 0.96 to 2.81 0.07

Hyperuricaemia (yes vs no) 1.70 1.14 to 2.54 0.009

Prehypertension was defined if individuals were not undergoing antihypertensive treatment and had a systolic blood pressure (SBP) of 120–
139 mm Hg and/or diastolic blood pressure (DBP) of 80–89 mm Hg. Individuals with optimal blood pressure (SBP <120 mm Hg and DBP
<80 mm Hg) were used as the reference group.
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implications, we consider that healthcare professionals
should recommend lifestyle changes to participants with
prehypertension. Furthermore, high-risk subpopulations
with prehypertension, especially those with high-range
prehypertension, should be selected for future con-
trolled trials to evaluate the effects of pharmacological
treatment on this population.
Several limitations of this study must be considered.

First, our data were based on community-based health
check-up information, and not from a multistage strati-
fied clustering sample. This may cause a bias in the
prevalence of prehypertension. Second, some important
confounding factors possibly associated with increased
BP, such as diet, physical activity and socioeconomic
factors, were not evaluated in the present study. Third,
follow-up data of individuals with prehypertension are
lacking and further studies are needed on the matter.

CONCLUSION
This study showed that along with the economic devel-
opment and lifestyle changes, prehypertension is highly
prevalent in the Shunde District, southern China. Many
other cardiovascular risk factors were present in indivi-
duals with prehypertension, especially in those with
high-range prehypertension. Periodic screening and life-
style changes should be recommended to participants
with prehypertension for prevention of hypertension, as
well as those with CVD.
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