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Abstract Whetherhyperuricemia is an independent risk factor for
hypertension in adults is still under debate.Todetermine the associ-
ation between serum uric acid and risk of hypertension in the
Chinese population, we conducted a prospective study using the
BKailuanCorporationcohort.^Atotalof39,233adult subjectswith
available data on serumuric acidwere enrolled from2006 to 2007.
Subjectswithestablishedhypertensionwereexcludedandwerethen
grouped based on the gender and baseline quartile serum uric acid
intoF1–4 forwomenandM1–4 formenwithF1 andM1being the
lowestquartiles.Incidenceofnewlydescribedprimaryhypertension
was reevaluated in 2010–2011. The median (interquantile range)
baseline uric acid (UA) was 290 (243–344) μmol/L in men and
230 (194–274)μmol/L inwomen.During a 4-year follow-up peri-
od, 12,844 subjects (31.31 %) were newly diagnosed with hyper-
tension.Theincidenceofhypertensionwas14.36,16.57,19.06,and

22.35% inF1 toF4 and33.64, 33.97, 36.54, and40.74% inM1 to
M4, respectively.Multiple logistic regression analysis showed that
the odds ratios (ORs) of incident hypertension were 1.17 [95 %
confidence interval (CI) 1.00–1.37, P = 0.055], 1.24 (95 % CI
1.06–1.45, P = 0.009), and 1.20 (95 % CI 1.02–1.41, P = 0.027)
in F2 to F4 compared to the F1 and 0.98 (95 % CI 0.91–1.05,
P = 0.534), 1.05 (95 % CI 0.98–1.13, P = 0.190), and 1.13 (95 %
CI1.05–1.22,P=0.002)inM2toM4comparedtotheM1.Elevated
level of serum uric acid is associated with an increased risk of hy-
pertension in adults.
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Abbreviations
BMI Body mass index
BP Blood pressure
CRP C-reactive protein
DBP Diastolic blood pressure
eGRF Estimated glomerular filtration rate
FBG Fasting blood glucose
HDL High-density lipoprotein
MI Myocardial infarction
LDL Low-density lipoprotein
SBP Systolic blood pressure
SUA Serum uric acid
TC Total cholesterol
TG Triglyceride

Introduction

The incidence of primary hypertension in China has increased
rapidly in the past 50 years [1]. Although the precise etiology
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remains unclear, environmental factors play a crucial role in
the pathogenesis of hypertension. Over the past decade,
emerging epidemiologic data that indicated the correlation
between hyperuricemia and hypertension led to a resurgence
of interest in this area [2–9]. With the rapid development of
Chinese economy, dietary intake of alcohol and meat has in-
creased considerably, resulting in the increase of serum uric
acid (SUA) level [10, 11].

The association between hyperuricemia and hypertension
has been indicated by several previous studies. In an animal
model, hyperuricemia was shown to increase blood pressure
(BP) [12]. In Framingham Heart Study, which included 3329
subjects without hypertension, myocardial infarction, heart
failure, renal failure, or gout from 1972 to 1976, 458
(13.8 %) subjects developed hypertension and 1201
(36.1 %) experienced higher BP after 4 years of follow-up.
Multivariate analysis showed that elevation of SUA by each
standard deviation (SD) was associated with an odds ratio
(OR) of 1.17 [95 % confidence interval (CI), 1.02 to 1.33]
for developing hypertension and an OR of 1.11 (95 % CI,
1.01 to 1.23) for progression in BP [8]. In another study, after
following 2062 healthy men aged 41.7 ± 9.2 years over a
mean of 21.5 years, Perlstein et al. found that higher level of
SUA was an independent risk factor for hypertension after
standardized adjustment for age [9]. Further, treatment with
allopurinol in 30 adolescents with newly diagnosed hyperten-
sion resulted in BP reduction [13]. These data suggest that
hyperuricemia is an independent risk factor for hypertension,
and it may be more pronounced in adolescents.

However, other studies have shown variable results in the
relationship between SUA and hypertension, especially in
older patients, partly because of differences in study design.
Most of these studies had small sample sizes, and the presence
of confounding factors could not be excluded. Therefore, due
to possible shared environmental and genetic factors of hyper-
uricemia and hypertension, whether hyperuricemia is an inde-
pendent risk factor for primary hypertension in adult patients
is still under debate [6]. In addition, the relationship between
SUA and primary hypertension has not been specifically stud-
ied in the Chinese population.

Kailuan is a large community located in Tangshan City, the
central part of the circulating Bohai Sea Gulf region in China.
This community originally consists of workers and families of
the Kailuan Group, a major coal mining company in China,
which includes 101,510 people (79.9 % men). Although the
community is located in the Bohai Bay Area, it was mainly
formed by immigrants from inland areas during the Ming
Dynasty (1368–1644), making the Tangshan cuisine an inland
style. No specific diet habitat has been found, and seafood is
not consumed as commonly as in typical coastal cities.

The Kailuan Medical Group includes 11 hospitals (Kailuan
General Hospital, Kailuan Linxi Hospital, Kailuan
Zhaogezhuang Hospital, Kailuan Tangjiazhuang Hospital,

Kailuan Fangezhuang Hospital, Kailuan Jinggezhuang
Hospital, Kailuan Lvjiatuo Hospital, Kailuan Linnancang
Hospital, Kailuan Qianjiaying Hospital, Kailuan Majiagou
Hospital, and Kailuan Hospital) and is responsible for the
healthcare of the community. From July 2006 to October
2007, the Kailuan Medical Group had built the health record
for all people living in the community [14]. Using this cohort,
a prospective study was conducted to examine the effect of
baseline level of SUA on the incidence of hypertension (reg-
istration number: ChiCTR TNC-11001489).

Subjects and methods

Subjects

The Kailuan community cohort includes 101,510 individuals
who were mainly Han Chinese that underwent health screen-
ing at the 11 hospitals of the Kailuan Medical Group between
July 1, 2006 and October 31, 2007.

Subjectswere followedupevery2years. Subsequentmedical
inspections were conducted between July 1, 2008 and June 30,
2009 and between July 1, 2010 and June 30, 2011, respectively.
Subjectswith established hypertension (including normotensive
subjects receivingantihypertensivemedication)orwithoutavail-
abledataonSUAwereexcluded.This studywasapprovedby the
EthicsCommitteeofKailuanHospital,HebeiUnitedUniversity,
and all subjects provided informed consent.

Data collection

General data collection

Demographic characteristics, smoking status, salt and alcohol
consumption, family and personal medical history, and treat-
ment for hypertension of the subjects were collected. Height
and weight were measured during the interview using a cali-
brated stadiometer and platform scale, respectively. Body
mass index (BMI) was defined as weight in kilograms divided
by the square of the height in meters (kg/m2). Family history
of hypertension was defined as a history of hypertension in
one or both of the parents. Salt intake was collected using a
questionnaire and was classified as Bhigh^ or Bnot high,^
based on the responses to questions related to salt preferences.
High salt intake was defined as consumption of ≥12 g salt
daily. Drinking was defined as >50 g average daily consump-
tion of alcohol for >1 year. Smoking was defined as daily
consumption of at least one cigarette for at least 1 year.

Measurement of BP

The right brachial artery BP was taken after being seated for at
least 5min using a calibratedmercury sphygmomanometer. The
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first phase ofKorotkoff soundwas defined as systolicBP (SBP),
and the fifth phase of Korotkoff sound was defined as diastolic
BP(DBP).TheBPwasmeasuredthree timescontinuouslywitha
breakof1–2min.Themeanvalueof the threemeasurementswas
considered as the value of BP. Subjects were instructed to avoid
smoking, tea, and coffee for 30min prior to BPmeasured [1].

Laboratory measurements

The concentration of SUAwas examined with a commercial
kit (Ke Hua Biological Engineering Corporation, Shanghai,
China) using an automatic biochemical analyzer (Hitachi
7600, Tokyo, Japan) according to the manufacturer’s instruc-
tions. The concentration of SUA, fasting blood glucose
(FBG), serum creatinine (enzymatic method), total cholesterol
(TC), triglyceride (TG), high-density lipoprotein (HDL), low-
density lipoprotein (LDL), and C-reactive protein (CRP) were
also measured at the central laboratory of Kailuan General
Hospital using the same autoanalyzer.

Definition of disease and diagnostic criteria

Hypertension was defined as SBP ≥140 mmHg and/or DBP
≥90 mmHg according to the 2010 Chinese guidelines for the
management of hypertension [1]. Diagnoses of cerebral stroke
and myocardial infarction (MI) were confirmed by specialists.
Malignant tumor history was confirmed in subjects with patho-
logical diagnosis.

Statistical analysis

Data were entered using EipData (EipData, London, UK) and
uploaded to the Oracle 10g database (Oracle, CA, USA) in the
Kailuan General Hospital. Data analysis was performed using
SPSS 13.0 (SPSS, Chicago, IL, USA). Numeric data were
expressed as mean ± SD, while categorical data were expressed
as percentages. The chi-squared test was used to evaluate the
differences in the frequency of characteristics. Variables of C-
reactive protein were not normally distributed and were then
log transformed for statistical analyses. Baseline characteristics
were compared using univariate logistic regression analysis, and
data with P values <0.20 in single factor analysis were further
comparedusingmultiple logistic regressionanalysis toassess the
relationship with incident hypertension. P values <0.05 were
considered statistically significant.

Results

Selection of population

Of the 101,510 subjects of the Kailuan Community cohort,
62,276wereexcludedfromthestudy, including47,101subjects

with established hypertension, 392 with no data of baseline
SUA, and 14,783 subjects who opted out or were lost to fol-
low-up. The final study population included 39,233 subjects
(10,593 women and 28,640 men) aged 18 to 98 years (women
44.72 ± 10.54 years, men 47.31 ± 11.94 years). The selection
procedure of the study population is presented in Fig. 1.

Baseline characteristics of included subjects

The median (interquantile range [IQR]) baseline uric acid (UA)
was290(243–344)μmol/Linmenand230(194–274)μmol/Lin
women. Subjects were divided into eight groups based on the
quartilesof thebaseline levelsofSUA.Forwomen, subjectswith
UA ≤ 194, 194 < UA ≤ 230, 230 < UA ≤ 274, and
UA > 274 μmol/L were classified as groups F1, F2, F3, and F4,
respectively.Themediansof baseline serumUAin female group

Individuals without SUA data 

N=392 

Population who participated in 

the physical examination from 

July 2006 to October 2007 

N=101,510 

Population without 

hypertension 

N=54,408 

Subjects who were 

enrolled into the study 

N=54,016 

Individuals with established 

hypertension 

N=47,101 

Study population 

N=39,233 

Individuals who did not undergo 

the final examination 

N=14,783 

Fig. 1 Flowchart of population selection in this study. SUA serum uric
acid. A total of 101,510 individuals from BKailuan Corporation^
underwent health screening from July 1, 2006 to October 31, 2007. In
these individuals, 47,101 subjects with established hypertension and 392
individuals without available data of SUA were excluded. Fourteen
thousand seven hundred eighty-three individuals did not undergo the final
examination and were excluded in the analysis model. A total of 39,233
subjects were enrolled in the prospective cohort study
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were 168, 212, 251, and 308 μmol/L. For men, subjects with
UA ≤ 243, 243 < UA ≤ 290, 290 < UA ≤ 344, and
UA > 344 μmol/L were classified as groups M1, M2, M3, and
M4, respectively. The medians of baseline serum UA in male
groupwere 213, 268, 315, and 387μmol/L. Tables 1 and2 show
the baseline characteristics of the study population.

BP, TG, TC, HDL, LDL, Cr, BMI, frequency of smoking,
and family history of hypertension all increased in both wom-
en and men with increasing levels of SUA. Interestingly, log
CRP was also positively correlated with SUA. Estimated glo-
merular filtration rate (eGFR) decreased in both women and
men with increasing SUA. These characteristics were signifi-
cantly different among quartiles (P < 0.05).

Age was significantly associated with the increasing levels
of SUA in women but not men, while FBG, drinking, high salt
intake, incidences of MI, and cerebral stroke were significant
in men but not women.

Incidence of hypertension in each quartile

After a follow-up of 4 years, 12,844 (31.31 %) subjects had
newly diagnosed primary hypertension, including 1913

(18.06 %) women and 10,371 (36.21 %) men. Female and
male subjects with hypertension in each quartile are presented
in Table 3. Significant difference was found among the four
quartiles (P < 0.05).

Logistic regression analysis for hypertension

Taking hypertension as the dependent variable and SUA quar-
tile as the independent variable, logistic regression analysis
was used to evaluate the association between the level of
SUA and hypertension. Univariate logistic analysis showed
that high salt intake, smoking, drinking, hypercholesterol-
emia, hyperglycemia, obesity, and history of cerebral stroke
were statistically significantly associated with increased risk
of incident hypertension. Factors with P values <0.20 in uni-
variate analysis were included in the multiple logistic regres-
sion analysis to evaluate the association between the level of
SUA and hypertension.

In the unadjusted model (model 1, Tables 4 and 5), using
quartile 1 as reference, the risk of hypertension increased with
higher quartiles of SUA. The odds ratios (ORs) (95 % CI)
were 1.19 (1.02–1.38), 1.41 (1.22–1.62), and 1.72 (1.49–

Table 1 Baseline characteristics of included female subjects

Quartiles of SUA F1 F2 F3 F4 Total F/X2 P

(μmol/L) UA ≤ 194 194 < UA ≤ 230 230 < UA ≤ 274 UA > 274

Number 2675 2649 2670 2599 10,593

UA (μmol/L) 162.4 ± 25.79 212.23 ± 10.16 250.97 ± 12.84 322.17 ± 46.46 236.39 ± 64.44 15,634.42 0.000*

Age (years) 44.09 ± 9.58 43.79 ± 9.77 44.44 ± 10.26 46.6 ± 12.16 44.72 ± 10.54 38.71 0.000*

SBP (mmHg) 112.29 ± 11.59 113.01 ± 11.31 113.37 ± 11.84 114.69 ± 11.73 113.33 ± 11.65 19.43 0.000*

DBP (mmHg) 73.82 ± 7.31 74.13 ± 7.1 74.15 ± 7.18 74.8 ± 7.07 74.22 ± 7.17 8.61 0.000*

TG (mmol/L) 1.12 ± 0.85 1.23 ± 1 1.31 ± 0.95 1.56 ± 1.19 1.3 ± 1.02 93.35 0.000*

TC (mmol/L) 4.75 ± 1 4.79 ± 0.97 4.83 ± 0.99 5.02 ± 1.06 4.85 ± 1.01 37.54 0.000*

LDL (mmol/L) 2.05 ± 0.93 2.14 ± 0.81 2.19 ± 0.73 2.24 ± 0.72 2.16 ± 0.81 27.17 0.000*

HDL (mmol/L) 1.54 ± 0.37 1.57 ± 0.35 1.58 ± 0.36 1.6 ± 0.39 1.57 ± 0.37 12.02 0.000*

FBG (mmol/L) 5.11 ± 1.4 5.08 ± 1.14 5.09 ± 1.12 5.15 ± 1.27 5.1 ± 1.24 1.58 0.193

Cr (mmol/L) 74.8 ± 17.18 78.08 ± 21.53 79.57 ± 23.39 80.45 ± 19.15 78.21 ± 20.56 39.06 0.000*

BMI (kg/m2) 23.1 ± 3.34 23.53 ± 3.3 23.98 ± 3.39 24.65 ± 3.62 23.81 ± 3.46 98.18 0.000*

eGRF (mL/min · 1.73 m2) 87.28 ± 22.18 84.16 ± 22.87 82.43 ± 21.46 79.5 ± 19.07 83.37 ± 21.64 60.48 0.000*

Log CRP -0.3 ± 0.69 -0.28 ± 0.65 -0.17 ± 0.64 0 ± 0.63 -0.19 ± 0.66 112.14 0.000*

Smoking (N, %) 18 (0.67) 19 (0.72) 19 (0.71) 36 (1.39) 92 (0.87) 10.71 0.013 *

High salt intake (N, %) 180 (6.76) 161 (6.08) 157 (5.88) 183 (7.05) 681 (6.44) 3.98 0.264

Drinking (N, %) 12 (0.45) 9 (0.34) 16 (0.6) 20 (0.77) 57 (0.54) 5.14 0.162

Family history of hypertension (N, %) 472 (17.64) 416 (15.7) 488 (18.28) 517 (19.89) 1893 (17.87) 16.10 0.001*

MI (N, %) 2 (0.07) 6 (0.23) 6 (0.22) 9 (0.35) 23 (0.22) 4.52 0.210

Cerebral stroke (N, %) 5 (0.19) 6 (0.23) 7 (0.26) 14 (0.54) 32 (0.3) 6.66 0.084

Malignant tumor history (N, %) 9 (0.34) 7 (0.26) 15 (0.56) 13 (0.5) 44 (0.42) 3.70 0.296

BMI body mass index, Cr creatinine, DBP diastolic blood pressure, eGRF estimated glomerular filtration rate, FBG fasting blood glucose, HDL high-
density lipoprotein, Log CRP log transformed C-reactive protein, LDL low-density lipoprotein,MI myocardial infarction, SBP systolic blood pressure,
SUA serum uric acid, TC total cholesterol, TG triglyceride, UA uric acid

*P < 0.05
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1.98), respectively, in groups F2 to F4 compared to F1 and
1.01 (0.95–1.09), 1.14 (1.06–1.22), and 1.36 (1.27–1.45), re-
spectively, in groups M2 to M4 compared to M1.

Thefirst adjustedmodel (model2,Tables4and5)adjustedfor
baselineage,SBP,DBP,FBG,TG,TC,HDL,LDL,BMI,andlog
CRPonthebasisofmodel1.TheORs(95%CI)were1.17(1.00–
1.37), 1.25 (1.07–1.46), and1.21 (1.03–1.42), respectively, inF2
to F4 compared to F1 and 0.99 (0.92–1.07), 1.08 (1.00–1.16),
and1.18(1.09–1.27), respectively, inM2toM4comparedtoM1.

The second adjusted model (model 3, Tables 4 and 5) fur-
ther adjusted for high salt intake, smoking, drinking, history of
MI, history of cerebral stroke, and family history of

hypertension. This model showed the same results as model
2 in women, whereas only M4 remained statistically signifi-
cant in men when compared to M1 (P < 0.05, Tables 4 and 5).

Discussion

We found that the incidence of hypertension after 4 years of
follow-up was statistically significantly higher with the in-
creasing baseline levels of SUA in adults, even after adjusting
for potential confounding factors, suggesting that higher base-
line SUA is an independent risk factor for hypertension.

Table 2 Baseline characteristics of included male subjects

Quartiles of SUA M1 M2 M3 M4 Total F/X2 P

(μmol/L) UA ≤ 243 243 < UA ≤ 290 290 < UA ≤ 344 UA > 344

Number 7169 7174 7200 7097 28,640

UA (μmol/L) 205.81 ± 30.85 267.64 ± 13.29 315.92 ± 15.4 400.63 ± 53.59 297.26 ± 78.12 45,746.77 0.000*

Age (years) 47.54 ± 11.5 47.37 ± 11.5 47.16 ± 12.04 47.14 ± 12.69 47.31 ± 11.94 1.83 0.139

SBP (mmHg) 117.94 ± 10.46 118.08 ± 10.64 118.18 ± 10.75 118.84 ± 10.39 118.26 ± 10.57 10.15 0.000*

DBP (mmHg) 76.7 ± 6.57 76.9 ± 6.68 77.06 ± 6.71 77.62 ± 6.34 77.07 ± 6.59 25.40 0.000*

TG (mmol/L) 1.44 ± 1.19 1.47 ± 1.21 1.59 ± 1.27 1.92 ± 1.56 1.6 ± 1.33 202.83 0.000*

TC (mmol/L) 4.71 ± 1.16 4.84 ± 1.12 4.91 ± 1.07 5.01 ± 1.06 4.87 ± 1.11 95.18 0.000*

LDL (mmol/L) 2.28 ± 0.85 2.32 ± 0.8 2.33 ± 0.79 2.34 ± 0.81 2.32 ± 0.81 5.78 0.001*

HDL (mmol/L) 1.53 ± 0.39 1.53 ± 0.38 1.52 ± 0.38 1.49 ± 0.38 1.52 ± 0.38 16.47 0.000*

FBG (mmol/L) 5.48 ± 1.8 5.34 ± 1.47 5.26 ± 1.23 5.21 ± 1.08 5.32 ± 1.43 49.73 0.000*

Cr (mmol/L) 89.74 ± 26.56 91.58 ± 24.58 92.11 ± 20.42 94.69 ± 28.29 92.02 ± 25.18 47.06 0.000*

BMI (kg/m2) 23.92 ± 3.11 24.2 ± 3.11 24.68 ± 3.21 25.47 ± 3.25 24.57 ± 3.22 325.18 0.000*

eGRF(mL/min · 1.73 m2) 90.19 ± 25.89 88.45 ± 26.83 87.59 ± 25 85.87 ± 23.5 88.03 ± 25.39 35.91 0.000*

Log CRP −0.25 ± 0.72 −0.26 ± 0.66 −0.2 ± 0.64 −0.09 ± 0.62 −0.2 ± 0.67 90.80 0.000*

Smoking (N, %) 2672 (37.27) 2966 (41.34) 3150 (43.75) 3325 (46.85) 12,113 (42.29) 143.38 0.000*

High salt intake (N, %) 779 (10.9) 757 (10.57) 857 (11.91) 932 (13.14) 3325 (11.63) 27.86 0.000*

Drinking (N, %) 1267 (17.67) 1463 (20.39) 1616 (22.44) 1919 (27.04) 6265 (21.88) 195.41 0.000*

Family history of hypertension (N, %) 820 (11.44) 972 (13.55) 1075 (14.93) 1243 (17.51) 4110 (14.35) 112.99 0.000*

MI (N, %) 43 (0.6) 40 (0.56) 65 (0.9) 70 (0.99) 218 (0.76) 13.08 0.004*

Cerebral stroke (N, %) 48 (0.67) 56 (0.78) 74 (1.03) 92 (1.3) 270 (0.94) 17.83 0.000*

Malignant tumor history (N, %) 15 (0.21) 13 (0.18) 8 (0.11) 24 (0.34) 60 (0.21) 9.23 0.026*

BMI body mass index, Cr creatinine, DBP diastolic blood pressure, eGRF estimated glomerular filtration rate, FBG fasting blood glucose, HDL high-
density lipoprotein, Log CRP log transformed C-reactive protein, LDL low-density lipoprotein,MI myocardial infarction, SBP systolic blood pressure,
SUA serum uric acid, TC total cholesterol, TG triglyceride, UA uric acid

*P < 0.05

Table 3 Incidence of
hypertension by gender, SUA
quartiles

Q1 Q2 Q3 Q4 Total X2 P

Women Number of subjects 384 439 509 581 1913 62.99 0.000*

Cumulative incidence (%) 14.36 16.57 19.06 22.35 18.06

Men Number of subjects 2412 2437 2631 2891 10,371 99.27 0.000*

Cumulative incidence (%) 33.64 33.97 36.54 40.74 36.21

SUA serum uric acid, Q quartile

*P < 0.05
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It should be noted that our cohort is relatively Bolder^ com-
pared to other studies withmean ages of 44.72 ± 10.54 years for
women and 47.31 ± 11.94 years for men. Previous studies sug-
gest that the relationshipbetweenSUAandhypertensionisstron-
ger inyounger subjects; however, our results suggested thatSUA
was also a risk factor in adults, independent of other risk factors.
A review including the past 20 years’ related studies supported a
role for uric acid as a Btrue^ cardiovascular risk factor, particu-
larly for the development of hypertension [15]. Ameta-analysis
of 18 prospective studieswith a total of 55,607 subjects conclud-
ed that high level of SUA was an independent risk factor for
hypertension with an RR value of 1.41 (1.23–1.58) compared
to the normal level of SUA [16]. The RR for incident hyperten-
sion after adjusting for potential confounding factors was 1.13
(1.06–1.20) with each increase of 1 mg/dL in SUA level, which
was comparable to our study. The impact ofUA should be taken
into consideration in the treatment of hypertension.

In the present study, 32.7 % of the normotensive subjects at
baseline developed hypertension after 2 years of follow-up, and
this rate is higher than previously reported in the Framingham
Heart study and other studies [8]. This may be due to several
factors. First, FraminghamHeart study and the other studies were
conducted earlier than our study. The incidence of hypertension
has increased dramatically during the last decades. In 2002, the
prevalenceofhypertensionwas20%amongmenand17%among
women based on theChinaNationalNutrition andHealth Survey

[17]. In 2009–2010, that has increased to 29.6 % (95%CI 28.9–
30.4 %) based on a representative sampling study [18]. These
estimatesmaystill underrepresent the trueprevalenceofhyperten-
sion, especially for men and those living in rural areas without
health insurance.Second,we includeddifferent studyparticipants.
Our study included a higher proportion ofmen, and prevalence of
hypertension is higher inmen compared towomen.As this cohort
included current and retired employees of the KailuanGroup and
their families, the ratio of male to female participants was 2.7,
compared to 0.8 in the FraminghamHeart Study. In addition, our
study sample was taken from the northern China, which has a
higher prevalence of hypertension compared to southern China.

The elaborate mechanisms for the effect of SUA on hyper-
tension are yet to be fully understood. Several hypotheses
partly explain the phenomenon. One possible mechanism is
that the UA deposition on the walls of blood vessels activates
the renin-angiotensin system, inhibits the release of carbon
monoxide, promotes inflammation, and later on leads to va-
soconstriction, which subsequently leads to vascular smooth
muscle hyperplasia and hypertension [2, 9, 19, 20]. This hy-
pothesis is consistent with the finding of the present study that
higher level of CRPwas observed in subjects with higher level
of SUA. Hyperuricemia could also induce hypertension by
increasing renal tubular reabsorption of sodium [21].

Thepresent studyandother studiesalsoconfirmtheassociation
between high level of SUA and other comorbidities [22–24].

Table 4 Logistic regression analysis of hypertension (women)

B SE Wald P OR (95 % CI)

Model 1 F1 62.38 0.000*

F2 0.17 0.08 5.00 0.025* 1.19 (1.02–1.38)

F3 0.34 0.07 21.17 0.000* 1.41 (1.22–1.62)

F4 0.54 0.07 55.67 0.000* 1.72 (1.49–1.98)

Model 2 F1 8.52 0.036*

F2 0.16 0.08 3.69 0.055 1.17 (1.00–1.37)

F3 0.22 0.08 7.55 0.006* 1.25 (1.07–1.46)

F4 0.19 0.08 5.49 0.019* 1.21 (1.03–1.42)

Model 3 F1 7.80 0.050

F2 0.16 0.08 3.69 0.055 1.17 (1.00–1.37)

F3 0.21 0.08 6.92 0.009* 1.24 (1.06–1.45)

F4 0.18 0.08 4.91 0.027* 1.20 (1.02–1.41)

Model 1: univariate logistic analysis. Model 2: adjusted for baseline age
(years), SBP, DBP, FBG, TG, TC, HDL, LDL, BMI, and log CRP. Model
3: adjusted for baseline age (years), SBP, DBP, FBG, TG, TC, HDL,
LDL, BMI, log CRP, high salt intake, smoking, drinking, history of MI,
history of cerebral stroke, and family history of hypertension

BMI body mass index, CI confidence interval, Log CRP log transformed
C-reactive protein,DBP diastolic blood pressure, FBG fasting blood glu-
cose, HDL high-density lipoprotein, LDL low-density lipoprotein, MI
myocardial infarction, OR odds ratio, SBP systolic blood pressure, SE
standard error, TC total cholesterol, TG triglyceride

*P < 0.05

Table 5 Logistic regression analysis of hypertension (men)

B SE Wald P OR (95 % CI)

Model 1 M1 99.03 0.000*

M2 0.01 0.04 0.17 0.681 1.01 (0.95–1.09)

M3 0.13 0.03 13.23 0.000* 1.14 (1.06–1.22)

M4 0.30 0.03 76.60 0.000* 1.36 (1.27–1.45)

Model 2 M1 26.61 0.000*

M2 -0.01 0.04 0.04 0.851 0.99 (0.92–1.07)

M3 0.07 0.04 3.74 0.053 1.08 (1.00–1.16)

M4 0.17 0.04 18.77 0.000* 1.18 (1.09–1.27)

Model 3 M1 16.82 0.001*

M2 -0.02 0.04 0.39 0.534 0.98 (0.91–1.05)

M3 0.05 0.04 1.72 0.190 1.05 (0.98–1.13)

M4 0.12 0.04 9.98 0.002* 1.13 (1.05–1.22)

Model 1: univariate logistic analysis. Model 2: adjusted for baseline age
(years), SBP, DBP, FBG, TG, TC, HDL, LDL, BMI, and log CRP. Model
3: adjusted for baseline age (years), SBP, DBP, FBG, TG, TC, HDL,
LDL, BMI, log CRP, high salt intake, smoking, drinking, history of MI,
history of cerebral stroke, and family history of hypertension

BMI body mass index, CI confidence interval, log CRP log transformed
C-reactive protein,DBP diastolic blood pressure, FBG fasting blood glu-
cose, HDL high-density lipoprotein, LDL low-density lipoprotein, MI
myocardial infarction, OR odds ratio, SBP systolic blood pressure, SE
standard error, TC total cholesterol, TG triglyceride

*P < 0.05
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Hyperuricemia is known to coexist with hyperglycemia, dyslipid-
emia and obesity [25], which could induce microangiopathy and
histanoxia related to hypertension. The risk of hypertension was
slightly increased with FBG, TG, TC, and BMI, indicating that
hyperglycemia, hypercholesterolemia, hypertriglyceridemia, and
obesity were also co-risk factors for hypertension. Our study also
showedthattheprevalenceoftraditionalcardiovascularriskfactors
increased with the rise in SUA level. However, after adjusting for
traditional risk factors (age,SBP,DBP,FBG,TG,TC,HDL,LDL,
BMI, log CRP, high salt intake, smoking, drinking, history ofMI,
history of cerebral stroke, and family history of hypertension), the
increase in ORs of hypertension in groups F3, F4, and M4
remainedstatisticallysignificantat1.24,1.20,and1.13,respective-
ly. These findings support the importance ofmultiple intervention
strategies in the prevention and treatment of hypertension.

Another interesting finding is the greater relationship between
uric acid and hypertension in females. Several studies have sug-
gested a similar difference between genders in the correlation of
SUA and artery diseases. Silent brain infarction and renal resistive
indexwereassociatedwithSUAonlyinwomen[26,27]. Ithasalso
been reported that serum uric acid correlated with internal carotid
artery resistive index and pulsewave velocity inwomen but not in
men [28–30]. A systematic review andmeta-analysis published in
2011 also indicated thatwomenwith the elevated level of uric acid
were more vulnerable to hypertension than men [16]. Although
data indicated that the sexdifferencewas associatedwith increased
uric acid level in men [31], further studies of the role of sex hor-
mones are required to understanding the underlinemechanisms of
thesexdifferences.Effectivestrategiespreventingcomplicationsof
hyperuricemia should also focus on the sex difference.

Thereare limitations in thepresent study.First, 14,783subjects
in the studycohort didnot undergo final examinationduring2010
to2011andwereexcludedfromtheanalysis.Thispopulationmay
have potential influence on the final results. However, sensitivity
analysis including this population did not show any difference.
Supplemental Tables 1 and 2 show the baseline characteristics of
thestudypopulationand theexcludedpopulation.Second, female
subjectswere less thanmalesubjects in thepresentstudydueto the
nature of the Kailuan Community cohort. Third, the sample sub-
jectsinthisstudywerelimitedtocurrentandretiredemployeesand
their families of the Kailuan Group, so this was not a randomly
selected sample necessarily representative of the general popula-
tion in the area. However, the large sample size of present study
could produce adequate power and is worthy of reference.

In conclusion, the present study shows that elevated level of
SUA is associated with an increased risk of hypertension in
adults, especially in women.

Perspectives

The association between hyperuricemia and hypertension has
drawn resurgent attention over the past decade. The present

study demonstrated that elevated level of SUA was an inde-
pendent risk factor for hypertension in Chinese adults. Further
experimental researches focusing on the potential pathological
role of SUA on hypertension and clinical trials concerning the
effect of urate-lowering therapy on the incidence of hyperten-
sion are worthy of being explored.
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