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Sex-specific association between serum uric acid
and prolonged corrected QT interval
Result from a general rural Chinese population
Xiaofan Guo, MDa, Zhao Li, MD, PhDa, Yamin Liu, MD, PhDb, Shasha Yu, MDa, Hongmei Yang, MDa,
Liqiang Zheng, MD, PhDc, Yonghong Zhang, MD, PhDd, Yingxian Sun, MD, PhDa,∗

Abstract
Recently, it has been found that high level of serum uric acid (SUA) is causally related to sudden cardiac death (SCD). We examined
the sex-specific associations of SUA with prolonged heart rate-corrected QT (QTc) interval in a general Chinese population.
A large sample of 11,206 Chinese research participants aged 35 years and older was recruited from rural areas of Liaoning

Province during 2012 to 2013. SUA were divided into quartiles separated for males and females. Prolonged QTc interval, assessed
by the Bazett formula, was defined as cut points of 460ms or longer in females and 450ms or longer in males. Mean (+/� standard
deviation) QTc intervals were 422.1±24.2ms among 5104 males and 436.1±23.5ms among 6102 females, respectively. In both
sexes, SUA showed significant correlations with QTc interval (both P<0.001). Among male participants, the highest quartile of SUA
(>379mmol/L) was related to an increased risk for prolongedQTc interval (odds ratios: 1.402, 95% confidence interval: 1.073–1.831)
compared to the lowest quartile (�276mmol/L) after fully adjustment. However, there were no significant relationships between SUA
and prolonged QTc interval among females in all the models.
Males with high SUA are prone to a higher risk for prolonged QTc interval. This study provides novel explanation for population-

based findings on SUA and SCD, as well as important implications for management strategies for hyperuricemic patients in clinical
practice.

Abbreviations: BMI = body mass index, BP = blood pressure, CVD = cardiovascular disease, ECG = electrocardiography, FPG
= fasting plasma glucose, LDL-C = low-density lipoprotein cholesterol, QTc = heart rate-corrected QT, SCD = sudden cardiac
death, SUA = serum UA, TC = total cholesterol, TG = triglyceride, UA = uric acid.

Keywords: population, QT interval electrocardiography, risk factors, sex-specific, uric acid

1. Introduction (SCD), cardiovascular disease (CVD) death, and all-cause
TheQT interval on electrocardiography (ECG) mainly represents
cardiac ventricular repolarization. Since it highly depends on
heart rate, the utilization of QT interval requires adjustment for
heart rate. The prolongation of heart rate-corrected QT (QTc)
interval has been shown as a marker of sudden cardiac death
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mortality in both general and high-risk populations.[1–4]

Identifying risk factors for prolonged QTc interval could help
improve population-based strategies for the management of the
serious health problem.
Uric acid (UA) is the end product of purine metabolism in

humans. A great many studies have reported the positive
associations between increased serum UA (SUA) and many
adverse outcomes, such as hypertension, metabolic syndrome,
heart failure, CVD, and all-cause mortality.[5–9] Recently, it has
been found that high SUA is causally related to SCD,[10] leading
us to consider there might be a link between SUA and ECG
abnormalities, especially prolonged QTc interval, which could
contribute to this association. However, little is known about the
impact of SUA on ECG profiles. In a cohort of general
population, Cicero et al[11] found that SUA was a significant
middle-term predictor of myocardial infarction, left ventricular
hypertrophy, and tachyarrhythmias based on ECG. Also, a study
with small sample size reported SUA was an independent marker
for predicting ventricular arrhythmia in patients with left
ventricular hypertrophy.[12] In a hospital-based study including
38 patients with liver cirrhosis, SUA was found to be correlated
with QTc interval in lead II and maximum QTc interval in all 12
leads from linear regression analysis.[13] As far as we know, there
is no evidence on the association between SUA and prolonged
QTc interval among general population in the literature. To
address this issue, we used ECGs and clinical data at the baseline
examination of a large cohort study based in Liaoning Province in
Northeast China to evaluate the sex-specific impact of SUA on
prolongedQTc interval. We aim to provide a mechanistic context
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for the links between SUA and SCD in the literature as well as
evidence for the management strategies for individuals with high
SUA from clinical perspective.

2. Methods

2.1. Study population

Liaoning Province is located in Northeast China. From January
2012 to August 2013, a representative sample aged 35 years and
older was selected to describe the prevalence, incidence, and
natural history of cardiovascular risk factors in rural areas of
Liaoning Province. The study adopted a multistage, stratified
randomly cluster-sampling scheme. In the 1st stage, 3 counties
(Dawa, Zhangwu, and Liaoyang County) were selected from the
eastern, southern, and northern region of Liaoning province. In
the 2nd stage, 1 town was randomly selected from each county (a
total of 3 towns). In the 3rd stage, 8 to 10 rural villages from each
town were randomly selected (a total of 26 rural villages).
Participants with pregnancy, malignant tumor, and mental
disorder were excluded from the present study. All the eligible
permanent residents aged ≥35 years from each village were
invited to attend the study (a total of 14,016 participants). Of
those, 11,956 participants agreed and completed the present
study and the response rate was 85.3%. The study was approved
by the Ethics Committee of ChinaMedical University (Shenyang,
China). All procedures were performed in accordance with the
ethical standards. Written consent was obtained in all partic-
ipants after they had been informed of the objectives, benefits,
medical items, and confidentiality agreement of personal
information. If the participants were illiterate, we obtained the
written informed consents from their proxies. Detailed processes
on study population and data collection were described in our
previous studies.[14–19] In this report, we used data of baseline
and only participants with a complete set of data regarding the
variables analyzed in the study were included, making a final
sample size of 11,206 (5104 males and 6102 females).

2.2. Data collection and measurements

Data were collected during a single baseline clinic visit by
cardiologists and trained nurses under the supervision of a
Steering Committee and with quality control procedures in place.
Before the survey was performed, we invited all eligible
investigators to attend the organized training. The training
contents included the purpose of this study, how to administer the
questionnaire, the standard method of measurement, the
importance of standardization, and the study procedures. A
strict test was evaluated after this training, only those who scored
perfectly on the test could become investigators. During data
collection, our inspectors had further instructions and support.
Data on demographic characteristics, lifestyle risk factors,

dietary habits, family income, history of heart disease, and any
medicine used in the past 2 weeks were obtained by interview
with a standardized questionnaire. Smoking and drinking status,
educational level, family income, and self-reported sleep duration
(including nocturnal and nap duration) were obtained from the
questionnaire. Physical activity included occupational and
leisure-time physical activity. A detailed description of the
methods has been presented elsewhere.[20] The dietary pattern
was assessed using recall of foods eaten in the previous year. The
questionnaire included questions on the average consumption of
several food items per week. The reported consumption was
quantified approximately in terms of grams per week. A special
2

diet score (vegetable consumption score plus meat consumption
score) was calculated for each participant (range 0–6).
According to American Heart Association protocol, blood

pressure (BP) was measured 3 times at 2-minute intervals after at
least 5minutes of rest using a standardized automatic electronic
sphygmomanometer (HEM-907; Omron), which had already
been validated according to the British Hypertension Society
protocol.[21] Measurements were performed in the morning
following the same protocol for all the participants. They were
advised to avoid caffeinated beverages and exercise for at least 30
minutes before the measurement. During the measurement, the
participants were seated with the arm supported at the level of the
heart. The mean of 3 BP measures was calculated and used in all
analyses.
Weight and height were measured to the nearest 0.1kg and 0.1

cm respectively with the participants in light weight clothing and
without shoes. Waist circumference was measured at the
umbilicus using a nonelastic tape (to the nearest 0.1cm), with
the participants standing at the end of normal expiration. Body
mass index (BMI) was calculated as weight in kilograms divided
by the square of the height in meters.
Fasting blood samples were collected in the morning after at

least 12hours of fasting for all participants. Blood samples were
obtained from an antecubital vein using BD Vacutainer tubes
containing EDTA (Becton, Dickinson and Co., Franklin Lakes,
NJ). Serum was subsequently isolated from whole blood, and all
serum samples were frozen at �20 °C for testing at a central,
certified laboratory. Fasting plasma glucose (FPG), total
cholesterol (TC), low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol, triglyceride (TG), SUA,
serum calcium, potassium, and magnesium, and other routine
blood biochemical indexes were analyzed enzymatically on an
auto-analyzer (Olympus AU640 Auto-Analyzer; Olympus Corp.,
Kobe, Japan). All laboratory equipment was calibrated and
blinded duplicate samples were used.
Hypertension was defined as systolic BP≥140mmHg and/or

diastolic BP≥90mmHg and/or use of antihypertensive medi-
cations.[22] Obesity was defined as BMI≥28kg/m2, according to
the recommendation for Asians.[23] Dyslipidemia was defined as
the presence of either abnormality of the following elements
according to the National Cholesterol Education Program-Third
Adult Treatment Panel (ATP III) criteria[24]: TC≥6.21mmol/L
(240mg/dL); high-density lipoprotein cholesterol<1.03mmol/L
(40mg/dL); LDL-C≥4.16mmol/L (160mg/dL); and TG≥2.26
mmol/L (200mg/dL). Diabetes mellitus was diagnosed according
to the WHO criteria: FPG≥7mmol/L (126mg/dL) and/or being
on treatment for diabetes.[25]

Twelve-lead ECGs (resting, 10seconds) were performed on all
participants by well-trained cardiologists using a MAC 5500
(GE Healthcare; Little Chalfont, Buckinghamshire, UK). All
ECGs were standard resting ECGs (25mm/second paper speed
and 10mm/mV amplitude). After capturing images, QTc
intervals were calculated and recorded automatically by the
MUSE Cardiology Information System, version 7.0.0 (GE
Healthcare) using Bazett formula.[26] Prolonged QTc was defined
according to a scientific statement, which recommend cut points
of 460milliseconds or longer in females and 450milliseconds or
longer in males.[27]
2.3. Statistical analysis

Descriptive statistics were calculated for all the variables,
including continuous variables (expressed as mean values and



Table 1

Baseline characteristics of study population according to QTc interval in males and females (N=11,206).

Males (n=5104) Females (n=6102)

Variables QTc<0.45s (n=4475) QTc≥0.45s (n=629) P QTc<0.46s (n=5200) QTc≥0.46s (n=902) P

Age, year 54±11 59±11 <0.001 53±10 56±11 <0.001
Race of Han 4242 (94.8) 593 (94.3) 0.587 4932 (94.8) 860 (95.3) 0.53
Current smoker 2591 (57.9) 341 (54.2) 0.08 825 (15.9) 185 (20.5) 0.001
Current drinker 2045 (45.7) 278 (44.2) 0.479 149 (2.9) 29 (3.2) 0.565
BMI, kg/m2 24.7±3.35 25.1±3.6 0.006 24.8±3.7 25.4±4.0 <0.001
WC, cm 83.5±9.7 86.0±9.9 <0.001 80.9±9.6 83.4±9.8 <0.001
SBP, mmHg 141.9±21.7 156.4±25.3 <0.001 138.5±23.3 149.7±25.6 <0.001
DBP, mmHg 83.0±11.3 89.3±13.8 <0.001 79.9±11.2 84.3±12.4 <0.001
FPG, mmol/L 5.9±1.5 6.4±2.4 <0.001 5.8±1.5 6.2±2.1 <0.001
TC, mmol/L 5.1±1.0 5.3±1.1 <0.001 5.3±1.1 5.5±1.2 <0.001
TG, mmol/L 1.6±1.6 2.0±2.2 <0.001 1.6±1.2 1.9±1.9 <0.001
LDL-C, mmol/L 2.9±0.8 3.0±0.8 0.003 2.9±0.8 3.1±0.9 <0.001
HDL-C, mmol/L 1.4±0.4 1.4±0.5 0.624 1.4±0.3 1.4±0.4 0.065
Calcium, mmol/L 2.3±0.1 2.3±0.1 0.432 2.3±0.1 2.3±0.1 <0.001
Potassium, mmol/L 4.2±0.3 4.1±0.4 <0.001 0.8±0.1 4.1±0.4 <0.001
Magnesium, mmol/L 0.8±0.1 0.9±0.1 0.563 4.2±0.3 0.9±0.1 0.003
History of heart disease

∗
299 (6.7) 72 (11.4) <0.001 564 (10.8) 163 (18.1) <0.001

Medication used† 2065 (46.1) 341 (54.2) <0.001 2906 (55.9) 616 (68.3) <0.001

Data are expressed as the mean±SD or as n (%). BMI=body mass index, DBP=diastolic blood pressure, FPG= fasting plasma glucose, HDL-C=high-density lipoprotein cholesterol, LDL-C= low-density
lipoprotein cholesterol, QTc=heart rate-corrected QT, SBP= systolic blood pressure, TC= total cholesterol, TG= triglyceride, WC=waist circumference.
∗
Including coronary heart disease, arrhythmia, and heart failure.

† Indicating any self-reported medication used in the past 2 weeks.
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standard deviations) and categorical variables (expressed as
numbers and proportions). Differences among categories were
evaluated using nonparameter test or the x2-test as appropriate.
SUA were divided into quartiles (males: �276, 276–323,
323–379, and >379mmol/L; females: �209, 209–247, 247–294,
and >294mmol/L). Spearman rank correlation analysis was
performed to investigate the relationship between SUA and QTc
interval by sex and different conditions. Multivariate logistic
regression analyses were used to identify independent associations
between SUA and prolonged QTc with sequential adjustment for
potential confounders and mediators. Odds ratios (ORs) and
corresponding 95% confidence intervals (CIs) were calculated. All
the statistical analyses were performed using SPSS version 19.0
(IBM Corp), and P values less than 0.05 were considered to be
statistically significant.
Figure 1. Sex-specific distribution of corrected QT interval according to
quartiles of serum uric acid. Quartiles for males:�276, 276 to 323, 323 to 379,
and >379mmol/L; quartiles for females: �209, 209 to 247, 247 to 294, and
>294mmol/L.
3. Results

Of the original 11,956 participants, 750 had incomplete data and
were excluded from the analysis, leading to a total of 11,206
participants (5104males and 6102 females) for the final analyses.
Mean (+/� standard deviation) QTc intervals were 422.1±24.2
ms amongmales and 436.1±23.5ms among females, respectively.
Table 1 presents the sex-specific baseline characteristics of the

study population according to QTc interval. For both sexes,
participants with prolonged QTc interval were more likely to be
older and have worse metabolic profiles with higher BMI, waist
circumference, systolic BP, diastolic BP, FPG, TC, TG, and LDL-
C (All P<0.05). The group of prolonged QTc interval also had
higher proportions of heart disease history and self-reported
medication use (all P<0.001). For females, there were more
current smokers among the participants with QTc interval
prolongation.
Figure 1 presents the sex-specific distribution of QTc interval

among SUA quartiles. For both sexes, participants in the 4th
quartile had higher QTc interval compared with the 1st quartile
3

(males: 425.3 vs 420.9mmol/L; females: 439 vs 434.2mmol/L).
The prevalence of prolonged QTc interval in the 4th quartile was
significantly higher than the 1st quartile in both males (14.8% vs
11.2%) and females (17.1% vs 13.5%), as shown in Fig. 2.
Table 2 presents the spearman correlation between SUA and

QTc interval. In both sexes, SUA showed weak but significant
correlations with QTc interval (both P<0.001). Correlation
coefficient varied according to different medical conditions. SUA
correlated positively with QTc interval in males with hyperten-
sion and without obesity and diabetes; while for females, SUA
correlated positively with QTc interval in all conditions except
for diabetes.
Table 3 presents sex-specific logistic regression analyses for

the association between SUA and QTc interval prolongation.
After multivariable adjustment, male participants in the highest

http://www.md-journal.com


Figure 2. Sex-specific prevalence of prolonged corrected QT interval
according to quartiles of serum uric acid. Quartiles for males: �276, 276 to
323, 323 to 379, and >379mmol/L; quartiles for females: �209, 209 to 247,
247 to 294, and >294mmol/L.
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quartile of SUA (>379mmol/L) had an increased risk for
prolonged QTc interval with OR of 1.402 (95% CI:
1.073–1.831, P=0.013) compared to the lowest quartile
(�276mmol/L). However, there were no significant relationships
between SUA and prolonged QTc interval among females in all 3
models.
4. Discussion

In this large sample of community members in Northeast China,
we found male participants with SUA level of >379mmol/L was
associated with a 1.4-fold higher risk of prolonged QTc interval
compared with the ones with SUA level of �276mmol/L. In
contrast, we found a negative association between SUA and QTc
interval prolongation in females.
Prolonged QTc interval is an important predictor for SCD and

CVD mortality.[3,4,28,29] Since ECG is an convenient test, QTc
Table 2

Spearman rank correlation between serum uric acid quartiles and he

Males (n=5104)

Correlation coefficient P

All 0.07 <0.0
Age (year)
35–44 0.051 0.0
45–54 0.082 0.0
55–64 0.14 <0.0
≥65 0.093 0.0

Obesity
Yes �0.01 0.7
No 0.063 <0.0

Hypertension
Yes 0.078 <0.0
No 0.02 0.3

Diabetes
Yes �0.017 0.7
No 0.083 <0.0

Dyslipidemia
Yes 0.077 0.0
No 0.035 0.0
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prolongation could be utilized as a rapid objective method to
target patients who are at higher CVD risk in clinical practice.
Identification of patients who might potentially have prolonged
QTc intervals is the first step to take for healthcare providers.
Traditional risk factors of prolonged QTc interval included age,
sex, BP, serum glucose, obesity, serum electrolytes, and QT-
prolonging medications.[30–32] However, there still are some
other factors that have not been revealed. Lin et al observed a
longer Tp-e interval and a greater Tp-e/QT ratio in the highest
quartile of UA in a population of ethnic minority in South
China,[33] indicating SUA might play a role in the process of
repolarization. In addition, in a hospital-based study conducted
in liver cirrhosis patients, SUA was correlated to QTc interval
frommultiple linear regression analysis.[13] Our study for the first
time found that SUA was associated with an increased risk of
prolonged QTc interval in males, but not in females, adding sex-
specific evidence for management strategies among patients with
hyperuricemia.
Although a number of studies have found that SUA is

predictive for high incidence of SCD,[10,34] the mechanism is not
yet clear. Since left ventricular hypertrophy has been shown as a
major predictor for SCD,[35,36] SUA might serve as one of the
triggers, possibly through its association with left ventricular
hypertrophy.[37,38] Our study provided another novel insight for
the explanation. SUAmight also increase the incidence of SCD by
prolonging QTc interval. As the debate going on, it is useful to
confirm this association and investigate potential mechanisms of
the sex-specific differences.
The positive relationship of SUA and prolonged QTc interval

we observed might be possibly due to the triggering of
inflammation by UA to some extent. An association has been
observed between SUA and inflammatory markers in asymptom-
atic humans.[39] High concentrations of UA could influence
inflammatory responses by facilitating IL-1beta production.[40,41]

Previous studies have shown that TNF-alpha and IL-1beta could
augment Ca2+ leak from the sarcoplasmic reticulum and thus
increase susceptibility to arrhythmia in isolated rat ventricular
myocytes.[42] Another possible explanation could be oxidative
stress. It has been suggested that SUA is associated with process of
art rate-corrected QT (QTc) interval.

Females (n=6102)

Correlation coefficient P

01 0.087 <0.001

83 0.062 0.016
01 0.063 0.005
01 0.052 0.028
7 0.059 0.093

78 0.081 0.006
01 0.076 <0.001

01 0.069 <0.001
33 0.051 0.004

05 0.04 0.307
01 0.082 <0.001

01 0.082 <0.001
46 0.057 <0.001
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Table 3

Sex-specific multivariable logistic regression analyses for association between serum uric acid and prolonged QTc interval.

Serum uric acid (quartiles, mmol/L)

Model 1 Model 2 Model 3

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

Males
Q1 (�276) 1.000 (reference) 1.000 (reference) 1.000 (reference)
Q2 (>276 and �323) 1.131 (0.883–1.448) 0.330 1.147 (0.894–1.470) 0.281 1.213 (0.936–1.572) 0.144
Q3 (>323 and �379) 1.152 (0.900–1.475) 0.262 1.165 (0.908–1.494) 0.229 1.170 (0.900–1.521) 0.241
Q4 (>379) 1.606 (1.267–2.035) <0.001 1.606 (1.263–2.043) <0.001 1.402 (1.073–1.831) 0.013
Females
Q1 (�209) 1.000 (reference) 1.000 (reference) 1.000 (reference)
Q2 (>209 and �247) 0.908 (0.734–1.121) 0.369 0.917 (0.741–1.133) 0.422 0.913 (0.733–1.136) 0.414
Q3 (>247 and �294) 1.088 (0.888–1.334) 0.415 1.099 (0.896–1.347) 0.366 1.025 (0.826–1.272) 0.821
Q4 (>294) 1.118 (0.912–1.369) 0.284 1.130 (0.921–1.385) 0.242 0.931 (0.744–1.166) 0.534

Model 1: adjusted for age and race. Model 2: adjusted for factors in model 1 and education level, family income, diet score, sleep duration, current smoking, drinking status, and physical activity. Model 3: adjusted
for factors in model 2 and BMI, WC, SBP, DBP, TC, TG, LDL-C, HDL-C, FPG, serum calcium, potassium, and magnesium, history of heart disease, and any medication used. BMI=body mass index, 95% CI=
95% confidence interval, DBP=diastolic blood pressure, FPG= fasting plasma glucose, HDL-C=high-density lipoprotein cholesterol, LDL-C= low-density lipoprotein cholesterol, OR=odds ratio, QTc=heart
rate-corrected QT, SBP= systolic blood pressure, TC= total cholesterol, TG= triglyceride, WC=waist circumference.
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oxidative stress. Growing evidence also reveals the relation-
ship between impaired oxidative metabolism and changes in the
structure of myocardial tissue,[44,45] which can affect myocardial
electrophysiological properties and increase incidence of arrhyth-
mic events.[46] Although the exact mechanism by which SUA
increases the risk of QTc prolongation is unclear, it is plausible
that high SUA levels might adversely affect depolarization and
repolarization of the heart by causing subclinical endomyocardial
changes. More researches are expected for further investigation.
Our study had some limitations that need to be considered.

First, SUA was only measured once. Hence, we were not able to
control for intraindividual variability. Second, although we
adjusted most crucial confounders, such as serum electrolytes,
there were still other factors, including cardiomyopathy,
cirrhosis, and genetic determinants. Moreover, we could not
obtain the specific information on the use of antiarrhythmic
agents. However, the medication used in the past 2 weeks we
collected included QT-prolonging drugs as well as many other
drugs that could also cause prolonged QTc interval, such as
antibiotics and some Chinese traditional medicines. Also, some
other information, such as device implantation, was not included.
Although the proportion of device use in rural China is extremely
low given the poverty, this still might compromise the results to
some extent. In addition, our results were based on a cross-
sectional design, thus no cause-and-effect relationships could be
established.
In conclusion, high SUA was associated with a higher risk of

prolonged QTc interval in males. Different impacts of SUA on
QTc interval were observed between sexes. This finding helps
provide novel insight into the positive link between SUA and SCD
observed in population-based studies, and also has important
implications for management of hyperuricemic patients in clinical
practice.
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