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Abstract
Background Hypertension and high triglyceride are two of the most important risk factors for
hyperuricemia. Epidemiological records show that hypertension and dyslipidemia often coexist and may
signi�cantly increase the risk of target organ damage. However, their combined effect on incident
hyperuricemia is poorly understood. Thus, we aimed to investigate the separate and combined effect of
hypertension and hypertriglyceridemia on the incidence of hyperuricemia.

Methods A prospective cohort study of 6424 hyperuricemia-free participants aged 20 to 94 years between
August 2009 and October 2017 was performed at Tianjin General Hospital of China. Participants were
categorized into four groups by combining hypertension and hypertriglyceridemia status at baseline. The
restricted cubic spline �tting Cox regression model was used to evaluate the relationship between blood
pressure and triglyceride and hyperuricemia. Cox regression models were performed to calculate hazard
ratios (HRs) and 95% con�dent intervals (CIs) to estimate baseline factors and their association with the
incidence of hyperuricemia. A Kaplan–Meier survival analysis was performed to compare the incidence
of hyperuricemia among subjects in each separate and combined hypertension and hypertriglyceridemia
group. 

Results During the 8-year follow-up period, 1,259 subjects developed hyperuricemia (20.6%). There
existed positive relationships between blood pressure and triglyceride levels and hyperuricemia. This risk
factor arising from a combination of the two (HR, 3.02; 95% CI: 2.60-3.50) is greater than that from
hypertension (HR, 1.48; 95% CI: 1.28-1.71) or hypertriglyceridemia (HR, 1.84; 95% CI: 1.55-2.18) separately.
The Kaplan–Meier survival analysis indicated that combined effect of hypertension and
hypertriglyceridemia may predict higher onset of hyperuricemia. 

Conclusion The combined effect of hypertension and hypertriglyceridemia on the risk of hyperuricemia is
much stronger than that by hypertension or hypertriglyceridemia separately. Hypertension combined with
hypertriglyceridemia may be an independent and powerful predictor for hyperuricemia.

Background
Hyperuricemia (HUA), a major risk factor for gout, affects 13.3% of the Chinese population[1], 21.4% of
the U.S.[2] and 25.8% of the Japanese[3]. Asymptomatic hyperuricemia has also been identi�ed as an
independent risk factor for the development and progression of cardiovascular disease, coronary heart
disease mortality and all-cause mortality[4-6]. So far, however, a clearly pathological mechanism of
hyperuricemia has not been fully elucidated, and long-term anti-hyperuricemic therapy carries both costs
and risks. Thus, identifying people at high risk of hyperuricemia and providing early prevention is quite
important.

To promote prevention of hyperuricemia, risk factors in the chain of causation must be identi�ed. Some
previous studies have explored risk factors for hyperuricemia [7-10]. A 6-year longitudinal study indicated
that high blood pressure, high triglyceride level, obesity, and alcohol intake are contributory factors for the
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development of hyperuricemia in middle-aged Japanese men [8]. Our previous prospective study reported
that triglyceride levels can independently predict the incidence of hyperuricemia [11]. Epidemiological
records show that risk factors like hypertension, obesity, and high triglyceride often coexist and may
signi�cantly increase the risk of target organ damage [12]. However, most previous studies only examined
the link between hyperuricemia and a single independent risk factor. We screened the risk factors (e.g.,
triglyceride, fasting plasma glucose, obesity, cholesterol, and blood pressure) for hyperuricemia in our
cohort and found that hypertriglyceridemia combined with hypertension were more powerful in predicting
the risk of hyperuricemia. Hence, hypertension and hyperglycemia were selected to study.

In present study, we aimed to explore the separate and combined effects of hypertension and HTG on the
incidence of hyperuricemia, and to fully adjust for potential confounders. We performed a cohort study in
Tianjin, China, and conducted a routine physical examination each year from August 2009 to October
2017.

Materials And Methods
Study population

This cohort study was performed at Tianjin General Hospital of China, which established in 2009 [13].
Individuals were invited to participate in annual physical examinations. Participants have undergone a
range of physical measurements, detailed assessments about health-related factors, and sampling of
blood. New participants were recruited to the dynamic cohort each year. Up to October 2017, 8962
participants were recruited, including 6799 males and 2163 females. Participants were excluded if they
had hyperuricemia or had missing information on serum uric acid levels, blood pressure and TG levels.
Ultimately, 6,424 subjects were included (Additional �le 1: Figure 1). All subjects provided written
informed consent, and the protocol was approved by the Human Ethics Committee of Tianjin Medical
University.

Assessment and de�nitions of variates

Height and weight were measured according to a uniform standard and body mass index were calculated
by Weight/ height squared (kg/m2). A well-trained nurse or doctor used a standard mercury
sphygmomanometer to measure resting blood pressure in the right forearm for twice with the subjects
rested for at least �ve minutes. Fasting serum uric acid, fasting plasma glucose, renal function (serum
creatinine, blood urea nitrogen), liver function (total serum protein, aspartate aminotransferase, total
bilirubin) and lipid pro�les (triglyceride, total cholesterol) were obtained by laboratory examination.

Hypertension was de�ned as systolic blood pressure (SBP) ≥ 140 mmHg or diastolic blood pressure
(DBP) ≥ 90 mmHg. Subjects current using of antihypertensive medication were automatically assumed
into this category. HTG was de�ned as fasting serum TG levels > 150 mg/dl (1.7 mmol/L)[14]. According
to the recommended criteria for Chinese people[15], a BMI of 18.5 to 23.9 was considered as optimal
weight, 24.0 to 27.9 as overweight, and 28.0 and above as obese. Normal estimated glomerular �ltration
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rate (eGFR) individuals with eGFR ≥ 60 ml/min/1.73 m2 [16]. Proteinuria, de�ned by urine dipstick result
of 1+ or higher for protein.

Outcome Ascertainment

Hyperuricemia was de�ned as serum uric acid ≥ 420 μmol/L (7.0 mg/dl) in males and serum uric acid ≥
360 μmol/L (6.0 mg/dl) in females[17]. Individuals who were found to have hyperuricemia without prior
history were de�ned as incident cases.

Statistical analysis

Continuous variables were described as mean and standard deviations (SD) and were determined with
analysis of variance (ANOVA). Categorical variables were described as proportions and were determined
with chi-squared tests. A series of Cox regression models were performed to calculate hazard ratios (HRs)
and 95% con�dent intervals (CIs) to estimate baseline factors and their association with the incidence of
hyperuricemia. The restricted cubic spline �tting Cox regression model was used to evaluate the
relationship between different blood pressure and triglyceride cut-off value and hyperuricemia with four
knots at the 25th, 50th, 75th, and 95th centiles. In the spline models, we adjusted age and taken
1.7mmol/L, 130mmHg and 80mmHg as the reference value of TG, SBP and DBP, respectively.

All study subjects were divided into four groups by combining hypertension and HTG status at baseline:
normotension and normal TG (normal group), hypertension and normal TG (separate hypertension),
normotension and HTG (separate HTG), hypertension and HTG, respectively. We evaluated the risk of
progression to hyperuricemia among the four groups, using Cox regression model and Kaplan-Meier
survival analysis with adjustment for the potential confounders. Evaluation of blood pressure combined
with triglyceride levels by Receiver operating characteristic curves (ROC) to obtain area under the curve
(AUC) for predicting hyperuricemia. Subgroup analyses were conducted strati�ed by BMI (<24, 24-27.9,
≥28 kg/m2) and eGFR (<60, ≥60 ml/min/1.73 m2). All data were analyzed by SPSS version 17.0 (SPSS
Inc., Chicago, IL, USA) and Stata version 13.0. Two-tailed P ≤0.05 indicated statistical signi�cance.

Results
In our cohort, 6,424 individuals were included, and the mean baseline age was 61.7±13.7 years. Baseline
characteristics of subjects by combining hyperuricemia and HTG status were shown in Table1.
Combination of hypertension and HTG tended to have higher serum uric acid levels, body mass index,
serum creatinine, fasting plasma glucose, alanine aminotransferase and more proteinuria.

Table 1.  Baseline characteristics of subjects by combining hypertension and

hypertriglyceridemia status
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Variables Normotension
and normal TG

Hypertension
and normal TG

Normotension
and HTG

Hypertension
and HTG

P-
value*

N (%) 2515(39.2) 2028(31.6) 907(14.1) 974(15.2)  

Age (years)  57.3±13.5 68.4±12.5 56.8±11.6 64.1±12.4 <0.001

Men (%)  1704(67.8) 1659(81.8) 711(78.4) 974(79.8) <0.001

TG (mmol/L)  1.1±0.3 1.1±0.3 2.6±1.3 2.6±1.3 <0.001

TC (mmol/L)  4.7±0.8 4.8±0.8 5.1±0.9 5.1±0.9 <0.001

FPG (mmol/L)  5.1±0.9 5.5±1.3 5.3±1.4 5.7±1.7 <0.001

SBP (mmHg)  120.9±11.1 153.8±19.9 123.0±10.6 152.6±14.4 <0.001

DBP (mmHg)  69.8±8.7 81.7±11.8 72.5±8.5 84.6±12.0 <0.001

SUA (µmol/L)  298.0±60.9 308.6±60.7 325.1±56.1 332.5±55.9 <0.001

BUN(mmol/L)  5.1±1.3 5.4±1.3 5.1±1.2 5.3±1.2 <0.001

SCR (µmol/L)  75.8±15.7 81.3±17.1 78.7±14.1 81.4±16.3 <0.001

eGFR
(ml/min/1.73
m2) 

92.9±18.3 86.4±19.6 91.3±16.6 86.8±18.0 <0.001

proteinuria
(%)

62(2.5) 80(3.9) 33(3.6) 53(5.4) <0.001

TP (g/L)  73.4±3.9 74.3±4.3 74.7±4.0 75.8±4.1 <0.001

ALT (IU/L)  21.2±12.4 21.8±12.8 26.4±12.2 27.4±16.0 <0.001

TBIL
(µmol/L) 

13.7±5.3 14.1±5.0 13.3±4.6 13.6±4.4 0.057

BMI (kg/m2)  23.5±2.9 24.8±3.1 25.0±2.7 26.1±2.8 <0.001

Abbreviations: TG, plasma triglyceride level; TC, total cholesterol; FPG, fasting plasma glucose;
SBP, systolic blood pressure; DBP, diastolic blood pressure; SUA, serum uric acid; BUN, blood
urea nitrogen; SCR, serum creatinine; eGFR, estimated glomerular filtration rate; TP, plasma
total protein; ALT, alanine aminotransferase; TBIL, total bilirubin; BMI, body mass index; HTG,
hypertriglyceridemia.
*P< 0.05 was considered statistically significant.

Over a period of 8 years, 1259 individuals diagnosed with hyperuricemia and the cumulative incidence of
hyperuricemia was 20.2%, 21.3% for men and 16.6% for women. Furthermore, regardless of men or
women, the incidence of hyperuricemia among individuals with a combination of hypertension and HTG
(37.8%, 95% CI: 34.8-40.9%) was signi�cantly higher than that of those with hypertension alone (18.7%,
95%CI:17.0-20.4%), HTG alone (24.5%, 95%CI:21.7-27.3%) and neither hypertension nor HTG group
(13.0%, 95% CI: 11.7%-14.3%) (Additional �le 1: Figure 2).

Our results revealed that there existed positive relationships between blood pressure and triglyceride level
and the incidence of hyperuricemia assessed by the restricted cubic spline �tting Cox model (Additional



Page 7/17

�le 1: Figure 3). After adjusted age, with the increase of blood pressure, the risk of hyperuricemia
increases gradually (Additional �le 1: Figure 3a, b, d). Our results also suggested that with the increase of
triglyceride levels, the risk of hyperuricemia increases gradually and then stabilizes (Additional �le 1:
Figure 3g, h, i), and triglyceride level at around2.5 mmol/l cut-off point has the greatest hyperuricemia
risk.

Cox regression model assessed the impact of comorbid hypertension and HTG on the risk of
hyperuricemia (Table 2). In an unadjusted model of overall participant, the HRs (95% CIs) for
hyperuricemia in the combination of hypertension and HTG, HTG alone and hypertension alone groups,
compared with the normal control group (normotension and normal TG), were 1.48 (1.28-1.71), 1.84
(1.55-2.18), and 3.02 (2.60-3.50), respectively; after adjusting for sex and age, the HRs (95% CIs) were
1.39 (1.19-1.63), 1.80 (1.52-2.14), and 2.88(2.48-3.36), respectively. After further adjustment for other
confounders, the association also found to be signi�cant, with HRs (95% CIs) of 1.24 (1.05-1.46), 1.61
(1.34-1.93), and 2.36 (2.00-2.78), respectively. Additionally, after fully adjustment for potential
confounders, the HRs for hyperuricemia in the combination of hypertension and HTG, HTG alone and
hypertension alone groups, compared with the normal control group, for men, were 1.17(0.98-1.40),
1.43(1.17-1.76), 2.22(1.85-2.67), respectively; and for women, were 1.57(1.07-2.32), 2.36(1.60-3.47),
2.76(1.87-4.07), respectively.

Table 2.  Hazard ratio for the incidence of hyperuricemia by combining hypertension and

hypertriglyceridemia status.
  Hazard Ratio (95% CI)  

Normotension and
normal TG 

Hypertension and
normal TG

Normotension
and HTG

Hypertension
and HTG

P-value
for trend

Overall†   
Model
1

1(Ref.) 1.48 (1.28-1.71) 1.84 (1.55-
2.18)

3.02 (2.60-
3.50)

<0.001

Model
2

1(Ref.) 1.39 (1.19-1.63) 1.80 (1.52-
2.14)

2.88 (2.48-
3.36)

<0.001

Model
3

1(Ref.) 1.24 (1.05-1.46) 1.61 (1.34-
1.93)

2.36 (2.00-
2.78)

<0.001

Men‡  
Model
1

1(Ref.) 1.28(1.09-1.52) 1.58(1.30-
1.91)

2.63(2.23-
3.11)

<0.001

Model
2

1(Ref.) 1.28(1.08-1.51) 1.57(1.29-
1.91)

2.63(2.22-
3.11)

<0.001

Model
3

1(Ref.) 1.17(0.98-1.40) 1.43(1.17-
1.76)

2.22(1.85-
2.67)

<0.001

Women‡  
Model
1

1(Ref.) 2.06(1.48-2.87) 2.77(1.93-
3.98)

4.16(3.00-
5.76)

<0.001

Model
2

1(Ref.) 1.77(1.23-2.56) 2.62(1.82-
3.78)

3.60(2.52-
5.16)

<0.001

Model
3

1(Ref.) 1.57(1.07-2.32) 2.36(1.60-
3.47)

2.76(1.87-
4.07)

<0.001



Page 8/17

† Model 1 was unadjusted baseline values of variables. Model 2 was adjustment for age and

sex. Model 3 was further adjustment for body-mass index, eGFR, blood urea nitrogen and

proteinuria.

‡ Model 1 was unadjusted baseline values of variables. Model 2 was adjustment for age. Model

3 was further adjustment for body-mass index, eGFR, blood urea nitrogen and proteinuria.

Survival analysis of the risk of hyperuricemia for men and women in four groups during the 8-year period
were showed in Fig. 1. Kaplan-Meier survival curve showed that hypertension combined with HTG could
predict the highest risk of hyperuricemia in four groups of men and women.

To explore effect of obesity and impaired renal function on hypertension and HTG correlations, this
cohort strati�ed by BMI (<24, 24-27.9, ≥28 kg/m2) and eGFR (<60, ≥60 ml/min/1.73 m2). The Cox
regression results with hyperuricemia risk were relatively unchanged in individuals of normal-weight and
normal-eGFR (Table 3).

Table 3.  Stratified Analysis of multivariate hazard ratios for hyperuricemia among 6424

individuals according to combining hypertension and hypertriglyceridemia status. §
  Hazard Ratio (95% CI)    

Normotension
and normal

TG 

Hypertension
and normal

TG

Normotension
and 
HTG

Hypertension
and HTG

P-
Value

for
trend

P-Value
for

Interaction

Body-mass index    

<24 1 1.46(1.12-
1.92)

1.96 (1.45-
2.64)

2.49(1.81-
3.44)

<0.001 0.80

24~27.9 1 1.16
(0.92-
1.47)

1.51(1.17-
1.95)

2.24 (1.79-
2.82)

<0.001  

≥28 1 1.06
(0.68-
1.66)

1.30(0.78-
2.17)

2.40 (1.58-
3.66)

<0.001  

eGFR (ml/min/1.73 m2)       0.60

<60 1 1.17(0.37-
3.78)

1.70(0.75-
3.86)

3.63(1.58-
5.33)

<0.001  

≥60 1 1.24(1.04-
1.48)

1.65(1.37-
2.00)

2.34(1.96-
2.78)

<0.001  

§The Cox regression analysis was adjusted, if not stratified, for age, body-mass index, and

blood urea nitrogen, as continuous variables; eGFR (<60 or ≥60  ml/min/1.73 m2  or missing

information); and proteinuria (positive, negative, or missing information).
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ROC analysis showed an AUC of 0.634 in the total cohort, 57.6% for sensitivity and 63.4 % for speci�city.
For men, the AUC was 0.626, 59.1% for sensitivity and 61.7% for speci�city. For women, the AUC was
0.695, 71.3% for sensitivity and 57.5% for speci�city (Fig. 2a–c). All the above models were signi�cantly
different from the random predictor (AUC > 0.500, P < 0.001).

Discussion
Our �ndings suggest that hypertension combined with HTG can signi�cantly increase the incidence of
hyperuricemia more than the presence of hypertension or HTG alone can. These combined effects of
hypertension and HTG on the incidence of hyperuricemia remained signi�cant even after adjusting for
potential confounders. Moreover, there existed positive relationships between blood pressure and
triglyceride level and the incidence of hyperuricemia assessed by the restricted cubic spline �tting Cox
model. Additionally, the combined effect of hypertension and HTN were more strongly associated with
hyperuricemia among women than among men.

Our �ndings relating hypertension and HTG to the risk of developing hyperuricemia support some
previous studies. Our results are similar to observations in cross-sectional analyses and prospective
cohort studies [9, 18-20]. A cross-sectional survey, including 11576 Chinese rural adults found that both
hypertension and HTG were signi�cantly associated with hyperuricemia risk[18]. The ARIC cohort study
found that after fully adjusting for confounding factors, hypertension and high TG levels could predict the
incidence of hyperuricemia, with hazard ratios of 1.65 and 2.00, respectively [9]. Our reported hazard
ratios (hypertension: 1.24, and TG:1.61) were lower than those in the ARIC cohort study, and the cause of
this difference might be our older study population. Moreover, a cohort study of hyperuricemia reported
that the incidence of hyperuricemia increased across baseline categories of hypertension (hazard ratio,
1.19) and high TG levels (hazard ratio, 1.47) [21], which were comparable to ours. Nevertheless,
epidemiological records show that hypertension and high triglyceride often coexist and may signi�cantly
increase the risk of target organ damage. However, as previously stated, most prior studies have
concentrated solely on examining the link between hypertension or HTG and the risk of hyperuricemia on
an individual basis.

Both hypertension and HTG are important components of metabolic syndrome. Studies have reported the
association of metabolic syndrome and hyperuricemia [22, 23]. However, there are few studies to explore
the combined effect of hypertension and HTG on incident hyperuricemia. We found that hypertension
combined with HTG could signi�cantly increase the risk of developing hyperuricemia than any separate
hypertension or HTG. Insulin resistance plays a potentially key role in the relationship between
hypertension and HTG and the risk of developing hyperuricemia. Previous studies showed that insulin
resistance is partially overlapping pathophysiological features of dyslipidemia and hypertension[24-27].
Much researches have con�rmed that insulin resistance was correlated with hyperuricemia[28, 29].
Battelli et al. reported that hyperinsulinemia increases urate reabsorption in the proximal tubule and
causes hyperuricemia [30]. A prospective study in 2071 non-diabetic Japanese men found that insulin
resistance itself or compensatory hyperinsulinemia may contribute to the development of hyperuricemia



Page 10/17

[28]. Therefore, insulin resistance may be the common pathway for the development of hyperuricemia in
instances where the subject shows a combination of hypertension and HTG. In addition, hypertension
and HTG are manifestations of the metabolic syndrome and they frequently coexist[12]. Some
prospective studies suggest that hypertension may be a consequence of dyslipidemia[31]. Laaksonen et
al. also reported that a 1-SD increment in triglyceride levels was correlated with a 1.6-fold increased risk
of developing hypertension, independent of features related to the metabolic syndrome[32]. There may be
some complicated effects between the pathogenesis of hypertension and triglycerides, which is worth
further exploration.

The present study also suggests that the combined effect of hypertension and HTG were more strongly
associated with hyperuricemia among women than among men. The potential mechanism may be serum
uric acid levels in women increase with aging after menopause because female hormones decrease with
aging[33]. Our study had an older population (mean age of 61.7 years). After menopause, due to
declining estrogen, the risk for some cardiovascular diseases increase[34]. Similarly, loss of the protection
from estrogen, the combined effect of hypertension and HTG may have a higher risk for hyperuricemia in
women than in men.

Hypertension and HTG are driven by many factors, and we suspect that these contribute to the
relationship between hypertension combined with HTG and the risk of hyperuricemia. Some studies
reported that BMI and renal function were associated with both hypertension and TG levels[35-37].
However, our strati�ed analysis of these factors suggested that the association was not modi�ed by any
of these variables, suggesting an independent association between hypertension combined with HTG and
the incidence of hyperuricemia.

The strengths of our research include a dynamic cohort study, a long follow-up period and a large
population sample. Furthermore, this study involved detailed demographic and clinical information,
allowing to adjust for potential confounders. Additionally, our study focuses on the elderly, who happen to
be at high risk of chronic diseases, which is conducive to our research. As far as is known, this is the �rst
cohort study to assess the combined effect of hypertension and HTG on the incidence of hyperuricemia.
This study also has several limitations. First, we lack data on alcohol consumption, dietary habits,
lifestyle factors that were known to have an impact on incident hyperuricemia. Second, we did not have
detailed information on medications, such as diuretic, which may affect our results. Third, most of our
participants were university teachers and employees of government-funded institutions, which were more
likely to have a higher socioeconomic status. Therefore, our participants may not be fully representative
of the general population. Thus, it is necessary to further verify our �ndings in the general population.

Conclusion
Our �ndings suggest that the combination of hypertension and HTG has greater effect on hyperuricemia
than any separate hypertension or HTG. Moreover, hypertension combined with HTG can independently
and powerfully predict the incidence of hyperuricemia. These data can provide important information for
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identifying individuals who are at high risk of hyperuricemia, which helps early prevention of the disease
and subsequent gouty arthritis.
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Figure 1

Kaplan‐Meier curves for the incidence of hyperuricemia among four groups in overall (a); in men (b), and
in women (c). (log‐rank test P‐value <0.05, HTN+HTG group vs. other groups). Normal, normotension and
normal triglyceride; HTN, hypertension and normal triglyceride; HTG: normotension and
hypertriglyceridemia; HTN+HTG, hypertension and hypertriglyceridemia.
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Figure 2

Receiver operating characteristic curve for the prediction of hyperuricemia from blood pressure combined
with TG levels in overall (a); in men (b), and in women (c). AUC, area under the curve. All models
AUC>0.500, P<0.001.
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