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Objective: To analyze the association between serum uric acid (SUA) and metabolic state in
obese inpatients and preliminarily explore potential mechanisms of hyperuricemia in obesity.
Methods: A total of 153 obese inpatients were selected and assigned based on SUA level to
the normal uric acid (NC group) or high uric acid (HUA) group. Patients’ sex, age, height,
weight, blood pressure, BMI, and prevalence of metabolic syndrome were collected and
recorded. SUA, FPG, FIns, HOMA-IR, HOMA-IS, HbA,., TGs, TC, LDL-C, and HDL-C
levels were tested. Pearson correlation analysis was performed to analyze the correlation
between SUA and related metabolic indicators. Logistic regression was performed to analyze
independent risk factors of hyperuricemia in obesity.

Results: In the HUA group, the patients were predominantly males, and BMI, DBP, TGs,
FPG, FIns, HOMA-IR, HOMA-IS, and metabolic syndrome were higher than those in the
NC group (P<0.05), while HDL-C was lower than that in the NC group (P<0.05). There
were no significant differences between the groups in TC or LDL-C. Pearson correlation
analysis showed that in obese patients, SUA was positively correlated with BMI, Flns,
HOMA-IR, HOMA-IS, TGs, andmetabolic syndrome and negatively correlated with age
and HDL-C. Logistic regression showed that BMI, hyperinsulinemia, and insulin resistance
were independent risk factors of hyperuricemia.

Conclusion: Development of hyperuricemia in obese populations might be correlated with
hyperinsulinemia or insulin resistance.

Keywords: obesity, hyperuricemia, insulin resistance

Introduction

Obesity is an increasingly serious public health problem on a global level, with a
sustained increase in global mortality and incidence of chronic diseases. Obesity
exhibits an intimate correlation with multiple diseases (eg, hypertension, atherosclero-
sis, cardiopulmonary disease, metabolic syndrome, and cancer) and is also an induction
factor responsible for increased risk of cardiovascular disease and all-cause mortality.
In addition, 25-hydroxyvitamin D Levels are negatively and independently associated
with fat mass in healthy overweight and obese subjects.' The obese population in China
ranks first in the world. Evidence? supports the fact that patients with obesity, especially
those with abdominal obesity, may experience a higher risk of hyperuricemia (high uric
acid [HUA]): 2.1 times that of nonobese patients. Furthermore, uric acid is an end
product of purine metabolism in human body. Elevated serum uric acid (SUA) can not
only lead to gout but also is an essential risk factor of obesity,> which may result in
increased incidence of metabolic syndrome.* It has been confirmed that SUA is
independently and positively correlated with the risk of obesity.”
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The relationship between HUA and obesity may be
explained through a variety of mechanisms. Obesity or
excessive body fat may be related to excessive production
of uric acid and its poor excretion, due to insulin resistance
(IR), resulting in impaired uric acid metabolism and even
HUA.® Meanwhile, HUA can induce obesity by accelerat-
ing liver and peripheral fat production.” Both glycolipid-
and uric acid—metabolism disorders may promote the
coexistence of the two factors. There is substantial
evidence® that HUA is a risk factor of hypertension and
Elevated

SUA is significantly associated with the prevalence of

cardiovascular and cerebrovascular diseases.

metabolic syndrome and its components.” In moderate
nondiabetic chronic kidney disease, SUA >9 mg/dL is
associated with higher all-cause mortality.'® A significant
positive relationship between SUA and obesity has been
demonsrated among Bangladeshi adults.'" According to
the latest report, HUA has become a major health problem
among urban adults aged 35-79 years in southwestern
China, and special attention should be paid to men.
Comorbidities associated with HUA and causality are
worth further investigation.'” Accordingly, the present
study was carried out to analyze the metabolic status and
related influential factors of obese inpatients with HUA, so
as to explore possible risk factors and mechanisms of
HUA in obese patients. It is expected to provide strong
clinical evidence for early prevention and treatment of the
disease.

Methods

Study Population

Subjects comprised 153 obese patients (105 males and 48
females) admitted to Xiangya Hospital of Central South
University from January 2017 to September 2019. In strict
accordance with International Classification of Disease
Coding, all enrolled patients were definitely diagnosed as
obese at discharge. The departments surveyed were princi-
pally Internal Medicine, Surgery, and Gynecology. Inclusion
criteria were age 18—65 years, BMI meeting the 2017 diag-
nostic criteria for obesity (28 kg/m?), avbailability of com-
plete clinical data, and patients being informed and agreeing
to participate in the study. Exclusion criteria were secondary
obesity, combined severe hepatic and renal insufficiency
(eGFR <30 mL/min/1.73 m?® or alanine aminotransferase
2.5 times of the normal upper limit), severe cardiovascular
and cerebrovascular diseases (cerebrovascular events, myo-
cardial infarction, or acute heart failure within 3 months) use

of uric acid—lowering drugs, angiotensin-receptor blockers
or diuretics within 3 months before admission, and pregnant
or breastfeeding.

Procedure

The present research was designed as a cross-sectional
study. All procedures were performed in accordance with
ethical standards. Surveyed were the Department of
Internal Medicine (eg, respiratory medicine, endocrinol-
ogy, nephrology, cardiology, general medicine, interna-
tional medicine), Department of Surgery (eg, throat
surgery, gastrointestinal surgery, plastic surgery, stomatol-
ogy) and Department of Gynecology. The top five divi-
sions of the Department of Internal Medicine and the main
reasons for treatment were endocrinology (metabolic syn-
drome, simple obesity preoperative preparation), cardiol-
dilated
coronary heart disease), international medicine (metabolic

ogy (metabolic syndrome, cardiomyopathy,
syndrome), intervention medicine (metabolic syndrome),
and respiratory medicine (sleep apnea—hypopnea syn-
of the

Department of Surgery and corresponding primary reasons

drome, pulmonary infection). Divisions
for treatment were throat surgery (sleep apnea—hypopnea
syndrome, tongue hypertrophy) and gastrointestinal sur-
gery (surgical intervention for severe obesity). Visits to
the Department of Gynecology were mainly due to poly-

cystic ovary syndrome.

General Data Collection

Clinical data were recorded and collected in all patients at
admission: sex, age, height, weight, and BMI — weight/
height? (kg/m?). For measurement of height and weight, the
subject needed to be barefoot and take off any hat, wearing
only lightweight clothes. Subjects took a 10-minute seated
rest, then standardized mercury sphygmomanometers were
used to measure their sitting blood pressure (BP). Systolic
BP (SBP) and diastolic BP (DBP) were recorded at the first
appearance and disappearance of Korotkoff sounds. Two BP
readings were obtained and averaged.

Blood-Sample Collection and Laboratory

Measurements

Following a fast of 8-12 hours, venous blood was col-
lected from each patient to measure SUA, fasting plasma
glucose (FPG), fasting insulin (FIns), glycosylated hemo-
globin (HbA ,), triglycerides (TGs), total cholesterol (TC),
low density—lipoprotein cholesterol (LDL-C), and high
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density—lipoprotein cholesterol (HDL-C) the next day.
HbA . was determined by high-speed liquid chromatogra-
phy (Arkray 8160). FPG, blood lipids, and SUA were
measured by immunoturbidimetry (Beckman AU680).
Thyroid-stimulating hormone levels and FIns were deter-
mined by immunochemiluminescence (chemilumines-
cence microparticle immunoassay; i2000SR, Abbott).
The IR index (HOMA-IR) was calculated using the
formulalFPG x FIns/22.5 and HOMA-IS with 20 x FIns/
(FPG — 3.5). Diagnosis of HUA wasin accordance with the
2019 Chinese guidelines for iagnosis and treatment of
HUA and gout: fasting SUA >420 pmol/L (adults, regard-
less of sex). Metabolic syndrome was diagnosed according
to the Diagnostic Criteria of Diabetes Society of the
Chinese Medical Association in 2004: overweight or
obese — BMI >25 kg/m?; hyperglycemia — FPG >6.1
mmol/L or blood-glucose >7.8 mmol/L at 2 hours after
glucose loading and/or those who have been diagnosed
with diabetes and treated; hypertension — BP >140/90
mmHg (1 mmHg = 0.133 kPa) and/or those who have
been diagnosed with hypertension and treated; and fasting
TGs >1.7mmol/L andor fasting HDL-L <0.9 mmol/L
(male) or <1 mmol/L (female). Diagnosis can be con-
firmed when meeting at least three of these criteria.

Statistical Analysis

SPSS 22.0 was used for data analysis. Measurement data
in line with normal distribution are expressed as mean +
SD, and those of abnormal distribution were transformed
into their natural logarithm. Comparison between groups
was performed by #-tests. Count data are expressed as

Table | Baseline Characteristics of the Study Groups

percentages, and comparison was conducted by x> tests.
Pearson analysis was used to compare -correlations
between SUA and related indicators, and partial correla-
tion analysis was used for linear correlation after control-
ling for other confounding factors. In addition, logistic
regression was used to analyze influential factors. P<0.05
was considered statistically significant.

Results

General Data of Subjects

Of the enrolled 153 obese patients, there were 105 males
and 48 females of average age 39.57+11.39 and 42.85
+13.91 years, respectively, with no significant difference
(P=0.126). There were 80 cases of normal uric acid (NC
group) and 73 cases of high uric acid (58 males and 15
females, with significant difference between sexes). BMI,
DBP, TGs, FIns, HOMA-IR, HOMA-IS, and metabolic
syndrome in the HUA group were higher than the NC
group (P<0.05), while age and HDL-C were lower
(P<0.05). After adjustment for sex, age and BMI, FPG in
the HUA group was significantly higher than the NC
group (P<0.05). Meanwhile, there was no significant dif-
ference in the prevalence of SBP, TC, LDL-C, diabetes, or
hypertension between the groups (P>0.05, Tables 1 and 2
and Figures 1 and 2).

Pearson Correlation Analysis of SUA

Levels and Each Index

Further analysis was performed concerning correlation of
SUA with age, BMI, SBP, DBP, TGs, TC, HDL-C, LDL-C,
FPG, FIns, HOMA-IR, HOMA-IS, and HbA .. SUA was

NC group (n=80) HUA group (n=73) Y2ItF P
Age (years) 42.48+11.73 38.55+12.63 1.994 0.048
Male 47 58 2.834 0.005
Female 33 15
SBP (mmHg) 132.95+16.04 134.89+18.19 —-0.701 0.484
DBP (mmHg) 84.13£10.18 88.37£14.27 —2.100 0.038
BMI (kg/m?) 33.57+3.8I 38.01+3.48 —7.502 0.000
Diabetes mellitus 44 39 —0.194 0.846
Hypertension mellitus 45 46 0.848 0.398
Metabolic syndrome mellitus 56 6l 1.088 0.048
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Table 2 Laboratory Data of the Study Cohort

NC group (n=80) HUA group (n=73) 1ItIF P
SUA (umol/L) 341.95+51.99 509.19+87.54 —9.680 0.000
TGs (mmol/L) 2.45£1.60 3.24+2.23 —2.280 0.024
TC (mmol/L) 4.84x1.14 5.02£1.12 —0.820 0414
LDL-C (mmol/L) 3.22+0.89 3.35+1.06 —0.702 0.484
HDL-C (mmol/L) 1.01+0.18 0.91£0.19 2.880 0.005
HbA, . (%) 6.77£1.11 6.86x1.75 -0.220 0.826
FPG (mmol/L) calibration age, sex, and BMI 5.64+1.25 6.28+2.07 —1.954 0.053

5.54+0.25 6.39+0.27 4.629 0.034
InFlns (mIU/L) 2.58+0.37 3474043 —6.120 0.000
HOMA-IR 1.24+0.49 2.17+0.57 —4.794 0.000
HOMA-IS 4.82+0.65 5.55+0.42 -3.516 0.002

Abbreviations: SUA, serum uric acid; TGs, triglycerides; TC, total cholesterol; LDL-C, low density—lipoprotein cholesterol; HDL-C, high density—lipoprotein cholesterol;
HbA,, glycosylated hemoglobin; FPG, fasting plasma glucose; Flns, fasting insulin; HOMA-IR, homeostatic model assessment of insulin resistance; HOMA-IS, homeostatic

model assessment of insulin secretion.

positively correlated with BMI, DBP, TGs, FIns, HOMA-
IR, HOMA-IS, and metabolic syndrome (P<0.05, while it
exhibited negative correlations with age and HDL-C
(P<0.05). After adjustment for sex and age, SUA was still
positively correlated with BMI, FIns, HOMA-IR, and meta-
bolic syndrome (P<0.05, Table 3).

Logistic Regression Analysis of Obesity
Complicated with HUA

Univariate logistic regression analysis showed that sex,
BMI, DBP, TGs, HDL-C, FIns, HOMA-IR, HOMA-IS,
and metabolic syndrome were all associated with the coex-
istence of obesity and HUA (P<0.05). These factors were
then included in the multivariate logistic regression model

600

500

400

300

SUA (umol/lD

200

100

NC group

HUA group

Figure | Comparison of serum uric acid levels between the NC and HUA groups.

as independent variables. Corresponding results revealed
that BMI, FIns, and HOMA-IR were independent risk
factors of obesity with HUA (P<0.05). Specifically, higher
values of BMI, FIns, and HOMA-IR indicated a higher
risk of obesity complicated with HUA (Tables 4 and 5).

Discussion

The incidence of obesity and HUA has been increasing in
recent decades. Coexistence of obesity and HUA may
aggravate the progress of disease, accompanied by
increased medical and economic burden, which brings
new challenges to the prevention and treatment of chronic
diseases. Furthermore, obesity is an independent risk fac-
tor of cardiovascular diseases. The risk of sudden death in
obese patients is quite high, even in the absence of organic
heart disease, which may be associated with metabolic
syndrome.'® It has been shown by various prospective
studies that HUA is an independent risk factor of obesity.?
Compared with subjects with normal weight, obese sub-
jects have significantly higher levels of SUA and compo-
nents of metabolic syndrome. Meanwhile, obese patients
exhibit higher risk of HUA. These two factors in turn
increase the risk of cardiac diseases and metabolic syn-
drome, and SUA levels arehigher in morbidly obese
patients than normal or overweight ones.'* At present,
there are few studies on the level of SUA in obese subjects
outside endocrinology departments. Accordingly, the pre-
sent study was carried out to analyze the relationship
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Figure 2 Comparison of laboratory data between the NC and HUA groups.

between HUA and metabolic status in obese inpatients,
with an aim to explore possible mechanisms of HUA
combined with obesity.

In this study, a retrospective analysis was done on the
basis of the involvement of 153 obese patients. Compared
with simple obesity NC group, BMI, TGs, and metabolic
syndrome in the HUA group were significantly increased,
with an obvious decrease in HDL-L (P<0.05). This is
attributable to decreased HDL-L and increased TGs, both
of which may have an effect on the utilization of uric acid.
Furthermore, following subsequent correction for sex, age,
and BMI, there was still a significant difference in FPG
between groups, suggesting that HUA may be a practical
index to evaluate levels of glucose and lipid metabolism.
This finding is consistent with Cuiling et al concerning the
positive correlation between SUA and various metabolic
abnormalities (including obesity, hypertension, hypergly-
cemia, and hyperlipidemia).'> There may be complex glu-
cose mechanisms involved in lipid metabolism and uric
acid metabolism. For example, it has been documented
that SUA is associated strongly with abnormal glucose

metabolism and glycotoxic aggregation.'® SUA has been

revealed to be intimately related to visceral fat, but not
subcutaneous fat. Different adipose-tissue repositories may
have different effects on uric acid metabolism.'” Resistin/
uric acid may exert a predictive role in the effect of life-
style intervention on adolescent obese patients.'® Uric acid
in saliva may also be a marker for predicting fat accumu-
lation in young obese patients.'® Moreover, as indicated by
our research, the risk of obesity with HUA was higher in
males, basically consistent with a recent study in Japan,*°
which also supported higher SUA in obese males, while
SUA in females showed a closer relationship with meta-
bolic syndrome and cardiovascular risk.

The BMI is a commonly recognized index to evaluate
obesity. It has certain predictive value for B-cell dysfunc-
tion in different ethnic groups and populations with differ-
ent glucose metabolism.?' In this study, it was discovered
that increased SUA was correlated with BMI in obese
patients. As shown in Figure 2, along with increased
BMI, SUA in obese patients increased gradually. With
further adjustment for sex and age in Pearson correlation
analysis, SUA still showed a positive correlation with
BMI. This is similar to previous research:** SUA in in
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Table 3 Correlation Coefficients Between SUA and all Parameters

No Calibration

calibration age, sex

R P R P
Age —0.160 | 0.048 | — —
SBP (mmHg) 0.057 0.484 | —0.247 | 0.464
DBP (mmHg) 0.171 0.035 | 0.248 0.463
BMI (kg/m?) 0.521 0.000 | 0.573 0.041
Metabolic syndrome mellitus | 0.160 0.049 | 0.164 0.047
TGs (mmol/L) 0.074 0.024 | —0.338 | 0.309
TC (mmol/L) 0.074 0414 | —0.050 | 0.884
HDL-C (mmol/L) —0.249 | 0.005 | 0.238 0.538
LDL-C (mmol/L) 0.043 0.638 | 0.342 0.367
HbA, . (%) 0.026 0.826 | —0.353 0.286
FPG (mmol/L) 0.189 0.053 | —0.125 0.714
InFlns (mIU/L) 0.756 0.000 | 0.722 0.012
HOMA-IR 0.671 0.000 | 0.682 0.021
HOMA-IS 0.553 0.002 | 0.589 0.057

overweight/obese patients was significantly higher than in
normal-weight subjects. However, it should be noted that
the present study was performed on a Chinese population,
with a relatively small sample of confirmed obese subjects.
A recent study in Peru'* showed significantly increases
SUA in morbidly obese patients”® (BMI >40 kg/m?) than
normal-weight subjects, and the incidence of metabolic
syndrome increased significantly, which was basically
consistent with our research findings. Considering a rela-
tively limited sample of <200 cases in this study, there was
an absence of focus on the relationship between BMI and
SUA in subgroups based on BMI. At present, it is still
unclear what the specific mechanism of the interaction
between obesity and HUA is. It is speculated to be related
to an imbalance of inflammatory factors and fat factors
caused by chronic inflammation and oxidative stress, as
well as IR.**

In this study, there was an obvious increased trend in
relevant indices of IR in the HUA group. Further multi-
variate logistic regression showed that BMI, hyperinsuli-
nemia or IR were independent risk factors of HUA.
Neither blood glucose nor blood lipids were involved on
further regression that

analysis, suggesting

hyperinsulinemia and/or IR may occupy a more important
role in the occurrence of HUA in obese inpatients than
disorders of glucose and lipid metabolism. In this regard,
there is a need to carry out weight management for obese
patients with HUA, undertake timely assessments, and
improve hyperinsulinemia and IR, which may obtain
greater benefits than controlling glucose and lipid metabo-
lism alone. For instance, Xiang et al*> revealed that obese
patients developed hyperinsulinemia and IR and that IR
exhibited a significant correlation with BMI and TGs.
Meanwhile, a survey in Israel showed that HUA was a
characteristic of changed hyperinsulinemia or IR.*® These
results are basically consistent with this study. Both obe-
sity and HUA may be related to IR and function signifi-
cantly in the interaction between the two factors. In terms
of the mechanism of IR induced by SUA, it may be related
to the development of mitochondrial oxidative stress and
nitric oxide damage in endothelial cells.?’

It has been documented that following the quantification
of IR by HOMA-IR, obesity was still associated with IR in
young overweight and obese people. IR appeared earlier in
this population, accompanied by a higher risk of dyslipide-
mia and hypertension.”® Furthermore, HUA-induced oxida-
tive stress in adipocytes may have an effect on the
development of obesity. To be specific, uric acid has a
strong antioxidant function extracellularly. It can enter adi-
pocytes through certain anion transporters (eg, URAT1) to
make adipocytes dysfunctional, thus enhancing the lipolysis
of adipose tissue, resulting in the increase of some adipo-
cytokine (eg, TNFa, IL6, and resistin) secretion, a decrease
in adiponectin secretion, and eventually a reduction in the
sensitivity of IR. On the other hand, uric acid can lead to IR
by reducing nitric oxide production and bioavailability. On
the contrary, IR can induce HUA by affecting the excretion
of uric acid by the kidneys. In addition, disorders of glucose
and lipid metabolism may also constitute an indirect influ-
ence in the development of IR-induced HUA.*®

In obese people with HUA, weight management is an
effective nonmedical therapy to reduce SUA,* especially in
males and postmenopausal females.'* SUA possesses the
functions of oxidative stress and proinflammatory reaction
similar to cytokines, and may also be one of the triggers of
obesity. Attention should be paid to uric acid metabolism as
well as glucose and lipid metabolism in such populations.
Early interventions based on SUA may have a role in
improving clinical outcomes of obesity, metabolic syndrome,
and cardiovascular disease.>' Furthermore, high insulin or IR
in obese patients may be associated with the occurrence and
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Table 4 Univariate Logistic Regression Analysis of Obesity with Hyperuricemia
B SE Wahl P Exp(f) Exp(f) 95% CI
Lower Upper
Age —-0.027 0.014 3.856 0.050 0.974 0.948 1.000
Sex 0.999 0.368 7362 0.007 2714 1.320 5.586
SBP 0.007 0.010 0.494 0.482 1.007 0.988 1.026
DBP 0.029 0.014 4.301 0.038 1.029 1.002 1.057
BMI 0.382 0.068 31.331 0.000 1.465 1.281 1.674
Metabolic syndrome mellitus 0.779 0.399 3.907 0.049 2.179 1.001 4.763
TGs 0.239 0.111 4.654 0.031 1.270 1.022 1.577
TC 0.133 0.162 0.675 0.411 1.142 0.832 1.569
HDL-C —2.746 1.007 7436 0.006 0.064 0.009 0.462
LDL-C 0.131 0.187 0.494 0.482 1.140 0.791 1.644
HbA, . 0.037 0.164 0.050 0.823 1.037 0.752 1.432
FPG 0.252 0.138 3311 0.069 1.286 0.981 1.687
Flns 0.383 0.151 6.427 0.011 1.467 1.091 1.972
HOMA-IR 0.680 0.262 6.716 0.010 1.974 1.180 3.302
HOMA-IS 0.010 0.005 4.867 0.027 1.010 1.001 1.019
Table 5 Multivariate Logistic Regression Analysis of Obesity with Hyperuricemia
p SE Wahl P Exp(f) Exp(f) (95% CI)
Lower Upper
BMI 0.202 0.098 4.243 0.039 1.224 1.010 1.483
Fins 0.285 0.960 8.712 0.003 1.329 1.100 1.606
HOMA-IR 0.530 0.198 7.144 0.008 1.698 1.152 2.505

development of HUA. In the clinical setting, there is a need
to carry out weight management for subjects with obesity and
HUA, address of glucose and lipid-metabolism disorders,
and evaluate and improve hyperinsulinemia and IR in timely
fashion. Simultaneously, attention should also be paid to the
prevention of and intervention for obesity-related complica-
tions. There is still a lack of large-scale prospective studies to
verify whether early intervention of HUA in obese patients
can delay the occurrence of obesity-related complications.
However, the present study was retrospective with a rela-
tively small sample. More large-scale clinical randomized
controlled trials are needed to evaluate the relationship
between uric acid metabolism and lipid metabolism, so as

to provide new insights for the prevention and treatment of
obesity and HUA.

Limitations

Our study has several limitations. First, this was a cross-sec-
tional study, meaning that the findings cannot explicitly point
to a causal relationship. Second, the participants were recruited
from south China, so the conclusions cannot represent the
situation in other regions of China. Third, we did not perform
detailed body-composition analysis (eg, visceral fat), due to
budget constraints. Nocturnal BP could not be monitored
dynamically, because subjects were involved with multiple
departments.
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Conclusion

High insulin levels or IR in obese patients may be asso-
ciated with the occurrence and development of HUA. In
the clinical setting, there is a need to carry out weight
management for subjects with obesity and HUA, address
glucose and lipid-metabolism disorders, and evaluate and
improve hyperinsulinemia and IR in timely fashion.
Aggressive strategies aimed at the prevention and treat-
ment of obesity-related metabolic problems are needed,
especially metabolic disorders involving uric acid.

Ethics Approval and Consent to

Participate

The study was approved by the ethics committee of
Xiangya Hospital of Central South University (Changsha,
China) and was conducted in accordance with the
Declaration of Helsinki. All procedures were performed
in accordance with ethical standards. All study participants
were informed that data obtained from them would be
used only for this study purpose. Confidentiality of the
data was maintained, and their names were not recorded.
The methods in the study were in accordance with relevant
guidelines, and informed consent was obtained from all
participants.
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