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Purpose: We aimed to investigate whether urine uric acid excretion (UUAE) levels are
associated with obesity and abdominal obesity in patients with type 2 diabetes (T2D).
Methods: There were 2785 type 2 diabetic patients in this cross-sectional study. Obesity
was defined as BMI > 25 kg/m?, and abdominal obesity was defined as waist circumference
(WC) 290 cm for men and WC > 80 cm for women based on World Health Organization
(WHO) recommendations for Asians. Chronic kidney disease (CKD) was defined as the
estimated glomerular filtration rate (eéGFR) <60 mL/min/1.73m? and/or urinary albumin
excretion (UAE) >300 mg/24h. 24-h UUAE was determined enzymatically using a single 24-
hour urine collection. All the subjects were stratified into quartiles based on UUAE levels.
Both obesity and abdominal obesity were compared among the UUAE quartile groups,
respectively. Furthermore, the associations of UUAE with obesity and abdominal obesity
were analyzed in both CKD and non-CKD patients, respectively.

Results: There was an obvious increased trend in both obesity prevalence (36.2%, 41.5%,
46.3%, and 63.4%, respectively, p < 0.001 for trend) and abdominal obesity prevalence
(58.1%, 61.2%, 64.7%, and 75.8%, respectively, p < 0.001 for trend) in patients with T2D
across the UUAE quartiles after controlling for age, sex and diabetes duration. Multiple
logistic regression analyses revealed independent associations between UUAE quartiles and
obesity (p < 0.001) and abdominal obesity (p < 0.001) in all patients. However, UUAE was
significantly associated with obesity and abdominal obesity only in the T2D patients without
CKD (p < 0.001 in model 1, model 2, model 3 and model 4, respectively).

Conclusion: Increased UUAE levels were significantly associated with the presence of
obesity, especially abdominal obesity in T2D patients without CKD.

Keywords: urine uric acid excretion, type 2 diabetes, obesity, abdominal obesity, chronic
kidney disease

Introduction

With the rapid development of the economy, the prevalence of obesity around the world
continues to rise, putting not only normal people but also patients with diabetes at risk of
metabolic syndrome. When serum uric acid (SUA) as a metabolite of purine exceeds 420
umol/L, hyperuricemia occurs. More and more clinical studies have shown that hyper-
uricemia may be a predictor of many metabolic disorders, such as type 2 diabetes (T2D),'

hypertension, > obesity,* ¢ metabolic syndrome,” '® and obesity-related fatty liver.'""'?
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Over the past ten years, epidemiological and clinical
studies have shown that SUA levels are strongly correlated
with obesity.*® A longitudinal population-based epide-
miological study showed that high SUA levels increase
the risk of obesity.® Some reports have also manifested
that body mass index (BMI) is strongly positively corre-
lated with SUA.'® Furthermore, weight loss from bariatric
surgery is associated with reduced incidence of hyperur-
icemia and gout.'* A previous study also demonstrated
a decrease in SUA levels in overweight patients receiving
either weight loss from a low-energy diet or an insulin-
sensitizing agent.'” Likewise, a recent study by our team
also found that SUA levels were markedly associated with
obesity in T2D.* Overall, these studies have consistently
demonstrated that elevated SUA levels are clearly asso-
ciated with obesity in both healthy and diabetic
populations.

Urine uric acid test is a non-invasive examination.
Increased SUA levels usually accompany increased levels
of uric acid in the urine. Although various studies have
explored the relationship between SUA and obesity, there
was a lack of data on the relationship between urine uric
acid excretion (UUAE) and obesity in both healthy and
clinical populations. Recently, a few studies investigated
the association of UUAE with metabolic disorders such as
diabetes'® and uric acid stone.'” Our recent studies also
found that UUAE was independently associated with
chronic kidney disease (CKD),'® diabetic retinopathy
(DR),' and NAFLD in hospitalized patients with T2D.?
However, to date, the relationship between UUAE and
obesity, including abdominal obesity, has not been inves-
tigated in both general and diabetic populations.

Therefore, our primary aim is to explore the associa-
tion between UUAE and obesity and abdominal obesity in
Chinese inpatients with T2D. As far as we know, this is
the first study specifically to evaluate the association
between UUAE and obesity in T2D.

Methods
Study Design and Population

This was a cross-sectional study. The study protocol was
approved by the ethics committee of Shanghai Jiao Tong
University Affiliated Sixth People’s Hospital and in accor-
dance with the Declaration of Helsinki. Written informed
consent was obtained from all subjects. The anonymity of
all the patients was preserved.

A total of 3598 inpatients with type 2 diabetes from
hospitalized patients in the department of Endocrinology
and Metabolism of Shanghai Jiao Tong University
Affiliated Sixth People’s Hospital from January 2007 to
June 2009 were consecutively observed. Exclusion criteria
included: those taking any drug that might affect uric acid
metabolism, such as losartan, allopurinol, benzbromarone
and furosemide; the patients who had extreme outliers, and
the patients without complete clinical data such as UUAE,
height, weight, and waist circumference et al. Eventually,
included

2785 patients were in the final analysis

(Figure 1). All patients received a low-purine diabetic diet.

Diagnostic Criteria

T2D was diagnosed according to the 1999 World Health
Organization (WHO) criteria. Obesity was defined as
BMI>25 kg/m? based on the Asia-Pacific criteria set by
the WHO.?'*? Mild obesity was defined as a BMI of 25—
30 kg/m?, moderate obesity as a BMI of 30-35 kg/m?, and
severe obesity as BMI above 35 kg/m”.* Abdominal obe-
sity was defined as a waist circumference of >90 cm for
men and >80 cm for women based on the WHO recom-
mendations for Asians.”> Mild abdominal obesity was
defined as a WC value of 90-100 cm for men and
80-90 cm for women, moderate abdominal obesity as
100-110 cm for men and 90-100 cm for women, severe
abdominal obesity as >110 cm for men and >100 cm for
women. According to our previous studies,'®> CKD was
defined as the estimated glomerular filtration rate (eGFR,
as calculated by MDRD formula) <60 mL/min/1.73m?
and/or a Urinary albumin excretion (UAE)>300mg/24h.

Physical Examination and Laboratory

Measurements

All subjects were consulted by physicians and gave
a history of diabetes and hypertension (HTN) and medica-
tions including lipid-lowering drugs (LLDs), antihyperten-
sive agents (AHAs), insulin or insulin analogues (IIAs),
and oral hypoglycaemic drugs, such as metformin, sulfo-
nylureas (SUs), glycosidase inhibitors (GIs), thiazolidine-
diones (TZDs), as well as alcohol consumption and
smoking habits. Smoking status was defined as current
smoking or not smoking.

Physical examinations included weight, height, waist
circumference, hip circumference, and blood pressure.
Body weight was measured in light clothing without shoes
to the nearest half kilogram. Height, waist and hip
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stage of study (n=3598)

Hospitalized patients with type 2 diabetes in the initial

Excluded: patients without UUAE data (n=591)

Excluded: patients who were taking the following

drugs: losartan, allopurinol, benzbromarone and

Excluded: patients who have extreme outliers

—>
—>

furosemide (n=173)
—>

and/or missing data (n=49)
\ 4

patients in the final analysis (n=2785)

Figure | Flowchart for inclusion of participants.

circumference were measured to the nearest half centimeter.
Body mass index (BMI) was calculated as body mass/
height? (kg/m?). Waist-hip ratio was calculated as the ratio
of waist-to-hip circumference (cm). Blood pressure was
measured by a physician using a standard mercury sphyg-
momanometer after the subject had been seated for at least
10 minutes.

Venous blood samples were drawn after an overnight
fast and 2 h after breakfast. We obtained a single 24-hour
urine collection from the participants to assess UUAE. The
laboratory evaluations included: (1) diabetes evaluation
index: fasting plasma glucose (FPG), 2-hour postprandial
plasma glucose (2h PPG), fasting C-peptide (FCP), 2-hour
postprandial C-peptide (2 h PCP) and glycosylated hemo-
globin A1C (HbA1C); (2) routine laboratory tests for liver
function, renal function and blood lipids; (3) serum inflam-
mation index: white blood cell count (WBCC) and
C-reactive protein (CRP); (4) Urine uric acid excretion
(UUAE) and urinary albumin excretion (UAE).

Statistical Analysis
Statistical analysis was performed using SPSS software for
Windows (SPSS Statistics Version 23.0, SPSS Inc).

Quantitative data were showed as mean + standard devia-
tion (SD) or expressed as medians (interquartile range).
Qualitative variables were expressed as percentage. One-
way analysis of variance (ANOVA) with Least Significant
Difference (LSD) was used to compare normally distrib-
uted continuous variables. The Kruskal-Wallis H-test or
Mann—Whitney U-test were used for continuous variables
not distributed normally. The prevalence data was ana-
lyzed by the chi-square test. Both binary logistic and
general linear regressions with stepwise backwards vari-
able selection were applied to compare differences in the
variables while controlling for other factors. A 2-sided p <
0.05 was considered to be statistically significant.

Results

Characteristics of the Enrolled Patients
A total of 2785 type 2 diabetic patients were analyzed in
our study. According to 24-h UUAE, we divided all sub-
jects into four groups: <2211, 2211-2841, 28423591, and
>3591umol/24h. Table 1 compares the characteristics of
the enrolled patients in different groups.

Whether adjusted for age and sex or not, the patients with
T2D in the higher UUAE quartiles were more likely to be
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Table | Characteristics of the Patients According to UUAE Quartiles
Variables QI (n=694) Q2 (n=698) Q3 (n=696) Q4 (n=697) p value #b value
UUAE (umol/24h) <2211 2211-2841 2842-3591 >3591 - -
Male (n, %) 342 (49.3%) 358 (51.3%) 407 (58.5%) 467 (67.0%) <0.001 <0.001
Age (years) 6313 60+13 5711 5411 <0.001 <0.001
DD (months)* 108 (48-168) 84 (12-144) 60 (12-120) 60 (12-120) <0.001 0.006
Hypertension (n, %) 403 (58.1%) 352 (50.4%) 346 (49.7%) 360 (51.6%) 0.007 0.004
Smoking (n, %) 161 (23.2%) 153 (21.9%) 227 (32.6%) 280 (40.2%) <0.001 0.001
Alcohol (n, %) 78 (11.2%) 91 (13.0%) 110 (15.8%) 170 (24.4%) <0.001 0.0l
llAs (n, %) 530 (76.4%) 505 (72.3%) 489 (70.3%) 482 (69.2%) 0.003 0019
LLD (n, %) 181 (26.1%) 212 (30.4%) 192 (27.6%) 267 (38.3%) <0.001 <0.001
AHAs (n, %) 369 (53.2%) 314 (45.0%) 321 (46.1%) 320 (45.9%) 0.009 0.006
Metformin (n, %) 340 (49.0%) 365 (52.3%) 401 (57.6%) 440 (63.1%) <0.001 <0.001
SUs (n, %) 489 (70.5%) 438 (62.8%) 432 (62.1%) 430 (61.7%) 0.001 0.14
TZDs (n, %) 78 (11.2%) 80 (11.5%) 112 (16.1%) 124 (17.8%) <0.001 <0.001
Gls (n, %) 503 (72.5%) 483 (69.2%) 469 (67.4%) 456 (65.4%) 0.03 0.954
SBP (mmHg) 13318 132£18 130£17 130£16 0.012 0.293
DBP (mmHg) 789 8019 81x10 81x10 <0.001 <0.001
WC (cm) 87x11 87£10 8919 93+10 <0.001 <0.001
WHR 0.9+0.1 0.9£0.1 0.9£0.1 0.9£0.1 <0.001 <0.001
BMI(kg/m?) 23.8+3.6 24.3%+3.3 25.0%£3.2 26.2+3.3 <0.001 <0.001
WBCC (x10°%) 6.38+1.92 6.30£1.75 6.29+1.88 6.34+1.90 0.792 0.768
FPG(mmol/ly* 7.3 (5.9-9.5) 7.4 (6.0-9.6) 7.7 (62-9.9) 8.3 (6.9-10.1) <0.001 <0.001
2h PPG(mmol/ly* 13.0 (9.1-16.3) 13.3 (10.0-16.7) 13.5 (10.3-16.6) 14.1 (10.8-17.3) <0.001 <0.001
FCP (ng/ml)* 139 (0.81-2.32) .57 (0.93-2.23) 1.69 (1.13-2.43) 1.91 (1.24-2.77) <0.001 <0.001
2h PCP (ng/ml)* 3.02 (1.58-4.95) 3.59 (1.92-5.37) 3.79 (2.28-5.35) 4.14 (2.56-5.60) <0.001 <0.001
HbAIC (%) 9.2+2.5 9.2+2.5 9.1+2.4 9.1%2.1 0.894 0.268
HOMA2-IR 1.46x1.15 1.47+0.94 1.59+0.87 1.84+1.07 <0.001 <0.001
TTG (mmol/ly* 1.30 (0.89-1.85) .42 (0.97-2.06) .43 (1.01-2.08) 1.72 (1.16-2.58) <0.001 <0.001
TC (mmol/l) 461£1.14 4.73%1.20 4.68+1.07 4.77+1.14 0.061 0.036
HDL-C (mmol/l) 1.15£0.31 1.15+0.31 1.11+0.28 1.05+0.32 <0.001 <0.001
LDL-C (mmol/l) 2.99+0.95 3.12+0.98 3.08+0.88 3.11+0.94 0.046 0.025
ALT (UNy* 17 (12-25) 18 (13-27) 20 (14-32) 24 (16-41) <0.001 <0.001
AST (U/)* 19 (16-23) 19 (16-24) 19 (15-25) 21 (16-28) <0.001 <0.001
y-GT (UM 21 (15-31) 22 (16-35) 23 (17-35) 27 (19-45) <0.001 <0.001
Cr (umol/ly* 67 (55-87) 67 (55-80) 65 (56-78) 66 (55-78) 0.054 0.001
SUA (umol/ly* 302 (249-371) 314 (255-380) 306 (255-372) 320 (267-377) 0.007 0.078
UAE (mg/24h)* 10.9 (5.8-45.9) 10.2 (6.2-25.6) 9.7 (6.4-22.6) 13.0 (7.8-33.6) <0.001 <0.001
eGFR (mL/min/1.73 m2)* 103 (80-128) 107 (88-130) [11 (93-133) 115 (98-137) <0.001 0.004
CRP (mg/l)* 115 (0.47-3.44) 1.09 (0.5-2.72) 1.09 (0.48-2.37) 1.2 (0.53-2.90) 0.389 0.13

Notes: Values are expressed as the mean+S.D, or median with interquartile range, or percentages. P-value: The p-values were not adjusted for age and sex for the trend.
#P.value: The #p-values were adjusted for age and sex for the trend. *The Mann-Whitney U-test was applied.

Abbreviations: UUAE, urine uric acid excretion; DD, duration of diabetes; IlAs, insulin or insulin analogues; LLDs, lipid-lowering drugs; AHAs, antihypertensive agents; SUs,
sulfonylureas; TZDs, thiazolidinediones; Gls, glycosidase inhibitors; SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist circumstance; WHR, waist-hip
ratio; BMI, body mass index; WBCC, white blood cell count; FBG, fasting plasma glucose; 2h PPG, 2-hour postprandial plasma glucose; FCP, fasting C-peptide; 2h PCP,
2-hour postprandial C-peptide; HbAIC, glycosylated hemoglobin AIC; HOMAZ2-IR, the Homeostasis Model Assessment Indexes-Insulin Resistance; TTG, total triglycerides;
TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; ALT, aspartate aminotransferase; AST, alanine aminotransferase; y-GT, y-Glutamyl-
transferase; Cr, creatinine; SUA, serum uric acid; UAE, urinary albumin excretion; eGFR, estimated glomerular filtration rate; CRP, C-reactive protein.

male, younger, smoker and drinker; have shorter DD; and have
a lower percentage of HTN. In terms of therapeutic medica-
tion, the patients with T2D in the higher UUAE quartiles had
higher percentage use of LLDs and metformin and TZDs;
have lower percentage use of I[As and AHAs. In terms of

laboratory measurement, the higher UUAE was accompanied
by the higher DBP, WC, BMI, FPG, 2 h PPG, FCP, 2 h PCP,
HOMAZ2-IR, TTG, LDL-C, ALT, AST, y-GT, UAE, and
eGFR; and the lower HDL-C. There was no significant differ-
ence among groups in WBCC, CRP, Cr, TC, and HbA1C.
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Table 2 shows the comparison of characteristics between
men and women subjects. Whether adjusted for age or not,
UUAE in male patients was significantly higher than that in
female patients. Moreover, male patients had significantly
higher Cr, SUA, HbA1C, WC, ALT, y-GT, and WBCC than
female patients; significantly lower cholesterol level, FCP

and 2 h PCP. However, there was no significant difference in
BMI and eGFR and DBP, FPG, 2 h PPG, UAE, AST and
HOMAZ2-IR between sexes. Compared to female subjects,
the male patients were more likely to be younger, smoker
and drinker; have shorter DD; and have a lower percentage

of HTN. In terms of therapeutic medication, the male

Table 2 Comparison of Characteristics Between Men and Women Subjects

Variables Total (2785) Men (n=1574) Women (n=1211) p value #b value
UUAE(umol/24h) 2842 (2211-3594) 2970 (2326-3786) 2665 (2098-3323) <0.001 <0.001
Age (years) 5913 5613 61£12 <0.001 -
DD (months)* 84 (24-132) 60 (12-120) 96 (36—156) <0.001 <0.001
Hypertension (n, %) 1461 (52.5%) 764 (48.5%) 697 (52.5%) <0.001 0.043
Smoking (n, %) 821 (29.5%) 794 (50.4%) 27 (2.2%) <0.001 <0.001
Alcohol (n, %) 449 (16.1%) 440 (28.0%) 9 (0.7%) <0.001 <0.001
lIAs (n, %) 2006 (72.1%) 1138 (72.4%) 868 (71.7%) 0.682 0.556
LLD (n, %) 852 (30.8%) 477 (30.5%) 375 (31.1%) 0.706 0.523
AHAs (n, %) 1324 (47.7%) 686 (43.8%) 638 (52.8%) <0.001 0.034
Metformin (n, %) 1546 (55.8%) 851 (54.3%) 695 (57.6%) 0.081 0.011
SUs (n, %) 1789 (64.5%) 926 (59.1%) 863 (71.5%) <0.001 <0.001
TZDs (n, %) 394 (14.2%) 209 (13.3%) 185 (15.4%) 0.135 0.085
Gls (n, %) 1911 (68.9%) 1029 (65.7%) 882 (73.1%) <0.001 0.008
SBP (mmHg) 13217 13017 134£18 <0.001 <0.001
DBP (mmHg) 80+10 80+10 81+9 0.059 0.235
WC (cm) 89+10 90+10 88+10 <0.001 <0.001
WHR 0.9£0.1 0.9£0.1 0.9£0.1 <0.001 <0.001
BMI (kg/m?) 24.843.5 24.8+3.4 24.8+3.6 0.944 0.809
WBCC (x10°) 6.32+1.87 6.42+1.98 6.21£1.70 0.003 0.022
FPG(mmol/l)* 7.73 (6.21-9.77) 7.80 (6.26-9.86) 7.62 (6.13-9.66) 0.076 0.759
2h PPG(mmol/l)* 13.48 (9.97-16.79) 13.54 (9.83-16.87) 13.39 (10.12-16.64) 0.772 0.729
FCP (ng/ml)* 1.65 (1.00-2.44) 1.62 (0.94-2.40) 1.68 (1.06-2.48) <0.001 0.006
2h PCP (ng/ml)* 3.64 (2.04-5.37) 3.47 (1.94-5.25) 3.89 (2.19-5.47) <0.001 <0.001
HbAIC (%) 9.1+24 9.2+2.5 9.0+2.3 0.004 0.017
HOMA2-IR 1.59+1.03 1.56+1.02 1.62+1.03 0.168 0.026
TTG (mmol/ly* 1.45 (1.00-2.15) 1.39 (0.95-2.14) 1.52 (1.04-2.17) 0.002 <0.001
TC (mmol/l) 4.70x1.14 4.53x1.10 491x1.15 0.061 <0.001
HDL-C (mmol/l) I.11£0.31 1.01+0.29 1.19+0.32 <0.001 <0.001
LDL-C (mmol/l) 3.08+0.94 2.97+0.91 3.21£0.97 <0.001 <0.001
ALT (U/1y* 19 (13-31) 20 (14-32) 18 (13-29) <0.001 0.009
AST (U/y* 19 (16-25) 19 (16-25) 19 (1625 0.589 0.986
v-GT (U/)* 23 (17-37) 25 (17-39) 22 (16-34) <0.001 <0.001
Cr (umol/l)* 67 (56-80) 75 (65-87) 56 (49-66) <0.001 <0.001
SUA (umol/l)* 311 (256-374) 327 (273-392) 288 (240-350) <0.001 <0.001
UAE (mg/24h)* 11.00 (6.52-28.76) 1.1l (6.46-33.98) 10.92 (6.66-26.32) 0.372 0.026
eGFR (mL/min/1.73 m?)* 100 (84-120) 111 (93-133) 101 (84-120) 0.683 <0.001
CRP (mg/l)* I.11 (0.49-2.79) 1.04 (0.46-2.59) 1.19 (0.56-3.03) 0.004 0.182

Notes: Values are expressed as the mean+S.D, or median with interquartile range, or percentages. P-value: The p-values were not adjusted for age for the trend. #P_value:
The #p-values were adjusted for age for the trend. *The Mann-Whitney U-test was applied.

Abbreviations: UUAE, urine uric acid excretion; DD, duration of diabetes; IlAs, insulin or insulin analogues; LLDs, lipid-lowering drugs; AHAs, antihypertensive agents; SUs,
sulfonylureas; TZDs, thiazolidinediones; Gls, glycosidase inhibitors; SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist circumstance; WHR, waist-hip
ratio; BMI, body mass index; WBCC, white blood cell count; FBG, Fasting plasma glucose; 2h PPG, 2-hour postprandial plasma glucose; FCP, fasting C-peptide; 2h PCP,
2-hour postprandial C-peptide; HbAIC, glycosylated hemoglobin AIC; HOMAZ2-IR, the Homeostasis Model Assessment Indexes-Insulin Resistance; TTG, total triglycerides;
TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; ALT, aspartate aminotransferase; AST, alanine aminotransferase; y-GT, y-Glutamyl-
transferase; Cr, creatinine; SUA, serum uric acid; UAE, urinary albumin excretion; eGFR, estimated glomerular filtration rate; CRP, C-reactive protein.
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patients had lower percentage use of SUs and AHAs and
Gls; have no significant difference in use of IIAs, LLD,
metformin, TZDs and AHAs.

Prevalence of Obesity and Abdominal
Obesity in T2D Patients

According to the diagnostic criteria of obesity and abdom-
inal obesity, the prevalence of obesity and abdominal obesity
in T2D is shown in Figure 2. The prevalence of obesity was
46.4% in the female, 47.2% in the male, and 46.9% in the
total subjects, respectively (Figure 2A). The prevalence of

A
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abdominal obesity was 79.8% in the female, 53.5% in the
male, and 64.9% in all subjects, respectively (Figure 2B).
The prevalence of abdominal obesity in female patients was
significantly higher than that in male patients (p < 0.001,
Figure 2B). However, there was no significant difference in
the prevalence of obesity in patients between the sexes. The
prevalence of obesity had no significant association with age
and DD in T2D (Figure 2C and E). However, the prevalence
of abdominal obesity clearly increased with increased age in
T2D patients (p = 0.038, Figure 2D) but was not related to
the DD (Figure 2D and F).

B
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Figure 2 Prevalence of obesity in T2D. (A) Comparison of the obesity prevalence between men and women with T2D after adjusting for age and DD. (B) Prevalence of
abdominal obesity prevalence between men and women with T2D after adjusting for age and DD. (C) Prevalence of obesity stratified by age in T2D. (D) Prevalence of
abdominal obesity stratified by age in T2D. (E) Prevalence of obesity stratified by DD in T2D. (F) Prevalence of abdominal obesity stratified by DD in T2D.
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Comparisons of Obesity and Abdominal
Obesity Prevalence Among the UUAE

Quartiles

The prevalence of obesity and abdominal obesity among the
UUAE quartiles are shown in Figure 3. After adjusting for
age, sex, and DD, there was a significantly increased trend in
the prevalence of obesity and abdominal obesity across the
UUAE quartiles (36.2%, 41.5%, 46.3%, and 63.4% for
obesity prevalence, respectively, p <0.001 for trend,
58.1%, 61.2%, 64.7%, and 75.8% for abdominal obesity
prevalence, respectively, p <0.001 for trend) in T2D
(Figure 3A and C). Furthermore, the prevalence of moder-
ate-severe obesity and abdominal obesity in the fourth
UUAE quartile was obviously higher than in the other
three UUAE quartiles (all p < 0.001) (Figure 3B and D).

Comparisons of UUAE Levels Between
the Patients with and without Obesity/
Abdominal Obesity

Figure 4 shows the difference in UUAE levels between the
patients with and without obesity/abdominal obesity. The

0/
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levels of UUAE were significantly increased in obese patients
with T2D compared with those without obesity, and the same
was found in abdominal obesity (p < 0.001, Figure 4A and
C). In addition, the diabetic patients with moderate-severe
obesity or abdominal obesity were more likely to have higher
UUAE levels (p < 0.001, Figure 4B and D).

Associations of UUAE Quartiles with
Obesity and Abdominal Obesity

We constructed four models to assess the associations of the
UUAE quartiles with obesity and abdominal obesity using
multiple logistic regression analyses. Model 1 was the unad-
justed model, model 2 adjusted for age, sex, DD, HTN,
smoking and alcohol drinking; model 3 further adjusted for
DBP, SBP, and the use of LLDs, I1As, AHAs, metformin, SUs,
TZDs, and Gls; and model 4 additional adjusted for laboratory
results, including WBCC, CRP, ALT, AST, y-GT, TC, TTG,
HDL-C, LDL-C, HbAI1C, FPG, 2 h PPG, FCP, 2 h PCP, Cr,
eGFR, SUA, UAE, and HOMAZ2-IR. Table 3 shows the asso-
ciations of UUAE quartiles with obesity and abdominal obe-
sity in T2D. Binary logistic regression models showed that
UUAE quartiles were independently related to the presence of

W

o/ _
15% p<0.001 for trend
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Figure 3 Comparisons of obesity prevalence and UUAE levels. (A) Comparison of the prevalence of obesity among the UUAE quartile groups after adjusting for age, sex,
and DD. (B) Comparison of the prevalence of moderate-severe obesity among the UUAE quartile groups after adjusting for age, sex, and DD. (C) Comparison of the
prevalence of abdominal obesity among the UUAE quartile groups after adjusting for age, sex, and DD. (D) Comparison of the prevalence of moderate-severe abdominal

obesity among the UUAE quartile groups after adjusting for age, sex, and DD.
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Figure 4 Comparisons of UUAE levels. (A) Comparison of UUAE levels between the patients with and without obesity after adjusting for age, sex, and DD. (B) Comparison
of UUAE levels between the patients with and without moderate-severe obesity after adjusting for age, sex, and DD. (C) Comparison of UUAE levels between the patients
with and without abdominal obesity after adjusting for age, sex, and DD. (D) Comparison of UUAE levels between the patients with and without moderate-severe abdominal

obesity after adjusting for age, sex, and DD.

obesity (model 1, p < 0.001 for trend) and abdominal obesity
(model 1, p <0.001 for trend). After further adjusting for other
confounders (model 2, model 3, and model 4), UUAE quar-
tiles still had an independent association with obesity (p <
0.001 for trend in model 2, model 3 and model 4, respectively)
and abdominal obesity (p < 0.001 for trend in model 2, model
3, and in model 4, respectively).

Association of UUAE with Obesity and
Abdominal Obesity Among CKD and
Non-CKD Patients

To eliminate the influence of CKD on UUAE, we further
analyzed the relationship between UUAE and obesity and
abdominal obesity in the CKD group and the non-CKD

group using the same model above by multiple logistic
regression analyses. Table 4 shows the associations of
UUAE with obesity and abdominal obesity in T2D with
CKD and without CKD. The results showed that UUAE
was significantly related to obesity and abdominal obesity
only in the non-CKD population (p < 0.001 in model 1,
model 2, model 3 and model 4, respectively).

Discussion

We conducted this cross-sectional study to investigate
whether the levels of UUAE are related to obesity in
T2D patients. As a matter of fact, we discovered a strong
positive association between increased UUAE levels and
obesity, especially abdominal obesity in T2D patients.
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Table 3 Association of UUAE Quartiles with Obesity and Abdominal Obesity

ORs (95% CI) P values for Trend
Ql Q2 Q3 Q4

Obesity

Model | | 1.254 (1.011-1.557) 1.520 (1.226-1.884) 3.059 (2.459-3.806) <0.001
Model 2 | 1.281 (1.026—1.598) 1.559 (1.248-1.946) 3.130 (2.497-3.924) <0.001
Model 3 | 1.230 (0.978-1.545) 1.429 (1.135-1.800) 2.703 (2.136-3.421) <0.001
Model 4 | 1.229 (0.927-1.630) 1.352 (1.016—1.800) 2.355 (1.748-3.174) <0.001
Abdominal obesity

Model | | 1.138 (0.918-1.410) 1.321 (1.064-1.640) 2.256 (1.793-2.838) <0.001
Model 2 | 1.299 (1.026—1.644) 1.741 (1.366-2.220) 3.594 (2.7624.676) <0.001
Model 3 | 1.236 (0.971-1.573) 1.635 (1.275-2.097) 3.118 (2.383—4.080) <0.001
Model 4 | 1.214 (0.896—1.644) 1.578 (1.152-2.160) 2.818 (2.004-3.961) <0.001

Notes: Model |: unadjusted. Model 2: adjusted for age, sex, HTN, DD, smoking, and alcohol. Model 3: further adjusted for SBP, DBP, the use of LLDs, AHAs, llAs, SUs,
Metformin, Gls and TZDs. Model 4: further adjusted for WBCC, ALT, AST, y-GT, TC, TG, HDL-C, LDL-C, Cr, eGFR, SUA, FPG, 2h PPG, UAE, CRP, HbAIC, FCP, 2h C-P,

HOMA2-IR.

Abbreviations: UUAE, urine uric acid excretion; OR, odds ratio; Cl, confidence interval; Q, Quartile; HTN, hypertension; DD, duration of diabetes; SBP, systolic blood
pressure; DBP, diastolic blood pressure; IlAs, insulin or insulin analogues; LLDs, lipid-lowering drugs; AHAs, antihypertensive agents; SUs, sulfonylureas; TZDs, thiazolidi-
nediones; Gls, glycosidase inhibitors; WBCC, white blood cell count; ALT, aspartate aminotransferase; AST, alanine aminotransferase; y-GT, y-glutamyl- transferase; TTG,
total triglycerides; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; Cr, creatinine; eGFR, estimated glomerular filtration rate; SUA, serum
uric acid; FBG, Fasting plasma glucose; 2h PPG, 2-hour postprandial plasma glucose; UAE, urinary albumin excretion; CRP, C-reactive protein; HbAIC, glycosylated

hemoglobin AIC; FCP, fasting C-peptide; 2h PCP, 2-hour postprandial C-peptide; HOMA2-IR, the Homeostasis Model Assessment Indexes-Insulin Resistance.

From above results, it is evident that the excretion of uric
acid raised markedly in obese patients with T2D compared
with patients without obesity. Moreover, the prevalence of
obesity and abdominal obesity increased significantly
across the UUAE quartiles increase. To the best of our
knowledge, the association between UUAE and obesity
and diabetes has not been investigated before.

The prevalence of obesity and abdominal obesity in
T2D patients reported by different studies was quite dif-
ferent, which was mainly due to differences in study
populations and the definition of obesity. In the United
Kingdom, the prevalence of obesity in T2D patients in the
north of Liverpool was 52% using the definition of
BMI>30kg/m*** In Taiwan, the prevalence of obesity
using the definition of BMI>25kg/m” was 39.3% and
41.7% in the diabetic men and women, respectively.”* In
Shanghai, obesity was present in 6.7% of adults with T2D
when the criteria were defined as BMI>30kg/m>.% In our
study, the prevalence of obesity using the definition of
BMI > 25 kg/m* was 46.4% in women and 47.2% in
men, which were a little higher than the results from
a study in Taiwan patients with T2D.**

A cross-sectional study performed in Northwest
Ethiopia found that the prevalence of abdominal obesity
was 61% in T2D patients, which was very close to our
results of 64.9%.%° Another study investigated the preva-
lence of central obesity in a German population with T2D

using the WHO 1999 definition for obesity, and found that
the prevalence of central obesity was 50.9% in 4020
participants.?” Of the diabetic patients in Shanghai down-
town, 64.9% of women, 38.6% of men, 58.4% of total
were categorized as abdominal obesity using the same
definition as ours (defined as WC > 90cm for males and
WC > 80cm for females),”> which was lower than our
results. The prevalence of abdominal obesity in our study
was 79.8% of women, 53.5% of men, 64.9% of total
inpatients with T2D. The possible reasons for this differ-
ence may be related to different study populations.
Additionally, consistent with previous studies,”® our find-
ings showed that abdominal obesity is more prevalent in
females than in males. Moreover, our survey indicated that
the prevalence of abdominal obesity peaked in the elder
age groups. The changes in hormones and physical activity
levels may be responsible for this difference.

Exogenous UA comes from ingested food, including
excessive intake of fructose, fatty foods and alcohol con-
sumption. Excessive fructose intake is an important cause
of obesity. Fructose intake increases serum uric acid, and
the kidney compensates for increased uric acid excretion
in order to maintain a stable level of serum uric acid.
Many studies have investigated the relationship between
hyperuricemia and obesity and diabetes. Clinical observa-
tion shows that obese people are often accompanied by
hyperuricemia and are more likely to develop diabetes.
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Table 4 Association of UUAE with Obesity and Abdominal Obesity Among CKD and Non-CKD Patients

CKD Non-CKD Total
OR (95% CI) P values OR (95% CI) P values OR (95% CI) P values

Obesity

Model | 1.420 (1.127-1.789) 0.003 | 1.555 (1.425-1.697) <0.001 1.500 (1.386—1.624) <0.001
Model 2 1.453 (1.150-1.836) 0.002 | 1.562 (1.428-1.708) <0.001 1.523 (1.405-1.652) <0.001
Model 3 1.296 (1.009-1.664) 0.042 | 1.425 (1.298-1.566) <0.001 1.415 (1.299-1.541) <0.001
Model 4 1.119 (0.815-1.536) 0.486 | 1.332 (1.184-1.499) <0.001 1.334 (1.199-1.485) <0.001
Abdominal obesity

Model | 1.235 (0.972-1.570) 0.084 | 1.371 (1.256-1.498) <0.001 1.335 (1.232-1.447) <0.001
Model 2 1.490 (1.132-1.961) 0.004 | 1.665 (1.505-1.843) <0.001 1.618 (1.475-1.775) <0.001
Model 3 1.249 (0.926—1.686) 0.146 | 1.551 (1.397-1.722) <0.001 1.516 (1.378-1.668) <0.001
Model 4 1.204 (0.821-1.767) 0.342 | 1.429 (1.252-1.630) <0.001 1.444 (1.280-1.628) <0.001

Notes: Model I: unadjusted. Model 2: adjusted for age, sex, HTN, DD, smoking, and alcohol. Model 3: further adjusted for SBP, DBP, the use of LLDs, AHAs, IlAs, SUs,
Metformin, Gls and TZDs. Model 4: further adjusted for WBCC, ALT, AST, y-GT, TC, TG, HDL-C, LDL-C, Cr, eGFR, SUA, FPG, 2h PPG, UAE, CRP, HbAIC, FCP, 2h C-P,

HOMA2-IR.

Abbreviations: UUAE, urine uric acid excretion; CKD, chronic kidney disease; OR, odds ratio; Cl, confidence interval; Q, quartile; HTN, hypertension; DD, duration of
diabetes; SBP, systolic blood pressure; DBP, diastolic blood pressure; llAs, insulin or insulin analogues; LLDs, lipid-lowering drugs; AHAs, antihypertensive agents; SUs,
sulfonylureas; TZDs, thiazolidinediones; Gls, glycosidase inhibitors; WBCC, white blood cell count; ALT, aspartate aminotransferase; AST, alanine aminotransferase; y-GT, y-
glutamyl- transferase; TTG, total triglycerides; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; Cr, creatinine; eGFR, estimated glomerular
filtration rate; SUA, serum uric acid; FBG, fasting plasma glucose; 2h PPG, 2-hour postprandial plasma glucose; UAE, urinary albumin excretion; CRP, C-reactive protein;
HbAIC, glycosylated hemoglobin AIC; FCP, fasting C-peptide; 2h PCP, 2-hour postprandial C-peptide; HOMA2-IR, the Homeostasis Model Assessment Indexes-Insulin

Resistance.

Recently, more and more studies have repeatedly proved
that there is an independent association between SUA
levels and obesity in the general and diabetic population.
For example, two recent studies showed that SUA was
significantly correlated with central obesity in elderly
women.*?* Another study among the Bangladeshi adults
also indicated a significantly positive relationship between
SUA and obesity.>® Furthermore, a recent study performed
in T2D population found that obesity was significantly
T2D
patients.>’ More importantly, high SUA levels also predict

associated with hyperuricemia in Ethiopia
the development and progression of obesity in the general
population in a prospective study.’”> The articles we have
published also showed that SUA levels are closely asso-
ciated with obesity, BMI and WC in Chinese inpatients
with T2D.**

Although the association between SUA levels and
obesity, including abdominal obesity, has been investi-
gated and confirmed, the relationship between UUAE
levels and obesity is scarcely reported in both healthy
and diabetic populations. Several studies observed an asso-
ciation between UUAE levels and disorders accompanied
by obesity. For example, a study described how uric acid
excretion predicts increased blood pressure among
American adolescents of African descent.*®> Our previous
that UUAE is

study also found associated with

nonalcoholic fatty liver disease in patients with T2D.?°
In the present study, the close associations of UUAE levels
with obesity and abdominal obesity were observed in T2D
patients even after controlling for some confounding
factors.

A possible explanation for the association between
UUAE and obesity may be that UUAE levels are closely
related to some risk factors of obesity, such as dyslipidemia
and insulin resistance. In our study, increased FCP, 2 h PCP,
and HOMAZ2-IR were more prevalent in patients with higher
UUAE quattiles, indicating that insulin resistance is more
severe across the UUAE quartiles. Likewise, higher BMI,
WHR and TTG, and lower HDL-C levels were more
observed in patients with higher UUAE quartiles, which
may suggest the more severe obesity and dyslipidemia in
T2D patients with higher UUAE quartiles. Based on epide-
miologic, clinical, and experimental studies, obesity is clo-
sely associated with insulin resistance and plays a critical
role in the pathogenesis of T2D. Moreover, increased circu-
lating levels of lipids have also been related to insulin
resistance in the muscle and liver.>* Low-grade inflamma-
tion of white adipose tissue (WAT) resulting from the activa-
tion of the innate immune system in obese patients leads to
insulin resistance.’® Obesity is related to oxidative stress,
and uric acid is a strong free radical scavenger, about 60% of
the free radicals in the body are scavenged by uric acid.
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itself
a protective mechanism, and the increase in uric acid helps

Therefore, hyperuricemia in obese patients is
the clearance of free radicals in the body. When obese, the
balance is broken, and the increase in uric acid cannot be
completely removed, which leads to hyperuricemia.
Interestingly, the strongly positive associations between
UUAE and obesity and abdominal obesity were still
observed in T2D patients even after controlling for multiple
risk factors for obesity. A possible explanation may be that
increased UUAE levels are accompanied by compensatory
elevation of SUA levels. A longitudinal study demonstrated
that high serum uric acid levels increase the risk of obesity.°
Purine catabolism in adipose tissue could be enhanced in
obesity.*® Two previous studies have shown that uric acid
generation causes mitochondrial oxidative stress that stimu-
lates fat accumulation, independent of excessive caloric
intake. An elevated uric acid also independently predicts
the development of obesity.>’® Therefore, uric acid might
contribute to obesity, insulin resistance and diabetes.
Evidence illustrates that the GFR deterioration was
associated with progressive impairment in uric acid
excretion.’®* To eliminate the influence of GFR on
UUAE, we further analyzed the association between
UUAE and obesity and abdominal obesity in the CKD
group and non-CKD group. Finally, we found that
UUAE was significantly related to obesity and abdominal
obesity only in the non-CKD population. EGFR declined
in CKD patients, which in turn affects the results of
UUAE. Therefore, UUAE only had predictive value for
obesity and abdominal obesity in the non-CKD population.
Additionally, some studies have shown that the GFR of
diabetic patients was also affected by some cardiometabolic
risk factors, such as higher SUA, low HDL-C, high
Triglycerides/HDL-C high
hypertension.*'*** Similarly, in the present study, we also

ratio, and risk  of
found that there was a significant increase in eGFR across
the UUAE quartiles accompanied by gradually increased TG,
DBP, and SUA levels. Therefore, increased UUAE may be
associated with more and severe cardiovascular metabolic risk
factors.

Although this study uses strict inclusion and exclusion
criteria, including medical history, routine laboratory tests
and possible confounding factors, there were still some
limitations. First of all, in a cross-sectional study, it is
difficult to determine the causal relationship between obe-
sity and urine uric acid excretion. Secondly, because the
study subjects were patients with T2D, the study discov-
ered may not be applicable to other populations, and thus

do not reflect a population. Further studies are needed to
extrapolate the clear association. Third, the UUAE levels
were affected by some factors, such as genetic factors, diet
and drugs. Therefore, the volatility in UUAE could not be
minimized. However, we have eliminated the influence of
these factors as much as possible, such as diet and drugs.

In summary, increased UUAE is independently asso-
ciated with the presence of obesity and abdominal obesity
in T2D patients without CKD. UUAE may be a strong
predictor of future obesity and abdominal obesity. Patients
with increased UUAE levels in T2D without CKD may be
considered early intervention for obesity. Further prospec-
tive studies should attempt to investigate whether UUAE
would be useful for predicting obesity and abdominal
obesity in T2D and the general population.
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