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Abstract

Background: As a part of metabolic syndrome, hyperuricemia has a higher incidence in
patients with diabetes than in the general population owing to various underlying factors.
Objectives: The objective of the present study was to investigate the prevalence of
hyperuricemia among patients with diabetes and identify associated factors.

Design: A cross-sectional study.

Methods: Herein, we included patients with diabetes managed at nine healthcare centers in
Chenghua District, Chengdu, from February 2021 to November 2021. Clinical data, lifestyle

habits, and laboratory data were collected to determine the prevalence and factors associated

with hyperuricemia.

Results: In total, we included 1577 patients with diabetes (males, 50.35%; females, 49.65%].
The median serum uric acid level was 337.9 umol/L, and the prevalence of hyperuricemia in
patients with diabetes was 21.24%. The prevalence of hyperuricemia in male patients was
significantly higher than in females (29.35% in males versus 13.03% in females, p <0.001).
Male patients with obesity (p=0.006) or triglyceride (TG)=1.7mmol/L (p <0.001) had a high

risk of developing hyperuricemia, and hyperuricemia was negatively associated with estimated

glomerular filtration rate (eGFR) = 60mL/min/1.73m2 (p <0.001), glycosylated hemoglobin
(HbA1c)=7% (p<0.001), fenofibrate (p=0.010), and sodium-glucose cotransporter 2 (SGLT-
2] inhibitors (p=0.035). Considering females, overweight (p=0.004), alanine transaminase
(ALT)>40U/L (p<0.001), and TG=1.7mmol/L (p=0.015) showed a significant positive
correlation with hyperuricemia, while eGFR=60mL/min/1.73m? (p <0.001) was negatively
associated with the risk of hyperuricemia.

Conclusion: Hyperuricemia is highly prevalent in patients with diabetes, especially in males.

In addition to traditionally associated factors, fenofibrate and SGLT-2 inhibitors were also
associated with the risk of hyperuricemia.

Registration: The study protocol was registered in the Chinese Clinical Trial Registry
(http://www.chictr.org.cn/), and the registration number was ChiCTR 2100042742.
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Serum uric acid (SUA), a final product of purine
metabolism, is known to be associated with the
development of gout and kidney stones.! The
prevalence of hyperuricemia varies substantially

across regions and populations. A cross-sectional Fangwei Gao

survey conducted in 31 Chinese provinces has Baohe Community Health
revealed that the prevalence of hyperuricemia gfsrztr?crtincizsggzughma
from 2018 to 2019 was 14% (24.4% in malesand " . "
3.6% in females), with the highest prevalence contributed equally
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documented in East China (17.1%), followed by
West China (13.0%), and Middle China (10.4%).2
Likewise, the prevalence of hyperuricemia among
adults in the United Statesis 11.9%.3 Furthermore,
hyperuricemia has been documented among
23.1% of the older Polish population. In Japan,
the prevalence of hyperuricemia among adult fluc-
tuates between 1% and 30% with significant dif-
ferences between males and females.*>

Based on cohort studies, it is highly probable
that patients with elevated SUA will develop
insulin resistance and diabetes in several years
to several decades, and every 1 mg/dL increase
in SUA increases the risk of type 2 diabetes mel-
litus (T2DM) by 17%, which may be attributed
to high SUA reducing the level of nitric oxide
(NO) in endothelial cells, which, in turn,
induces insulin resistance.®8 Jia ez al°® have
found that the islet volume of mice in the uric
acid group was significantly reduced, and insu-
lin secretion was less than that in the normal
saline group. Uric acid may enter B-cells through
glucose transporter 9 (GLUT9).10 In vitro, the
expression of B-cell lymphoma-2 and V-maf
musculoaponeurotic fibrosarcoma oncogene
homolog A (key regulators of insulin secretion
in B-cells) was found to be decreased, while
increased apoptosis was noted in uric acid-
treated PB-cells.® In addition, uric-acid-mediated
phosphorylation of the inhibitor of nuclear fac-
tor kappa B induces the release of nuclear factor
kappa B from the inactive complex and entry
into the nucleus, resulting in upregulated NO
synthase, NO, and oxidative stress, and
increased f-cell apoptosis.®? Benzbromarone and
allopurinol reportedly improve insulin resist-
ance and glycosylated hemoglobin (HbAlc) lev-
els by reducing SUA levels.11:12

Conversely, insulin significantly increased the
expression of uric acid transporter 1 (URAT1) and
decreased the expression of adenosine triphos-
phate-binding cassette G member 2 (ABCG2) in
the renal cortex, resulting in reduced uric acid
secretion and elevated uric acid reabsorption.!? In
patients with T2DM, insulin resistance can be
positively correlated with SUA levels.!# Chen et al.
have demonstrated that the excretion of urinary
glucose can be negatively correlated with SUA lev-
els in patients with diabetes. Accordingly, the rela-
tionship between diabetes and hyperuricemia
appears complex and interactive.1%:16

Few studies have reported the prevalence of
hyperuricemia in patients with diabetes in China.
Furthermore, the prevalence of hyperuricemia
varies considerably across different regions.
Therefore, we conducted the present study to
determine the prevalence of hyperuricemia in
patients with diabetes in Southwest China.l?-18
Moreover, the common drugs for patients with
diabetes, such as antihypertensive, hypoglycemic,
and lipid-lowering drugs, may have impacts on
the occurrence of hyperuricemia and SUA levels.
However, few studies have comprehensively ana-
lyzed their effects, so in addition to lifestyle habits
and biomarkers, we included common drugs as
many as possible to assess the potential effects of
common drugs on hyperuricemia and SUA levels
and provide possibilities for future researches.

Methods

Study population

This cross-sectional study was conducted at nine
healthcare centers (Third People’s Hospital,
Wannian Community Health Center, Tiaodeng
River Community Health Center, Longtan
Community Health Center, Shuanggiaozi
Community Health Center, Erxian Bridge
Community Health Center, Fuqing Road
Community Health Center, Baohe Community
Health Center, and Qinglong Community Health
Center) in Chenghua District, Chengdu, between
February and November 2021. All patients with
diabetes (=18years) who completed the relevant
assessments and signed an informed consent form
were enrolled. To obtain accurate information
regarding lifestyle, patients with aphasia, deaf-
ness, dysgnosia, or mental disorders were
excluded. Given that high sex hormone levels and
chemotherapy drugs may affect uric acid levels,
we excluded pregnant women and patients with
malignant tumors. Patients with severe heart,
hepatic, or renal failure were unstable and unsuit-
able for investigation.

Data collection

A specialist collected data from medical records,
including sex, age, phone number, height, and
weight, as well as levels of alanine transaminase
(ALT), aspartate transaminase (AST), total cho-
lesterol (TC), triglyceride (TG), low-density
lipoprotein cholesterol (LDL-C), high-density
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lipoprotein cholesterol (HDL-C), SUA, HbAlc,
creatinine, and estimated glomerular filtration rate
[eGFR =186 X (creatinine/88.4)" 1154 X
(age) 0203 X (1 (male) or 0.74 (female))]. Blood
biochemical parameters were measured using an
automatic biochemical analyzer, and HbAlc was
detected using high-performance liquid chroma-
tography (1366 cases) and affinity chromatogra-
phy (211 cases). Laboratory tests of all participants
were subject to quality control at the Department
of Laboratory Medicine, West China Hospital,
Sichuan University.

In addition, we recorded information regarding
hypoglycemic, antihypertensive, lipid-lowering,
antiplatelet, and uric acid-lowering drugs used
at the time of blood collection, including sulfo-
nylureas, thiazolidinedione, other insulin secre-
tagogues, metformin, o-glucosidase inhibitors,
dipeptidyl peptidase 4 inhibitors, glucagon-like
peptide 1 (GLP-1) receptor agonists, sodium-
glucose cotransporter 2 (SGLT-2) inhibitors,
insulin, angiotensin-converting enzyme inhibi-
tors (ACElIs), angiotensin II receptor blockers
(ARBs), calcium channel blockers (CCBs), adr-
energic a-antagonists, adrenergic -antagonists,
diuretics, statins, fibrates, aspirin, clopidogrel,
benzbromarone, febuxostat, and allopurinol.

Finally, a well-trained interviewer collected
information regarding lifestyle habits at the time
of blood collection. We defined variables as fol-
lows: (1) current drinking: drinking at least once
weekly in the last year!®; (2) current smoking:
smoking in the past 30days, including daily
smoking and occasional smoking?2%; (3) exercise:
at least 150 min of moderate intensity physical
activity, or at least 75min of high-intensity
physical activity weekly, or at least 150 min of
moderate and high-intensity physical activi-
ties?!; (4) staying up late: sleeping after 11:00 pm
greater than or equal to five times weekly22; (5)
regular lunch break: greater than or equal to
three times weekly and =30 min each time; (6)
red meats: pork, beef, mutton, and rabbit meat;
(7) fishes: fresh water fish; (8) fried foods: foods
cooked in oil at a high temperature for rapid
maturation; (9) seafood: edible sea-dwelling
creatures; (10) strong teas: tea leaves account-
ing for half or more of the total volume after
brewing?3; and (11) broths: chicken, duck, fish,
bone, or rib soup.

Definitions

Diabetes was diagnosed based on the 1999
World Health Organization diagnostic criteria.?*
Type 1 diabetes mellitus was determined based
on young onset age, acute onset mode, insulin-
dependent treatment, poor islet function, posi-
tive islet autoantibodies, or gene testing.2>
T2DM was established based on relative (rather
than absolute) insulin deficiency, peripheral
insulin resistance, and inessential insulin treat-
ment.?5 According to Chinese guidelines, hyper-
uricemia was defined as SUA > 420 umol/L or a
prior diagnosis of hyperuricemia and use of uric
acid-lowering drugs (e.g. benzbromarone,
allopurinol, and febuxostat) within 1 week prior
to blood collection.?¢

Statistical analyses

Non-normal data were expressed as median [inter-
quartile range (IQR)], and categorical variables
were shown as number (percentages). Differences
among groups were analyzed using Chi-squared
test (dichotomous variables), Mann—Whitney
U-test (ordinal categorical variables and non-nor-
mal data) and Kruskal-Wallis test (non-normal
data). Associations between hyperuricemia and
these variables were predicted using univariate
logistic regression analysis. Multivariable logistic
regression analysis [a forward-stepwise selection
method (likelihood ratio (ILR))] was performed to
determine factors associated with hyperuricemia.
Data were analyzed using the SPSS software (ver-
sion 23.0; IBM, Armonk, NY, USA). The level of
significance was set at p<0.05.

Results

Baseline characteristics

In total, 1577 patients with diabetes (6 patients
with T1DM and 1571 patients with T2DM) were
included, with a median age of 64years (IQR 56—
71years, range 26-93years), and males accounted
for 50.35%. Among them, lifestyle habits and body
mass index (BMI) data were unavailable for 358
patients (22.70%), primarily attributed to patient
refusal. Therefore, 1577 patients were included to
evaluate the prevalence of hyperuricemia and SUA
levels, with only 1219 patients (4 patients with
TIDM and 1215 patients with T2DM) enrolled
in the analysis of associated factors.
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Table 1 summarizes the baseline characteristics
of 1219 participants included in the analysis of
the associated factors. The median age was
63years (IQR 56—71years, range 29-91 years),
with males accounting for 52.09%. Females were
older than males (median 66 wversus 61 years,
$»<0.001). A higher number of females had

Table 1. Demographic and laboratory characteristics of included patients.

diabetes with a duration of =10years than males.
Males were more likely than female subjects to
smoke, drink, and stay up late. Furthermore,
males had a higher consumption of strong tea, red
meat, fish, and viscera than females. In addition,
overweight was more frequently detected among
males than in females. Compared with female

Variables Overall (1219) Male (635) Female (584) p Value
Age [median (IQR), years] 63 (56-71) 61 (54-68) 66 (58-72) <0.0071**
Duration of diabetes <0.007**

<5Syears 454 (37.2%) 249 (39.2%) 205 (35.1%)

5-10years 363 (29.8%) 217 (34.2%) 146 (25.0%)

=10years 402 (33.0%) 169 (26.6%) 233 (39.9%])
Current smoking 325 (26.7%) 304 (47.9%) 21 (3.6%) <0.001**
Current drinking 270 (22.1%) 243 (38.3%) 27 (4.6%) <0.001**
Exercise 948 (77.8%) 487 (76.7%) 461 (78.9%) 0.346
Regular lunch break 687 (56.4%) 341 (53.7%) 346 (59.2%) 0.051
Staying up late 500 (41.0%) 289 (45.5%) 211 (36.1%) 0.007**
Red meat intake <0.007**

<50g/day 442 (36.3%) 177 (27.9%) 265 (45.3%)

50-150g/day 671 (55.0%) 385 (60.6%) 286 (49.0%)

=150 g/day 106 (8.7%) 73 (11.5%) 33 (5.7%)
Fish intake =twice weekly 122 (10.0%) 77 (12.1%) 45 (7.7%) 0.010*
Fried food intake once to twice weekly 31 (2.5%) 19 (3.0%) 12 (2.1%) 0.299
Viscus intake once to twice weekly 26 (2.1%) 20 (3.1%) 6 (1.0%) 0.010*
Broth intake once to twice weekly 146 (12.0%) 83 (13.1%) 63 (10.8%) 0.220
Strong tea intake =three times weekly 41 (3.4%) 38 (6.0%) 3 (0.5%) <0.001**
BMI 0.015*

<24kg/m? 534 (43.8%) 249 (39.2%) 285 (48.8%)

24-28kg/m? 527 (43.2%) 309 (48.7%) 218 (37.3%)

=28 kg/m? 158 (13.0%) 77 (12.1%) 81(13.9%)
ALT>40U/L 146 (12.0%) 93 (14.6%) 53 (9.1%]) 0.003**

[Continued]
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Table 1. (Continued)

Variables Overall (1219) Male (635) Female (584) p Value
AST > 40 U/L 55 (4.5%) 34 (5.4%) 21 (3.6%) 0.140
HbATc=7% 578 (47.4%) 306 (48.2%) 272 (46.6%) 0.573
eGFR = 60mL/min/1.73m2 1092 (89.6%) 565 (89.0%) 527 (90.2%) 0.471
TC=5.2mmol/L 284 (23.3%) 128 (20.2%) 156 (26.7%) 0.007**
TG=1.7mmol/L 457 (37.5%) 247 (38.9%]) 210 (36.0%]) 0.290
LDL-C=3.4mmol/L 155 (12.7%) 70 (11.0%) 85 (14.6%) 0.064
HDL-C = 1.0 mmol/L 1008 (82.7%) 497 (78.3%) 511 (87.5%) <0.001**
Sulfonylurea 546 (44.8%) 279 (43.9%) 267 (45.7%) 0.532
Thiazolidinedione 96 (7.9%) 56 (8.8%) 40 (6.8%) 0.202
Other insulin secretagogues 44 (3.6%) 23 (3.6%) 21 (3.6%) 0.980
Metformin 975 (80.0%) 511 (80.5%) 464 (79.5%) 0.656
a-Glucosidase inhibitors 803 (65.9%) 412 (64.9%) 391 (67.0%) 0.446
DPP-4 inhibitors 181 (14.8%) 84 (13.2%) 97 (16.6%) 0.097
SGLT-2 inhibitors 62 (5.1%) 35 (5.5%) 27 (4.6%) 0.481
Insulin 230 (18.9%]) 119 (18.7%) 111 (19.0%) 0.905
Hypertension 587 (48.2%) 291 (45.8%) 296 (50.7%) 0.090
ACEls or ARBs 451 (37.0%) 228 (35.9%]) 223 (38.2%) 0.410
Adrenergic B-antagonists 187 (15.3%) 94 (14.8%) 93 (15.9%) 0.587
Diuretics 76 (6.2%) 31 (4.9%) 45 (7.7%) 0.042*
CCBs 491 (40.3%) 236 (37.2%) 255 (43.7%) 0.021*
Statins 604 (49.5%) 312 (49.1%) 292 (50.0%) 0.763
Fenofibrate 35 (2.9%) 19 (3.0%) 16 (2.7%) 0.792
Aspirin 100 mg/day 377 (30.9%) 191 (30.1%) 186 (31.8%) 0.504
Clopidogrel 11 (0.9%) 8 (1.3%) 3(0.5%) 0.169
Uric acid-lowering drugs 31 (2.5%) 20 (3.1%) 11 (1.9%) 0.161
SUA levels [median (IQR), pmol/L] 337.9 (283.4-404.1)  359.0 (300.5-431.1)  316.9 (267.2-372.9)  <0.001**
The prevalence of hyperuricemia 269 (22.1%) 191 (30.1%) 78 (13.4%) <0.0071**

The age, duration of diabetes, red meat intake, BMI, and SUA levels were compared using the Mann-Whitney U-test, while other dichotomous

variables were compared using the Chi-squared test.

ACEls, angiotensin-converting enzyme inhibitors; ALT, alanine transaminase; ARBs, angiotensin Il receptor blockers; AST, aspartate transaminase;
BMI, body mass index; CCBs, calcium channel blockers; DPP-4, dipeptidyl peptidase 4; eGFR, estimated glomerular filtration rate; HbA'c,

glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; SGLT-2,
sodium-glucose cotransporter 2; SUA, Serum uric acid; TC, total cholesterol; TG, triglyceride.

*p<0.05, **p < 0.01.
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subjects, males exhibited significantly increased
ALT levels, SUA levels, and hyperuricemia prev-
alence, and increased HDL-C and TC levels.
Diuretics and CCBs were used more frequently
in females than in males, and no significant differ-
ences in other variables were noted between
females and males. No enrolled participant con-
sumed fried food, viscera, or broth more than
twice weekly. Given that the low incidence would
affect the accuracy of the conclusion, variables
with <6 participants were not included in the cor-
relative factor analysis, including seafood intake
greater than or equal to once weekly (three cases),
GLP-1 receptor agonists (two cases), and adren-
ergic a-antagonists (five cases).

Prevalence of hyperuricemia in patients with
diabetes

The overall prevalence of hyperuricemia was
21.24% (335/1577), among which 233 (69.55%)
were males and 102 (30.45%) were females. Males
exhibited a significantly higher prevalence of
hyperuricemia than females (29.35% in males ver-
sus 13.03% in females, p<<0.001). In addition, the
overall median SUA level was 337.9 umol/LL (IQR
282.7-403.0 umol/L, range 121.6-750.0 umol/L),
which was significantly higher in males than that in
females (median 359.6 pmol/L versus 316.8 pmol/L,
»<<0.001).

Participants were categorized into three or four
groups to assess differences in hyperuricemia prev-
alence and SUA levels according to age and BMI.
Hyperuricemia prevalence and SUA levels were
lowest in males and females aged 55-65years
[Figure 1(a) and (b)]. With increasing BMI, the
prevalence of hyperuricemia and SUA levels in
males and SUA levels in females also gradually
increased [Figure 1(c) and (d)]. The highest prev-
alence of hyperuricemia was documented when
the BMI ranged between 24 and 28 kg/m?2, with the
lowest noted when BMI was <24 kg/m? in females
[Figure 1(c)]. Notably, hyperuricemia rates and
SUA levels in males were significantly higher than
those in women in each age and BMI group.

Factors associated with hyperuricemia in

patients with diabetes

Univariate logistic regression analysis revealed that
in males, current smoking, current drinking, red
meat intake 50-150g/day, strong tea intake greater

than or equal to three times weekly, overweight,
obesity, TG = 1.7 mmol/L, hypertension, ACEIs or
ARBs, adrenergic -antagonists, and diuretics were
positively associated with the risk of hyperuricemia
in patients with diabetes. In addition, hyperurice-
mia was negatively associated with advanced age,
eGFR=60mlL/min/1.73m2, HbAlc=7%, and
HDL-C = 1.0mmol/L (Table 2).

In male patients with diabetes, overweight, obe-
sity, and TG = 1.7 mmol/L were positively corre-
lated with the presence of hyperuricemia, whereas
HbAlc=7%, eGFR=60ml/min/1.73m2, and
SGLT-2 inhibitors were negatively associated
with the risk of hyperuricemia. In female patients
with diabetes, hyperuricemia showed a significant
positive correlation with overweight, obesity,
ALT>40U/L,AST>40U/L, TG = 1.7mmol/L,
hypertension, ACEIs or ARBs, CCBs, adrenergic
B-antagonists, and diuretics, while eGFR = 60 mL/
min/1.73m? and HDL-C=1.0mmol/L. showed
significant negative correlations with hyperurice-
mia (Table 2).

Furthermore, multivariate logistic regression was
used to explore independently associated factors.
The results showed that male sex, overweight, obe-
sity, TG=1.7mmol/L,, and diuretics were posi-
tively associated with the presence of hyperuricemia
in all patients with diabetes, while eGFR=60mL/
min/1.73m?2, HbAlc=7%, and fenofibrate were
negatively associated with the risk of hyperuricemia
(Table 3). Considering male subjects, patients with
obesity or TG = 1.7mmol/LL had a higher risk of
hyperuricemia, whereas hyperuricemia was nega-
tively associated with eGFR=60mI./min/1.73 m?2,
HbAlc=7%, fenofibrate, and SGLT-2 inhibitors
(Table 4). In female subjects, overweight,
ALT>40U/L, and TG=1.7mmol/LL showed a
significant positive correlation with hyperuricemia,
and eGFR=60mlL/min/1.73m? was negatively
associated with the risk of hyperuricemia (Table 5).

Discussion

In the present study, we found that the prevalence
of hyperuricemia in patients with diabetes in
Chenghua District, Chengdu, was 21.24%, and
the prevalence of hyperuricemia and SUA levels in
males were significantly higher than those in
females. After adjusting for multiple variables,
male sex, overweight, obesity, TG = 1.7 mmol/L,
and diuretics were positively associated with
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Figure 1. Hyperuricemia prevalence and SUA levels at different ages and BMI. Panel (a) Hyperuricemia
prevalence at different ages. Panel [b) SUA levels at different ages. Panel (c) Hyperuricemia prevalence at
different BMI. Panel (d) SUA levels at different BMI (*p < 0.05, **p<0.01).

BMI, body mass index; SUA, serum uric acid.

Table 2. Univariate logistic analysis of hyperuricemia in patients with diabetes.

Variables OR [95% CI] p Value OR [95% CI] p Value OR [95% CI] p Value
(Overall) (Male) (Female)
Age (years) 0.984[0.972-0.997]1 0.017* 0.987[0.971-1.002] 0.097 1.011[0.986-1.036] 0.397

Male (versus female)  2.791[2.083-3.739] <0.001** - - - -

Duration of diabetes

5-10years (versus 1.111[0.798-1.545]  0.533 1.294[0.868-1.928] 0.206 0.643[0.333-1.240] 0.187
<byears])
<byears)
Current smoking 1.599 [1.194-2.142]  0.002** 0.987[0.703-1.386]  0.939 0.316[0.042-2.385] 0.264
(Continued)]
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Table 2. (Continued)
Variables OR [95% CI] p Value OR [95% CI] p Value OR [95% CI] p Value
(Overall) (Male) (Female)
Current drinking 1.612[1.186-2.192]  0.002** 1.029 [0.726-1.458] 0.871 1.135[0.382-3.375]  0.820
Exercise 0.968[0.700-1.338] 0.842 1.066[0.712-1.597]  0.756 0.873[0.494-1.542] 0.639
Regular lunch break 0.969[0.738-1.273]  0.823 0.872[0.621-1.224] 0.428 1.4421[0.872-2.384] 0.153
Staying up late 1.013 [0.770-1.334]  0.926 0.915[0.651-1.287]  0.611 0.926 [0.562-1.528] 0.765
Red meat intake

50-150g/day 1.386 [1.029-1.867]  0.032* 1.047[0.710-1.542] 0.818 1.401[0.845-2.323] 0.192

(versus <50g/day)

=150g/day (versus  1.42710.863-2.360]  0.166 0.823[0.446-1.521]1 0.534 2.1911[0.874-5.494]  0.095

<504g/day)

Fish intake =twice 0.712[0.436-1.163] 0.175 0.679[0.389-1.186] 0.173 0.442[0.134-1.462] 0.181
weekly

Fried food intake 1.983[0.938-4.191]1 0.073 1.721[0.681-4.348] 0.251 2.209 [0.585-8.344] 0.243
once to twice weekly

(versus <once

weekly)

Viscus intake once to  1.061[0.422-2.669] 0.900 0.769 [0.275-2.146]  0.616 1.301 [0.150- 0.811
twice weekly (versus 11.288]

<once weekly)

Broth intake once to 1.083[0.718-1.631]  0.705 0.7611[0.449-1.289] 0.310 1.824[0.940-3.540] 0.076
twice weekly

(versus <once

weekly)

Strong tea intake 2.099 [1.095-4.022] 0.026* 1.224[0.612-2.447]  0.567 - -
=three times weekly

BMI

24-28kg/m? 1.8921.399-2.5601 <p.001** 1.507[1.035-2.194] 0.032* 2.266[1.324-3.877]  0.003**

(versus <24kg/m?)

=28kg/m? (versus 2.104[1.388-3.189]  <0.001** 2.123[1.237-3.643]  0.006** 2.173[1.071-4.408]  0.031*

<24 kg/m?)

ALT>40U/L 1.391[0.940-2.058] 0.099 0.638[0.380-1.072] 0.090 4.471[2.397-8.337]  <0.001**
AST > 40U/L 1.344 [0.730-2.471]  0.342 0.482[0.196-1.183] 0.111 5.370[2.183- <0.001**
13.210]

HbA1c= 7% 0.646 [0.490-0.851]  0.002** 0.543[0.384-0.768] 0.001** 0.819[0.506-1.326] 0.417
eGFR=60 0.296[0.202-0.433]  <0.001** 0.313[0.189-0.518] <Q.001** 0.252[0.136-0.466]  <0.001**
mL/min/1.73 m2
TC=5.2mmol/L 1.036 [0.753-1.425] 0.828 1.401[0.930-2.109] 0.107 0.800[0.456-1.403] 0.436
T6=1.7mmol/L 2.488[1.888-3.277] <0001** 2.597[1.834-3.677] <0.001** 2.347 [1.449-3.801]  0.001**

[Continued]
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Table 2. (Continued)

Variables OR [95% ClI] p Value OR [95% CI] p Value OR [95% CI] p Value
(Overall) (Male) (Female)
LDL-C=3.4mmol/L 0.908 [0.600-1.375]  0.648 1.243[0.735-2.103]  0.417 0.637[0.295-1.376]  0.251
HDL-C=1.0 0.539[0.388-0.748]  <0.001** 0.697[0.468-1.038] 0.076 0.447 [0.244-0.818]  0.009**
mmol/L
Sulfonylurea 0.991[0.755-1.301]  0.946 1.132[0.805-1.591]  0.477 0.802[0.495-1.301] 0.372
Thiazolidinedione 0.924[0.553-1.542] 0.761 0.923[0.504-1.693] 0.797 0.706 [0.244-2.040] 0.520
Other insulin 1.876 [0.990-3.552]  0.054 1.832[0.789-4.253]  0.159 2.098[0.746-5.898] 0.160
secretagogues
Metformin 1.236 [0.869-1.756]  0.238 1.117[0.724-1.725]  0.616 1.492[0.779-2.861] 0.228
a-Glucosidase 0.935[0.704-1.242]  0.641 0.939[0.659-1.338] 0.727 0.985[0.594-1.634] 0.954
inhibitors
DPP-4 inhibitors 0.695[0.460-1.050]  0.084 0.860[0.515-1.435]  0.563 0.535[0.249-1.152]  0.110
SGLT-2 inhibitors 0.752[0.386-1.463]  0.401 0.285[0.099-0.819]  0.020* 2.396[0.978-5.869] 0.056
Insulin 0.946 [0.667-1.342]  0.757 0.915[0.589-1.420]  0.691 1.017[0.555-1.863]  0.957
Hypertension 1.480[1.127-1.943]  0.005** 1.290[0.918-1.813] 0.142 2.455[1.472-4.094] 0.0071**
ACEls or ARBs 1.567[1.190-2.062]  0.001** 1.270[0.895-1.801]  0.181 2.672[1.642-4.347]  <0.001**
Adrenergic B- 1.494[1.051-2.124]  0.025* 1.311[0.826-2.082] 0.250 2.045[1.162-3.601] 0.013*
antagonists
Diuretics 2.052 [1.256-3.351]  0.004** 1.987[0.959-4.117]  0.065 2.962[1.479-5.935]  0.002**
CCBs 1.307 [0.994-1.717] ~ 0.055 1.211[0.855-1.715]  0.282 1.922[1.186-3.115]  0.008**
Statins 1.053[0.803-1.381]  0.708 0.946 [0.674-1.329]  0.749 1.346[0.833-2.176]  0.225
Fenofibrate 0.581[0.223-1.512]  0.266 0.427[0.123-1.482] 0.180 0.925[0.206-4.150] 0.919
Aspirin 100 mg/day 1.112[0.832-1.486]  0.473 1.020[0.705-1.475]  0.917 1.402[0.856-2.2971 0.179
(versus not used)
Clopidogrel 0.78 3[0.168-3.647]  0.756 0.329 [0.040-2.689] 0.299 - -

ACEls, angiotensin-converting enzyme inhibitors; ALT, alanine transaminase; ARBs, angiotensin Il receptor blockers; AST, aspartate transaminase;
BMI, body mass index; CCBs, calcium channel blockers; Cl, confidence interval; DPP-4, dipeptidyl peptidase 4; eGFR, estimated glomerular
filtration rate; HbA1c, glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range; LDL-C, low-density

lipoprotein cholesterol; SGLT-2, sodium-glucose cotransporter 2; TC, total cholesterol; TG, triglyceride.

*p < 0.05, **p<0.01.

the presence of hyperuricemia in all patients
with diabetes, while eGFR=60ml./min/1.73 m?2,
HbAlc=7%, and fenofibrate were negatively
associated with the risk of hyperuricemia. Male
patients with obesity or TG=1.7mmol/LL had a
higher risk of hyperuricemia, whereas hyperurice-
mia was negatively associated with eGFR = 60mL/

min/1.73m2, HbAlc=7%, fenofibrate, and
SGLT-2 inhibitors. Considering female subjects,
overweight, AL T >40U/L, and TG=1.7mmol/LL
demonstrated a significant positive correlation
with  hyperuricemia, while eGFR=60mlL/
min/1.73 m? was negatively associated with the risk
of hyperuricemia. It is worth noting that since only
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Table 3. Multivariate logistic analysis of hyperuricemia in patients with diabetes (n=1219).

Variables B SE Wald OR [95% Cl] p Value
Male (versus female) 1.104 0.161 47.133 3.015[2.200-4.131] <0.001**
BMI

24-28kg/m? (versus <24kg/m?) 0.479 0.168 8.097 1.615[1.161-2.246] 0.004**

=28kg/m? (versus <24 kg/m?) 0.664 0.233 8.086 1.942 [1.229-3.070] 0.004**
eGFR=60mL/min/1.73 m? -1.389 0.212 42.935 0.142[0.108-0.188] <0.001**
HbA1c=T7% -0.669 0.154 18.790 0.512[0.378-0.693] <0.0071**
T6=1.7mmol/L 0.932 0.154 36.669 2.538[1.878-3.432] <0.001**
Diuretics 0.712 0.276 6.675 2.039[1.188-3.501] 0.010*
Fenofibrate -1.238 0.531 5.427 0.290 [0.102-0.822] 0.020*
Fried food intake once to twice weekly 0.726 0.422 2.950 2.066 [0.903-4.728] 0.086
(versus <once weekly)
Current smoking -0.168 0.187 0.805 0.846 [0.587-1.219] 0.369
Current drinking -0.046 0.188 0.059 0.955[0.661-1.381] 0.808
Strong tea intake =three times weekly 0.620 0.374 2.749 1.859 [0.893-3.868] 0.097
Red meat intake

50-150g/day (versus <50 g/day) 0.274 0.169 2.629 1.316 [0.944-1.833] 0.105

=150g/day (versus <50g/day) 0.302 0.282 1.147 1.352 [0.778-2.349] 0.284
SGLT-2 inhibitors -0.130 0.363 0.128 0.878 [0.431-1.790] 0.721
Hypertension 0.247 0.163 2.293 1.280[0.930-1.763] 0.130

BMI, body mass index; Cl, confidence interval; eGFR, estimated glomerular filtration rate; HbA1c, glycosylated hemoglobin; OR, odds ratio; SE,
standard error; SGLT-2, sodium-glucose cotransporter 2; TG, triglyceride.

*p < 0.05, **p<0.01.

six patients with T1DM were included in the anal-
ysis of hyperuricemia prevalence and SUA levels,
and only four patients with TIDM were included
in the analysis of associated factors, our conclu-
sions mainly represented patients with T2DM.

Combining the results of two published studies on
the general population in Southwest China, we
found that the prevalence of hyperuricemia in male
patients with diabetes (29.35%) was higher than
that in the general population (18.26%).27-28 In the
above-cited studies, hyperuricemia in females was
defined as >360 umol/L, which was lower than
that in the present study. However, the prevalence

of hyperuricemia in female patients with diabetes
(13.03%) was still higher than that in normal
females (9.84%). Thus, the prevalence of hyper-
uricemia is higher than that in the general popula-
tion. This phenomenon could be attributed to the
direct impact of diabetes on hyperuricemia and
elevated BMI and TG levels in patients with diabe-
tes. Menopause is an independent risk factor for
hyperuricemia.?® After excluding the effect of
estrogen on SUA, progesterone levels were also
negatively associated with SUA.3? Although meno-
pausal female subjects lacked the protective effect
of estrogen and progesterone in the present study,
the hyperuricemia prevalence in males was still
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Table 4. Multivariate logistic analysis of hyperuricemia in male patients with diabetes (n=635).

Variables B SE Wald OR[95% ClI] p Value
eGFR=60mL/min/1.73 m? -1.465 0.281 27.206 0.231[0.133-0.401] <0.001**
BMI

24-28kg/m? (versus <24 kg/m?) 0.326 0.208 2.456 1.386 [0.922-2.084] 0.117

=28kg/m? (versus <24kg/m?) 0.789 0.298 6.988 2.200 [1.226-3.949] 0.008**
TG=1.7mmol/L 1.060 0.194 29.961 2.885[1.974-4.217] <0.001**
SGLT-2 inhibitors -1.211 0.568 4.540 0.298 [0.098-0.908] 0.033*
Fenofibrate -1.800 0.695 6.709 0.165 [0.042-0.645] 0.010*
HbA1c=7% -0.758 0.191 15.722 0.469 [0.322-0.682] <0.001**
Diuretics 0.776 0.407 3.638 2.174[0.979-4.827] 0.056

BMI, body mass index; Cl, confidence interval; eGFR, estimated glomerular filtration rate; HbAlc, glycosylated hemoglobin; SE, standard error;
SGLT-2, sodium-glucose cotransporter 2; OR, odds ratio; TG, triglyceride.

*p < 0.05, **p<0.01.

Table 5. Multivariate logistic analysis of hyperuricemia in female patients with diabetes (n=584).

Variables B SE Wald OR [95% ClI] p Value
ALT>40U/L 1.600 0.341 22.016 4.955[2.539-9.668] <0.001**
eGFR =60 mL/min/1.73m? -1.667 0.341 23.978 0.189 [0.097-0.368] <0.001**
BMI

24-28kg/m? (versus <24 kg/m?) 0.831 0.292 8.083 2.296 [1.294-4.071] 0.004**

=28kg/m? [versus <24 kg/m?) 0.497 0.389 1.628 1.644 [0.766-3.527] 0.202
TG=1.7mmol/L 0.633 0.261 5.874 1.883[1.129-3.142] 0.015*
HbA1c=7% -0.438 0.268 2.675 0.645[0.382-1.091] 0.102
Diuretics 0.722 0.398 3.299 2.059 [0.944-4.490] 0.069
Fenofibrate -0.193 0.791 0.060 0.824[0.175-3.884] 0.807

ALT, alanine transaminase; BMI, body mass index; Cl, confidence interval; eGFR, estimated glomerular filtration rate; HbAlc, glycosylated
hemoglobin; OR, odds ratio; SE, standard error; TG, triglyceride.

*p < 0.05, **p<0.01.

approximately twice that in females, which might
result from higher current smoking and drinking
rates and more red meat and viscera intake in
males than those in females (Table 1). On analyz-
ing 10,141 general subjects, Huang er al. have
reported that SUA levels and hyperuricemia preva-
lence in males were higher than those in females.
There was no significant difference in SUA levels

among all ages in males and females, and the prev-
alence of hyperuricemia was the lowest in males
aged 55-64years, which was consistent with the
findings of our study.?® Poor living habits are more
frequent in males before 55 years of age, and older
or retired males have more time and energy to pay
attention to their health. Therefore, the prevalence
of hyperuricemia gradually declines. However,
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eGFR levels gradually decrease with age, and uric
acid excretion disorder increases the prevalence of
hyperuricemia rise again.3! Huang er al.?® have
shown that the prevalence of hyperuricemia in
females aged 35-54years was lower than that in
those aged 55-79years, owing to the protective
effect of estrogen. However, the trend of hyper-
uricemia prevalence in female patients with diabe-
tes was similar to that in males in our study, given
that 59.7% of females aged <55 years were meno-
pausal and the inhibitory effects of diabetes on
estrogen levels.32:33 A cross-sectional study from
Guangdong has noted that the prevalence of
hyperuricemia in males and females gradually
increases in normal, overweight, and obese patients
with T2DM, similar to the findings of the present
study.!” Nevertheless, the prevalence of hyper-
uricemia in overweight female patients with diabe-
tes in our study was similar to that observed in
obese female patients. The relatively small sample
size may have impacted the result accuracy.

High TG positively correlated with insulin resist-
ance, and aggravated insulin resistance led to
upregulation of URAT1 expression and uric
acid reabsorption, clarifying why patients with
diabetes exhibiting TG levels =1.7 mmol/L had
a high risk of developing hyperuricemia.3%35> Our
hypothesis corroborated recently published
studies documenting that only T'G was positively
correlated with SUA among TG, TC, LDL-C,
and HDL-C in patients with T2DM.36:37
Therefore, patients with diabetes whose TG
level exceeded 1.7mmol/L. should pay more
attention to the occurrence of hyperuricemia.
Our results revealed that ALT levels >40U/L
were positively associated with the risk of hyper-
uricemia only in female patients with diabetes.
Hyperuricemia is closely associated with nonal-
coholic fatty liver disease (NAFLD).38 ALT, a
surrogate marker of NAFLD, is associated with
fat deposition in hepatocytes.?® A similar study
has shown that ALT can be positively associated
with SUA in female patients with diabetes.3¢
Moreover, Klisic er al.?® have highlighted that
SUA was an independent predictor of NAFLD
only in females (T2DM patients accounted for
36.97%). However, Fan et al.4° have found that
SUA was associated with NAFLD in male
patients with T2DM but not in female partici-
pants. Nevertheless, the presence of a sex differ-
ence in the correlation between ALT and
hyperuricemia, as well as the underlying reasons
in patients with diabetes, need to be clarified.

Given that the kidneys excrete approximately
70% of uric acid, reduced eGFR can result in dis-
organized uric acid excretion and elevated SUA
levels. The negative correlation between eGFR
and hyperuricemia or SUA levels in patients with
diabetes and those at high cardiovascular risk has
also been confirmed.17:36:37:41.42 However, the cor-
relation between HbAlc level and hyperuricemia
remains controversial. Rafiullah ez al%? have
revealed that HbAlc can be negatively associated
with SUA levels in patients with diabetes whose
eGFR level was normal, given that osmotic diure-
sis caused by diabetes increased uric acid excre-
tion; the correlation disappeared in patients with
low eGFR levels. In addition, Zhu ez al. have sug-
gested that SUA levels displayed a U-shaped
association with HbAIlc levels in males and
females. The SUA level was the highest when the
HbAlc level was 6.5% in females or 6.1% in
males.** Approximately 75.1% of male partici-
pants had HbAlc levels greater than 6.1%, while
62.8% of female participants had HbAlc levels
greater than 6.5%. A high proportion of male par-
ticipants had HbA1c levels on the right side of the
curve; therefore, the negative correlation between
HbAlc=7% and hyperuricemia was only con-
firmed in male patients.

Notably, overweight or obese patients with diabe-
tes had a high risk of hyperuricemia, who needed
further reduction of their weight to avoid the
occurrence of hyperuricemia. Adipose tissue can
produce and secrete uric acid through xanthine
oxidoreductase, with enhanced uric acid produc-
tion and reduced excretion documented in obese
individuals.%> Previous studies have demonstrated
that BMI positively correlates with SUA levels in
male and female patients with T2DM.36:37
Ishizaka et al.#% have highlighted that SUA levels
were positively correlated with BMI in males and
postmenopausal females; however, this correla-
tion disappeared in premenopausal females owing
to the protective effect of estrogen. In the present
study, 85.1% of females were aged =55years,
most of whom were menopausal. However, only
overweight (not including obesity) was positively
associated with the risk of hyperuricemia, which
might be attributed to the small sample size
(13.9%) of female patients with obesity.

The use of diuretics could increase the risk of
hyperuricemia in patients with diabetes, given
that diuretics can inhibit uric acid secretion from
the proximal tubules and reduce blood volume.4?
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Hydrochlorothiazide and indapamide have been
shown to increase SUA levels in patients with
hypertension.484° Herein, diuretics were posi-
tively associated with the risk of hyperuricemia in
patients with diabetes, but the correlation disap-
peared in male and female subjects, resulting
from only 6.2% of subjects using diuretics (81.6%
hydrochlorothiazide, 11.8% indapamide, 3.9%
furosemide, 6.6% spironolactone, and 1.3% tri-
amterene). In all, we suggested that diuretics
should be avoided in patients with diabetes to
prevent hyperuricemia. Hyperuricemia was found
to be negatively associated with SGLT-2 inhibi-
tors and fenofibrate in male patients with diabe-
tes. SGLT-2 inhibitors can reduce urinary glucose
reabsorption, and the increased glucose concen-
tration in renal tubules stimulates glucose reab-
sorption by GLUT9, which can reverse the
transport of glucose and uric acid and promote
uric acid excretion.’® Moreover, empagliflozin
has been shown to upregulate ABCG2 expression
and promote uric acid secretion in diabetic
mice.?! Fenofibrate promoted uric acid excretion
by inhibiting renal URAT1 expression, and this
effect was wunrelated to lipid parameters.>2
Therefore, SGLT-2 inhibitors and fenofibrate
may bring more benefits to male patients with
diabetes to prevent hyperuricemia.

The limitations of the present study may need
to be addressed. First, the study was cross-sec-
tional; therefore, causal and temporal relation-
ships could not be obtained. Second, we failed
to establish lifestyle habits and BMI data for
22.7% of participants, which led to potential
selection bias. Proteinuria is an early marker of
renal injury; however, this study lacked data
regarding proteinuria and cannot reveal the
correlation between early renal injury and
hyperuricemia. Third, the prevalence of hyper-
uricemia and SUA levels in the present study
only represented the situation of patients with
diabetes in Chenghua District, Chengdu.
Finally, the sample size was small, and the low
utilization rate of some drugs might have
impacted our conclusions.

Conclusion

We found a high prevalence of hyperuricemia in
patients with diabetes. We suggest that SUA
levels should be monitored in patients with dia-
betes. Moreover, appropriate lifestyle and drug

use may reduce the incidence of hyperuricemia
and improve SUA levels in patients with diabe-
tes. As the prevalence of hyperuricemia varies
significantly in different regions, additional
studies should be undertaken in other regions to
establish the prevalence of hyperuricemia in
patients with diabetes. Furthermore, the rela-
tionship between complications of diabetes and
hyperuricemia in patients with diabetes remains
to be explored.
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