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Objective: To explore the longitudinal, as well as sex-specific, associations between
circulating uric acid (UA) and diabetes incidence.

Methods: A cohort study of the Malmd Diet Cancer-cardiovascular Cohort (Malmo,
Sweden) consisting of 3140 individuals without diabetes at baseline, was followed up until
the end of 2018. Incident diabetes cases were identified by linking to local and national
diabetes registers. Cox proportional hazard regression was used to assess plasma UA levels
in relation to diabetes incidence with adjustment for established confounders.

Results: At baseline, with increasing levels of UA, subjects were more likely to be older
and have significantly higher body mass index, waist circumference, triglycerides,
C-reactive protein, fasting glucose and 2-h plasma glucose postoral glucose tolerance
test, and lower levels of high-density lipoprotein. During a mean follow-up period of
8.09+£2.24 years, 315 (10.0%) participants developed diabetes, and diabetes incidence
rates were 7.89, 9.48 and 18.11 per 1000 person-years for subjects in the 1st, 2nd, and
3rd tertiles of UA, respectively (log-rank test: p<0.001). With adjustment for potential
confounders, elevated UA levels were significantly associated with increased risks of
diabetes incidence, with the adjusted hazard ratio (HR) (95% confidence interval) for per
standard deviation increment of UA of 1.22 (1.08-1.39, p=0.002). Compared with the Ist
tertile of UA, the 3rd tertile showed significantly increased risk of diabetes incidence
with the adjusted HR of 1.74 (1.24-2.45, p=0.002), and there was a significant trend
between increasing tertiles of UA and diabetes incidence (trend test: p<0.001). Stratified
analyses showed that elevated circulating UA levels were independently associated with
increased risks of diabetes incidence in men but not in women, although the interaction
between sex and UA was not statistically significant.

Conclusion: Elevated circulating UA was independently associated with increased risk of
diabetes incidence, especially for men.

Keywords: cohort study, diabetes incidence, longitudinal, stratified analysis, uric acid

Introduction

With an estimated 463 million people living with diabetes worldwide,' the cost of
treatments for diabetes and its accompanying complications imposes a huge economic
burden and represents a major public health problem. Early detection and management
are of key importance for prevention and treatment of diabetes. Many risk factors have
been established that contribute to the development of diabetes. Some risk factors
amenable to modification, such as cigarette smoking, diet and obesity, have been

submit your manuscript

Dove n

http:

in 3

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13 4323—4331 4323
© 2020 Chen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY _Ne

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://c /by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0002-8978-7035
http://orcid.org/0000-0001-6642-9780
http://orcid.org/0000-0002-5652-8459
mailto:yan.borne@med.lu.se
mailto:ningchen8080@outlook.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Chen et al

Dove

proven as predictors of diabetes.” However, there is still
a need to identify more risk factors for improving risk stra-
tification and for understanding the underlying mechanisms
to develop therapeutic interventions.>

Circulating uric acid (UA) is one such risk factor,
already used in clinical practice, which can be a potential
predictor for diabetes. UA is a weak acidity heterocyclic
compound, a deprotonate durate anion predominantly dis-
solving in blood. UA can precipitate from blood into
tissues by crystalizing into sodium urate as serum UA
concentration is higher than 6.8mg/dL which is given as
its solubility at physiological PH. Using serum UA levels
>7.0 mg/dL for men and >5.7 mg/dL for women as the
definition of hyperuricemia, the prevalence rates of hyper-
uricemia in adults in the United States were 20.2% and
20.0%, respectively.” It is generally known that hyperur-
icemia increases the prevalence of gout and uratic nephro-
lithiasis, while it is also closely related with multiple other
chronic conditions, such as obesity, metabolic syndrome,
hypertension, hyperlipidemia, fatty liver, chronic kidney
disease and cardiovascular disease.®® Cross-sectional stu-
dies have shown that higher UA concentration is asso-
ciated with higher prevalence of type 2 diabetes.” On the
other hand, some studies have reported controversial
results, and have not observed an association between
UA and increased risk of diabetes.'®'! Furthermore,
a large study conducted in USA showed inverse relation-
ship between UA and risk of incident diabetes.'? Similarly,
a study in Bangladesh reported inverse association
between observed UA levels and diabetes.> Using
a genetic risk score of uric acid, studies using Mendelian
randomization analyses did not support a potential causal
relationship of serum uric acid levels with incident dia-
betes risk.'*'> Such inconsistencies make it unclear if high
UA is independently associated with the development of
diabetes, or not.

Since the sex specific cut-off points for hyperuricemia
have been widely used globally, it is of importance to
identify if there are sex specific associations between
circulating UA and diabetes. However, most of the avail-
able evidence in this field are from cross-sectional studies
and are controversial. Shani et al reported that serum UA
increment was associated with increased risk for diabetes
in women but not in men.'® Choi et al also found that
hyperuricemia was a significantly independent predictor of
diabetes only in the female subgroup.'” Therefore, there is
genuine need to clarify the sex specific associations of

circulating UA with diabetes, especially from prospective
cohort studies on different ethnic populations.

Therefore, in the present cohort study of 3140 Swedish
populations, we firstly aimed to evaluate the longitudinal
association between circulating UA level and diabetes
incidence. SecondLy, we aimed to explore the potential
sex-specific associations of circulating UA level on dia-
betes incidence.

Methods

Ethics Statement

The study was approved by the Lund University Ethical
Committee (LU 51/90, LU 2011/537, and LU 2012/762).
All participants provided written informed consent.

Study Population

The Malmé Diet and Cancer cohort is a large prospective
population-based cohort comprising of men and women
from the city of Malmo in Southern Sweden. Details on
subject sampling, recruitment and evaluation have been
described in our previous publications.'®2° A sub-cohort,
the Malmé Diet and Cancer-Cardiovascular cohort (MDC-
CC) consisting of a random sample of 6103 participants
were re-recruited during 1991-1994."° Between May 2007
and September 2012, 3734 individuals from the MDC-CC
participated in a re-examination (76% attendance of the
eligible population). The measurement of plasma UA level
was completed in 3668 participants. We excluded 528
participants with a history of prevalent diabetes, leading
to a final study population of 3140 subjects.

Measurements

The re-examination from 2007 to 2012 consisted of a self-
administered questionnaire, physical examination and labora-
tory tests which have been described previously.'*Blood
pressure, waist circumference, body mass index (BMI) were
measured and calculated from physical examination.
Information regarding smoking habits and use of medications
was obtained from the questionnaire. Fasting plasma glucose
(FPG) was determined using HemoCue (HemoCue AB,
Angelholm, Sweden). Oral glucose tolerance tests (OGTT)
after an overnight fast with a measurement of plasma glucose
before, and 120 min after intake of 75g of glucose were
conducted. High-sensitive C reactive protein (hs-CRP), trigly-
ceride (TG), total and high density lipoprotein (HDL) choles-
terol were measured by standard procedures at the Department
of Clinical Chemistry, University Hospital Malmd, Sweden.
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Low density lipoprotein (LDL) cholesterol was calculated by
using Friedewald’s formula.?' UA was measured using Cobas
(Roche Diagnostics, USA), with measurement range as:
12-1487 pmol/L.

Ascertainment of Diabetes Incidence

The first diagnosis of diabetes, emigration from Sweden,
death or end of follow-up (December 31st, 2018), whichever
came first, were followed-up on each subject. Incident cases
of diabetes were retrieved from linkages to several local and
national registers. Diabetes was defined as FPG>7.0 mmol/L
or a 2h post-OGTT plasma glucose >11.1 mmol/L, which
was subsequently verified by a repeated FPG level, self-
report of a physician’s diagnosis, or use of antidiabetic med-
ication according to a questionnaire. In order to include only
type 2 diabetes, all cases that were specified as type 1
diabetes, secondary diabetes, or others were excluded from
the analysis.

Statistical Analysis

Participants were categorized into sex-specific tertiles
according to the concentration of UA levels as well as
whether incident diabetes cases or not. The characteristics
of the study population across the tertiles of UA or inci-
dent diabetes were described as means + standard devia-
tions (SD), median (25-75%) for skewed distribution, or
as proportions. The differences were tested using chi-
square for categorical variables and analysis of variance
(ANOVA) for continuous variables.

Follow-up time until death, emigration, incident dia-
betes, or end of follow-up was used as time-scale.
Incidence rates of diabetes were calculated as incident
cases per 1000 person-years of follow-up. Kaplan—Meier
curves were used to compare incidence of diabetes across
the tertiles of UA for the total sample as well as for men
and women separately. The proportional hazard assump-
tions were tested by incorporating the time-dependent
effects of covariates. Cox proportional hazard model was
used to estimate the hazard ratios (HR) with 95% confi-
dence intervals (CI) of UA for incidence of diabetes.
Model 1 was adjusted for age and sex; Model 2 was
adjusted for age, sex, waist circumference, smoking habits,
systolic blood pressure, HDL cholesterol, triglycerides,
use of lipid-lowering drugs and fasting glucose. Model 3
was additionally adjusted for CRP levels, the analysis was
performed for 2422 subjects due to missing value of CRP.
Circulating UA levels were presented as per SD increase
as well as tertiles (tertile 2 and tertile 3 vs tertile 1)

separately. Trend tests for tertiles of UA were also con-
ducted. Possible interaction between UA levels and sex
was investigated further. Stratified analyses of Cox propor-
tional hazard models across sex were further conducted to
detect the sex-specific associations of circulating UA with
diabetes
(ROC) curve was used to illustrate the prediction of the

incidence. Receiver operating characteristic
incidence of diabetes. In a sub-analysis BMI was adjusted
instead of waist as it has shown to be an important con-
founder in the relationship between diabetes and UA.*

A p-value of less than 0.05 was regarded as statistically
significant. All analyses were performed using IBM SPSS
Statistics version 24 (IBM Corp, Armonk, New York, USA).

Results

Baseline Characteristics of Participants
The baseline characteristics of the study participants across
tertiles of UA (mean (£ SD): 233.74 (+35.88), 297.55
(#¥31.09) and 383.45 (£59.37) (umol/L), respectively) as
well as whether they were incident diabetes cases during
the follow-up are presented in Table 1. Generally, with
increasing levels of UA, subjects were more likely to be
older, had significantly higher BMI, waist circumference,
triglycerides, CRP, fasting glucose and 2 h post-OGTT, but
showed lower levels of HDL cholesterol. The individuals
who developed diabetes during the follow up generally
showed significantly increased baseline levels of BMI,
waist circumference, systolic blood pressure, triglycerides,
CREP, fasting glucose, and 2 h post-OGTT, but had signifi-
cantly decreased HDL-cholesterol. Furthermore, incident
diabetes cases also showed significantly increased circulat-
ing UA than the controls (328.34+77.73 vs 302.21£74.56
pmol/L, p<0.001).

Incidence Rates of Diabetes Stratified by
Tertiles of UA and Sex

Table 2 showed the incidence rates of diabetes stratified by
tertiles of circulating uric acid for all the subjects as well as
for men and women separately. For all subjects, during
a mean follow up period of 8.09+2.24 years, a total of 315
(10.0%) participants developed diabetes. The incidence rates
of diabetes were 7.89, 9.48 and 18.11 per 1000 person-years
for subjects in the 1st, 2nd and 3rd tertile of UA, respectively.
The cumulative incidence of diabetes across the tertiles of
UA for all the subjects is presented in Figure 1A, and subjects
in the 3rd tertile of UA had significantly the highest incidence
rate of diabetes (log-rank test: p<0.001). The cumulative
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Table | Baseline Characteristics Stratified by the Tertiles of Uric Acid Level and Incident Diabetes (n=3140)

Variables Baseline Uric Acid Incident Diabetes

Tertile | Tertile 2 Tertile 3 P-value | Yes No P-value
N (%) 1043 (33.2%) 1056 (33.6%) 1041 (33.2%) 315 (10.0%) 2825 (90.0%)
Age (years) 71.44+5.54 72.36%5.56 73.21+5.64 <0.001 71.84+5.85 72.39+5.60 0.101
Current smoker (%) 12.3% 10.0% 7.6% <0.001 10.7% 9.8% 0.123
BMI (kg/m?) 25.16+3.78 26.42+3.80 28.10+4.50 <0.001 28.53+4.70 26.34%+4.10 <0.001
Waist circumference (cm) 87.61+11.59 90.97+11.48 95.30+11.91 <0.001 97.45+12.10 90.61+11.88 <0.001
Systolic blood pressure (mmHg) 142.21£19.14 142.91+18.65 143.04+19.02 | 0.317 147.13+20.06 142.23+18.75 | <0.001
Use of lipid lowering drugs, % 19.6% 25.6% 33.4% <0.001 36.2% 25.1% <0.001
Use of ACE inhibitors (%) 14.2% 18.8% 30.5% <0.001 25.1% 20.7% 0.072
Triglyceride (mmol/L) 0.91+0.39 1.05+0.57 1.23+0.58 <0.001 1.27+0.60 1.04+0.52 <0.001
HDL-cholesterol (mmol/L) 1.54+0.44 1.46+0.45 1.35+0.39 <0.001 1.29+0.38 1.47+0.44 <0.001
LDL-cholesterol (mmol/L) 3.42+0.87 3.40£0.90 3.33£0.97 0.026 3.21+0.87 3.40+0.92 0.001
0-h PG (OGTT, mmol/L) 5.72+0.76 5.79+0.67 5.95+0.74 <0.001 6.70£1.10 5.72+0.60 <0.001
2-h PG (OGTT, mmol/L) 6.67+2.05 6.90+2.97 7.56+2.37 <0.001 10.05+4.74 6.67+1.87 <0.001
CRP (mg/L) (median (P25-P75))* | I.10 1.40 2.10 <0.001 2.10 1.40 <0.001

(0.10-2.30) (0.70-2.80) (0.97-3.90) (1.00-4.10) (0.68-2.90)
Uric acid (umol/L) 233.74+35.88 | 297.55+31.09 | 383.45%£59.37 | <0.001 328.34£77.73 | 302.21£74.56 | <0.001

Notes: *Median (P25-P75) is presented for CRP. All other values were means * standard deviation or percentages (%).
Abbreviations: BMI|, body mass index; CRP, C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein cholesterol; OGTT, oral glucose tolerance test;

UA, uric acid.

incidence rates of diabetes across the sex-specific tertiles of
UA for men and women are presented in Figure 1B and C,
respectively. Similar to all the subjects, the sex-specific 3rd
tertile of UA for both men and women showed significantly
the highest incidence rate of diabetes (llog-rank test:
p<0.001).

Association of circulating UA on Diabetes
Incidence for All the Subjects

Cox proportional hazard regression was conducted to esti-
mate the independent effect of circulating UA on diabetes
incidence with adjustment for potential confounders. In
Model 1 with adjustment for sex and age, subjects in the
tertile 3 had significantly higher risk of developing diabetes
as compared to those in the tertile 1 (HR: 2.30. 95% CI:
1.74-3.05; P for trend <0.001) (Table 2). In Model 2, after
additional adjustments for waist circumference, smoking
habits, systolic blood pressure, HDL cholesterol, triglycer-
ides, use of lipid-lowering drugs and fasting glucose, the risk
of incident diabetes was attenuated was still statistically
significant for those in tertile 3 vs tertile 1 (HR: 1.79, 95%
CI: 1.30-2.47; P for trend: <0.001). After further adjustment
for CRP in Model 3, the HR for diabetes in tertile 3 compared
with the tertile 1 was 1.74 (95% CI: 1.24-2.45; P for trend:
<0.001). For per 1- SD increment of UA, the adjusted HR
were 1.22 (95% CI: 1.08-1.39). The ROC curve for incident

diabetes with UA and all the potential confounders is shown
in Figure 2. The area under the ROC curve was 0.838 (95%
CI: 0.810-0.866).

In the sub-analysis, when the final Cox model was
adjusted for BMI instead of waist in the whole cohort,
the results were very similar with the adjusted HR of 1.79
(1.27-2.52, p=0.001) (the 3rd tertile compared with the 1st
tertile of UA).

Sex-Specific Associations of Circulating
UA with Diabetes Incidence

Although the interaction test between sex and circulating
UA on diabetes incidence was not statistically significant
(p>0.05), Cox proportional hazard regression analyses
stratified by sex were conducted to explore the sex-
specific independent effects of circulating UA on diabetes
incidence with adjustment for the potential confounders.
For men, Table 3 (Model 3) showed that higher circulating
UA levels were still significantly associated with higher
risks of diabetes incidence, and the adjusted HR with 95%
CI for per SD increase of UA was 1.21 (1.01-1.47,
p=0.046). However, increasing tertiles of UA did not
show significantly independent effect on diabetes inci-
dence (trend test: p=0.145). For women, increasing circu-
lating UA level was not statistically significant associated
with diabetes incidence (trend test: p=0.199).
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Table 2 Incidence Rate (1/1000 Person-Years) of Diabetes
Stratified by Sex-Specific Tertiles of Baseline Uric Acid (n=3140)

Baseline Uric N Person- Number Diabetes
Acid Years of Incidence
Incident Rate
Diabetes
(171000
Person-
Years)
Total (n=3140)
Tertiles of UA
Tertile | 1043 | 9120.99 72 7.89
Tertile 2 1056 | 9068.91 86 9.48
Tertile 3 1041 | 8671.69 157 18.11
P-value <0.001
Men (n=1227)
Tertiles of UA
Tertile | 412 3527.01 40 11.34
Tertile 2 409 3397.50 35 10.30
Tertile 3 406 3327.56 63 18.93
P-value <0.001
Women (n=1913)
Tertiles of UA
Tertile | 631 5593.98 32 5.72
Tertile 2 647 5671.41 51 8.99
Tertile 3 635 5344.13 94 17.59
P-value <0.001

Abbreviation: UA, uric acid.

Discussion

Based on the Malmé Diet and Cancer-Cardiovascular
Cohort (MDC-CC) of 3140 population-based study, we
found that increasing levels of UA were significantly
associated with higher levels of age, BMI, waist circum-
ference, triglycerides, CRP, fasting glucose and 2 h post-
OGTT but lower level of HDL cholesterol at baseline.
After a mean duration of 8.09+2.24 years of follow-up,
315 subjects developed diabetes and showed significantly
higher baseline circulating UA levels than their controls.
Kaplan—Meier survival curves showed that the 3rd tertile
of UA showed significantly the highest incidence rate of
diabetes for all subjects as well as for men and women,
separately. After adjusting for all the potential confound-
ing factors, we found that elevated circulating UA levels
were significantly associated with increased risks of dia-
betes incidence. Compared with 1st tertile of UA, the 3rd
tertile showed significantly increased risk of diabetes

incidence and there was a significant trend between
increasing tertiles of circulating UA and diabetes inci-
dence. Although there was no significant interaction
between sex and UA on diabetes incidence, stratified ana-
lyses for men and women showed that higher circulating
UA levels were independently associated with increased
risks of diabetes incidence for men but not for women.

In recent years, emerging evidence has suggested that
high levels of UA may be a risk factor for developing
diabetes. Results from meta-analysis studies have shown
that the risk of diabetes was increased by 6—11% for every
Img/dL increase in UA.”*** A cohort study in US exam-
ined the risk of new-onset diabetes among 1923 male veter-
ans with gout and no previous history of diabetes and found
that hyperuricemia was associated with a significantly higher
risk of developing diabetes.”® Overall, these findings are in
accordance with the hypothesis that the UA and diabetes
incidence are closely related. UA has also been shown to
be closely associated with glucose metabolism and metabolic
syndrome.”® It can be speculated that UA may play a role in
the pathophysiology of diabetes and experimental researches
have suggested that oxidative stress maybe the major
mechanism. As a pro-oxidant, high UA levels increase reac-
tive oxygen species (ROS), whose overproduction may be
also caused by Xanthine oxidoreductase (XO) expression
and activity. XO catalyzes the final two reactions in the
biochemical chain that leads to UA formation. The second
step of this process is responsible for the superoxide anion
radical and/or hydrogen peroxide H,O,formation.’*® UA
may enhance production of ROS and can lead to the loss of
transcription factors needed for insulin gene expression,
leading to decreased insulin production and secretion.?’
Experimental studies demonstrated that elevated levels of
UA cause B-cell injury via the NF-kB-iNOS-NO signaling
axis.’® High levels of UA may also induce inflammatory
pathways by activating p38 MAPK and NF-«x B in vascular
smooth muscle cells,> contributing to insulin resistance in
the liver by inducing mitochondrial oxidative stress and
steatosis,”” induce local inflammation in the adipose tissue
with a reduction in the production of adiponectin, and
reduce the ability of insulin to stimulate vasodilation of
blood vessels, which is important for the delivery of glucose
to the skeletal muscle.** This leads to increased insulin
resistance and impaired insulin secretion, eventually leading
to type 2 diabetes. Unfortunately, fasting insulin levels were
not checked in the individuals of our cohort, and homeostasis
model assessment - insulin resistance (HOMA-IR) and
HOMA-B could not be calculated.
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Figure | (A) Cumulative incidence of diabetes across the tertiles of baseline uric acid in total sample. (B) Cumulative incidence of diabetes in relation to the tertiles of
baseline uric acid in men. (C) Cumulative incidence of diabetes in relation to the tertiles of baseline uric acid in women.
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Figure 2 Receiver operating characteristic (ROC) curve of the prediction of
diabetes incidence.

results in their study of 30,302 healthy participants with
normal weight and they found that a 1-mg/dL serum UA
increment was associated with increased risk for diabetes
in women but not in men.'® A retrospective study consist-
ing of 10,505 participants enrolled at a cardiovascular
center without history of diabetes at baseline also found
that the risk of diabetes increased when UA increased only
in the female subgroup.'” Although the present study did
not find a significant interaction between sex and UA on
diabetes incidence, stratified analyses across sex showed
that higher circulating UA levels were independently asso-
ciated with increased risks of diabetes incidence in men
but not in women, which were controversial with the
previous two reports above. The possible reasons for the
conflicting findings between ours and others may be due
to: the diabetes incidence rate in men in the present study
was relatively higher than that in women as shown in
Table 2.

There are some strengths of the present study. It is
a population-based study with a prospective design.
Individuals with previous history of diabetes were care-
fully excluded from the study. The diabetes incidence rate
in the present study (around 11 per 1000 person-years)
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Table 3 Adjusted Hazards Ratios (HRs) with Associated 95% Confidence Interval (Cl) for Incident Diabetes in Relation to Baseline
Circulating Uric Acid

Variables Baseline Uric Acidf Tertiles of Baseline Uric Acid*

HR (95% CI) P-value | Tertile | | Tertile 2 Tertile 3 P value for Trend Test

HR HR (95% CI) P value | HR (95% CI) P value

Total
Model | (n=3140) | 1.38 (1.23-1.54) | <0.001 1.00 1.30 (0.95-1.78) | 0.100 2.30 (1.74-3.05) | <0.001 <0.001
Model 2 (n=3140) | 1.22 (1.08-1.37) | 0.002 1.00 1.21 (0.86-1.70) | 0.270 1.79 (1.30-2.47) | <0.001 <0.001
Model 3 (n=2422) | 1.22 (1.08-1.39) | 0.002 1.00 1.14 (0.79-1.64) | 0.500 1.74 (1.24-2.45) | 0.002 <0.001
Men
Model | (n=1227) | 1.26 (1.07-1.49) | 0.005 1.00 0.98 (0.62—-1.55) | 0.931 1.49 (0.99-2.22) | 0.055 0.045
Model 2 (n=1227) | 1.26 (1.05-1.50) | 0.013 1.00 0.99 (0.61-1.64) | 0.991 1.46 (0.93-2.30) | 0.100 0.077
Model 3 (n=949) 1.21 (1.01-1.47) | 0.046 1.00 0.94 (0.55-1.62) | 0.835 1.40 (0.85-2.29) | 0.185 0.145
Women
Model | (n=1913) | 1.49 (1.29-1.73) | <0.001 1.00 2.30 (1.74-3.05) | 0.022 3.42 (2.28-5.13) | <0.001 <0.001
Model 2 (n=1913) | 0.99 (0.82-1.18) | 0.882 1.00 0.92 (0.55-1.54) | 0.742 1.25 (0.76-2.04) | 0.382 0.219
Model 3 (n=1473) | 1.04 (0.85-1.26) | 0.722 1.00 0.92 (0.55-1.53) | 0.742 1.25 (0.76-2.04) | 0.382 0.199

Notes: THazards ratios (HR) and 95% confidence interval (Cl) was expressed by per SD increase of serum uric acid. *HR and 95% Cl was expressed by the first tertile of
serum uric acid as the reference. Model |: Adjusted for age and sex. Model 2: Model | plus waist circumference, smoking habits, systolic blood pressure, HDL cholesterol,

triglycerides, use of lipid lowering drugs and fasting glucose. Model 3: Model 2 plus C-reactive protein.

was quite similar to that of adults with the age >65 years
old in the United States.*> All new cases were identified
through linkages with validated local and national regis-
ters. In our regression analyses of the incidence of dia-
betes, the potential confounding risk factors, including
CRP level which has been shown to be linked with both
hyperuricemia and diabetes,”®>” have been adjusted for in
the present study. Some limitations also need to be
acknowledged. Data of the current study was from
a cohort consisting of mainly Caucasian subjects carried
out in Malmo, Sweden, which limits the generalizability
of the results. Another limitation is the lack of serial
measurements of UA and risk factors during the follow-
up. However, we had adjusted for potential confounders,
and the results were largely independent of these vari-
ables. Moreover, since this is an observational study, resi-
dual confounding bias cannot be ruled out.

Conclusion

In conclusion, this observational cohort study demonstrated
that elevated plasma UA levels were significantly associated
with higher risks of developing diabetes, independent of
established risk factors, and there was a significant trend
between increasing tertiles of circulating UA and diabetes
incidence. Therefore, screening and treatment for high

plasma UA are important to prevent diabetes incidence.
Furthermore, controversial with previous findings on the
sex specific associations of circulating UA with diabetes,
we found that higher circulating UA levels were indepen-
dently associated with increased risks of diabetes incidence
only in men but not in women. Therefore, more prospective
cohort studies are warranted to clarify the sex-specific rela-
tionship between UA and diabetes incidence in future.
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