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Abstract

unclear.

ing women.

Background: Elevated serum uric acid (SUA) levels are associated with glucose control. However, whether base-
line and changes in SUA predict long-term follow-up glucose control [e.g., glycated hemoglobin (HbATc)] remains

Methods: The subjects comprised 393 women aged 71 48 years and 279 men aged 71 410 years from a rural vil-
lage. We have identified participants who underwent a similar examination 11 years prior, and subjects were divided
into four groups based on the tertiles of baseline and changes in SUA, and examined the relationship between base-
line and changes in SUA, and glucose control evaluated by follow-up HbA1c after 11-years.

Results: In both genders, follow-up SUA were significantly higher in Group 4 (i.e., women: Group 4, baseline

SUA > 4.0 mg/dL and changes in SUA> 0.8 mg/dL; men: Group 4, > 5.3 mg/dL and > 0.4 mg/dL) than in the other
Groups, but eGFR was significantly lower. Only in women, there were significant differences among the four groups
regarding follow-up HbA1¢, and follow-up HbA1c was highest in Group 4. In addition, the interaction between baseline
and changes in SUA (F=5.391, p=0.021) as well as baseline low-density lipoprotein cholesterol (LDL-C) (F=13.793,
p<0.001), estimated glomerular filtration ratio (F=10.715, p=0.001), HbA1c (F=118.285, p<0.001), SUA (F=9457,
p=0.002), and changes in SUA (F=7.757, p=0.006) was a significant and independent determinant of follow-up
HbA1c. Multivariate-adjusted follow-up HbATc (p=0.002) were significantly higher in Group 4 than the other groups.

Conclusions: These results suggested that combined assessment of baseline and changes in SUA provides increased
information for long-term predictive glucose control, independent of other confounding factors in community-dwell-
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Background

Uric acid (UA) is the final metabolism product of endog-
enous purine catabolism in humans that is responsible
for the production of UA and damage of free radicals [1].
The enzymes involved in UA production are also respon-
sible for oxidative stress [1] and it was evidenced that
serum UA (SUA) might be dependently or independently
related to different multifactorial disorders. A recent
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meta-analysis revealed that baseline SUA was also closely
associated with an increased risk for subsequent develop-
ment of impaired fasting glucose (IFG) [2] and type 2 dia-
betes [2—5]. While others found no association between
high SUA and type 2 diabetes [6, 7]. From the cohort
Study over 4 years, Cicero et al. [8] demonstrate that fast-
ing plasma glucose (FPG) significantly increased in sub-
jects with elevated (and untreated) SUA level (>1mg/
dL). Conversely, it has been reported that SUA level was
higher in the pre-diabetic population but lower in peo-
ple recently diagnosed with diabetes than in prediabetic
or normoglycemic persons [9, 10]. The causal association
between the phenomena remains unsolved. In addition,
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despite a strong association between SUA level and vari-
ous disorders in humans, since UA has the ability to act
as a powerful scavenger of free radicals (i.e., antioxidant),
elevated SUA has been instead considered as a beneficial
phenomenon [11], as it has a compensatory role [e.g.,
antioxidant in response to increased oxidative stress in
conditions such as hypertension, type 2 diabetes, and
cardiovascular disease (CVD)] [12]. We have previously
demonstrated that SUA is more strongly associated with
IFG [13] and MetS [14] in women than in men, and its
role as a risk factor may be stronger in women than in
men. To our knowledge, there are few studies on the rela-
tionship between changes in SUA and long-term glyce-
mic control among community-dwelling persons.

Firstly, this study investigated the relationships between
baseline and changes in SUA, and follow-up HbAlc as
well as their potential confounding factors. Secondly,
we determined whether baseline and changes in SUA
are interactively association with follow-up HbAlc. To
examine these two issues, we used retrospective data
from community-dwelling persons.

Methods

Subjects

The present study was a retrospective cohort designed
as part of the Nomura study [15]. We have identified and
compared people who underwent a similar examination
11 years prior to this examination (in 2002 and 2013).
The study population was selected through a community-
based annual check-up process from the Nomura health
and welfare center in a rural town located in Ehime pre-
fecture, Japan. Participants taking antidiabetic and SUA
lowering medication at baseline were excluded. The
study complies with the Declaration of Helsinki, and
was approved by the ethics committee of Ehime Univer-
sity School of Medicine with written informed consent
obtained from each subject (Institutional Review Board:
1402009).

Evaluation of confounding factors

Information on demographic characteristics and risk
factors was collected using the clinical files. Body mass
index was calculated by dividing weight (in kilograms)
by the square of the height (in meters). We measured
blood pressure with an appropriate-sized cuff on the
right upper arm of the subjects in the sedentary position
using an automatic oscillometric blood pressure recorder
while they were seated after having rested for at least
5 min. Information on medical history, present condi-
tions, smoking status, alcohol consumption, and medica-
tions (e.g., antihypertensive, lipid-lowering, antidiabetic,
and SUA lowering medications) were obtained by inter-
view using a structured questionnaire. Smoking status
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was defined as the number of cigarette packs per day
multiplied by the number of years smoked (pack-year),
and the participants were classified into never smokers,
past smokers, light smokers (<20 pack-year) and heavy
smokers (>20 pack-year). Daily alcohol consumption
was measured using the Japanese liquor unit in which
a unit corresponds to 22.9 g of ethanol, and the par-
ticipants were classified into never drinkers, occasional
drinkers (<1 unit/day), daily light drinkers (1-2 units/
day), and daily heavy drinkers (2—3 units/day). Total cho-
lesterol (T-C), triglycerides (TG), high-density lipopro-
tein cholesterol (HDL-C), FPG, HbAlc, and SUA were
measured by the laboratory of the health examination
center during an overnight fast of more than 11 h. Plasma
samples were immediately frozen and stored at —30 °C
until measurements were taken at the laboratory in our
department. Low-density lipoprotein cholesterol (LDL-
C) level was calculated by the Friedewald formula [16].
Participants with TG levels >400 mg/dL were excluded.
Estimated glomerular filtration ratio (eGFR) was calcu-
lated using CKD-EPI equations modified by a Japanese
coefficient: men, Cr<0.9 mg/dL, 141 x (Cr/0.9)~%4!1 x
0.993%° % 0.813; Cr>0.9 mg/dL, 141 x (Cr/0.9)71% x
0.993%€ x 0.813; women, Cr<0.7 mg/dL, 144 x (Cr/0.7
)7932 % 0.993%° x 0.813; Cr>0.7 mg/dL, 144 x (Cr/0.7)
—1.209.5.0.993%¢ x 0.813 [17]. Diabetes was defined as a
FPG >126 mg/dL, HbAlc > 6.5%, or use of hypoglycemic
medication. Moreover, ischemic stroke, ischemic heart
disease, and peripheral vascular disease were defined as
CVD.

11-year changes in various factors were calculated by
subtracting the baseline values from the 11-year values. A
baseline SUA level (women: <4.0 mg/dL; men: <5.3 mg/
dL) was defined as normouricemia based on the 1st ter-
tile of the baseline SUA (Additional file 1: Figure S1) and
a change in SUA (women: <0.8 mg/dL; men: <0.4 mg/
dL) was defined as a low change based on the 1st and 2nd
tertiles.

Statistical analysis

Data are presented as the mean + standard deviation (SD)
unless otherwise specified, and in the cases of parameters
with non-normal distributions (e.g., TG, HbA1c) the data
are shown as median (interquartile range) values. In all
analyses, parameters with non-normal distributions were
used after log-transformation. Statistical analysis was
performed using IBM SPSS Statistics Version 20 (Statisti-
cal Package for Social Science Japan, Inc., Tokyo, Japan).
Correlations between characteristics and HbAlc were
determined using Pearson’s correlation. Subjects were
divided into four groups based on the tertiles of baseline
and changes in SUA within gender (i.e., women: Group 1,
baseline SUA <4.0 mg/dL and changes in SUA <0.8 mg/
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dL; Group 2, >4.0 mg/dL and <0.8 mg/dL; Group 3,
<4.0 mg/dL and >0.8 mg/dL; Group 4, >4.0 mg/dL
and >0.8 mg/dL; men: Group 1, baseline SUA <5.3 mg/
dL and changes in SUA <0.4 mg/dL; Group 2, >5.3 mg/
dL and <0.4 mg/dL; Group 3, <5.3 mg/dL and > 0.4 mg/
dL; Group 4, >5.3 mg/dL and > 0.4 mg/dL), and differ-
ences among the groups were analyzed by ANOVA for
continuous variables or the Wilcoxon signed rank test
for categorical variables. The interactive effect between
baseline SUA and changes in SUA on follow-up HbAlc
was evaluated using a general linear model. ANCOVA
was performed using a general linear model approach to
determine the association between confounding factors
and follow-up HbAlc. Moreover, to examine the consist-
ency of the observed association between baseline SUA
and changes in SUA on follow-up HbAlc, we performed
subgroup analyses by age (=50, <50 years), antihyper-
tensive medication (yes, no), and eGFR (>90, <90 mL/
min/1.73 m?). A p value <0.05 was considered significant.

Results

Baseline and follow-up characteristics

Baseline and 11-year follow-up characteristics of sub-
jects are illustrated in Table 1. The subjects com-
prised 393 women aged 7148 years and 279 men aged
71+10 years. In women, age, alcohol consumption, sys-
tolic blood pressure (SBP), presence of antihypertensive
medication, HDL-C, presence of lipid-lowering medi-
cation, SUA, prevalence of diabetes, and HbAlc were
significantly increased after the 11-year follow-up, but
BMI, smoking status, diastolic blood pressure (DBP),
and eGFR were significantly decreased. There was no
inter-group difference regarding prevalence of CVD, TG,
and LDL-C. In men, age, alcohol consumption, preva-
lence of CVD, presence of antihypertensive medication,
HDL-C, LDL-C, presence of lipid-lowering medication,
prevalence of diabetes, and HbAlc were significantly
increased, but BMI, smoking status, DBP, TG and eGFR
were significantly decreased.

Baseline characteristics of participants categorized

by baseline and changes in SUA

The baseline characteristics of the participants catego-
rized by baseline and changes in SUA are illustrated in
Table 2. In women, baseline BMI, SBP, DBP, presence of
antihypertensive medication, and TG were significantly
higher in Group 4 than in the other Groups, but eGFR
was significantly lower. In men, baseline BMI, alcohol
consumption, prevalence of CVD, TG, and presence
of lipid-lowering medication were significantly higher
in Group 4 than in Group 1, but eGFR was significantly
lower.
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Follow-up characteristics of participants categorized

by baseline and changes in SUA

Follow-up eGFR, SUA, and prevalence of diabetes of par-
ticipants categorized by baseline and changes SUA are
illustrated in Table 3. In both genders, follow-up SUA were
significantly higher in Group 4 than in the other Groups,
but eGFR was significantly lower.

Follow-up and changes in HbA1c of participants
categorized by baseline and changes in SUA

As shown Fig. 1, only in women, there were significant
differences among the four groups regarding follow-up
HbA1lc after 11-year, and follow-up HbAlc was highest in
Group 4. However, there were no differences among the
four groups regarding baseline HbA1lc. In men, there were
no differences among the four groups regarding both base-
line and follow-up HbAlc.

Synergistic effect of baseline and changes in SUA

on follow-up HbA1cin women

In addition to their direct associations, in women we
observed a synergistic effect between baseline and changes
in SUA. In Fig. 2, when the female participants were
divided into two groups according to tertiles of baseline
SUA, in the 1st tertile of the baseline SUA group (<4.0 mg/
dL), changes in SUA correlated significantly with follow-up
HbAlc after 11 years (r=0.247, p=0.004), but not signif-
icantly in the 2nd and 3rd tertiles of baseline SUA group
(>4.0 mg/dL) (r=0.070, p=0.262). Analysis of covariance
showed that two regression lines in each graph were signifi-
cantly different (F=4.698, p=0.031).

Relationship between baseline characteristics and changes
in SUA, and follow-up HbA1c in women

Table 4 shows the relationship between baseline con-
founding factors including changes in SUA and follow-up
HbA1lc. BMI, SBP, DBP, presence of antihypertensive medi-
cation, TG, LDL-C, HbAlc, SUA and changes in SUA cor-
related positively while HDL-C correlated negatively with
follow-up HbAlc. In addition, we show the statistical sig-
nificance of the synergistic relationship using a general
linear model with all confounding factors and the interac-
tion between baseline and changes in SUA. The interaction
between baseline and changes in SUA as well as baseline
LDL-C, eGFR, HbAlc, SUA, and changes in SUA was a sig-
nificant and independent determinant of follow-up HbAlc.

Multivariate-adjusted changes in and follow-up HbA1c

of women categorized by baseline and changes in SUA
Table 5 shows changes in and follow-up HbAlc after
adjustment for all confounding factors among the four
groups. Multivariate-adjusted changes in and follow-up
HbA1c were significantly high in the Group 4.
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Table 1 Baseline and 11-year follow-up characteristics in women and men

Characteristics N=393 Baseline Follow-up Change p-value*

Women
Age (years) 50+8 71+8 12405 <0.001
Body mass index (kg/mz) 232430 224432 —08+18 <0.001
Smoking status® (%) 58.0/36.4/5.3/0.3 97.7/15/05/0.3 39.3/—34.9/—4.7/0 <0.001
Alcohol Consumptionb (%) 98.2/0.8/1.0/0 70.0/24.0/3.6/2.3 —282/232/2.6/2.3 <0.001
History of CVD, N (%) 28 4.6 1.8 0.108
Systolic blood pressure (mmHg) 132422 13717 5419 <0.001
Diastolic blood pressure (mmHg) 78+£12 774+9 —14£1 0.008
Antihypertensive medication (%) 16.0 450 290 <0.001
Triglycerides (mg/dL) 87 (65-114) 87 (65-116) —2+49 0.352
HDL cholesterol (mg/dL) 65+16 69+17 4+12 <0.001
LDL cholesterol (mg/dL) 127431 124429 —3437 0.065
Lipid-lowering medication (%) 6.1 326 26.5 <0.001
eGFR (mL/min/1.73 m?) 83.1+£166 71.0+£124 —121+£118 <0.001
Serum uric acid (mg/dL) 44410 48412 04+£09 <0.001
Diabetes (%) 23 74 5.1 <0.001
HbA1c 4.8 (4.7-5.0) 5.7 (5.5-5.9) 08404 <0.001

Characteristics N =279 Baseline Follow-up Change p-value*

Men
Age (years) 59410 71£10 12+05 <0.001
Body mass index (kg/mz) 235428 230429 —05+16 <0.001
Smoking status® (%) 9.7/28.3/35.8/26.2 44.1/394/4.7/11.8 344/11.1/-31.1/-144 <0.001
Alcohol consumption® (%) 45.5/25.1/9.0/204 24.0/21.9/18.6/35.5 —21.5/—3.2/9.6/15.1 <0.001
History of CVD, N (%) 6.1 10.8 4.7 0.009
Systolic blood pressure (mmHg) 135+20 13517 —0+20 0.715
Diastolic blood pressure (mmHg) 84412 79+ 11 — 4413 <0.001
Antihypertensive medication, N (%) 183 46.6 283 <0.001
Triglycerides (mg/dL) 100 (73-139) 89 (67-126) —18+79 <0.001
HDL cholesterol (mg/dL) 58+ 14 60+15 2112 0.010
LDL cholesterol (mg/dL) 109+£33 114£30 5431 0.008
Lipid-lowering medication, N (%) 22 129 10.7 <0.001
eGFR (mL/min/1.73 m?) 83.0+£16.7 69.7£122 —132£128 <0.001
Serum uric acid (mg/dL) 58+13 59+13 01£1.1 0.105
Diabetes, N (%) 57 12.5 6.8 0.001
HbA1c 49 (4.7-5.3) 5.6 (54-6.0) 0.7+0.7 <0.001

Change, 11-year follow-up—Baseline

CVD cardiovascular disease, HDL high-density lipoprotein, LDL low-density lipoprotein, eGFR estimated glomerular filtration rate, HbA1c hemoglobin Alc

? Smoking status was defined as the number of cigarette packs per day multiplied by the number of years smoked (pack-year), and the participants were classified
into never smokers, past smokers, light smokers (< 20 pack-year) and heavy smokers (> 20 pack-year)

b Alcohol consumption was measured using the Japanese liquor unit in which a unit corresponds to 22.9 g of ethanol, and the participants were classified into never
drinkers, occasional drinkers (< 1 unit/day), daily light drinkers (1-2 unit/day), and daily heavy drinkers (2-3 unit/day). Data presented are mean 4 standard deviation.
Data for triglycerides and HbA1c were skewed and presented as median (interquartile range) values, and were log-transformed for analysis

* p-value: paired t-test for continuous variables or the Wilcoxon signed rank test for categorical variables. Significant values (p <0.05) are presented in italics

Relationship between baseline and changes in SUA,

and follow-up HbA1c in women within selected subgroups
Next, to control potential confounding factors by base-
line age, presence of hypertensive medication, and eGFR,
the data were further stratified by age (> 50, <50 years),

presence of hypertensive medication, and eGFR (>90,
<90 mL/min/1.73 m?) (Table 6). The baseline and
changes in SUA, and their interaction were significant
and dependently factors only in women aged >50 years
and without hypertensive medication.
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Table 2 Baseline characteristics of women and men categorized by baseline and changes in serum uric acid
Group 1 Group 2 Group 3 Group 4 p-value*

Baseline serum uric acid <4.0 mg/dL >4.0 mg/dL <4.0 mg/dL >4.0 mg/dL

Changes in serum uric acid <0.8 mg/dL <0.8 mg/dL >0.8 mg/dL > 0.8 mg/dL

Baseline characteristics N =393 N=88 N=193 N=49 N=63

Women
Age (years) 50+8 50+7 60+8 60+8 0.714
Body mass index (kg/mz) 22028 236431 227427 243428 <0.001
Smoking status (%) 64.8/31.8/3.4/0 54.9/36.8/7.8/0.5 65.3/34.7/0/0 52.4/42.9/4.8/0 0.391
Alcohol consumption (%) 98.9/0/1.1/0 98.4/1.0/0.5/0 100/0/0/0 95.2/1.6/3.2/0 0.453
History of CVD, % 45 2.1 20 32 0.683
Systolic blood pressure (mmHg) 126420 133+ 21 132422 138422 0.003
Diastolic blood pressure (mmHg) 76£12 79411 77 +£11 82412 0.007
Antihypertensive medication (%) 4.5 16.6 143 317 <0.001
Triglycerides (mg/dL) 79 (62-97) 91 (68-126) 76 (63-95) 97 (63-124) 0.024
HDL cholesterol (mg/dL) 66+ 14 65+16 66+ 14 64+17 0.767
LDL cholesterol (mg/dL) 124430 131+30 119434 126431 0.057
Lipid-lowering medication (%) 34 6.7 41 95 0410
eGFR (mL/min/1.73 m?) 9144155 80.1+£15.7 849+158 7924175 <0.001
Serum uric acid (mg/dL) 34405 50408 354+04 47+06 <0.001

Group 1 Group 2 Group 3 Group 4 p-value*

Baseline serum uric acid <5.3mg/dL >5.3mg/dL <5.3mg/dL >5.3mg/dL

Changes in serum uric acid <0.4 mg/dL <0.4 mg/dL >0.4 mg/dL >0.4 mg/dL

Baseline characteristics N =279 N=46 N=132 N=49 N=52

Men
Age (years) 6249 58411 6447 58+9 <0.001
Body mass index (kg/mz) 22628 238427 230+24 241429 0011
Smoking status (%) 13.0/32.6/34.8/19.6 8.3/28.8/37.9/25.0 10.2/34.7/32.7/22 4 9.6/17.3/34.6/38.5 0488
Alcohol consumption (%) 60.9/15.2/4.3/19.6 485/25.8/11.4/144 38.8/26.5/10.2/24.5 30.8/30.8/5.8/32.7 0.044
History of CVD, % 6.5 23 4.1 17.3 0.002
Systolic blood pressure (mmHg) 134421 133+19 138421 138+19 0.298
Diastolic blood pressure (mmHg) 84+11 83+11 83+12 87411 0.115
Antihypertensive medication (%) 174 16.7 204 212 0.875
Triglycerides (mg/dL) 89 (75-109) 105 (79-155) 82 (57-107) 111 (74-166) 0.001
HDL cholesterol (mg/dL) 62+17 58+£14 58£13 5714 0.234
LDL cholesterol (mg/dL) 107 £27 110£34 117+£33 102+34 0.165
Lipid-lowering medication (%) 22 0.8 0 77 0.020
eGFR (mL/min/1.73 m?) 87.0+144 802+163 86.3+£19.1 83.2+165 0.042
Serum uric acid (mg/dL) 43+08 6.7+09 45+06 6.2+0.7 <0.001

Data presented are mean =+ standard deviation. Data for triglycerides was skewed and was presented as median (interquartile range) values, and was log-transformed

for analysis

* p-value from ANOVA for continuous variables or from Wilcoxon signed rank test for categorical variables. Significant values (p <0.05) are presented in italics

Discussion

This study demonstrates the significance of baseline and
changes in SUA for 11-year follow-up HbAlc among the
screened community-dwelling persons, thus support-
ing our previous observation in women [13]. We showed

that both baseline and changes in SUA as well as baseline

LDL-C, eGFR, and HbAlc were significantly and inde-
pendently associated with follow-up HbAlc after 11-year,
and the interaction between baseline and changes in SUA
was also a significant and independent determinant of
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Table 3 Follow-up characteristics of women and men categorized by baseline and changes in serum uric acid
Group 1 Group 2 Group 3 Group 4 P-value*
Baseline serum uric acid <4.0 mg/dL >4.0 mg/dL <4.0 mg/dL >4.0 mg/dL
Changes in serum uric acid <0.8 mg/dL <0.8 mg/dL > 0.8 mg/dL > 0.8 mg/dL
Follow-up characteristics N=393 N=88 N=193 N=49 N=63
Women
eGFR 763+8.1 718+£110 673+133 6394162 <0.001
Serum uric acid (mg/dL) 36%07 48+0.8 50£07 6.2+1.0 <0.001
Diabetes (%) 34 73 10.2 1.1 0.274
Group 1 Group 2 Group 3 Group 4 p-value*
Baseline serum uric acid <5.3 mg/dL >5.3mg/dL <5.3 mg/dL >5.3 mg/dL
Changes in serum uric acid <0.4 mg/dL <0.4 mg/dL > 0.4 mg/dL > 0.4 mg/dL
Follow-up characteristics N=279 N=46 N=132 N=49 N=52
Men
eGFR 722+£79 70.7£12.1 653+134 69.1£13.2 0.022
Serum uric acid (mg/dL) 41+£08 6.1+09 57+10 73409 <0.001
Diabetes, N (%) 109 12.1 122 154 0913

Data presented are mean =+ standard deviation

* p-value from ANOVA for continuous variables or from Wilcoxon signed rank test for categorical variables. Significant values (p <0.05) are presented in italics

follow-up HbAlc. In addition, multivariate-adjusted
changes in HbAlc and follow-up HbAlc were signifi-
cantly high in participants with a baseline SUA > 4.0 mg/
dL and changes in SUA >0.80 mg/dL. To our knowledge,
there are few studies that have indicated these asso-
ciations of baseline and changes in SUA with long-term
follow-up HbAlc among Japanese community-dwelling
women.

Several previous studies have reported a possible
association between hyperuricemia and the prevalence
of IFG. A total of 566 participants (41% men) without
diabetes at baseline were evaluated for incident type
2 diabetes 13 years later, and SUA levels independently
predicted incidence of type 2 diabetes in participants
with IFG [18]. In prospective analyses of 6408 men and
5309 women, the highest quartile of SUA was an inde-
pendent risk factor for IFG and incident type 2 diabetes
only in women [19]. In 1164 women and 971 men with-
out known diabetes, in women SUA was significantly and
dependently associated with IFG, newly diagnosed diabe-
tes, and known diabetes, but in men, after multivariable
adjustment SUA levels was significantly associated only
with IFG [20]. In a prospective study of 13,328 Chinese
women and 41,350 Chinese men without diabetes and
IFG, there is a higher risk of developing IFG in associa-
tion with low or high SUA levels for men, but not for
women [21]. From a cross-sectional study of 1209 men

and 1636 women, we demonstrated that SUA levels were
more strongly associated with the different FPG cat-
egories in women compared with men. Only in women,
the association remained significant for IFG and newly
detected diabetes after multivariate adjustment [13].
The causal association between the phenomena remains
controversial. The relationship between SUA and inci-
dent IFG and type 2 diabetes may be related not only to
baseline SUA but also to changes in SUA. Zhang et al.
[22] also showed that mean SUA value was strongly and
positively related to prediabetes risk, and showed better
predictive ability for prediabetes than baseline SUA. In
our study, only in women, we showed that both baseline
and changes in SUA were significantly and independently
associated with follow-up HbAlc, and the interaction
between baseline and changes in SUA was also an impor-
tant determinant of follow-up HbAlc.

The mechanisms by which SUA reflects the risk for
glycemic control are not completely understood. Recent
studies have reported that elevated UA may also reflect
oxidative stress and systemic inflammation [23, 24] and
is closely related with the pathogenesis of IFG and type 2
diabetes [23] that impairs insulin receptor substrate 1 and
Akt insulin signaling in the liver, skeletal muscle, and adi-
pose tissue [25]. Gersch et al. [26] demonstrated that UA,
the most abundant antioxidant in plasma, reacts directly
with nitric oxide (NO) in a rapid irreversible reaction
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Fig. 1 Follow-up and changes in HbA1c of women and men
categorized by baseline and changes in serum uric acid. Data for
HbA1c were skewed and were log-transformed for analysis. It showed
differences among the groups regarding follow-up HbATc only in
women (Group 2, p=0.043; Group 3, p=0.024; Group 4, p=0.001 vs.
Group 1 by Bonferroni)

resulting in the formation of 6-aminouracil and depletion
of NO, which is an important mediator of insulin action,
and enhances blood flow and glucose delivery to the skel-
etal muscle [27]. In addition, UA induces activation of the
renin-angiotensin system in human vascular endothelial
cells that is followed by oxidative stress [28].

The precise mechanism of gender differences in rela-
tionships between SUA and follow-up HbAlc found in
this study are still undermined. Several possible patho-
physiological mechanisms are proposed as follows;
the influence of sex hormones (e.g., estrogen), which

Baseline serum uric acid
O N=137 <4.0 mgldL
10.07 @® N=256 >4.0 mgldL
. N=137 <4.0 mgidL r=0.247, p=0.004
"+ N=256 24.0 mg/dL r=0.070, p=0.262
= o
o 807
- o -
<L
r=}
I
o
3
3 6.0
=)
'8
Women
4.0
T T T T T T
-4.00 -2.00 .00 2.00 4.00 6.00

Changes in serum uric acid (mg/dL)

Fig. 2 Relationship between changes in serum uric acid and
follow-up HbATc in women categorized by baseline serum uric
acid. In the 1st tertile of baseline SUA among women (<4.0 mg/
dL), changes in SUA was significantly correlated with HbA1c over
the 11-year follow-up (r=0.247, p=0.004), but not significantly
correlated in the 2nd and 3rd tertiles of baseline SUA (= 4.0 mg/
db) (r=0.070, p=0.262). Analysis of covariance showed that two
regression lines in each graph were significantly different (F=4.698,
p=0.031)

can inhibit reabsorption of UA [29], the effect of alco-
hol consumption [30], which is likely to be more so in
men, and the use of antihypertensive medications (e.g.,
diuretics), which reduce GFR and increase SUA [31].
We however, demonstrated that this result remained
significant after adjustment for age, alcohol consump-
tion, and antihypertensive medication. Chou et al. [32]
proposed that the SUA level is more important for pre-
dicting the degree of insulin resistance in women than
in men. In addition the significant sex differences in
the relationships of SUA with insulin resistance may
explain part of this stronger association between SUA
and CVD in women [33]. Although the reasons for
these gender differences were still unclear.

The current study also has some limitations. First of all,
our retrospective cohort study design does not eliminate
potential causal relationships between confounding fac-
tors including baseline and changes in SUA, and follow-
up HbAlc. Additionally, blood sample (e.g., baseline
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Table 4 Relationship between baseline characteristics and changes in serum uric acid, and follow-up HbA1cin women

Follow up HbA1c

Characteristics N =393 r (p-value) F (p-value)

Baseline
Age 0.056 (0.265) 2449 (0.118)
Body mass index 0.157(0.002) 0.327 (0.568)
Smoking status —0.076 (0.132) 0.166 (0.684)
Alcohol consumption —0.020 (0.699) 1.544 (0.215)
History of CVD (yes=1,no=0) 0.060 (0.237) 1.158(0.283)
Systolic blood pressure 0.204 (<0.001) 0.981 (0.322)
Diastolic blood pressure 0.139(0.006) 0.850 (0.357)
Antihypertensive medication (yes=1, no=0) 0.200 (<0.001) 2.175(0.141)
Triglycerides 0.182 (<0.001) 1.360 (0.244)
HDL cholesterol —0.145 (0.004) 3.825(0.051)
LDL cholesterol 0.227 (<0.001) 13.793 (<0.001)
Lipid-lowering medication (yes=1,no=0) 0.084 (0.096) 0.325 (0.569)
eGFR (mL/min/1.73 m?) 0.030 (0.559) 10.715(0.001)
HbA1c 0.510(<0.001) 118.285 (<0.001)
Serum uric acid (SUA) 0.127(0.012) 9.457(0.002)

Changes in SUA 0.101 (0.046) 7.757 (0.006)

Baseline SUA*Changes in SUA - 5.391(0.021)

R? - 0.368

r, Pearson’s correlation coefficient; Data for triglycerides and HbA1c were skewed and were log-transformed for analysis
The net effect of each interaction was estimated using a general linear model. Significant values (p < 0.05) are presented in italics

Table 5 Multivariate-adjusted changes in and follow-up HbA1c of women categorized by baseline and changes in serum

uric acid

Group 2 Group 3 Group 4 p-value*
Baseline serum uric acid >4.0 mg/dL <4.0 mg/dL >4.0 mg/dL
Changes in serum uric acid <0.80 mg/dL >0.80 mg/dL >0.80 mg/dL
Characteristics N=393 N=193 N=49 N=63
Multivariate-adjusted changes in HbA1c 0.71 (0.64-0.79) 0.83 (0.78-0.88) 0.86 (0.76-0.96) 0.93 (0.84-1.01)° 0.004
Multivariate-adjusted follow up HbATc 5.60 (5.52-5.66) 5.72 (567-5.77)° 5.74 (5.65-5.84) 5.81(5.73-5.89)° 0.002

Data presented are the mean (95% confidence interval) values. Data for triglycerides and HbA1c were skewed and were log-transformed for analysis. Multivariate-

adjusted for confounding factors in Table 1

2 p<0.005;° p<0.05 vs. Group 1 by Bonferroni. Significant values (p < 0.05) are presented in italics

SUA, changes in SUA, and HbAlc etc.) are based on a  Conclusion

single assessment of blood, which may introduce a mis-  In the present study, the possible associations between
classification bias. Moreover, we could not eliminate pos-  both baseline and changes in SUA levels, and glycemic
sible effects of the underlying diseases, and medication, control are significant among community-dwelling
especially diuretic and lipid-lowering medication use, ~women. The underlying mechanism behind this rela-
and renal function on the results. tionship is not clear, but seems to be independent of
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Table 6 Relationship between baseline and changes in serum uric acid, and follow-up HbA1c in women within selected

subgroups
Baseline characteristics N =393 N Baseline SUA Change in SUA Interaction
F (p-value) F (p-value) Baseline SUA*
changes in SUA
F (p-value)
Age (years)
>50 355 10414 (0.001) 5.498(0.020) 3.895 (0.049)
<50 38 0.728 (0.402) 0.292 (0.594) 1.089 (0.308)
Antihypertensive medication
No 330 8.064 (0.005) 6.143(0.014) 4.662 (0.032)
Yes 63 1.272(0.265) 1.062 (0.308) 0.348 (0.558)
eGFR
>90 mL/min/1.73 m? 226 1.981 (0.161) 2.567 (0.111) 1.278 (0.260)
<90 mL/min/1.73 m? 235 6.551(0.011) 4.176 (0.042) 3.135(0.078)

Adjusted for the baseline parameters in Table 1. Data for triglycerides and HbA1c were skewed and were log-transformed for analysis

* p-interaction was estimated using a general linear model. Significant values (p < 0.05) are presented in italics

confounding factors. For community-dwelling healthy
women, prospective population-based studies are
needed to clarify the mechanisms.

Additional file

Additional file 1: Figure S1. Distribution of baseline serum uric acid in
women and men
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