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Abstract

Background A serum uric acid (UA) level of 7.0 mg/dL has been used as the
criterion for hyperuricemia in Japan regardless of gender, despite higher se-
rum UA levels in men than in women. Serum UA has been identified as a
predictive biomarker for metabolic syndrome (MetS); however, the gender
differences in the association between UA levels and MetS-related conditions
in a Japanese population have not been completely assessed. Objective To
examine gender and age differences in the associations between serum UA
levels and other biomarkers within a health-screened Japanese population
and to evaluate the usefulness of serum UA as a predictor of MetS between
the two genders. Methods A cross-sectional study of healthy individuals in
Japan (16,391 men; 16,656 women) was conducted. Associations between UA
and several biomarkers were analyzed for each gender type and for age- and
serum UA level-stratified groups. Logistic regression was used to analyze the
association of age and serum UA levels with MetS-related conditions. Receiv-
er operating characteristic (ROC) curve analysis was performed to identify
the UA cut-off value for predicting the risk of the MetS-related conditions.
Results Serum UA levels in women had stronger correlations with
MetS-related biomarkers than in men. After adjusting for age, the odds ratios
for a 1-mg/dL serum UA increase for diabetes mellitus and dyslipidemia in
women were 1.13 (95% confidence interval, 1.04 - 1.23) and 1.30 (1.25 - 1.34),
respectively. In ROC analysis, women had significantly higher area under the
curve (AUC) values for MetS prediction than men. Conclusion An elevated
serum UA level has a higher predictive ability for the risk of MetS-related
conditions in Japanese women than in men. The optimal serum UA cut-off
value for MetS in women was suggested to be approximately 5 mg/dL, re-
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markably lower than that in men.
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1. Introduction

Elevated levels of uric acid (UA) in the circulation, or hyperuricemia, have been
shown to be associated with metabolic syndrome (MetS) and MetS-related dis-
eases such as diabetes mellitus (DM) and coronary artery disease. MetS is de-
fined as a condition of excessive waist circumference along with one or more of
the following symptoms: lipid abnormality, hypertension, and glucose intoler-
ance [1]. Excessive production of UA and decreased renal excretion have been
implicated in the association between MetS and hyperuricemia [2] [3]. Recent
studies in genetic epidemiology have also shown that although UA likely plays a
minor causative role in the pathophysiology of diseases such as DM, cardiovas-
cular disease (CVD), and chronic kidney disease (CKD), it can serve as a bio-
marker with predictive value for these diseases [4] [5]. A recent noteworthy
finding is that, despite the low levels of serum UA in women, several studies
have demonstrated a stronger association between serum UA levels and the on-
set of MetS in women than in men [6] [7] [8].

In Japan, the current criteria for hyperuricemia refer to a serum UA level over
7.0 mg/dL in both adult men and women [9]. However, sex hormones have a
profound influence on UA metabolism [10]. Indeed, several studies have shown
that serum UA levels are generally lower in women relative to men; however,
strong associations between serum UA and other parameters in women have al-
so been reported [6] [7] [8]. Few studies have compared serum UA levels suita-
ble for risk prediction of MetS-related diseases in men and women. It is also un-
clear how the UA-MetS relationship is influenced by age and menopause in fe-
males who participate in health screenings in Japan.

In this study, we used a dataset obtained from the Yuport Medical Checkup
Center study to examine gender and age differences of serum UA levels in a
Japanese population. We also aimed to derive a cut-off value for serum UA le-

vels to be used as a gender-specific predictor of MetS.

2. Methods

A cross-sectional study was performed using a dataset obtained from the health
screening program conducted in 1998 to 2006 in Tokyo and the surrounding
area in Japan by the Yuport Medical Checkup Center. The sample consisted of
middle-aged and older individuals drawn from the Japanese general population
(16,391 men and 16,656 women) [11] [12]. These subjects corresponded to all
the individuals with all the parameters described in this section and in Table 1

available, and therefore no exclusion criteria were applied. This study was ap-
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proved by the Ethics Committee of Teikyo University School of Medicine (No.
15-205-2).

Body mass index (BMI) was calculated as an individual’s body weight (in ki-
lograms) divided by their height squared (in meters). Systolic blood pressure
(SBP), and diastolic blood pressure (DBP) were all measured using standard
procedures. Fasting serum triglycerides (TGs), serum HDL-cholesterol, fasting
plasma glucose (FPG, =8 hours after the last caloric intake), serum creatinine, se-
rum aspartate aminotransferase (AST), serum alanine aminotransferase (ALT),
and serum UA values were all measured using the same methods described in ref
[12]. For serum low-density lipoprotein (LDL)-cholesterol, the estimate based
on the Friedewald equation was used [11].

Table 1. Anthropometric and biochemical participant characteristics.

Men (16,391) Women (16,656)

Age (years) 512+13.2 52.4 +13.0

Uric acid (mg/dL) 6.1+1.3 45+1.0

Body mass index (kg/m?) 23.6+3.0 22.1+3.1
Systolic blood pressure (mmHg) 126.7 £ 17.5 120.7 + 18.5
Diastolic blood pressure (mmHg) 77.4+11.0 72.6 £11.0
Leukocytes (cells/uL) 60.7 + 16.8 53.9 +16.3

Platelets (cells/pL) 22.8 5.0 234 +5.2
Fasting plasma glucose (mg/dL) 102.2 +21.4 94.4 +15.9

Hemoglobin Alc (%) 54+0.9 53+0.6

C-reactive protein (mg/dL) 0.14+0.4 1.00+0.3

Albumin (g/dL) 4.5+0.3 4.4+0.2

Total bilirubin (mg/dL) 0.8+0.3 0.7+0.3
Aspartate aminotransferase U/L) 22 (18 - 27) 19 (17 - 20)
Alanine aminotransferase (U/L) 22 (16 - 32) 15 (12 - 20)
Alkaline phosphatase (U/L) 163.3 £ 57.7 163.4 + 63.4
y-Glutamyl transpeptidase (U/L) 28 (17 - 49) 14 (10 - 22)
Lactate dehydrogenase (U/L) 118.5+32.1 254.2 + 84.6

Triglycerides (mg/dL) 110.0 (77 - 160) 78.0 (57 - 109)

Total cholesterol (mg/dL) 198.0 + 34.0 206.6 + 36.4
HDL cholesterol (mg/dL) 52.3+13.3 62.6 + 14.2
LDL cholesterol (mg/dL) 120.0 + 30.7 1259 + 32.9
Creatinine (mg/dL) 0.8 +0.2 0.6 +0.1
Blood urea nitrogen (mg/dL) 14.9 + 3.6 14.1 +3.6
eGFR (mL/min/1.73m?) 81.2+15.8 82.9+16.6

Values are represented as the mean + SD, or median (25-75th percentile range). HDL, high-density lipo-
protein; eGFR, estimated glomerular filtration rate. Except for alkaline phosphatase, all measurements had
significant gender differences with P < 0.001.

DOI: 10.4236/0jepi.2020.104032

401 Open Journal of Epidemiology


https://doi.org/10.4236/ojepi.2020.104032

R. Seki et al.

The estimated glomerular filtration rate (eGFR) was calculated using the for-
mula proposed by the Modification of Diet in Renal Disease study and modified
for the Japanese population. The equation used was: 194 x (serum creati-
nine) % x (age) "%, with the result further multiplied by 0.739 for women
[13].

As waist circumference data were not available in this study, instead of the
criteria for MetS [1], the “MetS-like state” was used, which was defined by the
presence of two or more of the following conditions: TG/HDL-based dyslipide-
mia (TG = 150 mg/dL or HDL-cholesterol < 40 mg/dL), high blood pressure
(SBP = 130 mmHg or DBP > 85 mmHg), or hyperglycemia (FPG > 110 mg/dL).
Dyslipidemia was defined as LDL-cholesterol > 140 mg/dL, HDL-cholesterol <
40 mg/dL, or TG = 150 mg/dL. DM was defined as FPG > 126 mg/dL, random
plasma glucose > 200 mg/dL, or HbAlc (National Glycohemoglobin Standardi-
zation Program) > 6.5%.

With these criteria, multivariate logistic regression analysis was performed to
examine the relationship between age, serum UA, and the presence of DM, dys-
lipidemia, and the MetS-like state.

In our receiver operating characteristic (ROC) analyses, area under the ROC
curves (AUCs) were used to assess model performance. Optimal cut-off values
were inferred using Youden’s index, defined as J = sensitivity + specificity - 1 (0
<] <1) and derived from the ROC curves [14]. All statistical analyses were car-
ried out using SPSS software (SPSS Inc., Chicago, IL, USA).

3. Results

From the health screening program dataset, the data of all individuals were used
without exclusion criteria, which consisted of 16,391 men and 16,656 women.
The demographic and clinical characteristics of the study participants are pre-
sented in Table 1. The mean age (£SD) of the participants was 50.8 (£13.1) years
for men and 52.0 (+13.0) years for women. Thus, the population we used was
similar to that of recent Korean [15] and Japanese [16] studies, although the fe-
male population in our study was slightly older than the population in the study
by Tani ef al. (mean age = 48.6 years) [16]. With the exception of alkaline phos-
phatase, for all parameters there were significant differences between men and
women. Similar to the results of earlier studies on Japanese populations [16]
[17], many biomarkers, including serum UA, BMI, SBP, DBP, FPG, HbAlc, and
TG, were significantly higher in men than in women. Conversely, total choles-
terol, HDL-cholesterol, and LDL-cholesterol values were significantly higher in
women than in men.

In the population analyzed, 1269 (8.4%) men and 536 (3.3%) women were di-
agnosed with DM. Furthermore, 5765 (35.1%) men and 1917 (11.8%) women
were diagnosed with dyslipidemia, while 5580 (34.0%) men and 2043 (12.3%)
women were diagnosed with the MetS-like state. In total, 24.0% of the men and
1.7% of the women had serum UA levels > 7.0 mg/dL.

Analysis of the serum UA values across age-stratified groups showed higher
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serum UA levels in men across all ages (Figure 1). In the groups aged 42 years
and above, the serum UA level linearly increased with age in women, but the
opposite was seen in some age groups in men. Given that the median age of
menopause of Japanese women is 50.5 [18], the result suggested that serum UA
linearly increased with age in women in their postmenopausal period.

We then analyzed the Spearman’s correlation coefficients between serum UA
and a wider set of biomarkers (Table 2). For most markers, including blood
pressure, lipid markers, BMI, and glucose, the correlation coefficient fell within
the range of 0.1 - 0.3, implying a weak correlation. Nonetheless, except for
HbAlc, total bilirubin and lactate dehydrogenase in men, all biomarkers ana-
lyzed showed significant correlations (P < 0.001). Except for albumin,
y-glutamyl transpeptidase and HDL-cholesterol, all markers showed more pro-
nounced correlations in women relative to men. Notably, the correlations of se-
rum UA level with FPG and HbA1c showed between-gender discordance, with a

negative and positive coefficient for men and women, respectively.

Table 2. Spearman correlation coefficients between serum UA level and various bio-

markers.
Men (16,391) Women (16,656)
Body mass index (kg/m?) 0.254 0.279
Systolic blood pressure (mmHg) 0.141 0.201
Diastolic blood pressure (mmHg) 0.147 0.181
Leukocytes (cells/uL) 0.096 0.144
Platelets (cells/pL) 0.037 0.064
Fasting plasma glucose (mg/dL) 0.059 0.184
Hemoglobin Alc (%) 0.003 0.191
C-reactive protein (mg/dL) 0.095 0.186
Albumin (g/dL) 0.146 0.109
Total bilirubin (mg/dL) —0.008 -0.023
Aspartate aminotransferase (U/L) 0.206 0.219
Alanine aminotransferase (U/L) 0.223 0.233
Alkaline phosphatase (U/L) —-0.033 0.119
y-Glutamyl transpeptidase (U/L) 0.235 0.184
Lactate dehydrogenase (U/L) 0.004 0.108
Triglycerides (mg/dL) 0.257 0.277
Total cholesterol (mg/dL) 0.115 0.200
HDL cholesterol (mg/dL) —-0.127 -0.125
LDL cholesterol (mg/dL) 0.045 0.190
Creatinine (mg/dL) 0.272 0.276
Blood urea nitrogen (mg/dL) 0.041 0.191
eGFR (mL/min/1.73m?) -0.213 -0.334

All correlations except for those with an underline showed significance (P < 0.001).
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Figure 1. Mean serum UA levels by age-stratified subgroup. The data for men (blue cir-
cles) and women (red circles) are presented along with SD values indicated by error bars.
The number of participants belonging to each age group is shown below the plot.

To gain further insight into the relationships between serum UA and
MetS-related biomarkers, the participants were classified into five groups ac-
cording to their serum UA level as described in the legend for Figure 2. The
mean biomarker value for each group was plotted for several biomarkers. For
both men and women, many of the biomarkers, including BMI, SBP, TG, BUN,
and creatinine, showed increasingly higher values with increasing UA levels,
whereas eGFR and HDL-cholesterol showed lower values (Figure 2).

As we predicted from the correlation coefficients (Table 2), serum UA level
showed stronger associations with many biomarkers in women relative to men,
though y~GT and ALT showed rather modest associations in woman relative to
men (Figure 2). Gender differences were seen for several serum UA-biomarker
relationships, including lipid markers and blood pressure. For example, the dif-
ference in BMI between the high-UA and low-UA group was more pronounced
in women than in men. Between-gender discordance was seen for HbAlc and
FPG, with a positive association in women and a negative association in men.
CRP exhibited a trend similar to the glucose-related markers. Intriguingly, BUN
also showed a remarkable gender-difference; women showed a positive associa-
tion while men showed little difference between the UA-stratified groups. Al-
though creatinine showed a rather modest gender difference, the difference of
eGFR was starker; women displayed a high sensitivity to serum UA level, whe-
reas men showed only a modest degree of such dependency.

To better characterize the age- and sex-dependency of the associations be-
tween serum UA and biomarkers, we stratified the participants into three age
groups and repeated the analysis. The results are shown in Figure 3 for BMI,
HbAlc, and BUN as the biomarkers that showed pronounced between-gender
differences.

Broadly, the aged group showed a more pronounced association between serum
UA and BMI in the men (Figure 3, top, lef?), while a clearer association was seen
in the younger group in the women. For HbAlc in men, the negative UA-HbAlc

correlation was more evident in the aged group (Figure 3, top, middle). For
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Figure 3. Relationship between serum UA and BMI, HbAlc, and BUN. Results for
the three age groups are plotted. There were 5776, 5317, and 5298 men (total 16,391)
and 4890, 5730, and 6036 women (total 16,656) in the young (<45), middle-aged (45
- 59), and aged (59<) groups, respectively. The subjects were further stratified into
the five serum UA level groups defined in Figure 2. We have omitted the error bars

for clarity but do comment here about the SD value of each plotted data point. For
BMI, the SD values of all points/curves ranged from 2.6 - 3.4 for men and from 2.4 -
5.1 kg/m?* for women, generally showing women > men differences. For HbAlc, the
SD of all points/curves ranged from 0.6 - 1.4 for men and 0.4% - 0.9% for women,
generally showing men > women differences. For BUN, the SD ranged from 3.1 - 4.0

for men, and 3.0 - 5.7 mg/dL for women.
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HbAlc in women, the positive UA-HbAlc correlation was clearer in the aged
group, suggesting more pronounced between-gender discordance in the
UA-HbA1c relationship for the aged populations. For BUN in men, a strong as-
sociation was found with age, but UA showed a negligibly weak association. For
BUN in women, by contrast, both age and serum UA showed strong associa-
tions.

To assess the predictive ability of serum UA level and age for the presence of
DM, dyslipidemia, and the MetS-like state, a logistic regression analysis was
performed (Table 3). For all three conditions, the regression model using age as
the sole explanatory variable led to an OR > 1 for both men and women, as pre-
dicted from previous reports. Intriguingly, the ORs for dyslipidemia and the
MetS-like state in women were 1.04 (with 95% confidence interval (CI): 1.04 -
1.05) and 1.06 (1.05 - 1.06), respectively, which were both higher than the ORs
for these conditions in men (Table 3), thereby implicating age as a more impor-
tant risk factor in women than in men. For both men and women, the ORs for
age remained largely unchanged after adjustment for serum UA. This suggested
that the association between age and these conditions is strong and independent
from predictions based on serum UA. In contrast, when the serum UA level was
used as the sole explanatory variable, the model led to gender-divergent ORs,
with the most remarkable difference being OR = 0.79 (95% CI: 0.75 - 0.83) in
men and OR = 1.36 (1.25 - 1.47) in women in predicting DM (Table 3). The OR
< 1 for DM in men was unsurprising given the negative correlation between se-
rum UA and HbAlc (and FPG) shown in Table 2 and Figure 2. Nonetheless,
the OR was >1 for both dyslipidemia and the MetS-like state in men and women.
Specifically, in women, serum UA showed strong associations with DM (OR =
1.36 (95% CI: 1.25 - 1.47)), dyslipidemia (OR = 1.86 (95% CI: 1.78 - 1.95)), and
the MetS-like state (OR = 1.87 (1.79 - 1.96)). In men, after the adjustment for
age, the OR for DM prediction increased slightly from 0.79 (0.75 - 0.83) to 0.81
(0.77 - 0.85), which suggested that age and serum UA did not substantially con-
found each other as risk factors for DM. For the MetS-like state in men, adjust-
ment for age decreased the OR from 1.49 (1.38 - 1.46) to 1.34 (1.31 - 1.38); how-
ever, such a decrease was still greater in women, implying that age has a strong
association with these conditions in women, and that the association between
UA and glucose/lipids can be partly explained by the association between age
and glucose. Nonetheless, after the adjustment for age, the ORs of serum UA in-
crease in women were still significant for these conditions. For example, the
age-adjusted model led to ORs of 1.34 (1.31 - 1.38) in men and 1.68 (1.60 - 1.76)
in women for the MetS-like state, highlighting the higher predictive ability of
serum UA in women relative to men.

We also performed an ROC analysis to further evaluate the ability of serum
UA values to predict the presence of DM, dyslipidemia, and the MetS-like state.
The AUC estimate for women was higher than that for men for all three condi-
tions (Figure 4). In women, the suggested cut-off values were 5.1, 4.7 and 4.7
mg/dL for DM, dyslipidemia, and the MetS-like state, respectively; in men, these
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Table 3. Odds ratios for a 1 mg/dL increase in serum UA and a 1 year increase in age
(95% Confidence Interval) in logistic regression model-based association analysis for

DM, dyslipidemia, and the MetS-like state.

DM

Dyslipidemia

MetS-like state

UA, unadjusted
UA, age-adjusted

0.79 (0.75 - 0.83)
0.81 (0.77 - 0.85)

1.41 (1.37 - 1.44)
1.41 (1.37 - 1.44)

1.49 (1.38 - 1.46)
1.34 (1.31 - 1.38)

Men
age, unadjusted 1.05 (1.04 - 1.05)  1.00 (1.00 - 1.00) 1.01 (1.01 - 1.01)
age, UA-adjusted  1.05 (1.04-1.05)  1.00 (1.00 - 1.00) 1.01 (1.01 - 1.01)
UA, unadjusted ~ 1.36 (1.25-1.47)  1.86 (1.78 - 1.95) 1.87 (1.79 - 1.96)
UA, age-adjusted ~ 1.13 (1.04-1.23)  1.71 (1.63 - 1.80) 1.68 (1.60 - 1.76)
Women
age, unadjusted 1.08 (1.07 - 1.09)  1.04 (1.04 - 1.05) 1.06 (1.05 - 1.06)
age, UA-adjusted  1.08 (1.07-1.09)  1.03 (1.03 - 1.04) 1.05 (1.04 - 1.05)
Men
1.0 .
DM Dyslipidemia MetS-like
08+ . -1 state
2
:E 06 - - B
@
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@ 04— E N
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Figure 4. ROC analysis-based assessment of the ability of serum UA level to predict DM,
dyslipidemia, and MetS-like state in women and men.

values were 6.6 mg/dL for dyslipidemia and 6.5 mg/dL for the MetS-like state. As
we anticipated from the serum UA-HbA1c relationship seen in Figure 2, the use
of serum UA as a predictor of DM in men was found to be inappropriate, sug-
gesting that other biomarkers may be more suitable. Together, these results sug-
gest that serum UA level is more useful as a marker for MetS and MetS-related
conditions in women than in men. In men, the predictive ability of serum UA
for DM appears to be severely limited.

To gain further insights into the effects of age on the associations between UA
and the MetS-related conditions, the three age groups (<45, 45 - 59, 59<) were
compared in the ORs based on the logistic regression model analyses used in
Table 3 (Table 4). As we expected from the results shown above, in women, the
serum UA level showed good predictive ability for DM in the young group (OR
= 1.75 (95% CI: 1.15 - 2.67)), but this ability was less clear for the middle-aged
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Table 4. Comparison of the age-stratified groups in the odds ratios for a 1 mg/dL increase
in serum UA and a 1 year increase in age (95% Confidence Interval) in logistic regression
model-based association analysis for DM, dyslipidemia, and the MetS-like state.

0Odds ratio (95% CI)

Age Sex DM Dyslipidemia MetS-like state
Men 0.94 (0.82 - 1.08) 1.49 (1.42 - 1.56) 1.57 (1.50 - 1.65)

“ Women 1.75 (1.15 - 2.67) 2.17 (1.91 - 2.47) 2.32(2.01 - 2.68)
Men 0.78 (0.72 - 0.84) 1.38 (1.31 - 1.44) 1.40 (1.33 - 1.46)

109 Women 1.13 (0.95 - 1.33) 1.85(1.71 - 2.01) 1.85(1.71 - 2.01)
Men 0.80 (0.75 - 0.85) 1.35 (1.29 - 1.42) 1.34 (1.28 - 1.40)

= Women 1.15 (1.05 - 1.27) 1.56 (1.47 - 1.67) 1.53 (1.44 - 1.63)

and aged groups. In men, the ORs for DM were lower than 1 reflecting the
near-zero correlation coefficient between UA and FPG (Table 2), with the aged
groups showing even smaller ORs. The predictive ability of serum UA for dysli-
pidemia (and the MetS-like state) was clearer in the young group for both men
and women, and, in particular, the young women (OR = 2.17 (95% CI: 1.91 -
2.47) and 2.32 (2.01 - 2.68) for dyslipidemia and the MetS-like state, respective-
ly). Overall, the results show that the effects of age on the association of serum
UA with the MetS-related conditions were more pronounced for women than

for men.

4. Discussion

In this cross-sectional study, we focused on the association between serum UA
and various biomarkers in a Japanese population that had previously undergone
a health check and observed the following findings. First, although serum UA
levels were lower in women than in men, serum UA levels in women had a
higher predictive ability for MetS-related conditions compared with men. This
calls for consideration of the gender-specific clinical significance of serum UA as
a risk factor for MetS. Second, a serum UA level around 5.0 mg/dL, which is
lower than the conventional cut-off value, may serve as a useful cut-off for the
risk assessment of MetS-related conditions in women in Japan. Third, correla-
tions between serum UA level and fasting glucose, BUN, and BMI showed pat-
terns that differed between men and women. Overall, our results support that
menopause has profound effects on the association of UA with other clinical
markers in women, calling for careful interpretation of the clinical significance
of UA in postmenopausal women.

In our study, the mean serum UA value was higher in men than in women
(6.1 versus 4.5 mg/dL, respectively) (Figure 1). These results are consistent with
those of recent studies on Japanese adult populations, including one study by
Kuwabara et al. [19], who reported a mean value of 6.2 mg/dL in men and 4.4
mg/dL in women [19] and another by Kawasoe ef al who reported values of 6.0

mg/dL and 4.5 mg/dL for men and women, respectively [20].
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A number of studies have reported an association between hyperuricemia and
diseases such as DM, dyslipidemia, hypertension, cardiovascular disease (CVD),
and MetS [19] [21] [22]. Our findings corroborate with the previous findings
that those with MetS have higher serum UA levels than those without the condi-
tion [3] [17] [23]. In one study by Hakoda et a/, the risk of death owing to CVD
was more strongly associated with an increased UA level in women compared
with men [24]. Our analysis using age-stratified subgroups (Figure 3) also cor-
roborates the results presented by Li et al, which found that the risk of MetS was
higher in premenopausal women (OR = 3.42) than in postmenopausal women
(OR = 1.87) in the highest quartile relative to the lowest quartile of serum UA
[25].

At present, diagnosis of hyperuricemia in Japan is based on a serum UA level
of 7.0 mg/dL or above, regardless of age and gender. Our study suggests that this
cut-off level may predict MetS better if lowered for women. This idea has several
precedents, including one study by Verdecchia et al, which demonstrated that
the operational serum UA cut-off value for cardiovascular event risk prediction
in hypertensive patients was >4.6 mg/dL in women and >6.2 mg/dL in men [26].
In another cohort study, Alderman et al. suggested the values of 26.2 mg/dL in
women and 27.5 mg/dL in men [27]. In our analysis, the suggested cut-off se-
rum UA values in women were 5.1, 4.7, and 4.7 mg/dL for DM, dyslipidemia,
and the MetS-like state, respectively, which are far smaller than the 7 mg/dL ne-
cessary for a hyperuricemia diagnosis in Japan. In contrast, our findings sug-
gested limited usefulness of such cut-off values for men; while our analysis sug-
gested 6.6 mg/dL for dyslipidemia and 6.5 mg/dL for the MetS-like state, seeking
a cut-off value for DM in men was found to be inappropriate.

When age-dependent changes in serum UA levels (Figure 1) are considered,
adjustments to these values, such as lowering the cut-off values for the elderly
male population, may be necessary. However, in an analysis of a Korean popula-
tion, AUC estimates were found to be more useful diagnostically for men in
their 20s, 30s, and 40s than for those in their 70s, suggesting that use of UA le-
vels to diagnose MetS may be more suitable for younger adult men [15]. Thus, in
older men, risk factors other than UA may be more important as predictive fac-
tors for MetS [15].

Our results confirmed an earlier finding that serum UA levels are higher in
men than age-matched women, supporting the view of a greater renal clearance
of UA in women (Figure 1) [28] [29]. We also observed that serum UA largely
decreased with age in men, but the opposite trend was seen in women (Figure
1). The molecular basis of such gender-specific changes of serum UA with age is
not clear, but it may be at least in part explained by the hormonal regulation of
gene expression. Estrogens have been shown to increase the fractional excretion
of UA and reduce UA levels [28] [30]. In one mouse experiment, testosterone
upregulated the expression of sodium-coupled monocarboxylate transporter 1

(Smctl), which functions to create a lactate gradient that drives serum UA reab-
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sorption from glomerular filtrate through uric acid transporter 1 (URAT]I, also
referred to as SLA22A11), a UA-lactate exchanger [31]. Further, estrogen de-
creased the expression of SLC2A9 (also known as GLUTY, a mediator of serum
UA flux across the anti-luminal side of the tubular epithelium), SLA22A11, and
ABCG2 in the kidney [32], possibly reducing the renal reabsorption of UA.

Our analysis showed that high UA positively correlated with HbAlc and fast-
ing glucose in women (Figure 2). The finding that men showed a weak correla-
tion is counterintuitive, but this gender-divergence has similarities to previous
reports; in both Chinese [33] and US [34] community-based studies, positive
associations between HbAlc and serum UA levels were greater in women than
in men. Choi and Ford showed that individuals, men in particular, with highly
elevated HbAlc levels are at a Jower risk of hyperuricemia. In contrast, women
with moderately elevated HbA1c levels (i.e, pre-diabetes) may be at a higher risk
of hyperuricemia [34]. It has also been shown that high UA levels can impair
insulin sensitivity [35]; however, it is largely unknown why such a gender dif-
ference occurs. In Choi and Ford, serum UA levels monotonically increased with
insulin resistance, with a greater differential of insulin resistance corresponding
to a 1 mg/dL difference of UA level in women relative to men. Insulin sensitivity
has also been shown to be correlated with the renal clearance of UA [36] How-
ever, serum UA levels show a bell-curved relationship with fasting glucose
(and HbA1lc) level [34], likely because glycosuria acts to lower serum UA as
DM progresses [34]. Similarly, Chino et al. showed that glucose stimulates se-
rum UA transport by SLC2A9 (GLUTY) in the opposite direction [37], sug-
gesting that SLC2A9 is involved in the glycosuria-induced reduction of serum
UA, which has been observed in patients with type 2 DM. However, to what
extent the SLC2A9-mediated transport of sugar and UA contribute to the gend-
er-specific curves of serum UA and HbAlc is still unknown. As estrogen has ge-
notype-specific effects on UA transport and estrogen improves insulin sensitivity
[38] [39] [40], it is possible that the sex-dependent association between UA and
glucose may be partly accounted for by the effect of estrogens on SLC2A9. It is
plausible that this contributes to the positive association between HbAlc and
UA in women in our study. However, the negative association observed in men
cannot be explained well from such consideration. Nevertheless, it seems im-
portant to note that UA transport influences the transport of sugar and meta-
bolic intermediates as well [41].

It is also plausible that there are other factors that serve to associate UA and
glucose. Several studies employing the Mendelian randomization method have
argued against the causative role of UA on incident DM [4] [42]. Moreover, in
one study by Li ef al, their regression model indicated that although serum UA
showed a correlation with DM incidence, UA was not significantly associated
with DM incidence after adjustment of xanthine oxidase (XO) activity [41]. This
evidence supports the view that UA is not causal for type 2 DM incidence. As

XO is a major source of reactive oxygen species (ROS), the authors proposed

DOI: 10.4236/0jepi.2020.104032

410 Open Journal of Epidemiology


https://doi.org/10.4236/ojepi.2020.104032

R. Seki et al.

that oxidative stress resulting from elevated XO activity may cause DM [41] [43].
However, there appear to be several mechanisms that associate serum UA with
oxidative stress, as discussed below.

In epidemiological studies, hyperuricemia has been shown to be associated
with renal dysfunction [19] [44] [45]. In our analysis, subjects with higher levels
of UA had a more severe decline in eGFR along with higher levels of creatinine
(Figure 2). This was observed for both men and women, but was more pro-
nounced in women, which remains consistent with several studies focused on
gender differences in UA and kidney disease. For example, a cohort analysis of
the general population in Okinawa by Iseki et al showed that serum UA = 6.0
mg/dL was an independent predictor of end-stage renal disease (ESRD) in
women but was non-significant in men [46]. Combining two cohort studies (the
Atherosclerosis Risk in Communities Study and the Cardiovascular Health
Study), Weiner et al showed that women, but not men, had higher incident
kidney disease associated with higher UA levels [44]. In a study by Yang et al,
the multivariate-adjusted odds for CKD in the fourth UA level quartile were 6.05
in males and 8.21 in females, when compared with the first quartile [47]. Anoth-
er interesting finding was that elevated serum UA was an independent risk fac-
tor for the progression of ESRD in female IgA nephritis patients but not in male
patients, suggesting that women may be more vulnerable to UA-induced organ
damage [48]. However, to our knowledge the molecular basis for such gend-
er-differences is unknown. Estrogen promotes the excretion of UA, whereas an-
drogens promote Smctl expression [31]; therefore, menopause in women and
physiological androgen level changes in men may have profound impacts on
CKD. However, given the limited supporting evidence, further analysis address-
ing this between-gender difference is warranted.

Along with HbAlc (glucose), eGFR, and creatinine, UA levels in women
showed pronounced correlations with BMI, blood pressure, and BUN. To our
knowledge, the strong correlation between UA and BUN in women is a novel
observation with an unclear molecular basis, warranting further investigation.
The reason for such gender effects for BMI and blood pressure are also unclear.
Nevertheless, it may be worthwhile to consider existing studies that utilize the
genetic variant of SLC2A9 (GLUT9). SLC2A9 is a well-studied UA transporter
that exhibits high gender-specific effects in its influence on serum UA levels
[49]. Together with serum UA flux across the renal proximal tubule, SLC2A9
regulates UA level through its role in fructose homeostasis, thereby linking sugar
to UA metabolism. An experiment by Witkowska et al showed that the presence
of extracellular hexose can increase the influx of UA through this transporter
(SLC2A9a and SLC2A9Db) [50]. Genetic variants of SLC2A9 have been extensive-
ly used in Mendelian randomization studies [4]. Notably, the association be-
tween SLC2A9 genotypes and UA levels was more pronounced in women than
in men, and an increase in BMI amplified the effect of genetic variants on UA
levels [51]. This may contribute to the more pronounced association of UA and
BMI in women. Sex-dependent differences in the genotype-UA level association
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have been shown for SLC2A9 SNPs, with an association 2 - 3 times higher in
women compared to men [52]. This study further showed that the effect on se-
rum UA levels explained by SLC2A9 genotypes increased linearly with age in
women, whereas increasing age had a diminishing effect in men [52].

But why is the genetic effect of SLC249 on UA level more pronounced in
women? In Topless et al, SLC2A9 genotypes were not only associated with the av-
erage level of serum UA but also with the variance in UA levels in pre-menopausal
women [53]. Such an association was not seen in post-menopausal women, sug-
gesting that the effect of cyclical changes is a result of menstruation. Thus, fe-
male hormones and physiological factors affected by these hormones (such as
iron levels and testosterone) may interact with SLC2A9 in a genotype-dependent
manner. Mumford et al. showed that serum UA levels were highest during the
follicular phase, were inversely associated with estradiol and progesterone, and
were positively associated with FSH [54]. However, further analyses are neces-
sary to assess the role of these transporters in sex-specific associations between
UA and lipid/sugar biomarkers.

Another intriguing feature of the SLC2A9 genotype is its drug sensitivity and
interaction with salt transporters. Parsa et al showed that the UA-increasing
genotype of SLC2A9 was associated with higher blood pressure [55]. High UA
levels may potentiate salt sensitivity, increasing blood pressure in individuals
with a high-salt diet [55] [56]. However, further analyses are necessary to ex-
amine whether such properties contribute to gender differences in the UA-blood
pressure relationship.

It has also been well established that UA is associated with obesity/adiposity.
However, while obesity/adiposity has been increasingly implicated as a causal
factor for hyperuricemia, the causality of the opposite association (Ze., from UA
to adiposity) has been poorly supported [4]. For instance, amelioration of insulin
resistance through a low-energy diet or troglitazone led to a decrease in serum
UA levels in overweight hypertensive patients [57]. Such a causal association
between adiposity and increased UA was supported by bidirectional Mendelian
randomization analysis conducted by Lyngdoh et al [58]. However, the patho-
physiological association between adiposity and UA increase has not been fully
understood. Several studies have also focused on adipose tissue as a source of
UA [59] [60]. One merit of this explanation is that it can explain a broad range
of pathophysiological changes of MetS. Besides serum UA production in adi-
pose tissue, it has been proposed that UA contributes to inflammation and
oxidative stress in adipocytes, which in turn induces insulin resistance [61]. Of
note, SLA22A11 (URAT1) is expressed in adipocytes, and UA absorbed by these
adipocytes increases the level of ROS via the activation of NADPH oxidase,
causing both inflammation and oxidative stress [62]. Additionally, Baldwin et al
showed that the administration of allopurinol to MetS model mice reduced adi-
pocytokine secretion and insulin resistance [63]. Therefore, at least in some set-
tings, both inflammation and oxidative stress may be induced by UA in adipo-
cytes to cause abnormal adipocytokine secretion, leading to insulin resistance
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and MetS development.

The present study has several limitations. First, the cross-sectional approach
does not allow for inference of the causal effects of UA. As we mentioned above,
genetic approaches suggest that UA is a biomarker rather than a causal element,
but the possibility that it has causal effects in some settings cannot be ruled out.
Second, the dataset used did not contain information concerning UA-lowering

drugs or diet, hampering analyses of such effects on MetS.

5. Conclusion

In conclusion, this study suggested that serum UA level is a more useful marker
for MetS and MetS-related conditions in women compared with men in a popu-
lation of individuals involved in a health screening in Japan. A serum UA level
around 5.0 mg/dL appears to serve as a useful cut-off value for the risk assess-
ment of MetS-related conditions in women in Japan. In men, serum UA was not

found to be useful as a predictive parameter for DM.

Author Contributions

Conceptualization: Inoue K., Seki R. Statistical analysis: Seki R., Kimura T.
Writing original draft preparation: Seki R. Writing review and editing: Inoue K.

Approval of final manuscript: all authors.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this

paper.

References

[1] Matsuzawa, Y. (2005) Definition and the Diagnostic Standard for Metabolic Syn-
drome—Committee to Evaluate Diagnostic Standards for Metabolic Syndrome.
Japanese Society of Internal Medicine, 94, 794-809.

[2] Yuan, H, Yu, C, Li, X,, Sun, L., Zhu, X., Zhao, C., Zhang, Z. and Yang, Z. (2015)
Serum Uric Acid Levels and Risk of Metabolic Syndrome: A Dose-Response Me-
ta-Analysis of Prospective Studies. Journal of Clinical Endocrinology and Metabol-
ism, 100, 4198-4207. https://doi.org/10.1210/jc.2015-2527

[3] Yu, T.Y,, Jee, J.H,, Bae, J.C,, Jin, S.M., Baek, J.H., Lee, M.K. and Kim, J.H. (2016)
Serum Uric Acid: A Strong and Independent Predictor of Metabolic Syndrome after
Adjusting for Body Composition. Metabolism, 65, 432-440.
https://doi.org/10.1016/j.metabol.2015.11.003

[4] Nishizawa, K. and Seki, R. (2020) Epidemiological Studies of Uric Acid: A
Mini-Review with a Focus on Mendelian Randomization. Annals of Biomedical Re-
search, 3, 119.

[5] Onat, A., Uyarel, H., Hergeng, G., Karabulut, A., Albayrak, S., Sari, I., Yazici, M.
and Keles, I. (2006) Serum Uric Acid Is a Determinant of Metabolic Syndrome in a
Population-Based Study. American Journal of Hypertension, 19, 1055-1062.

https://doi.org/10.1016/j.amjhyper.2006.02.014
[6] Kawamoto, R., Tomita, H., Oka, Y. and Ohtsuka, N. (2006) Relationship between

DOI: 10.4236/0jepi.2020.104032

413 Open Journal of Epidemiology


https://doi.org/10.4236/ojepi.2020.104032
https://doi.org/10.1210/jc.2015-2527
https://doi.org/10.1016/j.metabol.2015.11.003
https://doi.org/10.1016/j.amjhyper.2006.02.014

R. Seki et al.

(7]

(10]

(11]

(12]

[13]

(14]

[15]

(16]

(17]

(18]

[19]

Serum Uric Acid Concentration, Metabolic Syndrome and Carotid Atherosclerosis.
Internal Medicine, 45, 605-614.

Zhang, Q., Lou, S., Meng, Z. and Ren, X. (2011) Gender and Age Impacts on the
Correlations between Hyperuricemia and Metabolic Syndrome in Chinese. Clinical
Rheumatology, 30, 777-787. https://doi.org/10.1007/s10067-010-1660-7

Redon, P., Maloberti, A., Facchetti, R., Redon, J., Lurbe, E., Bombelli, M., Mancia,
G. and Grassi, G. (2019) Gender-Related Differences in Serum Uric Acid in Treated
Hypertensive Patients from Central and East European Countries: Findings from
the Blood Pressure Control Rate and CArdiovascular Risk Profile Study. Journal of
Hpypertension, 7, 380-388. https://doi.org/10.1097/HJH.0000000000001908

Hisatome, I., Ichida, K., Mineo, I., Ohtahara, A., Ogino, K., Kuwabara, M. and Jap-
anese Society of Gout and Nucleic Acids (2019) Guidelines for Management of
Hyperuricemia and Gout 3rd Edition. Gout and Uric & Nucleic Acids, 44, 1-40.

Adamopoulos, D., Vlassopoulos, C., Seitanides, B., Contoyiannis, P. and Vassilo-
poulos, P. (1977) The Relationship of Sex Steroids to Uric Acid Levels in Plasma
and Urine. Acta Endocrinologica (Copenhagen), 85, 198-208.
https://doi.org/10.1530/acta.0.0850198

Seki, R., Inoue, K., Takao, S., and Akimoto, K. (2018) Effect of Weight Change on
the Progression to Diabetes among Non-Obese Individuals. Annals of Biomedical
Research, 1, 1-5.

Kashima, S., Inoue, K., Matsumoto, M., and Akimoto, K. (2015) Prevalence and
Characteristics of Non-Obese Diabetes in Japanese Men and Women: The Yuport
Medical Checkup Center Study. Journal of Diabetes, 7, 523-530.
https://doi.org/10.1111/1753-0407.12213

Matsuo, S., Yasuda, Y., Imai, E. and Horio, M. (2010) Current Status of Estimated
Glomerular Filtration Rate (eGFR) Equations for Asians and an Approach to Create
a Common eGFR Equation. Nephrology (Carlton), 15, 45-48.
https://doi.org/10.1111/.1440-1797.2010.01313.x

Greiner, M., Pfeiffer, D. and Smith, R.D. (2000) Principles and Practical Application
of the Receiver-Operating Characteristic Analysis for Diagnostic Tests. Preventive

Veterinary Medicine, 45, 23-41. https://doi.org/10.1016/S0167-5877(00)00115-X

Jeong, J. and Suh, Y.J. (2019) Association between Serum Uric Acid and Metabolic
Syndrome in Koreans. Journal of Korean Medical Science, 34, e307.
https://doi.org/10.3346/jkms.2019.34.e307

Tani, S., Matsuo, R., Imatake, K., Suzuki, Y., Takahashi, A., Yagi, T., Matsumoto, N.
and Okumura, Y. (2020) The Serum Uric Acid Level in Females May Be a Better In-
dicator of Metabolic Syndrome and Its Components than in Males in a Japanese
Population. Journal of Cardiology, 76, 100-108.
https://doi.org/10.1016/j.jjcc.2020.01.011

Moriyama, K. (2019) The Association between the Serum Uric Acid to Creatinine
Ratio and Metabolic Syndrome, Liver Function, and Alcohol Intake in Healthy
Japanese Subjects. In: Adrian, V.M.D., Ed., Metabolic Syndrome and Related Dis-
orders, Mary Ann Liebert, New Rochelle, 380-387.
https://doi.org/10.1089/met.2019.0024

Tamada, T. and Iwasaki, H. (1996) Age at Natural Menopause in Japanese Women.
Maturitas, 47, 947-952. https://doi.org/10.1016/0378-5122(95)28170-3

Kuwabara, M., Kuwabara, R., Niwa, K., Hisamoto, I., Smits, G., Roncal-Jimenez,
C.A., MacLean, P.S., Yracheta, J.M., Ohno, M., Lanaspa, M.A., Johnson, R.J. and
Jalal, D.I. (2018) Different Risk for Hypertension, Diabetes, Dyslipidemia and

DOI: 10.4236/0jepi.2020.104032

414 Open Journal of Epidemiology


https://doi.org/10.4236/ojepi.2020.104032
https://doi.org/10.1007/s10067-010-1660-7
https://doi.org/10.1097/HJH.0000000000001908
https://doi.org/10.1530/acta.0.0850198
https://doi.org/10.1111/1753-0407.12213
https://doi.org/10.1111/j.1440-1797.2010.01313.x
https://doi.org/10.1016/S0167-5877(00)00115-X
https://doi.org/10.3346/jkms.2019.34.e307
https://doi.org/10.1016/j.jjcc.2020.01.011
https://doi.org/10.1089/met.2019.0024
https://doi.org/10.1016/0378-5122(95)28170-3

R. Seki et al.

[20]

(21]

[22]

(23]

(24]

[25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

Hyperuricemia According to Level of Body Mass Index in Japanese and American
Subjects. Nutrients, 10, 1011. https://doi.org/10.3390/nul0081011

Kawasoe, S., Kubozono, T., Yoshifuku, S., Ojima, S., Oketani, N., Miyata, M.,
Miyahara, H., Maenohara, S. and Ohishi, M. (2016) Uric Acid Level and Prevalence
of Atrial Fibrillation in a Japanese General Population of 285,882. Circulation Jour-
nal, 80, 2453-2459.

Iseki, K., Oshiro, S., Tozawa, M., Iseki, C., Ikemiya, Y. and Takishita, S. (2001) Sig-
nificance of Hyperuricemia on the Early Detection of Renal Failure in a Cohort of
Screened Subjects. Hypertension Research, 24, 691-697.
https://doi.org/10.1291/hypres.24.691

Nagahama, K., Iseki, K., Inoue, T., Touma, T., Ikemiya, Y. and Takishita, S. (2004)
Hyperuricemia and Cardiovascular Risk Factor Clustering in a Screened Cohort in

Okinawa, Japan. Hypertension Research, 27, 227-233.

Sui, X., Church, T.S., Meriwether, R.A., Lobelo, F. and Blair, S.N. (2008) Uric Acid
and the Development of Metabolic Syndrome in Women and Men. Metabolism, 57,
845-852. https://doi.org/10.1016/j.metabol.2008.01.030

Hakoda, M., Masunari, N., Yamada, M., Fujiwara, S., Suzuki, G., Kodama, K. and
Kasagi, F. (2005) Serum Uric Acid Concentration as a Risk Factor for Cardiovascu-

lar Mortality: A Longterm Cohort Study of Atomic Bomb Survivors. Journal of
Rheumatology, 32, 906-912.

Li, Y., Chen, S., Shao, X,, Guo, |, Liu, X,, Liu, A., Zhang, Y., Wang, H.,, Li, B., Deng,
K., Liu, Q., Holthéfer, H. and Zou, H. (2014) Association of Uric Acid with Meta-
bolic Syndrome in Men, Premenopausal Women and Postmenopausal Women. /n-
ternational Journal of Environmental Research and Public Health, 11, 2899-2910.
https://doi.org/10.3390/ijerph110302899

Verdecchia, P., Schillaci, G., Reboldi, G., Santeusanio, F., Porcellati, C. and Brunetti,
P. (2000) Relation between Serum Uric Acid and Risk of Cardiovascular Disease in
Essential Hypertension: The PIUMA study. Hypertension, 36, 1072-1078.
https://doi.org/10.1161/01.HYP.36.6.1072

Alderman, M.H., Cohen, H., Madhavan, S. and Kivlighn, S. (1999) Serum Uric Acid
and Cardiovascular Events in Successfully Treated Hypertensive Patients. Hyper-
tension, 34, 144-150. https://doi.org/10.1161/01.HYP.34.1.144

Nicholls, A., Snaith, M.L. and Scott, J.T. (1973) Effect of Oestrogen Therapy on
Plasma and Urinary Levels of Uric Acid. British Medical Journal, 1, 449-451.
https://doi.org/10.1136/bmj.1.5851.449

Sumino, H., Ichikawa, S., Kanda, T., Nakamura, T. and Sakamaki, T. (1999) Reduc-
tion of Serum Uric Acid by Hormone Replacement Therapy in Postmenopausal

Women with Hyperuricaemia. The Lancet, 354, 650.
https://doi.org/10.1016/S0140-6736(99)92381-4

Yahyaoui, R., Esteva, I., Haro-Mora, ].J., Almaraz, M.C., Morcillo, S., Ro-
jo-Martinez, G., Martinez, J., Gémez-Zumaquero, J.M., Gonzalez, 1., Hernando, V.

and Soriguer, F. (2008) Effect of Long-Term Administration of Cross-Sex Hormone
Therapy on Serum and Urinary Uric Acid in Transsexual Persons. Journal of Clini-
cal Endocrinology Metabolism, 93, 2230-2233. https://doi.org/10.1210/jc.2007-2467

Hosoyamada, M., Takiue, Y., Shibasaki, T. and Saito, H. (2010) The Effect of Tes-
tosterone Upon the Urate Reabsorptive Transport System in Mouse Kidney. Nuc-
leosides Nucleotides Nucleic Acid, 29, 574-579.
https://doi.org/10.1080/15257770.2010.494651

Takiue, Y., Hosoyamada, M., Kimura, M. and Saito, H. (2011) The Effect of Female

DOI: 10.4236/0jepi.2020.104032

415 Open Journal of Epidemiology


https://doi.org/10.4236/ojepi.2020.104032
https://doi.org/10.3390/nu10081011
https://doi.org/10.1291/hypres.24.691
https://doi.org/10.1016/j.metabol.2008.01.030
https://doi.org/10.3390/ijerph110302899
https://doi.org/10.1161/01.HYP.36.6.1072
https://doi.org/10.1161/01.HYP.34.1.144
https://doi.org/10.1136/bmj.1.5851.449
https://doi.org/10.1016/S0140-6736(99)92381-4
https://doi.org/10.1210/jc.2007-2467
https://doi.org/10.1080/15257770.2010.494651

R. Seki et al.

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

[41]

(42]

(43]

(44]

[45]

Hormones Upon Urate Transport Systems in the Mouse Kidney. Nucleosides Nuc-
leotides Nucleic Acids, 30, 113-119. https://doi.org/10.1080/15257770.2010.551645

Chou, P, Lin, K.C,, Lin, H.Y. and Tsai, S.T. (2001) Gender Differences in the Rela-
tionships of Serum Uric Acid with Fasting Serum Insulin and Plasma Glucose in
Patients without Diabetes. Journal of Rheumatology, 28, 571-576.

Choi, H.K. and Ford, E.S. (2008) Haemoglobin Alc, Fasting Glucose, Serum
C-Peptide and Insulin Resistance in Relation to Serum Uric Acid Levels—The Third
National Health and Nutrition Examination Survey. Rheumatology (Oxford), 47,
713-717. https://doi.org/10.1093/rheumatology/ken066

Fiorentino, T.V., Sesti, F., Succurro, E., Pedace, E., Andreozzi, F., Sciacqua A, Hribal
M.L,, Perticone, F. and Sesti, G. (2018) Higher Serum Levels of Uric Acid Are Asso-
ciated with a Reduced Insulin Clearance in Non-Diabetic Individuals. In: Porta, M.,
Ed., Acta Diabetologica, Springer, Berlin, 835-842.
https://doi.org/10.1007/s00592-018-1153-8

Quinones, G.A., Natali, A., Baldi, S., Frascerra, S., Sanna, G., Ciociaro, D. and Fer-
rannini, E. (1995) Effect of Insulin on Uric Acid Excretion in Humans. American

Journal of Physiology-Endocrinology and Metabolism 268, 1-5.
https://doi.org/10.1152/ajpendo.1995.268.1.E1

Chino, Y., Samukawa, Y., Sakai, S., Nakai, Y., Yamaguchi, J., Nakanishi, T. and Ta-
nai, I. (2014) SGLT2 Inhibitor Lowers Serum Uric Acid through Alteration of Uric
Acid Transport Activity in Renal Tubule by Increased Glycosuria. Biopharmaceu-
tics and Drug Disposition, 35, 391-404. https://doi.org/10.1002/bdd.1909

Lindheim, S.R., Presser, S.C., Ditkoff, E.C., Vijod, M.A., Stanczyk, F.Z. and Lobo,
R.A. (1993) A Possible Bimodal Effect of Estrogen on Insulin Sensitivity in Post-
menopausal Women and the Attenuating Effect of Added Progestin. In: Nieder-
berger, C.M.D. and Pellicer, P.M.D., Eds., Fertility and Sterility, Elsevier, Amster-
dam, 664-667. https://doi.org/10.1016/S0015-0282(16)56218-9

Godsland, I.F. (1996) The Influence of Female Sex Steroids on Glucose Metabolism
and Insulin Action. Journal of Internal Medicine, 738, 1-60.

Spencer, C.P., Godsland, L.F., Cooper, A.J., Ross, D., Whitehead, M.I. and Steven-
son, J.C. (2000) Effects of Oral and Transdermal 17beta-Estradiol with Cyclical Oral
Norethindrone Acetate on Insulin Sensitivity, Secretion, and Elimination in Post-
menopausal Women. Metabolism, 49, 742-747.
https://doi.org/10.1053/meta.2000.6238

Augustin, R. (2010) The Protein Family of Glucose Transport Facilitators: It’s Not
Only about Glucose after All. JUBMB Life, 62, 315-333.
https://doi.org/10.1002/iub.315

Li, X., Meng, X., Gao, X., Pang, X., Wang, Y., Wu, X,, Deng, X., Zhang, Q., Sun, C.
and Li, Y. (2019) Elevated Serum Xanthine Oxidase Activity Is Associated with the

Development of Type 2 Diabetes: A Prospective Cohort Study. Diabetes Care, 41,
884-890. https://doi.org/10.2337/dc17-1434

Maiese, K. (2015) New Insights for Oxidative Stress and Diabetes Mellitus. Oxida-
tive Medicine and Cellular Longevity, 2015, Article ID: 875961.
https://doi.org/10.1155/2015/875961

Weiner, D. E., Tighiouart, H., Elsayed, E.F., Griffith, J.L., Salem, D.N. and Levey,
A.S. (2008) Uric Acid and Incident Kidney Disease in the Community. Journal of
American Society Nephrology, 19, 1204-1211.
https://doi.org/10.1681/ASN.2007101075

Takae, K., Nagata, M., Hata, J., Mukai, N., Hirakawa, Y., Yoshida, D., Kshimoto, H.,

DOI: 10.4236/0jepi.2020.104032

416 Open Journal of Epidemiology


https://doi.org/10.4236/ojepi.2020.104032
https://doi.org/10.1080/15257770.2010.551645
https://doi.org/10.1093/rheumatology/ken066
https://doi.org/10.1007/s00592-018-1153-8
https://doi.org/10.1152/ajpendo.1995.268.1.E1
https://doi.org/10.1002/bdd.1909
https://doi.org/10.1016/S0015-0282(16)56218-9
https://doi.org/10.1053/meta.2000.6238
https://doi.org/10.1002/iub.315
https://doi.org/10.2337/dc17-1434
https://doi.org/10.1155/2015/875961
https://doi.org/10.1681/ASN.2007101075

R. Seki et al.

[46]

(47]

(48]

(49]

(50]

(51]

[52]

(53]

(54]

(55]

[56]

Tsuruya, K., Kitazono, T., Kiyohara Y. and Ninomiya, T. (2016) Serum Uric Acid as
a Risk Factor for Chronic Kidney Disease in a Japanese Community—The Hisaya-
ma Study. Circulation Journal, 80, 1857-1862.
https://doi.org/10.1253/circj.CJ-16-0030

Iseki, K., Ikemiya, Y., Inoue, T., Iseki, C., Kinjo, K. and Takishita, S. (2004). Signi-
ficance of Hyperuricemia as a Risk Factor for Developing ESRD in a Screened Co-
hort. American Journal of Kidney Diseases, 44, 642-650.
https://doi.org/10.1016/S0272-6386(04)00934-5

Yang, Y., Zhou, W., Wang, Y. and Zhou, R. (2019) Gender-Specific Association
between Uric Acid Level and Chronic Kidney Disease in the Elderly Health Check-
up Population in China. Renal Failure, 41, 197-203.
https://doi.org/10.1080/0886022X.2019.1591994

Nagasawa, Y., Yamamoto, R., Shoji, T., Shinzawa, M., Hasuike, Y., Nagatoya, K.,
Yamauchi, A., Hayashi, T., Kuragano, T., Moriyama, T., Isaka, Y. and Nakanishi, T.
(2016) Serum Uric Acid Level Predicts Progression of IgA Nephropathy in Females
but Not in Males. PLoS ONE, 11, e0160828.
https://doi.org/10.1371/journal.pone.0160828

Déring, A., Gieger, C., Mehta, D., Gohlke, H., Prokisch, H., Coassin, S., Fischer, G.,
Henke, K., Klopp, N., Kronenberg, F., Paulweber, B., Pfeufer, A., Rosskopf, D.,
Volzke, H., Illig, T., Meitinger, T., Wichmann, H.E. and Meisinger, C. (2008)
SLC2A9 Influences Uric Acid Concentrations with Pronounced Sex-Specific Effects.
Nature Genetics, 40, 430-436. https://doi.org/10.1038/ng.107

Witkowska, K., Smith, K.M., Yao, S.Y., Ng, A.M., O’Neill, D., Karpinski, E., Young,
].D. and Cheeseman, C.I. (2012) Human SLC2A9a and SLC2A9b Isoforms Mediate
Electrogenic Transport of Urate with Different Characteristics in the Presence of
Hexoses. American Journal of Physiology-Endocrinology and Metabolism, 303,
527-539. https://doi.org/10.1152/ajprenal.00134.2012

Brandstatter, A., Kiechl, S., Kollerits, B., Hunt, S.C., Heid, I.M., Coassin, S., Willeit
J., Adams, T.D., Illig, T., Hopkins, P.N. and Kronenberg, F. (2008) Sex-Specific As-
sociation of the Putative Fructose Transporter SLC2A9 Variants with Uric Acid Le-
vels Is Modified by BMI. Diabetes Care, 31, 1662-1667.
https://doi.org/10.2337/dc08-0349

Brandstitter, A., Lamina, C., Kiechl, S., Hunt, S.C., Coassin, S., Paulweber, B., Kra-
mer, F., Summerer, M., Willeit, J., Kedenko, L., Adams, T.S. and Kronenberg, F.
(2010) Sex and Age Interaction with Genetic Association of Atherogenic Uric Acid
Concentrations. Atherosclerosis, 210, 474-478.
https://doi.org/10.1016/j.atherosclerosis.2009.12.013

Topless, R.K., Flynn, T.J., Cadzow, M., Stamp, L.K., Dalbeth, N., Black, M.A. and
Merriman, T.R. (2015) Association of SLC2A9 Genotype with Phenotypic Variabil-
ity of Serum Urate in Pre-Menopausal Women. Frontiers in Genetics, 6, 313.
https://doi.org/10.3389/fgene.2015.00313

Mumford, S.L., Dasharathy, S.S., Pollack, A.Z., Perkins, N.]J., Mattison, D.R., Cole,
S.R., Wactawski-Wende, J. and Schisterman, E.F. (2013) Serum Uric Acid in Rela-
tion to Endogenous Reproductive Hormones during the Menstrual Cycle: Findings
from the BioCycle Study. Human Reproduction, 28, 1853-1862
https://doi.org/10.1093/humrep/det085

Parsa, A., Brown, E., Weir, M.R., Fink, J.C., Shuldiner, A.R., Mitchell, B.D. and
McArdle, P.F. (2012) Genotype-Based Changes in Serum Uric Acid Affect Blood
Pressure. Kidney International, 81, 502-507. https://doi.org/10.1038/ki.2011.414

Watanabe, S., Kang, D.H., Feng, L., Nakagawa, T., Kanellis, J., Lan, H., Mazzali, M.

DOI: 10.4236/0jepi.2020.104032

417 Open Journal of Epidemiology


https://doi.org/10.4236/ojepi.2020.104032
https://doi.org/10.1253/circj.CJ-16-0030
https://doi.org/10.1016/S0272-6386(04)00934-5
https://doi.org/10.1080/0886022X.2019.1591994
https://doi.org/10.1371/journal.pone.0160828
https://doi.org/10.1038/ng.107
https://doi.org/10.1152/ajprenal.00134.2012
https://doi.org/10.2337/dc08-0349
https://doi.org/10.1016/j.atherosclerosis.2009.12.013
https://doi.org/10.3389/fgene.2015.00313
https://doi.org/10.1093/humrep/det085
https://doi.org/10.1038/ki.2011.414

R. Seki et al.

(571

(58]

[59]

[60]

(61]

[62]

(63]

and Johnson, R.J. (2002) Uric Acid, Hominoid Evolution, and the Pathogenesis of
Salt-Sensitivity. Hypertension, 40, 355-360.
https://doi.org/10.1161/01.HYP.0000028589.66335.AA

Tsunoda, S., Kamide, K., Minami, J. and Kawano, Y. (2002) Decreases in Serum
Uric Acid by Amelioration of Insulin Resistance in Overweight Hypertensive Pa-
tients: Effect of a Low-Energy Diet and an Insulin-Sensitizing Agent. American
Journal of Hypertension, 15, 697-701.
https://doi.org/10.1016/S0895-7061(02)02953-9

Lyngdoh, T., Vuistiner, P., Marques-Vidal, P., Rousson, V., Waeber, G., Vollen-
weider, P. and Bochud, M. (2012) Serum Uric Acid and Adiposity: Deciphering
Causality Using a Bidirectional Mendelian Randomization Approach. PLoS ONE, 7,
€39321. https://doi.org/10.1371/journal.pone.0039321

Matsuura, F., Yamashita, S., Nakamura, T., Nishida, M., Nozaki, S., Funahashi, T.
and Matsuzawa, Y. (1998) Effect of Visceral Fat Accumulation on Uric Acid Meta-
bolism in Male Obese Subjects: Visceral Fat Obesity Is Linked More Closely to
Overproduction of Uric Acid Than Subcutaneous Fat Obesity. Metabolism, 47,

929-933. https://doi.org/10.1016/S0026-0495(98)90346-8

Tsushima, Y., Nishizawa, H., Tochino, Y., Nakatsuji, H., Sekimoto, R., Nagao, H.,
Shirakura, T., Kato, K., Imaizumi, K., Takahashi, H., Tamura, M., Maeda, N., Fu-
nahashi, T. and Shimomura, I. (2013) Uric Acid Secretion from Adipose Tissue and
Its Increase in Obesity. Journal of Biological Chemistry, 288, 27138-27149.
https://doi.org/10.1074/jbc.M113.485094

Furukawa, S., Fyjita, T., Shimabukuro, M., Iwaki, M., Yamada, Y., Nakajima, Y.,
Nakayama, O., Makishima, M., Matsuda, M. and Shimomura, I. (2004) Increased
Oxidative Stress in Obesity and Its Impact on Metabolic Syndrome. Journal of Clin-
ical Investigation, 114, 1752-1761. https://doi.org/10.1172/JCI21625

Sautin, Y.Y., Nakagawa, T., Zharikov, S. and Johnson, R.J. (2010) Adverse Effects of
the Classic Antioxidant Uric Acid in Adipocytes: NADPH Oxidase-Mediated Oxid-
ative/Nitrosative Stress. American Journal of Physiology-Endocrinology and Meta-
bolism, 293, 584-596. https://doi.org/10.1152/ajpcell.00600.2006

Baldwin, W., McRae, S., Marek, G., Wymer, D., Pannu, V., Baylis, C., Johnson, R.J.,
and Sautin, Y.Y. (2011) Hyperuricemia as a Mediator of the Proinflammatory En-

docrine Imbalance in the Adipose Tissue in a Murine Model of the Metabolic Syn-
drome. Diabetes, 60, 1258-1269. https://doi.org/10.2337/db10-0916

DOI: 10.4236/0jepi.2020.104032

418 Open Journal of Epidemiology


https://doi.org/10.4236/ojepi.2020.104032
https://doi.org/10.1161/01.HYP.0000028589.66335.AA
https://doi.org/10.1016/S0895-7061(02)02953-9
https://doi.org/10.1371/journal.pone.0039321
https://doi.org/10.1016/S0026-0495(98)90346-8
https://doi.org/10.1074/jbc.M113.485094
https://doi.org/10.1172/JCI21625
https://doi.org/10.1152/ajpcell.00600.2006
https://doi.org/10.2337/db10-0916

	Serum Uric Acid Level Has Stronger Correlations with Metabolic Syndrome-Related Markers in Women than in Men in a Japanese Health Check-Up Population
	Abstract
	Keywords
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	5. Conclusion
	Author Contributions
	Conflicts of Interest
	References

