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Abstract

Background: It is not clear whether elevated uric acid is a risk factor for the onset of impaired fasting glucose after
stratifying by baseline fasting plasma glucose levels. We conducted a community-based retrospective longitudinal cohort
study to clarify the relationship between uric acid levels and the onset of impaired fasting glucose, according to baseline
fasting plasma glucose levels.

Methods: We enrolled 6,403 persons (3,194 men and 3,209 women), each of whom was 18–80 years old and had .2 annual
check-ups during 2003–2010. After excluding persons who had fasting plasma glucose levels $6.11 mM and/or were
currently taking anti-diabetic agents, the remaining 5,924 subjects were classified into quartiles according to baseline
fasting plasma glucose levels. The onset of impaired fasting glucose was defined as fasting plasma glucose $6.11 mM
during the observation period.

Results: In the quartile groups, 0.9%, 2.1%, 3.4%, and 20.2% of the men developed impaired fasting glucose, respectively,
and 0.1%, 0.3%, 0.5%, and 5.6% of the women developed impaired fasting glucose, respectively (P trend ,0.001). After
adjusting for age, body mass index, systolic blood pressure, triacylglycerols, high density lipoprotein-cholesterol, creatinine,
fatty liver, family history of diabetes, alcohol consumption, and current smoking, uric acid levels were positively associated
with onset of impaired fasting glucose in men with highest-quartile fasting plasma glucose levels (adjusted hazard ratio,
1.003; 95% confidence interval, 1.0001–1.005, P= 0.041).

Conclusions: Among men with high fasting plasma glucose, hyperuricemia may be independently associated with an
elevated risk of developing impaired fasting glucose.
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Introduction

The prevalence of diabetes has been increasing worldwide, and

the total number of people with diabetes has been projected to rise

from 94 million in 2003 to 333 million in 2025 [1]. Those who

have untreated diabetes can develop multiple complications, such

as diabetic nephropathy and cardiovascular disease, and have

reduced healthy life expectancies. Therefore, it is important to

identify persons who are at a high risk of diabetes onset, and to

prevent these persons from developing abnormal glucose intoler-

ance.

Uric acid is the final oxidation product of purine catabolism.

Elevated uric acid is considered to be a precursor of gout [2], one

of the most common metabolic diseases, and is also related to the

development of multiple complications in other diseases [3,4].

With respect to glucose metabolism, some cross-sectional and

longitudinal studies have found no association between uric acid

levels and the risk of type 2 diabetes [5,6] but other studies have

reported their association [7–11]. Most notably, a meta-analysis by

Kodama et al. found an association between uric acid levels and

the development of type 2 diabetes [11]. To date, however, the

majority of studies have not differentiated between men and

women (including the study be Kodama et al.) [5,8,11]. Indeed,

only a few studies include sex-specific analyses [7,9,10]. Yet, uric

acid is metabolized differently in men and women because of the
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estrogen effect, which promotes the excretion of uric acid [12,13].

Indeed, uric acid levels are generally higher in men.

The World Health Organization, International Diabetes

Federation [14], and Japan Diabetes Society distinguish between

normal and impaired fasting glucose [15] because impaired fasting

glucose is independently associated with the onset of type 2

diabetes mellitus [14–18]. In addition, several research groups

have reported that impaired fasting glucose is a risk factor for

coronary artery disease [17,19]. It is not known whether uric acid

level is a risk factor for the onset of impaired fasting glucose,

regardless of the baseline fasting plasma glucose level, which is

itself a known risk factor for the onset of prediabetes and type 2

diabetes [20,21].

This large, community-based longitudinal cohort study was

designed to allow an epidemiologic assessment of the potential

relationship between uric acid levels and the onset of impaired

fasting glucose, as stratified by fasting plasma glucose levels at

baseline. Ideally, the results of the present study will help clinicians

to recognize the patients who are at greatest risk by identifying

additional factors that could help to stratify patient risk.

Patients and Methods

In accordance with the 1975 Declaration of Helsinki, a priori
approval for the study was obtained from the Ehime University

Hospital Research Ethics Board (Approval ID #110405, Univer-

sity hospital Medical Information Network ID: UMIN000011953),

and all study procedures were conducted in accordance with

guidelines on good clinical practices, as well as local ethical and

legal requirements.

This retrospective, community-based, longitudinal cohort study

began with a review of the medical records of 6,403 Japanese

subjects (3,194 men and 3,209 women), whose ages ranged from

18 to 80 years, and who had undergone annual health check-ups

at the Ehime General Health Care Association more than twice

between April 2003 and March 2011. The annual health check-up

included a record of the patient’s history of medical conditions and

the medications prescribed for these conditions, as well as a

physical examination and the measurement of anthropometric and

routine biochemical variables. Body weight and height were

measured while the subjects were clothed in light gowns without

shoes, and the resulting measurements were used to calculate body

mass index (BMI). Blood pressure measurements were performed

with an automated sphygmomanometer while the subjects were

seated. Blood samples were collected in the morning, after the

subjects had been fasting for $10 h. These samples were used to

(a) measure serum uric acid levels; (b) determine the patient’s risk

of diabetes by measuring fasting plasma glucose levels; (c) assess

the patient’s lipid profile, including triacylglycerols and high-

density lipoprotein cholesterol levels; and (d) analyze renal

function through creatinine levels. To examine the backgrounds

of the study subjects, public health nurses asked all subjects to

complete a questionnaire that assessed health-related behaviors

prior to the patients’ health check-ups. This questionnaire

included the frequencies and quantities of alcohol and cigarette

consumption, and second-degree family history of diabetes.

Alcohol consumers were defined as persons consuming alcohol

at$20 g/day [22,23]. Fatty liver was diagnosed based on a review

of abdominal ultrasonography (Hitachi EUB-2000 or Hitachi

Avius, Tokyo, Japan) by experienced technicians who were

blinded to the subjects’ individual data. Two gastroenterologists

(K. K. and K. K.) reviewed copies of all ultrasonography images to

diagnose fatty liver disease. Of the 4 known criteria for fatty liver

that can be identified from ultrasonography (hepatorenal echo

contrast, liver brightness, deep attenuation, and vascular blurring)

[24], evidence of 2 specific criteria (hepatorenal contrast and liver

brightness) were required for diagnosis in this study.

After laboratory data and medical histories were assessed at the

first check-up, 479 subjects were excluded from this study because

they met at least one of the following exclusion criteria: (a)

currently on a regimen of anti-diabetic agents (n = 88) and/or (b)

fasting plasma glucose $6.11 mM (n= 475) (Figure 1). After

excluding these subjects, we began our analysis of the remaining

5,924 subjects (2,810 men and 3,114 women) at Ehime University

Hospital. The observation period lasted 3.4561.88 years

(3.3861.81 years for men and 3.5261.94 years for women) with

Figure 1. Recruitment flowchart for study participants.
doi:10.1371/journal.pone.0107882.g001
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a median of 3.01 years (range, 0.44–7.79 years). The median

interval between the visits was 1.03 years (range, 0.44–7.23 years),

with only 0.06% being less than 6 months and 14.2% being more

than 2 years.

The eligible subjects were classified into quartiles (quartile 1,

quartile 2, quartile 3, and quartile 4) according to their baseline

fasting plasma glucose levels (Men: ,5 mM, 5–5.22 mM, 5.23–

5.49 mM, and 5.55–6.10 mM, respectively; Women: ,4.66 mM,

4.66–4.87 mM, 4.88–5.15 mM, and 5.16–6.10 mM, respectively)

and uric acid levels (Men: ,327.1 mM, 327.1–368.6 mM, 368.7–

416.4 mM, and .416.4 mM, respectively; Women: ,220 mM,

220–249.9 mM, 250–279.6 mM, and .279.6 mM, respectively).

The onset of impaired fasting glucose during the observation

period was defined as a fasting plasma glucose level $6.11 mM at

any health check-up.

All subjects were assigned a numerical code that was used

throughout the study, and all data were stored in a secure database

to maintain anonymity. All statistical analyses were performed

using JMP version 11 software (SAS Institute Japan, Tokyo,

Japan). One-way analysis of variance was used to analyze between-

group differences in baseline characteristics, such as age, results of

the physical examinations, and anthropometric and routine

biochemical variables. The groups were defined according to

fasting plasma glucose levels and uric acid levels. The chi-square

test was used to analyze the presence or absence of fatty liver and

health-related behaviors (such as alcohol consumption, cigarette

consumption, and family history of diabetes). The Cochran–

Armitage test was used to assess trends in the incidence rates of

impaired fasting glucose onset according to fasting plasma glucose

levels and uric acid levels. To explore the independent importance

of each variable associated with the incident rate of impaired

fasting glucose onset, we performed univariate and multivariate

Cox proportional hazards regression analyses using forward

likelihood ratio tests. The assumption of proportional hazards

was assessed by including time-dependent covariates in the

models; no indication of a violation was found. The following

variables are known to affect glucose intolerance [25–29], and

were included in the multivariate Cox regression models (from

which we obtained adjusted hazard ratios of uric acid for the

incidence of impaired fasting glucose onset): age, BMI, systolic

blood pressure, triacylglycerols, high-density lipoprotein choles-

terol, creatinine, fatty liver, family history of diabetes, alcohol

drinking status, and current smoking status (Model 1). The

remaining models (Models 2 and 3) included factors that were

significant in the univariate analyses (p,0.05). Using a receiver–

operating characteristic (ROC) curve analysis, the uric acid cutoff

for predicting impaired fasting glucose onset was selected to

maximize the calculated value of sensitivity - (1-specificity). All

data are expressed as mean 6 standard deviation, all P-values
were 2-tailed, and P-values ,0.05 were considered statistically

significant.

Results

Baseline characteristics and the onset of impaired fasting
glucose in each of the fasting plasma glucose and uric
acid groups
The baseline characteristics of the study subjects are presented

in Tables 1–4. For each of the subjects, complete data were

available for all of the examined variables, with the exception of

the BMI of 1 subject (0.017%). Among men, higher quartiles of

fasting plasma glucose were associated with older subjects, as well

as greater positive rates for metabolic and serum markers that are

known to indicate metabolic disease (high BMI, systolic blood

pressure, triacylglycerols, uric acid, and low high-density lipopro-

tein cholesterol), greater prevalence of fatty liver, and greater

proportion of alcohol consumers (P,0.01 for each variable;

Table 1). Among women, higher fasting plasma glucose groups

had greater proportions of current smokers, as well as being

associated with the same factors noted among men (P,0.01 for all

variables; Table 2). The incidence rates of impaired fasting

glucose in quartiles 1, 2, 3, and 4 were 0.9%, 2.1%, 3.4%, and

20.2% in men, respectively (Table 1), and 0.1%, 0.3%, 0.5%,

and 5.6% in women, respectively (Table 2). In both sex-specific

groups, the incidence rate of impaired fasting glucose increased

significantly as the fasting plasma glucose level increased (P-value
for trend ,0.001).

On the other hand, among men, higher quartiles of uric acid

were associated with greater positive rates for metabolic and serum

markers that are known to indicate metabolic disease (high BMI,

systolic blood pressure, triacylglycerols, and fasting plasma

glucose, and low high-density lipoprotein cholesterol), as well as

elevated creatinine, greater prevalence of fatty liver, and greater

proportions of current smokers and alcohol consumers (P,0.05

for each variable; Table 3). Among women, associations were

observed for the same factors, excepting age and the proportion of

current smokers (P,0.001 for all variables; Table 4). The

incidence rates of impaired fasting glucose in quartiles 1, 2, 3,

and 4 were 3%, 5.8%, 7.2%, and 8.4% in men, respectively

(Table 3), and 1.27%, 1.07%, 1.16%, and 3.3%, in women,

respectively (Table 4). In both sexes, the incidence rate of

impaired fasting glucose increased significantly as the quartile of

uric acid increased (P-value for trend,0.001).

Risk factors for the onset of impaired fasting glucose
The results of the univariate analyses indicated that the

following variables were significantly and positively associated

with impaired fasting glucose onset in the men with the highest

fasting plasma glucose at baseline (quartile 4): uric acid levels

(hazard ratio [HR], 1.004; 95% confidence interval [CI], 1.002–

1.007; P,0.001; Table 5) and previously reported risk factors for

impaired fasting glucose (age, BMI, triacylglycerols, fasting plasma

glucose, fatty liver, and current smokers). Risk factors for the onset

of impaired fasting glucose in women were almost same as those

observed in men, including uric acid: HR, 1.008; 95% CI, 1.003–

1.013; P,0.001; Table 6). Notably, fatty liver had the high HR

for each sex (Men: HR, 2.59; 95% CI, 1.818–3.724; P,0.001;

Women: HR, 4.726; 95% CI, 2.678–8.413; P,0.001).

Uric acid and risk factors for the onset of impaired fasting
glucose
Among men, the adjusted hazard ratio (aHR) from Model 1

indicated a significant positive association between uric acid levels

and the onset of impaired fasting glucose for the highest quartile of

fasting plasma glucose (quartile 4: aHR, 1.003; 95% CI, 1.0001–

1.005; P=0.041; Table 7). Model 2 included adjustments for

variables found to be significant in univariate analyses, revealing

no significant association between uric acid levels and impaired

fasting glucose onset in quartile 4 (aHR, 1.002; 95% CI, 0.99999–

1.005; P=0.051). Model 3 resembled Model 2 except that fatty

liver was excluded. Model 3 indicated a significant positive

association between uric acid levels and the onset of impaired

fasting glucose in quartile 4 (aHR, 1.003; 95% CI, 1.0002–1.005;

P=0.034). Among women, none of the models revealed

significant associations between uric acid levels and the onset of

impaired fasting glucose in the highest quartile of baseline fasting

glucose (Table 8).

Predictors for Onset of Impaired Fasting Glucose

PLOS ONE | www.plosone.org 5 September 2014 | Volume 9 | Issue 9 | e107882



Table 3. Men: baseline characteristics and the onset of impaired fasting glucose* according to uric acid levels.

Quartile 1
(n =699)

Quartile 2
(n=694)

Quartile 3
(n=777)

Quartile 4
(n=640) P-value

Age (years) 43.369.3 42.469 42.769.3 43.168.8 0.222

Body mass index (kg/m2) 22.962.9 23.262.9 23.962.9 24.863.3 ,0.001

Systolic blood pressure (mmHg) 114.6614.4 115.4614 118615.1 121.3614.1 ,0.001

Creatinine (mM) 74.869.4 76.469.7 77.8610.8 81613.8 ,0.001

Triacylglycerols (mM) 1.2360.79 1.4360.85 1.5561.04 1.9761.71 ,0.001

High-density
lipoprotein cholesterol

(mM) 1.6360.39 1.5660.4 1.5560.4 1.4760.37 ,0.001

Fasting plasma
glucose

(mM) 5.260.38 5.2460.38 5.2460.36 5.2560.38 0.047

Fatty liver 140/699
(20%)

185/694
(26.7%)

275/777
(35.4%)

297/640
(46.4%)

,0.001

Family history
of diabetes

106/699
(15.2%)

104/694
(15%)

115/777
(14.8%)

122/640
(19.1%)

0.102

Current smoker 316/699
(45.2%)

309/694
(44.5%)

301/777
(38.7%)

249/640
(38.9%)

0.014

Alcohol drinker 305/699
(43.6%)

299/694
(43.1%)

353/777
(45.4%)

353/640
(55.2%)

,0.001

Onset of impaired
fasting glucose*

21/699
(3%)

40/694
(5.8%)

56/777
(7.2%)

54/640
(8.4%)

P-value for
trend ,0.001

Values are expressed as mean 6 standard deviation.
Quartile 1: uric acid ,327.1 (mM); quartile 2: uric acid 327.1–368.6 mM; quartile 3: uric acid 368.7–416.4 mM; quartile 4: uric acid .416.4 mM.
For continuous values, differences among groups were assessed using one-way analysis of variance. The chi-square test was employed for comparisons of prevalence.
The Cochran–Armitage test was used to assess the trend in the incidence rates of impaired fasting glucose onset according to the uric acid groups.
*Onset of impaired fasting glucose was defined as a fasting plasma glucose level $6.11 mM.
doi:10.1371/journal.pone.0107882.t003

Table 4. Women: baseline characteristics and the onset of impaired fasting glucose* according to uric acid levels.

Quartile 1
(n =710)

Quartile 2
(n=841)

Quartile 3
(n =691)

Quartile 4
(n=872) P-value

Age (years) 39.667.6 40.268.6 41.869.3 43.4610 ,0.001

Body mass index (kg/m2) 20.562.5 20.962.7 21.463 22.663.7 ,0.001

Systolic blood pressure (mmHg) 105.9613.7 106.3614.1 109.1616.5 112616.2 ,0.001

Creatinine (mM) 53.767.8 565.467.5 57.167.9 58.869.2 ,0.001

Triacylglycerols (mM) 0.7560.33 0.8360.61 0.8760.44 1.0360.55 ,0.001

High-density
lipoprotein cholesterol

(mM) 2.0160.4 1.9860.41 1.9860.45 1.8760.44 ,0.001

Fasting plasma
glucose

(mM) 4.8760.38 4.8760.37 4.9360.39 560.44 ,0.001

Fatty liver 38/710
(5.4%)

62/841
(7.4%)

65/691
(9.4%)

182/872
(20.9%)

,0.001

Family history
of diabetes

160/710
(22.5%)

182/841
(21.6%)

135/691
(19.5%)

193/872
(22.1%)

0.523

Current smoker 36/710
(5.1%)

40/841
(4.8%)

40/691
(5.8%)

57/872
(6.5%)

0.39

Alcohol drinker 55/710
(7.8%)

66/841
(7.9%)

84/691
(12.2%)

133/872
(15.3%)

,0.001

Onset of impaired
fasting glucose*

9/710
(1.27%)

9/841
(1.07%)

8/691
(1.16%)

29/872
(3.33%)

P-value for
trend 0.001

Values are expressed as mean 6 standard deviation.
Quartile 1: uric acid ,220 (mM); quartile 2: uric acid 220–249.9 mM; quartile 3: uric acid 250–279.6 mM; quartile 4: uric acid .279.6 mM.
1Body mass index value unavailable for 1 subject.
For continuous values, differences among groups were assessed using one-way analysis of variance. The chi-square test was employed for comparisons of prevalence.
The Cochran–Armitage test was used to assess the trend in the incidence rates of impaired fasting glucose onset according to the uric acid groups.
*Onset of impaired fasting glucose was defined as a fasting plasma glucose level $6.11 mM.
doi:10.1371/journal.pone.0107882.t004
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Evaluation of uric acid level as a predictive factor for the
onset of impaired fasting glucose
Uric acid was identified as a significant risk factor for impaired

fasting glucose onset among men with the highest quartile of

baseline fasting plasma glucose. Further, we estimated the cutoff

level that appeared optimal for predicting impaired fasting glucose

onset. We evaluated the rate of subjects with a high uric acid level

who developed impaired fasting glucose to determine the

associated positive predictive value (PPV) for forecasting impaired

fasting glucose onset. Similarly, we evaluated the rate of non-

impaired fasting glucose subjects with a low impaired fasting

glucose level was evaluated to determine the negative predictive

value (NPV) of impaired fasting glucose for identifying subjects

who would not develop impaired fasting glucose. The area under

receiver–operating characteristic curve, cutoff level, sensitivity,

specificity, PPV, NPV, and diagnostic accuracy for predicting

impaired fasting glucose were 0.599 (95% CI: 0.559–0.637),

368.8 mM, 61.9%, 52.7%, 24.8%, 84.6%, and 54.6%, respective-

ly.

Discussion

We conducted this large, community-based longitudinal cohort

study to examine the sex-specific associations between uric acid

levels and the onset of impaired fasting glucose, according to

baseline fasting plasma glucose levels in both sexes. Our findings

indicate that hyperuricemia is a significant risk factor for the onset

of impaired fasting glucose among men and women with high

baseline fasting plasma glucose levels. The association remained

significant for men after adjusting for potential confounders.

Recently, several studies have examined the associations

between uric acid and the onsets of prediabetes and type 2

diabetes. To provide data for their meta-analysis, Kodama et al.

searched Medline (31 March from 1966 to 2009) and Embase (31

March from 1980 to 2009) for observational cohort studies that

examined the association between uric acid and the risk of type 2

diabetes onset [11]. Kodama et al. then used meta-regression

analyses to investigate the effects of individual study characteristics

on the association between uric acid level and type 2 diabetes risk.

Based on their evaluation of 11 cohort studies (42,834 partici-

pants), Kodama et al. suggested that uric acid level is positively

associated with the development of type 2 diabetes, regardless of

the characteristics of individual studies. To assess whether elevated

uric acid levels could predict impaired fasting glucose and type 2

diabetes, Yamada et al. examined 6,408 men and 5,309 women

who had voluntarily undergone annual health checkups at the

Okazaki City Medical Association Public Health Center in 2000

and in 2005 [7]. According to multiple logistic-regression analyses

that adjusted for age, parental history of diabetes, BMI,

hypertension, fatty liver, hypertriglyceridemia, alcohol consump-

Table 7. Men: associations between uric acid level (mM) and the onset of impaired fasting glucose* for high plasma glucose levels.

Fasting plasma
glucose at baseline 5.16–6.10 (mM) (Quartile 4)

aHR (95% CI) P-value

Model 1 1.003 (1.0001–1.005) 0.041

Model 2 1.002 (0.99999–1.005) 0.051

Model 3 1.003 (1.0002–1.005) 0.034

The aHR is expressed per mM increment in uric acid value.
Model 1 was adjusted for all variable that were previously reported to be associated with metabolic disease or risk factors for the onset of glucose intolerance: age
(years), BMI (kg/m2), systolic blood pressure (mmHg), triacylglycerols (mM), high-density lipoprotein cholesterol (mM), creatinine (mM), fatty liver (%), family history of
diabetes (%), alcohol drinking status (%), and current smoking status (%).
Model 2 was adjusted for all factors that were significant in univariate analyses: age, BMI, triacylglycerols, fatty liver, and current smoking status.
Model 3 was adjusted for all factors that were significant in univariate analyses, excluding fatty liver: age, BMI, triacylglycerols, and current smoking status.
*Onset of impaired fasting glucose was defined as a fasting plasma glucose level $6.11 mM.
aHR, adjusted hazard ratio; CI, confidence interval; BMI, body mass index.
doi:10.1371/journal.pone.0107882.t007

Table 8. Women: associations between uric acid level (mM) and the onset of impaired fasting glucose* on high plasma glucose
level.

Fasting plasma
glucose at baseline 5.16–6.10 (mM) (Quartile 4)

aHR (95% CI) P-value

Model 1 1.001 (0.996–1.006) 0.799

Model 2 1.001 (0996–1.005) 0.824

aHR expressed per mM increment in uric acid value.
Model 1 was adjusted for all variable that were previously reported to be associated with metabolic disease or risk factors for the onset of glucose intolerance: age
(years), BMI (kg/m2), systolic blood pressure (mmHg), triacylglycerols (mM), high-density lipoprotein cholesterol (mM), creatinine (mM), fatty liver (%), family history of
diabetes (%), alcohol drinking status (%), and current smoking status (%).
Model 2 was adjusted for all factors that were significant in univariate analyses: age, BMI, triacylglycerols, high-density lipoprotein cholesterol, fatty liver, and family
history of diabetes.
*Onset of impaired fasting glucose was defined as a fasting plasma glucose level $6.11 mM.
aHR, adjusted hazard ratio; CI, confidence interval; BMI, body mass index.
doi:10.1371/journal.pone.0107882.t008
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tion, and smoking status, Yamada et al. reported that elevated uric

acid levels were only predictive of impaired fasting glucose and

type 2 diabetes in Japanese women. However, the authors did not

examine the effects of fasting plasma glucose at baseline.

Moreover, they only examined 2 points in time (in 2000 and in

2005), even though participants may have undergone health

checkups annually, and may have received interventions as a

result.

Several potential mechanisms could explain the association

between uric acid level and the onset of impaired fasting glucose.

In experimental studies, uric acid levels were reported to induce

insulin resistance by inhibiting the bioactivity of nitric oxide [30],

which is essential for insulin-stimulated glucose uptake in skeletal

muscle [31], and by promoting the secretion of inflammatory

factors and adipocytokine [32]. Recently, several studies reported

that xanthine oxidase (the enzyme involved in uric acid

production) does not only produce reactive oxygen species, but

also activates nuclear factor-kappa B [33,34] and induces

inflammation. These responses might cause insulin resistance. In

addition, insulin resistance leads to hyperinsulinemia, which

increases uric acid concentrations by reducing renal uric acid

secretion [35] and accumulating substrates for uric acid produc-

tion [36]. This possible mechanism, which links uric acid and

insulin resistance, could explain why the combination of hyper-

uricemia and high baseline fasting plasma was a risk factor for the

onset of impaired fasting glucose in the present study.

The primary strengths of our study were its investigation of the

general population, and the completeness of the data for all

variables, with the exception of only 1 missing data point. On the

other hand, there are several limitations to our study. First, only

226 subjects (171 men and 55 women) showed impaired fasting

glucose onset out of 5,924 participants (2,810 men and 3,114

women). This relatively low rate may explain the lack of a

significant association between uric acid and impaired fasting

glucose onset in women as well as uric acid and impaired fasting

glucose onset in men when including fatty liver as a confounder.

Uric acid may be a predictor in both sexes to different degrees, as

could be revealed by a future study with a larger number of

subjects. Second, the exclusion of a large part of the population in

the upper range of fasting plasma glucose values (higher than

6.1 mM) may have limited the range of the relationship under

study, possibly obscuring a wider relationship between fasting

plasma glucose and uric acid. Third, we were only able to collect

data annually; therefore, data collection was not truly continuous.

Forth, our study relied on self-reported information for several of

the investigated factors. Therefore, misreported data could have

biased our findings. Fifth, we did not examine the consumption of

animal protein, which is regarded as high-protein diet and

associated with increased intake of purines [37]. The different

habits of animal protein consumption between women and men

may have affected our results. Sixth, we did not examine the

glucocorticoids during the awaking process, which has a consid-

erable influence on fasting glucose. The rise of glucocorticoids

increases glycogen hydrolysis in the liver, increasing its glucose

output and eliciting temporal hyperglycemia, which may be

confused by diabetes. Finally, we investigated a solely Japanese

population, which could limit the generalizability of our results to

other populations. To correct these limitations, future studies

should use a prospective validation design, and investigate diverse

populations that present at various outpatient medical practices.

Despite these limitations, our study produced several notewor-

thy results. In particular, our findings suggest that hyperuricemia is

a risk factor for the onset of impaired fasting glucose among

persons with high baseline fasting plasma glucose. To help prevent

the onset of impaired fasting glucose and the development of

further complications, we should therefore pay careful attention to

both uric acid levels and fasting plasma glucose levels, especially in

subjects with hyperuricemia. It might be possible to prevent

impaired fasting glucose and the development of further compli-

cations by treating both elevated fasting plasma glucose and

hyperuricemia, although randomized studies would be necessary

to validate this suggestion.
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