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Relationships between hyperuricemia and the various stages
of glucose intolerance are not uniform. Higher serum uric
acid concentrations have been observed among those with
prediabetic status or impaired glucose tolerance. But overt
diabetes is reported to be associated with low uric acid
concentrations in the absence of nephropathy1-4. Some
studies found that a drop in uric acid concentration was
particularly marked in male diabetic subjects2-4. In a large-
scale study, the association between uric acid concentration
and glucose concentration was different between the 2
sexes4: an increase in mean serum uric acid level with
increasing glucose concentration up to 7.0 mmol/l in men,
but above 9.0 mmol/l in women. In our previous study, we
found a sex difference, in that serum uric acid level was

associated with insulin resistance and plasma glucose levels
more strongly in female than in male nondiabetics5. Indeed,
the degree of hyperuricemia has now been incorporated into
the insulin resistance syndrome6-9. Several longitudinal
studies have reported that baseline hyperuricemia is a signif-
icant predictor of subsequent diabetes, but fewer studies
have assessed this relationship separately for men and
women10-12.

We investigated the progression of subsequent diabetes
in the natural history of hyperuricemia in men versus
women.

In this prospective study, a community-based screening
program conducted in Kin-Hu, Kinmen, in 1991-92 was
used as the baseline study13-15, and 641 subjects with hyper-
uricemia (391 men and 250 women) were identified and
followed in 1996-97 to investigate the incidence of diabetes
and possible sex difference.

MATERIALS AND METHODS
Study subjects. The Kinmen Study is a population survey that has been in
progress since 1991. A series of topics on diabetes, hypertension, and coro-
nary heart disease have been studied. During the period of 1991 through
1995, all residents over 30 years of age in 5 major townships of Kinmen
(Kin-Hu13-16, Kin-Chen17, Kin-Sa, Kin-Nin, and Lieh-Yu) were surveyed by
the Yang-Ming Crusade, a research effort organized by the medical students
of National Yang-Ming University18. Most of the study that was related to
epidemiology of diabetes and coronary heart disease was studied in Kin-
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ABSTRACT. Objective. A 7-year followup study among hyperuricemic subjects was conducted to investigate the
association between longterm hyperuricemia and subsequent hyperglycemia and diabetes mellitus.
The possible sex difference was also investigated.
Methods. A total of 641 hyperuricemic subjects aged 30 years and over (391 men, 250 women)
screened from the community-based Kinmen Study in 1991-92 (the baseline study) were followed
in 1997-98, with 75% followup rate. Demographic, clinical, and biochemical data were collected in
both baseline and followup periods.
Results. After followup for 7 years, the distribution of plasma glucose concentrations changed
moderately among male hyperuricemic subjects, but increased markedly among female subjects.
The increase of uric acid levels during the followup period was correlated with subsequent diabetes
only among hyperuricemic women. Moreover, a relatively higher incidence of diabetes was found
in postmenopausal hyperuricemic women after 7-year followup.
Conclusion. Although the direct role and causality played by uric acid cannot be confirmed by this
study, the findings, as applicable to a Chinese nondiabetic population, show that specific progres-
sions of plasma glucose concentrations were significantly different between male and female hyper-
uricemic subjects. Hyperuricemia and persistent increase in uric acid levels among postmenopausal
women should alert physicians to the possibility of subsequent hyperglycemia and diabetes. 
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Chen, Kin-Sa, Kin-Nin, and Lieh-Yu, while investigation of hyperuricemia
and gout was mainly conducted in Kin-Hu. The characteristics of the target
population and the methodology have been reported18,19. In 1991-92, a
baseline survey was conducted in 3185 registered residents (1515 men,
1670 women) over 30 years of age in Kin-Hu (a major town of Kinmen).
The prevalence of hyperuricemia (uric acid ≥ mg/dl in men and ≥ 6.0
mg/dl in women) was 25.8% (391/1515) for men and 15.0% (250/1670) for
women. Six hundred forty-one hyperuricemic subjects were then followed
in 1997-98 to study the natural history and associated disorders.
Demographic and clinical data including body mass index (BMI,
weight/height2), smoking habit, drinking habit, verification of personal and
family disease history, and systolic and diastolic blood pressure (averaged
from 3 readings separated by at least 5 min) were measured and docu-
mented by the Yang-Ming Crusade, during individual interviews with
structured questionnaires, both at baseline and during followup.

After interview, overnight fasting blood was drawn by a public health
nurse. The blood was preserved with EDTA in NaF tubes, kept frozen
(–20°C), and sent to the biochemical laboratory of Taipei Veterans General
Hospital–Taipei for testing. Uric acid levels were determined using the
enzymatic spectrophotometric method (reagent kits by bioMérieux,
Chardonnieres-les-Dains, France). Fasting plasma glucose was determined
by hexokinase-glucose-6-phosphate dehydrogenase method with a glucose
(HK) reagent kit (Gilford, Oberlin, OH, USA). Fasting serum insulin was
measured by radioimmunoassay (Incstar, Stillwater, MN, USA). The detec-
tion limit was 12.3 pM. The intra- and interassay coefficients of variation
were 7.4% and 9.1%, respectively.

Definition of variables. Hyperuricemia was defined as uric acid ≥ 7.0
mg/dl for men and ≥ 6.0 mg/dl for women20. Subjects were considered to
have type 2 diabetes if they met the 1999 World Health Organization
criteria21. Subjects who gave a history of diabetes and who were under
treatment with either insulin or oral antidiabetic agents were considered to
have known diabetes regardless of their plasma glucose levels. For subjects
without a history of diabetes, those with one fasting plasma glucose level
(FPG) of ≥ 126 mg/dl were considered to have newly diagnosed diabetes.
Subjects with FPG levels between 100 and 125 mg/dl received a 75 g oral
glucose tolerance test; those with FPG levels of ≥ 126 mg/dl or 2-hour
plasma glucose levels of ≥ 200 mg/dl were considered to have newly diag-
nosed diabetes. Three consecutive blood pressure readings at least 5 min
apart were taken from the right arm with the person seated. Diastolic blood
pressure was measured at the fifth phase. Hypertension was defined if the
average of the 3 readings was ≥ 140/90 mm Hg22. Obesity was defined as
BMI (weight/height2) ≥ 25 kg/m2 for men and women.

Statistical analysis. The progressions of plasma glucose levels among
hyperuricemic subjects were observed separately for men and women by
study periods. Age-specific and menopause-stratified incidence of diabetes
among hyperuricemic subjects was observed. Differences in study vari-
ables among converts to diabetes and nonconverts were tested at baseline
and during followup periods, respectively. Data were summarized as the
mean ± standard deviation for continuous variables, and as proportions for
categorical variables. Mann-Whitney U test (in view of the non-normal
distribution of the results) and the chi-square test (no cells have expected
count less than 5) were used, as appropriate, to analyze group differences.
To estimate the influence of variable changes (including uric acid level
change) between 2 data points in the development of diabetes, a logistic
regression model including the absolute change of each variable was
assessed in order to adjust the initial value. All statistics were analyzed by
the Statistical Analysis System (SAS).

RESULTS
A total of 641 hyperuricemic subjects aged 30 years and
over (391 men and 250 women) screened from the commu-
nity-based Kinmen Study in 1991-92 (the baseline study)
were followed up in 1997-98. Table 1 shows the baseline

characteristics of hyperuricemic subjects. After intense
screening, 482 hyperuricemic subjects (75%, including 310
men and 172 women) were followed up. Twenty-eight
subjects with known diabetes or with prevalent cases of
diabetes at baseline were excluded from analysis of inci-
dence and risk factors.

Figures 1 and 2 show progression of plasma glucose
concentrations from baseline to the conclusion of followup
periods. The results revealed that the distribution of plasma
glucose levels had changed moderately among hyper-
uricemic men after 7-year followup. However, among
hyperuricemic women, the distribution of plasma glucose
levels increased markedly and the number of overt cases of
diabetes increased significantly. Table 2 shows the 7-year
cumulative incidence of diabetes among hyperuricemic
subjects. A relatively higher diabetes incidence was found in
female than in male hyperuricemic subjects, especially
among postmenopausal women (19.78%; p = 0.012, chi-
square test). Table 2 also shows the major differences
between converters to diabetes and nonconverters (all statis-
tical inferences tested by Mann-Whitney U test), i.e., among
those with asymptomatic hyperuricemia at baseline. The
major differences included baseline and followup plasma
glucose level, baseline and followup BMI, followup uric
acid level, and followup insulin level. It should be noted that
followup uric acid level increased significantly only in
female converters, but seemed to be decreased among male
converters.

To integrate the baseline and followup data and to deter-
mine the independent risk factors, we conducted logistic
regression on the development of diabetes (Table 3)
assessing the effect of risk profile change during 7-year
followup. Based on the analysis of repeated measurement,
model 1 was preliminarily conducted to estimate the effect

The Journal of Rheumatology 2004; 31:61160

Table 1. Baseline characteristics of hyperuricemic subjects aged 30 and
over in Kin-Hu, Kinmen 1991–92. Continuous variables were expressed as
mean ± standard deviation.

Variable Men, n = 391 Women, n = 250

Age, yrs 48.84 ± 12.13 54.46 ± 13.85
Uric acid, mg/dl 7.95 ± 0.95 7.06 ± 1.08
Fasting plasma glucose, mg/dl 99.35 ± 20.07 98.67 ± 20.34
Diabetes, % 5.1 6.0
Systolic blood pressure, mmHg 135.62 ± 21.43 138.46 ± 25.53
Diastolic blood pressure, mmHg 83.18 ± 13.38 81.79 ± 13.50
Hypertension, % 45.4 47.2
Body mass index, kg/m2 24.14 ± 2.91 24.82 ± 3.86
Obesity, % 20.3 28.0
Waist-to-hip ratio 0.91 ± 0.06 0.87 ± 0.07
Triglyceride, mg/dl 118.15 ± 72.3 112.53 ± 62.05
Total cholesterol, mg/dl 214.40 ± 37.28 214.52 ± 39.87
HDL-C, mg/dl 49.53 ± 13.72 51.95 ± 13.04
Creatinine, mg/dl 0.97 ± 0.25 0.76 ± 0.22
Blood urea nitrogen, mg/dl 18.17 ± 6.43 17.88 ± 7.17

HDL-C: high density lipoprotein cholesterol.
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of uric acid level on the development of diabetes. We found
each 1 mg/dl increase in uric acid level during followup
period was significantly associated with subsequent diabetes
in female hyperuricemia subjects independently of
menopause effect. On the other hand, model 2 was further
analyzed based on the multivariate modeling procedure.
Fasting serum insulin data and C-peptide data were not
available in the Kin-Hu study survey (i.e., baseline
measures13); the remaining and initial correlates analyzed in
multiple regression included: age, fasting plasma glucose,
uric acid, BMI, menopause status (women), high density
lipoprotein cholesterol, systolic blood pressure, diastolic
blood pressure, serum creatinine, triglyceride, total choles-
terol, and fasting serum insulin (only followup values for
serum insulin were available).

Multivariate refutation and forward procedure (based on
5% type I error) was used to study and measure the inde-
pendent correlates of subsequent diabetes. The model 2
results showed that the risk factors of subsequent diabetes
among male hyperuricemic subjects were baseline fasting

plasma glucose level and baseline BMI. But in female hype-
ruricemic subjects, the significant variables included base-
line fasting plasma glucose level, baseline BMI, menopausal
status, and increased uric acid level.

DISCUSSION
This followup study is from the community-based Kinmen
Study in 1991-92 (the baseline survey). The overall
followup rate was 75% and the reasons for dropouts
included known diabetes or prevalent cases of diabetes at
baseline (n = 28), death (n = 31), change of residence or
migration (n = 82), and serious disability (n = 18). As there
were no significant differences in uric acid concentration or
other risk profiles at baseline between respondents and
nonrespondents, the loss to followup bias would not be
considered important. The findings of our followup study
have revealed 2 important points: (1) The progressions of
plasma glucose levels were significantly different between
male and female hyperuricemic subjects. (2) A relatively
higher diabetes incidence was found in postmenopausal

Lin, et al: Hyperglycemia and diabetes 1161

Figure 1. Distribution and progression of fasting plasma glucose among hyperuricemic men from
baseline (1991-92) and followup periods (1997-98).
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hyperuricemic women after 7-year followup.
Hyperuricemia is related to the overproduction and

decrease in urinary clearance of uric acid, and it has a world-
wide distribution20,23-27. Although hyperuricemia is gener-

ally accepted as the primary risk factor for the development
of gout, most hyperuricemic subjects are asymptomatic,
especially women15,17,23. Since the importance of asympto-
matic hyperuricemia in the general population remains

The Journal of Rheumatology 2004; 31:61162

Figure 2. Distribution and progression of fasting plasma glucose among hyperuricemic women from base-
line (1991-92) and followup periods (1997-98).

Table 2. The 7 year cumulative incidence of diabetes and major differences of converters and non-converters to diabetes among hyperuricemic subjects from
baseline (1991-92) to followup periods (1997-98).

Men Women
Variables Age < 50 yrs Age ≥ 50 yrs p value Pre-menopause Post-menopause p value

Cumulative incidence of diabetes, % 9.52 (16/168) 8.80 (11/125) 0.832 5.41 (4/74) 19.78 (17/87) 0.008

Non-converters Converters p value Non-converters Converters p value

Fasting plasma glucose, mg/dl
Baseline 95.29 ± 12.69 104.96 ± 9.30 0.002 93.15 ± 12.81 103.47 ± 18.32 0.023
Followup 100.42 ± 11.30 173.09 ± 33.23 < 0.001 102.19 ± 12.43 161.88 ± 31.42 < 0.001

Uric acid, mg/dl
Baseline 7.85 ± 0.89 7.97 ± 0.89 0.619 6.88 ± 0.81 7.04 ± 0.88 0.368
Followup 7.98 ± 1.26 7.65 ± 1.31 0.524 6.86 ± 1.33 7.95 ± 1.98 0.018

Body mass index kg/m2

Baseline 24.23 ± 2.72 26.88 ± 2.72 0.002 24.82 ± 3.34 27.75 ± 3.38 0.005
Followup 25.10 ± 2.90 27.25 ± 3.16 0.042 25.19 ± 3.67 28.04 ± 3.85 0.003

Fasting serum insulin, mg/dl
Followup 11.27 ± 8.03 18.48±8.92 < 0.001 10.50 ± 6.80 20.54 ± 8.49 < 0.001
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unclear8,28-30, if the gouty symptom does not occur, people
with hyperuricemia are usually unaware of subsequent
complications such as hypertension, coronary heart disease,
renal disease, and diabetes. Recent evidence from many
epidemiologic studies suggests that serum uric acid concen-
tration is an important marker of these diseases, and sex
differences have also been reported in previous epidemio-
logic findings2,31,32. On the other hand, relationships
between serum uric acid and diabetes have been reported in
many studies1-4. All the authors conclude that in diabetes the
serum uric acid level is reduced, but it is particularly marked
in diabetic men. Indeed, there are fewer studies assessing
the relationship between hyperuricemia and subsequent
diabetes separately for men and women. To consider the
different cut off values in the spectrum between uric acid
level and plasma glucose concentration in the 2 sexes5,
different progressions of hyperglycemia and diabetes may
exist in the natural history of hyperuricemia between men
and women.

It is well accepted that type 2 diabetes is associated with
insulin resistance and with impaired insulin secretion33.
Here insulin secretion increases initially and overcomes the
effect of insulin resistance, but ultimately fails, thereby
allowing blood glucose levels to increase through abnormal
glucose tolerance to overt diabetes. Hyperuricemia itself has
now been widely discussed in several studies, regarding its
relationship with insulin resistance (syndrome X)6-9,34. More
recently, it has been noted that the main components associ-
ated with hyperuricemia are identical to those of insulin
resistance syndrome. Cappuccio, et al proposed altered
tubular sodium handling and uric acid metabolism consis-
tent with hyperinsulinemia, insulin resistance being the
possible pathophysiological link35.

We conducted a multiple regression analysis and forward

procedure to study the independent correlates of subsequent
diabetes. After adjusting for fasting plasma glucose at base-
line and baseline BMI, increasing uric acid during followup
still independently and significantly correlated with subse-
quent diabetes among female hyperuricemic subjects.
Nevertheless, the direct role and causality played by uric
acid cannot be confirmed in the current study, due to a lack
of baseline insulin and C-peptide measurements; and base-
line uric acid levels were not significantly associated with
an increased risk of diabetes in either men or women. In
spite of this, it was interesting to find that increased uric acid
levels during followup were significantly correlated with
followup insulin level, especially in hyperuricemic women.
Hyperuricemia and a persistent increase in uric acid levels,
possibly indicating a trend of insulin resistance, could
reflect a connection through common underlying patho-
physiological processes of subsequent diabetes. This is
supported by evidence that increased serum uric acid levels
correlate with decreases in insulin-stimulated glucose
uptake and they correlated plasma insulin response to oral
glucose loading6-9,35,36. Moreover, it has been suggested that
uric acid might be cytotoxic to the beta cells and may be a
marker of a genetic and/or environmental susceptibility to
diabetes37,38.

It was interesting that increased uric acid concentrations
during the followup period correlated with subsequent
diabetes only among hyperuricemic women. The uric acid
changes from baseline to followup between converters to
diabetes and nonconverters were also significantly different
in both sexes. The possible explanation of these sex differ-
ences may be the sex-distinct associations between uric acid
level and plasma glucose concentration. It is reported that
high plasma glucose levels could lower serum uric acid
concentration by enhancing renal excretion of uric acid,

Lin, et al: Hyperglycemia and diabetes 1163

Table 3. Logistic regression analysis on diabetes among hyperuricemic subjects in Kin-Hu, Kinmen. Assessment
of the impact of risk profile change during 7 year followup. In model 2, body mass index at increase at followup
and baseline uric acid was not significantly associated with subsequent diabetes and had been dropped from
model 2 by forward procedure.

Variables Men Women
OR 95% CI OR 95% CI

Model 1
Uric, acid, mg/dl, baseline 1..06 0.64–1.70 1.58 0.81–3.05
Uric acid, each 1 mg/dl increase during 0.85 0.66–1.25 1.46 1.15–2.12

followup period
Menopause, yes vs no NA NA 4.53 1.36–9.73

Model 2
Uric acid, each 1 mg/dl increase during 0.76 0.51–1.22 1.44 1.13–2.25

followup period
Menopause, yes vs no NA NA 3.88 1.92–7.91
Body mass index, kg/m2, baseline 1.25 1.08–1.47 1.36 1.12–1.97
Fasting plasma glucose, mg/dl, baseline 1.07 1.03–1.12 1.08 1.04–1.15

OR: odds ratio; CI: confidence interval; NA: not available.
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which was more notable in men than in women2-5. The
results of our study support our previous finding of a
stronger association in women than in men of serum uric
acid with hyperinsulinemia and plasma glucose levels5.

Another noteworthy finding is a relatively higher inci-
dence of diabetes found among postmenopausal hyper-
uricemic women. The changing level of serum uric acid
concentration in women at menopause suggests an interac-
tion with sex hormones. Previous research has indicated that
increased serum uric acid levels are apparent in post-
menopausal women, and this may be associated with
menopause itself, as no correlation between age and urate
was observed39. Therefore, the increase of serum uric acid
levels may result from menopause-related changes in
metabolism, which are associated with subsequent
diabetes40,41. In our study, however, after adjustment for
menopausal effect, we still found a strong and independent
association between increased uric acid levels and subse-
quent diabetes in women. For this reason, the menopause
effect seems not to be a possible confounding factor.

We studied a Chinese nondiabetic population to further
examine if women with hyperuricemia and increased uric
acid levels had a relatively increased burden of hyperinsu-
linemia and hyperglycemia. Although the direct role and
causality of uric acid cannot be confirmed, our study, as
applicable to a Chinese nondiabetic population, shows that
specific progressions of plasma glucose concentrations were
significantly different between male and female hyper-
uricemic subjects. A relatively higher incidence of diabetes
was found in postmenopausal hyperuricemic women after 7-
year followup. Hyperuricemia and persistent increase in uric
acid concentrations among postmenopausal women should
alert physicians to the possibility of subsequent hyper-
glycemia and diabetes.
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