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Objective. Our objective was to evaluate the independent relation between a history of gout and the future risk of type 2 diabetes among men

with a high cardiovascular risk profile.
Methods. We prospectively examined over a 6-yr period the relation between gout and the risk of incident type 2 diabetes in 11 351

male participants from the Multiple Risk Factor Intervention Trial (MRFIT). Incident diabetes was defined based on the American
Diabetes Association (ADA) criteria for epidemiological studies. Cox proportional hazards regression was used to adjust for potential

confounders.

Results. We documented 1215 new cases of type 2 diabetes. After adjusting for age, BMI, smoking, family history of type 2 diabetes, alcohol
intake, dietary factors and presence of individual components of the metabolic syndrome, the multivariate relative risk (RR) for incident type 2

diabetes among men with gout at baseline, as compared with men without gout, was 1.34 (95% CI 1.09, 1.64). When we further adjusted for
serum uric acid levels, the association remained significant (RR 1.26; 95% CI 1.02, 1.54). When we updated the status of gout annually during

follow-up as a time-varying covariate, the association remained similar. The association also remained similar in our subgroup analyses by
major covariates (P-values for interaction >0.16).

Conclusions. These findings from men with a high cardiovascular risk profile suggest that men with gout are at a higher future risk of type 2
diabetes independent of other known risk factors. These data expand on well-established, cross-sectional associations between

hyperuricaemia, gout and the metabolic syndrome, and extend the link to the future risk of type 2 diabetes.
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Introduction

There are strong cross-sectional associations between hyper-
uricaemia, gout and the metabolic syndrome [1–7]. This link is
important to note because the metabolic syndrome increases the
risk for atherosclerotic cardiovascular disease (CVD) and type
2 diabetes [8–11] as well as mortality from CVD and from all
causes [12–16]. While prospective studies have investigated the
independent impact of serum uric acid levels [17] and gout [18, 19]
on the risk of CVD, little information is available on the risk
of type 2 diabetes. Recently, the Finnish diabetes prevention
study, based on 557 overweight or obese individuals with impaired
glucose tolerance, reported that baseline uric acid predicted the
risk of diabetes after adjusting for age, gender, blood pressure,
BMI, triglyceride levels, baseline creatinine, physical activity and
dietary variables (P¼ 0.037) [20]. However, we are not aware of
any study that investigated the potential, independent relation
between a history of gout and future risk of type 2 diabetes.
To examine this link, we analysed a prospective cohort of 11 351
male participants from the Multiple Risk Factor Intervention
Trial (MRFIT) [18, 21–25].

Materials and methods

Study population

The MRFIT was a randomized clinical trial designed to examine
the efficacy of a coronary risk reduction programme among

men at high risk of adverse coronary events [22–25]. Subjects
were eligible if scores for the combination of three risk factors
(smoking, hyperlipidaemia and hypertension) were sufficiently
high to place them in the upper 15% of a risk score distribution
based on data from the Framingham Heart Study. Detailed
descriptions of the MRFIT have been published elsewhere
[22–25]. Briefly, between 1973 and 1976, the MRFIT investiga-
tors screened 361 662 men for eligibility at 22 US clinical centres.
Of this group, 12 866 men between the ages of 35 and 57 yrs
were randomly assigned to either a special intervention group
(n¼ 6428) or a usual care group (n¼ 6438). Participants were
followed for six annual visits and the follow-up rate was >90%.

We excluded 508 men with evidence of diabetes at baseline
(i.e. fasting glucose level of �7mmol/l (�126mg/dl), a glucose
level of �16.65mmol/l (�300mg/dl) 1 h after a 75-g oral glucose
load, or those who were taking insulin) [21]. We additionally
excluded from our analyses 531 men with fewer than two fasting
glucose values (i.e. end point) throughout the trial [21], 12 men
with missing serum uric acid levels at baseline (i.e. exposure
of interest) and 464 men with missing covariate data included in
our final multivariate model (see subsequently), leaving a final
sample of 11 351 men for our analysis.

Ethical approval for the present study was obtained from
the University of Pennsylvania Medical Centre and informed
patient consent was also obtained.

Assessment of gout and uric acid levels

We used a case definition of gout based on an affirmative answer
to the question, ‘Have you been told by your physician that
you have gout?’, which was the definition used in the Meharry–
Hopkins Study [26]. It was not feasible to demonstrate IA crys-
tals to prove a diagnosis of gout because participants seldom
presented at a study visit with acute gouty arthritis. We evaluated
the robustness of our results by using alternative case defini-
tions of gout that required: (i) co-presence of hyperuricaemia
(�416 �mol/l [7.0mg/dl]) and (ii) use of any gout-specific medi-
cations (allopurinol, probenecid or colchicine). Serum uric acid
levels and other laboratory tests, including lipid profiles, blood
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glucose levels and blood chemistry tests were performed at
baseline and annually thereafter [27]. Blood samples were sent
to a central laboratory for analysis, and the results were
determined as previously described [27].

Definition of diabetes

A fasting blood sample was taken at each annual examination,
from which serum glucose concentration levels were measured. At
each annual examination, participants were asked whether a
physician had told them that they had diabetes at any time in the
previous 12 months. Each participant was also asked whether he
was using insulin or oral hypoglycaemic agents.

The definition of incident diabetes followed the American
Diabetes Association (ADA) guidelines [28], as adopted in the
recent report of this cohort [21]. With this definition, participants
were considered to have developed diabetes if at any annual visit
their fasting glucose level was �7mmol/l (�126mg/dl) or they
reported taking insulin or any oral hypoglycaemic agents.

Assessment of covariates

At baseline, subjects provided a detailed medical history,
including medication and social histories, and underwent a full
physical examination. Standard and random-zero blood pressure
measurements were recorded as the average of two measurements.
BMI was calculated as the weight in kilograms divided by the
square of the height in metres. In the MRFIT, 24-h dietary recalls
were obtained at baseline and during follow-up visits [21, 29].

Statistical analysis

We calculated the risk of incident type 2 diabetes according to the
presence and absence of gout at baseline. We computed person-
time of follow-up for each participant from the MRFIT baseline
up to the date of diagnosis of type 2 diabetes, death from any
cause, loss to follow-up (<10%) or end of the study period,
whichever came first.

We used Cox proportional hazards modelling to estimate the
relative risk (RR) for incident type 2 diabetes in all multivariate
analyses (Version 8.2, STATA Corporation, College Station, TX,
USA). We used baseline gout status and covariate information in
our primary analyses. Multivariate models were adjusted for age
(continuous), the presence or absence of a family history of
diabetes (yes or no), smoking status (never smoked, former
smoker and current smoker), BMI (<23.0, 23.0–23.9, 24.0–24.9,
25.0–26.9, 27.0–28.9, 29.0–30.9, 31.0–34.9 or �35.0), presence
of hypertension [�130/85mmHg (yes or no) or current use of
anti-hypertensive medication], physical activity (five categories),
dietary variables (intake [quintiles] of total energy, cereal fibre,
coffee, polyunsaturated fat, monounsaturated fat, saturated fat)
[20], daily alcohol consumption (0, 0.01–0.09, 0.1–0.49, 0.5–0.99,
1.0–2.9 and �3.0 drinks per day) and presence (yes or no) of
biomarker components of the metabolic syndrome [i.e. high
fasting blood glucose, hypertriglyceridaemia and low high-density
lipoprotein (HDL) cholesterol] [8, 30]. An assumption of
clustering within the two arms of the trial was made, since the
medical and non-medical interventions differed systematically
across these groups but were homogeneous within the groups [18].
Accordingly, a cluster option was specified in the Cox regression
models. We also conducted subgroup analyses stratified by treat-
ment group, BMI (<25 kg/m2 vs �25 kg/m2), family history of
diabetes, presence of hypertension and presence of the metabolic
syndrome to assess possible effect modification. We tested the
significance of the interaction using the likelihood ratio test
by comparing a model with the main effects (i.e. history of gout
and the stratifying variable) and the interaction terms with
a reduced model with only the main effects. For all RRs,
we calculated 95% CIs. All P-values were two-sided.

Results

Baseline characteristics

The characteristics of the cohort according to presence of gout at
baseline are shown in Table 1. Men with gout tended to have a
higher BMI and consumed more alcohol and less coffee. The
prevalence of the metabolic syndrome among those with gout was
63% and individual components of the metabolic syndrome were
more often present among those with gout than those without
(Table 1).

Gout and incident type 2 diabetes

During 6 yrs of follow-up, we documented 1215 new cases of
type 2 diabetes (annual incidence, 1.90 per 100 person-years).
Compared with men without history of gout at baseline, the age-
adjusted RR for incident type 2 diabetes was 1.66 (95% CI 1.37,
2.02) among men with history of gout. When we adjusted
for other covariates, the multivariate RRs became attenuated
but remained significant, including the final model that adjusted
for biomarker components of the metabolic syndrome (RR 1.34;
95% CI 1.09, 1.64) (Table 2). This multivariate RR remained

TABLE 1. Baseline characteristics according to presence of gout in MRFIT

Baseline disease status

No gout Gout

N 10 707 644
Age, mean� S.D., yrs 46.1�5.9 47.4� 5.8
Race (Caucasian), % 90.1 91.9
BMI, mean� S.D., kg/m2 27.6�3.4 28.7� 3.6
Current smokers, % 61.4 56.4
Alcohol intake (drinks/day) 1.8 2.1
Family history of diabetes, % 18.5 16.3
Proportion in special intervention group, % 50 47
Metabolic syndrome variables

Obesity, % 21.5 32.5
High blood pressure or medication use, % 86.9 90.2
Low HDL cholesterol, % 46.8 50.6
Hypertriglyceridaemia, % 58.9 71.3
Fasting glucose �100 mg/dl or medication use, % 40.7 45.8
Metabolic syndromea, % 51 63

Dietary variables
Cereal fibre intake, g/day 16.2 15.9
Saturated fat, g/day 37.1 34.9
Monounsaturated fat, g/day 39.5 37.7
Polyunsaturated fat, g/day 16.6 16.5
Coffee, servings/day 3.5 2.9

aAccording to revised National Cholesterol Education Program Adult Treatment Panel III
(NCEP/ATP III) guidelines.

TABLE 2. Relative risk of type 2 diabetes among men in MRFIT according to
presence of gout at baseline

Baseline disease status

No gout Gout

No. of type 2 diabetes cases 1104 111
Incidence/100 person-years 1.79 3.08
Age-adjusted model (95% CI) 1.0 1.66 (1.37, 2.02)
Multivariate modela (95% CI) 1.0 1.49 (1.22, 1.82)
Dietary factors-added multivariate modelb (95% CI) 1.0 1.43 (1.17, 1.75)
Final multivariate model with all covariatesc (95% CI) 1.0 1.34 (1.09, 1.64)

aAdjusted for age (continuous), the presence or absence of a family history of diabetes
(yes or no), smoking status (never smoked, former smoker, current smoker, 1–14 cigarettes per
day, or current smoker, 15–24 and >25 cigarettes per day), BMI (<23.0, 23.0–23.9, 24.0–24.9,
25.0–26.9, 27.0–28.9, 29.0–30.9, 31.0–34.9 or >35.0), hypertension (yes or no) and physical
activity (five categories).

bAdjusted for all variables in the multivariate model above plus intakes (quintiles) of total
energy, cereal fibre, polyunsaturated fat, monounsaturated fat, saturated fat, coffee and alcohol
(daily consumption: 0, 0.01–0.09, 0.1–0.49, 0.5–0.99, 1.0–2.9 and >3.0 drinks per day).

cAdjusted for all variables in the multivariate models above plus presence of biomarker
components of the metabolic syndrome (i.e. high fasting blood glucose, hypertriglyceridaemia
and low HDL cholesterol).
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significant when we used an alternative definition of gout
that additionally required presence of hyperuricaemia (RR 1.31;
95% CI 1.05, 1.65) and use of anti-gout medication (RR 1.48;
95% CI 1.12, 1.96). When we further adjusted for serum uric
acid levels in our final model, the association remained signifi-
cant (multivariate RR 1.26; 95% CI 1.02, 1.54). When we updated
the status of gout annually during follow-up (as a time-varying
covariate), the RRs for type 2 diabetes among men with gout
remained similar (multivariate RR of the full model, 1.35; 95%
CI 1.10, 1.66).

Serum uric acid levels and incident type 2 diabetes

The incidence of type 2 diabetes increased with increasing
serum urate levels at baseline. The incidence rates of type 2 dia-
betes per 100 person-years from the bottom quintile of serum uric
acid levels (<333�mol/l [5.6mg/dl]) to the top (�464 �mol/l
[7.8mg/dl]) were 1.32, 1.63, 1.80, 2.07 and 2.47, respectively
(P-values for trend <0.001). Compared with men with the lowest
quintile of serum uric acid levels at baseline, the age-adjusted
RR for incident type 2 diabetes was 1.88 (95% CI 1.52, 2.32)
among men in the highest quintile of serum uric acid level. When
we adjusted for other covariates, the RRs became attenuated
but remained significant in multivariate models that did not
include baseline fasting blood sugar (P-values for trend <0.001),
but after adjusting for this variable, the association became
insignificant (P-values for trend, 0.43). When we updated the
status of gout annually during follow-up (as a time-varying
exposure variable), all multivariate RRs between the extreme
quintiles were significant (multivariate P-values for trend <0.001;
multivariate RR of the final model including fasting hypergly-
caemia, 1.70; 95% CI 1.38, 2.11).

Subgroup analyses and potential interactions

The association between history of gout and type 2 diabetes did
not vary significantly by treatment group, presence of obesity,
family history of type 2 diabetes, history of hypertension or
presence of the metabolic syndrome (P-values for interaction
>0.16). Similarly, the association between serum uric acid levels
and type 2 diabetes did not vary significantly by these factors
(P-values for interaction >0.61).

Discussion

In this large prospective cohort of men with a high cardiovas-
cular risk profile, we found that men with gout had a higher
future risk of type 2 diabetes. This association was independent of
age, BMI, smoking, family history of type 2 diabetes, alcohol
intake, dietary factors and presence of the metabolic syndrome or
its individual components. The current study provides the first
prospective data on the independent association between gout
and the risk for type 2 diabetes. These findings provide support
for aggressive management of cardiometabolic risk factors
including hypertension, dyslipidaemia and lifestyle factors in
patients with gout.

Overall, our findings on the impact of serum uric acid levels on
the risk of type 2 diabetes were consistent with the recent data
from the Finnish diabetes prevention study [20]. In this lifestyle
intervention study of high-risk middle-aged subjects with impaired
glucose tolerance, baseline uric acid and its changes predicted a
two fold increase in the likelihood of developing type 2 diabetes
[20]. Our study found that the risk of type 2 diabetes increased
with increasing serum urate levels at similar magnitudes,
particularly with updated serum uric acid level as a time-varying
exposure variable.

A conceivable mechanism behind the link between hyper-
uricaemia and the risk of type 2 diabetes may occur at the renal
level [20]. Higher insulin levels are known to reduce renal
excretion of urate [31–34]. For example, exogenous insulin

can reduce the renal excretion of urate in both healthy and
hypertensive subjects [1, 31, 32]. Insulin may enhance renal
urate reabsorption via stimulation of the urate–anion exchanger
URAT1 [35] and/or the Naþ-dependent anion cotransporter in
brush border membranes of the renal proximal tubule [36].
Urinary uric acid clearance decreases with decreasing insulin-
mediated glucose disposal and decreased uric acid excretion leads
to hyperuricaemia [20]. Hyperuricaemia has been found to be
an independent risk factor for progression to hyperinsulinaemia
and thereby preceded hyperinsulinaemia in the 11-yr follow-up
of non-diabetic participants of the Atherosclerosis Risk in
Communities Study [20, 37].

The link between the presence of gout and the risk of type
2 diabetes may also stem from the shared metabolic factors of
the two conditions, including the factors associated with the
metabolic syndrome. While we found that the association was
significant even after adjusting for individual biomarker compo-
nents of the metabolic syndrome according to the revised National
Cholesterol Education Program Adult Treatment Panel III
(NCEP/ATP III) criteria [8], it remains conceivable that other
unmeasured factors associated with the metabolic syndrome may
explain the link between gout and the risk of type 2 diabetes.
Furthermore, the independent association with gout, despite
adjusting for serum uric acid levels, suggests that the impact of
gout itself may go beyond the potential influence of serum uric
acid levels. A possible explanation for this excess risk is that
ongoing low-grade inflammation among patients with gout may
promote the diabetogenic process [18].

Strengths and limitations of our study deserve comment. Men
in the MRFIT were at relatively high risk of developing coronary
artery disease, and thus, these results are most directly general-
izable to men with a similar cardiovascular risk profile. Although
the demographic characteristics of our study participants (i.e. men
aged �36 yrs) reflect a population at a high risk for gout and
type 2 diabetes [38], the generalizability of our findings to men
with different demographic profile or a lower cardiovascular risk
remains to be studied. Furthermore, given the potential influence
of female hormones on the risk of gout in women [39, 40],
prospective studies of female populations would be valuable.
The self-reported diagnosis of gout by a physician was not vali-
dated in this study. However, it is unlikely that misclassification
of the diagnosis would explain the associations observed in this
population study. These results could become stronger with
more specific case definitions of gout, which would likely reduce
random misclassification. For example, findings from the Health
Professionals Follow-up Study showed that the associations
with suspected risk factors for self-reported gout were underesti-
mated compared with gout diagnosed based on the ACR survey
criteria [41, 42]. Furthermore, our results remained robust with
alternative case definitions of gout that required presence of
hyperuricaemia and anti-gout medications. Nevertheless, confirm-
ing these results using specific case definitions of gout would
be valuable.

In conclusion, these findings from men with a high cardiovas-
cular risk profile suggest that men with gout are at a higher future
risk of type 2 diabetes independent of other known risk factors.
These data expand on well-established, cross-sectional associa-
tions between hyperuricaemia, gout and the metabolic syndrome,
and extend the link to a major complication of this syndrome,
type 2 diabetes. These findings provide support for aggressive
management of diabetes risk factors in men with gout, which is
largely in line with the life-style measures for gout [36, 43].

Rheumatology key messages

� Men with gout are at a higher future risk of type 2 diabetes.
� This association is independent of other risk factors.
� These findings support the aggressive management of diabetes

risk factors in gout.
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