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Some observational studies have identified elevated uric acid concentration as a risk factor for diabetes, while

others have found an inverse relationship.We examined both the association of uric acid level with incident diabetes

and the change in uric acid concentration after a diabetes diagnosis. We analyzed data from the Atherosclerosis

Risk in Communities (ARIC) Study and quantified the independent association between uric acid level and incident

diabetes via Cox proportional hazards models. The association between duration of diabetes and change in uric

acid level was examined via linear regression. Among 11,134 participants without diagnosed diabetes at baseline

(1987–1989), therewere 1,294 incident cases of diabetes during amedian of 9 years of follow-up (1987–1998). Uric

acid level was associated with diabetes even after adjustment for risk factors (per 1 mg/dL, hazard ratio = 1.18, 95%

confidence interval: 1.13, 1.23), and the association remained significant after adjustment for fasting glucose and

insulin levels. Among participants with diabetes (n = 1,510), every additional 5 years’ duration of diabetes was as-

sociated with a 0.10-mg/dL (95% confidence interval: 0.04, 0.15) lower uric acid level after adjustment.We conclude

that uric acid concentration rises prior to diagnosis of diabetes and then declines with diabetes duration. Future

studies investigating uric acid as a risk factor for cardiovascular disease should adequately account for the impact

and timing of diabetes development.

cohort studies; diabetes mellitus; uric acid

Abbreviations: ARIC, Atherosclerosis Risk in Communities Study; CI, confidence interval; HOMA-IR, homeostatic model assessment

insulin resistance index.

The prevalence of diabetes mellitus is increasing (1). De-
spite improved understanding of the pathophysiology of dia-
betes, identifying which diabetes patients are most likely to
develop life-threatening complications is an ongoing chal-
lenge (2). In this context, uric acid concentration is emerging
as a potential marker of diabetes risk. Uric acid is a product of
glucose metabolism that is filtered by glomeruli and reab-
sorbed by the proximal tubule. Greater serum concentrations
of insulin cause higher renal reabsorption of uric acid, increas-
ing serum concentrations of uric acid (3). There is mounting
observational evidence that an elevated uric acid level precedes
the development of insulin resistance (4, 5) and diabetes (6–8).
However, these findings conflict with studies showing that
diabetes is inversely associated with uric acid level (8–14)
and protective against complications of hyperuricemia (15).

Furthermore, despite evidence suggesting a positive asso-
ciation between uric acid and cardiovascular disease (16),
findings on the relationship between uric acid and cardiovas-
cular complications in the setting of diabetes have been in-
consistent (17, 18). A better understanding of the temporal
relationship between uric acid level and diabetes is necessary
to clarify the role of uric acid as a risk factor for both diabetes
and vascular outcomes.
In this study, we examined the temporal relationship

between uric acid concentration and diabetes in a large
community-based cohort of middle-aged adults. Our objectives
were 1) to examine uric acid concentrations in participants
with varying degrees of insulin sensitivity prior to a diagnosis
of diabetes and 2) to examine change in uric acid level after a
diagnosis of diabetes. On the basis of prior cross-sectional
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studies (8–14), we hypothesized that baseline uric acid levels
would be elevated in participants prior to a diagnosis of dia-
betes but uric acid levels would decline after a diabetes diag-
nosis. We also hypothesized that a longer duration of diabetes
would be associated with lower uric acid concentrations.

METHODS

Study population

The Atherosclerosis Risk in Communities (ARIC) Study is
a community-based prospective cohort study of 15,792
adults aged 45–64 years at baseline (1987–1989). Partici-
pants were enrolled from 4US communities (Forsyth County,
North Carolina; Jackson, Mississippi; suburban Minneapo-
lis, Minnesota; and Washington County, Maryland) and
have been followed for over 2 decades (19–21). Study partici-
pants returned for follow-up visits in 1990–1992, 1993–
1995, and 1996–1998, and a fifth follow-up was recently
completed (2011–2013). Physical examinations, interviews,
and laboratory tests were conducted as part of each visit. In
addition, participants completed annual telephone question-
naires that obtained information on new disease diagnoses
(e.g., diabetes) and medication use.

We analyzed data from ARIC participants with measured
uric acid concentrations who attended visit 1. We included
participants who had fasted for 8 or more hours, had valid
uric acid measurements, had a known diabetes case status,
and were not missing data on relevant covariates. In our pro-
spective analyses of uric acid level and incident diabetes, we
excluded persons who had received a diagnosis of diabetes,
defined as a self-reported physician’s diagnosis of diabetes,
use of glucose-lowering medications, a baseline fasting glu-
cose level of ≥126 mg/dL, or a baseline nonfasting glucose
level of ≥200 mg/dL. After exclusions, there were 11,134
participants. In a cross-sectional analysis examining the rela-
tionship between duration of diabetes and uric acid level, we
limited the study population to participants who received a
diagnosis of diabetes by visit 4, using the same case definition
as above (n = 1,510) (see Web Figure 1, available at http://
aje.oxfordjournals.org/).

Written informed consent was obtained from all partici-
pants, and the study protocol was approved by the institu-
tional review board at each clinical site.

Uric acid

Uric acid concentration was measured from serum speci-
mens collected during visit 1 (1987–1989) and plasma speci-
mens collected during visit 4 (1996–1998). The visit 1 uric
acid levels were determined as specimens were collected,
while visit 4 samples were measured from stored samples
in 2009–2011. For both visits, uric acid was measured using
the uricase-peroxidase enzymatic method. The coefficient of
variation measured by the laboratory at visit 1 was 7.2% (22).
Themanufacturer-supplied coefficient of variation for the uric
acid assay used at visit 4 was 0.98% (mean = 7.3 mg/dL). A
calibration study (using a common standard) was conducted
using 200 specimens from both visit 1 and visit 4 in order to ad-
dress potential issues related to laboratory drift and differences

in specimen type. There was a significant laboratory difference
in measurements conducted at the two time points. Thus, uric
acid values (mg/dL) from visit 1 were adjusted by means of
the following equation: calibrated uric acid = visit 1 uric acid−
0.80. Similarly, uric acid values from visit 4 were recalibrated
using the following equation: calibrated uric acid = 0.97 × visit 4
uric acid− 0.04.

Incident diabetes

Our case definition of diabetes was based on a fasting glu-
cose concentration of ≥126 mg/dL, a nonfasting glucose
concentration of ≥200 mg/dL (measured at visits 2–4), use
of diabetes medication, or a self-reported physician’s diagno-
sis of diabetes. The date of diabetes onset was estimated on
the basis of glucose measurements, using linear interpolation
to estimate the time at which glucose level became diagnostic
for diabetes (23).

Diabetes duration

Duration of diabetes was determined for all cases of diabe-
tes identified by visit 4. For persons with prevalent diabetes
who were identified as having diabetes at visit 1, diabetes du-
ration was determined using the difference between the re-
ported age of diabetes diagnosis and the age at visit 4. For
participants diagnosed with diabetes after visit 1 and through
visit 4, diabetes duration was determined using the difference
between the date of diabetes diagnosis and the participant’s
visit 4 study participation date.

Other variables of interest

Trained study personnel conducted all measurements
using standardized protocols described elsewhere (19–21).
Age, sex, race, parental history of diabetes, educational at-
tainment, alcohol drinking status, and smoking status were
self-reported. Use of diuretics was based on information ob-
tained by interviewers trained in collecting data on medica-
tion use. Body mass index (weight (kg)/height (m)2) was
calculated from measured height and weight. Systolic and
diastolic blood pressures were taken using a random-zero
sphygmomanometer, and readings were averaged across 2
measurements. Hypertension was defined as a mean systolic
blood pressure of ≥140 mm Hg, a mean diastolic blood pres-
sure of≥90 mmHg, or current use of blood pressure-lowering
medication. Estimated glomerular filtration rate (mL/minute
per 1.73 m2) was calculated from standardized serum creati-
nine using the 2009 Chronic Kidney Disease Epidemiology
Collaboration equation (24). Low-density lipoprotein choles-
terol was estimated using the Friedewald equation (25), while
high-density lipoprotein cholesterol, triglycerides (log10-
transformed), and insulin were measured in serum. Serum
insulin concentration was treated as a continuous variable
and was included in stratified analyses as a dichotomous var-
iable, using 15 μU/mL as a cutpoint (26). Serum glucose
concentration was quantified using a hexokinase method.
The homeostatic model assessment insulin resistance index
(HOMA-IR) was determined by means of the formula [(fast-
ing insulin in μU/mL) × (fasting glucose in mg/dL)]/405, and
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results were dichotomized using a previously determined
clinical cutpoint (<2.6 vs. ≥2.6) (27).

Statistical analyses

We performed a prospective analysis of uric acid level and in-
cident diabetes using Cox proportional hazards models, examin-
ing the association between uric acid concentration measured at
visit 1 and the risk of incident visit-based diabetes ascertained
between visits 1 and 4. Uric acid level wasmodeled as a categor-
ical variable (quartiles) and as a continuous variable (per 1 mg/
dL) in 3 models. In model 1, results were adjusted for age, sex,

and race/ARIC study center; inmodel 2, resultswere adjusted for
the variables inmodel 1 plus low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, triglycerides, body mass
index, estimated glomerular filtration rate, hypertension (yes or
no), parental history of diabetes (yes or no), education (high
school completion or more; yes or no), smoking status (never,
former, or current smoker), alcohol use (never, former, or current
drinker), and diuretic use (yes or no); and in model 3, results
were adjusted for all of the variables in model 2 plus fasting glu-
cose and fasting insulin levels. The above covariateswere chosen
on the basis of previous literature describing their relationships
with uric acid and diabetes. We repeated these 2 prospective

Table 1. Characteristics of the Study Population by Diabetes Case Status at Visit 1, Atherosclerosis Risk in

Communities Study, 1987–1989

Diabetes Case Status

Noncases (n = 9,840)a Incident Cases (n = 1,294)

Mean (SD) No. % Mean (SD) No. %

Uric acid concentration, mg/dL 5.0 (1.5) 5.9 (1.6)

Age, years 53.9 (5.7) 54.1 (5.6)

Male sex 4,258 43.3 634 49.0

Black race 1,798 18.3 387 29.9

Fasting glucose concentration, mg/dL 97.3 (8.4) 108.1 (9.5)

Fasting glucose category, mg/dL

<100 1,798 18.3 257 19.9

100–<126 3,614 36.7 1,037 80.1

Fasting insulin concentration, μM/mL 9.8 (7.1) 16.5 (10.6)

HOMA-IR 2.4 (1.8) 4.4 (3.0)

Fasting cholesterol level, mg/dL

Low-density lipoprotein 136.6 (38.5) 140.2 (39.3)

High-density lipoprotein 53.7 (17.3) 45.9 (13.9)

Fasting triglyceride level, mg/dL 103 (75–144)b 132.5 (95–184)b

Body mass indexc 26.7 (4.7) 30.5 (5.7)

Estimated glomerular filtration rate,
mL/minute per 1.73 m2

95.23 (14.0) 96.0 (15.6)

Hypertension 2,663 27.1 597 46.1

Family history of diabetes 2,256 22.9 484 37.4

Education beyond high school 4,760 48.4 536 41.4

Smoking status

Never smoker 4,248 43.2 503 38.9

Former smoker 3,220 32.7 472 36.5

Current smoker 2,372 24.1 319 24.7

Alcohol drinking status

Never drinker 2,250 22.9 355 27.4

Former drinker 1,600 16.3 256 19.8

Current drinker 5,990 60.9 683 52.8

Use of diuretic medication 1,458 14.8 342 26.4

Abbreviations: HOMA-IR, homeostatic model assessment insulin resistance index; SD, standard deviation.
a Visit 1 noncases were study participants who did not report a physician’s diagnosis of diabetes at visit 1, were not using

diabetesmedication at visit 1, did not have a serum glucose level of≥126 mg/dL at visit 1, did not have a nonfasting glucose

level of ≥200 mg/dL at visit 1, and did not go on to develop visit-based diabetes between visit 1 and visit 4.
b Median value (interquartile range).
c Weight (kg)/height (m)2.
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analyses across strata of glucose level (<100 mg/dL vs. 100–
125 mg/dL), insulin level (<15 μU/mL vs. ≥15 μU/mL), and
HOMA-IR (<2.6 vs. ≥2.6), adjusting for all of the covariates
in model 2. In addition, we modeled uric acid level using re-
stricted cubic splines with knots at the 25th, 50th, and 75th
percentiles and centered at the 25th percentile to show the con-
tinuous relationship between uric acid and risk of diabetes.

We used multivariable linear regression to evaluate the
cross-sectional association between diabetes duration and
uric acid level measured at visit 4. Diabetes duration was mod-
eled in quartiles (0.0–4.3, 4.4–7.2, 7.3–9.0, or 9.1–65.0 years)
and as a continuous variable (per 5 years). We also conducted
analyses of prevalent diabetes at visit 1 with 9-year change in
uric acid level (visit 4 uric acid concentration minus visit 1 uric
acid concentration). In addition, we performed sensitivity anal-
yses excluding participants who reported use of gout medica-
tion at either visit 1 or visit 4 (n = 61), participants using insulin
medication at visit 4 (n = 177), and participants using any dia-
betes medication (n = 650). Finally, we performed a sensitivity
analysis comparing 9-year change in uric acid among partici-
pants with diabetes at both visit 1 and visit 4 to 9-year change
among participants without diabetes at both visit 1 and visit 4.

Schoenfeld tests were used to evaluate the proportional
hazards assumption of the Cox proportional hazards models.
With regard to linear models, scatterplots and locally weighted
scatterplot smoothing (LOWESS) curves were used to ensure
that model residuals were randomly distributed with respect to
fitted values from the models.

RESULTS

Characteristics of the different study populations are re-
ported in Table 1. The mean agewas 54 years among nonprev-
alent cases of diabetes. The proportion male ranged between
43% and 49%. Thirty percent of participants with incident

diabetes were black, as compared with 18% of noncases.
Fasting glucose concentration was 108 mg/dL among inci-
dent cases and 97 mg/dL among noncases.

Table 2. Adjusted Hazard Ratios for Incident Diabetes According to Baseline Uric Acid Concentration, Atherosclerosis Risk in Communities

Study, 1987–1998

Visit-based Diabetes (During 9 Years
of Follow-up) (n =11,134)

No. of Cases

Risk of Incident Diabetes

Model 1a Model 2b Model 3c

HR 95% CI HR 95% CI HR 95% CI

Quartile of uric acid concentration, mg/dL

≤4.9 165 1 Reference 1 Reference 1 Reference

5.0–5.8 218 1.54 1.25, 1.88 1.10 0.89, 1.35 0.91 0.74, 1.12

5.9–6.9 397 2.77 2.29, 3.35 1.51 1.24, 1.84 1.20 0.98, 1.46

7.0–15.9 514 4.33 3.58, 5.24 1.79 1.45, 2.21 1.12 0.90, 1.39

P-trendd <0.001 <0.001 0.11

Uric acid concentration, per 1 mg/dL 1,294 1.39 1.34, 1.44 1.18 1.13, 1.23 1.05 1.00, 1.10

P value <0.001 <0.001 0.03

Abbreviations: CI, confidence interval; HR, hazard ratio.
a Results were adjusted for age, sex, and race/study center.
b Results were adjusted for all variables in model 1 plus low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides,

body mass index, estimated glomerular filtration rate, hypertension, parental family history of diabetes, education, smoking status, alcohol use,

and diuretic use.
c Results were adjusted for all variables in model 2 plus fasting glucose and fasting insulin levels.
d P-trend was calculated using the median value of each quartile to construct an ordinal variable.
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Figure 1. Adjusted hazard ratios (solid line) for incident diabetes be-
tween visit 1 and visit 4, according to baseline uric acid concentration
(restricted cubic spline models), Atherosclerosis Risk in Communities
Study, 1987–1998. Hazard ratios are shown on a natural log scale; the
dashed lines represent 95% confidence intervals (horizontal dashed
line, referent). The model is expressed relative to the 25th percentile
with knots specified at the 25th, 50th, and 75th percentiles, after
adjustment for age, sex, race/study center, low-density lipoprotein
cholesterol, high-density lipoprotein cholesterol, triglycerides, body
mass index, estimated glomerular filtration rate, hypertension, family
history of diabetes, education, smoking status, alcohol use, and
diuretic use. The plot was truncated at the first and 99th percentiles.
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During a median of 9 years of follow-up, there were 1,294
incident cases of diabetes from visit 1 (1987–1989) to visit 4
(1996–1998). There was a significant, graded increase in dia-
betes risk across baseline categories of uric acid level (models
1 and 2; P-trend < 0.001) (Table 2). This trend was attenuated
after adjustment for fasting glucose and insulin levels (model
3; P-trend ≈ 0.1). Further, when modeled as a continuous var-
iable, uric acid remained significantly associated with incident
diabetes even after adjustment for fasting glucose and insulin
levels (hazard ratio = 1.05, 95% confidence interval (CI): 1.00,
1.10; P = 0.03).
The shape of the association between uric acid and risk of

diabetes is shown in Figure 1. The relationship between uric
acid and diabetes risk was approximately linear, with higher
uric acid concentrations being associated with greater risk
of diabetes. When stratified by baseline glucose, insulin, or
HOMA-IR level, we found that uric acid concentrations
were more strongly associated with incident diabetes when
fastingglucosewas in theprediabetic rangeof100–125 mg/dL,
as well as when insulin concentrationwas less than 15 μU/mL.
Uric acid level was significantly associated with incident dia-
betes regardless of baseline HOMA-IR (Web Table 1).

The association between diabetes duration and visit 4 uric
acid concentration, as well as 9-year change in uric acid con-
centration, is shown in Table 3. Persons with a diagnosis of
diabetes by visit 4 had a median diabetes duration of 7.9
years. Duration of diabetes diagnosis was associated with a
progressively lower concentration of uric acid before and
after adjustment for covariates, including fasting glucose
and insulin (P-trend values ≤ 0.01). After adjustment, for
each additional 5 years with diabetes, uric acid was lower
by 0.10 mg/dL (95% CI: 0.04, 0.15). With regard to 9-year
change in uric acid level, the greatest reduction in uric acid
was observed among participants with a diabetes duration
of 7.2–9.0 years, which averaged −0.42 mg/dL (95% CI:
−0.62, −0.22) after adjustment. The change in uric acid
level seemed to plateau over time, since participants who
had had diabetes for more than 9 years demonstrated almost
no change in uric acid from visit 1 to visit 4.
Sensitivity analyses excluding persons using gout medica-

tion at either visit 1 or visit 4 did not meaningfully change our
findings (Web Table 2). Similarly, sensitivity analyses ex-
cluding persons using insulin medication or any diabetes
medication attenuated but did not significantly alter our

Table 3. Cross-Sectional Association Between Diabetes Duration and Visit 4 Uric Acid Concentration (mg/dL) or

9-year Within-Person Change in Uric Acid Concentration (n =1,510a), Atherosclerosis Risk in Communities Study,

1987–1998

Model 1b Model 2c Model 3d

β 95% CI β 95% CI β 95% CI

Mean uric acid concentration

Category of diabetes duration, years

0.0–4.3 (n = 378) 1 Reference 1 Reference 1 Reference

4.4–7.2 (n = 377) −0.29 −0.50, −0.08 −0.15 −0.34, 0.03 −0.09 −0.27, 0.10

7.3–9.0 (n = 467) −0.55 −0.75, −0.35 −0.36 −0.54, −0.18 −0.16 −0.34, 0.02

9.1–65.0 (n = 288) −0.52 −0.75, −0.30 −0.49 −0.69, −0.29 −0.27 −0.47, −0.06

P-trende <0.001 <0.001 0.01

Continuous diabetes duration
(per 5 years)

−0.15 −0.21, −0.09 −0.15 −0.20, −0.09 −0.10 −0.15, −0.04

Mean 9-year within-person change in
uric acid concentration

Category of diabetes duration, years

0.0–4.3 (n = 378) 1 Reference 1 Reference 1 Reference

4.4–7.2 (n = 377) −0.42 −0.63, −0.21 −0.37 −0.58, −0.17 −0.32 −0.52, −0.11

7.3–9.0 (n = 467) −0.68 −0.88, −0.48 −0.61 −0.81, −0.41 −0.42 −0.62, −0.22

9.1–65.0 (n = 288) −0.04 −0.27, 0.19 −0.06 −0.28, 0.17 0.16 −0.08, 0.39

P-trende 0.32 0.27 0.30

Mean 9-year change (per 5 years
with diabetes)

−0.01 −0.08, 0.05 −0.03 −0.09, 0.03 0.02 −0.04, 0.08

Abbreviation: CI, confidence interval.
a This analysis was conducted among visit 4 participants who had a visit-based diagnosis of diabetes by visit 4.
b Results were adjusted for age, sex, and race/study center.
c Results were adjusted for model 1 variables plus low-density lipoprotein cholesterol, high-density lipoprotein

cholesterol, triglycerides, body mass index, estimated glomerular filtration rate, hypertension, parental family history

of diabetes, education, smoking status, alcohol use, and diuretic use.
d Results were adjusted for model 2 variables plus fasting glucose and fasting insulin levels.
e P-trend was calculated using the median value of each quartile to construct an ordinal variable.
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findings (Web Tables 3 and 4). Furthermore, a sensitivity
analysis comparing participants who had diabetes at both
visit 1 and visit 4 with participants who did not have diabetes
at either visit 1 or visit 4 confirmed our findings; that is, dia-
betes was associated with a greater reduction in uric acid lev-
els over time (Web Table 5).

DISCUSSION

This study represents a comprehensive examination of the
temporal relationship between uric acid concentration and di-
abetes in a community-based population. Previous studies
have shown that a high uric acid level is associated with an
increased risk of diabetes but also that, paradoxically, preva-
lent diabetes is associated with a lower risk of hyperuricemia
(high uric acid levels). Our results help reconcile conflicting
evidence in the literature and demonstrate that: 1) higher
baseline concentrations of uric acid are associated with an in-
creased risk of incident diabetes regardless of baseline insulin
resistance; and 2) uric acid concentrations decline after par-
ticipants report a diabetes diagnosis or develop a fasting
glucose concentration above the diagnostic threshold for
diabetes.

Previous observational studies have demonstrated an asso-
ciation between uric acid level and risk of diabetes (4–8). Our
results confirm these previousfindings, butwe further showed
that this association was present even after accounting for
baseline fasting glucose and insulin concentrations. Indeed,
uric acid level was significantly associated with a higher risk
of diabetes among persons with a low-normal baseline insu-
lin concentration (<15 μU/mL). It has been postulated that
uric acid plays a causal role in the development of diabetes
(28), but it is also possible that uric acid level is a marker
for other diabetes risk factors, reflecting high concentrations
of intracellular glycolytic substrates (29), dietary intake (30),
or a genetic predisposition to diabetes (31). Future studies are
needed to investigate whether modifying uric acid concentra-
tions can alter diabetes risk.

We also found that while elevated uric acid concentrations
were associated with increased risk of diabetes, after diagno-
sis of diabetes, uric acid concentrations declined. The decline
in uric acid level was strongly associated with duration of
diabetes. These findings are consistent with other cross-
sectional and prospective studies that have shown lower
uric acid levels in persons with a history of diabetes (8, 9).
It is believed that elevations in serum glucose (32–34) or in-
sulin (35) promote excretion of uric acid. However, we ob-
served that the association between diabetes and lower uric
acid level was independent of estimated glomerular filtration
rate, fasting glucose, and insulin. It is possible that lifestyle
changes or medication use subsequent to a diabetes diagnosis
alters uric acid production; however, ongoing alterations in
metabolism due to the chronic effects of diabetes cannot be
ruled out.

The decline in uric acid concentration after a diabetes diag-
nosis may help explain the inconsistent relationship between
uric acid and cardiovascular complications in the setting of
diabetes. There has historically been much debate over the re-
lationship between asymptomatic hyperuricemia and fatal
and nonfatal cardiovascular events (36). Evidence for uric

acid as a cardiovascular disease risk factor from epidemio-
logic studies has been conflicting (37). It is possible that
the inclusion of persons with diabetes (subclinical or diag-
nosed) in previous studies may have masked a true associa-
tion between uric acid and cardiovascular disease risk, since
diabetes may reduce uric acid level independently of cardio-
vascular disease risk. For example, one recent study of uric
acid in a diabetic population found no association with car-
diovascular mortality (38). Nonetheless, additional studies
are necessary to confirm these findings.

There are several limitations to this study that warrant dis-
cussion. First, our prospective analyses relied on single uric
acid measurements. Second, the cross-sectional duration
analysis was potentially subject to survival bias in that partic-
ipants needed to survive to visit 4 to be included in the
analysis. Finally, as in any observational study, residual con-
founding remains a possibility. Despite these limitations, this
study had a number of strengths, including the large sample
size, the long follow-up period, standardized measurements
of diabetes risk factors, and repeat measurements of uric
acid taken 9 years apart.

In conclusion, high uric acid concentrations were associ-
ated with risk of diabetes, even among participants with nor-
mal insulin sensitivity at baseline. However, prevalent
diabetes was associated with a decline in uric acid concentra-
tions over time, with the biggest declines being observed in
participants with the longest duration of diabetes. These
findings may have implications for studies evaluating the re-
lationship between uric acid and complications of diabetes,
including cardiovascular disease outcomes. Future studies in-
vestigating uric acid level as a risk factor for cardiovascular
disease should adequately account for the impact and timing
of diabetes development.
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