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Discussion

Background

In recent years, serum uric acid (SUA) has
emerged as a potential risk factor for type 2
diabetes mellitus (T2DM). It remains unclear if
this is independent of other well-known risk
factors related to the metabolic syndrome.
Hyperinsulinemia has been shown to stimulate
hyperuricemia, possibly to utilize its protective
antioxidant effects, supporting the hypothesis
that increasing SUA is an easily measurable
byproduct of worsening insulin resistance. This
retrospective epidemiologic study attempts to
clarify the relationship between SUA and T2DM,
as well as to assess SUA as a predictor for
future diabetes development.

Conclusions

individuals with normal to mildly elevated BMI. Utilizing
uric acid in clinical practice as a screening tool is limited
by interactions between uric acid and other metabolic risk
factors, as well as variations influenced by diet and renal
function. Because variations can be transient, it is
difficult to account for by assessing only when fasting or
at a particular time of day. Uric acid’s power as a
screening tool is also hindered by the inability to identify
a cutoff point above which uric acid concentrations are
pathologic. The impact of uric acid may be more
influenced by increases in uric acid from one’s baseline
as opposed to reaching a specific concentration that may
apply to a general population.

Methods

Data were collected in the NIDDK Biennial study
from Pima Indians in Arizona over several
decades. SUA was evaluated as a continuous
variable in a cross sectional analysis using
multivariate logistic regression and a survival
analysis using a Cox proportional hazards
model. Sex and body mass index (BMI) were
hypothesized to create significant interactions
with other variables included in each model, and
a log likelihood test confirmed that sex
significantly altered the analyses, and that BMI
and SUA contained a confounding interaction.
Based on the significance of these tests, the
data were analyzed after stratifying by sex, and
an interaction term between BMI and SUA was
included in analyses in women, as it was found
to be significant in women only. Kaplan Meier
curves were used to compare survival free of
diabetes in hyperuricemic versus normouricemic
patients, defining hyperuricemia as the upper
quartile of SUA levels in each sex (4.20 mg/dl in
women, 5.75 mg/dl in men).
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BMI Quartile

Men (n=810) Women (n=931)
Diabetic 
(n=222)

Non-diabetic 
(n=588)

P value
Diabetic 
(n=284)

Non-diabetic 
(n=647)

P value

Age 49.4   (15.6) 38.6 (18.1) <0.0001 48.5   (13.3) 33.2 (14.3) <0.0001
2-hour 
glucose*

366.1 (149.0) 112.8 (28.0) <0.0001 365.5 (149.0) 116.5 (28.0) <0.0001

BMI 30.0     (5.1) 28.5   (5.5) 0.0003 32.3     (5.8) 30.5   (6.4) <0.0001
MAP 105.7   (15.3) 98.5 (13.0) <0.0001 103.5   (16.4) 91.2 (13.4) <0.0001
SBP 146.8   (25.2) 136.6 (19.8) <0.0001 146.6   (28.1) 126.5 (20.1) <0.0001
DBP 85.1   (12.9) 79.4 (12.5) <0.0001 82.2   (12.6) 73.5 (12.1) <0.0001
Uric acid 4.0     (1.3) 4.8   (1.4) <0.0001 3.3     (1.0) 3.5   (1.1) 0.0463
eGFR 110.6   (19.7) 119.3 (21.0) <0.0001 109.2   (19.3) 127.3 (19.0) <0.0001
Total 
Cholesterol

193.1   (45.9) 176.8 (39.0) <0.0001 185.8   (47.1) 175.3 (43.4) 0.0015

Non-diabetic Subjects (n = 1243)
Men    (n=593) Women (n=650) P value

Age 38.8 (18.2) 33.4 (14.5) <0.0001
2-hour glucose* 113.0 (28.4) 116.5 (28.02) <0.0268
BMI 28.5   (5.4) 30.5   (6.4) <0.0001
MAP 98.5 (13.1) 91.2 (13.4) <0.0001
SBP 136.6 (19.8) 126.7 (20.2) <0.0001
DBP 79.4 (12.6) 73.5 (12.0) <0.0001
Uric acid 4.8   (1.4) 3.5   (1.1) <0.0001
eGFR 118.6 (22.1) 126.9 (19.9) <0.0001
Total Cholesterol 177.0 (38.9) 175.6 (43.4) 0.4817
Follow up time 18.0 (13.0) 20.2 (13.1) 0.0023

Men (n=593)
Estimate (SE) Hazards ratio (CI) P value

Age 0.0054 (0.0078) 1.005  (0.990-1.021) 0.4872
BMI 0.0728 (0.0130) 1.076  (1.049-1.103) <0.0001
Uric acid 0.0248 (0.0558) 1.025  (0.919-1.144) 0.6571
eGFR 0.0121 (0.0058) 1.012  (1.001-1.024) 0.0350

Women (n= 650)
Estimate (SE) Hazards ratio (CI) P value

Age -0.0021 (0.006) 0.998 (0.986-1.010) 0.7321
BMI 0.1100 (0.030) * 0.0002
Uric acid 0.5824 (0.252) * 0.0209
MAP 0.0068 (0.005) 1.007 (0.998-1.016) 0.1516
eGFR -0.0042 (0.004) 0.996 (0.987-1.004) 0.3292
Uric acid * BMI -0.0173 (0.008) * 0.0304
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Results
The cross sectional analysis demonstrated
significance in men, showing that individuals with
diabetes are more likely to be older, have a
higher BMI, mean arterial pressure (MAP),
cholesterol, and lower SUA (Table 1, Figure 2).
SUA results did not statistically differ in women,
and all other variables followed similar trends as
in men. Although results were not significant in
women, a goodness of fit test of the models
comparing predicted to observed outcomes were
significant, as seen in Figure 1. The survival
analysis in women demonstrated that elevated

BMI and SUA were predictive of future diabetes onset, however
interaction between BMI and SUA produced a negative parameter
estimate (Tables 2 & 3, Figure 3). A nested analysis of the effect of
SUA assessed by BMI quartiles demonstrated an increased risk in
normal to moderately overweight individuals, and a hazard ratio
below 1 in more obese individuals (Figure 4). Results in men were
not significant. Literature suggests that SUA levels are elevated
prior to and depressed following the onset of diabetes, which our
data support by showing a predictive value of elevated SUA on
future diabetes, but lower SUA in current diabetics compared to
those without diabetes.

The relationship between serum uric acid and diabetes varies
significantly by sex, and BMI appears to have a confounding
relationship with uric acid in women. Uric acid is lower in people
with diabetes, confirming previous studies. In women, elevated
uric acid does appear to confer higher risk of future development of
T2DM. Why this was not true in men is unclear. Higher BMI
appears to confound any impact of uric acid on future risk of
diabetes, where uric acid has a much stronger predictive value in

In addition, this study addressed a problem usually
neglected in the literature: assessment of uric acid
without accounting for an interaction with diabetes.
Although elevated uric acid does appear to be a
measurable marker of increasing risk of diabetes
development, its usefulness in clinical practice may be
limited by the inability to create a screening protocol that
is generalizable to the population as a whole.

Overall, our study confirmed the relationship between
uric acid and diabetes seen in other populations. It also
added new information about risk factors for T2DM in
Pima Indians.
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Table 1: Baseline characteristics, cross-sectional analysis 

Table 2: Baseline characteristics, survival analysis 

Table 3: Cox regression proportional hazards results
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Figure 4: Uric acid hazard ratios by BMI Quartile

Figure 3: Kaplan-Meier survival estimates
Figure 1: Goodness of fit in logistic model

Figure 2: Parameter estimates in logistic model


