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Abstract 

Objectives:  In recent years, serum uric acid has emerged as a possible 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.  This retrospective epidemiologic study attempts to 
clarify the relationship between uric acid and T2DM, as well as to assess uric acid as a predictor 
for future diabetes development.  

Methods: Data was collected by the NIDDK biennial study from Pima Indians in Arizona over 
several decades.  A cross sectional analysis using multivariate logistic regression and a survival 
analysis using a Cox proportional hazards model were created.  Sex and body mass index (BMI) 
were hypothesized to create significant interactions with other variables.  Interactions were 
confirmed by log likelihood tests, so the data was analyzed stratifying by sex.  An interaction 
term between body mass index and uric acid was also included in analyses performed in 
women, as it was found to be significant in women only. 

Results: The cross sectional analysis showed that men with diabetes are significantly more likely 
to be older (OR=1.033, p<0.0001), have a higher BMI (OR=1.117, p<0.0001), mean arterial 
pressure (MAP) (OR=1.020, p=0.0024), cholesterol (OR=1.003, p=0.003), and lower uric acid 
(OR=0.625, p<0.0001) than men without diabetes.  Uric acid levels did not correlate with 
diabetes status in women, but an interaction between uric acid and BMI was significant 
(p=0.0094).  A goodness of fit test of the models comparing predicted to observed outcomes 
were significant with an R-squared value of almost 0.90 in both sexes. 

The survival analysis in women demonstrated that BMI (p=<0.0002) and uric acid (p=0.0209) 
both confer risk for diabetes development, and a significant interaction between BMI and uric 
acid exists with a negative parameter estimate. A nested analysis of the effect of uric acid 
assessed in BMI quartiles demonstrated an increased risk in normal to moderately overweight 
individuals, and a hazard ratio under 1 in more obese individuals.  Results in men demonstrated 
no significance of uric acid (p=0.6571).  

Conclusion: The relationship between serum uric acid and diabetes varies significantly by sex, 
and BMI appears to have a confounding relationship with uric acid, especially in women.  Uric 
acid is lower in men with current diabetes, confirming previous studies, which may be due to 
renal hyperfiltration or induction of uric acid as an antioxidant response to diabetes.  In women, 
elevated uric acid confers higher risk of future development of T2DM.  Why this was not shown 
in men is unclear.  Utilizing uric acid in clinical practice as a screening tool is limited by 
interactions between uric acid and other metabolic risk factors, specifically BMI, as well as 
variations influenced by diet and renal function.   
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Introduction 

In recent decades, serum uric acid has emerged as a potential risk factor for type 2 

diabetes mellitus (T2DM).  Elevated uric acid levels are often found in individuals with the 

metabolic syndrome, a collection of risk factors for T2DM often found to cluster together and 

including the following: truncal obesity, hypertriglyeridemia, decreased high density 

lipoprotein, hypertension, and insulin resistance.1 While uric acid appears to increase the risk of 

T2DM, it remains unclear if this relationship is maintained after accounting for the other 

metabolic factors.2-6  If uric acid proves to be a novel screening tool that predicts future 

incidence of T2DM, it may have an application in risk stratification, especially for patients with 

few of the other established risk factors.  Early identification of those who are likely to develop 

T2DM allows early implementation of interventions to mitigate their risk. 

The role of uric acid in abnormal carbohydrate metabolism also remains unclear.  Is uric 

acid causative of insulin resistance or beta cell secretory deficiency, or is it a byproduct of 

insulin resistance or hyperglycemia?  This is an important question because if uric acid is 

causative, then lowering high serum uric acid levels may be a target for early intervention 

utilizing antihyperuricemic agents already readily available on the market. If uric acid is simply a 

byproduct of impaired glucose metabolism, it may still be useful as an early marker of T2DM 

risk and lead to earlier interventions, but not by treating hyperuricemia.  Hyperinsulinemia has 

been shown to cause hyperuricemia, supporting the hypothesis that elevated uric acid is simply 

a byproduct of insulin resistance and glucose metabolism dysfunction. 7 However, uric acid 

levels may also mediate this syndrome.  Studies show that a high fructose diet increases many 

of the features of metabolic syndrome and also raises uric acid levels, but this work was done in 

rats. 1   

Animals may not adequately model uric acid metabolism in humans.  Even among 

primates, uric acid metabolism varies between monkeys and apes. 8  While most animals utilize 

the enzyme uricase to further metabolize uric acid into allantoin (a molecule more soluble in 

urine than uric acid), the common ancestor of humans and other apes lost the ability to further 

metabolize uric acid to allantoin after a silencing mutation occurred in the gene coding for 

uricase.  Humans therefore sustain levels of serum uric acid that are five to twenty times higher 
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than most other animals, and develop clinical adverse effects at levels above that. 9  Humans 

excrete 60-70% of serum uric acid renally, with the remainder being excreted in feces.  Over 

90% of serum uric acid is soluble and not protein bound, and freely filtered by the kidneys.  This 

makes filtered serum uric acid strongly dependent on glomerular filtration rate (GFR).  The 

proximal tubule serves as the site for further secretion and reabsorption of uric acid.  Since 

most serum uric acid is freely filtered, reabsorption is the primary mechanism that influences 

baseline rates of uric acid in an individual.  Reabsorption occurs by active transport coupled to 

Na-K-ATPase pump utilizing a multitude of transport proteins, the most important of which are 

URAT1 and GLUT9.  In animal models, knockout of these genes has very little effect.  In humans, 

however, these genes are essential for maintaining uric acid homeostasis, and serum uric acid 

levels are drastically altered using medication to minimize or enhance these transport proteins. 

9  Because of the evolutionary distance between animal and human metabolism of uric acid, 

questions regarding the relationship of uric acid with various disease states are still largely 

unanswered. 

Even among humans, there are wide ranges in uric acid levels based on factors other 

than metabolic differences. There are reports of significant variations even within individuals.  

Transient increases and decreases in serum uric acid occur on a daily and monthly basis. 10 

Furthermore, dietary preferences play a large role in one’s baseline uric acid level as well as in 

transient variations.  Vegetarians generally have the lowest uric acid levels, while those who eat 

red meat and shellfish have the highest uric acid levels. 11  Fructose ingestion also appears to 

effect uric acid levels, 12 as do some kinds of alcohol, particularly beer.   Thus cultural and 

individual dietary preferences may affect uric acid levels significantly, further confounding the 

relationship of uric acid with diseases strongly related to diet like T2DM.   

The Pima Indians of the Gila River Indian Community are a population with a high 

documented prevalence of obesity and T2DM. Before European colonization of the Gila River 

valley, the traditional Pima diet included corn, squash, and beans cultivated with water from 

the Gila River.  The Pimas also consumed fish and small game hunted in the rich riparian area 

adjacent to the river, as well as mesquite, saguaro, agaves and chollas from the desert. 13  It has 

been estimated that about 50 to 60 percent of the Pima food supply came from crops, while 
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the rest came from wild plants and animals. 14 When people of European descent began to 

colonize the Gila River valley during the late 1800s, they diverted the Pima’s water supply for 

cultivation of commodity crops such as cotton.  Declining flow in the Gila River disrupted Pima 

agricultural production15 as well as the supply of wild foods. At the dawn of the twentieth 

century, a 2000-year history of Pima subsistence farming, fishing and hunting came to an end, 

leading to poverty, malnutrition and even starvation.  Federal provision of bacon, lard, sugar 

and white flour kept the Pima Indians from extinction, but these subsidies resulted in 

fundamental changes to Pima culture and lifestyle.16 

 Observations from the early 1900s suggest that diabetes was either rare or largely 

unrecognized among the Pimas15,17. By the 1930s, 21 Pima Indians with diabetes had been 

identified, but the prevalence was considered similar to that in the U.S. population. 18 In the 

1950s, more Pimas were diagnosed with T2DM, 19 and from 1965-2007, the National Institutes 

of Health conducted systematic testing for diabetes among volunteers from the Gila River 

Indian Community performed as part of a longitudinal study.  Data from this study documented 

the highest known prevalence of T2DM in the world. 

In addition to performing regular screening exams for diabetes, the Phoenix 

Epidemiology and Clinical Research Branch of the National Institutes of Health has also 

investigated risk factors for T2DM.    Diabetes incidence in this population is strongly related to 

obesity, as estimated by the body mass index. Age- and sex-specific incidence rates are 

consistently higher with increasing body mass index in all age and sex categories. 20  Other risk 

factors include family history of diabetes, however in utero exposure to diabetes appears to be 

the strongest familial factor that contributes to future risk. 21   

Longitudinal studies of T2DM in the Gila River Indian Community included measurement 

of many serum metabolites including uric acid, which was collected from 1967 to 1972.  In 

addition, there are long-term follow up data on the incidence of diabetes in this population. 

Until now, these data have never been used to study the predictive role of serum uric acid level 

on incidence of T2DM in this population.  This research examines cross-sectional and 

longitudinal relationships between serum uric acid, other risk factors for diabetes, and the 

incidence of diabetes in the Gila River Indian Community. 
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Methods 

The data utilized in this retrospective study were collected as part of the National 

Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) biennial study involving Pima 

and Papago Indians who lived in the Gila River Indian Community during the time of the study.  

The study was reviewed by the NIDDK institutional review board. All participants were 

compensated for their time and inconvenience.  Data were de-identified by giving each patient 

a unique identification number.   

Pima and the closely related Tohono O'odham (Papago) Indians who live in the Gila 

River Indian Community in Arizona participated in a research examination approximately every 

2 years regardless of health. All research subjects were 5 years of age or older.  Each 

examination included demographic information, measurement of height and weight, blood 

pressure, an oral glucose tolerance test (OGTT) for those with no history of diabetes, other 

blood and urine tests, and assessment for diabetes complications.  

During the OGTT, venous blood was collected in NaF 2 hours after ingestion of 75 g 

carbohydrate. Plasma was separated and stored at −20°C until glucose measurement by the 

alkaline potassium ferricyanide method (AutoAnalyzer; Technicon, Tarrytown, NY) through 

October 1991 and by the hexokinase method (Ciba-Corning, Palo Alto, CA) thereafter. Glucose 

concentrations were 3.6 mg/dl higher, on average, by the latter method in 194 samples 

measured simultaneously by both methods. Because this difference was small and quarterly 

external proficiency testing confirmed the accuracy of both methods over time, no adjustment 

was made between the methods. The 75-g load was used throughout the study, regardless of 

age and body size. Since 1975, all subjects were asked to fast overnight before the OGTT. 

During the period of time between 1965 and 1973, serum uric acid was drawn routinely as part 

of the study.  Uric acid measurements were taken from blood drawn 2 hours following oral 

glucose administration.  

In order to limit the analysis to those with strong genetic ties to Pima and Papago tribes, 

only data from individuals identified as being at least half Pima or Papago were included in the 

study.  All participants less than 18 years of age were excluded to avoid any differences in uric 

acid metabolism based on age.  BMI was defined as weight in kilograms divided by the square 
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of height in meters. Diabetes was defined according to ADA guidelines by fasting glucose level 

of greater than 126 or a glucose level of greater than 200 mg/dl following an OGTT. 22  Mean 

arterial blood pressure was calculated from systolic and diastolic blood pressures.  Glomerular 

filtration rate was calculated from serum creatinine and adjusted for sex using the CKD-EPI 

equation. 23  For those subjects with multiple visits that included a uric acid level, the first visit 

at which a uric acid level was obtained was used and all other visits were discarded.  Other 

variables which may have an impact on diabetes or uric acid, such as diet, comorbid conditions, 

and use of antihypertensives or other medications, were not included in the analysis as this 

information was inconsistently obtained and was not available for the majority of patients.  

After analyzing the data, it became clear that BMI and uric acid were correlated in some 

way.  We hypothesized that a BMI and uric acid interaction existed, and in order to assess this a 

log likelihood test was created comparing a model including an interaction term between BMI 

and uric acid with a model assessing these variables independently.  The results of the log 

likelihood test, as well as the p value of the interaction term were significant in women, so the 

decision was made to include this interaction term in the analyses in women.  The interaction 

between uric acid and BMI was assessed in the cross sectional and longitudinal data and was 

found to be significant in both data sets in women, however was not significant in either data 

set in men.  Uric acid levels in men have been shown to be statistically significantly higher than 

in women, and our data confirms this result.  Because of significant differences in variables 

between men and women, we hypothesized that sex might interact with each variable 

differently.  In order to determine this, we ran a log likelihood test comparing a saturated 

model accounting for interaction of sex with all other variables, and a bare model that simply 

included sex as an independent variable.  The test demonstrated a significant result, and sex 

was found to interact with multiple variables.  As BMI was found to significantly interaction 

with sex, and BMI was also found to be related to uric acid which was the target of the study, 

the decision to stratify the data by sex was supported.  Although this would reduce the power 

of the study, we felt that given the results of the log likelihood tests, sex would confound the 

results if the data was left unstratified.   
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Cross sectional analysis using logistic regression 

The goal of the cross sectional study was to understand uric acid level by diabetes 

status. Diabetes status was evaluated as a categorical variable.  Individuals with diabetes were 

identified as those with a previous diagnosis or with a glucose level greater than 200 mg/dl 2 

hours following an OGTT.  A stepwise backward elimination model was used to identify 

variables that were significantly associated with diabetes status. Those variables were then 

included in a multivariate logistic regression model to assess the relationship of each variable to 

diabetes status.  In variables that were innately related such as MAP, systolic blood pressure 

(SBP) and diastolic blood pressure (DBP), the variable with the highest correlation to diabetes 

was utilized to avoid inherent interaction between variables.  In order to assess how well the 

logistic regression model functioned within our data set, we also decided to conduct a 

goodness of fit analysis to compare the predicted outcomes based on the model output to the 

actual observed outcomes.  

 

Longitudinal analysis using Cox proportional hazards 

In order to assess the predictive value of uric acid and other variables on diabetes 

incidence, we created a multivariate Cox proportional hazards model.  All subjects were non-

diabetic at baseline and assessed for new onset of diabetes at follow-up visits in future years.  

Endpoints of the model were identified as diabetes diagnosis, death, or end of study reached.  

Follow up time was calculated as the time between the date of visit at which uric acid level was 

obtained and the endpoint.  Event occurrence was identified as diabetes onset, and non-event 

was identified as death or reaching the end of the study without a diagnosis of diabetes.  The 

decision to stratify the data by sex was supported by the significant results of the log likelihood 

test when comparing a bare model which used sex as an independent variable to a saturated 

model which included a sex-interaction term with each variable.  The overall model 

demonstrated significance, as well as multiple individual variables, including BMI, which we 

demonstrated interacted with uric acid.  As uric acid was our key variable in question, we felt 

that stratifying by sex was important to remove internal interaction between variables.  Uric 

acid and BMI continued to demonstrate a significant interaction, supported by the log 
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likelihood test, and so an interaction term between uric acid and BMI was thus assessed as a 

variable in each final model.  

After testing for proportionality, a Cox regression model was evaluated for variables 

individually and each variable with a p-value less than 0.05 was included in the final model in 

accordance with standard protocol.  The following variables were assessed individually within 

the Cox regression model: age, BMI, uric acid, MAP, SBP, DBP, total cholesterol, GFR, and 

interaction of uric acid and BMI.  These variables were chosen because they have all been 

shown in the literature to be related to diabetes and were available in our data set.  Of those 

variables, MAP was used as a marker for blood pressure to avoid an innate interaction with SBP 

and DBP.  This was decided based on the fact that MAP demonstrated the most significance in 

the model.  Total cholesterol was not found to meet criteria for inclusion in the final model and 

was discarded.  Separate analyses were run using uric acid as a continuous variable and as a 

categorical variable in quintiles.  Results did not statistically differ, and so uric acid was assessed 

as a continuous variable in all further analyses.   The remaining variables were input into a final 

Cox regression model for men and women separately. In addition to producing a Cox 

proportional hazards model, we assessed the incidence of diabetes by uric acid status using 

Kaplan Meier survival analysis.  We created a survival curve to visually assess whether diabetes 

onset varied by uric acid levels.  Data remained stratified by sex, and uric acid was converted to 

two categorical variables: elevated uric acid levels versus normal uric acid levels.  Elevated uric 

acid was defined as the top quartile of uric acid value for each sex.  In women this was above 

4.20 mg/dl, and in men it was defined as above 5.75 mg/dl.  Follow up time was plotted against 

percentage of non-diabetics in each category uric acid level.  
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Results 

Cross sectional analysis using logistic regression 

When evaluating the data, there were significant differences in many variables when 

comparing the data in men versus women, as first identified by correlation tables between 

variables of interest (Table 1).  The log likelihood test comparing a sex-interaction saturated 

model with a base model, where sex was simply an independent variable, supported a 

significant interaction of sex with multiple variables (p= 0.0368), therefore we decided to 

analyze the data stratified by sex.   Using a student’s t test, in non-diabetics, age, BMI, 2-hour 

glucose, MAP, SBP, DBP, uric acid, and GFR vary significantly by sex, whereas total cholesterol 

was not significantly different.  In diabetics, only BMI, uric acid, and DBP were significantly 

different by sex, whereas age, 2-hour glucose, MAP, SBP, GFR, and total cholesterol were not 

different.  In both men and women, a student’s t test demonstrated that diabetics tended to be 

older (men: p<0.0001; women: p<0.0001), weigh more (men: p=0.0003; women: p<0.0001), 

have higher 2 hour glucose following OGTT (men: p<0.0001; women: p<0.0001), higher blood 

pressure based on MAP as well as SBP and DBP (men: p<0.0001; women: p<0.0001), lower uric 

acid (men: p<0.0001; women: p=0.0463), lower GFR (men: p<0.0001; women: p<0.0001), and 

higher total cholesterol (men: p<0.0001; women: p<0.0015) (Table 2).   

In men, the results of the cross sectional analysis evaluated using logistic regression 

demonstrated that the odds of having diabetes were greater for those who were older 

(OR=1.033, p<0.0001), heavier (OR=1.117, p<0.0001), more hypertensive (OR=1.021, p=0.0010), 

and more dyslipidemic (OR=1.008, p=0.0003).  Elevation in uric acid decreased the odds of 

having current diabetes (OR=0.624, p<0.0001).  The interaction between uric acid and BMI was 

not significant and so was not included in the final model.  Trends were similar in women, with 

results showing that the odds of having diabetes were greater for those who were older 

(OR=1.061, p<0.0001), heavier (OR=1.187, p=0.0005), and more hypertensive (OR=1.028, 

p<0.0001).  Uric acid (OR=2.322, p=0.0608) and cholesterol (OR=1.002, p=0.2523) were not 

significantly different (Table 3, Figure 1).  The interaction between BMI and uric acid was 

significant (p=0.0129) and including this interaction term in the model removes the significance  
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Table 1. Correlation of variables assessed in multivariate logistic regression model 
  Uric Acid Age BMI GTT2 MAP GFR Cholesterol 

M
al

es
 

Uric 

Acid 
1.0 

-0.299 

(<0.0001) 

0.313 

(<0.0001) 

-0.168 

(<0.0001) 
-0.29113 
(0.0804) 

0.039 

(0.270) 

-0.038 

(0.279) 

Age  1.0 
-0.164 

(<0.0001) 

0.331 

(<0.0001) 

0.291 

(<0.0001) 

-0.816 

(<0.0001) 

0.194 

(<0.0001) 

BMI   1.0 
-0.211 

(<0.0001) 

0.278 

(<0.0001) 

0.090 

0.010 

0.084 

0.017 

GTT2    1.0 
0.299 

(<0.0001) 

-0.239 

(<0.0001) 

0.190 

(<0.0001) 

MAP     1.0 
-0.235 

(<0.0001) 

0.144 

(<0.0001) 

GFR      1.0 
-0.150 

(<0.0001) 

Cholesterol       1.0 

         

Fe
m

al
es

 

Uric 

Acid 
1.0 

-0.015 

(0.649) 

0.165 

(<0.0001) 

-0.029 

(0.381) 

0.115 

0.0004 

-0.176 

(<0.0001) 

0.008 

(0.810) 

Age  1.0 
0.131 

(<0.0001) 

0.151 

(<0.0001) 

0520 

(<0.0001) 

-0.817 

(<0.0001) 

0.192 

(<0.0001) 

BMI   1.0 
0.214 

(<0.0001) 

0.305 

(<0.0001) 

-0.096 

0.003 

-0.004 

0.907 

GTT2    1.0 
0.436 

(<0.0001) 

-0.441 

(<0.0001) 

0.112 

0.0006 

MAP     1.0 
-0.476 

(<0.0001) 

0.155 

(<0.0001) 

GFR      1.0 
-0.144 

(<0.0001) 

Cholesterol       1.0 
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Table 2. Subject characteristics in cross-sectional analyses.  All numbers are mean (standard 
deviation) 

 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) <.0001 48.5   (13.3) 33.2 (14.3) <.0001 
2-hour glucose* 366.1 (149.0) 112.8 (28.0) <.0001 365.5 (149.0) 116.5 (28.0) <.0001 
BMI 30.0     (5.1) 28.5   (5.5) 0.0003 32.3     (5.8) 30.5   (6.4) <.0001 
MAP 105.7   (15.3) 98.5 (13.0) <.0001 103.5   (16.4) 91.2 (13.4) <.0001 
SBP 146.8   (25.2) 136.6 (19.8) <.0001 146.6   (28.1) 126.5 (20.1) <.0001 
DBP 85.1   (12.9) 79.4 (12.5) <.0001 82.2   (12.6) 73.5 (12.1) <.0001 
Uric acid 4.0     (1.3) 4.8   (1.4) <.0001 3.3     (1.0) 3.5   (1.1)  0.0463 
eGFR 110.6   (19.7) 119.3 (21.0) <.0001 109.2   (19.3) 127.3 (19.0) <.0001 
Total Cholesterol 193.1   (45.9) 176.8 (39.0) <.0001 185.8   (47.1) 175.3 (43.4) 0.0015 

     *after 75 gm. OGTT 
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Table 3. Results of cross sectional analysis multivariate logistic regression model to assess odds 
of having diabetes 

  Women  
 Odds ratio Confidence interval P value 
Age 1.061 1.048-1.074 <.0001 
BMI * 1.078-1.308 0.0005 
Uric acid * 0.963-5.601 0.0608 
MAP 1.028 1.016-1.041 <.0001 
Total Cholesterol 1.002 0.998-1.006 0.2523 
Uric acid * BMI * * 0.0129 

     * Odds ratio unable to be interpreted for interaction term 
 

  Men  
 Odds ratio Confidence interval P value 
Age 1.033 1.022-1.044 <.0001 
BMI 1.117 1.078-1.158 <.0001 
Uric acid 0.624 0.542-0.718 <.0001 
MAP 1.021 1.009-1.034 0.0010 
Total Cholesterol 1.008 1.003-1.012 0.0003 
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Figure 1: Parameter estimates of multivariate logistic regression model to assess odds of having 
diabetes 
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each model.  The models appeared to correlate expected with observed outcomes fairly well, 

with an R-squared value of 0.88182 in men, and 0.96869 in women (Figure 2).   

 

Longitudinal analysis using Cox proportional hazards:  

The data utilized by the Cox proportional hazards model involved non-diabetic subjects 

only and was assessed for predictive value of future development of T2DM.  The data was 

initially evaluated using correlation tables between all of the variables of interest (Table 4).  

Using a student’s t test, men in comparison to women tended to be older (p<0.0001), weigh 

less (p<0.0001), have a lower 2 hour glucose (p=0.0268), more elevated blood pressure 

(p<0.0001), higher uric acid (p<0.0001), lower GFR (p<0.0001), and shorter follow up time 

(p=0.0023), whereas total cholesterol did not differ by sex (p=0.4817) (Table 5). As mentioned 

above, uric acid and BMI were also shown to significantly interact, demonstrated by a log 

likelihood test comparing a model with and without the interaction term.  

The final model for men demonstrated a significant result only for GFR (HR=1.012, 

p=0.0373); hazards ratios for all other variables crossed one.  BMI was close to being significant 

(HR= 1.087, CI= 0.988-1.195, p=0.0887), while uric acid did not come close to being significant 

(HR=1.011, CI=0.628-1.963, p=0.7196).  Women demonstrated significant parameter estimates 

for BMI, uric acid, and the interaction between BMI and uric acid; all other results did not reach 

significance.  BMI produced a parameter estimate of 0.1100 (0.030) with a p 0.0002, uric acid 

was 0.5824 (0.252) with a p 0.0209, and the interaction of uric acid with BMI produced a 

parameter estimate of -0.0173 (0.008) with a p= 0.0304 (Table 6).  The survival curve 

demonstrated a significant difference in the percentage of women who remained non-diabetic 

with normal versus elevated uric acid levels (p=0.0019), and while the visual trend was 

consistent in men, results did not quite reach statistical significance (p=0.0589) (Figure 3). 

This model was further assessed using BMI as a categorical variable in quartiles to 

attempt to elicit a varying predictive value of uric acid that may be stronger in individuals with 

lower BMIs (Figure 4).  We know that at higher BMI levels, the risk of diabetes goes up sharply, 

however there are individuals with high BMIs who never develop diabetes.  Conversely, there  
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Figure 2: Goodness of fit in multivariate logistics regression model 

 

 

 

 

 

  



 15 

Table 4. Correlation of variables assessed in Cox proportional hazard model 

  First Uric 
Acid 

Age BMI MAP GFR Cholesterol 

M
al

es
 

Uric 

Acid 
1.0 

-0.234 

(<0.0001) 

0.373 

(<0.0001) 

-0.168 

(<0.0001) 

-0.002 
(0.965) 

0.011 

(0.789) 

Age  1.0 
-0.151 

(0.0002) 

0.331 

(<0.0001) 

0.296 

(<0.0001) 

0.283 

(<0.0001) 

BMI   1.0 
0.296 

(<0.0001) 

0.82 

(<0.046) 

0.061 

0.1392 

MAP    1.0 
-0.219 

(<0.0001) 

0.160 

(<0.0001) 

GFR     1.0 
-0.223 

(<0.0001) 

Cholesterol      1.0 

       
 Uric 

Acid 
1.0 

0.029 

(0.456) 

0.225 

(<0.0001) 

0.197 

(<0.0001) 

-0.260 

(<0.0001) 

-0.001 

(0.976) 

  F
em

al
es

 

Age  1.0 
0.246 

(<0.0001) 

0.151 

(<0.0001) 

0.426 

(<0.0001) 

0.191 

(<0.0001) 

BMI   1.0 
0.376 

(<0.0001) 

-0.174 

(<0.0001) 

0.031 

0.418 

MAP    1.0 0.114 
-0.476 

(0.003) 

GFR     1.0 
-0.112 

(0.004) 
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Table 5. Baseline characteristics of subjects in longitudinal analyses of T2DM incidence.  Only 

non-diabetic subjects were included. 

 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 

         *after 75 gm. OGTT 
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Table 6. Results of Cox proportional hazards model for diabetes incidence 
 

                                                                      Women (n = 650) 
   Estimate (SE) Hazards ratio (CI) P value 
   Age -0.0021 (0.006) 0.998 (0.987-1.010) 0.7321 
   BMI 0.1100 (0.030) * <0.00021 
   Uric acid 0.5824 (0.252) * 0.02091 
   MAP 0.0068 (0.005) 1.007 (0.998-1.016) 0.15162 
   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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Figure 3: Kaplan-Meier survival estimates 
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are individuals with lower BMIs who are not traditionally considered at risk based on BMI, but 

who develop diabetes.  We considered that perhaps uric acid is more strongly predictive of  

diabetes onset in those who develop diabetes at a lower BMI.  The results showed that uric acid 

was not significantly predictive of diabetes onset in any one quartile of BMI.  This is likely due to 

a loss of power stemming from the decreased sample size when splitting BMI into quartiles.  

Although the results did not reach statistical significance, the trend demonstrates a stronger 

prediction of diabetes with BMI in the lower fiftieth percentile whereas elevated uric acid is no 

longer predictive of diabetes in the upper fiftieth percentile (Figure 4). 
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Figure 4: Uric acid hazard ratios by BMI quartile 
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Discussion 

 Diabetes prevalence is increasing worldwide, especially in populations like the Pima 

Indians who are transitioning from traditional to modern lifestyles. 24,25 In this population, mean 

uric acid shows an inverse cross sectional relationship with diabetes status in men only, while in 

women uric mean acid was also lower, but this result was not statistically significant.  In 

longitudinal studies, uric acid was confirmed as a significant predictor of future T2DM in 

women, as were many other variables previously known to confer significant risk.  In men, 

however, only BMI and eGFR were statistically significant.  It is unclear why the results did not 

hold true across genders, as the data showed similar trends in each variable for each gender.  It 

is possible that uric acid is a stronger predictor of future diabetes risk in women, and although 

this may hold true in men as well, we were unable to demonstrate this in our population, 

possibly due to a lack of power and smaller sample size.  The data in men appeared to contain 

more variance in each variable, especially in uric acid, which may demonstrate that many 

trends within these variables are very personalized, and analyzing these values in a population 

may remove a trend which is evident in a single individual.   

 Our cross sectional results confirm prior studies, demonstrating that uric acid levels in 

Pima Indians follow similar trends as seen in other populations.  Previous studies suggest that 

relationship of uric acid in relation to diabetes onset involves a steady increase in uric acid, 

reaching a peak around the time of diabetes onset, followed by a steady decline.  Our data 

supports this by showing a significantly increased uric acid level in individuals without diabetes 

compared to those with formerly diagnosed diabetes.  Previous studies have identified that 

those with impaired fasting glucose demonstrate the highest levels of uric acid, which was not 

investigated in our data.  This corresponds with the theory that increasing insulin resistance 

may cause increasing uric acid levels as a protective mechanism for its antioxidant functions.  

One theory addressing why uric acid levels plummet after the onset of diabetes includes the 

idea of hyperfiltration of uric acid, since GFR is known to increase soon after diagnosis causing 

more uric acid to be excreted in the urine and hence a lower serum level of uric acid.  Our data 

indicates a significant decrease in GFR in those with diabetes versus those without diabetes.  

Since this was a cross sectional analysis, we cannot make any definitive conclusions about 
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direction of causation, and further research could be useful in elucidating the trend of uric acid 

after diabetes diagnosis based on GFR to determine if uric acid continues to decrease after GFR 

stabilizes in those with newly diagnosed diabetes.  

 Both the cross sectional data and especially the longitudinal data demonstrate an 

interaction between BMI and uric acid which is significant in some analyses and holds true as a 

trend in non-significant analyses.  Based on our further analyses of the impact of BMI on uric 

acid, we introduce the idea that uric acid as a continuous variable is interrelated to BMI as a 

continuous variable.  We hypothesize that the predictive value of uric acid on development of 

diabetes may be tied to a specific range of BMI.  Since adiposity predicts diabetes very well, and 

obesity is known to increase uric acid levels, the independent effect of uric acid on diabetes 

development may be negligible in this subpopulation.  However at lower levels of BMI, it is very 

possible that an elevated uric acid level has a stronger independent impact on the future onset 

of diabetes.  In the Cox regression analysis, both BMI and uric acid demonstrate a positive 

parameter estimate indicating that both variables confer risk for diabetes onset as they 

increase, however the interaction term between these two variables demonstrate a negative 

parameter estimate. These results are not statistically significant in men, but the trend holds 

true.  One interpretation of this result might be that although increased uric acid and BMI both 

individually increase the risk for diabetes, the effect of uric acid may be stronger at lower BMIs.  

It is impossible to tell from the data available if this interpretation is the correct one instead of 

the opposite being true: uric acid’s effect might be weaker at higher BMIs, or the effect of BMI 

could be greater at lower uric acid levels.  Although our study demonstrates a significant 

relationship between the two variables, further studies are needed to assess the longitudinal 

relationship between BMI and uric acid with regards to causation and effect.   

 

Strengths and Limitations: 

Strengths:  The Pima Indians are a population in whom risk factors for diabetes have 

been studied longitudinally for almost 40 years.  Accordingly, these results are part of a larger 

collection of data that together create a comprehensive picture of the natural history of type 2 

diabetes.  The mean follow-up time in the longitudinal study of uric acid as a risk factor for 
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diabetes approached 18, considerably longer than in most studies.  We were able to adjust for 

most of the known risk factors for T2DM.  While most studies take sex into consideration when 

creating a model, many do not stratify the models by sex.  By stratifying the data by sex we 

elicited a different result, which may demonstrate the need to evaluate this type of data in a 

sex-specific format.  Based on the significant results of the log likelihood test, evaluating men 

and women in the same model may be inappropriate as it is unknown if uric acid behaves 

differently over time between sexes.  Sex also has a significant interaction with many variables 

that are predictive of diabetes, lending to the idea that variables may behave differently in men 

and women, and our study is able to account for this.  

Limitations: Although this research confirms that uric acid is a significant and 

independent risk factor for T2DM in some populations, it does not provide any data regarding 

mechanism.  Further analyses using measures of insulin sensitivity and uric acid levels might be 

able to determine if serum uric acid increases occurs as a result of insulin resistance.  If uric acid 

is actually causative of the metabolic changes that precede T2DM, data regarding intake of 

high-calorie beverages, high-protein meat, alcohol, and dairy might help to uncover if these are 

important risk modifiers of diabetes development.   

 A better Cox proportional hazards model would have included time-dependent changes 

in covariate values, including uric acid. However, in this retrospective study, uric acid was 

measured only from 1967-1972, i.e. only once in most subjects and twice in a small number of 

subjects.  We therefore analyzed only baseline uric acid as a risk factor for future T2DM.  

Furthermore, we did not have access to information that may have affected uric acid levels at 

baseline measurement, or that might have been useful to include in our models.  Dietary 

quantities of meat and shellfish, alcohol, and fructose may impact uric acid levels transiently 

and at baseline.  Individuals with regular intake of these items may have a consistently elevated 

uric acid level, however individuals who only occasionally ingest these items may have 

transiently increased their uric acid level at the time of measurement, which would not be a 

true baseline number for them.  There is also the issue of transient variations in uric acid levels 

on an hourly, daily, and monthly basis, probably relating to renal function.  The biennial study 

did not attempt to standardize the time of day that phlebotomy occurred, nor did patients 



 24 

present for evaluation while fasting during the time period that uric acid levels were drawn.  

Renal function was, however, included in the final model.  In addition, we looked at presence or 

absence of diabetes defined as reaching the cutoff of serum glucose levels following an oral 

glucose tolerance test for diagnosis, however we did not take into account the actual level of 

serum glucose at time of measurement, nor did we separate out individuals who met criteria 

for being prediabetic.  This may have adversely impacted our outcome by evaluating those with 

prediabetes as those without current diabetes. 

 Perhaps the biggest limitation of this study is that uric acid levels were routinely drawn 

two hours after a 75g oral glucose load.  A study published in the British Journal of Nutrition 

demonstrated that the degree of change in uric acid levels following a glucose load were 

significantly tied to insulin resistance. 7  The study showed that uric acid tends to decrease 

following a glucose load, and individuals with greater insulin resistance had a greater decrease 

in uric acid than those without a component of insulin resistance.  The profound effect of 

insulin resistance on serum uric acid level after a glucose load greatly impacts our ability to 

interpret our results.  For individuals with insulin resistance who have not yet developed overt 

T2DM, uric acid measurements are more greatly impacted by the OGTT when compared to 

normoinsulinemic patients.  Lacking information on insulin resistance, however, we analyzed 

insulin-sensitive and insulin-resistant subjects together in the absence of a diagnosis of 

diabetes.  Possible mechanisms behind this interaction between glucose load and uric acid 

levels in patients with insulin resistance may involve a reduction in the synthesis of uric acid, 

altered excretion of uric acid, or an increase in consumption of uric acid as an antioxidant.  

Previously we discuss that upward trending uric acid may be a long term adaptive response to 

increasing metabolic dysfunction and insulin resistance based on a protective antioxidant 

function.  If this assumption is true, its advantageous effect may be seen after glucose loading 

on a short-term basis, causing a transient decrease in uric acid levels superimposed on a slowly 

increasing baseline uric acid.  

 

 

 



 25 

Clinical Application: 

 At the start of this study, little information was available about the impact of uric acid 

on T2DM, and existing data were somewhat contradictory.  Since that time, a multitude of 

papers have been published, demonstrating similar findings as in our study.  The overall 

consensus appears to be that increasing uric acid does in fact increase the risk of developing 

T2DM.  It has been difficult to identify a cut-point for defining the level of uric acid above which 

one is at increased risk for diabetes because uric acid is incredibly variable from person to 

person and based on a variety of transient factors such as diet and alcohol intake.  It may be 

more useful as a longitudinal screening tool to assess increasing uric acid over time as opposed 

to a single uric acid measurement with an identified level of uric acid that puts an individual at 

risk.  One study uses a uric acid level of 7 as a cutoff for conferring risk of diabetes.  In our 

population of patients at very high risk for developing diabetes, less than 5% have a uric acid 

level above 7.  This would necessitate screening 100 patients to identify 5 patients who have a 

small but significantly increased risk of developing diabetes, who are very likely to have many 

other easily identified risk factors and may already be known to have a high risk.  This type of 

screening test as currently proposed is unlikely to be widely adapted in clinical practice without 

producing more impactful results.  Furthermore, there is plenty of evidence to suggest that the 

trend of increasing uric acid is more important than reaching a specific cutoff point, as an 

increasing risk is seen in individuals with a net increase in uric acid level but who are still in the 

normal range. This supports a clinical application involving multiple uric acid measurements 

over time to assess trend as opposed to a single measurement being identified as normal or 

high compared to the population average. 26   

Another application of uric acid for screening might include evaluating change in uric 

acid following a glucose load.  Although there has been an explosion in recent research on this 

topic, its clinical application may be limited by feasibility in practice.  Uric acid may be useful if a 

single fasting measurement was strongly predictive of future diabetes onset, however if 

multiple measurements or special circumstances such as giving a glucose load are necessary to 

improve the predictive value of the test, it may create too much of a hassle to be feasible in 

clinical practice. 7  



 26 

 Conclusion: 

Uric acid can now be added to other previously identified risk factors for T2DM in Pima 

Indians.  Several studies to date, including a meta-analysis involving 13 studies, demonstrate a 

clear increase in risk of uric acid on future development of T2DM, independent of other known 

risk factors including adiposity. 2-4,6,27-31 This is now demonstrated in Pima Indian women, and is 

likely true for men as well, however our study is limited by sample size and variable variation in 

men.  Our study elicits the idea that BMI is innately connected to uric acid in some way, 

although due to sample size limitations and lack of data due to the retrospective nature of the 

study, we were not able to demonstrate a varying effect of uric acid on diabetes onset based on 

level of adiposity.  This calls for further research to clarify both the epidemiologic and 

mechanistic relationship between these two variables.  In addition, the possible causative 

relationship between uric acid and increasing insulin resistance is called in question.  This may 

be difficult to study since animal models are a poor substitute for determining the mechanism 

of the relationship as animals metabolize uric acid very differently than humans.  

 The Pima diet has changed markedly over the course of the last 100 years.  The 

traditional diet was high in carbohydrate, but most carbohydrates were not simple sugars and 

were ingested with a considerable amount of fiber, thereby slowing glucose uptake from the 

gut.   A traditional diet certainly did not include beverages sweetened with high-fructose corn 

syrup, which has been shown to raise serum uric acid levels.  A traditional diet contained lower 

fat content compared with the modern-day Pima diet.  Sources of protein in the traditional diet 

included wild fish, fowl, and game, and not red meat from sources known to increase uric acid.  

Finally, the traditional Pima diet did not include alcohol, especially beer. 32  A study comparing 

the traditional Pima diet to a modern diet showed a decrease in oral glucose tolerance and an 

increase in cholesterol in individuals on the modern diet in both Pima Indians and Caucasians. 33  

It also showed a decrease in insulin sensitivity and secretion.  That study did not collect data on 

uric acid, however it is likely that as insulin resistance increased, so did uric acid as previously 

discussed. 

Serum uric acid level also depends on renal metabolism.  Uric acid is freely filtered by 

the glomerulus, and then it is both reabsorbed and excreted by the proximal tubule.  Uric acid 
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levels are significantly lower among individuals with diabetes than in those without diabetes, 

and this is likely the result of the increase in glomerular filtration that occurs after the onset of 

hyperglycemia, although it is unclear what trends uric acid levels follow in long standing 

diabetes.   

Uric acid is an important risk factor for T2DM in Pima Indians, but further investigation 

will be necessary to determine its role in the pathogenesis of the disease and to determine if 

there are specific interventions that may help to prevent diabetes.  Studies with a larger sample 

size may also help elucidate a possible change in the impact of uric acid on diabetes onset at 

lower levels of adiposity.  Uric acid is not an ideal screening tool for risk of diabetes 

development due to the small predictive value, lack of standardized cut off points that appear 

to confer risk, and significant variability in levels within an individual based on difficult to 

control factors such as dietary intake and transient variations.    
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