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Introduction: Prevalence of obesity is high in diabetes mellitus (DM) and is associated with hyperuricemia (HU), hypertension, 
metabolic syndrome, cardiovascular disease and dyslipidemia. In obesity, elevated serum uric acid (SUA) has been shown to be 
associated in many studies from different countries, but data from India are lacking. The aim of the present study is to know the 
prevalence of obesity and to know the relationship between obesity and SUA in newly onset DM.
Methods: In this cross-sectional study from India, 402 consecutive newly onset diabetic patients (male: 284; female: 118) were 
enrolled. All patients were grouped into four based on BMI (body mass index): underweight (<18.5 kg/m2), normal weight (18.5– 
23 kg/m2), overweight (>23-27.5 kg/m2), and obese (>27.5 kg/m2). All participants were grouped into four quartiles based on SUA 
(Q1: <4.23; Q2: ≥4.24–5.19; Q3: ≥5.20–6.16; Q4: >6.16).
Results: The mean age, BMI and SUA of the participants were 46.20±0.52 years, 26.35±0.21 kg/m2 and 5.24±0.007 mg/dl, 
respectively. Overall prevalence of generalized obesity, central obesity and hyperuricemia (HU) were 35.07%, 85.82% and 13.43%, 
respectively. The prevalence of generalized obesity increased across the SUA quartile. A multinomial logistic regression analysis 
showed that serum uric acid level was independently associated with generalized obesity (p<0.001).
Conclusion: This first report from India shows a significant positive association between SUA and generalized obesity among newly 
onset DM. Therefore, routine estimation of SUA is recommended in newly onset DM to prevent and treat HU and its related 
complications.
Keywords: newly onset, diabetes mellitus, hyperuricemia, obesity, association

Introduction
Obesity is defined as excess and unhealthy body fat mass in a person and is a modifiable risk factor for various diseases. 
Prevalence of obesity is increasing in India and worldwide.1 According to an ICMR-INDIAB-3 (Indian Council of 
Medical Research – INdia DIABetes) study, prevalence of generalized obesity (GO), abdominal obesity (AO) and 
combined obesity (CO) from different parts of India varies from 11.8–31.3%, 16.9–36.1% and 9.8–26.6%, respectively.2 

If this is extrapolated to the whole Indian population, 135, 153 and 107 million Indians will have GO, AO and CO, 
respectively in 2015. In America during 2011–2014 more than one third (36.5%) of the population were obese.3 If the 
rising trend in obesity continues like this, by 2030, 86.5% of adults will be either overweight or obese and by 2048, all 
Americans would be either overweight or obese.4 Prevalence of obesity is 2–4 times more in diabetes mellitus as 
compared with the non-diabetic population. In a study by Daousi et al, 86% of type 2 DM were either overweight or 
obese and 52% were obese.5 Reasons for high prevalence of obesity are many, such as increase in calorie intake, altered 
composition of diet, low level of physical activity and altered gut micro biome.6–9 Nowadays obesity and its complica-
tions such as diabetes mellitus (DM), hyperuricemia (HU), hypertension and cardiovascular disease (CVD) have emerged 
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as a serious concern for public health and put a substantial economic burden on society.10–12 According to one estimate 
an obese person has to pay 42% more in health-care costs as compared with a person of normal weight.13

Uric acid is an end product of purine metabolism. When serum uric acid (SUA) is more than 7 mg/dl in male and 
6 mg/dl in female, it is defined as hyperuricemia (HU).14 Prevalence of HU is increasing and this is due to rising 
prevalence of obesity, consumption of food rich in purines and alcohol.15,16 Several epidemiological and cross-sectional 
studies indicated that high SUA is associated with hypertension, DM, obesity, metabolic syndrome, dyslipidemia, liver 
dysfunction, CVD and chronic kidney disease.17–25 In the past few decades, the relationship between SUA and obesity 
has received widespread attention. But it is debatable, whether high SUA is a risk factor for development of obesity or is 
a marker of obesity.22,26–29 Many argue that both originate from common soil, such as a high fructose diet, which causes 
development of both obesity and hyperuricemia simultaneously.30 Masuo et al in their study have shown that high SUA 
at baseline is predictive of weight gain and blood pressure in non-obese, normotensive, Japanese men.29 This suggests 
that high SUA might be a risk factor for development of obesity. Thus if we can reduce SUA by lifestyle modification or 
drugs (SGLT-2 inhibitors31 or uric acid lowering drugs), we can prevent development of obesity and thus CVD. No study 
till now has been performed from the eastern part of Uttar Pradesh (India) to show the association between obesity and 
SUA in newly onset DM patients. Furthermore, level of SUA and prevalence of obesity varies among different 
populations due to differences in lifestyle and genetics. Thus we aimed to investigate the relationship between obesity 
and SUA in newly onset DM patients from this part of India. Further our aim is to know the prevalence of obesity in 
these diabetic patients.

Materials and Methods
This is a cross-sectional single center study covering patients from the Indo-Gangetic Plains of the eastern part of Uttar 
Pradesh (India), which was conducted between May 2021 and June 2022. A total of 402 (male: 284; female: 118) 
consecutive patients with newly onset (less than 1 year duration) DM were enrolled. Patients with symptom and history 
of cardiac, hepatic diseases, pregnant women, drug addicts and those on antihyperuricemic drugs were excluded from the 
study. Hypertensive patients who were either on amlodipine or telmisartan or both were only included in this study as 
they do not alter the SUA. Criteria for diagnosis of DM (FPG ≥126 mg/dl; PPG ≥200 mg/dl) was based on American 
Diabetes Association (ADA) 2018.32 A trained health technician collected anthropometric data in a defined format. Data 
regarding sex, age, weight, height, BP (blood pressure), BMI (body mass index), waist circumference (WC), uric acid, 
A1c (glycated hemoglobin A1c), lipid profile, eGFR (glomerular filtration rate) and vitamin D were collected. Weight 
was measured by standard weighing machine. BMI was calculated by dividing weight (kg) by square of height (in 
meter). Height was measured with head kept in Frankfort position. For measurement of BP, digital BP machine was used.

Nine mL blood was drawn from patients in morning after overnight fast for fasting plasma glucose (FPG), creatinine, 
A1c, vitamin D (Vit D), SUA and lipid profile. Glucose oxidase method was used for estimation of FPG. Vitamin D was 
analyzed on Siemens ADVIA centaur, standardized against ID-LC/ME/MS, as per vitamin D standardization 
(Thyrocare). SUA, creatinine and lipid profile were estimated by standard enzymatic procedure. Thyrocare 
Technologies Limited, Mumbai, India, analyzed biochemistry. Ultrasonography was done in suspected cases to rule 
out liver diseases.

Hyperuricemia was defined as SUA level >6 mg/dl in women and >7 mg/dl in men.14 All participants were grouped 
into four quartiles based on SUA (Q1: <4.23; Q2: ≥4.24–5.19; Q3: ≥5.20–6.16; Q4: >6.16). We categorized study 
population in 4 groups based on BMI: underweight (<18.5 kg/m2), normal weight (18.5–23 kg/m2), overweight (>23–-
27.5 kg/m2) and obese (>27.5 kg/m2). Central obesity was defined as WC ≥80 cm in women and ≥90 cm in men.33 GO34 

was diagnosed when BMI >27.5 kg/m2.

Ethical Statement
The Ethics Committee for research, Opal Hospital, Varanasi, India, approved the study. This study was also conducted 
using good clinical practice following the Declaration of Helsinki. All patients gave informed consent before inclusion in 
the study.
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Statistical Analysis
Statistical analysis of data was carried out using SPSS software ver. 26.0. Categorical variables of data were compared by 
chi-square test. Pearson’s correlation coefficient test was used to assess the interrelationships between obesity variables 
and SUA levels. To determine the differences for variables among the groups, one-way ANOVA test was used. Box plot 
was used for showing the level of SUA in different BMI categories. The relationship between SUA and obesity was 
evaluated by logistic regression modeling. In Model-1, age and sex were adjusted and in Model-2 age, sex, BMI, TG and 
WC were adjusted. In Model-3 age, sex, BMI, TG, WC, GFR, A1c, Vit D and cholesterol were adjusted. Statistical 
significance was defined as p value <0.05.

Results
Baseline and Demographic Characteristics of the Study Population
Baseline characteristics of newly onset diabetes patients are summarized in Table 1. Mean± SD age of the study 
population was 46.20±10.53 years with no significant age difference between male and female groups (p <0.536). The 
mean ±SD value of BMI was (26.35±4.27 kg/m2), A1c (9.73±2.55%), Vit D (18.35±9.78 ng/mL), WC (97.20±9.34 cm), 
SBP (129.46±18.11 mm/Hg), DBP (84.58±10.77 mm/Hg), eGFR (108.96±16.25 mL/min/1.73m2) and TC (total choles-
terol) (183.53±16.24 mg/dl), with no significant difference between male and female subjects. Mean ±SD value of TG 
was (193.25±109.85 mg/dl), HDL (41.34±9.33 mg/dl), SUA (5.24±1.43 mg/dl) and LDL (111.18±36.75 mg/dl). 

Table 1 Baseline Characteristics of the Study Participants by Sex

Characteristic Total (402) Male (284) Female (118) P-value

Mean Standard  
Deviation

Mean Standard 
Deviation

Mean Standard  
Deviation

Age (Year) 46.20 10.53 45.97 10.84 46.75 9.76 0.536

BMI (kg/m2) 26.35 4.27 26.08 3.89 27.00 5.03 0.246

A1c (%) 9.73 2.55 9.86 2.49 9.42 2.66 0.239

Vit D (ng/mL) 18.35 9.87 18.92 9.47 16.99 10.67 0.125

TG (mg/dl) 193.25 109.85 199.52 115.43 178.15 93.83 0.044

HDL (mg/dl) 41.34 9.33 39.92 8.71 44.75 9.92 0.000

WC (cm) 97.20 9.34 97.46 9.24 96.58 9.60 0.105

SBP (mm/Hg) 129.46 18.10 129.25 17.64 129.97 19.23 0.720

DBP (mm/Hg) 84.58 10.77 85.14 10.72 83.24 10.82 0.058

Uric acid (mg/dl) 5.24 1.43 5.50 1.44 4.60 1.20 0.000

eGFR (mL/min) 108.96 16.24 108.78 17.18 109.41 13.76 0.413

TC (mg/dl) 183.53 41.84 181.25 42.00 189.02 41.10 0.172

LDL (mg/dl) 111.18 36.75 108.15 36.14 118.48 37.32 0.023

HU (%) 13.43 13.73 12.71 0.20

Central Obesity 

(%)

85.82 82.39 94.07 0.05

Generalized 

Obesity (%)

35.07 33.09 39.83 0.05
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Levels of TG (p <0.044) and SUA (p <0.000) were significantly higher in men as compared with women while level of 
HDL (p <0.000) and LDL (p <0.023) were significantly higher in women as compared with men. Prevalence of HU was 
13.43%, 13.73% and 12.71% in all, male and female patients.

Comparison of Baseline Characteristics Among Under-Weight, Normal Weight, 
Overweight and Obese Subjects
Baseline characteristics of study populations across different BMI groups are shown in Table 2. Prevalence of obesity 
were 35.07%, 33.01% and 39.83% in all, male and female patients, respectively while prevalence of overweight were 
46.02%, 48.24% and 40.68% in all, male and female patients, respectively in this study. Mean values of age, TG, HDL, 
GFR, TC and LDL were similar in all four groups. Mean value of A1c, Vit D, WC, SBP, DBP and SUA were 
significantly different in four categories. As BMI increases AIc (p <0.015) and Vit D (p <0.009) significantly decrease 
but WC (p <0.000), SBP (p <0.000), DBP (p <0.000) and SUA (p <0.034) significantly increase.

Correlation of SUA with BMI and WC
Figure 1 presents the correlation between SUA and BMI and also between SUA and WC. A positive Pearson’s 
correlation coefficient was found between SUA and BMI (male: r=0.212, p <0.00; female: r=0.428, p <0.00) and also 
between SUA and WC (male: r=0.208, p <0.00; female: r=0.376, p <0.00). SUA correlation with BMI and WC is more 
in females as compared with males. Mean± SD level of SUA increased gradually across the different BMI groups 
(Figure 2; Box plot).

Table 2 Characteristics of Study Subjects by Different Weight Categories

Under-Weight  
(n=9)

Normal Weight  
(n=67)

Over-Weight  
(n=185)

Obese  
(n=141)

P-value

Male (284) 6 (2.11%) 47 (16.55%) 137 (48.24%) 94 (33.10%)

Female (118) 3 (2.54%) 20 (16.95%) 48 (40.68%) 47 (39.83%)

AGE (Year) 44.67±11.12 44.39±12.02 45.77±10.27 47.77±9.82 0.057

BMI (kg/m2) 17.49±0.77 21.33±1.15 25.29±1.24 30.69±3.46 -

A1c (%) 14.11±2.85 10.40±2.35 9.64±2.55 9.25±2.26 0.015

Vit D (ng/ml) 18.54±8.10 18.82±12.68 18.59±9.51 17.81±8.78 0.009

TG (mg/dl) 166.78±76.32 172.75±87.86 195.64±106.15 199.49±123.26 0.961

HDL (mg/dl) 38.22±9.17 41.55±9.63 41.21±9.57 41.71±8.78 0.281

WC (cm) 82.11±4.77 87.16±6.82 95.45±5.86 105.19±7.07 0.000

SBP (mm/Hg) 106.11±14.87 120.90±15.13 128.41±17.12 136.25±17.52 0.000

DBP (mm/Hg) 70.00±8.38 79.55±8.60 83.64±10.74 89.01±9.61 0.000

Uric acid (mg/dl) 3.69±1.29 4.57±1.60 5.23±1.22 5.64±1.41 0.05

eGFR (ml/min) 119.67±10.01 110.81±19.34 110.27±13.28 105.64±17.68 0.386

TC (mg/dl) 147.22±47.70 170.27±38.75 190.11±40.11 183.98±42.26 0.870

LDL(mg/dl) 84.11±36.36 101.34±37.58 116.03±35.44 112.01±36.28 0.588
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Characteristics of Patients According to SUA Quartile and Comparison of Obesity 
Between the Quartiles
The baseline and demographic profile of patients according to SUA quartiles are shown in Table 3. As the SUA 
increases across the quartile, BMI and A1c significantly changed. Prevalence of obesity significantly increased with 
increasing SUA quartiles (Figure 3). Prevalence of obesity was significantly increased with increasing SUA quartile and 
was 21%, 30.69%, 38.61% and 50% respectively in first, second, third and fourth quartiles.

Figure 1 Correlation between SUA with BMI and WC [(A) BMI-Male; (B) BMI-Female; (C) WC-Male; (D) WC-Female].

Figure 2 Level of SUA in various BMI groups (Asterisk (*) indicates extreme outliers and circle (O) indicates mild outliers).
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Association of SUA Level with Obesity
Table 4 shows the association between SUA level and obesity in study participants. After adjusting the age and sex, SUA 
level was independently associated with obesity (Model-1). After adjusting the additional confounders such as BMI, TG 
and WC (Model-1 + BMI+TG+WC) SUA level is still independently associated with obesity. In Model-3 we further 
adjusted with GFR, A1c, TC and Vit D and found an independent association between SUA and obesity.

Table 3 Characteristics of the Population According to SUA (Mg/Dl) Quartiles

Q1 <4.23 Q2 4.24–5.19 Q3 5.20–6.16 Q4 >6.16 F p-value

Number 100 101 101 100 - -

Gender (M/F) 51/49 70/31 74/27 89/11

Age (Year) 45.87±10.26 45.85±10.53 45.96±10.23 47.12±11.19 1.256 0.126

BMI (kg/m2) 24.56±4.66 26.57±4.32 26.33±3.34 27.94±4.01 1.312 0.030

A1c(%) 10.78±2.62 9.91±2.42 9.67±2.53 8.57±2.10 1.417 0.012

Vit D (ng/mL) 16.79±10.35 17.72±8.27 19.87±11.38 19.02±9.02 1.175 0.202

TG (mg/dl) 178.00±92.48 182.29±90.27 202.16±130.96 210.58±118.44 0.878 0.821

HDL (mg/dl) 43.58±9.83 41.35±10.46 39.79±8.09 40.65±8.45 1.235 0.145

WC (cm) 93.43±9.36 96.89±9.75 97.80±8.01 100.69±8.84 1.379 0.029

SBP (mm/Hg) 125.11±17.79 130.93±17.85 130.17±19.21 131.62±17.00 1.014 0.447

DBP (mm/Hg) 81.70±9.69 85.03±10.83 84.65±11.29 86.94±10.69 1.127 0.317

Uric acid (mg/dl) 3.54±0.52 4.69±0.26 5.63±0.28 7.10±1.00 - -

eGFR (ml/min) 112.28±13.28 111.12±14.86 108.60±16.24 103.83±18.97 1.126 0.243

TC (mg/dl) 183.26±40.35 186.45±40.79 176.20±38.97 188.27±46.4 1.027 0.423

LDL (mg/dl) 114.40±39.68 114.38±35.65 104.32±31.87 111.67±38.95 1.257 0.058

Figure 3 SUA quartile and prevalence of obesity.
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Discussion
The present study reports that in newly onset diabetic patients there is a strong positive relationship between obesity and 
SUA. If routine estimation of SUA in obese diabetic patients is done it will be of immense value in preventing and 
managing HU and its associated complications. Prevalence of obesity, hyperuricemia and DM is increasing 
worldwide.1,20 Obesity and hyperuricemia have been recognized as a risk factor for a variety of disease conditions 
such as DM, CVD, metabolic syndrome, CKD, hypertension and endothelial dysfunction.17,19,21,25 Nowadays obesity 
and HU are serious concerns to public health because of associated complications and economic burden. Association 
between obesity and HU has been found in various cross-sectional and epidemiological studies worldwide but data are 
lacking from India. To the best of our knowledge the present study is the first from India, which explored the association 
between SUA and obesity in newly onset DM.

In this study, prevalence of generalized obesity was 35.07%, 33.10% and 39.83% in all, male and female, respectively 
while prevalence of central obesity was 85.82%, 82.39% and 94.07% in all, male and female, respectively. This shows 
that Indians are more prone to central obesity as compared with generalized obesity. The reason for this is that Indians 
have a greater predisposition to accumulation of visceral fat as compared with subcutaneous fat. Similar trends of obesity 
in DM were shown in other studies too.5,35 Prevalence of HU was 13.43%, 13.73% and 12.71% in all, male and female, 
respectively. Others have also found similar prevalence of HU in their studies.17,35–37 As compared with males, 
females have low SUA in the present study. A similar finding was seen by Singh et al.38 This is primarily because of 
high level of estrogen in females and estrogen is known to have uricosuric properties.39 Other reasons for low SUA level 
in females are the differences in exercise, eating habits and commuting methods.40

Our present study confirms a strong and positive association between obesity and SUA. This association was more in 
female diabetic patients as compared with male. We also found that as the SUA increases, prevalence of obesity increases 
across the SUA quartiles. SUA is independently associated with obesity even after adjusting the various risk factors such 
as age, sex, TG, GFR, Vit D, A1c and TC. In this study SUA is also strongly associated with central obesity (WC). 
Consistent with this finding several cross-sectional and epidemiological studies have also shown a strong association 
between SUA and obesity. In a 10-year follow-up CARDIA study, Rathmann et al have found that with increasing SUA, 
BMI and TG also increased significantly in all race and sex groups.41 Tanaka et al in their study also found significant 
association between BMI and SUA, after adjusting genetic and familial environmental factors in Japanese population.42 

Ogura et al in their follow-up study from Japan found a positive correlation between SUA and obesity related indicators 
(BMI and skinfold thickness).16 They also found that incidence of HU increased in parallel with BMI. In a Mendelian 
randomization analysis by Palmer et al, it was reported that SUA levels were positively associated with BMI.43 Though 
there is a positive association between obesity and SUA, the mechanism by which obesity causes rise in SUA is still 
debatable. Both overproduction and under-excretion of uric acid in obesity have been reported. According to Tsushima 
et al, fat cells of obese individuals produce and secrete more uric acid leading to HU.44 This is because of high XO 
(Xanthine oxidase) activity in fat cells.44 Also, in obese persons there is active fatty acid synthesis in fat cells leading to 
more de novo purine synthesis and thus HU.45 The reason for decreased uric acid excretion in obesity is hyperinsuli-
nemia as it causes active uric acid reabsorption from kidney tubules.46 Besides high fructose consumption in obesity also 

Table 4 Multinomial Logistic Regression Analysis to Relate the Association Between UA Levels 
and Obesity

β SE Wald df OR (95% CI) p-value

Model 1 0.710 0.135 27.821 1 2.034 (1.562–2.649) 0.000

Model 2 0.604 0.184 10.756 1 1.830 (1.275–2.626) 0.001

Model 3 0.592 0.204 8.443 1 1.807 (1.212–2.693) 0.001

Notes: Dependent variable is obesity and independent variable is SUA (mg/dl). Reference category is normal weight; 
Model 1: adjusted for age (years) and sex (male and female); Model 2: model 1+ BMI (kg/m2), TG and WC; Model 3: model 
2+ GFR, AIC, Vit D and CHOL. 
Abbreviations: OR, odds ratio; CI, confidence interval; SE, standard error.
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causes HU.30 Fruehwald-Schultes B et al in their study found that leptin could be an etiopathogenetic factor responsible 
for raised SUA in obesity.47

In this study we noticed a stronger association between obesity and SUA in female patients as compared with male 
patients. Others have also found a stronger association of SUA with obesity, hypertension, major cardiovascular event 
and metabolic syndrome in females.17,48,49 Reasons for such gender difference is not clear but it could be due to sex 
hormones. We also found a strong association between SUA and A1c. As SUA increases A1c decreases significantly. The 
possible reason for observed results of the inverse association between rising SUA and A1c may be due to inhibition of 
uric acid reabsorption in the proximal convoluted tubules of kidney by high glucose levels.50 In this study Vit D is 
negatively associated with obesity but not with SUA. In our study A1c level is higher in underweight patients than obese 
patients. This is because DM is characterized by heterogeneity in its clinical presentation and pathogenesis. Although 
higher BMI is associated with high A1c in many studies, recent studies have shown that SIDD (severe insulin deficient 
diabetes) is the group of patients with lowest BMI and highest A1c as compared with others.51

The main limitation of the present study is the cross-sectional nature of the data, as they do not conclude the cause- 
effect association between obesity and SUA. This study is from a single center so our findings cannot be extrapolated to 
the whole Indian population. The main strength of this study is its large sample size and that it is the first study of this 
type from India in newly onset diabetic patients.

Conclusion
In summary, in newly onset diabetic patients, we found a strong positive relationship between obesity and SUA. 
Therefore, estimation of SUA is routinely recommended in obese diabetic patients. Considering the high prevalence of 
obesity in newly onset DM and the positive link between HU and complications, more emphasis should be put on 
preventing and/or treating HU in newly onset obese diabetic patients.
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