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ABSTRACT

Introduction: Obesity is a risk factor for the development of
diabetes, and these two are directly implicated in an individual’s
risk of developing Non Alcoholic Fatty Liver Disease (NAFLD),
which is a major factor in Metabolic Syndrome (MS). NAFLD
and Type 2 Diabetes Mellitus (T2DM) are known to frequently
coexist and act synergistically to elevate the risk of hepatic as
well as extrahepatic complications.

Aim: To determine the levels of renal profile, electrolytes,
Glycosylated Haemoglobin (HbA1c), and Body Mass Index (BMI)
in T2DM patients with and without NAFLD, as well as in control
subjects, and to assess the correlation of BMI and HbA1c with renal
profile and electrolytes in T2DM patients with and without NAFLD.

Materials and Methods: This case-control study was conducted
in the Department of Biochemistry and the Diabetes Speciality
Clinic in the Department of General Medicine at MGM Medical
College and Hospital, Navi Mumbai, Maharashtra, India, from
December 2021 to March 2023. The study included a total of 90
subjects divided into three groups (30 in each): Group 1-Control,
Group 2-T2DM with NAFLD, and Group 3-T2DM without NAFLD.
Aseptic blood collection was performed, and Renal Function

Test (RFT), electrolytes, and HbA1c levels were analysed. Group
comparisons were done using unpaired t-tests, and correlation
analysis was conducted using Pearson’s correlation with Statistical
Package for Social Sciences (SPSS) software version 25.0.

Results: The authors found that 57% of the total enrolled
population were female, while the remaining 43% were male,
with a mean age of (49.03+5.09) years. Mean levels of HbA1c
(9.55+1.78, 8.61+£1.42%), BMI (28.84+4.19, 23.51+2.09) kg/m2,
Urea (31.62+6.28, 33.02+5.11) mg/dL, Creatinine (1.29+0.18,
1.36+0.10) mg/dL, and Uric acid (6.74+1.19, 6.01+0.83) mg/dL
were found to be significantly higher in Group 2 and Group 3,
respectively, compared to controls. A positive significant correlation
of BMI with uric acid, HbA1c with urea, creatinine, and uric acid
in Group 2 and 3 was observed. However, no derangement was
observed concerning electrolytes in any group.

Conclusion: The correlation of urea, creatinine, and uric acid
with HbA1c provides the authors with information on impaired
renal function in diabetic as well as NAFLD participants.
Hyperuricaemia in these individuals can aggravate the risk of
T2DM and NAFLD, leading to its progression in Non Alcoholic
Steatohepatitis (NASH), respectively.
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INTRODUCTION

There has been a rapid increase in the prevalence of Type 2 Diabetes
Mellitus (T2DM) worldwide. According to the latest International
Diabetes Federation (IDF) report, 537 million adults (10.5% of the
global population) are living with diabetes mellitus worldwide, with
90 million residing in Southeast Asia [1]. Diabetes mellitus is a
common yet potentially devastating group of metabolic illnesses
characterised by hyperglycaemia brought on by defects in insulin
secretion, insulin action, or both [2,3].

Obesity is a major risk factor, along with other genetic, environmental,
and psychosocial factors, for the development of diabetes mellitus.
Diabetes-related chronic hyperglycaemia contributes to long-term
damage and dysfunction of many organs, particularly the heart,
blood vessels, nerves, eyes, and kidneys [4].

Obesity often correlates with MS, a condition associated with
pro-inflammatory states and considered to represent a collection
of risk factors. The diagnosis of MS is made when any three of
the following five risk factors are present: central obesity, high
blood pressure, loss of glycaemic control, low serum High-
density Lipoprotein (HDL), and high serum triglycerides [4].
Therefore, obesity and T2DM together increase an individual’s risk
of developing NAFLD. An international panel has now named it
Metabolic Associated Fatty Liver Disease (MAFLD) [5].
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Numerous studies have shown the prevalence rate of NAFLD to
be around 9-32% in the general Indian population, with a higher
prevalence among obese and diabetic individuals [6,7]. The
prevalence rate of NAFLD in T2DM is expected to range from
12.5% t0 87.5% in India [8]. NAFLD is one of the most common liver
disorders and has grown to become a global public health concern.
It develops when fat accounts for more than 5-10% of the liver’s
weight [9].

Fat accumulation occurs predominantly in the form of triacylglycerols
as a result of an alteration in the homeostasis that regulates liver
fat synthesis [10]. NAFLD has been considered a benign disease
often associated with central obesity, Insulin Resistance (IR), and
other MS attributes. However, recent studies have highlighted that
NAFLD is a chronic condition that encompasses histologically and
clinically different non alcoholic entities; fatty liver and steatohepatitis
may progress to cirrhosis and, rarely, to hepatocellular cancer [9,11].
Thus, it is clear that it is a “multisystem disease,” associated not
only with hepatic dysfunction or hepatocellular carcinoma but also
with an increased risk of developing cardiovascular disease, T2DM,
and Chronic Kidney Disease (CKD) [12].

Glycosylated Haemoglobin (HbA1c) is a distinctive glycosylated
protein commonly used in assessing glycaemic control [13].
Therefore, it can be assumed that patients with NAFLD are likely
to have elevated HbA1c levels. There is evidence suggesting a
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deranged renal profile due to a decreased estimated Glomerular
Filtration Rate (eGFR) as well as electrolyte imbalances primarily in
T2DM and NAFLD due to similar metabolic risk factors, indicating
a potential pathophysiological link between NAFLD and CKD [14].
Thus, taking this into account, the present study was designed to
assess the correlation between BMI status and HbA1c levels with
renal profile and electrolytes in T2DM participants with and without
NAFLD to evaluate the severity and improve the management of
the participants.

MATERIALS AND METHODS

A case-control study was conducted at the Department of
Biochemistry and Diabetes Specialty Clinic in the Department of
General Medicine at MGM Medical College and Hospital, Navi
Mumbai, Maharashtra, India, from December 2021 to March 2023.
The project was approved by the Institutional Ethics Committee
(ECR/457/Inst/MH/2013/RR-20). Written consent was obtained
from all subjects. All participants were informed about the study
procedures and enrolled with their written consent.

Inclusion criteria: Patients with Type 2 diabetes mellitus as per
American Diabetes Association (ADA) guidelines for the diagnosis
and classification of diabetes mellitus, with HbA1c levels >6.5%
[3], without NAFLD, aged between 35 and 75 years, were included
in Group 3. Diagnosed T2DM patients and NAFLD {diagnosed by
Ultrasonography (USG)} with a similar age group were included in
Group 2. All participants who voluntarily participated in the study
were enrolled.

Exclusion criteria: Type 1 diabetes mellitus patients or any other
type of diabetes were excluded from Group 3. For Group 2, type 1
diabetes mellitus patients or any other type of diabetes, and patients
with a history of any other liver disease, were excluded. Detailed
history of alcohol consumption (if more than 40 units/week), smokers,
and pregnant women were excluded from the study groups.

Sample size calculation: The sample size was calculated using
the following formula:

o 1 p2q2y| 2 |
Ny =123 ap, * p*q*(l+;)+zl_ﬂ* pl*q1+( X ) /4

The sample size was calculated based on the prevalence rate of
NAFLD with T2DM, which is 80% as reported by Prashanth M et al.,
and the prevalence rate of T2DM, which is 90% as reported by the
global diabetes community (UK), with a power of 80% and alpha set at
0.05 and beta at 0.3 [8,15]. The sample size obtained was 29 in each
group, thus totalling 30 in each group and 90 participants overall.

Study Procedure

Diagnosed T2DM patients attending the Outpatient Department
(OPD) were enrolled and further grouped based on the radiological
findings of USG Abdomen. A total of 90 participants (30 in each
group, i.e., Group 1-Control, Group 2-T2DM with NAFLD, Group 3-
T2DM without NAFLD) were enrolled in the study.

A detailed clinical history of the participants who attended the
diabetes specialty clinic was recorded, including family history of
diabetes, demographics (age, sex), as well as anthropometrics
(height, weight, BMI), using standard procedures and calculations.
Aseptic technique was used for blood collection. A total of 5 mL of
blood was drawn from each participant and transferred to plain and
Ethylenediamine Tetraacetic Acid (EDTA) vacutainers for biochemical
analysis, which included RFT with electrolytes and HbA1c.

The RFT with electrolytes was performed on Beckman Coulter AU480
(with reference ranges: Urea 15-40 mg/dL, Blood Urea Nitrogen
(BUN) 10-18 mg/dL, Creatinine 0.6-1.2 mg/dL, Uric acid 2-6 mg/dL,
Sodium 135-145 mEg/L, Potassium 3.5-5.1 mEg/L, Chloride 98-
107 mEg/L), whereas HbA1c was measured using the Bio-Rad D-10
haemoglobin testing system (with a reference value of <5.7%) [16].
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STATISTICAL ANALYSIS

The data was recorded and analysed using SPSS software
version 25.0. Quantitative data were represented in the form of
mean+Standard Deviation (SD). Odds ratio was calculated using
bivariate logistic regression to determine the risk factors, and
differences in the means between two groups were analysed
using an unpaired t-test. Pearson’s correlation analysis was also
performed to determine the association between the variables. A
p-value of <0.05 was considered statistically significant.

RESULTS

A total of 90 participants were enrolled in the study, which was
further grouped into three groups: Group 1: Control, Group 2:
T2DM with NAFLD, and Group 3: T2DM without NAFLD. Each
group comprised 30 participants who were differentiated based
on the radiological findings of USG abdomen. In the present study,
the majority were female participants (57%) compared to male
participants (43%) amongst the enrolled participants, with a mean
age of 49.03+5.09 years [Table/Fig-1].

Mean+SD
Parameters Group 1 Group 2 Group 3
Age (years) 44.84+6.38 47.56+11.12* 54.7+9.57
Family H/o
Ei;/tz)etes 4 (13.33%) 28 (93.33%)"** 20 (66.66%)#uex

Gender distribution

Group 1 (n=30) Group 2 (n=30)* Group 3 (n=30)*
Male Female Male Female Male Female
Gender
13 (43%) | 17 (57%) | 14 (47%) | 16 (53%) | 12 (40%) | 18 (60%)

[Table/Fig-1]: Demographic data of the enrolled participants in three groups
respectively.

Group 1 vs 2-**p<0.05 significant, ***p<0.001 highly significant, *p>0.05 non significant
Group 1 vs 3-*p<0.05 significant, **p<0.001 highly significant, #p>0.05 non significant
Group 2 vs 3-*p<0.05 significant, “**p<0.001 highly significant, *p>0.05 non significant

A total of 52 (58%) of the enrolled participants had a family
history of diabetes, whereas 38 (42%) did not. When comparing
the anthropometric parameters (BMI) and HbA1c of the control
group with the patient groups in the study, it was found that the
BMI and HbA1c levels of Group 2 and 3 (T2DM with NAFLD and
T2DM without NAFLD) were significantly higher compared to those
of Group 1 (control) with a p-value of <0.001 [Table/Fig-2].

Mean+SD
Parameters Group 1 (n=30) Group 2 (n=30) Group 3 (n=30)
BMI (kg/m?) 21.28+2.24 28.84+4.19"* 23.5142,09###aaa
HbATc (%) 4.91+0.46 9.55+1.78"* 8.61+1.42#ua

[Table/Fig-2]: Comparison of BMI as well as HbA1c in the study and control groups.
Group 1 vs 2-*p<0.05 significant, ***p<0.001 highly significant, *p=0.05 non significant

Group 1 vs 3-*p<0.05 significant, **p<0.001 highly significant, #p>0.05 non significant
Group 2 vs 3-*p<0.05 significant, “**p<0.001 highly significant, *p>0.05 non significant

The results indicated that urea, BUN, creatinine, and uric acid
were significantly higher with a p-value <0.001 in participants with
T2DM with NAFLD (Group 2) and T2DM without NAFLD (Group 3)
compared to the controls (Group 1). Other biochemical parameters,
such as electrolytes, were found to be normal without any significant
changes in their levels [Table/Fig-3].

Correlation analysis of BMI with RFT and electrolytes was performed.
A positive significant correlation of BMI with uric acid was observed
in Group 2 and 3. The correlation analysis of BMI with urea and
creatinine depicted a positive but non significant correlation. Further
observations of the correlation analysis of HbA1c with RFT and
electrolytes indicated a positive significant correlation of HoA1c with
urea, creatinine, and uric acid in both groups 2 and 3. Electrolytes
did not show any correlation with HbA1c and BMI in any of the
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Mean+SD

Parameters Group 1 (n=30) | Group 2 (n=30) Group 3 (n=30)
Urea (mg/dL) 18.93+2.46 31.62+6.28"* 33.02+5.11###a
BUN (mg/dL) 9.55+1.77 12.89+5.10" 12.90+3.70%#
Creatinine (mg/dL) 1.04+£0.17 1.29+0.18"** 1.36+0.10%##ax
Uric acid (mg/dL) 5.26+1.52 6.74+1.19"* 6.01+0.83fae
Sodium (mEg/L) 138+2.12 137+2.28* 137.94+2.33"%
Potassium (mEg/L) 4.10+0.29 4.06+0.34* 4.00+0.35%
Chloride (mEa/L) 98.47+2.37 98.26+1.95* 98.51+2.95%

[Table/Fig-3]: Comparison of Biochemical parameters (RFT and electrolytes) in the
study and control groups.

Group 1 vs 2-**p<0.05 significant, ***p<0.001 highly significant, *p>0.05 non significant
Group 1 vs 3-# 05 significant, ##p<0.001 highly significant, *p>0.05 non significant
Group 2 vs 3-%*p<0.05 significant, “**p<0.001 highly significant, “p>0.05 non significant

study groups [Table/Fig-4]. [Table/Fig-5,6] represent the correlation
between BMI and uric acid in Group 2 and 3, respectively. Similarly,
[Table/Fig-7-12] depict the correlation between HbA1c with RFT
and electrolytes.

Group 2 Group 3
Parameters r-value p-value r-value p-value
BMI+Urea 0.189 0.314 0.113 0.552
BMI+BUN -0.121 0.524 -0.146 0.441
BMI+Creatinine 0.224 0.234 0.129 0.495
BMI+Uric acid 0.651 0.00009 0.484 0.006
BMI+Sodium 0.193 0.306 0.074 0.694
BMI+Potassium 0.353 0.055 0.172 0.362
BMI+Chloride 0.193 0.306 -0.053 0.780
HbA1c+Urea 0.654 0.00008 0.780 <0.00001
HbA1c+BUN 0.085 0.655 0.168 0.372
HbA1c+Creatinine 0.766 <0.00001 0.709 0.00001
HbA1c+Uric acid 0.419 0.02091 0.376 0.04041
HbA1c+Sodium -0.128 0.500 -0.028 0.883
HbA1c+Potassium 0.04 0.833 0.304 0.102
HbA1c+Chloride 0.042 0.824 0.099 0.601

[Table/Fig-4]: Represents the r and p-values of the correlational observations.

Group 2 (T2DM with NAFLD)

10

Vi 8
Uric Acid (mg/dl)

[Table/Fig-5]: Correlation of BMI with uric acid in Group 2.

Risk factors were predicted using odds ratio. A higher odds ratio of
more than 1 was observed in cases vs. control with respect to the
renal profile, which included urea, BUN, creatinine, uric acid, and
their risk in diabetic as well as obese participants. Electrolytes were
also measured for the risk assessment, but no data was obtained
due to constant values [Table/Fig-13].

DISCUSSION

Obesity is rapidly increasing in the general population, according to
World Health Organisation (WHO) estimates, and this appears to
be associated with poor diet and sedentary lifestyle choices as a
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[Table/Fig-6]: Correlation of BMI with uric acid in Gr
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[Table/Fig-9]: Correlation of HbA1c with creatinine in Group 2.

consequence of technological progress. The number of overweight
people was expected to grow from 1.6 million in 2005 to 3.3 million
in 2015. Furthermore, it is estimated to increase from 400 million
to 700 million in the same time span [17]. Obesity is a complex,
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[Table/Fig-12]: Correlation of HbA1c with uric acid in Group 3.

Uric Acig’(mg/dl)

Group 1+Group 2 |

Group 1+Group 3

HbA1c with RFT

Parameters Odds ratio 95% CI Odds ratio 95% ClI
Urea (mg/dL) 1.07 0.97-1.17 1.11 0.98-1.25
BUN (mg/dL) 1.11 0.98-1.25 1.11 0.98-1.25
Creatinine (mg/dL) 17.87 4.73-67.43 26 6.53-103.49
Uric acid (mg/dL) 9.03 2.80-29.13 3.59 1.21-10.63
BMI with RFT

Odds ratio 95% CI Odds ratio 95% CI
Urea (mg/dL) 1.07 0.97-1.19 4.25 0.33-54.16
BUN (mg/dL) 0.55 0.04-6.47 4.25 0.33-54.16
Creatinine (mg/dL) 10.83 3.23-36.27 1.61 0.32-7.91
Uric acid (mg/dL) 13.80 3.93-48.41 10.73 1.20-95.95

[Table/Fig-13]: Represents the risk factors in the enrolled population.
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chronic, non communicable disease affecting more than one-
third of the global population [18]. Obese patients exhibit typical
metabolic alterations such as IR and type 2 diabetes mellitus. IR
is characterised by impaired insulin-induced glucose uptake and
metabolism in adipocytes and skeletal muscle, as well as impaired
regulation of hepatic glucose synthesis, and it is a major aetiological
factor for diabetes mellitus [4].

Obesity and diabetes mellitus are regarded as major risk factors for
NAFLD, and they have a productive link with both the existence and
progression of the disease. Obese and diabetic individuals have a
higher incidence of hepatic steatosis, cirrhosis, and a greater probability
of developing Hepatocellular Carcinoma (HCC) [19]. Lipotoxicity and
glucotoxicity are key factors in the development of basic steatosis in
the liver and its progression to NASH. A high-fat and carbohydrate diet,
which obese persons are more likely to follow, promotes fat deposition
in the liver, contributing to the advancement of NAFLD [10].

Over the years, the relationship between uric acid and BMI has been
widely studied. As we all know, uric acid is the end result of purine
degradation. At increased concentrations, uric acid can act as a pro-
oxidant and thus can be used as a marker of oxidative stress [20].
Uric acid is mostly eliminated by the kidneys (>70%), with a lesser
percentage through intestinal and biliary secretion [21]. In obese
individuals, abnormalities in Serum Uric Acid (SUA) metabolism and
decreased excretion by the kidneys, as well as increased exogenous
protein consumption and endogenous uric acid synthesis, are
additional variables that contribute to hyperuricaemia [22-24].
Elevated uric acid levels have been linked to an increased risk of
MS, atherosclerosis, and chronic renal disease [25].

According to a study conducted by Duan Y et al., in 2015 on 3529
participants, it was demonstrated that there is a positive significant
correlation between obesity and serum uric acid, which aligns
with the present study findings of Group 2 and 3 when correlated
between BMI and uric acid. Several other studies with similar findings
have shown a strong correlation between uric acid and BMI of MS
participants wherein obesity is a major factor [26]. The link between
Hyperuricaemia (HUA) and obesity can be explained by a number of
mechanisms. Obesity or excess body fat may be amalgamated with
increased uric acid production due to increased intracellular adenosine
(uric acid precursor) which is a derivative of higher Adenosine
Monophosphate (AMP) concentrations due to increased synthesis of
Fatty-acyl-Coenzyme (CoA) in peripheral tissues [27], and inadequate
evacuation as a result of IR and/or hyperinsulinemia, leading to an
impaired uric acid metabolism and even HUA. Meanwhile, HUA can
induce obesity by accelerating liver and peripheral fat synthesis [28].
A comparison of findings of previous study with the present study has
been tabulated in [Table/Fig-14] [28-33].

Similarly, when serum uric acid was correlated with HbA1c, which
was used as a measure of blood glucose metabolism, a positive
significant correlation was observed in Group 2 and 3. The key factor
on which this correlation of HbA1c¢ with uric acid mostly relies on is
insulin levels [25,34]. This condition could be explained by the action
of insulin on uric acid and glucose metabolism. Hyperinsulinemia
may stimulate the hexose phosphate shunt, promoting purine
biosynthesis and transformation, thereby increasing the rate of uric
acid production [35]. Additionally, insulin may stimulate uric acid
reabsorption from the kidneys by activating the urate anion transporter
on the border membrane of the proximal tubular brush, leading to an
increase in serum uric acid concentration. Insulin can also enhance
renal tubular sodium reabsorption [36], which in turn can reduce
renal excretion of uric acid. Hyperinsulinaemia could contribute to
hyperuricaemia by increasing the rate of xanthine oxidase synthesis,
an enzyme involved in UA production [37]. Studies conducted by
Hussain Aetal.,in 2018 and Donkeng M et al., in 2021 have reported
similar correlational observations between HbA1c and UA [33,38]. A
comparison of the findings of previous studies with the present study
has been tabulated in [Table/Fig-15] [33,38,39].
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Name of the author Place and year of study Sample size Study population Correlation findings
LiF etal, 28] China-2021 153 Obese participants with Metabolic Syndrome Pevarsong lcorrelahonal analy3|s showed serum uric
(MS) acid positively correlated with BMI.
. . Elevated SUA was associated with a significant
YuHetal., [29] China-2021 553 NAFLD with T2DM increased prevalence of NAFLD and BMI.
_ Presence of chronic kidney disease was associated
Kohichiroh Y et al., [30] Japan-2011 174 Obese NAFLD with a higher BMI and presence of NASH.
Hyperuricaemia was relatively common among type
Arersa KK et al., [31] South-western Ethopia-2019 287 T2DM patients 2 DM patients. The prevalence of hyperuricaemia
was common among patients with obesity.
A significant positive association between SUA
Singh SK et al., [32] India-2023 402 T2DM patients and generalised obesity among newly diagnosed
diabetic subjects was observed.
Hussain A et al., [33] Oranjestad-2018 162 T2DM patients A positive significant correlation of Hyperuricaemia
with increased BMI was observed.
Present study India-2023 % T2DM patients with and without NAFLD | A POsitive significant correlation between serum
uric acid and BMI was observed.

[Table/Fig-14]: Comparison of correlation studies between past and present findings [28-33].

Name of the author Place and year of study Study size

Sample population

Correlation findings

Hussain A et al., [33] Oranjestad-2018 162

T2DM patients.

A positive significant correlation between HbA1c and serum uric
acid levels due to hyperinsulinemia was observed.

Donkeng M et al., [38] Dschang-2021 80

T2DM patients with central

Hyperuricaemia significantly associated to uncontrolled diabetes i.e.,

obesity. HbA1c levels.
R, . . . This study showed a significantly elevated urine/serum ratio of uric
Causevié Aet al., [39] Sarajevo, BH-2010 43 T2DM patients. acid in patients with T2DM as compared to healthy control subjects.
Present study India-2023 90 T2DM patients with and A positive significant correlation between serum uric acid and

without NAFLD.

HbA1c levels was observed.

[Table/Fig-15]: Comparison of correlation studies between past and present findings [33,38,39].

When HbA1c was correlated with other parameters of RFT such
as urea and creatinine, a positive significant correlation was
demonstrated. Given that diabetic nephropathy is a common
condition, correlating the provided parameters yielded significant
results in Group 2 and 3, which consisted of subjects with T2DM
with NAFLD and T2DM without NAFLD, respectively. Type 2
hyperglycaemia typically manifests after the age of 40 years, when
the kidneys are already experiencing the long-term effects of
ageing and other chronic renal damage promoters such as arterial
hypertension, dyslipidaemia, and obesity. This is likely the reason
for elevated serum creatinine and urea levels in Type 2 diabetes.
According to a study conducted in the Indian diabetic community by
Unnikrishnan RI et al., poor glycaemic control is a significant factor
responsible for the micro- and macrovascular alterations that occur
in diabetes, predisposing diabetic patients to complications [40].

Studies have suggested that long-term diabetes causes higher
serum creatinine and urea concentrations, which are risk factors for
the progression of kidney damage. Prolonged hyperglycaemia and
its associated risks, where excess glucose binds with collagen and
tissue proteins, resulting in non enzymatic glycosylation similar to the
formation of HbA1c, can lead to microvascular and macrovascular
damage. Over time, elevated blood sugar levels damage millions of
nephrons, the microscopic filtering units in each kidney, leading to
abnormalities in metabolite filtration [41]. T2DM plays an important
role as a risk factor for the impairment of RFTs in NAFLD subjects
as well. These two being a prominent part of MS makes it even
more evident.

Limitation(s)

The present study had a few limitations. Since it was limited to one
tertiary care facility, it is possible that the findings may not apply to
a broader population. Secondly, the study did not include detailed
anthropometric data and the most sensitive biomarkers such as
micro-albumin, cystatin C, and GFR for renal impairment, which
could have provided further insight into the causal relationship
between obesity, diabetes, and NAFLD.
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CONCLUSION(S)

The NAFLD is closely associated with IR, obesity, and T2DM, resulting
in detrimental hepatic as well as extra-hepatic consequences.
Elevated levels of urea, creatinine, and uric acid, and their positive
correlation with HbA1c, establish a connection between NAFLD
and renal impairment in T2DM. Hyperuricaemia in these individuals
can exacerbate the risk of T2DM and NAFLD progression to NASH,
respectively. However, no statistically significant difference could
be observed with respect to electrolytes in any of the study groups.

Regular assessment of renal parameters would provide early
detection and might help in planning both therapeutic and preventive
implications. Weight loss can be recommended through proper
exercise and a healthy diet plan, which can help limit the damage.

Acknowledgement

The authors would like to thank all the physicians, students and
laboratory mates who were of constant help throughout the research
process and also all the participants who volunteered in the study.

REFERENCES

[11 Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, et
al. IDF Diabetes Atlas: Global, regional and country-level diabetes prevalence
estimates for 2021 and projections for 2045. Diabetes Res Clin Pract [Internet].
2022;183(109119):109119. Available from: http://dx.doi.org/10.1016/j.diabres.
2021.109119.

[2] Zimmet P, Alberti KG, Shaw J. Global and societal implications of the diabetes
epidemic. Nature [Internet]. 2001;414(6865):782-87. Available from: http://dx.doi.
0rg/10.1038/414782a.

[8] American Diabetes Association. Diagnosis and classification of diabetes mellitus.
Diabetes Care [Internet]. 2013;36(Suppl 1):S67-S74. Available from: http://dx.doi.
org/10.2337/dc13-S067.

[4] Uranga RM, Keller JN. The complex interactions between obesity, metabolism
and the brain. Front Neurosci [Internet]. 2019;13:513. Available from: http://dx.doi.
0rg/10.3389/fnins.2019.00513.

[5] Zhou XD, Targher G, Byrne CD, Somers V, Kim SU, Chahal CAA, et al. An
international multidisciplinary consensus statement on MAFLD and the risk of
CVD. Hepatol Int [Internet]. 2023;17(4):773-91. Available from: http://dx.doi.
0rg/10.1007/s12072-023-10543-8.

[6] Anton MC, Shanthi B, Sridevi C. Prevalence of non-alcoholic fatty liver disease
in urban adult population in a tertiary care center, Chennai. Indian J Community
Med [Internet]. 2023;48(4):601-04. Available from: http://dx.doi.org/10.4103/
ijicm.ijcm_437_22.



Preeti Vijaysing Padvi et al., Impact of Deranged Renal Profile on Diabetic Patients with NAFLD

[71

(8l

[

[a]

1]

n2]

(3]

(4]

(18]

[16]

17

(el

9]

[20]

[21]

[22]

[23]

[24]

[25]

Kalra S, Vithalani M, Gulati G, Kulkarni CM, Kadam Y, Pallivathukkal J, et al.
Study of prevalence of nonalcoholic fatty liver disease (NAFLD) in type 2 diabetes
patients in India (SPRINT). J Assoc Physicians India. 2013;61(7):448-53.
Prashanth M, Ganesh HK, Vima MV, John M, Bandgar T, Joshi SR, et al.
Prevalence of nonalcoholic fatty liver disease in patients with type 2 diabetes
mellitus. J Assoc Physicians India. 2009;57:205-10. Available from: https://
europepmc.org/article/med/19588648.

Amiri Dash Atan N, Koushki M, Motedayen M, Dousti M, Sayehmiri F, Vafaee R, et
al. Type 2 diabetes mellitus and non-alcoholic fatty liver disease: A systematic review
and meta-analysis. Gastroenterol Hepatol Bed Bench. 2017;10(Suppl1):S1-S7.
Juanola O, Martinez-Lopez S, Francés R, Gomez-Hurtado I. Non-alcoholic fatty
liver disease: Metabolic, genetic, epigenetic and environmental risk factors.
Int J Environ Res Public Health [Internet]. 2021;18(10):5227. Available from:
http://dx.doi.org/10.3390/ijerph18105227.

Gaggini M, Morelli M, Buzzigoli E, DeFronzo RA, Bugianesi E, Gastaldelli A. Non-
alcoholic fatty liver disease (NAFLD) and its connection with insulin resistance,
dyslipidemia, atherosclerosis and coronary heart disease. Nutrients [Internet].
2013;5(5):1544-60. Available from: http://dx.doi.org/10.3390/nu5051544.
Mantovani A, Lombardi R, Cattazzo F, Zusi C, Cappelli D, Dalbeni A.
MAFLD and CKD: An updated narrative review. Int J Mol Sci [Internet].
2022;23(13):7007. Available from: http://dx.doi.org/10.3390/ijims23137007.
American Diabetes Association. Summary of revisions: Standards of medical
care in diabetes-2021. Diabetes Care. 2021;44(1):S4-S6. Available from: https://
diabetesjournals.org/care/article/44/Supplement_1/S4/30968/Summary-of-
Revisions-Standards-of-Medical-Care-in.

Khan RN, Saba F, Kausar SF, Siddique MH. Pattern of electrolyte imbalance in
Type 2 diabetes patients: Experience from a tertiary care hospital. Pak J Med
Sci Q [Internet]. 2019;35(3):797-801. Available from: http://dx.doi.org/10.12669/
pims.35.3.844.

Diabetes.co.uk the global diabetes community. Available from: https://www.
diabetes.co.uk/diabetes-types.html.

Rifai N, editor. Tietz Fundamentals of Clinical Chemistry and Molecular
diagnostics-E-book. 9" ed. Elsevier; 2023.

Levy DT, Mabry PL, Wang YC, Gortmaker S, Huang TTK, Marsh T, et al.
Simulation models of obesity: A review of the literature and implications for
research and policy. Obes Rev [Internet]. 2011;12(5):378-94. Available from:
http://dx.doi.org/10.1111/.1467-789X.2010.00804 ..

Hruby A, Hu FB. The epidemiology of obesity: A big picture. Pharmacoeconomics
[Internet]. 2015;33(7):673-89. Available from: http://dx.doi.org/10.1007/s40273-
014-0243-x.

Tilg H, Moschen AR, Roden M. NAFLD and diabetes mellitus. Nat Rev
Gastroenterol Hepatol [Internet]. 2017;14(1):32-42. Available from: http://dx.doi.
org/10.1038/nrgastro.2016.147.

Strazzullo P, Puig JG. Uric acid and oxidative stress: Relative impact on
cardiovascular risk? Nutr Metab Cardiovasc Dis [Internet]. 2007;17(6):409-14.
Available from: http://dx.doi.org/10.1016/j.numecd.2007.02.011.

Schlesinger N. Dietary factors and hyperuricaemia. Curr Pharm Design.
2005;11(32):4133-38.

Liu R, Han C, Wu D, Xia X, Gu J, Guan H, et al. Prevalence of hyperuricemia
and gout in mainland China from 2000 to 2014: A systematic review and meta-
analysis. Biomed Res Int [Internet]. 2015;2015:762820. Available from: http://
dx.doi.org/10.1155/2015/762820.

Terkeltaub RA. Clinical practice. Gout. N Engl J Med [Internet]. 2003;349(17):1647—
55. Available from: http://dx.doi.org/10.1056/NEJMcp030733.

Remedios C, Shah M, Bhasker AG, Lakdawala M. Hyperuricemia: A reality in the
Indian obese. Obes Surg [Internet]. 2012;22(6):945-48. Available from: http://
dx.doi.org/10.1007/s11695-012-0655-7.

Cui Y, BuH, Ma X, Zhao S, Li X, Lu S. The relation between serum uric acid and
HbA1c is dependent upon hyperinsulinemia in patients with newly diagnosed
type 2 diabetes mellitus. J Diabetes Res [Internet]. 2016;2016:7184123.
Available from: http://dx.doi.org/10.1155/2016/7184123.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

www.jcdr.net

Duan Y, Liang W, Zhu L, Zhang T, Wang L, Nie Z, et al. Association between
serum uric acid levels and obesity among university students (China). Nutr
Hosp [Internet]. 2015;31(6):2407-11. Available from: http://dx.doi.org/10.3305/
nh.2015.31.6.8734.

Gil-Campos M, Aguilera CM, Canete R, Gil A. Uric acid is associated with
features of insulin resistance syndrome in obese children at prepubertal stage.
Nutr Hosp. 2009;24:607-13.

Li F, Chen S, Qiu X, Wu J, Tan M, Wang M. Serum uric acid levels and metabolic
indices in an obese population: A cross-sectional study. Diabetes Metab Syndr
Obes [Internet]. 2021;14:627-35. Available from: http://dx.doi.org/10.2147/
DMS0.5286299,

Yu H, Zhao L, Liu L, Li'Y, Sun J, Liu Y. Relationship between serum uric acid
level and nonalcoholic fatty liver disease in type 2 diabetes patients. Medicine
(Baltimore) [Internet]. 2021;100(33):e26946. Available from: http://dx.doi.org/
10.1097/md.0000000000026946.

Yasui K, Sumida Y, Mori Y, Mitsuyoshi H, Minami M, Itoh Y, et al. Nonalcoholic
steatohepatitis and increased risk of chronic kidney disease. Metabolism
[Internet]. 2011;60(5):735-39. Available from: http://dx.doi.org/10.1016/j.
metabol.2010.07.022.

Arersa KK, Wondimnew T, Welde M, Husen TM. Prevalence and determinants
of hyperuricemia in type 2 diabetes mellitus patients attending Jimma Medical
Center, southwestern Ethiopia, 2019. Diabetes Metab Syndr Obes [Internet].
2020;13:2059-67. Available from: http://dx.doi.org/10.2147/dms0.s252825.
Singh SK, Singh R, Singh SK, Iquebal MA, Jaiswal S, Rai PK. Prevalence of
obesity in newly onset diabetes mellitus and its relationship with uric acid:
An Indian cross-sectional study. Int J Gen Med [Internet]. 2023;16:1217-26.
Available from: http://dx.doi.org/10.2147/ijgm.s402683.

Hussain A, Latiwesh OB, Ali F, Younis M, Alammari JA. Effects of body mass
index, glycemic control, and hypoglycemic drugs on serum uric acid levels in
Type 2 Diabetic Patients. Cureus. 2018;10(8):e3158. Doi: 10.7759/cureus.3158.
Modan M, Halkin H, Karasik A, Lusky A. Elevated serum uric acid-a facet of
hyperinsulinaemia. Diabetologia. 1987;30(9):713-18.

Fox IH. Metabolic basis for disorders of purine nucleotide degradation.
Metabolism [Internet]. 1981;30(6):616-34. Available from: http://dx.doi.org/10.
1016/0026-0495(81)90142-6.

Tsunoda S, Kamide K, Minami J, Kawano Y. Decreases in serum uric acid
by amelioration of insulin resistance in overweight hypertensive patients:
Effect of a low-energy diet and an insulin-sensitizing agent. Am J Hypertens
[Internet]. 2002;15(8):697-701. Available from: http://dx.doi.org/10.1016/s0895-
7061(02)02953-9.

Cameron MA, Maalouf NM, Adams-Huet B, Moe OW, Sakhaee K. Urine
composition in type 2 diabetes: Predisposition to uric acid nephrolithiasis.
J Am Soc Nephrol [Internet]. 2006;17(5):1422-28. Available from: http://dx.doi.
org/10.1681/ASN.2005121246.

Donkeng M, Kuaté D, Koudjou PN, Noubiap JJ, Kuiate JR. Association between
hyperuricemia and glycated hemoglobin in type 2 diabetes at the District
Hospital of Dschang. Pan Afr Med J [Internet]. 2021;40:177. Available from:
http://dx.doi.org/10.11604/pam|.2021.40.177.30207.

Caudevi¢ A, Semiz S, Macié-Dzankovié A, Cico B, Duji¢ T, Malenica M, et al.
Relevance of uric acid in progression of Type 2 diabetes mellitus. Bosn J Basic
Med Sci [Internet]. 2010;10(1):54-59. Available from: http://dx.doi.org/10.17305/
bjbms.2010.2736.

Unnikrishnan RI, Rema M, Pradeep R, Deepa M, Shanthirani CS, Deepa R.
Prevalence and risk factors of diabetic nephropathy in an urban South Indian
population; The Chennai urban rural epidemiology study (CURES 45). Diabetes
Care. 2007;30:2019-24.

Anjaneyulu M, Chopra K. Quercetin, an anti-oxidant bioflavonoid, attenuates diabetic
nephropathy in rats. Clin Exp Pharmacol Physiol [Internet]. 2004;31(4):244-48.
Available from: http://dx.doi.org/10.1111/j.1440-1681.2004.03982.x.

PARTICULARS OF CONTRIBUTORS:
PhD Scholar, Department of Biochemistry, MGM Medical College, MGM Institute of Health Sciences, Navi Mumbai, Maharashtra, India.
2. Professor, Department of Biochemistry, MGM Medical College, MGM Institute of Health Sciences, Navi Mumbai, Maharashtra, India.

3. Professor, Department of General Medicine, MGM Medical College, MGM Institute of Health Sciences, Navi Mumbai, Maharashtra, India.

1.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:

Dr. Kavita More,

Professor, Department of Biochemistry, MGM Medical College, MGM Institute of
Health Sciences, Navi Mumbai, Maharashtra, India.

E-mail: drkavitajadhav2020@gmail.com

AUTHOR DECLARATION:

Financial or Other Competing Interests: None
Was Ethics Committee Approval obtained for this study? Yes
Was informed consent obtained from the subjects involved in the study? Yes

For any images presented appropriate consent has been obtained from the subjects.

PLAGIARISM CHECKING METHODS: WanHetal]

ETYMOLOGY: Author Origin

e Plagiarism X-checker: Sep 13, 2023

* Manual Googling: Dec 14, 2023

EMENDATIONS: 7

¢ iThenticate Software: Feb 23, 2024 (9%)

NA

Date of Submission: Sep 12 2023
Date of Peer Review: Dec 07, 2023
Date of Acceptance: Feb 26, 2024
Date of Publishing: May 01, 2024

Journal of Clinical and Diagnostic Research. 2024 May, Vol-18(5): BC01-BC06


http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

