
NAFLD refers to the broad range of liver pathology
ranging from mild steatosis to non-alcoholic

steatohepatitis (NASH) in the absence of significant alco-
hol consumption.  Today it is the fourth most common in-
dication for liver transplantation and is one of the com-
monest causes for elevation of liver enzymes1,2. Preva-
lence of the NAFLD is estimated to be around 9-32% in
the general Indian population, with a higher incidence rate
amongst obese and diabetic patients3. It is well documented
that NAFLD prevalence is higher among patients with fea-
tures of insulin resistance, obesity and dyslipidaemia. This
association can prompt one to consider NAFLD as a he-
patic manifestation of Metabolic Syndrome3.

In contrast, Diabetes has been well documented enough
for the general population to be aware of its consequences4.
China and India lead the world with the largest number of
diabetes subjects5. The threat of end organ complications,
nephropathy, retinopathy and neuropathy looms large over
the population of uncontrolled diabetics.  Furthermore, 15-
25% of patients with NAFLD, progress to cirrhosis and its
complications over 10-20 years5.

Due to the close association between Type 2 DM and
NAFLD, the analysis of risk factors is of utmost impor-
tance in identifying individuals susceptible to the co-mor-
bid complications arising from either disease. Significant
data for proving an association between the complications
of diabetes and NAFLD would highlight a subgroup of
Type 2 DM patients requiring earlier intensive therapy and
management of risk factors.

AIMS AND OBJECTIVES

The aim of this study is to assess the risk factors asso-
ciated with development of NAFLD in the diabetic study
population. It will also aim to identify any co-relation be-
tween NAFLD and end organ changes associated with
Diabetes such as nephropathy, neuropathy and retinopa-
thy.

MATERIALS AND METHODS

A total of 100 patients participated in this cross sec-
tional, observational study. After obtaining a certificate of
approval from the Institutional Ethics Committee, Patients
with Type 2 DM from the Internal Medicine ward of a
Tertiary Medical College of Eastern India, were identified
by review of their records. The sample population was
chosen on the basis of simple random sampling. Each sub-
ject was given an �Informed Consent� along with an �In-
formation Sheet�, specifying the procedures undertaken
in this project, in the language of their choice. The choice
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of subjects however was dependent on the following cri-
teria:

Inclusion Criteria : Patients having history of Type 2
DM or suffering directly from its complications.

Exclusion Criteria : Patients suffering from Type 1
DM or Maturity Onset Diabetes of Young (MODY) or any
form of Secondary Diabetes, Gestational DM, Patients who
are on medication that include steroids or drugs that are
known to cause fatty liver such as amiodarone, aspirin,
methotrexate, anti-viral drugs (nucleoside analogs),
tamoxifen, etc.

Patients consuming alcohol greater than 20 ml/day (or
>21 drinks per week) and women consuming alcohol
greater than 15 ml/day (or >14 drinks per week) as this
automatically excludes diagnosis for NAFLD4.

After sample selection, a screening procedure was
implemented to sort the patients into two groups, A and B.
The screening was based on evidence of fatty liver on he-
patic ultrasonography. The diabetics not showing evidence
of steatosis on ultrasonography were grouped in A, and
those showing evidence of the same were grouped in B.

Patients in either group were subjected to laboratory
Investigations  like  Liver function tests, HbA1c, urine al-
bumin and creatinine, and lipid profile.

 All of the above data was �cross tabulated� using
Microsoft Excel. Data on subjects of either group was tabu-
lated on separate Excel sheets.

The data after cross tabulation was analyzed using
�SPSS version 22�. A logistic regression model was devel-
oped to evaluate predictors of NAFLD. Differences be-
tween normally distributed variables were assessed using
�unpaired t test�. Categorical variables were assessed us-
ing Chi-Square (χ²) test. Relative Risk (RR) and Odds Ra-
tios (OR) were calculated for hypoth-
esized risk factors. Assuming a confi-
dence interval of 95%, a p-value of less
than 0.05 was considered significant.

OBSERVATIONS AND RESULTS

A total of 100 patients (60 males and
40 females) suffering from Type 2 DM
were enrolled in the study. The mean age
of the patients was 55.83± 7.81 (mean±
SD). Out of this a cohort of 52 patients
were identified as having NAFLD based
on the findings on hepatic ultrasonog-
raphy (Table 1).

Participants with NAFLD had
greater mean age (59.07±7.57 years),
duration of diabetes (6.48±1.74) and
body mass index (27.53±3.05). This
particular cohort of patients had higher
levels of HbA1c (7.50±1.12), ALT

(56.09±13), AST (54.40±6.20) and triglycerides
(205.42±34.90). The prevalence of NAFLD was found to
be greater in males than females. This is illustrated in Fig 1.

Out of the 52 patients found to have NAFLD, 12(23%)
had normal BMI, 24 (46%) were overweight and 16 (31%)
were obese as illustrated in Fig 2.

BMI of 30 or more was considered obese.
Dyslipidemia was determined according to triglycer-

ide, cholesterol and HDL/LDL levels and reference
values.The findings are illustrated in Fig 3. In 61.5% (32)
of the NAFLD subjects had dyslipidemia compared to
39.6% (19) of the non-NAFLD subjects : χ² value=9.75;
RR= 1.53, OR= 2.44, p=0.03 (p<0.05, 95% CI).

Incidence of microvascular complications in either group
was assessed. The findings are illustrated in Figs 4-7.

In 55.7% (29) of the patients having NAFLD were di-
agnosed to also have diabetic nephropathy (DN) compared
to 35% (17) of the subjects without NAFLD: χ² value=4.16,

Table 1� Compares the demographical, clinical and laboratory
characteristics of patients with NAFLD with those without NAFLD

Variable Without NAFLD WITH NAFLD P-value
N 48 52

Male (%) 28(58.4) 32(61.5)
Female (%) 20(41.6) 20(38.5)
Age (years) 53.39±7.39 59.07±7.57 NS
Length of DM(years) 4.93±2.07 6.48±1.74 p<0.05
B.M.I (kg/m2) 24.66±2.54 27.53±3.05 P<0.05
ALT (IU/L) 18.10±8 56.09±13 p<0.05
AST (IU/L) 19.23±6.74 54.40±6.20 P<0.05
HbA1c(%) 6.46±1.16 7.50±1.12 p<0.05
Triglycerides (mg/dl) 132.18±40.69 206.71±92.90 p<0.05
Cholesterol (mg/dl) 188±30.50 210±54.40 NS
LDL (mg/dl) 126.00±26.20 142.43±48 NS
HDL (mg/dl)  45.20±8.10   38.42±10.00 NS

Fig 4 � Incidence of microvascular
complications of diabetes mellitus in non-

NAFLD and NAFLD group

Fig 3 � Comparison of prevalence of
dyslipidemia in non-NAFLD and

NAFLD group

Fig 1� Showing incidence of NAFLD
between male and female

Fig 2 � Showing incidence of NAFLD
among overweight and obese patients
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p=0.041 (p<0.05, 95% CI), OR=2.29, RR= 1.48 (CI= 0.97-
2.2).

In 25% (13) of the patients having NAFLD were diag-
nosed to also have diabetic neuropathy (DPN) compared
to 12.5% (6) of the subjects without NAFLD: χ²
value=2.53, p=0.11 (p>0.05, 95% CI).

In 40.4 % (21)of the patients having NAFLD were di-
agnosed to also have retinopathy (DR) compared to 29.2%
(14) of the subjects without NAFLD: χ² value= 1.38, p
value= 0.240 (p>0.05, 95% CI).

DISCUSSION

Multiple studies have shown a close association be-
tween NAFLD and Type 2 DM.  Cusi Kenneth et al (2009)
pointed out that 60-70% of diabetics show evidence of
NAFLD7. Sanjay Katra et al found the overall prevalence
of NAFLD in Type 2 DM patients was to be 56% in Indian
population3. Gupte P et al (2004) and Kamani P et al (2007)
determined the prevalence to be 12.5% and 20% respec-
tively8,9. A number of studies around the world have iden-
tified the possible risk factors leading to the development
of NAFLD. Type 2 Diabetes Mellitus itself is now consid-
ered an independent risk factor for the development of
NAFLD3,4,6.

Study conducted  by Hosseinpanah et al (2007) found
that diabetic patients with NAFLD were more likely to
have greater BMI10.Wen-Shan et al (2013) determined the
same to be and also came to the conclusion that diabetics
with NAFLD have higher levels of liver transaminases as
well as lower high density lipoproteins (HDL) level com-
pared to diabetics without NAFLD11. This study however
used hepatic ultrasonography to detect the presence of ste-
atosis although it has been well established that liver bi-
opsy remains the gold standard for diagnosis of NAFLD12.
There have been studies linking NAFLD with greater in-
cidences of chronic kidney disease and even identifying
NAFLD in the presence of Type 2 Diabetes as a signifi-
cant cardiometabolic risk factor13.  In a much more recent
study the same author found that diabetic patients suffer-
ing from NAFLD had a greater incidence of developing
diabetic retinopathy14.

The prevalence of NAFLD among the diabetic sub-

jects, 52%, is in line with the overall prevalence, 54.5% as
postulated by Mohan et al15. The prevalence of NAFLD
in males were greater compared to females, which
contraindicates a major pan-Indian study carried out by
Kalra et al where the researchers had concluded that the
female prevalence of NAFLD (60%) was higher than that
of males (54.3%)3.

However the male and female prevalence of 54.3% and
55% respectively is line with many previous studies on
co-occurrence of NAFLD and Type 2 DM9,16.This study
revealed that older patients were more likely to develop
NAFLD but without statistical significance. Both insulin
resistance and obesity are key features of metabolic syn-
drome and 30% of NAFLD subjects have metabolic syn-
drome17.

Greater duration of diabetes and higher HbA1c levels
were found to be good predictors of NAFLD prevalence
and the presence of microvascular complications. This was
similar with the findings by Banerjee et al who found that
longer duration of diabetes and poor glycemic control were
associated with higher rates of progression to a severe form
NAFLD, non-alcoholic steatohepatitis (NASH)18.

This fact is further reinstated by the strong correlation
between dyslipidemia, an important predictor of cardio-
vascular risk, and fatty liver disease. The role of liver en-
zyme elevation in NAFLD has been widely debated. It has
been widely suggested that liver enzyme elevation corre-
lation is related to the degree of steatosis as evidenced on
biopsy8,9,12.

As illustrated in Fig 4, higher rates of microvascular
complications were found in the subjects identified as hav-
ing NAFLD. However, not all the findings were statisti-
cally significant. The null hypothesis (H0) therefore can-
not be rejected. The positive correlation of diabetic neph-
ropathy with NAFLD was found to have a p value of 0.041
(p<0.05) however the relative risk of 1.48 lies between a
confidence of interval of 0.97-2.20 (includes 1.00 in the
reference range), hence eliminating its statistical signifi-
cance as possible risk factor. Diabetic neuropathy and re-
tinopathy were also found to have a p value of greater than
0.05 and insignificant OR and RR (confidence interval

Fig 7 � Comparison of incidence of
retinopathy in non-NAFLD and NAFLD group

Fig 6 � Comparison of incidence of neuropathy
in non-NAFLD and NAFLD group

Fig 5 � Comparison of incidence of nephropa-
thy in non-NAFLD and NAFLD group
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includes 1.00). The above findings are similar with a study
carried out in the Chinese population by Wen Shan et al11.

CONCLUSION

This study found significant links between obesity,
dyslipidemia, diabetes duration, glycemic control and
NAFLD, thus establishing some modifiable risk factors
and clinical parameters. Along with medical interventions,
these includes dietary modifications and lifestyle changes
involving increased exercise.  Liver enzyme abnormali-
ties plus Type 2 DM leads to greater risk of cardiovascu-
lar and renal disease13. Therefore management of NAFLD
progression is not just essential for preventing hepatic
complications but also important for prevention of car-
diovascular disease and renal impairment.
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