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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) also known as 
Metabolic dysfunction associated fatty liver disease (MAFLD), 
recognized by the presence of hepatic steatosis in the absence 
of secondary causes is emerging as a public health issue 

1worldwide.  The term MAFLD includes a spectrum of diseases 
ranging from simple steatosis to Metabolic dysfunction 
associated steatohepatitis (MASH), and to advanced brosis 
and cirrhosis and hepatocellular carcinoma, causing 

2considerable liver-related morbidity and mortality.  Evidence 
suggests that, MAFLD can be regarded as part of or, indeed, a 
hepatic manifestation of MeTS associated with metabolic risk 

3-5factors such as obesity, diabetes mellitus, and dyslipidemia.

Metabolic dysfunction associated fatty liver disease is the 
hepatic pandemic of the twenty-rst century, being the leading 
cause of chronic hepatic disease in the world. It is emerging as 
the common chronic liver disease (CLD) in several parts of the 

6,7 world especially in western countries. The disease has 
exploded onto the clinical landscape over the past 25 years. 
The problem of MAFLD is not conned to its potential to cause 
serious liver-related morbidity and mortality. It frequently 

8,9occurs with features of the MeTS including obesity, T2DM.  
10 11Dyslipidemia  and hypertension . 10-75% of MAFLD patients 

have history of T2DM and 21-72% of patients with Diabetes 
12,13mellitus are reported to have MAFLD.  Diabetes mellitus has 

been recognized as an important risk factor for the presence 
and severity of steatohepatitis (MASH) and brosis. However, 
the association between MAFLD and T2DM can be explained 
by the insul in-resis tance ( IR)  and compensatory 
hyperinsulinemia progressing to defective lipid metabolism 
and hepatic triglyceride (TG) accumulation in MAFLD or to ฀-

14cell dysfunction in T2DM,  the mechanisms relating T2DM 
and MAFLD, especially in the setting of normal plasma 

15aminotransferases, are unclear at the present time.

Furthermore, compared to nondiabetics, T2DM appear to 
have an increased risk of not only developing MAFLD but also 
have a heightened risk of developing advanced liver 
diseases, such as brosis, cirrhosis, and hepatocellular 
carcinoma. Furthermore, MAFLD in T2DM may lead to 
cardiovascular disease and diabetic vascular complications, 
independently of other known risk factors. The mortality rate of 
diabetic patients due to cirrhosis is more than twice the 
general population and patients with both MAFLD and DM 
have a poorer prognosis in terms of higher rates of cirrhosis 

16and mortality.  

The prevalence of T2DM has been increasing rapidly 
worldwide, stimulating a growing research interest in MAFLD 

among T2DM population. Hence, an accurate and reliable 
prevalence of MAFLD in T2DM patients is important as it can 
help service providers and policy makers to implement 

5 effective intervention strategies to cope with the problem.
However, the prevalence of MAFLD, particularly in patients 
with T2DM in the study area remains unknown. Furthermore, 
the role of glycemic control on the development of NASH and 
severity of liver disease has not been carefully assessed 
before. Also, there was a great disparity across studies in the 
estimated prevalence of MAFLD in T2DM patients, ranging 

5,17,18from 45% to 80%.  This variation may be associated with 
the sample characteristics and the techniques used to make 

19 the diagnosis of MAFLD. The present study was undertaken 
to nd the incidence of MAFLD in patients with T2DM and to 
ascertain the factors leading to this condition.

METHODOLOGY
This one-year hospital based prospective study was 
conducted in the tertiary care center situated in South India 
from April 2016 to March 2017. At 95% condence interval with 
standard error as 10% and considering the prevalence of 
MAFLD in patients with T2DM as 41.2% based on the study by 

20Prabhakaran R. et al.,  the minimum effect size obtained was 
152 patients with T2DM. 

Patients aged between 25-65 years having T2DM from at least 
one year and on treatment with oral hypoglycemic agents or 
insulin injections or both attending diabetic outpatient 
department were enrolled. Cases with history of alcohol 
ingestion >30 grams/day in males, >20 grams/day in 
females, CLD with any etiology, severe disease such as 
malignancy, consumption of drugs known to cause fatty liver 
disease (that is, steroids, synthetic estrogens, heparin, 
calcium channel blockers, amiodarone, valproic acid, 
antiviral agents), parenteral nutrition, inborn errors of 
metabolism starvation, fatty liver of pregnancy, HELLP 
Syndrome were excluded from the study. A written, informed 
consent was obtained from all the eligible patients after 
brieng them about the nature of study. 

Patients were interviewed and demographic data that is age 
and sex were noted. Detailed clinical history, including 
comorbidities and personal history was obtained. Further 
these patients underwent clinical examination and were 
assessed for BMI,  waist  circumference (WC) and 
hypertension. 

Body mass index was classied according to the recent 
21consensus meeting in Delhi,  optimum cut-offs for obesity 

(BMI and WC) and MeTS were adopted. Recommendations 
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2 2for BMI are: normal 18–22.9 kg/m , overweight 23–24.9 kg/m  
2and obesity as BMI ≥25 kg/m . The WC was measured using a 

standard measuring tape of adequate length, midway 
between the upper most border of the Iliac crest and the lower 
border of the coastal margin (Rib cage). The tape was placed 
on the abdomen and the reading taken in cms as per the 
guidelines. Waist circumference of >90cms in males and 
>80cms in Females was considered abnormal based on the 
National Cholesterol Education Program Adult Treatment 

22Panel III (NCEP-ATP III criteria)  for MeTS.  Blood pressure 
was recorded in sitting position after ve minutes of rest using 
standard mercury manometer and three readings were taken 
at an interval of one minute and mean BP was calculated. 
Blood pressure was measured in supine position using a 
sphygmomanometer. Metabolic syndrome was diagnosed as 

22per NCEP-ATP III criteria  that is presence of any of the three or 
more conditions that is, higher WC (Males: >90cms, Females: 
>80cms),  fasting glucose 100 mg%, hypertension 
(systolic/diastolic blood pressure of >140/90 mmHg), high 
triglycerides (>150 mg/dL) and low HDL (males <40 mg/dL 
and females: <50 mg/dL). 

Under strict aseptic precautions fasting blood samples were 
drawn and subjected to Lipid prole (total cholesterol, 
triglycerides, HDL and LDL) which were estimated by 
enzymatic method in biochemistry laboratory and lipid 
prole.

The diagnosis of MAFLD was diagnosed by means of 
ultrasonography done by single experienced radiologist, 
using a B-mode ultrasonography, high-resolution system with 
an electric linear transducer mid frequency of 3 to 5 MHz. An 
increase in hepatic echogenici ty was noted. The 
enhancement and differential loss in the periportal intensity 
and the vascular wall due to increased hyper echogenicity in 
the liver parenchyma was also noted. The degree of 
involvement was standardized with semi quantitative scale 

23for the degree of hepatic involvement.  The ndings of B-
mode ultrasonography were interpreted as Grade 1 (Diffuse 
increase in the ne echoes slightly. Liver was bright compared 
to the cortex of the kidneys are visualized normally), Grade 2 
(Moderately diffuse increase in ne liver echoes, mild 
impairment in visualization of intrahepatic vascular borders 
and diaphragm) and Grade 3 (markedly increased liver ne 
echoes, intrahepatic vessel borders, diaphragm and the 
vessels not visualized. MAFLD was suspected if there is 
abnormal liver biochemistry, bright liver on ultrasound and no 
known causes identied for the liver disease). 

Statistical analysis 
The data was analysed using statistical software SPSS 
version 20.0. The association between MAFLD and risk factors 
was assessed by either chi square test or Fishers exact test. At 
95% CI, a probability value (p value) of ≤0.050 was regarded 
as statistically signicant. 

RESULTS
During the study period, a total of 324 patients with T2DM were 
screened for eligibility of which 249 fullled the selection 
criteria and 75 patients were excluded. The consort diagram 
for screening, selection and enrollment is as shown in Figure 
1.  The incidence of MAFLD in patients with T2DM was 63.86% 
and most of the patients had grade 2 NAFLD (n=78;49.06%) 
(Graph 1 and 2). Majority of the patients were females with 
male to female ratio of 1:4.41. Most of the patients were aged 
between 51 to 60 years. The mean age was 54.30±9.95 years 
and median age was 55 years (Table 1). The common clinical 
feature was abdominal pain followed by fatigue, malaise, 
and hepatomegaly (Table 2). Majority of the patients were 
obese, MeTS (Table 3). Further with regard to MeTS, majority 
o f  t h e  p a t i e n t s  h a d  a b n o r m a l  W C  f o l l o w e d  b y 
hypertriglyceridemia, lower HDL levels and history of 

hypertension. Most of the patients had normal platelet count 
but higher albumin and AST levels and 49.80% had raised 
ALT levels. 

DISCUSSION 
This study from South India showed nearly two thirds (63.86%) 
patients with T2DM had MAFLD with most of them had stage 2, 
MAFLD suggesting that, there is high prevalence of MAFLD in 
patients with T2DM as high as every second patient with 
T2DM out of three.  This can be attributed to the shared 

16metabolic risk factors between MAFLD and T2DM.  The 
rapidly increasing prevalence of T2DM coupled with MAFLD 
underscore the need for strengthening the management of 
T2DM, as well as the importance of early assessment of 

5MAFLD in T2DM patients.

The overall prevalence of MAFLD in western countries varies 
24from 15-40%.  which is less compared to the present study. A 

20recent study by Prabhakar A. et al.  in Kerala, India reported 
overall prevalence of MAFLD in T2DM as 41% based on 
abdominal ultrasound examination. Another study by Bhat 

13KN et al.  from Gujarat, India reported prevalence of MAFLD 
in T2DM as 45% based on abdominal ultrasound 

5examination. Dai W. et al.  in their recent metanalysis 
comprised of 24 four studies involving 35,599 T2DM patients, 
of which 20,264 were identied with MAFLD. However, authors 
reported a high degree of heterogeneity among the eligible 
studies, with the reported prevalence ranging from 29.6% to 
87.1%. The pooled prevalence of MAFLD in T2DM patients, by 
a random-effects model, was 59.67%. The prevalence of 
MAFLD observed in the present study was comparable to the 

5metanalysis reported by Dai W. et al.

25The higher prevalence was reported by Sima A et al.  in 2014 
where the authors reported prevalence of liver steatosis as 
87.1 %. The prevalence of MAFLD among patients with T2DM 
observed in the present study was low compared to study by 

25Sima A et al.  but high compared to the recent Indian studies 
20 13by Prabhakar A. et al.  in Kerala and by Bhat KN et al.  from 

Gujarat. The wide variation in the prevalence reported can be 
attributed to varied sample size and methodological 
differences especially selection criteria and the criterion for 
the diagnosis.

Most of the studies in India have shown higher prevalence of 
26,27MAFLD in males than in female population.  However, in this 

study females (81.53%) outnumbered males (18.47%) with 
male to female ratio of 1:4.41 with signicantly higher 
prevalence of MAFLD. Hence, females with T2DM are at high 
risk of developing MAFLD a nding consistent with other 

26,27studies  in the literature which suggests that, MAFLD is more 
13common among women.  Other recent study by Prabhakar A. 

20et al.  also reported higher prevalence of MAFLD in females 
13(68.1%) than. In contrast, Bhat KN et al.  reported no 

signicant differences in sex distribution between the two 
groups.

In the present study age ranged between 26-75 years and most 
of the patients were aged from 51-60 years. The mean age was 
54.30±9.95 years. Signicantly higher number of patients 
who were aged between 51-60 years and 41-50 years had 

28MAFLD. Previous study by Williamson RM. et al.  in 2011 also 
showed that the prevalence of MAFLD increases with age, with 
most of cases occurring between the age of 40-60 years. 

20However, Prabhakaran A. et al.,  observed that the younger 
age group (40-55 years) had signicantly higher within group 
prevalence of MAFLD (61.8%) compared to older age group 
(32.9%).

In the present study most of the patients presented with 
abdominal pain followed by fatigue. The other uncommon 
features noted were malaise, and hepatomegaly. 
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Signicantly higher number of patients with MAFLD had 
abdominal pain and fatigue. Hence patients with T2DM 
presenting with features of abdominal pain and fatigue are 
likely to have MAFLD and prompts careful evaluation in these 
patients.

In this study history of hypertension was noted in 31.73% 
patients. However, no association was found between 
hypertension and MAFLD as equal number of patients with 
and without hypertension had MAFLD. In the present study 
majority of the patients were obese and signicantly higher 
number of patients had MAFLD compared to those who were 
overweight and normal BMI. These nding propose a strong 
association between obesity and MAFLD among the patients 
with T2DM. This nding was in agreement with a study by Yi et 

17al.  who found that BMI is independent risk factor for MAFLD 
13in T2DM, Bhat KN et al.  in their study found that BMI was 

signicantly higher in patients with MAFLD (28.27±3.77) than 
those without MAFLD (26.19±4.02 p=0.009).

22In this study based on NCEP-ATP III criteria,  majority of the 
patients had abnormal WC. Also, signicantly higher number 
of patients with abnormal WC had MAFLD. These ndings 
were also in agreement with the other studies by Bhat KN et 

13 20al.  and Prabhakar A. et al.  despite the methodological 
differences as the latter studies measured waist hip ratio 

13 20(WHR). Bhat KN et al.  and Prabhakar A. et al.  in their study 
found that the WHR was signicantly high in patients with 
MAFLD different between the two groups (p=0.0001).

Hyperlipidemia in the form of hypertriglyceridemia was 
present among more half of the patients in this study and 
signicantly higher number of patients MAFLD. Similarly, 
lower HDL levels were noted among 40.56% patients and 
signicantly higher number of patients with lower HDL were 
diagnosed to have MAFLD. These ndings suggest that, lipid 
derangement in terms of hypertriglyceridemia and lower HDL 
in patients with T2DM poses signicant risk of occurrence of 

13MAFLD. In contrast, Bhat KN et al.  observed mean 
cholesterol, HDL, and LDL did not defer signicantly between 
the two groups and only mean triglyceride showed signicant 
correlation with the presence of MAFLD (p=0.030). In another 

10study by Assy N. et al.,  almost 50% patients diagnosed with 
hyperlipidemia had MAFLD on ultrasound evaluations but 
only hypertriglyceridemia and not hypercholesterolemia was 
shown to pose a risk of developing liver fatty disease.
 
In this study majority of the patients had MeTS and majority 
were diagnosed to have MAFLD suggesting strong 
association between MeTS and MAFLD in patients with 
T2DM. The clinical associations of MAFLD with the element of 
MeTS, including obesity, hypertension, and dyslipidemia 

17,19,20 17have been well established.  For example, Yi et al.  found 
that BMI and dyslipidemia were independent risk factors for 

19MAFLD in T2DM, and Leite et al.  found that occurrence of 
MAFLD in T2DM was associated with obesity and 
hypertriglyceridemia. Hence, it is deduced that MAFLD may 

3,4be a hepatic manifestation of MeTS.  In a study by Prabhakar 
20A. et al.  majority of patients in MAFLD group were 

overweight/obese, dyslipidemic or hypertensive. However, no 
association was found between hypertension and MAFLD in 
patients with T2DM.  Hence, T2DM patients with these co-
morbid conditions, denitely have a higher risk of MAFLD.

If MAFLD is associated with T2DM and MeTS both of which 
are established risk factors for cardio vascular disease (CVD) 
one might expect that elevations in liver enzymes and liver fat 
may signal increased CVD risk. This is supported by recent 
data which suggest that the presence of MAFLD in T2DM may 
also be linked to increased cardiovascular disease risk 

29independently of components of the MeTS.

Majority of the patients had raised AST levels and ALT levels. 

Furthermore, signicantly higher number of patients with 
13raised AST and ALT levels had MAFLD. Bhat KN et al.  found 

that, transaminase levels were not statistically signicant 
between the MAFLD and non-MAFLD groups (p=0.06 and 
0.05 for AST and ALT, respectively).  

Although, present study highlights the higher incidence of 
MAFLD in patients with T2DM, and provides epidemiological 
determinants in the South Indian population, these ndings 
require further validation due to potential limitations of this 
study viz. present study was a hospital-based study involving 
relatively smaller sample. The relation between MAFLD and 
CVD could not be established. Several other diabetic 
components like duration of DM, glycemic control, treatment 
modality and treatment compliance were not considered. 
Liver biopsy was not performed to conrm MAFLD. The 
diagnosis of MAFLD was only based on ultrasound imaging 
and exclusion of other causes of CLD. Further multicentric 
studies involving larger sample considering the link between 
CVD and other diabetic determinants may provide useful 
insights about the epidemiology, burden of MAFLD.

CONCLUSION 
Overall, it may be concluded that there is increased 
prevalence of MAFLD in selected patients with T2DM (63.86%) 
so high that every second patient with T2DM out of three is 
likely to have MAFLD. The common clinical presentation of 
MAFLD in T2DM was abdominal pain followed by fatigue and 
these features are strongly associated with MAFLD. 
Furthermore, female sex, advanced age, obesity, visceral fat 
and MeTS in patients with T2DM poses signicant risk of 
development of MAFLD. Lipid in the form of hyper 
triglyceridemia, lower HDL, and liver derangement in terms of 
elevated AST, ALT and deranged albumin levels signicantly 
associated with high risk of MAFLD in patients with T2DM.

Figure 1. Screening and Selection of Patients 
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Table 1. Demographic factors associated with NAFLD in 
patients with T2DM

Table 2. Distribution of patients according to the clinical 
features and its association with NAFLD

Table 3. Distribution of patients according to the body mass 
index and its association with NAFLD

p = <0.001

Table 4. Association between Metabolic syndrome and its 
criterion with NAFLD in patients with T2DM

Table 5. Association between Liver enzymes, platelet count 
and NAFLD in patients with T2DM
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