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Abstract

Background and Objectives: Non-alcoholic fatty liver disease (NAFLD) is more common in diabetic
patients. There are limited studies on clinical, biochemical and histological features of NAFLD pa-
tients who are diabetic. The aim of the study was to determine the prevalence of diabetes and pre-
diabetes in a cohort of NAFLD patients and to compare anthropometry, biochemical and metabolic
parameters and hepatic histology of diabetic NAFLD patients with non-diabetic NAFLD patients.
Methods: 515 consecutive NAFLD patients diagnosed by abdominal ultrasound and 100 healthy
controls were subjected to detailed anthropometric measurements and biochemical assays in-
cluding blood sugars, LFT, lipid profile and HOMA. Diabetes and prediabetes were defined ac-
cording to WHO criteria. Patients were categorized and compared according to the presence or
absence of diabetes. Liver biopsy was performed in 240 NAFLD patients and the liver histology
was also compared between the two groups. Statistical analysis was performed on SPSS 16. Results:
124 out of the 515 (24.08%) NAFLD patients were diabetics, 118 out of 515 (22.9%) were pre-dia-
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betics, while only 3 out of 100 controls had impaired glucose tolerance. Diabetic patients were
older. NAFLD patients with diabetes had significantly higher waist circumference [98.02 + 12.01 vs
93.89 % 8.8, p = 0.000] as compared to the NAFLD patients without diabetes. Fasting blood sugar
[124 % 46.3 vs 90.8 + 10.2, p = 0.000], triglyceride level [218.4 £ 17.6 vs 192 + 9, p = 0.03] and
HOMA-IR [2.6 £ 0.36 vs 1.84 % 0.2, p < 0.001] were significantly higher in NAFLD-diabetes group.
Hypertension [35% vs 11.7%, p = 0.000] was commoner in diabetic NAFLD patients. Histopathology in
the diabetic patients revealed steatosis alone in 34.2% cases, borderline NASH in 31.4% and defi-
nite NASH in 34.2%. Fatty change alone was noted in 16.5% cases, borderline NASH in 34.1%,
while 49% had definite NASH on liver biopsy of NAFLD patients without diabetes. Fibrosis was
noted in 31.4% in diabetic and 27% in non-diabetic patients. IR alone had a linear correlation
with necroinflammatory activity. Conclusion: The prevalence of diabetes and prediabetes is six
times more in NAFLD patients than in healthy controls. NAFLD patients with diabetes have higher
metabolic risk factors such as large waistline, hypertension, high triglyceride levels and increased
insulin resistance. Diabetes or pre diabetes patients per se do not have histologically severe dis-
ease, rather insulin resistance play an important role in increasing the severity of the disease.
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1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is a spectrum which encompasses simple steatosis (simple fatty
liver), non alcoholic steatohepatitis (NASH), cirrhosis and even hepatocellular carcinoma (HCC) [1] [2]. NAFLD
is highly prevalent in Western countries [1]. Studies from different regions of India [3]-[5] have shown that
the prevalence of NAFLD has increased over the past two decades to become the commonest liver disease in
Indians.

The presence of hyperinsulinemia or insulin resistance (IR) and their association with some of the features of
the metabolic syndrome suggest that NAFLD might be the liver component of the metabolic syndrome [6]. In-
dians have a high prevalence of insulin resistance and the metabolic syndrome. Currently, non-alcoholic fatty
liver disease (NAFLD) is considered to be an integral part of the metabolic syndrome with insulin resistance as a
central pathogenic factor.

The profiles of NAFLD patients in India appear to be different from the Western population as they have a
lower frequency of metabolic syndrome, lesser degree of adiposity, and histological milder disease at presenta-
tion [7] [8]. Increasing evidence from Western countries suggests that patients with diabetes mellitus (DM) are
particularly at risk for developing the progressive form of NAFLD, i.e., NASH [9] [10]. However, a study by
Das et al. from India showed positive correlation of insulin resistance with higher grades of NAFLD, rather than
the degree of hyperglycemia in patients with type 2 DM [11]. A head on comparative study between diabetic
NAFLD patients with non-diabetic NAFLD patient with special emphasis on liver histology has not been done
in Indian population.

Whether diabetic NAFLD patients have a more severe disease, higher necroinflammatory activity and more
prone to develop fibrosis as compared to non-diabetic NAFLD patients need to be evaluated.

The aim of the study was to document the prevalence of type 2 diabetes mellitus and pre-diabetes in patients
with NAFLD and to determine their anthropometric, biochemical and metabolic profile. The other aim is to de-
termine whether these diabetic NAFLD patients have more severe disease on their liver histology than those
NAFLD patients with normal glycemic status.

2. Materials and Methods

This was a single centre observational analytical study of subjects attending a gastroenterology clinic at Cuttack,
Orissa in coastal Eastern India from October 2012-October 2013. The study was approved by the KGF Ethical

Committee.
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515 consecutive NAFLD patients and 100 controls were analysed in this study.

Patients: These were NAFLD patients (n = 515). The diagnosis of NAFLD was made on the basis of ultraso-
nography and histological confirmation whenever possible. Subjects were considered as cases if they presented
with fatty liver defined according to the standard criteria accepted by the American Gastroenterology Associa-
tion: An increase in hepatic echogenicity taking renal echogenicity as a reference, the presence of enhancement
and lack of differentiation in periportal intensity and the vascular wall due to great hyperechogenicity of the pa-
renchyma.

Controls: These were patients who had a normal ultrasonography which was performed for various causes
such as pain abdomen, dyspepsia etc.

Exclusion criteria: Patients and controls consuming alcohol > 20 giday, having other known liver diseases (he-
patitis viruses A to E, autoimmune disease, Wilson’s disease, alpha 1 anti-trypsin deficiency and haemochro-
matosis) and those on medications known to induce fatty liver or insulin sensitization such as estrogens, amio-
darone, methotrexate, tamoxifen, glitazones and metformin were excluded.

The anthropometric assessment included measurements of weight, stature, and waist circumference (WC) and
hip circumference (HC). Body mass index (BMI) was calculated as weight (kg)/stature (m?). The WC and HC
were measured at the level midway between the lowest rib and the iliac crest and at the level of the great tro-
chanter.

Measurements of fasting glucose, triglycerides, cholesterol, and high-density lipoprotein (HDL) cholesterol,
liver function tests were performed by standard laboratory methods. Insulin was measured by radioimmunoas-
say.

Diabetes mellitus and prediabetes was diagnosed by WHO criteria. NAFLD patients with diabetes were taken
as one group and these patients were compared with the non-diabetic NAFLD group. IR was calculated using
the homeostatic model assessment (HOMA) method. HOMA-IR uses a mathematical model derived from fast-
ing blood glucose and plasma insulin [12]. Although a HOMA score of less than 1.0 is the ideal, the study by Bo-
nora et al., found a mean HOMA-IR score of 2.06 = 0.14 in the normal non-diabetic population [13]. Study done
in our population had shown that the normal value of insulin resistance as assessed by HOMA-IR is less than 2.
For the purpose of calculation HOMA-IR value above 2 was considered insulin resistance in our study [14].

Liver biopsy was done in 240 patients who gave consent for biopsy. Liver biopsy was done using Bard Biopsy
Gun 16 G, through intercoastal approach. Grading and staging of liver histopathology was done as per the clas-
sification proposed by Kleiner et al. using necroinflammatory activity for grading of NASH [15].

Statistics: Normally distributed continuous variables were expressed as mean + SD, and the continuous va-
riables with skewed distribution were expressed as median (range). Student’s t-test for unpaired data was used to
compare groups when variables were normally distributed; otherwise, the Mann-Whitney test was used. Chi square
test was used to compare differences in categorical variables. All analysis were done in SPSS software version
17 (SPSS Inc., Chicago, IL). A p value of less than 0.05 was considered significant.

3. Results

515 consecutive NAFLD patients were enrolled in the study. 100 healthy controls were also evaluated.

124 (24.08%) NAFLD patients were diabetics and 118 (22.9%) were pre-diabetics while only 3 out of 100
controls had diabetes. When the cohort of Type 2 DM with NAFLD was compared with non-diabetes NAFLD
patients (Table 1), it was seen that diabetic NAFLD patients were older (mean age 46.6 + 10 versus 40.47 + 9.8,
p value = 0.000). The gender ratio, height, weight and BMI of NAFLD patients with diabetes were comparable
with the non diabetes group. But central obesity was more common in those NAFLD patients who had Type 2
DM as they had significantly higher waist circumference [98.02 + 12.01 vs 93.89 + 8.8, p = 0.000] as compared
to the NAFLD patients without diabetes. Another measurement of visceral obesity, i.e. waist height ratio was
also higher in the former group. Metabolic parameters like fasting blood sugar [124 + 46.3 vs 90.8 + 10.2, p =
0.000], triglyceride level [218.4 + 17.6 vs 192 + 9, p = 0.03] were significantly higher in NAFLD-Diabetes
group. Paradoxically higher HDL [49.4 + 4.8 vs 42.4 + 2.3, p = 0.000] was seen the non-diabetic group. Insulin
resistance as measured by HOMA-IR was naturally higher in NAFLD group with diabetes [2.6 + 0.36 vs 1.84
0.2, p < 0.001]. Hypertension [48.4% vs 11.7%, OR = 7.3] was commoner in diabetic NAFLD patients. Thus
most of the components of metabolic syndrome clustered in the NAFLD-diabetes group as compared to non dia-

betic NAFLD group.
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Table 1. Baseline parameters comparison between Diabetic NAFLD patients and Non-Diabetic NAFLD patients.

Parameters NAFLD with Type 2 DM NAFLD without Type 2 DM p Value”
AGE 46.6 + 104 40.47+£9.8 0.000
Males 93/124 317/391 NS
Height 162.8 + 8.2 163.4+8 NS

Weight 704 +11.7 704+113 NS

BMI 26.6 +3.9 26.3+3.9 NS
Waist 98.04 £ 12 93.89+8.8 0.000

Hip 100.8 + 10 97.9+76 NS

Waist/Hip Ratio 0.98+0.1 0.95+0.06 NS
Waist/Height Ratio 0.6 +0.08 0.57 +£0.07 0.000
Hypertension 60/124 44/391 0.000
FBS 124 + 46.3 90.8 +10.2 0.000
PPBS 201 +£8.7 122 +5.1 0.000

Triglyceride 2184 +17.6 192+9 0.03
HDL 494+48 424+23 0.000

Cholesterol 183.8+65 186.5 + 49 NS
LDL 103 £41.2 109 £37.6 NS
AST 41.04 +25.8 4244 +22.8 NS
ALT 50.87 £29.3 51.5+394 NS

HOMA IR 2.6 +0.36 1.84+0.2 0.000

TG: Triglyceride; CHOL: Cholesterol; BMI: Body Mass Index; HDL: High Densitylipoprotein; LDL: Low Density Lipoprotein; FBG: Fasting Blood
Glucose; PGBG: Postglucose Blood Glucose; AS;T: Aspartate Transaminase; ALT: Alanine Transaminases; HOMA IR: Homeostatic Model Assess-
ment of Insulin Resistance; NS: Non Significant. “Significant p < 0.05.

Liver biopsy was done in 240 NAFLD patients, out of which 70 were diabetics. The hepatic histopathological
comparison between the two groups is shown in Table 2. Surprisingly the necroinflammatory activity as meas-
ured by lobular inflammation was more in the non diabetes group as compared to the diabetic group. Hepatic
steatosis, ballooning and NAFLD Activity Score (NAS) were comparable in both the groups. Most of the pa-
tients had mild fibrosis and both the groups were comparable with regards to presence of fibrosis in liver histol-
ogy.

Histopathology in the diabetic patients revealed only fatty change in 24 (34.2%) cases, borderline NASH in
22 (31.4%) cases and definite NASH in 24 (34.2%) as shown in Table 2. Fatty change alone was noted in 16.5%
cases, borderline NASH in 34.1%, while 49% had definite NASH on liver biopsy of NAFLD patients without
diabetes. Fibrosis was noted in 22/70 (31.4%) in diabetic and 47/170 (27%) in non-diabetic patients.

The diabetes and prediabetes group were grouped together and their histology was compared with those
NAFLD patients with normal glycemic status (Table 3). Again the results were similar with higher lobular in-
flammation in the group with normal glycemic status and the rest other features of liver histology was compara-
ble in both the groups.

The NAFLD cohort was divided into two groups according to the presence or absence of Insulin Resistance
(IR) and the histological features were compared (Table 4). IR was present in around 60% of patients who had a
liver biopsy. These patients had higher steatosis and more necroinflammatory activity and higher NAS as com-
pared to those patients without IR. However, IR did not impact development of fibrosis.
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Table 2. Liver histology of NAFLD and relationship with diabetes mellitus.

Histology Diabetes NAFLD (N = 70) Non-Diabetes NAFLD (N = 170) p Valug”
Moderate steatosis 28 (40%) 72 (42.4%) 0.145
Severe steatosis 10 (14.2%) 30 (17.6%) 0.571
Lobular inflammation 42 (60%) 145 (85%) 0.001
Ballooning 47 (67.1%) 128 (75.3%) 0.204
Fibrosis 22 (31.4%) 47 (27.6%) 0.63
Not NASH (only steatosis) 24 (34.2%) 28 (16.5%) 0.003
Borderline NASH 22 (31.4%) 58 (34.11%) 1.0
NASH 24 (34.4%) 84 (49.4%) 0.03
NAS 3517 41+15 0.06

NASH: Non-Alcoholic Steatohepatitis; NAS: NAFLD Activity Score; “Significant p < 0.05.

Table 3. Comparison of histology between diabetic and prediabetic NAFLD patients with those with normal glycemic status.

Histology NAFLD with Diabetes + Prediabetes (N = 107)  NAFLD without Diabetes or IGT (N = 133) p Valug”
Moderate steatosis 45 (42%) 55 (41.3%) 1.0
Severe steatosis 17 (15.9%) 23 (17.3%) 0.86
Lobular inflammation 72 (67.3%) 115 (86.5%) 0.005
Ballooning 78 (72.9%) 98 (73.7%) 1.0
Fibrosis 32 (29.9%) 39 (29.3%) 1.0
NAS 3.7+17 41+15 0.06

NAS: NAFLD Activity Score; “Significant p < 0.05.

Table 4. Comparison of liver histology between the two NAFLD groups with and without IR.

Histology NAFLD with IR (N = 72) NAFLD without IR (N = 50) p Value”
Moderate steatosis 24 (33.3%) 27 (54%) 0.02
Severe steatosis 25 (34.7%) 3 (6%) 0.000
Lobular inflammation 62 (86.11%) 39 (78%) 0.32
Ballooning 58 (80.6%) 30 (60%) 0.014
Fibrosis 31 (43%) 16 (32%) 0.25
NAS 445+16 3615 0.009

NAS: NAFLD Activity Score; IR: Insulin Resistance; "Significant p < 0.05.

4. Discussion

This study included a large cohort of 515 NAFLD patients and histopathological study was done in about half of
these patients. The prevalence of diabetes was 24% and prevalence of prediabetes was around 23%.This is quite
high as compared to a previous Indian study from Chandigarh where the prevalence has been reported to be
around 12% and 14% respectively [8]. Diabetes was defined according to WHO criteria and the diabetic group
included those patients who were known diabetic or had abnormal glycemic status.

When diabetic NAFLD patients were compared with non-diabetic NAFLD patients, the components of meta-
bolic syndrome such central obesity, high triglyceride levels and hypertension were more common in the former
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group. This finding is not surprising considering that diabetes mellitus is a manifestation of metabolic syndrome,
strongly associated with NAFLD. This establishes the fact that there is a strong association between the various
components of metabolic syndrome, but it is difficult to ascertain whether diabetes is the risk factor for devel-
opment of hepatic steatosis and other features of metabolic syndrome from this study.

Another interesting aspect of the study is regarding the role of diabetes in progression or severity of NAFLD.
The histology of diabetic and pre diabetic patients is almost similar to the non-diabetic patients. Neither are they
associated with higher necro-inflammatory activity nor are they associated with advanced fibrosis. This is in
contrast from the studies from western countries where it is seen that diabetes is a positive risk factor in progres-
sion from steatosis and steatohepatitis [10] [16]. However, a study by Das et al from India has demonstrated that
degree of hyperglycemia did not much have correlation with higher grades of NAFLD [11]. However, this study
had limitation of a small sample size of around 40 patients. The most suitable explanation for this is that Indian
patients have milder disease with minimal fibrosis and hyperglycemia may play a role in those patients with ad-
vanced steatohepatitis and fibrosis.

However, when the NAFLD patients were segregated into two groups according to insulin resistance, signifi-
cant association with higher grades of steatohepatitis is seen in those patients who have insulin resistance. This
is in agreement with previous studies which suggest that insulin resistance plays a key role in progression of the
disease [11] [17]. However, other mechanisms must be working along with insulin resistance as only 2/3rd of
the patients had insulin resistance and development of fibrosis did not correlate with IR.

The study is not without limitations. The duration of diabetes and its impact on NAFLD was not evaluated.
This requires long-term prospective follow up studies which can also identify the chronological relationship of
diabetes with NASH. Besides, the effect of treatment of diabetes was not studied.

In conclusion, the prevalence of diabetes and pre diabetes is high in NAFLD patients. The NAFLD patients
with DM are associated with dyslipidemia, central obesity, hypertension and insulin resistance. Diabetes or pre-
diabetes patients do not have histologically severe disease, rather insulin resistance play an important role in in-
creasing the severity and progression of the disease.
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