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Abstract: Background: Non-alcoholic fatty liver disease (NAFLD) is commonly associated with type 2 diabetes mellitus (DM). We
carried out a prospective case-control study showing correlation of NAFLD in patients with type 2 DM and its connection with Insulin
Resistance. Materials and Methods: Total 97 patient out of 100 patients of Type — 2DM attending Muzaffarnagar medical college and
hospital completed the study and were evaluated using SPSS software version 12. Abdominal ultrasound was performed to establish the
presence of fatty liver. For assessment of Insulin Resistance, Homeostasis Model Assistant - Insulin Resistance (HOMA-IR) was
calculated. A probability value of P < 0.05 was considered statistically significant. Results: The study group of 100 was divided into a
NAFLD group of 45 and a non-NAFLD group of 55 with NAFLD as 45%. The NAFLD subgroup had excessive obesity which was
measured by BMI and central obesity was measured by waist circumference and waist hip ratio, higher HbAlc and higher triglyceride
levels. HOMA-IR for Insulin Resistance was significantly higher in NAFLD group than Non NAFLD group (P value 0.03). Conclusion:
The frequency of NAFLD is high in patients of Type 2 DM. Insulin resistance correspond with the presence of NAFLD among T2DM

patients.
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1. Introduction

Non-alcoholic fatty liver disease (NAFLD) denotes a wide
range of conditions occurring in those who do not
consume alcohol in amounts, generally considered to be
harmful to the liver and distinguished histologically by
macrovascular hepatic steatosis. NAFLD is the hepatic
pandemic of the twenty-first century, being the prime
cause of chronic hepatic disease in the world. [1] It is
emerging as the most popular chronic liver disease in both
Western countries and also in other parts of the world. [2,
3] NAFLD is a diseaseof our generation which has burst
onto the clinical landscape over the past 25 years. The
problem of NAFLD is not restricted to its potential to
cause serious liver-related morbidity and mortality. It
often occurs with features of the metabolic syndrome
including obesity, type 2 diabetes mellitus [4, 5],
Dyslipidemia [6] and hypertension [8]. No wonder 10—
75% of NAFLD patients have T2DM and 21-72% of
patients with diabetes are reported to have NAFLD [8].

NAFLD has been connected very closely with the
presence of type 2 diabetes mellitus. DM is an important
decisive factor of both presence and severity of NAFLD.
Insulin resistance plays a central role in the pathogenesis
of NAFLD although the initial site and root of insulin
resistance is unknown. The two key pathophysiologic
abnormalities associated with insulin resistance that play a
role in the genesis of a fatty liver are hyperinsulinemia and
increased free fatty acid delivery to the liver. [9] The
mortality rate of diabetic patients due to cirrhosis is more
than twice the general population and patients with both
NAFLD and DM have a poorer prognosis in terms of
higher rates of cirrhosis and mortality. [10] Available
literature on NAFLD and its relation to coronary artery
disease in diabetes patients from India is very Less. This
may be related to the assumption that the condition is
benign and has a nonprogressive course. In addition, a
large burden of viral hepatitis in India tends to reduce the
concern accorded to this condition. Hence, the present

study was planned to study of NAFLD in type 2 Diabetes
mellitus patients in Muzaffarnagar medical college and
hospital and its correlation with Insulin Resistance.

2. Material and Method

The present study was carried out at Muzaffarnagar
medical college and hospital and Biochemistry
Department from January 2019 to October 2019. Initial
screening in the form of detailed history taking and
clinical examination was carried out to include/exclude
the patients in the study. A total 100 patients with age
more than 20 years were included who were having
diabetes of minimum 2-year duration. Exclusion criteria
included: patients who consumed more than 50 g alcohol
per week, patients who were found to have other liver
diseases such as malignancies, hepatitis, liver abscesses,
and patients having derangement of hepatic functions due
to any other febrile illnesses/disease. A detailed history
regarding the disease was taken, and complete physical
examination was done. Obesity was calculated by BMI,
whereas waist/hip ratio was measured as an index of fat
accumulation. [11, 12]. Serum samples after overnight
fasting were obtained from all subjects for liver function
tests  (aspartate aminotransferase [AST], alanine
aminotransferase [ALT], and alkaline phosphates), serum
lipid profile (total cholesterol, triglycerides, high-density
lipoprotein  cholesterol [HDL-C], and low-density
lipoprotein cholesterol [LDL-C]), fasting blood glucose
(FBS), HBAILC, and fasting insulin levels. Homeostasis
Model Assistant-Insulin Resistance (HOMA-IR) was
calculated as measures of insulin resistance and sensitivity
using following formula:

HOMA-IR= [fasting insulin (uU/ml) xfasting glucose
(mmol/)]/22.5.

Abdominal ultrasonography was done on all subjects.
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Statistical analysis was done by SPSS Version 16. All
results are presented as Mean+S.D. A p value of less than
0.05 considered significant.

3. Results

100 patients with type 2 diabetes mellitus were registered
during the study period. The mean age of the patient was
55years. Out of 100 patients, 49 were males and 51 were
females. None of the patients had histories of alcohol
consumption. Of 100 patients with T2DM, 45 were found
to have NAFLD in abdominal ultrasonography
examination. Prevalence of fatty liver disease was almost
same in males and females (23 males and 22 females).

ALT and ASTwas statistically not significant. A large
proportion of the study population was obese as mean
BMI was 27.09 (17.2-37.05). Table 1 indicate baseline
clinical and biomedical parameters of the study
population. Both NAFLD and non-NAFLD groups were
equated in regard to demographic, anthropometric, and
biomedical characteristics. BMI, waist/hip ratio, S.
triglyceride level were notably high [Table 2] in NAFLD
group as compared to non-NAFLD group (P = 0.009,
0.0001, 0.003, respectively). Computable measures of
insulin resistance S. fasting insulin, HOMA-IR score,
showed significant association of NAFLD with increased
insulin resistance. Other parameters were not differed
significantly between the two groups.

4. Discussion

The preponderance of NAFLD in 100 patients of Type 2
diabetes mellitus in the present study was based on
abdominal ultrasound examination. Many studies have
reported NAFLD among DM patients at approximately
50% [8].No significant changes were therein sex
distribution between the two groups. Glycemic control
both in terms of fasting glucose as well as HBALC in
patients with NAFLD were not expected as compared to
non-NAFLD. (P = 0.07 and 0.24, respectively). This
observation indicates a noncausative relationship between
glycemic control and fatty liver.

BMI was elevated in patients with NAFLD as compared
to Non-NAFLD. The waist/hip ratio was elevated in
patients with NAFLD as compared to Non-NAFLD and
statistically significant (P = 0.0001). Waist/hip ratio
depictsabdominal fat dispersal. Kral et al. observed
notable connection between waist/hip ratio and the hepatic
steatosis, in patients with normal BMI. [18] Focalisation
of Insulin Resistance represents deposits of adiposity with
visceral fat and fatty liver and be part of central adiposity.
[19] Depot of fat on a organ is a strong call of
hyperinsulinemia. Large intra-myocellular triglyceride
content as depicted via muscle biopsy is analogous to fat
in liver [20] or MRI/computed tomography, [21] closely
correspond with muscle IR. Deranged accumulation in a
sequence of events of triglycerides is the overflow
hypothesis, [22] according to which IR is the result of the
incapability of the adipose organ tofit in with excess
calories. As the extent of the fat cell to store triglycerides
is out done, fat spills to other tissues (muscle and liver),

where the intracellular triglyceride metabolism impede
with insulin signalling, glucose transport/phosphorylation,
and glycogen synthesis in muscle and rises hepatic
gluconeogenesis.

In this study, we noticed that patients in the NAFLD
group had a higher preponderance of Insulin resistance as
measured by S. fasting insulin, HOMA-IR, as compared to
non-NAFLD group (P — 0.03 and 0.04, respectively). In
insulin-resistant states, hyperinsulinemia may increase
membrane-bound transcription factor SREBP-1c, which
switch on most genes involved in lipogenesis.
Hyperinsulinemia may trigger hepatic fat deposition, as
indicated by the hepatic steatosis occurring under the
capsule of livers in patients on peritoneal dialysis, [23]
where insulin added to the dialysate. This information
suggest a primary role of dysfunctional lipid metabolism
in the beginning and perseverance of NAFLD, and hence
lipotoxicity, [24] leading to ectopic lipid accumulation.
The strongest evidence of IR in the pathophysiology of
NAFLD is designed to improve insulin sensitivity in the
liver [25-28] (Metfromin) and the periphery [29]. Mean
cholesterol, HDL, and LDL levels did not hinder much
between the two groups. Only the mean triglyceride levels
showed significant preponderance with the presence of
NAFLD (P = 0.03). Dyslipidemia are related with
NAFLD. Studies have shown that 21-93% of patients
diagnosed with NAFLD have hyperlipidemia, [8]
including hypertriglyceridemia, hypercholesterolemia or
both. [14] Almost 50% of the patients diagnosed with
hyperlipidemia had NAFLD on ultrasound evaluations but
only hypertriglyceridemia was a risk of developing liver
fatty disease. [30] Hypertriglyceridemia with diabetes and
obesity rises the risk of NAFLD development. [31]
Transaminase levels were not significant between the
NAFLD and non-NAFLD groups (P = 0.06 and 0.05 for
AST and ALT, respectively). Mild to moderate elevations
of serum aminotransferase are common in NAFLD, [14]
and normal values can be found in up to 78% of patients at
any time, even when complete histological findings are
present. [32] Depicting a poor correlation between
transaminase levels and disease. [14] The clinical
spectrum of NAFLD wants research to determine its
pathogenesis and to improvise diagnostic modalities.
Improved imaging techniques and the discovery of serum
biomarkers, will enable a more accurate diagnosis of
NASH without a liver biopsy. A multimodal treatment
plan is the best option. [33] A limitation of this study is
that the diagnosis of NAFLD was based on
ultrasonography and was not confirmed by liver biopsy.
Radiological features cannot distinguish  between
steatohepatitis and other types of NAFLD, and that only
liver biopsy can assess the severity of damage and the
prognosis. [8, 32] Liver biopsy is not applied in large
epidemiological studies. Conversely, ultrasonography is
the most common method of diagnosing NAFLD in
clinical practice and has a very good sensitivity and
specificity in detecting moderate and severe steatosis in
patients with the biopsy-proven disease. [8, 32, 34]
Indeed, it has been reported that the presence of >33% fat
on liver biopsy is optimal for ultrasound detection of
steatosis, although ultrasonography is not completely
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sensitive, particularly when hepatic fat infiltration is
<33%. [35]

Table 1

DEMOGRAPHIC, ANTHROMETRIC, AND BIOMEDICAL
CHARACTERISTICS OF 100 PATIENTS WITH TYPE 2 DM

PARAMETER MEAN RANGE SD

AGE(YEARS) 54 20-80 13.40

BMI(KG/m2) 26 17-36.02 4.01

Waist hip ratio 0.79 0.78 -1.0 0.075

ALT(IU/L) 14.89 1-71 13.15

AST(IU/L)16.0 1-92 13.0

LDL(mg/dl) 114.4 24-189 35.4

TRIGLYCERIDE(mg/dl) 182.0 53-389 55.0

CHOLESTROL(mg/dl)189.5 69-272 38.0

INSULIN(uU/dI) 14.4 3-69 8.6

HbAlc(%) 7.55.8-12.51.2

FBS(mg%) 114.4 67-318 33.5

HOMA-IR 4.50.7-43.4 4.8

Comparison parameters between NAFLD and Non -NAFLD
diabetic patients

Parameter NAFLD Non NAFLD p

Age(yr) 55.92(x12.96) 52.53(13.7) 0.2

BMI(kg/m2) 27.26(3.76) 25.18(4.01) 0.008

Waist hip ratio 0.89(0.05) 0.82(0.06) 0.001

FBS(mg/dl) 121.0(41.7) 108(24.01) 0.06

HbALc% 8.0(1.38) 7.79(1.17) 0.23

HOMA-IR 5.20(6.78) 3.2(1.98) 0.02

Insulin(uU/d) 16.95(11.12) 13.62(5.64) 0.02

HDL(mg/dl) 39.02(7.01) 13.41(6.65) 0.7

LDL(mg/dl) 119.05(37.2) 111.12(33.63) 0.2

Cholestrol 194.07(36.8) 185.8(39.02) 0.2

Triglyceride 200.4(63.3) 167.4(42.61) 0.003 (mg/dl)

AST(IU/L) 17.63(15.59) 12.68(9.63) 0.06

ALT(IU/L) 18.7(15.85) 13.96(10.07) 0.05

5. Conclusion

The present study reported a high incidence of NAFLD in
Type 2 diabetes patients emphasizing the need for early
screening. Our findings support the hypothesis that Insulin
resistance was associated with the presence of NAFLD
among diabetic patients. Follow-up studies using larger
cohorts of patients are necessary to confirm these results
and to broaden these findings among NAFLD patients
without type 2 diabetes

References

[1] Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic
steatohepatitis: Summary of an AASLD Single Topic
Conference. Hepatology 2003; 37: 1202-19.

[2] Browning JD, Szczepaniak LS, Dobbins R,
Nuremberg P, Horton JD, Cohen JC, et al. Prevalence
of hepatic steatosis in an urban population in the
United States: impact of ethnicity. Hepatology 2004;
40: 1387-95.

[3] Chitturi S, Farrell GC, George J. Non-alcoholic
steatohepatitis in the Asia-Pacific region: Future
shock? J Gastroenterol Hepatol 2004; 19: 368-74.

[4] Akbar DH, Kawther AH. Nonalcoholic fatty liver
disease in Saudi type 2 diabetic subjects attending a
medical outpatient clinic: prevalence and general
characteristics. Diabetes Care 2003; 26: 3351-2.

[5] Gupte P, Amarapurkar D, Agal S, Baijal R,
Kulshrestha P, Pramanik S, et al. Non-alcoholic
steatohepatitis in type 2 diabetes mellitus. J
Gastroenterol Hepatol 2004; 19: 854-8

[6] Assy N, Kaita K, Mymin D, Levy C, Rosser B,
Minuk G. Fatty infiltration of liver in hyperlipidemic
patients. Dig Dis Sci 2000; 45: 1929-34.

[7]1 Donati G, Stagni B, Piscaglia F, Venturoli N,
Morselli-Labate AM, Rasciti L, et al. Increased
prevalence of fatty liver in arterial hypertensive
patients with normal liver enzymes: Role of insulin
resistance. Gut 2004; 53: 1020-3.

[8] Angulo P. Nonalcoholic fatty liver disease. N Engl J
Med 2002; 346: 1221-31.

[9] Marchesini G, Brizi M, Morselli-Labate AM, Bianchi
G, Bugianesi E, McCullough AJ, et al. Association of
nonalcoholic  fatty liver disease with insulin
resistance. Am J Med 1999; 107: 450-5.

[10] Stranges S, Dorn JM, Muti P, Freudenheim JL,
Farinaro E, Russell M, et al. Body fat distribution,
relative weight, and liver enzyme levels: A
population-based study. Hepatology 2004; 39:
754-63.

[11]Marchesini G, Brizi M, Bianchi G, Tomassetti S,
Bugianesi E, Lenzi M, et al. Nonalcoholic fatty liver
disease: a feature of the metabolic syndrome.
Diabetes 2001; 50: 1844-50.

[12]Han TS, McNeill G, Seidell JC, Lean ME. Predicting
intra-abdominal ~ fatness  from  anthropometric
measures: The influence of stature. Int J Obes Relat
Metab Disord 1997; 21: 587-93.

[13] Adams LA, Angulo P, Lindor KD. Nonalcoholic fatty
liver disease. CMAJ 2005; 172: 899-905.

[14]Reid AE. Nonalcoholic steatohepatitis.
Gastroenterology 2001; 121: 710-23.

[15]Sheth SG, Gordon FD, Chopra S. Nonalcoholic
steatohepatitis. Ann Intern Med 1997; 126: 137-45.
[16] Salgado Junior W, Santos JS, Sankarankutty AK,
Silva Ode C. Nonalcoholic fatty liver disease and

obesity. Acta Cir Bras 2006; 21 Suppl 1: 72-8.

[17]Arun J, Clements RH, Lazenby AJ, Leeth RR,
Abrams GA. The prevalence of nonalcoholic
steatohepatitis is greater in morbidly obese men
compared to women. Obes Surg 2006; 16: 1351-8.

[18] Kral JG, Schaffner F, Pierson RN Jr, Wang J. Body
fat topography as an independent predictor of fatty
liver. Metabolism 1993; 42: 548-51.

[19] Gastaldelli A, Miyazaki Y, Pettiti M, Matsuda M,
Mahankali S, Santini E, et al. Metabolic effects of
visceral fat accumulation in type 2 diabetes. J Clin
Endocrinol Metab 2002; 87: 5098-103.

[20]Pan DA, Lillioja S, Kriketos AD, Milner MR, Baur
LA, Bogardus C, et al. Skeletal muscle triglyceride
levels are inversely related to insulin action. Diabetes
1997; 46: 983-8

[21] Krssak M, Falk Petersen K, Dresner A, DiPietro L,
Vogel SM, Rothman DL, et al. Intramyocellular lipid
concentrations are correlated with insulin sensitivity
in humans: a 1H NMR spectroscopy study.
Diabetologia 1999; 42: 113-6.

[22] Danforth E Jr. Failure of adipocyte differentiation
causes type Il diabetes mellitus? Nat Genet 2000; 26:
13.

Volume 8 Issue 12, December 2019

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20203537

DOI: 10.21275/ART20203537 1190



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2018): 7.426

[23]Wanless IR, Bargman JM, Oreopoulos DG, Vas Sl.
Subcapsular steatonecrosis in response to peritoneal
insulin delivery: A clue to the pathogenesis of
steatonecrosis in obesity. Mod Pathol 1989; 2: 69-74.

[241Unger RH. Lipotoxicity in the pathogenesis of
obesity-dependent NIDDM. Genetic and clinical
implications. Diabetes 1995; 44: 863-70.

[25] Marchesini G, Brizi M, Bianchi G, Tomassetti S, Zoli
M, Melchionda N. Metformin in non-alcoholic
steatohepatitis. Lancet 2001; 358: 893-4.

[26]Uygun A, Kadayifci A, Isik AT, Ozgurtas T, Deveci
S, Tuzun A, et al. Metformin in the treatment of
patients with non-alcoholic steatohepatitis. Aliment
Pharmacol Ther 2004; 19: 537-44.

[27]Nair S, Diehl AM, Wiseman M, Farr GH Jr, Perrillo
RP. Metformin in the treatment of non-alcoholic
steatohepatitis: A pilot open label trial. Aliment
Pharmacol Ther 2004; 20: 23-8.

[28] Bugianesi E, Gentilcore E, Manini R, Natale S, Vanni
E, Villanova N, et al. A randomized controlled trial of
metformin versus Vitamin E or prescriptive diet in
nonalcoholic fatty liver disease. Am J Gastroenterol
2005; 100: 1082-90.

[29] Aytug S, Reich D, Sapiro LE, Bernstein D, Begum N.
Impaired IRS-1/PI3-kinase signaling in patients with
HCV: A mechanism for increased prevalence of type
2 diabetes. Hepatology 2003; 38: 1384-92.

[30]Assy N, Kaita K, Mymin D, Levy C, Rosser B,
Minuk G. Fatty infiltration of liver in hyperlipidemic
patients. Dig Dis Sci 2000; 45: 1929-34.

[31]1Bayard M, Holt J, Boroughs E. Nonalcoholic fatty
liver disease. Am Fam Physician 2006; 73: 1961-8.
[32]Adams LA, Angulo P. Recent concepts in
non-alcoholic fatty liver disease. Diabet Med 2005;

22:1129-33.

[33] McCullough AJ. The clinical features, diagnosis and
natural history of nonalcoholic fatty liver disease.
Clin Liver Dis 2004; 8: 521-33, viii.

[34]Joseph AE, Saverymuttu SH, al-Sam S, Cook MG,
Maxwell JD. Comparison of liver histology with
ultrasonography in assessing diffuse parenchymal
liver disease. Clin Radiol 1991; 43: 26-31

[35] Saadeh S, Younossi ZM, Remer EM, Gramlich T,
Ong JP, Hurley M, et al. The utility of radiological
imaging in nonalcoholic fatty liver disease.
Gastroenterology 2002; 123: 745-50

Volume 8 Issue 12, December 2019

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20203537 DOI: 10.21275/ART20203537 1191





