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Abstract

Objective: Portal entry of nonesterified fatty acid (NEFA) into the hepatocytes due to insulin resistance is a
leading cause of nonalcoholic fatty liver disease (NAFLD). Herein, we assessed the relationship between elevated
NEFA and insulin resistance levels with NAFLD among Bangladeshi prediabetic individuals.

Methods: A total of 151 prediabetic subjects (M/F, 85/66; age in years, 45.08 ± 9.37; BMI in kg/m2, 25.95 ± 4.42;
M ± SD) after OGTT confirmation were purposively recruited in this cross-sectional study and divided into two
groups according to their liver ultrasonogram: non NAFLD (47/37; 44.11 ± 9.35; 25.37 ± 4.65) and NAFLD (38/29;
46.30 ± 9.33; 26.66 ± 4.04). Diabetes and prediabetes was diagnosed as per WHO Study Group criteria. Serum
NEFA was measured by the enzymatic colorimetric method and serum insulin by ELISA technique. Insulin
resistance (HOMA-IR) was calculated by homeostasis model assessment (HOMA).

Results: Compared to subjects with non NAFLD, NAFLD subjects showed significantly higher levels of fasting
serum NEFA (0.62 ± 0.25 vs. 0.50 ± 0.26 mmol/L, p=0.010) and HOMA-IR (2.21 ± 1.01 vs. 1.79 ± 0.51, p=0.001).
On binary logistic regression analysis, NEFA (odds ratio [OR]: 6.18; 95% confidence interval [CI]: 1.54 to 24.84,
p=0.010) and HOMA-IR (OR=1.92; 95% CI: 1.09 to 3.40, p=0.024) were found to be significant determinants of
NAFLD after adjusting the effects of potential confounders of age, BMI, and triglyceride respectively. On multiple
linear regression analysis, NEFA showed significant negative association with insulin sensitivity (β=-1.849, p=0.049)
after adjusting the effects of other pertinent covariates of BMI, glycemic and postprandial serum insulin respectively.

Conclusion: Increased levels of serum NEFA is an independent determinant of NAFLD in Bangladeshi
prediabetic population and it seems that the elevation is associated with reduced insulin sensitivity during this
disorder.

Keywords: Nonesterified fatty acid; Insulin resistance; Nonalcoholic
fatty liver disease; Prediabetes; Bangladesh

Introduction
Nonalcoholic fatty liver disease (NAFLD) has been recognized as a

clinicopahological condition caused by excessive accumulation of fat
within the hepatocytes. It is characterized by simple steatosis caused by
excessive fat deposition and can be progressed into nonalcoholic
steatohepatitis (NASH), where oxidative stress, inflammation and
hepatocellular damage with or without fibrosis and cirrhosis are
common. The disease affects 10-30% of the general population in
western countries and 5-8% in Asia [1,2]. The prevalence of NAFLD in
obese and type 2 diabetic individual is estimated to be approximately
70-90% with the consequences of liver related morbidity and mortality
[2]. Recent studies revealed that NAFLD is associated not only with
hepatic disorders but also with extra-hepatic chronic complications
such as cardiovascular diseases (CVDs), type 2 diabetes mellitus
(T2DM), obesity, dyslipidemia, hypertension, and insulin resistance
and constitutes a new cluster of the metabolic syndrome (MetS) [3].

During fatty liver, loss of insulin sensitivity increases the lipotoxicity
within the hepatocytes which ultimately enhances the lipogenesis by
reesterification of fatty acids with the glycerol moiety. Although the
mechanisms underlying liver disease progression remain unclear,
insulin resistance, obesity related ectopic fat following inflammation
and lipotoxicity play a key role, along with possible genetic, dietary and
lifestyle factors [4].

Another important factor is nonesterified fatty acids (NEFAs),
secreted from adipose tissue via lipolysis of stored triacylglycerol
(TAG) from its glycerol backbone. Although the subcutaneous fat cell
enhances the uptake of NEFAs a small proportion of the systemic
NEFA concentrations arise within the hepatocytes from visceral fat
depots [5]. After absorption of dietary fats, the mobilization of stored
and dietary fats is suppressed rapidly by insulin whereas, any meal that
contains carbohydrates there is increased secretion of insulin which in
turn reduces the NEFA concentrations by increasing its β oxidation
within the liver mitochondria. After an overnight fast, plasma NEFA
concentrations elevated rapidly which in turn declines following a
meal [6]. In the fasting state, hormone sensitive adipose triglyceride
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lipase (ATGL) enhances the hydrolysis of stored TAG in the adipose
tissue with the release of NEFAs and enters the circulation by binding
with albumin. The entry of NEFAs within the extrahepatic tissues is
facilitated by specific fatty acid transporter where it undergoes β
oxidation with the release of energy; however, an impaired insulin
action enhances the production of newly made fatty acid by
reesterification of the glycerol moiety and subsequent accumulation of
TAG within the hepatocytes [7].

In the postprandial state, increased levels of insulin promote the
mobilization of dietary fats in the form of chylomicron remnants
which then incorporated into TAG within the hepatocytes but a
proportion of fats always join the portal NEFA pool in a process
sometimes called spillover that accounts 40-50% of the total plasma
NEFA pool. Fifty nine percent of the TAG that accumulates in the liver
during NAFLD is derived from circulating FFAs [8]. Accordingly,
insulin resistance which is the hallmark feature of NAFLD increases
peripheral lipolysis, with the availability of NEFA and subsequently
causing microvascular dysfunction with the development and
progression of NAFLD [9]. However, a recent study by Finucane et al.
claimed that postprandial NEFA rather the fasting NEFA plays
important role in whole body insulin resistance among the healthy
elderly males [6]. Prior epidemiological studies revealed IR as a
predominant risk factor for NAFLD where body fat distribution
appears to play a more important role in the pathogenesis of NAFLD
[9].

Adipose depots play a crucial role in the increased production of
NEFAs via lipolysis of stored fat which eventually converted into TAG
within the hepatocytes during insulin resistant state leading to the
onset of NAFLD. The prevalence of NAFLD among the T2DM
individuals has been increased concomitantly in Bangladesh [10];
hence, greater attention should be imposed on prediabetic screening to
combat the disorder. An elevation of plasma NEFA considered
important biomarker for the development of NAFLD while a number
of studies confirmed a significant association of NEFA levels with
insulin resistance syndrome in the different population [3,4]. However,
very little studies have documented the association of NEFA levels with
insulin resistance in prediabetic individuals who are NAFLD [11].
Considering the importance of adipose tissue derived factors in the
development of NAFLD during the insulin resistant state which is one
of the basic defects of prediabetes, the role of plasma NEFA levels
during this state needs to be elucidated for the prevention and
management of the disorder. In this context, the present study has been
assessed to explore the association of increased serum NEFA with
NAFLD and to investigate whether this association is mediated by
insulin resistance among prediabetic individuals.

Materials and Methods

Subjects and study design
A cross-sectional study was carried out on 151 prediabetic subjects,

after confirmation by OGTT were purposively recruited who came
between November 2012 and March 2013 to check their routine health
assessment in BIHS General Hospital, Dhaka, Bangladesh. Diabetes
and prediabetes were diagnosed employing WHO Group Study criteria
[12]. Informed written consent was taken from each participant prior
to study inclusion for use of their study related information and for
participation in ongoing research. Upper abdomen ultrasonogram had
done of all study subjects and were divided into 84 non NAFLD and 67
NAFLD groups which then further stratified into grade 0 (n=84), grade

1 (n=53), grade 2 (n=11), and grade 3 (n=3) respectively depending on
different grades of NAFLD. The study was approved by the Ethical
review committee of Bangladesh Diabetic Association (BADAS). Ref
no: BADAS-ERC/13/00106. All experiments were performed in
accordance with relevant guidelines and regulations of the Institutes.
Subjects who were alcoholic, had liver cirrhosis, viral hepatitis,
hepatobiliary diseases, pancreatitis, inflammatory bowel disease,
thyroid abnormalities, cancer, chronic kidney disorder, type 1 & 2
diabetes, chronic cardiac and respiratory diseases, stroke, using lipid
and glucose lowering drugs and pregnant subjects were excluded from
our study. The clinical and anthropometric evaluations included
measures of systolic and diastolic blood pressures (SBP and DBP),
waist and hip circumference (WC and HC), waist to hip ratio (WHR)
and body mass index (BMI). BMI of the subjects was calculated by the
formula: BMI=body weight (kg)/ height2 (m2). The study subjects were
stratified into obese and hypertensive based on WHO and WHO/ISH
guidelines [13,14].

Biochemical analysis
Fasting venous blood samples were collected after overnight fasting

(8-14 hours) [15] between 8.00-9.00 am and immediately followed by a
75-g OGTT to assess the biochemical tests. Fasting serum glucose
(FSG) and 2 h postprandial serum glucose (PPSG) were measured by
the glucose-oxidase method and glycated haemoglobin A1c (HbA1c)
levels were determined by high performance liquid chromatography
technique. Total cholesterol (TC), triglyceride (TG), high-density
lipoprotein cholesterol (HDL-c), aspartate transaminase (AST),
alanine transaminase (ALT), gamma-glutamyl transaminase (GGT)
and alkaline phosphatase (ALP) levels were assessed by using a
standard enzymatic method and low-density lipoprotein cholesterol
(LDL-c) was calculated by Friedwald formula [16]. Serum
nonesterified fatty acid (NEFA) levels were measured by enzymatic
colorimetric method. The glycemic, lipidemic and liver enzyme profile
were assessed by using a clinical chemistry autoanalyzer (Dimension®
RxL clinical chemistry system, Siemens Healthcare Diagnostics Inc.
USA). HbA1c levels were determined by using an automated system
(Bio-Rad variant and TURBO, USA). The concentration of fasting
serum insulin and 2 h postprandial serum insulin was quantified by an
ELISA technique using the plate reader (Thermo scientific multiskan®
FC-filter-based microplate photometer, Finland). When specific
performance characteristics were assessed for the measurement of
NEFA, the within and between run precision for NEFA samples were
4.58% and 3.04% coefficients of variation (CV) respectively and for
insulin samples, the values were 6.3% and 4.25% respectively. Insulin
secretory function (HOMA%B) and insulin sensitivity (HOMA%S)
was calculated from fasting serum glucose and fasting serum insulin
values by homeostasis model assessment (HOMA) using HOMA-
CIGMA software. Insulin resistance was quantified by homeostasis
model assessment of insulin resistance (HOMA-IR) and calculated
according to the formula: HOMA-IR=Fasting serum insulin (µIU/mL)
× fasting serum glucose (mmol/L)/22.5 [17].

NAFLD evaluation
The ultrasonographic examination was performed in a fasting state

of each participant by a skilled sonographer who was totally blind
about the purpose of the study with the help of a sonography machine
(Philips Ultrasound-Ay-MNT-15 TTK, HDI-4000, Netherland) with a
3.5 MHz linear transducer. The severity of echogenicity was graded as
follows: normal (grade 0), mild (grade 1, slight increase in
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echogenicity), moderate (grade 2, increased echogenicity with
impaired visualization of intrahepatic vessel and diaphragm), and
severe (grade 3, distinct increase in hepatic echogenicity with and
posterior right lobe of the liver [18]. We also calculated fatty liver index
(FLI) - a surrogate indicator of liver steatosis with a cut-off value <30
as normal and >30 as moderate and ≥ 60 as severe steatosis derived by

��� = �0.953 × log� �� + 0.139 × ���+ 0.718 × log�(���) +0.053 × ������������������ − 15.745)1 + �0.953 × log� �� + 0.139 × ���+ 0.178 × log�(���)+0.053 × ������������������ − 15.754 × 100

Data and Statistical Analysis
Statistical analyses were performed using the Statistical Package for

Social Sciences (SPSS) software package version 15.0 for Windows
(SPSS Inc., Chicago, IL, USA). The normally distributed data with
continuous variables were expressed as the mean and standard
deviation (SD), whereas the categorical variables were represented by
frequency and percentages. Independent 2-sample t-tests were used to
compare the differences between two groups. Multivariate logistic
regression analysis was used to estimate the odds ratio (OR) and 95%
confidence interval (CI) for the association of NAFLD with significant
predictors. A multiple linear regression analysis was used to determine
the effects of HOMA-IR on serum NEFA concentrations in NAFLD
subjects after adjustment for covariates. Distribution of serum NEFA
and HOMA-IR according to different grades of NAFLD were
compared using a one way analysis of variance (ANOVA). The sample
size was calculated by using the regression model for individual
predictors and it depends on the desired power (l- α), significance level
(α), the number of predictors and the expected effect sizes. Sampling
weights were used by using the formula of n ≥ 50+8 m, where m is the
number of independent variables (IVs) for testing the multiple
correlation and n>104+m for testing IVs. In our study there was five
IVs and the calculated sample number was 50+8(5)=90 cases and
104+5=109 cases for testing IVs. These calculations were based on
significance level of 5% (α=0.05) and 80% power (p=0.20) [20]. All
statistical tests were two-sided and a p<0.05 was recognized as the
statistical significance level.

Results

Characteristics of the study subjects
Anthropometric, clinical and biochemical characteristics of the

study subjects are presented in Table 1. Of the total 151 subjects [male:
85 (56.3%) and female: 66 (43.7%)], prediabetes groups such as IFG
and IGT were 55 (36.4%) and 96 (63.6%) respectively. When they were
stratified by liver ultrasonography according to the grades of NAFLD,
there were 84 (55.6%) in grade 0, 53 (35.1%) in grade 1, 11 (7.3 %) in
grade 2 and 3 (2.0 %) in grade 3 respectively. In NAFLD group, grade
1, grade 2 and grade 3 subjects were 53 (79.1%), 11 (16.4%) and 3
(4.5%), while, in the non NAFLD group the frequency was 84 (100%)
in grade 0 respectively. The obese NAFLD subjects were characterized
by significantly highest levels of waist to hip ratio (p=0.026), systolic

and diastolic blood pressure (p=0.004), total cholesterol (p=0.015),
triglyceride (p=0.010), gamma-glutamyl transaminase (p=0.001),
aspartate transaminase (p=0.024), fasting serum insulin (p=0.001),
postprandial serum insulin (p<0.001), and fatty liver index (p<0.001),
respectively as well as significantly lower levels of HOMA%B (p=0.005)
and HOMA%S (p=0.025) compared to the non NAFLD subjects.

Variables
Total Non NAFLD NAFLD

p value
(n=151) (n=84) (n=67)

IFG 55 (36.4) 33 (39.3) 22 (32.8) 0.593

IGT 96 (63.6) 51 (60.7) 45 (67.2)

Male, n (%) 85 (56.3) 47 (56.0) 38 (56.7) 0.926

Female, n (%) 66 (43.7) 37 (44.0) 29 (43.3)

Age (years) 45.08 ± 9.37 44.11 ± 9.35 46.30 ± 9.33 0.154

BMI (kg/m2) 25.95 ± 4.42 25.37 ± 4.65 26.66 ± 4.04 0.07

Obese
prediabetes,
n (%)

24 (15.9) 11 (13.1) 13 (19.4) 0.295

WC (cm) 89.96 ± 8.21 88.93 ± 8.05 91.25 ± 8.28 0.084

HC (cm) 95.68 ± 8.44 95.35 ± 8.73 96.10 ± 8.11 0.582

WHR 0.94 ± 0.04 0.93 ± 0.04 0.95 ± 0.04 0.026

Fat mass (%) 29.58 ± 7.58 28.76 ± 7.21 30.62 ± 7.96 0.135

SBP (mmHg) 122.69 ± 24.58 116.73 ± 19.64 130.16 ± 28.03 0.001

DBP (mmHg) 82.57 ± 21.43 78.11 ± 18.27 88.16 ± 23.82 0.004

Hypertensive
prediabetes,
n (%)

38 (25.2) 13 (15.5) 25 (37.3) 0.002

Grade 0 84 (55.6) 84 (100) - <0.001

Grade 1 53 (35.1) - 53 (79.1)

Grade 2 11 (7.3) - 11 (16.4)

Grade 3 3 (2.0) - 3 (4.5)

FSG
(mmol/L) 5.84 ± 0.45 5.87 ± 0.49 5.81 ± 0.41 0.414

PPSG
(mmol/L) 8.12 ± 1.50 7.95 ± 1.52 8.33 ± 1.47 0.121

5.82 ± 0.58 5.82 ± 0.64 5.82 ± 0.50 0.994

TC (mg/dL) 194.36 ± 40.60 187.24 ± 38.07 203.30 ± 42.18 0.015

TG (mg/dL) 170.40 ± 102.38 151.33±69.78 194.30±129.07 0.01

HDL-c
(mg/dL) 36.99 ± 7.50 38.02 ± 7.44 35.69 ± 7.44 0.057

LDL-c (mg/dL) 184.27 ± 43.38 186.33 ± 41.14 182.87 ± 46.48 0.736

ALT (U/L) 34.13 ± 16.20 32.19 ± 15.37 36.57 ± 16.99 0.099

GGT (U/L) 31.53 ± 14.12 28.27 ± 13.53 35.61 ± 13.88 0.001

AST (U/L) 30.36 ± 15.07 27.90 ± 11.38 33.45 ± 18.33 0.024
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ALP (U/L) 101.90 ± 26.47 102.93 ± 27.34 100.31 ± 25.49 0.592

FSI (mIU/mL) 14.98 ± 6.42 13.50 ± 4.05 16.84 ± 8.17 0.001

PPSI
(mIU/mL) 67.79 ± 41.06 56.35 ± 38.60 82.15 ± 39.78 <0.001

HOMA%B 111.11 ± 37.02 103.65 ± 28.89 120.47 ± 43.65 0.005

HOMA%S 59.55 ± 30.60 64.311 ± 35.12 53.38 ± 22.62 0.025

HOMA-IR 1.98 ± 0.80 1.79 ± 0.51 2.21 ± 1.01 0.001

NEFA
(mmol/L) 0.55 ± 0.26 0.50 ± 0.26 0.62 ± 0.25 0.01

FLI 45.90 ± 22.28 39.85 ± 21.14 53.47 ± 21.49 <0.001

Data are expressed as means ± SD or number of subjects (%); the level of
significance at p<0.05 calculated by Student’s t test; n=number of subjects. IFG:
impaired fasting glucose; IGT: impaired glucose tolerance; NAFLD: nonalcoholic
fatty liver disease.

Table 1: Anthropometric, clinical and biochemical characteristics
among study participants based on the presence or absence of
nonalcoholoic fatty liver disease.

Serum NEFA and HOMA-IR levels in different grades of
NAFLD

Compared to the non NAFLD counterparts, NAFLD subjects
showed significantly higher levels of serum NEFA (0.62 ± 0.25 vs. 0.50
± 0.26 mmol/L, p=0.010) and HOMA-IR (2.21 ± 1.01 vs. 1.79 ± 0.51,
p=0.001) resembling their gradual increase with progressing the
severity of different grades of NAFLD (Table 1, Figures 1 and 2).

Figure 1: Serum NEFA levels based on NAFLD. Data are presented
as mean ± SD; n=number of subjects; the level of significance at
p<0.05 calculated by ANOVA. ф***p<0.001, ф**p<0.01 and ф*p<0.05
considered statistically significant when compared with grade 0
NAFLD group; φ***p<0.001, φ**p<0.01 and φ*p<0.05 considered
statistically significant when compared with grade 1 NAFLD group.

Figure 2: HOMA-IR levels based on NAFLD. Data are presented as
mean ± SD; n=number of subjects; the level of significance at
p<0.05 calculated by ANOVA. ф***p<0.001, ф**p<0.01 and ф*p<0.05
considered statistically significant when compared with grade 0
NAFLD group; φ***p<0.001, φ**p<0.01 and φ*p<0.05 considered
statistically significant when compared with grade 1 NAFLD group.

Association of serum NEFA and HOMA-IR with NAFLD
subjects
The association of serum NEFA and HOMA-IR with NAFLD

subjects is shown in Table 2 using NAFLD group (NAFLD group as a
dichotomous variable where non NAFLD subjects considered as
reference) as the dependent variable and age, body mass index,
triglyceride, HOMA-IR, and serum NEFA as independent variables. In
this binary logistic regression analysis, serum NEFA (OR=6.18; 95%
CI: 1.54 to 24.84, p=0.010) and HOMA-IR (OR=1.92; 95% CI: 1.09 to
3.40, p=0.024) were found to be significant determinants of NAFLD
after adjusting the effects of pertinent variables of age, body mass
index, and triglyceride respectively.

Variables Coefficient SE p value OR

95% CI

Lower
Bound

Upper
Bound

Constant -6.693 1.698 0 0.001 - -

Age (years) 0.041 0.02 0.038 1.042 1.002 1.083

0.055 0.043 0.194 1.057 0.972 1.149

TG (mg/dL) 0.005 0.003 0.059 1.005 1 1.011

HOMA-IR 0.656 0.29 0.024 1.928 1.092 3.404

NEFA (mmol/L) 1.822 0.71 0.01 6.185 1.54 24.849

Dependent variable: NAFLD as dichotomous variable; Adjusted R2=0.166; the
level of significance at p<0.05; SE: standard error; CI: confidence interval;
HOMA-IR: insulin resistance assessed by homeostasis model assessment;
NAFLD: nonalcoholic fatty liver disease.

Table 2: Binary logistic regression analysis taking NAFLD group
(NAFLD vs. non NAFLD considered as reference) as dependant
variable after adjusting the effects of major confounders.
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Variables β value t value p value

95% CI

Lower
Bound

Upper
Bound

Constant - 2.574 0.013 28.79 229.666

BMI (kg/m2) -0.348 -3.154 0.003 -3.222 -0.721

FSG (mmol/L) -0.188 -1.597 0.116 -23.603 2.648

PPSG (mmol/L) -0.215 -1.863 0.067 -6.939 0.247

0.357 3.101 0.003 5.726 26.533

PSI (mIU/mL) -0.367 -3.305 0.002 -0.339 -0.083

NEFA (mmol/L) -0.195 -1.849 0.049 -36.514 1.432

Dependent variable: HOMA%S, insulin sensitivity assessed by homeostasis
model assessment; Adjusted R2=0.353; the level of significance at p<0.05; β:
regression coefficient; CI: confidence interval; NAFLD: nonalcoholic fatty liver
disease.

Table 3: Multiple linear regression analysis to see the association of
nonesterified fatty acid with insulin sensitivity after adjusting the
effects of major confounders.

The results of multiple linear regression analysis are demonstrated
in Table 3 using HOMA%S as the dependent variable and body mass
index, glycemic profile, postprandial serum insulin, and serum NEFA
as independent variables. HOMA%S showed significant negative
association with serum NEFA (β=-0.195, p=0.049) after adjusting the
effects of major confounding variables of body mass index, glycemic
profile, and postprandial serum insulin respectively.

Discussion
The investigation of biomarkers responsible for the presence of

NAFLD among prediabetic individuals is important because number
risk factors are involved in the progression of prediabetes to diabetes.
Insulin resistance which is the predominant feature of NAFLD as well
as in prediabetes is also the concomitant risk factor of liver related
morbidity and mortality. Different treatment strategies of NAFLD
based on glycemic and lipid control, however, the particular origin
from where the accumulation of TAG has occurred within the
hepatocytes should have greater attention on the treatment regimen or
new targets for therapy. In the present study, we used a noninvasive
ultrasound method for the detection of NAFLD because of its accuracy
and readily available tool in diagnosing NAFLD. Shannon et al. [21]
found a significant positive correlation between USG and liver biopsy
with a Spearman’s coefficient of 0.80 [CI (0.71, 0.88), p value<0.001].

NAFLD subjects in the Bangladeshi population have previously
been shown to have insulin resistance; however, the underlying
mechanism(s) of this defect is still unclear. In our settings, we found
significantly higher levels of NEFA in NAFLD subjects compared to
the controls. This observation is in agreement with a number of studies
[22,23]. Donnelly et al. [24] found a higher TAG content in the liver
arises from the NEFA pool in both fasting and fed state which is the
major risk factor of NAFLD. NEFA levels also simultaneously
increased with increasing the severity of NAFLD.

Our study results showed a significantly higher level of fasting and
postprandial serum insulin in NAFLD subjects compared to non
NAFLD subjects. In accordance with Lass et al. [25] revealed that

impaired insulin action failed to inhibit the lipolysis of stored TAG in
adipose tissue during fasting state, which then activates the hormone-
sensitive lipase action catalyzing the hydrolytic release of fatty acids
from the TAG moiety and increases the influx of plasma NEFA pool.
Hence, the newly made fatty acid arises in the hepatocytes not only
from glycerol moiety by DNL in the fasting state but also from dietary
fats in the fed state where the fats are mobilized as chylomicron
remnants and secreted as lipoprotein TAG. Donnelly et al. [24,25]
revealed DNL accounted for 26% of liver TAG and 23% VLDL-TAG
content in hyperinsulinemic subjects with NAFLD. Hyperinsulinemia
and hyperglycemia may also activate some transcriptional factors that
stimulate gene expression of most enzymes in humans thereby
activating lipogenesis in hepatocytes. This is in line with the study of
Sanyal et al. [23] where elevated insulin concentrations failed to
suppress adipose tissue lipolysis, a result that suggested a definite
source of fatty acids that has an important role in the development of
NAFLD.

After adjustment for significant predictors (age, body mass index,
and triglyceride), our study results revealed a strong association
between serum NEFA and HOMA-IR with NAFLD group. In
agreement with Farell et al. [26] reported a positive correlation of
abdominal obesity with the prevalence of NAFLD, or NASH
respectively, and is closely related to insulin resistance, a major
pathogenetic factor for developing NASH. A cohort study conducted
by Milić et al. [27] indicating the obesity indices such as high body
mass index or waist circumference as a key risk factor for NAFLD. In
the study of Leite et al. [28], central obesity is an independent risk
factor for NAFLD development. With increasing the central obesity,
insulin resistance increases the lipolysis of adipose tissue TAG thereby
releasing NEFA pool. Portal entry of NEFA from adipose fat depot as
well as the dietary intake increases the levels of the TAG by
reesterification with the glycerol moiety or DNL in the hepatocytes.
Increased production of TAG in both fasting and fed state due to
impaired insulin action then accumulated within the hepatocytes and
is a leading cause of NAFLD. In contrast, Diraison et al. [22] reported
that the uptake of plasma NEFAs by the liver is not responsible for the
development of NAFLD because IR reduces the glucose uptake and
glyceroneogenesis in adipose tissue which in turn lowers the
esterification of glycerol moiety as well as TAG synthesis.

In our settings, increased serum NEFA which is considered as a
crucial biomarker of NAFLD showed significant positive association
with reduced insulin sensitivity (HOMA%S) after adjusting the effects
of pertinent confounders (body mass index, glycemic profile, and
postprandial serum insulin respectively). Elevated levels of plasma
NEFA arises during fasting state mainly from hydrolysis of the TAG by
lipase action within the adipocyte, however, after a fatty meal which is
another important route of generation of plasma NEFA also enhanced
by postprandial insulin by increasing the lipase action of dietary fats.
In the adipose tissue, hormone sensitive lipoprotein lipase catalyzes the
hydrolysis of stored TAG and released fatty acids that undergo β
oxidation for the production of ATP according to the demand of cells.
However, when energy is available the excess fatty acid reenters the
adipose tissue and stored as a TAG, but a proportion always escapes
and joins the plasma NEFA pool [8]. In healthy individuals during the
fasting state, the increased production of the TAG from the NEFA pool
in hepatocytes is very low, however, it is rapidly increased following
meals by DNL from the circulating lipogenesis precursors.

The molecular mechanism of lipogenesis in hepatocytes is still
unclear. Insulin activates the membrane bound transcription factor
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sterol regulatory element binding protein-1c (SREBP-1c), which then
activates the transcription of genes coded for lipogenesis. During
NAFLD, IR regulates the transcription of SREBP-1c thereby increasing
the DNL, which also upregulated by insulin and is likely to be activated
by hyperinsulinemia during postprandial state. Lipogenesis is also
regulated by glucose precursors by activating the carbohydrate
response element binding protein (ChREBP), which induces the
transcription of pyruvate kinase gene and provides the precursors for
lipogenesis [29]. ChREBP also stimulates gene expression of most
enzymes involved in lipogenesis [30]. Thus, insulin resistance in
adipose tissue plays a crucial role as a pathogenic factor of NAFLD.

Our study has several limitations. First, the diagnosis of NAFLD was
confirmed by upper abdomen ultrasonography although liver biopsy is
currently considered the gold standard method for the detection of
hepatic steatosis. Second, correlation of adiposity markers with
histologic pictures of different grades of NAFLD cannot be generalized.
Third, cohorts of prediabetes with different subgroup having NAFLD
are needed to re-formulate the association of serum NEFA with
HOMA-IR among NAFLD individuals.

Conclusion
We found a significantly higher level of serum NEFA among the

prediabetic individuals having NAFLD which also showed a gradual
increase by growing the severity of NAFLD. Insulin resistance is one of
the basic defects in the prediabetic state has also been considered a
detrimental risk factor in the elevation of serum NEFAs leading to the
development of NAFLD. The data also indicate that increased level of
serum NEFA is a pathophysiological determinant of NAFLD in
Bangladeshi prediabetic subjects and it seems that the elevation is
mediated by reduced insulin sensitivity during this disorder. Future
studies with large prospective design are warranted to explore the
association of serum NEFA with different subgroups of prediabetes
along with different grades of NAFLD.
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