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ABSTRACT: Background : NAFLD is associated with the fat accumulation and liver inflammation. The objective
of this study was to determine the role of fried food for liver fat accumulation and progression of NAFLD. All the
procedures were performed after Institutional Ethical clearance. Results : Patients with other hepatic disorders,
diabetes, improper levels of liver function components. Consumption of deep fried food is found to be directly
correlated to the onset of fat in the liver. Most of the patients are showing a positive correlation while some of the
patients diagnosed NAFLD without regular habit of deep fried food consumption. On the other hand a group of
normal participants were showing interesting results because they consume fried food regularly but without any
symptom of NAFLD. Conclusion: The fatty liver condition has an association with High FBS and impaired Lipid
profile, but all diabetics and obese people not found to develop NAFLD.

[Abhishek Sharma, Susmita Chandra.Correlation study between onset of NAFLD with physiological parameters
among populations of Kolkata and suburbs facing rapid urbanization.Life Sci J 2022;19(7):64-73].ISSN 1097-
8135 (print); ISSN 2372-613X(online).http://www.lifesciencesite.com. 08. doi:10.7537/marslsj190722.08.

KEYWORDS: NAFLD, Deep fried food, FBS, LDL, HDL

1. Introduction urbanization around the Bay of Bengal, the incidence

. of high glucose, cholesterol, and triglyceride levels in
A number of recent studies showed that elevated levels the consumers’ blood should be significantly higher

of cholesterol, triglycerides, and glucose are significant compared to rural populations, because the rural food
risk factors, for obesity and take a significant role in habit is much more rich in vegetables [10,11]. In
the development of fatty liver disease (NAFLD) which rapidly growing area the first generation in the family
is not associated with alcohol consumption but related facing urbanization, can face significant change in
to high fat diet.[1,2] food habit which includes fried and processed
packaged ready to eat and ready to fry foods., which
resulted in significant change in their metabolic pattern.
[12,13,14]. It also brought a significant change in their
physiological condition which led to a similar pattern
for urban people[15,16].

A major change in the lifestyle and food habit
plays a role in changing the metabolic profile of
individuals. In Eastern part of India there is rapid
urbanization is on the way for the past 30 years [3,4].
As a result there has been a significant change in
cholesterol levels and the lipid metabolism profile Regarding the processed food it is found that
among people[5,6]. Which shows an alarming increase in most of the cases the food available in the local
in the occurrence of fatty liver disease and well as market in these regions does not meet all the nutritional
mortality related to it in these semi urban areas of safety aspects as prescribed by the food safety
Bengal. Lipid levels can directly reflect the nutritional authorities. And people prefer the lower price and

patterns[6,7]. The ingestion of saturated and trans fatty compromise on quality of food and its safety level
acids and high  dietary cholesterol along with [17.18].

consumption of less fruits, vegetables and sufficient

resistant starch can influence altered levels of low- Different types of deep fried food is highly
density and high-density lipoprotein cholesterol and popular in most part of India. Specially food like
leading to fatty liver disease.[8,9] French fries, chips, fish ball, meat ball, vegetable balls

coated with batter, are eaten in deep fried form [19,20].
For deep frying industrially or locally, different types
of saturated fat, palm oil, hydrogenated fat are used

We took up the hypothesis that rural
populations of our countries who are facing rapid
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because of it high heat withstanding capacity and
higher heat energy holding property which helps in
faster frying of the food materials. But a frequent
intake of such deep-fried food can be harmful to health
leading to high accumulation of LDL and TG
[21,22,23].

People in the Rapidly urbanizing areas facing
such problem more profoundly because of rapid
changes in their lifestyle and food habit leading to
diseases like obesity, NAFLD, [24,25]

The primary purpose of this study was to
investigate  the  association  between  various
physiological parameters of patients with suspected
onset of NAFLD and compare them with different
physiological parameters within different age and sex
groups, in a suburban population located near Kolkata.

2. Material and methods
2.1 Exclusion criterion

Individuals who had not measured the levels of glucose
and cholesterol for at least 1 year prior to the study
were invited through public announcement to
participate in the study. The exclusion criteria were age
<20 years and >85 years, body mass index between
18.5 and 30 (normal weight and pre-obese individuals,
according to WHO classification [26,27]), current
diagnosis of obesity, also patients using lipid-and/or
glucose-lowering drugs were excluded. Patients with
other hepatic disorders, diabetes, hyperthyroidism and
irregular food habits were excluded from the study

All the experiments were done after receiving
Institutional Ethical clearance. The individuals were
selected from the nearby suburban hospitals. A
questionnaire was prepared for collecting the medical
history and food habit of the individuals. Participants
were selected after they gave their written consent for
the experiments that will be done with the collected
blood. The details of the experiments and the
objectives were informed to the participants in a easier
way in their familiar language prior to collecting blood.

2.2 Blood Sample collection

Human fasting Blood samples were obtained between
8.00 a.m. and 10.00 a.m. after an overnight fast. The
blood samples were collected by skilled technicians
only by venous prick from the arm with a disposable
syringe and needle[28,29,30]. (about 2 ml) through an
aseptic sampling procedure with anticoagulant EDTA.
Or The blood is collected aseptically in a vacutainer
and the plasma was immediately separated for different
tests using Diagnostic Solutions Laboratory, India
using a colorimetric method. The PP blood was
collected after two hours of heavy breakfast from the
same patients[31,32]. The blood glucose levels were
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measured by an autoanalyzer and the liver function test
was determined by the standard medical kits.

The participants with written consent from
three groups 20-40 yrs, 40-60 yrs, 60-80 yrs, were
divided into two major groups namely control group I
(healthy or normal) and experimental group II
(subclinical obesity and/or diabetes- stage I NASH or
steatosis and Patients diagnosed with confirmed onset
of Steatohepatities, NASH stage II). A thorough
questionnaire was prepared which include parameters
like age, sex, food habits, familial history of NAFLD
and any other systemic medical problems to maintain
the epidemiological data of all patients. Participants
with onset of NAFLD / NASH is and their stages were
identified through standard USG procedure and
clinical investigations by skilled practitioners only.
Total sample collected 1076 participants. After
excluding through selection criterion 1054 individuals,
694 men and 360 women (65.8% and 34.2%
respectively), were included in the study. Among them
219 participants were included in the control group. In
the control group 156 men and 63 women had
participated. We consider this percentage adequate to
provide significant evidence.

2.3 Pathophysiological and Biochemical Studies

2.3.1 Blood sugar , Lipid profile , Liver
function test

Lipid profile and liver function test was done
enzymatically from Serum Triglyceride (TG), High
density lipoprotein (HDL), Low density lipoprotein
(LDL), Free Cholesterol (FC). AST(SGOT),
ALT(SGPT), ALP, TC, High Density lipoprotein
(HDL), TAG, and SG were measured and analyzed
using an automated machine, Roche Diagnostic/Hitachi
902, Germany, according to the manufacturer’s
procedures. Fasting and Post Prandial blood glucose
was measured by standard medical kit.. For statistical
analysis P-values below 0.05 was considered to be
statistically significant Analyses was performed using
latest versions of Statistica or SPSS statistical tools.
Associations between patient characteristics like
obesity, metabolic syndrome and their diagnosed blood
or liver components of the NASH variables (steatosis,
lobular inflammation, and ballooning) was also
examined. Insulin levels and also HBAlc were also
checked using standard methods and medical kits
[33,34].

2.4 Statistical analysis

Experimental data was expressed as mean+SD along
with significance level. and analyzed by SPSS22.0.0.0
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The completed data forms were analyzed using
Microsoft Excel 2007 for Windows (Microsoft
Corporation, Redmond, WA, USA) The differences in

the mean values in terms of age groups were assessed
by the analysis of covariance method [35].
3. Results

Table 1. General participant data and clinical characteristics in summarized form

Clinical parameters Value

Male 56%
Female 44%

Age range 20-80 yrs
BMI (Mean) Control 20.56 +1.05

BMI (Mean) NAFLD patients

29.5+ 1.05 (25.0—29.9 over weight and

Age Groups NAFLD participants

Percentage on the basis of total diseased participants

20-40 32%
40-60 48%
60-80 20%

Age Groups control participants

Percentage on the basis of total control participants

20-40 35%
40-60 47%
60-80 18%

The mean value of serum fasting glucose level was
122.28 + 8.75mg/dL for 20-40 yrs. group, 132.34+4.81
for 40-60 yrs group and 125.54+20.45mg/dL for 60-80
yrs. patient group. No significant difference found
between men and women (men 122.38 + 12.43 and
women 120.61 + 12.59. P =0.056).

Other important glycemic parameter HbAlc
was also obtained. No significant difference was found
in the different age group (Table 2) or among male and
female category.

For people without diabetes, the normal range
for the hemoglobin Alc level is between 4% and 6%.
Among patients HbAlc levels between above 5 — 7%
(prediabetic) and above 7% in the risk zone of
developing diabetes were found mostly among the age
group >40 years. Those control participants not
showing any NASH symptom but having high or
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borderline FBS were not included in the data during
calculation.

The mean value of total serum cholesterol
level was found to be very close to or above 200 mg/dl
in different age group. with a statistically significant
difference between men and women (men 180.03 =+
44.57, women 228.09 + 41.89. P=0.003) for the age
range 20-60 years. Most of the participants with high
cholesterol and LDL levels were found to be associated
with the development of NAFLD or NASH stage I. (P
<0.05)

Also a statistically positive correlation was
also established between development or Progression
of NASH and blood serum glucose values (P < 0.01).

Comparison between the different age groups
did not reveal statistically significant differences even
if for the case of glucose, TG or Cholesterol, the result
was only marginal (P= 0.051) and 95% CI level .
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Table 2. Physiological, Biochemical, Epidemiological data of patients

Age range yrs

Parameters / Unit

20-40 40-60 60-80
FBS — Fasting Blood Sugar mg/dL 128.28 + 8.75 132.34+4.81 125.54420.45
PPBS mg/dL 157.35+12.83 184.03+10.45 189.82+18.66
HbAlc % (DCCT unit) 8.42+1.37 10.86+0.53 9.01+1.86
Insulin fasting mIU/L 8.44+0.98 10.1+1.20 10.5+2.08
Cholesterol (Chol) mg/dL 218+ 8.54 245+ 5.36 235+10.56
HDL mg/dL 55.44+6.59 52.56+2.83 50.65+8.44
LDL mg/dL 112.48+10.19 142.43+8.67 150.86+12.22
TG mg/dL 154.16+12.01 182+12.34 186.45+14.24
HDL/LDL 0.80+0.09 0.7240.25 0.76+0.08
Total bilirubin mg/dL 0.6240.16 0.7240.08 0.8+0.94
SGOT units per liter of serum 23.16+5.45 26.87+3.46 28.59+8.54
SGPT units per liter of serum 38.18+4.59 42.74+7.64 40.21+10.48
ALP U/L 89.20+6.84 107.86+4.76 115.67+12.16
Total Protein g/dL 7.0141.2 7.8940.94 7.5942.05
Albumin g/dL 3.840.84 4.740.52 4.5+1.6
Percentage of patients in NAFLD stage | 86% 78% 64%
Percentage of patients in NAFLD stage 11 14% 22% 36%

Table 3. Physiological, Biochemical, Epidemiological data from the control participants

Physiological and

Biochemical 3575 4060 60-80 Clinical range
Parameters / Unit

FBS mg/dL 90+4.56 96+6.44 08+12.45 70- 110 mg/dL is

PPBS mg/dL 128+8.45 134+10.43 142+12.45 Normal: under 140
HbAlc % (DCCT | 5.62+1.67 5.86+0.93 5.01+1.86 4-6 excellent

Insulin fasting 5.44+0.98 6.1+1.06 6.5+1.98 <25 mIU/L normal
Chol mg/dL 187.44+7.2 201.57+10.53 218+12.56 Within 200 -

HDL mg/dL 78+5.44 65+4.63 62+6.78 30-40 -major risk

LDL mg/dL 110+10.45 130+12.22 128+14.34 100-115- Good
TG mg/dL 148+8.34 165+7.45 178+6.34 10-150 Tow risk
HDL/LDL 0.84+0.34 0.5240.26 0.48+0.44 >0.4- good

Total bilirubin 0.4610.16 0.48+0.08 0.42+0.94 12 (mg/dL) for adults
SGO‘"I" units per liter | 8.22+1.75 11+0.96 10+3.22 8 and 45 units per liter of
SGPT units per liter | 7+1.56 8+0.95 10+2.45 The SGPT normal range
ALP U/L 50+2.33 74+1.02 82+11.44 The normal range is 44
T PRO g/dL 7.8+ 1.65 8.5+2.34 8.142.45 ”"' .
ALB g/dL 3.2+1.66 3.4+2.56 3.8+1.85 3.410 54 g/dL
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Figure 1. percentage of patients showing onset of NAFLD or NASH symptoms with different FBS and PPBS levels

Normal FBS = 70- 110 mg/dL, Elevated FBS => 110 mg/dL, PPBS low risk zone = under 140 mg/dL, PPBS High
Risk Zone =140 and 200 mg/dl or above 200 mg/dL
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Figure 2. percentage of patients showing onset of NAFLD or NASH symptoms with different pathophysiological
parameters related to Liver function test

1. LDL High Risk => 200 mg/dL 3. LDL medium Risk = 140-200 mg/dL, 5. LDL low risk, 100-140 mg/dL,
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Figure 3. Percentage of patients found to Consume of deep fried Food with different frequency
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Figure 4. Percentage of control participants found to Consume of deep fried Food with different frequency
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4. Discussion

Those patients who are suffering from NAFLD either
in stage I or stage II condition are showing threshold
values of FBS and PPBS. For NAFLD identified
patient group the FBS is found borderline high.

FBS and PPBS giving direct correlation with
onset of NAFLD apparently but some controversy is
there regarding the correlation between onset of
NAFLD and lipid profile. Some of the control
participants showed high LDL, Cholesterol and TG
values. But there was neither any apparent symptom of
occurrence of NAFLD nor any USG positive report for
the onset.

The total cholesterol values were quite
elevated in all the participants irrespective of age;
moreover, the values were higher in women than in
men. This difference in values could be attributed to
the fact that women underwent blood examinations
very rarely compared to men. Although LDL levels are
mostly within the range but 55% patients are in the risk
level 1, 28.33% are in the risk level II, and 8% patients
are in the category III risk zone of LDL. Surprisingly
among those who did not develop NAFLD among
control group also found to have LDL risk zone with
27% participants, 8% in the medium risk zone and 2%
in the high-risk zone.

It was also evident from the data that people
who rarely consumes deep fried food are at lower risk
of high LDL formation and development of NAFLD
(Table 3, Table 4). There are some participant data

which showed that they have LDL value within lower
risk zone even after consumption of deep fried food
regularly but this category of people mostly found in
the control group within 20-30 yrs of age., while few of
such patients with apparently low LDL showed
development of NAFLD.

The problem is quite controversial because it
may be an effect of genetic mutations of related genes,
further study is to address this controversy[36,37].

Regarding HDL level most of the control are
in the normal to medium risk zone while the NAFLD
patients showed their HDL level are in the zone of
Medium to High risk region. But the most significant
correlation found between HDL/ LDL ratio with the
onset of NAFLD is that when the ratio enters into the
threshold HDL/LDL zone the NAFLD onset is visible.
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Some of the patients showed significantly
elevated levels of ALP and total protein in the higher
side of the threshold risk zone, especially among stage
II patients. This might indicate the disease progression
towards  further cell damage and edema
formation[38,39]. Elevated ALP and Total protein may
indicate onset of damage among 8-10 % of the patients.
About glucose levels, the results emphasized the need
for intensive monitoring of glucose levels in people
who are unaware of their metabolic status [40].

5. Conclusion

The results of the study show that Food habit may be a
major cause of onset of NAFLD. An increase in the
prevalence of hyperglycemia and hyperlipidemia in the
rapidly urbanized population is leading to the liver fat
accumulation. Further a number or related studies
regarding the genetic intervention and correlation with
changed food habit can impose more light into the
unanswered issues developed from this work.
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