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Abstract
Keywords Background:
Non-alcoholic fatty liver disease, Non-alcoholic fatty liver disease (NAFLD) is a growing global health problem
Metabolic syndrome, Association, closely linked with metabolic abnormalities. Its relationship with metabolic

Ultrasound, Case-control study. syndrome  (MetS) remains complex and wariable across populations,
necessitating further local research to clarify this association.
Objective:
Article History To determine the association between non-alcoholic fatty liver disease and
Received: 20 April 2025 metabolic syndrome.
Accepted: 25 April 2025 Methods:
Published: 07 May 2025 This casecontrol study was conducted in the Department of Medicine, Khyber

Teaching Hospital, Peshawar, from 15th October 2024 to 16th April 2025.
A total of 164 participants (82 cases with metabolic syndrome and 82 healthy

Copyright @Author controls) aged 18-60 years were included using non-probability consecutive
Corresponding Author: * sampling. NAFLD was diagnosed using abdominal ultrasonography (US-FLI
Dr Igbal Haider >1). Metabolic syndrome was defined according to NCEP-ATP 11l criteria.

Data were analyzed using SPSS version 25. Association was assessed using chi-
square test and odds ratio with 95% confidence interval.

Results:

The mean age was comparable between cases and controls (49.40+7.50 os
49.62+7.42 years). NAFLD was present in 22 (26.8%) cases and 11
(13.4%) controls. A statistically significant association was found (p=0.032)
with an odds ratio of 2.36 (95% CI: 1.06-5.27). Stratification showed a
significant association with socioeconomic status (p=0.036), while age, gender,
BMI, residence, and profession were not significantly associated.

Conclusion:

Metabolic syndrome is significantly associated with an increased risk of
NAFLD. Early identification and management of metabolic risk factors are
essential to reduce disease burden.

INTRODUCTION Weight gain and heart disease are intimately
Simple steatosis, steatohepatitis, severe fibrosis, linked to nonalcoholic fatty liver disease
and cirrhosis are all included in the category of (NAFLD), which is currently the most prevalent
non-alcoholic fatty liver disease (NAFLD). persistent liver condition in many affluent
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nations. In addition, as overweight and aging
grow more common, NAFLD is predicted to
evolve into a further significant public health
concern.

The gold standard for identifying NAFLD now
is liver biopsy. Although sophisticated imaging
techniques have also been employed,
community-based surveys and epidemiological
research cannot make use of them. Although it
cannot identify fewer than ten percent steatosis
of hepatocytes, US is comparatively cheap and
readily accessible in clinical settings when
contrasted with invasive biopsy and costly MRS
and CT.*’

Patients with non-alcoholic fatty liver disease
(NAFLD) are more likely to develop metabolic
syndrome (MetS), a collection of metabolic
disorders that is a risk factor for heart disease.
Additionally, NAFLD has been shown to raise
mortality risk and be irrespective of the usual
risk variables for preclinical plaque buildup,
cardiovascular illness, and MetS.*
several  chemokines and  inflammatory
mediators govern the interaction in both MetS
and NAFLD. Some studies have suggested that
NAFLD is a hepatic feature of MetS.” On the
other hand, some data has shown that NAFLD
differs from the characteristics of MetS,
indicating that further investigation is necessary
on the relationship between NAFLD and
MetS.® In a study by Yang KC and colleagues,
NAFLD was observed in 17.1% patients with
metabolic syndrome while 3.7% healthy
controls were found having NAFLD.!

The study aimed to determine the association
between non-alcoholic fatty liver disease and
metabolic ~ syndrome.  Dissociation  of
association between NAFLD and metabolic
syndrome has been reported on certain
occasions which warrants further research.
Moreover, no study has been carried out on the
association of fatty liver with metabolic
syndrome locally and most of the information
comes from leading international research.
Hence the study was planned. Results of this
study not only addressed the research gap
arising from inconsistency in the results of
international studies but also provided useful
local information.

MATERIALS AND METHODS

This case control study was conducted at the
department of Medicine, Khyber Teaching
Hospital, Peshawar from 15-10-2024 to 16-04-
2025 after taking approval from research review
board. Male and female patients aging 18 to 60
years diagnosed with metabolic syndrome were
compared with healthy controls. The study
participants were evaluated for the presence
non-alcoholic fatty liver disease. Patients with
history of alcohol intake, chronic liver disease
or viral hepatitis and pregnant females were
excluded. Metabolic syndrome was defined
using NCEP-ATP III criteria by the presence of
any three including waist circumference >90 cm
for men or >80 cm for women, hypertension,
hyperglycemia, hypertriglyceridemia and low
HDL-C. NAFLD was on abdominal ultrasound
scanning with a 3.5-5 MHz transducer. US-FLI
(ultrasound fatty liver index) score more than 1
will be considered confirmatory for the
presence of non-alcoholic fatty liver disease.
Patients with metabolic syndrome were called
cases and without metabolic syndrome were
called controls. It was hypothesized that
patients with metabolic syndrome are more
likely to have non-alcoholic fatty liver disease
compared to healthy controls. Sample size was
164 (82 in each group) calculated Open Epi
software taking anticipated proportion of
NAFLD in metabolic syndrome as 17.1% and
3.7% among healthy controls," 80% power of
test and 5% significance level. Participants were
enrolled using non-probability consecutive
sampling technique.

Patients who met the selection parameters were
enlisted from the hospital's outside medical
department after receiving clearance from the
study review board. All registered individuals
were informed of the study's goals, risks, and
advantages before giving their informed
permission. Age (years), gender (male/female),
BMI (weight in kg/height in m2), domicile
(rural/urban), education, occupation, smoking
history, and socioeconomic position were all
reported as baseline data. Cases and controls
were matched for age and gender of the
patients. Anthropometric and metabolic data
was collected by routine physical examinations.
Body mass index (BMI) was recorded as the
weight divided by height squared (kg/m?).

Waist circumference (WC) was measured at the
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mid-level between the costal margins and the
iliac crests. Fasting plasma glucose (FPG), total
cholesterol (TCH), high-density lipoprotein
(HDL-C), low-density lipoprotein (LDL-C) and
triglycerides (TG) was measured after an 8-hour
overnight fast. Insulin resistance was measured
using HOMAC-IR based on using the calculator
(http://www.dtu.ox.ac.uk/homacalculator).
Abdominal US scanning was performed after
an 8hour overnight fast by consultant
radiologist blinded to clinical data with a 3.5-
5MHz transducer and a high-resolution B-
mode scanner (Hitachi Aloka ProSound). The
presence and severity of NAFLD was calculated
using the US-FLI score, which ranges from O to
8. Presence of NAFLD was noted as US-FLI >
1.

IBM SPSS version 25, a statistical analysis
application, was used to examine the data. For
continuous data, such as age and BMI, means +

SD were recorded; for categorical variables,
such as gender, residency, SE status, and
NAFLD, frequencies and percentages were
recorded. NAFLD and metabolic syndrome
were found to be associated using the chi
square or Fisher exact test at the 5%
significance level. Using a 2x2 table, the odds
ratio was calculated to gauge the degree of
correlation. Significance was defined as 95% CI
excluding 1. To control the impact modifiers,
NAFLD was stratified by age, gender, place of
residence, occupation, and SE status. Fisher
exact or chi square tests were used after
stratification at the 5% significance level.

RESULTS
The mean age of participants in cases group was
49.404£7.50 years versus 49.62+£7.42 years

among control group as shown in table 1.

Table 1. Descriptive statistics of study participants (n = 164)

Parameters Cases (n = 82) Controls (n = 82)
Age (years) 49.40+7.50 49.62+7.42
BMI (kg/m?) 24.44+1.38 24.08+1.28

Participants aging more than 45 years were
51(51.5%) among cases versus 48(48.5%)
among controls while male participants among
cases and controls were 39(49.4%) and

40(50.6%) respectively. With respect to
residence, 39 patients (43.3%) belong to rural
areas among vases versus 51(56.7%) among
controls as reported in table 2.

Table 2. Baseline clinical and sociodemographic parameters of study participants (n = 164)

Group
Cases Controls Toral
31 34 65
Agelyears) 45 or below 41.9% 52.3% 100.0%
More than 45 L 48 9
51.5% 48.5% 100.0%
Gender Male 39 40 79
49.4% 50.6% 100.0%
Female 43 42 85
50.6% 49.4% 100.0%
BMI (kg/m?) 24.0 or below 29 49 78
37.2% 62.8% 100.0%
More than 24.0 53 33 86
61.6% 38.4% 100.0%
Residence Rural 39 51 90
43.3% 56.7% 100.0%
Utrban 43 31 74
58.1% 41.9% 100.0%
Education Matric or below 41 35 76
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53.9% 46.1% 100.0%

Above matric 41 47 88
46.6% 53.4% 100.0%

Profession Salaried 34 41 75
45.3% 54.71% 100.0%

Business 48 41 89
53.9% 46.1% 100.0%

SES Fair 55 43 98
56.1% 43.9% 100.0%

Poor 27 39 66
40.9% 59.1% 100.0%

and odds ratio with 95% CI was 2.36(1.06-
5.27) as shown in table 3.

Non-alcoholic fatty liver disease was observed in
22 (66.7%) cases and 11 (33.3%) controls. The

chi square p value for association was 0.032

Table 3. 2x2 table analysis of NAFLD among study participants (n = 164)

Group Total Chi square | Odds ratio
Cases Controls p value 95% CI
22 11 33
Yes
NAELD 66.7% 33.3% 100.0%
No 60 7 131 0.032 2.36(1.06-
45.8% 54.2% 100.0% ' 5.27)
Total 82 82 164
50.0% 50.0% 100.0%

(21.3% versus 18.7%, p value 0.670. the p
value for difference in distribution of NAFLD

Male patients were slightly more frequently
having NAFLD compared to female (22.8%

versus 17.6%). The p value for difference in
distribution was 0.412. Similarly, patients with
business profession were more frequently
having NAFLD compared to salaried class

among with respect to SE status was 0.036 with
participants with fair SE level were more
frequently affected compared to poor SE level
(25.5% versus 12.1%) as shown in table 4.

Table 4. stratification of NAFLD with baseline parameters (n = 164)

NAFLD
Yes (n = 33) No (n = 131) Toral P value
16 49 65
Age 45 or below 24.6% 75.4% 100.0% 0245
(years) More than 45 17 82 29 ’
17.2% 82.8% 100.0%
Gender Male 18 61 79
22.8% 77.2% 100.0%
Female 15 70 85 0412
17.6% 82.4% 100.0%
BMI 24.0 or below 16 62 78
(kg/m?) 20.5% 79.5% 100.0% 0.905
More than 24.0 17 69 86 ’
19.8% 80.2% 100.0%
Residence | Rural 16 74 90 0.409
17.8% 82.2% 100.0%
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Urban 17 57 74
23.0% 77.0% 100.0%
Education | Matric or below 15 61 76
19.7% 80.3% 100.0%
Above matric 18 70 88 0.909
20.5% 79.5% 100.0%
Profession | Salaried 14 61 75
18.7% 81.3% 100.0%
Business 19 70 89 0.670
21.3% 78.7% 100.0%
SE status | Fair 25 73 98
25.5% 74.5% 100.0%
Poor 8 58 66 0.036
12.1% 87.9% 100.0%
DISCUSSION of NAFLD revealed an increase in cases with

The study's findings support a strong link
between metabolic syndrome and nonalcoholic
fatty liver disease (NAFLD), with those with
MetS having a 2.36fold increased risk of
developing NAFLD in comparison to healthy
controls. This result aligns with the current
notion of NAFLD serving as the hepatic analog
of MetS, which has been repeatedly confirmed
in recent research. Mantovani et al's 2022
systematic review and meta-analysis confirmed
that MetS constituents work in concert to raise
the risk of NAFLD development, with pooled
odds ratios uniformly over 2.0 throughout
populations.’

Crucially, age and gender were evenly
distributed in our research groups, removing
them as significant confounders. Both cases
and controls had mean BMIs that were
overweight. This finding is crucial since new
research shows that NAFLD is becoming more
common in non-obese people, especially in
Asian populations where cardiovascular and
metabolic risk goes up at lower BMI
boundaries.® The AGA 2021
recommendations, which emphasize the waist
circumference and metabolic dysfunction as
more trustworthy warning signs than BMI
alone in NAFLD development, are consistent
with our findings.’

Comprehensive findings were obtained by
stratified assessment. In contrast to many major
epidemiological investigations, our sample did
not show a statistically significant correlation
between NAFLD and either gender or age. For
instance, a 2023 research of the worldwide load

age and a usually greater frequency in men."

Our demographic or sampling size may be the
cause of the non-significant trend. According to
recent study by Kim et al. (2022), shifting
lifestyle variables and the waning preventive
impact of estrogen, postmenopausal may be the
reasons why the gender difference in the rate of
NAFLD may be closing in some cohorts."!

The substantial correlation between
socioeconomic (SE) level and the occurrence of
NA was one especially notable observation.
NAFLD was more common in those with
better SE status than in those with "poor"
condition. It is important to analyze this
complicated relationship carefully. The negative
relationship seen here is conceivable in some
evolutionary situations, even though several
research from high-income nations show that
lower socioeconomic groups have a larger
incidence of metabolic illnesses.'” Increasing
affluence can ultimately lead to higher amounts
of processed foods, beverages with added sugar,
and inactive lifestyles—key causes of NAFLD
prior to health consciousness catches up,
according to a 2021 comprehensive review on
changes in nutrition in South Asia.” For
middle-class populations, which the
appropriate SE category would reflect, this
trend establishes a distinct risk gap.
Additionally, different groups may have
different access to diagnostic imaging, which
might result in identification discrimination.
Additionally illuminating are the insignificant
correlations with occupation and place of living
(rural vs. urban). Studies including one by

https://fmhr.net

| Ayub et al., 2025 |

Page 1471



Frontier in

Medical & Health
Research

Volume 3, Issue 3, 2025

ISSN: (e) 3007-1607 (p) 3007-1593

Zhang and colleagues (2024) show a sharp
increase in NAFLD incidence in rural China
due to industrialization and changes in diet,
obscuring previous risk boundaries, indicating a
change in the worldwide rural-urban split in
NAFLD risk."* According to a 2022 research on
professional activity levels and NAFLD, the
sedentary character of many "salaried" positions
today may equate metabolic hazards with more
conventional "business" occupations.'’

There are caveats on this study. Although
sufficient for the principal connection, the
sample size restricts the power of subgroup
testing. Since ultrasound has a modest
sensitivity for early steatosis detection, it is
crucial that the diagnostic criteria for
NAFLD be defined." For improved risk
categorization, a recent consensus suggests

integrating imaging with biomarkers such as the
FIB-4 index.'™"

CONCLUSION

In summary, this study provides strong
evidence for the documented connection
between MetS and NAFLD. The phenomenon
is everchanging and contextspecific, as
evidenced by the surprising socioeconomic
phasing of NAFLD risk. It emphasizes the need
to transcend universal risk frameworks and
adapt public health interventions to local
epidemiological shifts. In order to further
identify  causative  pathways, prospective
longitudinal studies involving this cohort
should include comprehensive food surveys,
sophisticated non-invasive fibrosis testing, and
genomic risk evaluations.
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