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Article Information Abstract

Fatty liver is a common liver condition, often incidentally diagnosed
Article History by ultrasonography. It is strongly linked with metabolic risk factors,
such as obesity, diabetes, and hypertension, and has emerged as a

Received: May 15, 2026 significant public health issue.
Revised: June 27, 2026 Aim: To establish the prevalence of fatty liver detected on
Accepted: August 12, 2026 ultrasonography among patients presenting to MMC Mardan, and

to inwestigate its associations with a number of demographic, clinical
and sonographic factors.

Methodology: In this crosssectional study, 382 patients who
presented at MMC Mardan and had abdominal ultrasound were
evaluated. Information was recorded regarding age, gender, height,
weight, body mass index (BMI), diabetes, hypertension, dyslipidemia,
Hepatic steatosis, Body mass index, yse of hepatotoxic drugs, liver size, echogenicity, grade of fatty liver,
Diabetes mellitus, Hypertension, and hepatomegaly. Body mass index (BMI) was calculated based on
Hepatomegaly, Echogenicity, MMC Marda the height and weight. The data were presented in frequencies and
percentages, and cross tabulation was done to find the association of
fatty liver with different variables. Chi-square test was used and p-
value of <0.05 was taken as statistically significant.

Results: A total of 107 (28.0%) patients had fatty liver on
ultrasound and 275 (72.0%) did not have fatty liver. Of the 107
patients with fatty liver, 91 (23.8%) had Grade I and 16 (4.2%)
had Grade 11, but none had Grade III. Females were 55.5% and
males 44.5% of the total patients. The majority of them were
between 21-40 years (47.6%). Most patients were overweight
(41.9%) or obese (30.6%) according to BMI. The prevalence of fatty
liver was higher in males (32.4%) compared to females (24.5%), but
was not significant (p = 0.115). Fatty liver was not significantly
associated with age group (p = 0.057). But BMI category was
significantly associated (p = 0.006), with an increase in frequency
from 15.4% in normal weight to 35.0% in obese patients. Diabetes
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(71.7% vs 22.0%, p < 0.001), hypertension (58.8% wvs 21.3%, p <
0.001), hepatomegaly (85.2% vs 23.7%, p < 0.001), enlarged liver
size (85.2% wvs 23.9%, p < 0.001), and increased echogenicity
(98.1% wvs 0.4%, p < 0.001) were all significantly associated with
fatty liver.

Conclusion: Fatty liver was frequently detected by ultrasonography
in patients at MMC Mardan with an overall prevalence of 28.0%.
It was significantly found to be associated with higher BMI, diabetes,
hypertension, hepatomegaly, enlarged liver size and high echogenicity.
Early diagnosis by ultrasound and prompt intervention to address
metabolic risk factors may help minimise disease burden and
progression to severe liver disease.

INTRODUCTION

Fatty liver disease is a common hepatic disease encountered in clinical practice and has become a major
health issue globally. It refers to the accumulation of fat (mostly triglycerides) in hepatocytes and is
classified into alcoholic fatty liver disease and non-alcoholic fatty liver disease based on the cause.
Recently, non-alcoholic fatty liver disease has attracted more attention due to its close links with obesity,
diabetes, hyperlipidemia, and metabolic syndrome, which are all on the rise in developed as well as
developing nations. (1)

Non-alcoholic fatty liver disease is now recognised as the hepatic component of metabolic syndrome and
represents a spectrum from simple steatosis to non-alcoholic steatohepatitis, fibrosis, cirrhosis and, in
some cases, hepatocellular carcinoma. While simple steatosis is usually considered to be benign, growing
evidence indicates that the condition may silently progress and play an important role in liver disease
morbidity and mortality. Moreover, fatty liver is not only a hepatic disease, but also it can lead to
cardiovascular disease and metabolic dysfunction. (2)

The incidence of fatty liver disease has been rapidly increasing worldwide over the past few decades as a
result of a sedentary lifestyle, unhealthy dietary habits, and the epidemic of obesity and type 2 diabetes.
The frequency of fatty liver varies between population studies, depending on ethnicity, age, gender,
diagnostic criteria and study design. The prevalence of fatty liver seems to be rising rapidly in many Asian
populations, including South Asians, even in those with lower body mass index (BMI) compared to the
West. (3)

The prevalence of fatty liver disease in Pakistan is likely to be high owing to a high prevalence of obesity,
diabetes mellitus, hypertension and dyslipidemia in the community. This rise is due to urbanization,
sedentary lifestyle, and a shift to a high-calorie diet. Although this is a burgeoning issue, there is a dearth
of local hospital-based data, especially from smaller cities and district-based tertiary care hospitals. Thus,
it is important to assess the prevalence of fatty liver in various clinical settings to understand the true
burden of disease, and to plan screening and prevention measures. (4)

Fatty liver disease is often silent and may go unnoticed for many years. It is often asymptomatic, or patients
present with non-specific symptoms, including fatigue, pain in the right upper quadrant of the abdomen
or dyspepsia, or it is found incidentally during work-up for other disease. Biochemical evidence of mild
to moderate elevations of liver enzymes may be present but these are not sensitive or specific. Therefore,
imaging is crucial in the diagnosis of hepatic steatosis, particularly in clinical practice. (5)

Of the various imaging techniques ultrasonography is the most commonly used first-line imaging
technique for the detection of fatty liver because it is non-invasive, cost-effective, safe, readily accessible,
and does not involve exposure to ionizing radiation. This is particularly beneficial in areas where access
to more sophisticated imaging modalities like CT, MRI, or liver biopsy may not be available for large-scale
screening or routine evaluation. Ultrasonography identifies fatty liver based on the presence of increased
echogenicity, blurring of the hepatic vessels, and increased attenuation of the ultrasound beam. (6)
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While liver biopsy remains the definitive diagnostic and staging test for fatty liver disease, it is invasive,
expensive and prone to procedurerelated complications, and is generally not suitable for large-scale
screening. Likewise, although MRI-based methods may offer better quantification of liver fat, their cost
and availability limit their widespread use in many public hospitals. As a result, the use of ultrasonography
remains the convenient and preferred means of detecting fatty liver in clinical practice, particularly in
ambulatory and hospitalised patients. (7)

Sensitivity and specificity of ultrasonography for moderate to severe fatty liver in the literature are
relatively high, suggesting it can be a useful diagnostic tool for epidemiological research and hospital-
based prevalence surveys. But it may not perform as well in all situations, depending on the skill of the
sonographer, the body shape of the patient and the severity of hepatic steatosis. Despite the potential
shortcomings, ultrasonography is an accepted and valid technique for determining the prevalence of fatty
liver disease in symptomatic and asymptomatic individuals. (8)

Several factors have been found to be associated with fatty liver disease, such as age, male sex in some
populations, female sex in others, obesity, central obesity, insulin resistance, diabetes, hypertension,
hyperlipidemia and physical inactivity. Ketoconazole, weight loss, malnutrition and endocrinopathies
have also been shown to induce steatosis. Given the co-existence of these risk factors in the community,
periodic evaluation of liver function is important, particularly in patients seen in tertiary-care facilities.
©)

Early diagnosis of fatty liver is important in clinical practice as early lifestyle changes and treatment of
metabolic risk factors may prevent or even reverse disease. Lifestyle modification, weight loss, dietary
interventions, regular exercise, blood glucose control and treatment of dyslipidemia have all been
demonstrated to improve steatosis and prevent the progression to advanced liver disease. So early
diagnosis of fatty liver by a simple imaging test like an ultrasound may provide an opportunity for
intervention. (10)

PROBLEM STATEMENT

Despite the high global prevalence of fatty liver disease, there is limited local data regarding its frequency
among patients in pakistan particularly in Mardan. Mardan Medical Complex (MMC) receives a large
number of patients undergoing abdominal ultrasonography; however, the frequency of fatty liver detected
in this population has not been adequately studied or documented. The absence of local epidemiological
data limits the understanding of disease burden, delays early diagnosis, and restricts the development of
targeted preventive strategies. Therefore, there is a need to determine the frequency of fatty liver detected
on ultrasonography among patients presenting to MMC Mardan.

RESEARCH OBJECTIVES

e  To assess the proportion of patients diagnosed with fatty liver on ultrasound
e  To evaluate the distribution of fatty liver among different age groups

e To analyze gender-wise frequency of fatty liver.

SIGNIFICANCE OF THE STUDY:

The burden of fatty liver disease is high globally, but there is a paucity of local data on the frequency of
fatty liver in patients in pakistan, especially in Mardan. A significant number of patients undergo
abdominal ultrasonography at Mardan Medical Complex (MMC) but the frequency of fatty liver among
this patient population has not been well-studied or reported. The lack of epidemiological data on the
frequency of fatty liver disease in this region hampers the assessment of disease burden, leads to delayed
diagnosis and also hampers the development of prevention strategies. Hence, the need to establish the
frequency of fatty liver detected on sonography in patients at MMC Mardan. This study will be significant
because it will help determine the frequency of fatty liver among the patients who are referred for
ultrasonography at MMC Mardan. This data will help health-care professionals to determine its local
prevalence and facilitate its early diagnosis and treatment.

In addition, the study will:

e Help health workers establish risk factors
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* Help inform prevention and educational programs
¢ Serve as a basis for future studies in the area
e Provide data to the national registry of fatty liver in Pakistan

MATERIALS AND METHODS

2.1 Study Design

This study was designed as a cross-sectional study to find the frequency of fatty liver on the basis of
ultrasonography in patients.

2.2 Study Setting
This study was conducted in the Radiology Department of Mardan Medical Complex (MMC), Mardan,
in which a high volume of abdominal ultrasound scans are performed.

2.3 Study Duration
The duration of the study was four months, 01 jan 2026 to 30 April 2026.

2.4 Sample Size

We have used EPI Info software to calculate sample size. We have included 382 patients who have had
an abdominal ultrasound in the study period.

Sample size will be 382

Confidence level: 95%

Margin of error: 5%

Population proportion : 50%

Population size: 54264 (4522x12)

2.5 Sampling Technique
A non-probability convenience sampling technique was used to select patients.

2.6 Inclusion Criteria

¢ Patients with a request for abdominal ultrasonography
* Male and female patients

¢ Adults older than 18 years.

¢ Provide informed consent

* No chronic liver disease

2.7 Exclusion Criteria

¢ Known history of chronic liver disease (including cirrhosis and viral hepatitis)
e DPatients with a history of alcohol abuse

e Cases of liver tumors or cancer

¢ When the ultrasound image was not clear

e Pregnancy (Physiology of liver)

e Use of hepatotoxic drug(methotrexate)

2.8 Data Collection Procedure

Data collection was performed after taking approval from the ASRB and ERB Boards of both institute
and concerned Hospital. The patients who met the inclusion criteria were asked for consent. An
experienced radiologist conducted the ultrasonography using a standard ultrasound machine. The liver
was examined during sonography and its echogenicity compared to the echogenicity of the right kidney.
Presence of fatty liver was determined based on ultrasound findings of increased hepatic echogenicity,
poor visualization of intrahepatic vessels, and beam attenuation. If present, fatty liver disease was then
graded as Grade I (mild), Grade II (moderate) or Grade III (severe). All the findings were documented on
a pre-designed data collection sheet from the ultrasound reports..
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Study Variables

We recorded the following for each patient

1) Age Gender Height

2) Weight BMI Hypertention

3) Liver size Dyslipidemia Hepatotoxicity
4) Echogenecity = Presence or absence of fatty liver

5) Grade of fatty liver

2.9 Data Analysis

Data will be entered and analysed by Statistical Package for Social Sciences (SPSS). Descriptive statistics
were calculated: Frequencies and percentages were calculated for categorical variables (gender, fatty liver)
Mean and standard deviation were calculated for age groups Chi-square test will be used to determine the
association between fatty liver and categorical variables (age groups and gender). P value: of <0.05 is
considered statistically significant. We will then tabulate and graphically represent the data.

2.10 Ethical Considerations

The study was approved by the appropriate institutional and Hospital ASRB and ERB committees.
Informed consent was obtained from all patients, who voluntarily participated in this study. The privacy
of the patients was ensured and data were used only for research. Neither invasive procedures nor any
risk was involved in this study.

RESULTS

Descriptive statistics of the 382 patients revealed that there were slightly more female patients in the study
group, with 212 (55.5%) patients, while males numbered 170 (44.5%). The majority of patients belonged
to the 21-40 years age group, comprising 182 (47.6%) cases, followed by 41-60 years with 135 (35.3%)
patients, whereas only 33 (8.6%) were aged <20 years and 32 (8.4%) were older than 60 years. According
to body mass index, the majority of the patients were overweight and obese, with 160 (41.9%) and 117
(30.6%) patients, respectively, followed by normal weight of 104 (27.2%) patients, and only 1 (0.3%)
patient was underweight. A total of 46 (12.0%) patients had diabetes while the rest, 336 (88.0%) patients,
did not. Likewise, 68 (17.8%) had hypertension and 314 (82.2%) were without hypertension. None of
the study patients reported having dyslipidemia or a history of hepatotoxic drugs, with all 382 (100.0%)
patients being assigned "No" for these variables.

Table 3.1 Distribution of frequency and percentage of demographic, obesity and clinical factors (n =
382)

Variable Category Frequency (n) Percentage (%)
Gender Male 170 44.5
Female 212 55.5
Age group <20 years 33 8.6
21-40 years 182 47.6
41-60 years 135 35.3
>60 years 32 8.4
BMI category Underweight 1 0.3
Normal 104 27.2
Overweight 160 41.9
Obese 117 30.6
Diabetes Yes 46 12.0
No 336 88.0
Hypertension Yes 68 17.8
No 314 82.2
Dyslipidemia Yes 0 0.0
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No 382 100.0
Hepatotoxic drugs Yes 0 0.0
No 382 100.0

Gender Distribution (n=382)

Male

Female

Figure 3.1. Gender Distribution

Most patients had normal liver size in 352 (92.1%) cases, with 23 (6.0%) cases having enlarged liver size
and just 3 (0.8%) cases having decreased liver size. In terms of liver echogenicity, 273 (71.5%) patients
were found to have normal echogenicity, while 108 (28.3%) had increased echo and 1 (0.3%) had reduced
echo. Regarding the grade of fatty liver changes, most of the patients had Grade 0 (275, 72.0%) or no
fatty liver, 91 (23.8%) had Grade I and 16 (4.2%) had Grade II fatty liver; no one was found to have
Grade III. In terms of hepatomegaly, 27 (7.1%) had hepatomegaly and 355 (92.9%) did not.

Table 3.2 Ultrasonographic findings (n = 382)

Variable Category Frequency (n) Percentage (%)
Liver size Normal 352 92.1
Enlarged 23 6.0
Reduced 3 0.8
Echogenicity Normal 273 71.5
Increased 108 28.3
Reduced 1 0.3
Fatty grade Grade 0 275 72.0
Grade 1 91 23.8
Grade 11 16 4.2
Grade 111 0 0.0
Hepatomegaly Yes 27 7.1
No 355 92.9
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Age Distribution
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150 ~

125 ~

100 ~

75 H

Number of Patients

=20 21-40

41-60

Age Groups

Figure 3.2. Age Distribution

These results indicate that of 382 patients, 107 (28.0%) had fatty liver on ultrasonography and 275
(72.0%) had no evidence of fatty liver. This suggests that almost one-third of the study population had

fatty liver, while most patients had no fatty liver.

Table 3.3 Prevalence of fatty liver on ultrasonography (n = 382)

Finding

Frequency (n)

Percentage (%)

Fatty liver present (Grade I + Grade II + Grade III)

107

28.0

Fatty liver absent (Grade 0)

275

72.0

BMI Distribution

160 ~

140 ~

120 ~

100 ~

80 4

60 4

Number of Patients

1
Underweight Normal

Overweight
BMI Categories

Obese

Figure 3.3 BMI Category Distribution
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From the cross-tabulation, fatty liver was more prevalent in males (32.4%) than females (24.5%) although
this was not statistically significant. As for age, fatty liver was the least frequent in patients aged <20 years
(9.1%), to the highest in 21-40 years (30.8%) and 41-60 years (30.4%) patients and then in over 60 years
(21.9%) patients. There was a progressive increase in prevalence in relation to BMI, as none of the
underweight patients had fatty liver, and the prevalence was 15.4% in normal weight, 31.2% in
overweight and 35.0% in obese patients. Fatty liver was significantly more prevalent among patients with
diabetes (71.7% vs 22.0%) and hypertension (58.8% vs 21.3%) compared to those without diabetes and
hypertension, respectively. Likewise, hepatomegaly was strongly associated with fatty liver, as 85.2% of
patients with hepatomegaly had fatty liver, while only 23.7% of those who did not have hepatomegaly
had fatty liver. The same was observed with liver size, with 85.2% of patients with increased liver size
having fatty liver, while none of the patients with decreased liver size had fatty liver. The strongest
association was shown with echogenicity, where 98.1% of patients with increased echogenicity had fatty
liver, while only 0.4% of patients with normal echogenicity had fatty liver. Fatty liver grade also correlated
with disease status, where all patients with Grade I and Grade II had the presence of fatty liver and all
patients with Grade 0 had the absence of fatty liver.

Table 3.4 Cross-tabulation of different variables with fatty liver on ultrasound (n = 382)

Variable Category Fatty  liver | Fatty liver | Total Prevalence of fatty
absent n (%) | presentn (%) | (n) liver (%)
Gender Male 115 (67.6) 55(32.4) 170 32.4
Female 160 (75.5) 52 (24.5) 212 24.5
Age group <20 years 30 (90.9) 309.1) 33 9.1
21-40 years 126 (69.2) 56 (30.8) 182 30.8
41-60 years 94 (69.6) 41 (30.4) 135 30.4
>60 years 25(78.1) 7(21.9) 32 21.9
BMI category Underweight 1 (100.0) 0(0.0) 1 0.0
Normal 88 (84.6) 16 (15.4) 104 15.4
Overweight 110 (68.8) 50(31.2) 160 31.2
Obese 76 (65.0) 41 (35.0) 117 35.0
Diabetes Yes 13 (28.3) 33 (71.7) 46 71.7
No 262 (78.0) 74 (22.0) 336 22.0
Hypertension Yes 28 (41.2) 40 (58.8) 68 58.8
No 241 (78.7) 67 (21.3) 314 21.3
Hepatomegaly Yes 4 (14.8) 23 (85.2) 27 85.2
No 271 (76.3) 84 (23.7) 355 23.7
Liver size Enlarged 4 (14.8) 23 (85.2) 27 85.2
Normal 268 (76.1) 84 (23.9) 352 23.9
Reduced 3(100.0) 0(0.0) 3 0.0
Echogenicity Increased 2(1.9) 106 (98.1) 108 98.1
Normal 272 (99.6) 1(0.4) 273 0.4
Reduced 1 (100.0) 0(0.0) 1 0.0
Fatty liver grade Grade 0 275 (100.0) | 0(0.0) 275 0.0
Grade I 0(0.0) 91 (100.0) 91 100.0
Grade 11 0(0.0) 16 (100.0) 16 100.0
Grade III 0(0.0) 0(0.0) 0 0.0
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Prevalence of Fatty Liver

Figure 3.4. Prevalence of fatty liver

Cross-tabulation revealed that fatty liver was more frequent in males than females at rates of 32.4% and
24.5% respectively, but this was not significant (p = 0.115). There was no significant association between
age group and fatty liver (p = 0.057), although prevalence was highest in patients 21-40 (30.8%) and 41-
60 (30.4%) years and lowest in those <20 years old (9.1%). However, BMI category was significantly
associated with fatty liver (p = 0.006), with a progressive increase from 15.4% of normal weight patients
to 31.2% of overweight and 35.0% of obese patients. There was also a highly significant association
between diabetes and fatty liver, with 71.7% of diabetics and 22.0% of non-diabetics having fatty liver (p
<0.001). Similarly, hypertension was also highly significantly associated with fatty liver: 58.8% of patients
with hypertension had fatty liver compared with 21.3% of those without hypertension (p < 0.001).
Similarly, hepatomegaly was significantly associated with fatty liver as 85.2% of patients with
hepatomegaly had fatty liver while 23.7% of those without hepatomegaly had fatty liver (p < 0.001). There
was also a significant association with liver size, with 85.2% of patients with increased liver size having
fatty liver, while 0% of patients with decreased liver size had fatty liver (p < 0.001). The highest level of
association was observed for echogenicity, with 98.1% of patients with increased echogenicity having fatty
liver compared with 0.4% of those with normal echogenicity (p < 0.001).

Table 3.5 Cross-tabulation of fatty liver with study variables (n = 382)

Variable Category Fatty liver absent n | Fatty liver present n | Total | p-value
(%) (%)

Gender Male 115 (67.6) 55(32.4) 170 0.115
Female 160 (75.5) 52 (24.5) 212

Age group <20 years 30 (90.9) 309.1) 33 0.057
21-40 vyears 126 (69.2) 56 (30.8) 182
41-60 years 94 (69.6) 41 (30.4) 135
>60 years 25 (78.1) 7(21.9) 32

BMI category Underweight 1 (100.0) 0 (0.0 1 0.006
Normal 88 (84.6) 16 (15.4) 104
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Overweight 110 (68.8) 50(31.2) 160
Obese 76 (65.0) 41 (35.0) 117
Diabetes Yes 13 (28.3) 33(71.7) 46 <0.001
No 262 (78.0) 74 (22.0) 336
Hypertension Yes 28 (41.2) 40 (58.8) 68 <0.001
No 247 (18.7) 67 (21.3) 314
Hepatomegaly Yes 4 (14.8) 23 (85.2) 27 <0.001
No 271(76.3) 84 (23.7) 355
Liver size Enlarged 4 (14.8) 23 (85.2) 27 <0.001
Normal 268 (76.1) 84 (23.9) 352
Reduced 3 (100.0) 0 (0.0) 3
Echogenicity Increased 2(1.9) 106 (98.1) 108 <0.001
Normal 272 (99.6) 1(0.4) 273
Reduced 1 (100.0) 0(0.0) 1

DISCUSSION

A study was conducted to establish the frequency of fatty liver on ultrasound in patients presenting to
MMC Mardan. In this study, 107 patients out of 382 had fatty liver (frequency 28.0%) and 72.0% did
not have fatty liver on ultrasonography. This suggests that fatty liver is a frequent sonographic finding
among the study population, and reflects a high prevalence of fatty liver disease in patients presenting for
ultrasonography. This finding is within the spectrum reported in many other hospital and regional
studies, in which fatty liver has become a more common incidental or significant finding. (19)

The high prevalence of fatty liver in this study could be attributed to the rising metabolic risk factors, with
recent dietary and lifestyle changes, declining physical activity and increasing obesity and overweight in
the community. The reported prevalence is consistent with the notion that fatty liver disease is no longer
an uncommon liver disease but a common metabolic condition that is often encountered in clinical
practice. The large number of positive cases in the study also highlights the advantages of ultrasonography
as a screening and diagnostic method in low-resource settings (such as public hospitals). (20)

In terms of gender representation, 55.5% of the study subjects were females and 44.5% were males. But,
the incidence of fatty liver was slightly higher in males (32.4%) than females (24.5%). While the difference
between the two genders was not statistically significant, it indicates a male predominance in the
prevalence of fatty liver in the current study. This finding has been reported in several studies in which
males were found to have a higher prevalence of hepatic steatosis, possibly because of different visceral
fat distribution, lifestyle and metabolic characteristics. However, the absence of statistically significant
difference suggests both sexes are significantly affected and that fatty liver disease is an issue of concern
among both males and females. (21)

In this study, most of the patients were in the 21-40 years age group followed by the 41-60 years age group.
The proportion of patients with fatty liver was lowest in the 20 years and below age group, but increased
in the 21-40 years and 41-60 years age groups. While the age groups were not statistically significant for
fatty liver, the observed pattern suggests that fatty liver is more prevalent in adults and middle-aged people.
This finding is not unexpected since metabolic risk factors (obesity, insulin resistance and hypertension)
are more prevalent with increasing age, leading to hepatic fat accumulation. The proportion in the
younger age group may show a lower percentage as the exposure to these metabolic abnormalities is less.
(22)

Notably, the current study showed the body mass index (BMI) status. The majority of patients were
overweight (41.9%) or obese (30.6%) with only 27.2% having normal BMI and one patient being
underweight. Cross-tabulation showed a significant association between BMI category and fatty liver, with
increasing rates (15.4% in normal weight, 31.2% in overweight and 35.0% in obese). This finding is in
accord with the known link between obesity and fatty liver. Obesity, especially abdominal obesity, is
closely associated with insulin resistance and the flux of free fatty acids to the liver, leading to hepatic
steatosis. Therefore, the current study supports the notion that increased BMI is a significant risk factor
for fatty liver in this population. (23)
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The step-wise increase in the frequency of fatty liver across increasing BMI identified in this study also
underscores the importance of overweight as a stepping-stone to obesity. Overweight individuals already
had a significantly higher rate of fatty liver, i.e., prior to developing obesity. This is significant from a
clinical perspective as it suggests that prevention strategies should not be restricted to obese individuals.
Early intervention in overweight patients for diet, exercise and weight loss may have a beneficial effect by
limiting progression of hepatic steatosis and subsequent metabolic complications. (24)

We also found a significant association of diabetes mellitus with fatty liver. In diabetes patients, 71.7%
of patients had fatty liver compared to only 22.0% of non-diabetic patients, with a significant statistical
difference. This is one of the major findings of our study and is in accordance with the known
pathophysiological association between diabetes and fatty liver. Both diseases are linked with insulin
resistance, which is responsible for the increased hepatic lipid influx, defective lipid metabolism and the
progression of liver disease. The fact that a large proportion of patients with diabetes had fatty liver in
this study shows that diabetes is a significant risk factor for hepatic steatosis in patients who report to
MMC Mardan. (25)

The findings of the present study regarding the link between diabetes and fatty liver have clinical
implications. Diabetic patients are routinely assessed for glucose control and blood vessel complications,
while their liver may not be routinely assessed unless they have symptoms. The current study suggests
diabetic patients should be more frequently evaluated for fatty liver, particularly by ultrasonography, to
detect it early. This may enable intervention in the form of weight loss, better glycemic control and
treatment of other metabolic risk factors. (26)

Hypertension was detected in 17.8% of the present study population and was strongly associated with
fatty liver. Hypertensive patients were more likely to have fatty liver (58.8%) than non-hypertensive
patients (21.3%). This finding is consistent with the notion that fatty liver is associated with the metabolic
syndrome. The common pathophysiological mechanisms underlying hypertension and fatty liver include
insulin resistance, endothelial dysfunction, chronic low-grade systemic inflammation and dyslipidemia.
So, the strong correlation found in this study adds to the notion that fatty liver disease is not simply a
localised liver disease, but also a manifestation of a generalised metabolic syndrome. (27)

The presence of hypertension and fatty liver in this study group also has prognostic implications. Such
patients may have an increased risk of developing cardiovascular disease and liver disease in the long term.
Therefore, the presence of fatty liver on ultrasonography may be a valuable clue to identify those patients
who need to be further investigated for blood pressure control and other metabolic assessment. (28)

In terms of liver size, most patients had normal liver size, a few had enlarged liver and very few had
reduced liver size. There was a strong association of fatty liver with liver size where 85.2% of patients with
enlarged liver had fatty liver, while none of the patients with reduced liver was found to have fatty liver.
The findings are expected to show such an association as hepatomegaly is one of the ultrasonographic
features observed in patients with fatty liver. The presence of fat in hepatocytes may lead to hepatomegaly
in the early and moderate phases of fatty liver. Thus, the association between an enlarged liver and fatty
liver in the current study suggests the consistency of the ultrasonographic results. (29)

Likewise, 7.1% of patients had hepatomegaly and it was significantly associated with fatty liver. Fatty liver
was found in 85.2% of patients with hepatomegaly, compared to 23.7% of those without hepatomegaly.
This is an important finding as hepatomegaly is readily identified clinically and by ultrasound and may
be suggestive of hepatic steatosis. This strong association recommends that hepatomegaly be taken
seriously, especially when accompanied by other risk factors for fatty liver, including obesity, diabetes and
hypertension. (30)

Increased echogenicity was the strongest predictor of fatty liver in this study. Echogenicity was increased
in 28.3% of patients, with 98.1% of these patients having fatty liver. However, only 0.4% of patients
without increased echogenicity had fatty liver. This relationship was statistically very significant and is in
full agreement with the sonographic criteria of the diagnosis of fatty liver. Elevated hepatic echogenicity
is due to the build-up of fat in the liver and is one of the main sonographic criteria for the diagnosis of
steatosis. Thus, the strong association here demonstrates the efficacy of sonographic diagnosis of fatty
liver in the patients studied. (31)
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In this study, 72.0% of patients had Grade 0, 23.8% had Grade I and 4.2% Grade 11 fatty liver, whereas
no patient had Grade III fatty liver. This observation suggests that the majority of sonographically
identified cases in the current study were Grade I (mild) disease, with a minor number having Grade II
(moderate) disease, and none having Grade III (severe) disease. The high proportion of Grade I fatty liver
might suggest that many patients were diagnosed with the disease at an early stage. This is good news as
mild steatosis may be treatable, especially with lifestyle changes and metabolic normalisation. (32)

Why there were no patients with Grade III fatty liver in this study could be explained by several factors.
First, severe fatty liver may not be as prevalent in the population being examined. Second, patients with
severe fatty liver may be referred to a hepatology or tertiary medical center, rather than a general
ultrasound department. Third, the study may have focused on a more general population of outpatients
in whom the mild and moderate stages of fatty liver predominate. Whatever the reason, the absence of
Grade I1I fatty liver does not diminish the value of the study findings because even mild and moderate
fatty liver are important to detect and may still progress if not addressed. (33)

The study participants also had a high prevalence of overweight and obesity, which may have played a
significant role in the high prevalence of fatty liver. Given the strong link between obesity and diabetes
and chronic inflaimmation, the fact that many patients were overweight and had diabetes and
hypertension partially explains the prevalence of fatty liver in this hospital cohort. These results highlight
the inter-relationship between metabolic diseases and suggest a holistic approach to patient assessment
rather than a liver-centred approach. (34)

In our population, dyslipidemia and drugs toxic for the liver were reported to be absent in all patients.
As a result, we were unable to examine their association with fatty liver in this study. While these variables
are important in many studies of fatty liver, their absence in the present study may be due to under-
documentation, absence in the subjects studied or the inability to assess the history of the patient. This
needs to be borne in mind when interpreting the current study findings and when designing further
studies. (35)

The current study has several strengths. First, it involved a substantial number of patients (382) and used
the non-invasive and readily available technique of ultrasonography. It also assessed various medical
factors, such as age, sex, body mass index (BMI), diabetes, hypertension, liver size, echogenicity and
hepatomegaly, which may provide insight into other associations with fatty liver in this population. It is
a hospital-based survey from MMC Mardan that offers valuable local insights that may serve to raise
awareness and guide further research. (36)

Clinically, This study's results also have local public-health implications. The high rate of overweight and
obesity in the study population suggests that public health measures to prevent it, including healthy diet,
physical activity, and good metabolic health, are required. The detection of fatty liver in hospital settings
may provide an opportunity for lifestyle modification and preventive measures, but public awareness and
prevention of risk factors are also crucial to minimising the burden of fatty liver in the population. (37)

CONCLUSION

The current study found that fatty liver is a frequent finding on ultrasonography of patients at MMC
Mardan with a prevalence of 28.0%. It was found to be more frequent in mild to moderately diseased
patients as 23.8% of patients had Grade I fatty liver and 4.2% had Grade Il while none of the patients
had Grade III fatty liver. The current study also showed that the prevalence of fatty liver was higher in
those with higher BM], especially overweight and obese individuals, and was significantly associated with
diabetes mellitus, hypertension, hepatomegaly, increased liver size and increased echogenicity of liver on
ultrasonography. While fatty liver was more prevalent in males and middle-aged persons, these differences
were not significant. In summary, the results demonstrate that fatty liver is a major health burden in the
population investigated, and underline the need for early detection by ultrasonography and prompt
identification of metabolic risk factors, to prevent the development of liver disease and complications.

Recommendations

The results of the current study suggest that more frequent use of ultrasonography for early diagnosis of
fatty liver in patients attending tertiary care hospitals, especially obese people, people with diabetes,
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hypertension and other metabolic risk factors should be encouraged. Patients with fatty liver detected on
ultrasonography should be evaluated for any other clinical and metabolic abnormalities so that any
underlying condition can be detected early. More effort should be made to advise lifestyle modification
such as weight loss, healthy diet, regular exercise and control of blood glucose and blood pressure as this
may prevent disease progression in patients with fatty liver. Radiologists and clinicians should also pay
attention to the incidental findings of fatty liver on ultrasound, and report and follow up these findings
accordingly. Also, larger multicentre studies should be undertaken in different parts of the country to
provide larger data from our region and also to investigate other risk factors for fatty liver disease.

Limitations

There are some limitations that need to be taken into account when interpreting the findings of the
current study. First, the present study is a cross-sectional hospital-based study which could only detect
prevalence and association, but not causality, between fatty liver and the examined risk factors. Second,
it is a single centre study and the results may not be entirely representative of the general population.
Third, a diagnosis of fatty liver was made using ultrasonography, which is non-invasive and easy to
perform, but depends on the level of the operator and is less sensitive than liver biopsy or the newer
imaging techniques (magnetic resonance imaging and computed tomography) for the diagnosis of mild
steatosis. Fourth, we did not include some of the important variables, including serum lipid profile, liver
function tests, waist circumference, dietary habits, physical activity and alcohol intake. Last, there were
no cases of dyslipidemia and hepatotoxic drugs in the dataset; this prevented exploration of their impact
on fatty liver.
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