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Abstract

Introduction: Steatotic liver disease (SLD) is an umbrella term that represents unified terminology
encompassing metabolic (MASLD, MASH), alcohol-related (MetALD, ALD) and overlapping
aetiologies of steatosis, indicating the starting point of diagnosis being the feature of steatosis,
regardless of aetiology. Recent advancements in understanding its pathophysiology have led to
renaming of NAFLD to metabolic-dysfunction associated steatotic liver disease (MASLD). It is
classified as a subcategory of SLD. Its prevalence is increasing in India, especially among young
adults due to urbanization and lifestyle changes. This study aims to assess the prevalence and risk
factors of SLD among university students in Chennai.

Materials & Methods: A cross-sectional study was conducted among university students in
Chennai, India. Data on demographics, lifestyle, and dietary habits were collected via
questionnaires. Liver stiffness (LSM) and steatosis (CAP) were assessed using transient
elastography. Steatosis and fibrosis were diagnosed and graded based on CAP and LSM values.
Results: The study included 250 university students with a mean age of 24.3 + 1.98 years, 52.4% of
whom were female. Among participants, 40.8% were overweight, 6.8% obese, and the prevalence of
SLD was 19.6%. Students with steatosis had higher BMI and low level of physical exercise.
Significant positive correlations were found between CAP and LSM with BMI.

Conclusion: Our findings highlight a high prevalence of steatosis (19.6%) in healthy young
individuals, emphasising the need for early diagnosis and targeted lifestyle interventions to address
modifiable factors like higher BMI and low physical activity.

Keywords: Steatotic liver disease (SLD), MASLD, Metabolic-dysfunction associated steatotic liver
disease, Transient elastography (TE), Obesity, University students

Introduction

Non-alcoholic fatty liver disease (NAFLD) is defined as the abnormal deposition of fat within the
cytoplasm of hepatocytes (exceeding 5% of liver weight) in patients without a history of significant
alcohol consumption.? Recent advancements in understanding its pathophysiology have led to the
renaming of NAFLD to metabolic-dysfunction associated steatotic liver disease (MASLD). It is
subclassified under an umbrella term known as steatotic liver disease (SLD). MASLD is defined as
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SLD in presence of one or more cardiometabolic risk factors, and the absence of harmful alcohol
intake.? The updated definition fully includes all patients who were previously classified as having
NAFLD.? The term steatotic liver disease (SLD) was adopted to unify the classification and reduce
stigma. This new term underscores steatosis as a central feature and the starting point of diagnosis
being the feature of steatosis, regardless of the aetiology.* SLD is a spectrum of liver conditions,
including simple steatosis and steatohepatitis. MASH (previously known as NASH) is a more
advanced, inflammatory form of MASLD, associated with a higher risk of fibrosis, end-stage liver
disease, and cardiovascular mortality.®

SLD prevalence is rising globally, affecting about 38% of adults.? In India, urbanization, dietary
changes, and sedentary lifestyles have increased its incidence, especially among young adults. This
population is often considered "healthy," but the presence of SLD could pose a significant public
health issue and burden healthcare systems in the region. University students, a key segment of the
young adult population, are exposed to lifestyle factors such as poor dietary habits, high stress, and
sedentary behaviours, which may predispose them to develop liver steatosis. ® However, limited
data exist on the prevalence and risk factors of steatotic liver disease among university students in
India, especially in cities like Chennai.

Liver biopsy remains the reference standard for diagnosing SLD; however, its invasiveness limits its
use as a screening tool in healthy individuals.”® Consequently, non-invasive tests like ultrasound is
widely used in suspected cases of fatty liver.>!® Ultrasound parameters to detect the presence and
grade hepatic steatosis include increased echogenicity of the liver in comparison to spleen and right
kidney, blurring of intravascular structures, deep attenuation of ultrasound signal, and difficulty in
distinguishing the diaphragm from the posterior surface of the liver. However, the accuracy of
ultrasound is limited in patients with hepatic steatosis of less than 30%, and overall subjective
interpretation.!* Advanced non-invasive imaging methods like CT, MRI, and proton MR
spectroscopy have also been studied for SLD screening.!? Recently, the controlled attenuation
parameter (CAP) measured by transient elastography (TE) has gained interest as a non-invasive
imaging based marker for hepatic steatosis, as it can identify less severe steatosis compared to
traditional ultrasound.**®

To date, there have been few studies published on the prevalence of steatosis in healthy subjects in
India. In this study, we assessed the prevalence of steatotic liver disease and its associated risk
factors in university students in Chennai.

Materials And Methods

Study Design and Setting: A cross-sectional study was conducted among university students aged
between 18 to 30 years in Chennai, India after getting approval from institutional ethics committee.
Study population: Participants were selected through systematic sampling. Informed consent was
obtained from each participant before enrolment, ensuring voluntary participation.

Inclusion Criteria

— University students aged 18-30 years

— Students of any gender.

— Currently enrolled in Sri Ramachandra Institute of higher education and research, Chennai, Tamil
Nadu.

— Willing to participate and capable of providing informed consent.

Exclusion Criteria
— Students with known liver diseases or any significant medical conditions that could impact liver
health.

Data Collection: Data were collected using structured questionnaires, which gathered information
on demographics, lifestyle factors, and dietary habits. Body Mass Index (BMI) was categorized into
underweight, normal weight, overweight, and obese according to WHO guidelines. Transient
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elastography was performed to obtain liver stiffness measurement (LSM) and controlled attenuation
parameter (CAP) values, which indicated liver fibrosis and steatosis levels, respectively.

Table 1: Grade of hepatic steatosis and fibrosis**
CAP (dB/m) | Grade of steatosis
<248 SO (Normal)
24810 <268 | S1 (Mild)

268 to <280 | S2 (Moderate)

>280 S3 (Severe)
LSM (kPa) | Grade of Fibrosis
<79 FO—F1 (Normal)

7.9t0<8.8 | F2(Mild)
8.8t0 <11.7 | F3 (Moderate)
>11.7 F4 (Severe)

Diagnosis and Grading: Steatosis and fibrosis were assessed based on CAP and LSM values. CAP
values helped determine the presence and grading of liver steatosis, while LSM values were used to
grade fibrosis.

Statistical Analysis: Data analysis was performed using Epi info version 7.1.4.0 . Descriptive
statistics, such as means and standard deviations, were calculated for continuous variables.
Independent sample t-tests and chi-square tests were used to compare characteristics between
students with and without steatosis. Correlation analyses (Pearson correlation = r) examined the
relationships between CAP, LSM, and BMI. Statistical significance was set at a p-value < 0.05.

Result

The mean age of the study participants was 24.3 £ 1.98 years. Out of 250 students, 52.4% were
female (n = 131) and 47.6% were male (n = 119). The mean BMI was 23.4 *+ 4.53, with 10.4%
classified as underweight (n = 26), 42% having a normal BMI (n = 105), 40.8% being overweight (n
= 102), and 6.8% classified as obese (n = 17). A high proportion of students, 58.0 % (n = 145) had
sedentary life style, and 42% (n = 105) engaged in regular exercise (Table 2).

The liver stiffness measurement (LSM) had a mean of 5.01 + 0.92 kPa, and the controlled
attenuation parameter (CAP) averaged 210.4 + 38.2 dB/m. The prevalence of steatosis in this
population was 19.6% (n = 49). The degree of liver steatosis was graded as 0 in 81.6% (n = 201) of
participants, grade 1 in 8.8% (n = 22), grade 2 in 4.4% (n = 11), and grade 3 in 6.4% (n = 16). As
for fibrosis, 62% (n = 155) had no fibrosis, while fibrosis stages 1, 2, and 3 were found in 28% (n =
70), 7.2% (n = 18), and 2.8% (n = 7), respectively (Table 2).

The study compared various characteristics between university students with no steatosis (n = 201)
and those with steatosis (n = 49). The mean age was slightly higher in the steatosis group (25.1
1.00 years) compared to the non-steatosis group (23.2 £ 1.01 years), though the difference was not
statistically significant (p = 0.26). Gender distribution was similar between the two groups, with
females constituting 51.7% and 55.1% in the no steatosis and steatosis groups, respectively (p =
0.75). BMI was significantly higher in the steatosis group (27.2 + 8.65 kg/m?) compared to the non-
steatosis group (21.2 = 5.21 kg/m?) (p < 0.0001). The prevalence of overweight and obesity was
more pronounced in the steatosis group, with 49% overweight and 14.3% obese, compared to 38.8%
overweight and 5% obese in the no steatosis group. Sedentary life style was more common in the
steatosis group (69.4% vs. 55.2%, p = 0.07) (Table 3).
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Table 2: Characteristics of stud

participants

Characteristics Mean + SD, n (%)
Age (years) 24.3+1.98
Gender

— Female 131 (52.4%)
— Male 119 (47.6%)
BMI (kg/m?) 23.4 + 453
— Underweight (<18.5 kg/m?) 26 (10.4%)
— Normal weight (18.5 to 22.9 kg/m?2) | 105 (42%)
— Overweight (23.0 to 24.9 kg/m?) 102 (40.8%)
— Obese (>25 kg/m?) 17 (6.8%)
Lifestyle habits

— Sedentary life style 145 (58.0%)
— Exercise 105 (42%)
LSM (kPa) 5.01+ 0.92
CAP (dB/m) 210.4 £ 38.2
Liver steatosis 49 (19.6%)
Degree

— Grade 0 201 (81.6%)
— Grade 1 22 (8.8%)

— Grade 2 11 (4.4%)

— Grade 3 16 (6.4%)
Fibrosis degree

— Grade 0 155 (62%)
— Grade 1 70 (28%)

— Grade 2 18 (7.2%)

— Grade 3 7 (2.8%)

Table 3: Comparison of characteristics between students with and without steatosis

Characteristics No steatosis (n=201) | Steatosis (n=49) | p value
Age (years) 23.2+1.01 25.1+1.00 0.26
Gender
- Female 104 (51.7%) 27 (55.1%) 0.75
- Male 97 (48.3%) 22 (44.9%)
BMI (kg/m?) 21.2+5.21 27.2 £ 8.65 <0.0001
- Underweight (<18.5 kg/m?) 22 (10.9%) 4 (8.2%)
— Normal weight (18.5 to 22.9 kg/m?) | 89 (44.3%) 16 (32.7%) <0.0001
— Overweight (23.0 to 24.9 kg/m?) 78 (38.8%) 24 (49%) '
— Obese (>25 kg/m?) 10 (5%) 7 (14.3%)
Life style habits
— Exercise regularly 90 (44.8%) 15 (30.6%) 0.07
- Sedentary life style 111 (55.2%) 34 (69.4%)
Table 4: Correlation between CAP, LSM, and BMI

Parameter Correlation coefficient (r), p value

CAP v/s BMI | r=0.42, P<0.001

LSM v/s BMI | r=0.32, p- 0.001
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CAP showed a moderate correlation with BMI (r = 0.42, p < 0.001). Likewise, LSM was
moderately correlated with BMI (r =0.32, p = 0.001) (Table 4).

Discussion

SLD is often asymptomatic until advanced stages, making screening increasingly important. The
starting point of diagnosis is the feature of steatosis, regardless of the aetiology.* Ultrasound is
widely accessible and cost-effective for detecting moderate to severe steatosis but lacks sensitivity
for mild steatosis and is operator-dependent.!® Transient elastography (Fibroscan) provides
quantitative CAP measurements with greater sensitivity for early steatosis. It also evaluates liver
stiffness, aiding fibrosis detection.'#

Characteristics of study participants

This study on prevalence of steatotic liver disease among university students in Chennai, India,
found a young cohort with a mean age of 24.3 £+ 1.98 years. Of the participants, 52.4% were female,
similar to the 54.1% female distribution in study of Tomah et al.> Mean BMI 23.4 + 4.53. Notably,
40.8% were overweight, and 6.8% were obese, suggesting that elevated BMI may contribute to
early steatotic changes, as seen in other studies linking higher BMI to increased fatty liver risk in
youth.

Prevalence of Hepatic steatosis

This study found a 19.6% prevalence of steatosis among young adults, comparable to the UK rate of
20.7%.%" Tomah et al.> from Egypt reported a higher prevalence of 31.6%, linked to greater obesity
rates in Egypt. Similarly, a Middle Eastern meta-analysis noted a 31.8% prevalence'®, while Kaya et
al. reported 23.2% among healthy students. In contrast, Okur et al.* found only 10.6% prevalence
among male participants, and Nastasa et al.?° observed 17.4% among medical students, highlighting
regional and lifestyle influences on SLD rates.

Severity of Hepatic steatosis

In our study, the mean controlled attenuation parameter (CAP) was 210.4+38.2 dB/m, 8.8% had
mild steatosis (grade 1), 4.4% moderate steatosis (grade 2), and 6.4% severe steatosis (grade 3).
Fibrosis staging revealed that stages F1, F2, and F3 fibrosis were found in 28%, 7.2%, and 2.8% of
participants, respectively.

Tomah et al.® reported a median CAP of 211.4 dB/m, with 31.6% showing steatosis (S1 or greater),
57.9% of whom had severe steatosis (S3). Kaya et al.! found a mean LSM of 4.7 + 0.9 kPa and CAP
of 205.6 + 43.8 dB/m, with 23.2% steatosis prevalence. Nastasa et al.?° observed a 17.4% steatosis
prevalence, a mean CAP of 215.76 + 48.38 dB/m, and significant steatosis (S2-S3) in 56.8% of
cases. They also reported fibrosis with 31.9% in F1, 2.4% in F2, and 0.7% in F3, with a mean LSM
of 5.29 + 1.35 kPa.

Factor associated with Hepatic steatosis

Age and Gender: In this study, age (p = 0.26) and gender (p = 0.75) were not significantly
associated with hepatic steatosis. In contrast, Tomah et al.® reported an age-related increase in SLD
prevalence, while Nastasa et al.?% found a higher steatosis prevalence among males (p = 0.026).

Lifestyle factors: In this study, lifestyle factors like sedentary life style (p = 0.07) showed no
significant association with steatosis. Similarly, Tomah et al.> found no association between lifestyle
habits and steatosis. Another study showed that NAFLD risk is linked to unhealthy dietary choices,
reduced fresh food intake, obesity, and food environment factors, including greater reliance on
processed foods and restaurants.’X However, a large multicenter study in Hispanic/Latino
populations found no association between lifestyle or socioeconomic factors and NAFLD.?
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Obesity: In this study, BMI was significantly higher in the steatosis group (27.2 £ 8.65 kg/m?)
compared to the non-steatosis group (21.2 £ 5.21 kg/m?) (p < 0.0001), with 49% of participants in
the steatosis group classified as overweight and 14.3% as obese, versus 38.8% and 5%, respectively,
in the non-steatosis group. Tomah et al.® similarly found that BMI and adiposity were independent
predictors of steatosis, with BMI category significantly associated with steatosis risk (AOR: 13.87;
95% Cl: 4.41-43.6, p < 0.0001). In line with these findings, Kaya et al.! observed that CAP scores
correlated with BMI (r = 0.40, p < 0.001), waist circumference (r = 0.39, p < 0.001), and hip
circumference (r = 0.34, p < 0.001); however, in multivariable analysis, only BMI maintained an
independent association with CAP (B = 0.36, p < 0.001). Nastasa et al.?° also found significant
associations between hepatic steatosis and BMI (p < 0.001), waist circumference (p < 0.001), waist-
to-height ratio (p < 0.001), weight (p < 0.001), and male gender (p = 0.03).

Correlation of CAP and LSM with anthropometric measures

In this study, CAP showed moderate correlations with BMI (r = 0.42, p < 0.001) and LSM was
moderately correlated with BMI (r = 0.32, p = 0.001). Nastasa et al.?° found similar correlations for
CAP and LSM with BMI.

Strengths and weaknesses

This study evaluates steatosis prevalence among young, apparently healthy university students in
Chennai, emphasizing early detection and modifiable risk factors like BMI and physical activity. It
uses transient elastography (CAP and LSM) for non-invasive assessment, providing objective
grading of steatosis and fibrosis. The systemic sampling and adequate sample size enhance
generalizability.

The cross-sectional design limits causal inference between risk factors and SLD. Self-reported data
on lifestyle may introduce bias. The study excludes other hepatic or systemic comorbidities,
potentially underestimating associations. It does not subclassify SLD into MASLD, MetALD,
MASH or ALD, limiting etiological insights. Key cardiometabolic risk factors such as insulin
resistance and dyslipidemia were not assessed as restricting metabolic associations. Dietary patterns
and alcohol intake were not evaluated, making it difficult to distinguish between metabolic and non-
metabolic contributors. Despite these limitations, this study highlights the need for early screening
and targeted interventions in young adults.

Conclusion

Our findings indicate a high prevalence of steatosis (19.6%) among young individuals, emphasizing
the importance of early diagnosis in this population. Higher BMI and lower levels of physical
activity were more common among those with steatosis, highlighting the need for targeted lifestyle
interventions to address these modifiable risk factors.
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