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ABSTRACT 
Background: Non-alcoholic fatty liver disease (NAFLD) is one of the most prevalent causes of chronic liver disease worldwide, with a 

rising incidence in developing countries. In Pakistan, the estimated prevalence ranges from 14-47%. Studies have shown that NAFLD 

is also not uncommon among the non-obese lean population. 

Objective: The aim of this study was to evaluate the factors predictive of non-alcoholic fatty liver disease in a non-obese Pakistani 

population, defined by a body mass index (BMI) of less than 23 kg/m². 

Methods: This cross-sectional study was conducted at the Department of Hepatogastroenterology, Sindh Institute of Urology and 

Transplantation from November 1, 2020, to October 31, 2021. A total of 194 patients with BMI < 23 kg/m² presenting with abdominal 

pain were included. Exclusion criteria were viral hepatitis, significant alcohol intake, hepatocellular carcinoma, or other malignancies. 

Data collection involved recording demographic information, medical history, and clinical parameters. Ultrasound abdomen 

examinations were performed after 8-10 hours of fasting to diagnose NAFLD. Clinical assessments included history of hypertension 

and smoking, and laboratory tests such as liver function tests, fasting blood sugar levels, and lipid profiles. The primary outcome was 

the presence of fatty liver on ultrasound. Statistical analysis was conducted using SPSS version 25.0. Continuous variables were 

analyzed using the Student t-test and categorical variables using the Chi-square test. Significant variables in univariate analysis 

underwent multivariate logistic regression to identify independent predictors of lean NAFLD. A p-value ≤ 0.05 was considered 

significant. 

Results: Out of the 194 patients, 107 (55.2%) were females. The mean age was 36.1 ± 9.6 years, and the mean BMI was 21 ± 1.7 

kg/m². NAFLD was detected in 48 (24.7%) patients. Among the study population, 78 (40.2%) were hypertensive, 40 (20.6%) were 

diabetic, 49 (25.3%) were smokers, and 54 (27.8%) had increased triglyceride levels. Decreased HDL-C levels were observed in 72 

(37.1%) patients. Univariate analysis identified hypertension (p ≤ 0.001), diabetes (p ≤ 0.001), smoking (p ≤ 0.001), 

hypertriglyceridemia (p ≤ 0.001), and decreased HDL-C levels (p ≤ 0.001) as significant factors. Multivariate logistic regression 

showed that diabetes (OR: 9.4, p = 0.037), smoking (OR: 46.4, p ≤ 0.001), hypertriglyceridemia (OR: 4.75, p = 0.016), and decreased 

HDL-C levels (OR: 36.8, p ≤ 0.001) were independently associated with lean NAFLD. 

Conclusion: Non-obese individuals with a BMI less than 23 kg/m² can develop NAFLD and related complications. The study identified 

diabetes, smoking, hypertriglyceridemia, and decreased HDL-C levels as significant predictors of lean NAFLD. Further studies are 

needed to enhance the understanding of the disease's risk factors and behavior in this population. 

Keywords: Non-alcoholic fatty liver disease, lean NAFLD, body mass index, diabetes, smoking, hypertriglyceridemia. 
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INTRODUCTION 
Non-alcoholic fatty liver disease (NAFLD) is characterized by hepatic steatosis identified either through imaging or histology in the 

absence of significant alcohol consumption, use of steatogenic medications, or hereditary disorders (1). NAFLD encompasses a 

spectrum ranging from simple steatosis to non-alcoholic steatohepatitis (NASH) with or without fibrosis, and cirrhosis (2). The global 

prevalence of NAFLD is approximately 25%, with variability observed across different regions, including 15-45% in Asian countries 

(3, 4). In Pakistan, the prevalence estimates range between 14-47%, indicating a significant burden (5-8). Traditionally, NAFLD is 

closely associated with obesity, diabetes mellitus, dyslipidemia, and metabolic syndrome (9, 10). Body mass index (BMI) is a key 

parameter in assessing obesity and is considered an important predictor of NAFLD (11). However, it is noteworthy that South Asians, 

compared to their European counterparts, tend to have higher body fat percentages, particularly abdominal fat, which increases the 

risk of metabolic syndrome even at lower BMI levels (12, 13). This disparity suggests that BMI may not be a fully accurate measure 

of body adiposity in the Asian population. 

Several studies have highlighted the occurrence of NAFLD in individuals with low BMI, a phenomenon observed in South Asia as 

well. For instance, Das et al. reported a 5.1% prevalence of lean NAFLD in a community-based study, despite the majority of 

participants having a BMI below 25 kg/m2 (17). In Pakistan, Abbas et al. documented a 15.3% prevalence of NAFLD in a hepatitis 

awareness program, where 22.5% of the population had a BMI below 25 kg/m2, although a higher BMI cut-off was used (5). A study 

by Khan RTY et al. revealed that approximately 33% of the non-obese Pakistani population presented with NAFLD, further 

underscoring the significance of lean NAFLD (18). These findings highlight the need for a nuanced understanding of NAFLD 

prevalence among non-obese individuals in Pakistan, using the Asian population standard BMI cut-off of less than 23 kg/m2. 

Given the multifactorial nature of NAFLD, which encompasses various metabolic and cardiovascular risk factors, it is crucial to explore 

these associations in the context of lean individuals. Studies have shown that even with a low BMI, Asians possess a higher 

percentage of body fat, which may contribute to NAFLD development (14-16). The interplay between visceral adiposity and 

metabolic disorders like diabetes and hypertension has been well-documented, suggesting that these factors may be pertinent even 

in non-obese individuals (20-22). This association is particularly relevant in the Asian population, which exhibits a higher 

predisposition to insulin resistance and type 2 diabetes at lower BMI thresholds compared to other ethnic groups (25, 26). 

Therefore, this study aims to determine the factors predictive of NAFLD in the non-obese Pakistani population, defined by a BMI of 

less than 23 kg/m2. The study focuses on identifying the metabolic and lifestyle variables that may contribute to NAFLD in this 

demographic, thereby providing a comprehensive understanding of the disease's behavior in a population that is not typically 

associated with obesity. Identifying these factors is critical for early diagnosis and intervention, which could mitigate the risk of 

progression to more severe liver conditions such as cirrhosis. By addressing the gap in current knowledge regarding lean NAFLD in 

Pakistan, this research seeks to contribute to the broader epidemiological understanding of NAFLD and inform targeted public health 

strategies. 

MATERIAL AND METHODS 
This descriptive, cross-sectional study was conducted at the Department of Hepatogastroenterology, Sindh Institute of Urology and 

Transplantation (SIUT), from November 1, 2020, to October 31, 2021. The study population included patients of either gender, aged 

18-70 years, who presented with abdominal pain and had a body mass index (BMI) less than 23 kg/m2. Patients with a history of 

viral hepatitis, significant alcohol intake, hepatocellular carcinoma, or any other malignancy were excluded to ensure the specificity 

of the study for non-alcoholic fatty liver disease (NAFLD). 

Ethical approval for the study was obtained from the Ethical Review Committee of SIUT (approval number: ERC-SIUT-217), and all 

participants provided informed consent in accordance with the Declaration of Helsinki. Data collection involved recording 

demographic information, medical history, and relevant clinical parameters. Ultrasound abdomen examinations were performed by 

a single consultant radiologist with over five years of experience to minimize inter-observer variation. The ultrasound examinations 

utilized the TOSHIBA Aplio 50 model (MCM17545TS) and were conducted after ensuring a fasting period of at least 8-10 hours. 

NAFLD was defined by the presence of a hyperechoic liver on ultrasound. 

Clinical assessments included recording the history of hypertension and smoking. Laboratory investigations were performed at the 

time of presentation and included liver function tests, fasting blood sugar levels, and fasting lipid profiles. The primary outcome was 

the presence or absence of fatty liver on ultrasound. Continuous variables were expressed as mean ± standard deviation, while 

categorical variables were presented as frequencies and percentages. 

Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) version 25.0. Continuous variables were 

analyzed using the Student t-test, while categorical variables were analyzed using the Chi-square test. Variables that were statistically 
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significant on univariate analysis underwent multivariate logistic regression analysis to identify independent predictors of lean 

NAFLD. A p-value of ≤ 0.05 was considered statistically significant. 

A total of 194 patients with a BMI of less than 23 kg/m2 were included in the study. Of these, 107 (55.2%) were females and 87 

(44.8%) were males, with a mean age of 36.1 ± 9.6 years. The mean BMI was 21 ± 1.7 kg/m2. The socioeconomic status of the 

participants was predominantly middle class, with 127 (65.5%) patients. On ultrasound, 48 (24.7%) patients were diagnosed with 

NAFLD. The prevalence of hypertension, diabetes, and smoking was recorded as 40.2%, 20.6%, and 25.3%, respectively. Additionally, 

27.8% of the patients had increased triglyceride levels, while 37.1% had decreased high-density lipoprotein (HDL) levels. 

The univariate analysis identified hypertension, diabetes, hypertriglyceridemia, decreased HDL levels, and elevated alanine 

transaminase (ALT) levels as significant factors associated with NAFLD. However, multivariate logistic regression analysis revealed 

that diabetes, smoking, hypertriglyceridemia, and decreased HDL levels were independently associated with lean NAFLD. The study's 

findings underscore the importance of recognizing and addressing these risk factors in the non-obese Pakistani population to 

mitigate the risk of NAFLD and its potential complications. 

RESULTS 
A total of 194 patients with a BMI less than 23 kg/m2 were included in the study. Of these, 107 (55.2%) were females and 87 (44.8%) 

were males. The mean age of the patients was 36.1 ± 9.6 years, and the mean BMI was 21 ± 1.7 kg/m2. The socioeconomic status 

of the participants predominantly fell within the middle class, comprising 127 (65.5%) patients. 

On ultrasound examination, NAFLD was detected in 48 (24.7%) patients. The distribution of clinical characteristics and laboratory 

findings in the study population is presented in Table 1. Among the participants, 78 (40.2%) were hypertensive, 40 (20.6%) were 

diabetic, and 49 (25.3%) were smokers. Additionally, increased triglyceride levels were noted in 54 (27.8%) patients, while decreased 

high-density lipoprotein (HDL) levels were observed in 72 (37.1%) patients. 

 

Table 1: Baseline Characteristics of Study Population 

Characteristic Total (n=194) NAFLD Present (n=48) NAFLD Absent (n=146) p-

value 

Gender 
    

- Male 87 (44.8%) 17 (35.4%) 70 (47.9%) 0.130 

- Female 107 (55.2%) 31 (64.6%) 76 (52.1%) 
 

Socioeconomic Class 
    

- Upper class 26 (13.4%) 8 (16.7%) 18 (12.3%) 0.476 

- Middle class 127 (65.5%) 28 (58.3%) 99 (67.8%) 
 

- Lower class 41 (21.1%) 12 (25.0%) 29 (19.9%) 
 

Smoking 
    

- Yes 49 (25.3%) 35 (73.0%) 14 (9.6%) ≤0.001 

- No 145 (74.7%) 13 (27.0%) 132 (90.4%) 
 

Hypertension 
    

- Yes 78 (40.2%) 30 (62.5%) 48 (32.9%) ≤0.001 

- No 116 (59.8%) 18 (37.5%) 98 (67.1%) 
 

Diabetes 
    

- Yes 40 (20.6%) 24 (50.0%) 16 (11.0%) ≤0.001 

- No 154 (79.4%) 24 (50.0%) 130 (89.0%) 
 

Hypertriglyceridemia 
    

- Yes 54 (27.8%) 32 (66.7%) 22 (15.1%) ≤0.001 

- No 140 (72.2%) 16 (33.3%) 124 (84.9%) 
 

Decreased HDL-C levels 
    

- Yes 72 (37.1%) 36 (75.0%) 36 (24.7%) ≤0.001 

- No 122 (62.9%) 12 (25.0%) 110 (75.3%) 
 

Mean Age (years ± S.D) 36.1 ± 9.6 35.4 ± 8.5 36.3 ± 10 0.570 

Hemoglobin (g/dL ± S.D) 13 ± 1.2 12.9 ± 1.1 13.1 ± 1.3 0.321 

Total Leucocyte Count (x10^9/L ± S.D) 4.5 ± 4.2 4.8 ± 4.3 4.3 ± 4.1 0.473 
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Characteristic Total (n=194) NAFLD Present (n=48) NAFLD Absent (n=146) p-

value 

Platelet Count (x10^9/L ± S.D) 299 ± 135 295 ± 136 301 ± 134 0.764 

Total Bilirubin (mg/dL ± S.D) 0.77 ± 0.35 0.69 ± 0.26 0.79 ± 0.37 0.080 

Aspartate Transaminase (IU ± S.D) 33.4 ± 33 41.1 ± 59.7 30.8 ± 15.9 0.650 

Alanine Transaminase (IU ± S.D) 44.4 ± 24.3 51 ± 34.6 42 ± 19.4 0.030 

Alkaline Phosphatase (IU ± S.D) 126.9 ± 67.5 147.6 ± 119.1 120 ± 35 0.020 

Gamma-Glutamyl Transferase (IU ± S.D) 35.7 ± 40.2 36 ± 72 35.6 ± 20.8 0.956 

Univariate analysis identified hypertension, diabetes, smoking, hypertriglyceridemia, decreased HDL levels, and increased alanine 

transaminase (ALT) levels as significantly associated with the presence of fatty liver in non-obese patients. These associations are 

detailed in Table 2. 

 

Table 2: Comparison of Variables in Predicting NAFLD in Non-obese Population 

Variable Fatty Liver Present (n=48) Fatty Liver Absent (n=146) p-value 

Hypertension 30 (62.5%) 48 (32.9%) ≤0.001 

Diabetes 24 (50.0%) 16 (11.0%) ≤0.001 

Smoking 35 (73.0%) 14 (9.6%) ≤0.001 

Hypertriglyceridemia 32 (66.7%) 22 (15.1%) ≤0.001 

Decreased HDL-C levels 36 (75.0%) 36 (24.7%) ≤0.001 

Alanine Transaminase (ALT) 51 ± 34.6 IU 42 ± 19.4 IU 0.030 

Alkaline Phosphatase 147.6 ± 119.1 IU 120 ± 35 IU 0.020 

Multivariate logistic regression analysis revealed that diabetes, smoking, hypertriglyceridemia, and decreased HDL levels were 

independently associated with lean NAFLD, as shown in Table 3. 

 

Table 3: Multivariate Logistic Regression Analysis of Independent Predictors of NAFLD in Non-obese Population 

Variable p-value Odds Ratio 95% Confidence Interval 

Diabetes 0.037 9.4 1.1 – 76.5 

Smoking ≤0.001 46.4 8.4 – 256.2 

Hypertriglyceridemia 0.016 4.75 1.3 – 16.9 

Decreased HDL-C levels ≤0.001 36.8 6.2 – 218.5 

These findings indicate that in a non-obese Pakistani population, diabetes, smoking, hypertriglyceridemia, and decreased HDL levels 

are significant predictors of NAFLD. These results underscore the importance of monitoring these factors to identify individuals at 

risk and to implement early interventions to prevent the progression of NAFLD and its associated complications. 

DISCUSSION 
The study demonstrated a notable prevalence of non-alcoholic fatty liver disease (NAFLD) among non-obese individuals in a Pakistani 

population, with significant associations identified between lean NAFLD and factors such as diabetes, smoking, hypertriglyceridemia, 

and decreased HDL-C levels. These findings align with previous research highlighting that NAFLD is not confined to obese populations 

but also affects individuals with a lower body mass index (BMI) (1). This study contributed to the understanding of lean NAFLD, 

emphasizing the need for vigilance in non-obese individuals who may be at risk of developing this condition. 

The prevalence of lean NAFLD observed in this study (24.7%) was higher than previously reported figures in other Asian populations. 

For instance, Das et al. found a 5.1% prevalence of lean NAFLD in an Indian community-based study (17). The higher prevalence in 

this Pakistani cohort underscores regional variations and potentially different genetic or lifestyle factors contributing to the 

development of NAFLD. Additionally, the findings are consistent with studies showing that South Asians have a higher propensity for 

visceral adiposity and metabolic abnormalities, even at lower BMI thresholds (12, 13). 

The independent association of diabetes with lean NAFLD observed in this study is consistent with the literature, where insulin 

resistance and type 2 diabetes mellitus (T2DM) are well-documented risk factors for NAFLD (25, 26). The significant correlation 

between smoking and NAFLD also corroborates findings from studies in Japanese and Chinese populations, where smoking was 

associated with an increased risk of fatty liver disease (30, 32). Hypertriglyceridemia and decreased HDL-C levels as independent 

predictors further highlight the role of dyslipidemia in the pathogenesis of NAFLD, aligning with previous research (33, 34). 
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This study had several strengths, including a well-defined cohort of non-obese individuals and the use of ultrasound, a non-invasive 

and widely available diagnostic tool, to detect hepatic steatosis. The inclusion of a comprehensive set of metabolic parameters 

allowed for a detailed analysis of potential risk factors. However, the study also had limitations. The cross-sectional design precluded 

the establishment of causality. The reliance on ultrasound for diagnosing NAFLD, while practical, may not be as definitive as liver 

biopsy, which remains the gold standard (35, 36). Additionally, the single-center nature of the study and the relatively small sample 

size limit the generalizability of the findings. Selection bias may also have influenced the results, as the study was conducted in a 

tertiary care setting, potentially skewing the sample towards more severe cases. 

Future research should focus on longitudinal studies to elucidate the causal pathways linking these risk factors to lean NAFLD. Larger, 

multicenter studies could provide more generalizable data and help identify regional variations in the prevalence and risk factors of 

lean NAFLD. Moreover, incorporating more advanced imaging techniques and biomarkers could enhance diagnostic accuracy and 

provide deeper insights into the disease's pathophysiology. 

The study highlighted the importance of recognizing lean NAFLD as a significant clinical entity. Healthcare providers should be aware 

that non-obese individuals are not immune to NAFLD and should consider screening for NAFLD in patients with diabetes, smoking 

habits, hypertriglyceridemia, or low HDL-C levels. Early identification and management of these risk factors are crucial to preventing 

the progression of NAFLD and its complications, such as cirrhosis and hepatocellular carcinoma. 

CONCLUSION 
In conclusion, this study provided valuable insights into the prevalence and predictors of lean NAFLD in a Pakistani population. It 

underscored the importance of metabolic health, even in individuals with a lower BMI, and highlighted the need for further research 

to improve the understanding and management of lean NAFLD. Recognizing and addressing this condition is essential for mitigating 

its long-term health impacts and improving patient outcomes. 
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