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 Nowadays, it is well known that metabolic factors play the most 

prominent role in explaining why many people develop fatty livers. As 

too much fat is stored in the liver cells due to a reason other than 

alcohol, it is called; Non-alcoholic fatty liver disease. There is a strong 

link between non-alcoholic fatty liver disease and obesity, body response 

to insulin, hypertension, and unhealthy levels of blood lipids. To 

evaluate the magnitude and clinical profiles, metabolic profiles, and 

fibrosis severity of patients with lean NAFLD in comparison to 

overweight or obese NAFLD. The study had been conducted on 100 

patients with NAFLD, who attended the Tropical Medicine Department 

outpatient clinic, Minia University Hospital, Minia, Egypt, during the 

period from August 2019 to January 2022. The metabolic syndrome 

tended to be less common in lean NAFLD patients compared to obese 

NAFLD (66% vs. 92%). However, at least one criterion of metabolic 

syndrome was seen in majority (89%, 24/27) of lean NAFLD patients. 

Non-Alcoholic Fatty Liver Disease - Liver Fat Score (NAFLD-LFS) was 

of highly significant value (p < .003) in comparing between the obese 

and lean groups. TGA and LDL levels were found to be high in obese 

patients than lean patients and this reflected the significant statistical 

value (p <.001) and (p <003) respectively. Elevated serum uric acid level 

was an independent risk factor for NAFLD with significant (p value 

<.001). Non-alcoholic fatty liver is a multifactorial faulty metabolic state 

which isn’t related only to obese, diabetic nor hypertensive patients. 

Metabolic impairment is the key word to relate between a fatty liver and 

other affected body systems. In absence of proper liver biopsy Liver Fat 

Score (NAFLD- LFS) is of great importance with good significant 

analytical value to detect NAFLD specially if combined with abdominal 

ultrasound. 
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1. Introduction 

Non-alcoholic fatty liver disease (NAFLD) is a fatty liver disease in which too much fat is stored in the 

liver cells [1]. As alcohol was by far the most common and best-known cause of steatosis at the time, this 

disease was called non-alcoholic [2], [3]. A healthy human liver hence contains few or no fat droplets. If 

there are fat droplets in more than 5% of the liver cells, this is considered as abnormal or pathological. In 

people with NAFLD, more than 5% of liver cells contain these fat droplets [4]. When the liver cells 

containing the fat droplets become inflamed and damaged, it is called steatohepatitis, so non-alcoholic 

steatohepatitis or NASH [5], [6]. As outlined later, NASH is the subtype of NAFLD that carries more long-

term risks. 

 

The accumulation of fat in the liver is in most cases due to a combination of eating more calories than the 

body needs and leading a more sedentary (inactive) lifestyle. Therefore, it occurs most commonly, but not 

always, in association with being overweight/ having obesity [7- 9]. Another group of people at risk are 

people living with diabetes, more often type 2 diabetes (T2D) [4], or earlier stages of altered glucose 

handling in the body [10]. Abnormal levels of blood lipids or high blood pressure (arterial hypertension) are 

also associated with an increased risk of having NAFLD [11]. All these conditions are called metabolic 

factors and a combination of them is referred to as the metabolic syndrome.  

 

Although we now better understand the metabolic drivers of the disease, many issues remain. For the same 

lifestyle habits and risk factors, some people develop NAFLD, NASH and ultimately cirrhosis, while others 

do not [8]. Additionally, some people have no or only very mild risk factors, but nevertheless develop 

advanced disease. The reasons behind these differences are currently poorly understood. Genetic factors 

only explain a fraction of the variation between individuals and much more research is needed to 

understand these individual differences [8], [12], [13]. 

 

NAFLD with only fat accumulation in the liver cells and no or only minimal signs of liver cell damage or 

inflammation, called simple or isolated fatty liver or NAFL does not usually cause any harm, but if it is not 

managed, can progress to NASH, which is a more serious condition [14]. Most people with NAFLD have 

isolated fatty liver [15]. NASH is more serious than isolated fatty liver because there is inflammation in the 

liver, and it starts to become damaged leading to fibrosis, which in turn might result in cirrhosis. In general, 

NAFLD fibrosis gets worse by one stage every 14 years [16], while NASH fibrosis gets worse by one stage 

every seven years. Progression is not linear and can be different according to the stage [17]. Also, liver 

cancer (hepatocellular carcinoma, HCC) is another potential consequence of NAFLD. This risk of 

developing HCC is well known in patients with cirrhosis from other causes and is now also well 

documented in NASH-cirrhosis [18], [19]. 

 

People with NAFLD in the early stages of disease generally have no symptoms and their quality of life is 

not impaired. The burden of NAFLD on health-related quality of life becomes progressively more important 

with advancing disease, when fatigue and impaired physical conditions related to NASH accumulate and 

have a significant impact on daily life [20], [21]. In the more severe stages of the disease, the physical and 

psy-chological consequences of liver disease add to those of the metabolic comorbidities (as mentioned: 

obesity, T2D, dyslipidaemia, CVD). 

 

Patients had to have NAFLD, based on the NAFLD Liver Fat Score (NLFS Score). Unfortunately, the 

standard diagnostic tool for NASH, namely, liver biopsy, has significant limitations such as sampling 

variability [3], being prohibitively expensive and relatively invasive with some morbidity and very rare 

mortality risk [6]. Also, quantification of fat content is not of interest in clinical practice, except as a 
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surrogate of treatment efficacy, and is therefore not generally recommended. Imaging, especially ultrasound 

is the preferred tool for diagnosis of NAFLD being cheaper and more available than MRI; the gold 

standard. However, imaging has the limitation of low sensitivity in the detection of mild degrees of 

steatosis; hence, it is not suitable for screening purposes. Recent guidelines started to support the use of 

non-invasive biomarkers and scores of fibrosis and steatosis [22]. 

 

In humans, insulin resistance comprises dysfunctional adipose tissue, lipotoxic insulin signaling followed 

by glucotoxicity, oxidative stress and low-grade inflammation. Recent studies show that aside from 

metabolites (free fatty acids, amino acids) and signaling proteins (myokines, adipokines, hepatokines) also 

exosomes with their cargo (proteins, mRNA and microRNA) contribute to altered crosstalk between 

skeletal muscle, liver and adipose tissue during the development of insulin resistance [23]. Therefore, the 

aim of this study was to evaluate the magnitude and clinical profiles, metabolic profiles, and fibrosis 

severity of patients with lean NAFLD in comparison to overweight or obese NAFLD. 

 

2. Patients and methods 

The study had been conducted on 100 patients with NAFLD, who attended the Tropical Medicine 

Department outpatient clinic, Minia University Hospital, Minia, Egypt, during the period from August 2019 

to January 2022. Approval from the Research and Ethics Committee of the Faculty of Medicine, Minia 

University was obtained in accordance with local research governance requirements. Informed consent will 

be obtained from all individual participants included in the study. Inclusion criteria comprised of Patients 

with suspected NAFLD with or without hepatic fibrosis. While exclusion criteria included; age less than 18 

years, patients with medical history, clinical or laboratory evidence of any other liver diseases, such as 

alcoholic or viral hepatitis, autoimmune hepatitis and those with decompensated liver cirrhosis, patients 

with a history of drug usage in the last 2 months, past history of chronic kidney disease, cardiovascular 

disease and/or malignancy. 

 

All participates had conventional assessments including thorough history taking, physical examination, and 

abdominal ultrasonography. They underwent routine hematologic and biochemistry tests. Blood sampling 

and biochemical assays were performed for inclusion criteria, and consisted of: complete blood count 

(CBC), PT PC, INR, biochemical markers, including aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), bilirubin, albumin, creatinine, serum uric acid and the fasting blood glucose, 

fasting serum insulin. Full lipid profile, including total cholesterol, triglycerides, high-density lipoprotein 

(HDL), and low-density lipoprotein (LDL). While assays for exclusion criteria involved; viral markers, 

including hepatitis B surface antigen (HBsAg) and hepatitis C virus antibody (HCV-Ab), autoimmune 

markers, including antinuclear antibody (ANA). Also Abdominal Ultrasound was performed. 

 

Diagnosis of fatty liver was based on the increased echogenicity of the liver parenchyma as compared to the 

right kidney’s cortex. Visibility and sharpness of the diaphragm and hepatic vein’s interface were analyzed 

as well. Based on these 3 parameters steatosis was further classified into 3 grades: Grade 0 (No steatosis): 

Liver and renal cortex of the same echogenicity), Grade 1 (Mild steatosis): Slightly brighter liver as 

compared to the renal cortex, clear visualization of diaphragm, and interface of hepatic veins with sharp 

contours, Grade 2 (Moderate steatosis): Brighter liver with attenuated U/S beam at deeper parts of the liver, 

diaphragm, and hepatic veins still visible but with blunted contours, and Grade 3 (severe steatosis): Very 

bright liver, severe US beam attenuation, diaphragm or hepatic veins not visible [24]. 

 

3. Statistical Analysis 

Data were fed to the computer and analyzed using IBM SPSS software package version 20.0. (Armonk, 
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NY: IBM Corp) [25]. Qualitative data were described using number and percent. The Kolmogorov-Smirnov 

test was used to verify the normality of distribution Quantitative data were described using range (minimum 

and maximum), mean and standard deviation. Significance of the obtained results was judged at the 5% 

level. The used test was Chi-square test, for categorical variables, to compare between different groups [26]. 

 

4. Results 

The present study revealed that among 100 NAFLD patients, obesity (BMI≥25 Kg/m2) was present in 50 

(50%) patients, and 50 (50%) patients were lean (BMI < 25 Kg/m2). Majorities (67%) of the patients were 

females, and females were predominant in both lean and obese groups. Mean (±SD) age for obese was 

44.96±5.264 years, and that of nonobese was 44.62±5.760 years and that was similar in both groups. Non-

obese Patients had significantly smaller WC than those obese patients with p value of (< 0.001) with the 

same p value for BMI, as demonstrated in table (1). Serum levels of triglycerides were significant with p 

value of (<0.001). 

 

The metabolic syndrome tended to be less common in lean NAFLD patients compared to obese NAFLD 

(66% vs. 92%). However, at least one criterion of metabolic syndrome was seen in majority (89%, 24/27) of 

lean NAFLD patients, as shown in figure (1). Relation between obesity groups according to patient’s Liver 

Fat Score (LFS) and it show highly statistically significant differences between obesity groups with high 

increase in LFS in obese group when it compares with non-obese group with p value of (0.003), as 

illustrated in figure (2). 

 

Table (1): Relation between obesity groups according to demographic data. 

 
Non-obese Obese 

Test of sig. P value 
No. % No. % 

Age (years)  

Range 32-55 34-56 
U=1213.00 0.798 

Mean±S.D. 44.62±5.760 44.96±5.264 

Sex       

Male 14 28.0 19 38.0 
X2=1.131 0.395 

Female 36 72.0 31 62.0 

Waist Circumference (cm)  

Range 75-90 90-145 
U=0.50 <0.001* 

Mean±S.D. 83.89±3.144 116.47±15.810 

BMI (kg/m2)  

Range 22-24.5 26.4-37.0 
U=0.00 <0.001* 

Mean±S.D. 23.54±0.766 30.02±2.677 

 

Table (2): Relation between obesity groups according to patient’s laboratory investigations. 

 Non-obese Obese Test of sig. P value 

TGA (mg/l)     

Range 123-206 140-220 t=3.96 <0.001* 
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Mean±S.D. 164.98±16.572 177.47±14.928 

HDL (mg/l)     

Range 30-63 31.5-55.0 
U=1224.50 0.860 

Mean±S.D. 40.10±5.741 39.91±5.037 

LDL(mg/l)     

     Range 80-165 95-175 
U=850 0.0035 

     Mean±S.D. 124.5±27.797 141±24.619 

ALT (ul/l)     

Range 14-35 15-30 
U=1215.00 0.809 

Mean±S.D. 21.46±4.631 21.40±3.647 

AST (ul/l)     

Range 15-40 14-30 
U=1245.50 0.975 

Mean±S.D. 22.18±4.862 21.71±3.837 

Fasting serum 

insulin (mIU/L) 
    

Range 12.5-26.5 13.5-28 
U=1110.00 0.094 

Mean±S.D. 21.01±3.429 22.41±3.397 

Continue table (2)     

Fasting blood 

sugar 
    

Range 75-100 72-111 
U=802.5 0.36 

Mean±S.D. 86.50±7.851 95.92±11.290 

HOMA-IR     

Range 1.5-6.5 2.4-7.3 
t=1.392 0.166 

Mean±S.D. 4.7±1.460 5.37±1.250 

Uric 

Acid(mg/dL) 
    

Range 2.0-6.0 4.5-9.0 
U=1350.50 <0.001* 

Mean±S.D. 3.25±1.157 7.15±1.516 

Platelet count 

(x109/L) 
    

Range 159-305 150-314 
U=1098.50 0.296 

Mean±S.D. 207.34±42.711 215.46±43.527 
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Fig.1: Relation between obesity groups according to patient’s other metabolic syndrome component. 

 

 
Fig. 2: Relation between obesity groups according to patient’s Fatty liver score. 

 

5. Discussion 

NAFLD now is among 25% of world population also expected to be 33.5% in 2030 [27]. It was also proved 

in Europe that 17–46% of European adults have NAFLD (on average, around 25%) [28]. Although obesity 

is a major risk factor for NAFLD but the previous percentages were calculated regardless the body weight. 

In Egypt, the prevalence of NAFLD is rising owing to rising prevalence of obesity. NAFLD was found in 

57.65% of a cohort of obese Egyptian adolescents [29]. 

 

Most of our NAFLD patients ranged between 40 – 50 years old in both obese & lean groups with no 
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statistical significance (44.62±5.760 vs 44.96±5.264). This is in agreement with [30], who concluded that 

NAFLD is more prevalent in older patients, with the majority of patients being diagnosed between 40 to 50 

years of age. In our study, NAFLD was equally distributed in male and female in both obese and lean 

individuals. There is no agreement between different studies regarding the gender prevalence of NAFLD. 

The prevalence of NAFLD and NASH is generally higher in men [31- 34]. However, some studies have 

also reported a higher prevalence of NAFLD in women [35- 37]. 

 

In our study Non-obese (Lean) Patients had significantly smaller waist circumference (WC) than those 

obese patients (83.89±3.144 vs. 116.47±15.810cm). WC was smaller in nonobese population than that of 

obese (p= <0.001). This indicates that BMI and abdominal obesity correlated with each other. A smaller 

WC was also reported in nonobese NAFLD previously in a study reported by [38]. This may be explained 

by the fact that central obesity includes subcutaneous fat that is relatively inert metabolically, which may 

not always exactly correspond to visceral adiposity. Visceral adipose tissues of lean NAFLD may be 

metabolically more active conferring metabolic risks leading to NAFLD. Another study done by [39] has 

also found a poor association of abdominal adiposity with NAFLD in Asians. 

 

Our study showed that obese patients had significantly elevated serum levels of triglycerides in comparison 

to lean patients (P<0.001). HDL shows insignificant value between nonobese and obese patients. The 

profiles of lean and obese NAFLD were similar in terms of the fasting blood glucose, and insulin. The 

prevalence of hypertension and diabetes was all found to be statistically similar in obese and lean NAFLD. 

These indicate that these patients were non-obese by BMI grading, but they were metabolically similar, and 

components of metabolic syndrome are the basic culprit behind the development of NAFLD even the 

patients had not developed obesity yet. 

 

In our study, we noted significantly increased TG in obese in comparison to lean NAFLD, in is in 

accordance with a study done by [40], who concluded that high TG level was a risk factor in the high-BMI 

group (BMI ≥24). TG contributes about 25% to incident NAFLD in people with obesity A study done by 

[44] from India with 205 NAFLD patients elucidated that the profiles of lean and overweight NAFLD were 

similar in terms of the metabolic variables such lipid profiles, levels of fasting blood glucose, and insulin. 

 

In our study LDL levels was found to be statistically significant (p value of .003) which goes in hand with a 

study made by Akash et al in 2021 which concluded “Lean NAFLD subjects have a different metabolic 

profile than overweight-obese patients with NAFLD, particularly in relation to diabetes. On the basis of all 

metabolic parameters and insulin resistance, authors propose a spectrum of insulin resistance.” Also agrees 

with another study Yifang Li et al 2021 in China that included 1608 individuals. 

 

In our study presence of metabolic syndrome was so high in obese patients in percentage of 92 against a 

percentage of 66 in lean patients. However, at least one criterion of metabolic syndrome was seen in 

majority (89%, 24/27) of lean NAFLD patients. This resembles [41] study in 2018 that concluded NAFLD 

often occurs in the context of MS and the prevalence of MS in patients with NAFLD increases with higher 

body mass index (BMI), from 18% in nonobese NAFLD to 67% in obese NAFLD in a series of 304 

patients. 

 

Uric acid in our study shows significance (p less than 0.001). This is with the study of [42] in 2019 that 

concluded “Higher levels of serum uric acid were independently associated with hepatocellular steatosis 

and NASH in a cohort of patients with NAFLD. Serum uric acid levels warrants further evaluation as a 

component of the current non-invasive NAFLD scores of histopathological damage." Also against the 
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Chinese study by [43] during 2021 that concluded “The serum uric acid level in T2DM patients was 

significantly associated with NAFLD occurrence. With elevated serum uric acid levels, the prevalence of 

NAFLD was obviously increased. Elevated serum uric acid levels were an independent risk factor for 

NAFLD occurrence in patients with T2DM." The serum level of uric acid, was equal among lean NAFLD 

compared to obese NAFLD. 

 

In our study the levels of serum transaminases were similar between the two categories. This in agreement 

with a study done by  [44]. In general, IR is believed to be an important trigger for the initiation of NAFLD, 

but NAFLD has also been shown to be associated with IR independently of BMI, and studies have reported 

that IR is frequently present in nonobese NAFLD patients, even without other metabolic disorders. In our 

study the IR as indicated by HOMA-IR2 was presenting nearly equal on both lean & obese NAFLD. This 

is against a study done by [38], who reported that statistical significant difference in IR in obese and non-

obese patients. Also this is similar to the study by [44]. Furthermore, various genetic factors are known to 

confer susceptibility to NAFLD in individuals without increasing the level of IR [45], [46]. 

 

 In our study relation between obesity groups according to patient’s NAFLD-LFS shows highly statistically 

significant differences between obesity groups with high increase in LFS in obese group when it compared 

with lean group with high significant statistical p value of (0.003). Also in 2021, [47] had a study of 4786 

subjects from Korea its frequency was: without NAFLD, with obese NAFLD, and with lean NAFLD was 

62.4% (n=2,987), 26.6% (n=1,274), and 11.0% (n=525), respectively. And its statistical analysis about 

NAFLD liver fat score (16.1±12.3), (56.1±19.4), (44.2±16.9), with p value of (<0.001). And this going all 

the way with increasing the risk of cardiovascular diseases. FIB-4 score shows no significance in both 

groups because it depends on age, ALT, AST and platelet count which all show no significance in our 

study. This in accordance with a study done by [38], who reported that fibrosis did not differ significantly 

between nonobese and obese patients. 

 

6. Conclusion 

Non-alcoholic fatty liver is a multifactorial state which isn’t related only to obese, diabetic nor hypertensive 

patients. Metabolic impairment is the key word to relate between a fatty liver and other affected body 

systems. NAFLD management should starts with stoppage of sedentary life style, cease smoking, regular 

exercises such as Aerobics and having balanced healthy diet. And of course management and controlling 

other comorbidities (e.g. hypertension, diabetes, etc.). The combination of NAFLD-LFS with U/S is a great 

tool to screen and monitor NAFLD in both lean and obese groups. 
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