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Introduction: Non-alcoholic fatty liver disease (NAFLD) is an important health concern 
across the world, which is characterized as a disease spectrum encompassing simple 
steatosis, non-alcoholic steatohepatitis, liver fibrosis, and liver cirrhosis. Recently, the 
prevalence of NAFLD has increased significantly. The present study aimed to investigate the 
associations between anthropometric parameters and hepatic steatosis. 
Methods: This cross-sectional study was conducted on 415 eligible participants. 
Anthropometric parameters were evaluated using standard methods, and the fat mass was 
measured using the bioelectrical impedance analysis. Hepatic steatosis was diagnosed using 
fibroscan.  
Results: Among 415 participants, 308 cases (74.2%) had hepatic steatosis. The body mass 
index and waist circumference were significantly higher in the patients with hepatic steatosis 
compared to the other subjects. In addition, hepatic steatosis had a significant, positive 
association with waist circumference, body fat mass, and trunk fat mass, with the trunk fat 
mass having the most significant association with hepatic steatosis.  
Conclusion: According to the results, some anthropometric parameters had associations 
with the increased prevalence of hepatic steatosis even after adjustment for age and body 
weight. 
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Introduction 
Non-alcoholic fatty liver disease (NAFLD) is a 
common disorder characterized by the 
accumulation of extra fats in the hepatocytes (1). 
NAFLD represents a disease spectrum, including 
simple steatosis, non-alcoholic steatohepatitis, 
liver fibrosis, and liver cirrhosis (2). Recently, the 
global prevalence rate of NAFLD has been 
reported to be on the rise (3). Studies in this 
regard have denoted that in the general 
population, approximately 30% of adults (4, 5) 
and 10% of children and adolescents (3) have 
NAFLD.  

Several factors are involved in the pathogenesis 
of NAFLD, including male gender, type II diabetes 
mellitus, obesity, metabolic syndrome, insulin 
resistance, abnormal lipid profile, prolonged 
starvation, sleep apnea syndrome, total 
parenteral nutrition, and polycystic ovarian 
syndrome (6). The majority of the patients with 
NAFLD are asymptomatic with or without the 
mild elevation of aminotransferases (7). 
Nevertheless, the symptomatic patients mostly 
manifest non-specific presentations, such as 
right upper-quadrant pain, fatigue, and malaise 
(6). Liver biopsy is considered to be the 'gold 
standard' method for the diagnosis of NAFLD. On 
the other hand, hepatic steatosis and fibrosis 
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could be identified using noninvasive diagnostic 
methods, such as transient elastography 
(fibroscan) (8).  
NAFLD is paralleled to the prevalence of obesity 
(9). According to the literature, the distribution 
of fats in various body parts could be associated 
with metabolic syndrome and NAFLD (10). 
Therefore, anthropometric measurements could 
accurately predict hepatic steatosis.  
The present study aimed to investigate the 
associations between anthropometric 
parameters and hepatic steatosis.  

Materials and Methods  
This cross-sectional study was conducted on 415 
participants referring to a nutrition clinic. The 
participants were selected via simple random 
sampling, and written informed consent was 
obtained prior to enrollment. The exclusion 
criteria of the study were as follows: 1) 
pregnancy; 2) presence of malignancies; 4) viral 
hepatitis B and C and 5) presence of congenital or 
autoimmune hepatic diseases.  
Anthropometric measurements were performed 
by an expert nutritionist using a flexible ribbon 

tape to the nearest 0.1 centimeter. Body weight 
of the subjects was measured  using a digital scale 
(SECA 704; made in Germany) to the nearest 0.1 
kilogram and recorded in kilograms. The height 
of the subjects was determined in a standing 
position with elevated shoulders and in deep 
inspiration using a wall tape. In addition, body 
mass index (BMI) was calculated as the body 
weight (kg) divided by the square of the height 
(m), and waist circumference was measured at 
the midpoint between the last rib and iliac crest 

at two centimeters above the umbilicus. The fat 
mass was measured in standard conditions using 
the bioelectrical impedance analysis system 
(Tanita BC-418; Tanita Corporation, Tokyo, 
Japan). After three hours of fasting and keeping 
out the electronic and magnetic devices, hepatic 
steatosis and fibrosis in each participant were 
evaluated by fibroscan.  

Statistical Analysis 
Data analysis was performed in SPSS version 
16.0 (SPSS, Inc., Chicago, IL, USA). The normal 
distribution of the continuous variables was 
evaluated using the Kolmogorov-Smirnov test. 
Moreover, independent samples t-test was 
applied for the data with normal distribution, 
and Mann-Whitney U test was used for the data 
with non-normal distribution. The correlations 
between the anthropometric parameters and 
hepatic steatosis were determined using linear 
regression analysis. In all the statistical analyses, 
P-value of less than 0.05 was considered 
significant. 

Results 
Table 1 shows the general characteristics and 
anthropometric measurements of the 
participants. Among 415 participants, 308 cases 
(74.2%) had hepatic steatosis. The mean age of 
the participants without hepatic steatosis and 
patients with steatosis was 29.65±14.5 and 
38±15.45 years, respectively (P=0.001). 
According to the findings, BMI and waist 
circumference were significantly higher in the 
patients with hepatic steatosis compared to the 
other subjects. 

Table 1. General Characteristics of Individuals with and without Non-alcoholic Fatty Liver Disease (NAFLD) 
Variables Without Steatosis With Steatosis P-value 

N (%) 107 (25.8) 308 (74.2) - 
Gender Male  44 (19) 188 (81) 0.001 

Female  63 (34.4) 120 (65.6) 
Age (year) 29.65±14.5 38±15.45 0.001 
Body Mass Index (kg/m²) 24.1±3.6 29.1±4.3 0.001 
Waist Circumference (cm) 83.4±10.3 98.7±11.7 0.001 
Fat-free Mass (kg) 44.6±10.7 52.24±14.75 0.001 
Body Fat Mass (kg) 16.7±7.4 25±8.7 0.001 
Trunk Fat Mass (kg) 8.3±3.9 13.4±4.1 0.001 
Liver Stiffness (kPa) 5.1±3.5 5.9±2.1 0.006* 

Data expressed as mean±standard deviation or number (percentage); P-values calculated by Chi-square for qualitative variables and 
independent samples t-test for quantitative variables unless indicated otherwise; *Mann-Whitney U test due to non-normal distribution 
of data 

Table 2 shows the correlations between the 
anthropometric parameters and prevalence of 
hepatic steatosis. According to the obtained 
results, hepatic steatosis was positively 

correlated with waist circumference, body fat 
mass, and trunk fat mass. It is also notable that 
these associations remained statistically 
significant after adjustment for the other risk 
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factors of the disease. Among various 
anthropometric parameters, trunk fat mass had 

the most significant association with hepatic 
steatosis (regression coefficient [β]: 1.45).  

Table 2. Correlations between Anthropometric Parameters and Hepatic Steatosis 
Variable Steatosis (%) 

β P-value 
Waist Circumference (cm) Crude 1.4 0.001 

Model 1 1.36 0.001 
Model 2 0.83 0.001 
Model 3 0.77 0.001 

Body Fat Mass (Kg) Crude 1.55 0.001 
Model 1 1.50 0.001 
Model 2 0.45 0.01 
Model 3 0.47 0.007 

Trunk Fat Mass (Kg) Crude 3.66 0.001 
Model 1 3.52 0.001 
Model 2 1.56 0.001 
Model 3 1.45 0.001 

Data obtained from linear regression analysis; Model 1: adjusted for age, Model 2: adjusted for body weight, Model 3: adjusted for age 
and body weight 

Discussion 
NAFLD is a chronic disease with a progressive 
nature, which could lead to liver cirrhosis and 
liver failure if untreated (11). Therefore, 
researchers have been attempting to modulate 
the main risk factors for NAFLD in order to 
prevent the progression of this disease. 
According to the results of the present study, 
BMI, waist circumference, fat-free mass, trunk fat 
mass, and body fat mass were higher in the 
NAFLD patients with steatosis. Furthermore, 
excessive body weight and accommodation of 
visceral fats were considered to be the main risk 
factors for this disease (12). The toxic nature of 
visceral fats causes its ability in the secretion of 
adipokines and cytokines (13). In a study in this 
regard, Van der Poorten et al. demonstrated a 
direct correlation between liver fibrosis and 
increased visceral fats (13). Furthermore, their 
findings indicated that visceral fats are an 
independent predictor of liver fibrosis along with 
parameters such as increased age, insulin 
resistance, and level of hepatic steatosis (13).  
In another similar research, Rocha et al. reported 
that steatohepatitis and fibrosis were correlated 
with body weight and waist circumference in 
patients with NAFLD (12). In addition, they 
claimed that 68% of the NAFLD patients with 
steatohepatitis and fibrosis were overweight, 
and 41% had increased waist circumference. 
Moreover, they reported that BMI and waist 
circumference were correlated with the 
metabolic syndrome and insulin resistance, as 
well as steatohepatitis and fibrosis, in these 
patients (12).  

According to the study by Weta et al., simple 
anthropometric and biochemical measurements 
(e.g., BMI, triglyceride, and waist circumference) 
could predict liver steatosis (14). In addition, 
they reported that waist circumference of more 
than 90 centimeters and BMI of higher than 30 
kg/m2 could predict liver steatosis with the 
sensitivity and specificity of 70% and 67.4% and 
74.4% and 69.6%, respectively (14). A recent 
study conducted by Monteiro et al. demonstrated 
that in obese adolescents, parameters such as the 
trunk fat mass, intra-abdominal adipose tissue, 
and waist circumference had the highest 
potential to identify NAFLD (15). 
According to the literature, the distribution of 
fats in various body parts could be correlated 
with the metabolic syndrome and NAFLD (10). 
The findings of the current research indicated 
that some anthropometric variables could affect 
steatosis. Considering various models and 
adjustments for age and body weight, we 
concluded that waist circumference, body fat 
mass, and trunk fat mass were correlated with 
steatosis with variable effects. On the other hand, 
it has been demonstrated that the trunk fat mass 
is a harbor of liver disease (16). According to a 
research by Ruhl et al., increased alanine 
transaminase is associated with the increased 
trunk fat mass, which highlights the possible 
correlation of the hepatic injuries and metabolic 
alterations induced by active intra-abdominal 
fats (17).  
Waist circumference is another important risk 
factor for NAFLD, which could contribute to 
insulin resistance and NAFLD in healthy 
individuals (18). Evidence suggests that waist 
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circumference alongside the fatty liver index 
could be effective in the diagnosis of NAFLD. In 
addition, the findings of Motamed et al. 
demonstrated that even waist circumference 
could be a more acceptable index for the 
diagnosis of NAFLD. In the mentioned study, the 
researchers claimed that the fatty liver index is 
strongly associated with NAFLD, and a single-
unit increase in the fatty liver index could 
increase the risk of NAFLD by 5.8% (19).  
According to the results of the present study, 
waist circumference is a simple and accessible 
index to detect the increased risk of steatosis 
whether adjusted for age, body weight or both 
these parameters. Similar results have been 
proposed in a study conducted on obese 
adolescents, denoting that waist circumference 
could predict the risk of NAFLD in these patients 
(20). On the other hand, a recent study by Yun et 
al. demonstrated that waist gain rather than 
waist circumference could increase the risk of 
developing NAFLD independent of the baseline 
waist circumference (21).   

Conclusion 
According to the results, individuals with and 
without NAFLD differed in term of BMI, waist 
circumference, fat-free mass, body fat mass, 
trunk fat mass, and liver stiffness. Moreover, 
anthropometric measurements (e.g., waist 
circumference, trunk fat mass, and body fat 
mass) were associated with the increased risk of 
hepatic steatosis even after adjustment for age 
and body weight.  

References 
1. Parizadeh SM, Parizadeh SA, Alizade-Noghani M, 
Jafarzadeh-Esfehani R, Ghandehari M, Mottaghi-
Moghaddam A, et al. Association between non-
alcoholic fatty liver disease and colorectal cancer. 
Expert Rev Gastroenterol Hepatol. 2019; 13(7): 633-
41. 
2. de Alwis NM, Day CP. Non-alcoholic fatty liver 
disease: the mist gradually clears. J Hepatol. 2008; 48 
Suppl 1: S104-12 
3. Stefan N, Häring HU, Cusi K. Non-alcoholic fatty liver 
disease: causes, diagnosis, cardiometabolic 
consequences, and treatment strategies. Lancet 
Diabetes Endocrinol. 2019; 7(4): 313-24. 
4. Younossi ZM, Blissett D, Blissett R, Henry L, 
Stepanova M, Younossi Y, et al. The economic and 
clinical burden of nonalcoholic fatty liver disease in the 
United States and Europe. Hepatology. 2016; 64(5): 
1577-86. 
5. Ahn JS, Sinn DH, Min YW, Hong SN, Kim HS, Jung SH, 
et al. Non‐alcoholic fatty liver diseases and risk of 

colorectal neoplasia. Aliment Pharmacol Ther. 2017; 
45(2): 345-53. 
6. Sweet PH, Khoo T, Nguyen S. Nonalcoholic Fatty 
Liver Disease. Prim Care. 2017; 44(4): 599-607. 
7. Hashimoto E, Yatsuji S, Kaneda H, Yoshioka Y, Taniai 
M, Tokushige K, et al. The characteristics and natural 
history of Japanese patients with nonalcoholic fatty 
liver disease. Hepatol Res. 2005; 33(2): 72-6. 
8. Wong GLH. Update of liver fibrosis and steatosis 
with transient elastography (Fibroscan). 
Gastroenterol Rep (Oxf). 2013; 1(1): 19-26. 
9. Engin A. Non-Alcoholic Fatty Liver Disease. Adv Exp 
Med Biol. 2017; 960: 443-467. 
10. Cheung O, Kapoor A, Puri P, Sistrun S, Luketic VA, 
Sargeant CC, et al. The impact of fat distribution on the 
severity of nonalcoholic fatty liver disease and 
metabolic syndrome. Hepatology.  2007; 46(4): 1091-
100. 
11. Gastaldelli A. Fatty liver disease: the hepatic 
manifestation of metabolic syndrome. Hypertens Res. 
2010; 33(6): 546-7. 
12. Rocha R, Cotrim HP, Carvalho FM, Siqueira AC, 
Braga H, Freitas LA. Body mass index and waist 
circumference in non-alcoholic fatty liver disease. J 
Hum Nutr Diet. 2005; 18(5): 365-70. 
13. van der Poorten D, Milner KL, Hui J, Hodge A, 
Trenell MI, Kench JG, et al. Visceral fat: A key mediator 
of steatohepatitis in metabolic liver disease. 
Hepatology. 2008; 48(2): 449-57. 
14. Weta IW, Mahadewa TG, Sutirtayasa WP, Subawa 
A, Sitanggang FP, Widyadharma IPE. The Comparison 
of Simple Anthropometric and Biochemical 
Parameters for Predicting Liver Steatosis in Obese 
Balinese Young Women. Open Access Maced J Med Sci. 
2018; 6(11): 2062-6. 
15. Monteiro PA, Antunes BdMM, Silveira LS, 
Christofaro DGD, Fernandes RA, Freitas IF. Body 
composition variables as predictors of NAFLD by 
ultrasound in obese children and adolescents. BMC 
Pediatr. 2014; 14(1): 25. 
16. Maher JJ. Trunk fat as a determinant of liver 
disease. Gastroenterology. 2010; 138(4): 1244-6. 
17. Ruhl CE, Everhart JE. Trunk fat is associated with 
increased serum levels of alanine aminotransferase in 
the United States. Gastroenterology. 2010; 138(4): 
1346-56. 
18. Ju DY, Choe YG, Cho YK, Shin DS, Yoo SH, Yim SH, 
et al. The influence of waist circumference on insulin 
resistance and nonalcoholic fatty liver disease in 
apparently healthy Korean adults. Clin Mol Hepatol. 
2013; 19(2): 140-7. 
19. Motamed N, Sohrabi M, Ajdarkosh H, Hemmasi G, 
Maadi M, Sayeedian FS, et al. Fatty liver index vs waist 
circumference for predicting non-alcoholic fatty liver 
disease. World J Gastroenterol. 2016; 22(10): 3023-30. 
20. Clemente APG, Netto BDM, de Carvalho-Ferreira JP, 
da Silveira Campos RM, de Piano Ganen A, Tock L, et al. 
Waist circumference as a marker for screening 
nonalcoholic fatty liver disease in obese adolescents. 
Rev Paul Pediatr. 2016; 34(1): 47-55. 



 

 

  
  Anthropometrics and Hepatic Steatosis                                                                                                                                        Dehnavi Z et al  

 

 J Nutrition Fasting Health. 2020; 8(1): 23-27.   27  

 
 
 

JNFH 

21. Yun KE, Nam GE, Lim J, Park HS, Chang Y, Jung H-S, 
et al. Waist gain is associated with a higher incidence 

of nonalcoholic fatty liver disease in Korean adults: a 
cohort study. PLoS One. 2016; 11(7): e0158710. 

 


