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Abstract 
 

Objective: Non-alcoholic fatty liver disease (NAFLD) represents the most common liver disease worldwide. The Latin American popula-

tion has the highest obesity rates in the world. The aim was to research the factors associated with NAFLD in young adults. Methods: A 

cross-sectional study was performed on 171 participants with an average age of 21 years who underwent a physical and laboratory exami-

nation, anthropometric evaluation, and abdominal ultrasound. Results: Subjects with NAFLD were significantly overweight, with 

dyslipidemia, and with atherogenic risk. They had the presence of metabolic syndrome compared to those without NAFLD. Bivariate 

logistic regression showed that body mass index, atherogenic risk, Homeostatic Model Assessment (HOMA) value, and metabolic syn-

drome were associated with NAFLD development. Conclusions: The variables of HOMA, metabolic syndrome, and atherogenic risk were 

most associated as risk predictors of this pathology in young adults. 
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1. Introduction 

Non-alcoholic fatty liver disease (NAFLD) is defined by macrovesicular steatosis in ≥ 5% of hepatocytes without alcohol or drugs. It 

includes a spectrum of conditions from NAFLD to non-alcoholic steatohepatitis, fibrosis, and cirrhosis with complex pathophysiology [1]. 

As a result, metabolic diseases such as diabetes, abdominal obesity, hyperlipidemia, hypertension, and low HDL levels are often associated 

with it [2]. Therefore, it is frequently associated with metabolic disorders such as diabetes, abdominal obesity, hyperlipidemia, hyperten-

sion, and low HDL levels [3]. Although, there has been a considerable percentage of non-obese subjects have also presented NAFLD [4]. 

The evidence suggests that NAFLD development results from "three hits." The first one involves increased free fatty acids derived from 

insulin-resistant adipose tissue, increased hepatic lipogenesis, or an alteration in the export of lipids from hepatocytes. The second “hit” 

refers to stress and progressive damage events, and the final one is due to hepatocellular inflammation [5]. 

Hepatologists recently proposed a new definition of fatty liver: fatty liver disease linked to metabolic dysfunction, encompassing the con-

comitant causes of this liver illness [6]. Numerous epidemiological studies have revealed a link between metabolic syndrome (MetS) and 

NAFLD [7], [8]. Since it can worsen NAFLD or raise the likelihood of it developing in people without a prior diagnosis, this correlation 

is now thought to be bidirectional [3,9]. NAFLD's global prevalence is approximately 25%, with the highest prevalence in South America 

and the lowest prevalence in Africa [3], [10]. Studies in this regard in the Mexican population are limited. The prevalence of NAFLD in 

this country is higher than 60% [4], [7], [11], [12]. This value was due to the high prevalence of overweight and obesity in the Mexican 

population in 2018 [13]. This disease affects 70% of overweight people and 90% of the morbidly obese population [3]. As obesity rates 

rise worldwide, the ratio f NAFLD is projected to continue growing. The lack of knowledge about obesity in NAFLD development high-

lights the necessity to identify patients early to avoid complications of live diseases in their adult stage. Therefore, this work aims to know 

the risk factors associated with NAFLD in young adults. 

2. Methodology 

The selection of the population was carried out according to the following criteria; inclusion criteria, subjects who signed the written 

informed consent; exclusion criteria for all participants with a history of ethanol addiction; subjects with daily alcohol consumption ≥ 30 

g for men or ≥ 20 g for women; subjects with a history of being carriers of hepatitis B or C. Subjects with a history of drug-induced liver 

disease or autoimmune liver disease and finally subjects with incomplete evaluations in the study.  

http://creativecommons.org/licenses/by/3.0/
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This cross-sectional observational study was conducted on young university students from the Autonomous University of the State of 

Hidalgo. The Declaration of Helsinki was followed when completing the survey. All study participants gave their informed consent in 

writing. The Institutional Ethics Committee approved the protocol. Random sampling was performed to select study participants. A total 

of 171 participants with an average age ± SD was 21±1.6 years had an anthropometric evaluation. The body mass index (BMI), calculated 

as "the weight in kilograms divided by the height in square meters," was determined based on each individual's height, weight, and waist-

hip ratio. 

Subjects with BMI> 30 kg/m2 are considered overweight [14]. To measure biochemical markers, venous blood samples were taken from 

each individual in the morning following a 12-hour fast. Total cholesterol (TC), triglycerides (TG), low-density lipoprotein (LDL), high-

density lipoprotein (HDL), glucose, and insulin were analyzed by a biochemical analyzer according to the manufacturer's instructions. 

Insulin resistance was evaluated by the Homeostatic Model Assessment (HOMA) using the formula [insulin x glucose]/22.5 [15].  

The presence of MetS was defined based on the guidelines proposed by the third report of the Adult Treatment Panel of the National 

Cholesterol Program (ATP III) and by the International Diabetes Federation (IDF). The criteria included in ATP III definition requires the 

presence of three or more of the following five criteria: 1) waist circumference >102 cm (men) or >88 cm (women), 2) blood pressure 

>130/85 mmHg, 3) fasting triglyceride (TG) ≥150 mg/dl, 4) high lipoprotein cholesterol level fasting density (HDL) < 40 mg/dl (men) or 

< 50 mg/dl (women), and 5) fasting blood glucose ≥100 mg/dl [16]. Likewise, the criteria included in the definition of the IDF requires the 

presence of central obesity (defined as waist circumference, men ≥ 94 cm and woman ≥ 80 cm; when BMI> 30 kg/m2) and the presence of 

two or more of the following criteria: 1) Triglycerides ≥150 mg/dl, 2) HDL< 40 mg/dl (men) or < 50 mg/dl (women), 3) blood pressure 

≥130/85 mmHg, 4) Fasting plasma glucose >100 mg/dl [17], [18]. The atherogenic risk was estimated through the radio LDL/HDL [19]. 

NAFLD diagnosis in this research was based on abdominal ultrasound, determining hepatic steatosis (accumulation of triglycerides >5% 

in hepatocytes), accompanied by the exclusion of other etiology such as drug or alcohol-induced (<20 g/day in women and <30 g/day in 

men), and liver disease cholestatic using specific clinical criteria and biochemical parameters. According to the previously established 

international classification, the degree of severity was classified as mild, moderate, and severe [20]. A radiologist-physician performed an 

abdominal ultrasound to identify NAFLD, and subsequently, the ultrasound was independently reviewed by another radiologist without 

consulting the prior clinical diagnosis. Strict double-blindness was maintained during data collection, and the radiologists were unaware 

of the results of the biochemical parameters in the evaluated subjects.  

Statistical Analysis. The database was analyzed using the Stata 14 program and descriptive statistics, presenting the continuous variables' 

arithmetic mean and standard deviation with a normal distribution (Shapiro-Wilks test: p> 0.05). Categorical variables were present in 

absolute and relative numbers. To determine the differences between the variables due to NAFLD's presence or absence, we used the t-

Student test since all the study variables had a normal distribution. The Chi-square test and Fisher's exact test were used to determine 

differences in the proportion of qualitative variables. When comparing variables according to NAFLD's severity, the one-way analysis of 

variance (ANOVA) test was used for continuous variables and Fisher's exact test for categorical variables. NAFLD's potential risk factors 

were determined using bivariate logistic regression analysis by estimating the odds ratio (OR) and the 95% confidence interval (CI). A 

type I error of 0.05 was considered statistically significant. 

3. Results  

3.1. Study population characteristics 

First, the characteristics of the study population were described. This study included a total of 171 young subjects. Sixty-two were men, 

and 109 women were, with a mean of 21.2 ± 1.6. There was no significant difference in the age and gender of the subjects identified with 

NAFLD. Of the individuals analyzed, 57 issues were identified with NAFLD, and there were no significant differences in the age and sex 

of the issues identified with NAFLD. In NAFLD subjects, we found significant differences in mean overweight, obesity, waist/hip ratio, 

and abdomen circumference. Concerning hereditary-antecedents, hypertriglyceridemia and hypertension were substantial in subjects with 

NAFLD (Table 1). 

 
Table 1: Characteristics of the Population According to the Presence of Non-Alcoholic Fatty Liver 

Variable  Total (n=171) Without NAFLD (n=114) With NAFLD (n=57) P value  

Gender     

 Male  62 (36%) 37(59.7%) 25(40.3%)  

 Female 109 (64%) 77(70.6%) 32 (29.4%) 0.14 
Age (years)  21.1 ± 1.2 21.5 ± 2.2 0.12 

BMI level  24.3 ± 2.9 31.3 ± 4.3 < 0.001 b 

 Normal weight 73 (43%) 70 (95.9%) 3 (4.1%) <0.0001c 
 Overweight 59 (34%) 41 (69.5%) 18 (30.5%) <0.0001c 

 Obesity  39 (23%) 3 (7.7%) 36 (92.3%) <0.0001c 

Waist /Hip Index  0.81 ± 0.06 0.88 ± 0.06 < 0.001 b 
Abdomen circumference (cm)  80.7 ± 7.7 97.9 ± 9.9 < 0.001 b 
a Chi-square, b Student t-test, c Fisher's exact test.  

BMI= Body mass index 

3.2. Differences between patients with and without NAFLD 

The prevalence of NAFLD was 33% in young adults. Regarding the lipid parameters, the concentrations of cholesterol, LDL, and triglyc-

erides were significantly higher (p <0.001), and the HDL concentrations were significantly lower (p = 0.001) compared with the ones 

without the disease. These data reflect the significant atherogenic risk in subjects with NAFLD than in subjects without the disease. MetS 

were determined based on both criteria proposed by ATP III and IDF with all the above parameters. The insulin resistance condition was 

present in subjects with NAFLD, whose HOMA value was significantly higher than in subjects who did not have the disease (p < 0.001). 

We identified more subjects (with NAFLD) with MetS in the group considering the IDF criteria. (Table 2). 

 

 

 
Table 2: Comparison between Patients Due to the Presence of Non-Alcoholic Fatty Liver 
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Parameters  Without NAFLD (n=114)  With NAFLD (n=57) P value 

Cholesterol (mmol/L) 4.18 ±0.82 4.91 ± 1.02 < 0.001 b 

LDL (mmol/L) 2.37 ± 0.66 3.36 ± 0.83 < 0.001 b 
HDL (mmol/L) 1.22 ± 0.22 1.08 ± 0.23 0.001 b 

Triglycerides (mmol/L) 1.62± 0.48 2.44 ± 1.33 < 0.001 b 

Atherogenic risk 4 (3.51%) 24 (42.11%) < 0.001 b 
MetS-ATP III 2 (1.75%) 18 (31.58%) < 0.001 c 

MetS-IDF 10 (8.77%) 30 (52.63%) < 0.001 a 

Glucose (mmol/L) 4.7±0.19 4.93±0.22 < 0.001 b 
Insulin (μU/mL) 10.1 ± 1.3 14.2 ± 3.1 < 0.001 b 

HOMA 2.06 ± 0.34 3.07 ± 0.73 < 0.001 b 
a Chi-square, b Student t-test, c Fisher´s exact test.  

ATP III= Adult treatment panel of the national cholesterol program, HDL=High density lipoprotein, HOMA= Homeostatic model assessment, IDF= 

International diabetes federation, LDL= Low-density lipoprotein, MetS=Metabolic syndrome. 

 
Table 3: Comparison between Patients by Severity of NAFLD 

Variable Without NAFLD (n=114) Mild NAFLD (n=44) Moderate and severe NAFLD (n=13) P value  

Cholesterol (mmol/L) 4.18 ± 0.82 4.85 ± 1.02 5.1 ± 1 < 0.001 b 

LDL (mmol/L) 2.37 ± 0.66 3.35 ± 0.89 3.41 ± 0.63 < 0.001 b 

HDL (mmol/L) 1.22± 0.22 1.08 ± 0.25 1.08 ± 0.17 0.001 b 

Triglycerides (mmol/L) 1.62 ± 0.48 2.3 ± 1.29 2.92 ± 1.4 < 0.001 b 
Atherogenic risk 4 (3.51%) 18 (40.91%) 6 (46.15%) < 0.001 a 

HOMA 2.06 ± 0.34 3.1 ± 0.7 2.9 ± 0.7 < 0.001 b 
MetS-ATP III 2 (1.75%) 8 (18.18%) 10 (76.92%) < 0.001 a 

MetS-IDF 10 (8.77%) 18 (40.91%) 12 (92.3%) < 0.001 a 
a Fisher's exact test and bANOVA 
ATP III= Adult treatment panel of the national cholesterol program, BMI= Body mass index, HDL=High density lipoprotein, HOMA= Homeostatic 

model assessment, IDF= International diabetes federation, LDL= Low-density lipoprotein, MetS=Metabolic syndrome. 

 
Table 4: Clinical Parameters Associated with the Risk of Non-Alcoholic Fatty Liver or NAFLD in Young Adults 

Variable OR IC 95% P value 

BMI (Kg/m2) 1.88 1.55 - 2.29 < 0.001 

Waist (cm) 1.31 1.21 - 1.42 < 0.001 
Hip (cm) 1.20 1.13 - 1.27 < 0.001 

Waist/Hip index 1.29 1.19 - 1.40 < 0.001 

Total colesterol (mmol/L) 1.02 1.01 - 1.03 < 0.001 

LDL (mmol/L) 1.04 1.02 - 1.05 < 0.001 

HDL(mmol/L) 0.92 0.88 - 0.96 < 0.001 
Triglycerides (mmol/L) 1.01 1.01 - 1.01 < 0.001 

Atherogenic risk presence 20 6.47 - 61.7 < 0.001 

HOMA 19.14 8.41 - 43.54 < 0.001 
MetS-ATP III 25.84 5.73 - 116.4 < 0.001 

MetS-IDF 11.55 5.03 - 26.54 < 0.001 

Bivariate logistic regression analysis estimates the odds ratio (OR) and the 95% confidence interval (CI). ATP III= Adult treatment panel of the na-
tional cholesterol program, BMI= body mass index, HOMA= Homeostatic model assessment, IDF= International diabetes federation, MetS=Metabolic 

syndrome. 

3.3. Differences between patients by severity of NAFLD 

Second, we evaluated the parameters of BMI, dyslipidemia, and MetS based on the severity of NAFLD. Therefore, the NAFLD group was 

subdivided into two subgroups; NAFLD-mild consisted of 44 subjects (21 women and 23 men), and NAFLD-moderate-severe consisted 

of 13 people (11 women and two men). As shown in Table 3, all the parameters evaluated to determine overweight and obesity were 

significantly higher (p <0.001) in subjects with NAFLD-moderate-severe compared to individuals with mild and without NAFLD. Ac-

cording to the BMI value and the World Health Organization criteria, most patients with moderate and severe NAFLD had class II obesity, 

and only 3 had normal BMI. In contrast, the group with mild NAFLD remained in class I obesity. It was considered abdominal obesity in 

both subgroups because waist circumference values were higher than the cut-off point proposed by the World Health Organization [14].  

In the NAFLD-moderate-severe group, mean LDL and triglyceride concentrations were higher than the reference values for the diagnosis 

of dyslipidemia and significantly higher than the subgroups with mild NAFLD and without the disease. Likewise, insulin resistance was 

present in subjects with both degrees of severity of NAFLD with HOMA values higher than 2.9. MetS determined that the percentage of 

people with the MetS was based on the ATP III and IDF criteria for both diagnoses. It was higher in the NAFLD-moderate and severe 

group (p <0.001) than in people with mild and non-NAFLD. We identified more subjects with MetS in mild NAFLD with the IDF criteria 

considering the ATP III and IDF criteria. 

3.4. Risk factors in young subjects with NAFLD 

Finally, we performed the bivariate logistic regression analysis. Table 4 shows that the predictor variables with the highest risk of NAFLD 

are HOMA, which represents a 19 times higher risk of NAFLD due to the presence of insulin resistance; MetS, where the classification 

proposed by ATP III was associated with a 25 times higher risk for NAFLD; and the atherogenic risk with an OR = 20. Although cholesterol, 

LDL, and triglyceride levels were associated with a low risk of NAFLD (OR = 1.02, 1.04, 1.01, respectively). Likewise, the BMI (OR = 

1.88 95% CI) and the waist, with each increase of one centimeter in the core, show a 31% risk of developing NAFLD in young adults.  

4. Discussion 

NAFLD has become the most prevalent chronic liver disease worldwide. In the present study, we found a 33.3% prevalence of NADLF in 

a group of 171 subjects, 77% with a mild state, and 23% with a moderate-severe form. In Mexico, a prevalence greater than 60% has been 
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reported in adults with a wide age range from 16 to 80 years [4], [7], [11]. Considering a majority 2.4 times higher than the world preva-

lence, early detection of this disease in young adults is necessary.  

NAFLD is characterized by lipid disorders such as atherogenic dyslipidemia, postprandial lipemia, and HDL dysfunction [3]. Since 

NAFLD is a metabolic disease, it has recently been renamed Metabolism-Associated Fatty Liver Disease (MAFLD) [21]. In this study, 

most subjects with NAFLD presented obesity and overweight, with higher serum triglycerides, LDL, and lower HDL levels than those 

without NAFLD, as previously reported in selected obese patient populations [22–24]. The accumulation of lipids causes chronic inflam-

mation in obese subjects. This excess is vital in developing NAFLD and is closely associated with dyslipidemia, insulin resistance, and 

central obesity [24], [25]. Also, dyslipidemia is considered a risk factor in developing progressive states of NAFLD [12]. The findings 

described were confirmed in our study. Also, we found that BMI, waist circumference, and atherogenic risk variables k factors for NAFLD 

in young overweight and obese subjects. These results agree with a meta-analysis study showing that obesity increases the risk of devel-

oping NAFLD. There is a dependent relationship between BMI and NAFLD, and waist circumference can contribute to insulin resistance 

and NAFLD development [26]. 

NAFLD is defined as a “disease characterized by excessive buildup of liver fat associated with insulin resistance” by the European Asso-

ciation for the Study of the Liver (EASL) [27]. Other authors have defined NAFLD as “hepatic steatosis associated with some metabolic 

factor” [28]. Another significant finding in this study was that subjects with both levels of severity of NAFLD had HOMA values greater 

than 2.9. This variable was also a predictor (OR = 19) for developing this disease. Several studies have also suggested considering the 

value of HOMA> 2 for diagnosing this disease [29], [30]. According to specific authors, BMI and waist circumference should be considered 

in clinical evaluations of individuals with a likelihood of having NAFLD, according to specific authors [31]. They were demonstrated in 

this study to be risk factors for young adults' development of NAFLD. Our findings support earlier research that NAFLD frequently occurs 

in the context of MetS. The NAFLD-positive par reveals additional FID classification problems with the FID classification. However, the 

ATP III classification was associated with a more significant increase (OR = 25 vs. OR = 11) in the risk than the FID classification in 

developing NAFLD. There is evidence that NAFLD can develop or worsen insulin resistance and MetS. Additionally, there is growing 

proof that insulin resistance may be a factor in developing liver injury [9,32]. Specifically, elevated levels of plasminogen activator inhibitor 

1 (PAI-1), a serine protease that mediates the fibrinolytic system, are associated with obesity, insulin resistance, type 2 diabetes, and 

dyslipidemia [33]. Furthermore, tumor necrosis factor (TNF-α) can induce PAI-1 expression, leading to increased liver fibrosis and ather-

osclerosis in insulin-resistant individuals [34]. 

NAFLD is a multifactorial disorder with a vital genetic component, the inheritance of which ranges from 20-70% [35]. In this study, 

hypertension and dyslipidemia were significant in subjects with NAFLD for hereditary-antecedent. However, only the hereditary anteced-

ent of hypertension was a risk factor for the disease. Hypertension is a multifactorial disease resulting from genetic predisposition and 

environmental factors. Because NAFLD is closely linked to hypertension and can be a risk factor for it on its own, insulin resistance may 

serve as a connection mechanism [36].  

Our study has some limitations; ultrasound was first used to diagnose NAFLD; however, since liver biopsy is an invasive procedure, it was 

unnecessary and impossible to perform in all probable NAFLD patients. Furthermore, ultrasound is a non-invasive, risk-free procedure and 

a good option for clinical screening [37]. Likewise, it is essential to highlight that in this study, we identified three non-obese subjects with 

NADFL, as recently shown in meta-analyses and reviews highlighting that obesity should not be the only criteria for NAFLD detection 

[4,38]. 

5. Conclusion 

In the asymptomatic young population, NAFLD should be avoided; we suggest that HOMA, MetS, and atherogenic risk are predictive 

variables for developing NAFLD in young adults. 
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