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Objective: Non-alcoholic fatty liver disease (NAFLD), previously thought to predominantly 
affect obese individuals, has also been shown to occur in subjects who have a relatively 
normal body mass index (BMI). Due to the normal BMI, non-obese NAFLD are easily to be 
ignored and eventually lead to potential liver injuries.
Methods: A population-based cross-sectional study was conducted on 1608 cases with 
normal serum alanine aminotransferase (ALT) levels who were divided into an obese 
group (BMI ≥25 kg/m2) and a non-obese group (BMI <25 kg/m2). NAFLD was diagnosed 
by ultrasound and Fibro Scan examination. Non-obese populations were divided into 
NAFLD group (CAP ≥240 db/m) and non-NAFLD group (CAP <240 db/m). The incidence 
of NAFLD in the obese and non-obese populations and constituent ratios of genders, age, 
and serum levels of triglycerides (TG), cholesterol (CHOL), and blood glucose were 
compared. Risk factors of NAFLD in non-obese people were analyzed by multivariate 
logistics regression.
Results: The occurrence of NAFLD was higher in the obese group than in the non-obese 
group, regardless of gender (P <0.001). In the non-obese group, the occurrence of NAFLD in 
female patients was lower than that in male (P=0.001). The occurrence of NAFLD increased 
with age, with 50–59 years being the peak age of incidence in both male and female. The 
peak age of NAFLD occurrence in non-obese male patients was more delayed than that in 
obese male patients. BMI (OR=1.311, P=0.000) and TG (OR=2.545, P=0.000) were risk 
factors for NAFLD in the non-obese population.
Conclusion: Compared with obese population, the incidence of NAFLD in non-obese 
population was relatively low and more frequently in male than in female, the peak age of 
NAFLD occurrence in non-obese male patients was also delayed. BMI and TG should still 
be controlled to avoid the occurrence of NAFLD although the BMI of such patients is 
normal.
Keywords: obese, non-obese, non-alcoholic liver disease, gender, characteristic

Introduction
Non-alcoholic fatty liver disease (NAFLD), previously thought to predominantly 
affect obese individuals,1 has also been shown to occur in subjects who have 
a relatively normal body mass index (BMI), a condition referred to as non-obese 
or lean NAFLD,2 and is occult and therefore easily ignored in clinical 
examinations.3 Studies have reported that the incidence rate of NAFLD in non- 
obese population is 7–20% in the West and 5–26% in the East,4 however, 
current studies on NAFLD are mainly focused on obese patients, and there is 
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a lack of research on non-obese patients, the clinical 
characters and the risk factors of non-obese NAFLD 
remain poorly defined, sexual dimorphism, advanced 
age or postmenopausal status, and serum levels of lipid 
profile and blood glucose levels may be involved.5 

Considering the body figures are different between the 
Eastern and the western, this paper takes BMI ≥25 kg/ 
m2 as the definition of obesity according to the recom-
mendation of World Health Organization for the 
Eastern,6 the clinical characteristics between obese and 
non-obese patients with NAFLD were compared and the 
difference in the risk factors for NAFLD between non- 
obese male and female patients were also analyzed, the 
aim is to provide better understandings for non-obese 
NAFLD.

Materials and Methods
Patients and Laboratory Assessment
Overall, 1608 cases with normal serum alanine amino-
transferase (ALT) levels undergoing routine physical 
examination in the Physical Examination Center of the 
China-Japan Union Hospital (Jilin University, China) 
were screened for NAFLD by abdominal ultrasound and 
Fibro Scan examination. The main characteristics of 1608 
cases undergoing routine physical examination are shown 
in Table 1.

Histories of alcohol consumption and medications 
used within the last three months were investigated. 
Serum antibody levels of hepatitis virus A, B, C, and 
E were assessed. Alcohol consumption, virus infection, 
autoimmune liver disease, coronary artery disease 
(CAD), acute inflammatory conditions, acute and chronic 
liver diseases, pregnancy, organ failure, rheumatological 
disorders, hypothyroidism, malignancy and currently 
undergoing therapy were the exclusion criteria. Fatty 
liver was diagnosed by ultrasonographic examination 
indicating fatty infiltration in the liver and controlled 
attenuation parameter≥240 db/m. They were evaluated 
and reported by the same physician to avoid bias. The 
detailed diagnostic criteria were in accordance with the 
guidelines for NAFLD management formulated by the 
Chinese National Workshop on Fatty Liver Disease in 
2010.7 The research was conducted ethically in accor-
dance with the World Medical Association Declaration 
of Helsinki and was approved by the Ethics Committee 
of China-Japan Union Hospital, Jilin University 

(2016ks009). Participation was voluntary and all respon-
dents completed informed consent.

Fasting venous blood was taken in the morning (fasting 
for more than 8 hours and no high-fat diet one day before 
blood collection) for testing. Triglyceride (TG), total cho-
lesterol (CHOL), low-density lipoprotein cholesterol 
(LDL-C), high-density lipoprotein cholesterol (HDL-C), 
alanine transaminase (ALT), aspartate aminotransferase 
(AST), Alkaline phosphatase (ALP), Gamma-glutamyl 
transferase (GGT), Albumin (ALB) and fasting blood glu-
cose levels were detected by HITACHI-7180 automatic 
biochemical analyzer.

Study Design
This is a population-based cross-sectional study. 
According to the World Health Organization standard for 
Asian populations6 based on the risk of developing type 2 
diabetes and cardiovascular disease, we divided the 1608 
cases into an obese group (BMI≥25 kg/m2) and a non- 
obese group (BMI<25 kg/m2). The incidence of NAFLD 
in the obese and non-obese populations and its relationship 
with clinical indicators, including gender, age, and serum 
levels of triglycerides (TG), cholesterol (CHOL), and 
blood glucose, were compared. The schematic design is 
presented in Figure 1.

Non-obese populations were divided into NAFLD 
group (CAP≥240 db/m) and non-NAFLD group 
(CAP<240 db/m) according to the results of abdominal 

Table 1 Main Characteristics of 1608 Cases Undergoing Routine 
Physical Examination

Clinical 
Indicators

Non-Obese 
(n=974)

Obese 
(n=634)

P value

Age (year) 50.39±11.57 47.21±10.86 0.01

Sex (male/female) 59/42 297/98 0.03
BMI (kg/m2) 23.61±1.36 28.53±2.64 0.01

E (kPa) 6.67±1.65 7.96±4.13 0.00

CAP (db/m) 263.21±21.49 267.35±24.94 0.00
AST (IU/L) 28.65±12.27 28.85±12.3 0.30

ALT (IU/L) 37.06±28.18 36.80±24.45 0.01
ALP (IU/L) 90.40±22.96 89.15±23.22 0.20

GGT (IU/L) 46.28±27.52 52.32±61.52 0.03

ALB (g/L) 46.84±3.31 46.51±2.55 0.50
TG (mmol/L) 2.20±1.83 2.66±2.52 0.01

CHOL (mmol/L) 5.19±0.85 5.35±1.06 0.02

HDL-C (mmol/L) 1.14±0.24 1.12±0.24 0.03
LDL-C (mmol/L) 3.47±0.70 3.59±0.83 0.02

Blood glucose 

(mmol/L)

5.79±1.35 6.25±2.14 0.04

Note: All measurement data are expressed as mean ± standard deviation.
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ultrasound and Fibro Scan examination, the main charac-
teristics of the NAFLD group and the non-NAFLD group 
in non-obese people are shown in Table 2.

Statistical Analysis
All data were expressed as mean ± standard deviation 
(SD). t-tests were used for numerical variables, and χ2 

tests were used for categorical variables. Variables with 
P<0.05 on univariate analysis entered a multiple logistic 
regression model. P values <0.05 were considered statis-
tically significant, and the statistical software used was 
SPSS.22. Logistic expression analysis was used to select 
the risk factors of NAFLD in the non-obese population.

Results
Gender Distribution of NAFLD in 
Non-Obese and Obese Populations
The occurrence of NAFLD was higher in the obese group than 
in the non-obese group (P<0.001), regardless of gender. The 
occurrence of NAFLD in female patients in the non-obese 
group was lower than that in male patients (male 14.25%, 
female 7.5%, P=0.001), while in the obese group, no difference 
could be found between the genders (male 62.4%, female 
62.03%, P=0.934) (Figure 2).

Figure 1 Patients and study design. 1608 cases were divided into obese group (BMI≧27.5 kg/m2) and non-obese group (BMI < 27.5 kg/m2).Constituent ratio of NAFLD in 
obese and non-obese population and its relationship with clinical indicators were compared. Risk factors of non-obese NALFD were analyzed.

Table 2 Main Characteristics of NAFLD Group and Non- 
NAFLD Group in Non-Obese Population

Clinical 
Indicators

NAFLD 
(n=101)

Non-NAFLD 
(n=873)

P value

Age (year) 50.13±11.83 45.73±11.26 0.05

Sex (male/female) 59/42 355/518 0.01
BMI (kg/m2) 23.26±2.45 21.86±2.16 0.00

ALP (IU/L) 90.70±27.39 79.55±24.92 0.00

GGT (IU/L) 41.19±33.45 27.80±39.23 0.00
ALB (g/L) 46.46±3.01 46.19±3.01 0.41

TG (mmol/L) 2.13±1.63 1.41±1.12 0.00

CHOL (mmol/L) 5.32±1.10 5.02±0.97 0.00
HDL-C (mmol/L) 1.21±0.26 1.33±0.27 0.00

LDL-C (mmol/L) 3.50±0.83 3.14±0.83 0.00

Blood glucose 
(mmol/L)

5.69±1.19 5.31±0.98 0.00

Note: All measurement data are expressed as mean±standard deviation.
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Age Distribution of NAFLD in 
Non-Obese and Obese Populations
The occurrence of NAFLD increased with age, with 50–59 
years being the peak age of incidence in all groups. In 
patients aged 30–39 years, the proportion of NAFLD in 
the obese group was higher than that in the non-obese 
group (P = 0.005), while there was no difference in the 
incidence of NAFLD between the obese and non-obese 
groups with increasing age, and no difference in gender 
could be found (Figure 3).

In the non-obese population, the NAFLD incidence in 
male patients increased significantly in the age range of 
40–49 years and 50–59 years, while in female patients, the 
incidence peaked in the age range of 50–59 years 
(Figure 3A).

In the obese population, the incidence of NAFLD in 
male patients remained basically the same across the three 

age groups: 30–39 years, 40–49 years, and 50–59 years; 
the incidence peaked in female patients in the age range of 
50–59 years (Figure 3B).

Distribution of TG Levels in Non-Obese 
and Obese Populations
In order to control CHOL, LDL-C and other factors, the 
effect of TG on NAFLD was studied more accurately. 
CHOL and LDL-C of patients in each TG group were 
controlled within the normal range. The proportion of TG 
level distribution in obese and non-obese patients with 
NAFLD was slightly different. The proportion of elevated 
TG (TG≥2.26 mmol/L), marginal elevated TG (1.7mmol/ 
L≤ TG ≤ 2.25 mmol/L), and normal TG (TG<1.7 mmol/L) 
in obese patients with NAFLD was roughly average, 
40.15%,22.39%,37.45% respectively, while the majority of 
the non-obese patients with NAFLD showed normal TG 
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Figure 2 Gender distribution of occurrence of NAFLD in non-obese and obese population. Occurrence of NAFLD was higher in obese group than in non-obese group 
(p<0.001). There was a statistical difference in the occurrence of NAFLD between male and female in non-obese group (p=0.001), no statistical difference was found in 
obese group (p=0.934).
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levels,67.44%,16.28%,16.28%, respectively (Figure 4A 
and B).

In a separate comparison between the obese and non- 
obese populations, there was no statistical difference in the 
distribution of TG levels between obese patients with 
NAFLD and the total obese population, while the proportions 
of elevated TG (16.28%) and edge elevated TG (16.28%) in 
non-obese patients with NAFLD were statistically higher 
than those in the total non-obese population (5.29%,7.37%) 
(P=0.005, P=0.019). This indicates that elevated TG and 
edge elevated TG may be closely related to the occurrence 
of NAFLD in the non-obese population (Figure 4C).

CHOL Levels and Occurrence of NAFLD 
in Non-Obese and Obese Populations
In order to better study the effect of CHOL on NAFLD, 
the TG of patients in each CHOL group was controlled 
within the normal range. There was no statistical differ-
ence found in the distribution of CHOL levels between the 
obese and non-obese populations or between those with 
and without NAFLD (Figure 5).

Constituent Ratio of Different Blood 
Glucose Levels in Non-Obese and Obese 
Populations
In this study, blood glucose levels were stratified into 3 
groups: normal blood glucose, impaired fasting glucose, 
and diabetes mellitus.

Among obese patients with NAFLD, no difference was 
found in the distribution of blood glucose levels between 
male and female patients, the prevalence rates of male in 
the normal blood glucose group, the impaired fasting glucose 
group and the diabetes group were 70.03%,11.78%,18.18%, 
respectively, and the prevalence rates of female were 
66.33%,14.29%,19.39%, respectively (Figure 6A).

Among non-obese patients with NAFLD, the majority 
of female patients had normal blood glucose (92.68%), 
and the constituent ratio of blood glucose levels in male 
patients was similar to that in obese patients with 
NAFLD,75%,13.3%,11.67%, respectively (Figure 6B).

When all cases were grouped according to male/female, 
obese/non-obese, and NAFLD/non-NAFLD, the proportions 
of normal blood glucose were higher in the non-obese popu-
lation, the non-obese NAFLD group, and non-obese female 
patients with NAFLD than those in the obese population, the 
obese NAFLD group, and obese female patients with 
NAFLD (P<0.01); however, this pattern were not found 
among male patients with NAFLD (p=0.237). The constitu-
ent ratio of blood glucose levels in patients with NAFLD was 
similar to that in the total population (Figure 6C).

Risk Factors for NAFLD in Non-Obese 
Populations
In non-obese population, the differences of baseline char-
acteristics between the NAFLD group (CAP≥240 db/m) 
and non-NAFLD group (CAP<240 db/m) were analyzed 

Age distribution of NAFLD in non-obese population Age distribution of NAFLD in obese population

% %

A B

Figure 3 Age distribution of NAFLD in non-obese and obese population. 
Notes: (A) In non-obese population, the NAFLD incidences in male increased significantly in the age range of 40–49y and 50–59y, while female incidence peaked in the 50–59y group. 
(B) In obese population, the incidence of NAFLD in male is basically the same in the three age groups of 30–39y, 40–49y and 50–59y, and the peak in female is still 50–59y group.
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by multivariate logistics regression analysis, the results of 
parameters, including age, gender, BMI, TG, CHOL and 
blood glucose levels, showed that BMI (OR=1.311, 
P=0.000) and TG (OR=2.545, P=0.000) were risk factors 
for NAFLD in the non-obese population (Table 3).

Discussion
NAFLD has become the most critical chronic liver disease 
in the world currently. The increase in NAFLD has 
become a significant public health concern because 
NAFLD is associated with increased mortality from liver- 
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Figure 4 Distribution of TG levels in non-obese and obese population. 
Notes: (A) The proportion of elevated TG, edge elevated TG and normal TG in non-obese NAFLD patients was 16.28%,16.28% and 67.44%, respectively, normal TG 
accounts for the majority. (B) The proportion of elevated TG, edge elevated TG and normal TG in obese NAFLD patients was 37.45%,22.39% and 40.15%, respectively. (C) 
The proportion of elevated TG and edge elevated TG in non-obese NAFLD patients were statistically higher than those in non-obese total population, p=0.005 and 0.019, 
respectively.

Figure 5 CHOL levels and occurrence of NAFLD in non-obese and obese population. No statistical difference found in the distribution of CHOL levels between obese and 
non-obese population (p>0.05).
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Distribution of blood glucose levels in obese male and female NAFLD patients
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Figure 6 Constituent ratio of different blood glucose levels in non-obese and obese population. 
Notes: (A) In obese NAFLD patients, no difference could be found in the distribution of blood glucose levels between male and female (p>0.05). (B) In non-obese NAFLD patients, the 
majority of female patients have normal blood glucose, and the constituent ratio of blood glucose levels in male patients was similar to those of obese NAFLD patients (p<0.05). (C) 
*proportion of normal blood glucose in non-obese NAFLD group. **proportion of normal blood glucose in obese NAFLD group. ▲proportion of normal blood glucose in non-obese 
female NAFLD group. ▲▲proportion of normal blood glucose in obese female NAFLD group. #proportion of normal blood glucose in non-obese total group. ##proportion of normal 
blood glucose in obese total group. &proportion of normal blood glucose in non-obese male NAFLD group. &&proportion of normal blood glucose in obese male NAFLD group. The 
proportions of normal blood glucose were higher in non-obese population, non-obese NAFLD group and non-obese female NAFLD patients than those in obese population, obese 
NAFLD group and obese female NAFLD patients, respectively (p<0.05).
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related and liver-unrelated causes.10–12 The pathogenesis 
of NAFLD is not clear, and there is no effective drug for 
preventing the development of NAFLD to date.8 As 
a manifestation of the systemic metabolic syndrome, 
NAFLD is closely related to the metabolism of glucose 
and lipids and is often seen in obese populations. 
However, there are many non-obese populations who are 
diagnosed with NAFLD during clinic examinations, and 
the mechanism behind the occurrence of non-obese 
NAFLD is even less understood.9 The largest community- 
based study from the East was conducted in Korea. Kwon 
et al13 reported the prevalence of non-obese NAFLD 
(BMI<25 kg/m2) to be 12.6% in 29,994 subjects present-
ing for a general medical examination. Patients with lean 
NAFLD are generally asymptomatic and their liver disease 
remains undiagnosed or incidentally detected by imaging. 
Compared to obese patients with NAFLD, patients with 
lean NAFLD have a lower body weight and waist circum-
ference. Studies have reported that patients with lean 
NAFLD tend to be younger, male, have higher hemoglo-
bin levels, lower blood pressure, fasting glucose and gly-
cated hemoglobin (HbA1c) levels.14–16 Exploring the 
clinical characteristics of non-obese NAFLD may reflect 
how its pathogenesis is different from that of obese 
NAFLD.

NAFLD is defined as a sexually dimorphic disease, 
a characteristic that has attracted much attention in recent 
years. Increasing evidence shows that gender and age are 
related to the pathogenesis and progression of NAFLD.17 

The incidence of NAFLD in postmenopausal women 
seems to be higher than that in premenopausal women, 
which shows a similar age relationship to that in male 
patients with NAFLD. A decrease in estrogen levels and 
a decline in ovarian function may be related to this 

phenomenon.18 Gutierrez-Grobe et al reported that the 
prevalence of NAFLD in premenopausal, postmenopausal, 
and polycystic ovarian syndrome women suggests that 
NAFLD is more prevalent in postmenopausal women 
and women with polycystic ovarian syndrome than in 
premenopausal women.19 Estrogen levels may have 
a protective effect against NAFLD in women. Studies on 
animal models also showed that estrogen deficiency aggra-
vated the deterioration of non-alcoholic steatohepatitis in 
mice with NAFLD.20 Limited studies have also shown that 
hormone replacement therapy may have a beneficial effect 
on NAFLD.21 However, it is not clear whether these 
characteristics exist in non-obese patients with NAFLD. 
Our results showed that the occurrence of NAFLD was 
higher in the obese group than in the non-obese group, 
regardless of gender. However, in non-obese individuals, 
the incidence of NAFLD in female patients was signifi-
cantly lower than that in male patients, suggesting that the 
protective effect of estrogen against NAFLD is more 
obvious in non-obese populations.

NAFLD incidence in different age groups also showed 
the possible role of estrogen. In the study of Japanese 
population,22 Kenichi Nishioji found that the prevalence 
of NAFLD peaked earlier in non-obese males than in 
females, and this difference may be related to the effect 
of hormones on body metabolism. The occurrence of 
NAFLD increased with age, with 50–59 years of age 
being the peak age of incidence in all groups. In the 
obese population, the incidence of NAFLD in male 
patients remained basically the same across the three age 
groups of 30–39 years, 40–49 years, and 50–59 years, 
while in the non-obese population, the NAFLD incidence 
in male patients was higher in the age groups of 40–49 
years and 50–59 years. The incidence of NAFLD in 
female patients peaked in the age range of 50–59 years 
in both the obese and non-obese populations. These results 
show that the onset age of NAFLD is less in obese male 
populations. The incidence of NAFLD increasing in 
female patients around the age of 50–59 years may be 
due to the onset of menopause.

Elevated lipid and blood glucose are believed to be 
closely related to obesity and NAFLD, and some non- 
obese populations have elevated blood glucose and lipid 
levels that may lead to NAFLD. To prevent the interaction 
between different lipid components, we chose cases with 
normal CHOL and LDL-C levels for TG analysis. 
Similarly, we chose cases with normal TG and LDL-C 
levels for CHOL analysis. In accordance with the 

Table 3 Results of Regression Analysis of NAFLD in Non-Obese 
NAFLD Patients

Clinical Parameters p OR 95% CI

Age 0.480 1.001 0.998–1.004

Sex 0.360 1.249 0.776–2.012

BMI 0.000* 1.311 0.130–1.520
ALP 0.241 1.584 0.734–3.416

GGT 0.563 1.222 0.619–2.411

TG 0.000* 2.545 1.552–4.172
CHOL 0.660 0.836 0.376–1.858

LDL-C 0.675 1.209 0.498–2.931
Blood glucose 0.426 1.294 0.686–2.439

Note: *p<0.05.
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stratification standard of dyslipidemia,23 we divided the 
TG levels into three groups: normal TG (TG<1.7 mmol/ 
L), marginal elevated TG (1.7≤TG≤2.25 mmol/L), and 
elevated TG (TG≥2.26 mmol/L). The results showed that 
the proportion of TG level distribution in the obese and 
non-obese populations was different. The proportion of 
normal TG levels in the obese population was significantly 
lower than that in the non-obese population, and a similar 
pattern was also found in patients with NAFLD. As 
expected, there is a significant proportion of people with 
normal TG levels in non-obese patients with NAFLD. This 
suggests that the “elevated” and “marginal elevated” TG 
levels may be closely related to the occurrence of NAFLD 
in non-obese populations, while NAFLD can also occur in 
non-obese patients with normal TG levels. Therefore, non- 
obese populations with normal TG levels should also be 
monitored for NAFLD, especially those with “elevated” 
and “marginal elevated” TG levels. It is worth noting that 
no statistical difference was found either in the distribution 
of CHOL levels between the obese and non-obese partici-
pants or between the patients with and without NAFLD.

Elevated blood glucose level is also one of the mani-
festations of metabolic abnormality. Constituent ratios of 
different glucose levels between obese and non-obese, 
NAFLD and non-NAFLD, and male and female partici-
pants were analyzed. We found that, in general, the pro-
portion of people with abnormal blood glucose in the 
obese population was higher than that in the non-obese 
population. The constituent ratio of different glucose 
levels in patients with NAFLD was similar to that in the 
total population. There was no sex-related difference in the 
constituent ratio of different blood glucose levels in obese 
patients with NAFLD. Normal blood glucose levels were 
found in 65%-70% of patients with NAFLD. In non-obese 
patients with NAFLD, the composition ratios of blood 
glucose levels in male patients were similar to those in 
obese patients with NAFLD, while they were significantly 
different in female patients, with less than 10% of non- 
obese females showing abnormal blood glucose levels. 
This suggests that female patients with normal blood glu-
cose should be monitored for NAFLD more closely than 
male patients.

Finally, we analyzed the risk factors for NAFLD in the 
non-obese population. The results showed that BMI and 
TG were still risk factors for NAFLD in the non-obese 
population. Most studies believe that there is a close cor-
relation between NAFLD and BMI.30 The higher the BMI, 
the higher the incidence of metabolic syndrome and the 

greater the probability of NAFLD, high BMI is an inde-
pendent risk factor for NAFLD. Our results showed that 
BMI was still a risk factor for NAFLD in non-obese 
patients even though their BMI <25 kg/m2. These findings 
remind us that reasonable dietary and physical activity 
status should also be advocated in people with normal 
BMI, which is helpful to prevent the development of 
NAFLD. In addition, high-fat diet is closely related to 
fatty liver, normal hepatocytes contain about 4%-7% of 
lipids, of which TG accounts for about 1/2. Fatty liver can 
be caused when the content of TG in the liver increases. 
Our data showed that the average level of TG in NAFLD 
group was higher than that of non-NAFLD in non-obese 
population. It’s very interesting that we found the “edge 
elevated“ TG level (1.7 mmol/L≤TG≤2.25 mmol/L) may 
be closely related to the occurrence of NAFLD in non- 
obese population. Results above remind us that attention 
should also be paid to monitor NAFLD in those people 
with normal TG and BMI in favor of early intervention. 
Certainly, genetic and other factors may also be related to 
the occurrence of NAFLD in non-obese people.

In summary, compared with obese population, the 
incidence of NAFLD in non-obese population was rela-
tively low and more frequently in male than in female, 
the peak age of NAFLD occurrence in non-obese male 
patients was also delayed. BMI and TG should still be 
controlled to avoid the occurrence of NAFLD although 
the BMI of such patients is normal. Due to the normal 
BMI, non-obese NAFLD may be ignored by patients 
and can result in potential liver lesions and disease 
progression; therefore, more attention should be paid. 
However, BMI fails to address body fat distribution.24 

Visceral abdominal adiposity, which is associated with 
the metabolic syndrome, is thought to be a key link to 
NAFLD, it plays a far more important role than sub-
cutaneous fat in the pathogenesis of insulin 
resistance.25–27 We expected the study of the relation-
ship between visceral obesity and non-obese NAFLD 
patients. More importantly, there is no dispute that 
NAFLD is closely related to several endocrine factors 
(hormone, glycolipid metabolism), and the concept of 
“endocrine NAFLD” has been once proposed,28,29 which 
may be a new direction for future research on the 
mechanism and treatment of NAFLD.
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