
Lu et al. Journal of Translational Medicine          (2023) 21:192  
https://doi.org/10.1186/s12967-023-04047-0

RESEARCH

Lipid metabolism, BMI and the risk 
of nonalcoholic fatty liver disease in the general 
population: evidence from a mediation analysis
Song Lu1,2†, Qiyang Xie1,2†, Maobin Kuang1,2†, Chong Hu3, Xinghui Li4, Huijian Yang4, Guotai Sheng1,2, 
Guobo Xie1,2* and Yang Zou2*   

Abstract 

Background Body mass index (BMI) and lipid parameters are the most commonly used anthropometric parameters 
and biomarkers for assessing nonalcoholic fatty liver disease (NAFLD) risk. This study aimed to assess and quantify the 
mediating role of traditional and non-traditional lipid parameters on the association between BMI and NAFLD.

Method Using data from 14,251 subjects from the NAGALA (NAfld in the Gifu Area, Longitudinal Analysis) study, 
mediation analyses were performed to explore the roles of traditional [total cholesterol (TC), triglyceride (TG), high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C)] and non-traditional [non-HDL-C, 
remnant cholesterol (RC), TC/HDL-C ratio, LDL-C/HDL-C ratio, TG/HDL-C ratio, non-HDL-C/HDL-C ratio, and RC/HDL-C 
ratio] lipid parameters in the association of BMI with NAFLD and quantify the mediation effect of these lipid param-
eters on the association of BMI with NAFLD using the percentage of mediation.

Result After fully adjusting for confounders, multivariate regression analysis showed that both BMI and lipid 
parameters were associated with NAFLD (All P-value < 0.001). Mediation analysis showed that both traditional and 
non-traditional lipid parameters mediated the association between BMI and NAFLD (All P-value of proportion medi-
ate < 0.001), among which non-traditional lipid parameters such as RC, RC/HDL-C ratio, non-HDL-C/HDL-C ratio, and 
TC/HDL-C ratio accounted for a relatively large proportion, 11.4%, 10.8%, 10.2%, and 10.2%, respectively. Further strati-
fied analysis according to sex, age, and BMI showed that this mediation effect only existed in normal-weight (18.5 kg/
m2 ≤ BMI < 25 kg/m2) people and young and middle-aged (30–59 years old) people; moreover, the mediation effects 
of all lipid parameters except TC accounted for a higher proportion in women than in men.

Conclusion The new findings of this study showed that all lipid parameters were involved in and mediated the risk of 
BMI-related NAFLD, and the contribution of non-traditional lipid parameters to the mediation effect of this association 
was higher than that of traditional lipid parameters, especially RC, RC/HDL-C ratio, non-HDL-C/HDL-C ratio, and TC/
HDL-C ratio. Based on these results, we suggest that we should focus on monitoring non-traditional lipid parameters, 
especially RC and RC/HDL-C ratio, when BMI intervention is needed in the process of preventing or treating NAFLD.
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Background
With the rapid economic growth, the changes in lifestyle, 
and the prevalence of obesity, the prevalence of NAFLD is 
increasing all over the world. It is estimated that about 1/4 
of adults in the world have suffered from NAFLD [1–3], 
and in about ten years, the global prevalence of the disease 
is expected to further rise to 1/3 [4], which will bring huge 
public health problems and economic burden to society 
[5]. Therefore, it is necessary to carry out early preven-
tion and risk factor screening for susceptible people for 
NAFLD.

High BMI and dyslipidemia are known to be the most 
important modifiable risk factors for the onset of NAFLD. 
A series of studies have elucidated the associations 
between BMI and dyslipidemia and NAFLD in the past, 
among which elevated body weight and dyslipidemia were 
the most important risk factors for the increased risk of 
NAFLD [6–14]. In addition, it is worth noting that with the 
rapid development of global industrialization and econ-
omy, many chemicals are released into the environment, 
and long-term to exposure of these pollutants will cause 
harm to human health, further leading to lipid metabolism 
disorders and weight gain [15, 16], which in turn further 
aggravates the disease burden of NAFLD. Toxicology-
based evidence also supported this notion, with the most 
pronounced effect of increased chemical exposure on liver 
cells as a redox imbalance, often manifested in mitochon-
drial damage, enhancement of lipid peroxidation, eleva-
tion in reactive oxygen species formation, and depletion of 
intracellular reduced glutathione [17–21]. In the context of 
today’s rapid global development, it is particularly impor-
tant to be able to assess NAFLD risks more efficiently and 
accurately. Considering that the measurement of BMI is 
simple, while the inspection of lipid parameters is relatively 
complex, it may be a useful combination to use BMI as an 
indicator of daily NAFLD risk assessment and lipid param-
eters as indicators of regular NAFLD risk assessment; fur-
ther clarification is needed which lipid parameters work 
best in combination with BMI for routine risk assessment 
of NAFLD. To address this issue, in the current study, we 
tried to explore the influence of all non-traditional and tra-
ditional lipid parameters on the association between BMI 
and NAFLD through the meditation analysis system.

Method
Data sources and study population
To elucidate the effect of lipid parameters on the asso-
ciation of BMI with NAFLD, we performed a secondary 

analysis using the NAGALA study dataset, which has 
been uploaded to the Dryad database for public share 
by the Okamura team (https:// doi. org/ 10. 5061/ dryad. 
8q0p1 92). The NAGALA study, a population-based 
longitudinal cohort study, aimed at assessing risk fac-
tors for common chronic diseases, thereby reducing 
the burden on the public health system and promoting 
population health.

Detailed information about the NAGALA cohort study 
has been described in a previously published article [22]. 
Based on a new study objective, this study extracted 
physical examination data from 20,944 subjects in the 
NAGALA dataset between May 1994 and December 
2016. According to the inclusion and exclusion crite-
ria, we excluded subjects who were on medication at 
baseline, subjects with missing covariate data or exces-
sive drinking or unexplained withdrawal from the study, 
and subjects with diabetes or impaired fasting glucose 
[fasting blood glucose (FPG) above 6.1 mmol/L] or liver 
disease (except fatty liver) at baseline. A total of 14,251 
subjects were included in the final analysis of this study 
(Fig. 1).

Ethics approval
The previous study was approved by the Murakami 
Memorial Hospital Ethics Committee [22], and writ-
ten informed consent was obtained from each subject. 
The current study is a secondary analysis of the previous 
study, and the study protocol was approved by the Insti-
tutional Ethics Review Committee of Jiangxi Provincial 
People’s Hospital, and the whole study process followed 
the Helsinki Declaration.

Data collection and measurement
As mentioned earlier, standardized questionnaires 
were used to obtain subjects’ age and sex, smoking 
and drinking status, the habit of exercise, disease his-
tory, and drug use history. Body weight, height, waist 
circumference (WC), and arterial blood pressure were 
professionally measured and recorded by professional 
medical workers. Where BMI was calculated as weight 
(kg)/[height(m)]2. A habit of exercise was defined as 
subjects participating in any form of physical activ-
ity more than one time per week. Drinking status was 
defined according to the amount of past weekly alco-
hol consumption of the subjects, and the subjects were 
classified as no or little drinkers, light drinkers, and 
moderate drinkers [23]. Smoking status was divided 
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into three categories: none, former, and current. Blood 
specimens were collected from each subject after fast-
ing for at least 8  h, and the following laboratory bio-
chemical parameters, including gamma-glutamyl 
transferase (GGT), aspartate aminotransferase (AST), 
glycosylated hemoglobin (HbA1c), FPG and alanine 
aminotransferase (ALT), HDL-C, TC, and TG were 
analyzed and measured by an automated analyzer 
according to the standard method.

LDL-C and non-traditional lipid parameters are cal-
culated as follows:

LDL-C (mg/dL) = 90%non-HDL-C – 10%TG [24];
Non-HDL-C = TC – HDL-C [25];
RC = non-HDL-C – LDL-C [26];
TC/HDL-C ratio = TC/HDL-C [27];
TG/HDL-C ratio = TG/HDL-C [28];
LDL-C/HDL-C ratio = LDL-C/HDL-C [29];
Non-HDL-C/HDL-C ratio = Non-HDL-C/HDL-C 

[30];
RC/HDL-C ratio = RC/HDL-C [31];

Diagnosis of NAFLD
Trained professional technicians performed abdominal 
ultrasound examinations on the subjects. The ultrasound 

images were evaluated by experienced gastroenterolo-
gists without knowing the subjects’ personal health data, 
and a final diagnosis was made based on a combination 
of four ultrasound sonogram features, including vascular 
blurring, liver and kidney echo contrast, depth attenua-
tion and liver brightness [32].

Statistical analysis
Descriptive data for baseline characteristics were 
expressed as mean (standard deviation) or median (inter-
quartile range) for continuous variables and frequency 
(percentage) for categorical variables, and whether there 
were differences between groups were compared by chi-
square test or Mann–Whitney U test or t test. In addi-
tion, we also calculated standardized difference values 
between the NAFLD group and non-NAFLD group to 
assess and quantify the magnitude of differences between 
groups (standardized difference values > 10% were con-
sidered significant), where skewed continuous variables 
were subjected to Box-COX normal transformation 
before data analysis [33, 34].

Before performing regression analysis and media-
tion analysis, we first evaluated the collinearity of lipid 
parameters/BMI and other covariates by multiple linear 

Fig. 1 Flowchart of the selection process of study subjects
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regression, and calculated the variance inflation factor 
as an evaluation tool, in which covariates with variance 
inflation factor greater than 10 were considered as col-
linear variable [35]. Collinearity screening results showed 
no high collinearity between all lipid parameters and 
baseline variables, but high collinearity between BMI and 
body weight (Additional file 1: Tables S1–S12). Based on 
these results of collinearity screening, we will exclude 
body weight in the subsequent regression analysis model 
and mediation analysis model, and further adjust the 
model according to epidemiological research evidence, 
and show the process of gradual adjustment in the main 
analysis [36].

We performed a mediation analysis according to the 
method suggested by Professor VanderWeele [37] to 
examine how lipid parameters as mediator variables 
affect the relationship between BMI (independent vari-
able) and NAFLD (outcome variable). According to the 
requirements of the mediation analysis, the research data 
in this study must meet the following criteria: (1) BMI/
lipid parameters must be associated with NAFLD: As a 
part of the study, we used multivariate logistic regression 
model to analyze the relationship between BMI/ lipid 
parameters and NAFLD, and considered the potential 
effects of sex, age, WC, habit of exercise, smoking sta-
tus, drinking status, liver enzyme related factors (ALT, 
AST, GGT), blood pressure-related factors [systolic 
blood pressure (SBP), diastolic blood pressure (DBP)] 
and blood glucose metabolism factors (FPG, HbA1c) [1, 
2, 38–40]; (2) BMI must be associated with lipid param-
eters: In this validation analysis, we assessed the asso-
ciation by multivariate linear regression in which we 
considered the potential effects of sex, age, WC, habit 
of exercise, smoking status, drinking status, blood pres-
sure-related factors (SBP, DBP), and glucose metabolism 
factors (FPG, HbA1c) [2, 8, 40, 41]; (3) The association 
between BMI and NAFLD must to be attenuated when 
lipid parameters were included in the multivariate logis-
tic regression models. If the above conditions are met 
then a mediation analysis can be performed to deter-
mine whether the effect of BMI on NAFLD is mediated 
by lipid parameters. In addition, the mediation percent-
age was obtained by calculating the ratio of the indirect 
effect to the total effect, thereby quantifying the size of 
the mediation effect. The significance of the mediation 
effect was tested using Bootstrap sampling (times = 1000) 
[42]. To reduce the effect of confounding factors, we 
adjusted for the covariates sex, age, WC, DBP, ALT, AST, 
GGT, FPG, SBP, HbA1c, the habit of exercise, smok-
ing status, and drinking status in the mediation analysis 
[1, 2, 38–40]. Finally, we performed further exploratory 
stratified analyses for sex, age, and BMI, in which the age 

classification refers to the World Health Organization’s 
classification standards (young people within 45  years 
old, middle-aged people between 45 and 59  years old, 
and elderly people over 60 years old), and the BMI clas-
sification refers to the World Health Organization’s 
recommended BMI classification standards for Asian 
people [low weight (BMI < 18.5  kg/m2), normal weight 
(18.5  kg/m2 ≤ BMI < 25  kg/m2), and overweight/obese 
(BMI ≥ 25  kg/m2)] [43]. All analyses were done using R 
language version 3.4.3 and Empower(R) version 4. 0. All 
tests were two-tailed and statistical significance was set 
at P < 0.05.

Result
Characteristics of the study subjects
This study included 14,251 subjects with a mean age 
of 43.7  years, 48% of whom were women, and 17.6% of 
subjects were diagnosed with NAFLD. Subjects were 
grouped according to whether or not suffering from 
NAFLD, and Table  1 presents the differences in base-
line characteristics of the study population. Except for 
drinking status, almost all baseline demographic data, 
anthropometric data, and serum biomarkers were signifi-
cantly different between the NAFLD group and the non-
NAFLD group (all P < 0.05). It is noteworthy that the BMI 
of the NAFLD group was significantly higher than that of 
the non-NAFLD group (25.5 vs 21.3), and the standard-
ized difference value between the two groups was as high 
as 145%. In terms of lipid parameters, the standardized 
difference values between the two groups were generally 
higher for non-traditional lipid parameters than for tradi-
tional lipid parameters.

Relationship between BMI/lipid parameters and NAFLD
After adjusting for potential confounders (Tables  2 and 
3), there were significant associations between BMI or 
lipid parameters and NAFLD (all P < 0.001). The associa-
tion between BMI and NAFLD was significantly positive 
in models 1–3 with Odds ratios (ORs) of 1.37 [95% con-
fidence interval (CI)1.32–1.42, P < 0.001], 1.33 (1.29–1.38, 
P < 0.001), and 1.27 (1.22–1.31, P < 0.001), respectively; 
after further adjusting the lipid parameters (mediator 
variables), we found that the correlation between BMI 
and NAFLD weakened (Table 3, models 4–14), suggest-
ing a mediation effect. In addition, with regard to lipid 
parameters, all lipid parameters were significantly posi-
tively associated with NAFLD except HDL-C. It is worth 
mentioning that the RC and the RC/HDL-C ratio were 
much riskier for NAFLD than other lipid parameters 
(RC: OR = 9.18, 95% CI 6.88–12.26, P < 0.001; RC/HDL-C 
ratio: OR = 5.01, 95% CI 4.02–6.24, P < 0.001).
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Relationship between BMI and lipid parameters
The results of multivariate linear regression models 
showed that all lipid parameters were significantly asso-
ciated with BMI after fully adjusting for confounders 
(Additional file  1: Table  S13); furthermore, it is worth 

mentioning that among all lipid parameters, RC and RC/
HDL-C ratio were most positively associated with BMI 
(RC: β = 1.03, 95% CI 0.88–1.17, P < 0.001; RC/HDL-C 
ratio: β = 0.80, 95% CI 0.69–0.92, P < 0.001), while HDL-C 
was negatively associated with BMI.

Table 1 Characteristics of the study subjects with and without NAFLD

Values were expressed as mean (SD) or medians (quartile interval) or n (%). The differences between groups were compared by chi-square test or Mann–Whitney U 
test or t test (P-value < 0.05 indicates significance). Standardized difference values were used to evaluate and quantify the difference between groups (> 10% were 
considered significant)

NAFLD: Nonalcoholic fatty liver disease; BMI: body mass index; WC: Waist circumference; ALT: alanine aminotransferase; AST: aspartate aminotransferase; GGT: 
gamma-glutamyl transferase; HDL-C: high-density lipoprotein cholesterol; TC: total cholesterol; TG: triglyceride; LDL-C: low density lipoprotein cholesterol; Non-HDL-C: 
non-high-density lipoprotein cholesterol; RC: remnant cholesterol; HbA1c: hemoglobin A1c; FPG: fasting plasma glucose; SBP: systolic blood pressure; DBP: diastolic 
blood pressure

Non-NAFLD NAFLD Standardized difference 
(%)

P-value

No. of subjects 11,744 2507

Sex 78 (74, 83) < 0.001

 Women 6362 (54.17%) 478 (19.07%) < 0.001

 Men 5382 (45.83%) 2029 (80.93%) < 0.001

Age, years 42.00 (18.00–79.00) 44.00 (19.00–72.00) 18 (13, 22) < 0.001

Weight, kg 57.72 (9.98) 72.18 (11.33) 135 (131, 140) < 0.001

Height, cm 164.11 (8.44) 168.03 (7.90) 48 (44, 52) < 0.001

BMI, kg/m2 21.33 (2.61) 25.50 (3.13) 145 (140, 149) < 0.001

WC, cm 74.09 (7.92) 85.98 (7.79) 151 (147, 156) < 0.001

ALT, U/L 15.00 (2.00–856.00) 27.00 (6.00–220.00) 96 (91, 100) < 0.001

AST, U/L 17.00 (3.00–590.00) 20.00 (6.00–140.00) 56 (51, 60) < 0.001

GGT, U/L 14.00 (3.00–259.00) 23.00 (6.00–375.00) 61 (57, 66) < 0.001

TC, mmol/L 5.06 (0.85) 5.44 (0.87) 45 (41, 49) < 0.001

TG, mmol/L 0.65 (0.07–10.27) 1.24 (0.16–7.69) 96 (91, 100) < 0.001

HDL-C, mmol/L 1.52 (0.40) 1.19 (0.29) 96 (92, 101) < 0.001

LDL-C. mmol/L 2.95 (0.95–9.72) 3.49 (1.16–6.59) 68 (64, 73) < 0.001

Non-HDL-C, mmol/L 3.47 (1.22–10.93) 4.25 (1.38–7.71) 83 (79, 88) < 0.001

RC, mmol/L 0.50 (0.17–2.72) 0.71 (0.18–2.37) 107 (102, 111) < 0.001

TC/HDL-C ratio 3.33 (1.51–13.02) 4.71 (1.59–10.75) 111 (106, 115) < 0.001

TG/HDL-C ratio 0.43 (0.03–16.55) 1.07 (0.12–11.67) 92 (87, 96) < 0.001

LDL-C/HDL-C ratio 1.99 (0.43–10.35) 3.04 (0.50–8.01) 106 (101, 110) < 0.001

Non-HDL-C/HDL-C ratio 2.33 (0.51–12.02) 3.71 (0.59–9.75) 111 (106, 115) < 0.001

RC/HDL-C 0.33 (0.07–4.39) 0.62 (0.09–3.57) 107 (103, 112) < 0.001

FPG, mmol/L 5.09 (0.40) 5.39 (0.36) 78 (74, 82) < 0.001

HbA1c, % 5.15 (0.31) 5.30 (0.33) 46 (42, 51) < 0.001

SBP, mmHg 111.91 (14.02) 123.41 (14.83) 80 (75, 84) < 0.001

DBP, mmHg 69.69 (9.85) 77.81 (10.19) 81 (77, 85) < 0.001

Habit of exercise 2093 (17.82%) 377 (15.04%) 8 (3, 12) < 0.001

Drinking status 4 (-0.01, 9) 0.162

 No or little 9717 (82.74%) 2088 (83.29%)

 Light 1472 (12.53%) 286 (11.41%)

 Moderate 555 (4.73%) 133 (5.31%)

Smoking status 35 (31, 39) < 0.001

 None 7561 (64.38%) 1185 (47.27%)

 Former 1920 (16.35%) 639 (25.49%)

 Current 2263 (19.27%) 683 (27.24%)
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Mediation effect of lipid parameters on the association 

between BMI and NAFLD
Table  4 shows the mediation analysis results of lipid 
parameters on the relationship between BMI and 
NAFLD. In the general population, we found that all 
11 lipid parameters partially mediated the association 
between BMI and NAFLD risk, with RC/HDL-C ratio, 
RC, non-HDL-C/HDL-C ratio, and TC/HDL-C ratio 
mediating the largest mediation effects at 11.4%, 10.8%, 
10.2%, and 10.2%, respectively (Fig. 2); while lipid param-
eters such as TC, HDL-C, LDL-C, and non-HDL-C 
played a weak role in mediating the association between 
BMI and NAFLD risk. Overall, non-traditional lipid 
parameters mediated the association between BMI and 
NAFLD more than traditional lipid parameters.

Stratified analysis
We further stratified all subjects according to BMI, sex, 
and age, and explored the mediating role of lipid param-
eters in the association between BMI and NAFLD in dif-
ferent populations.

Table 5 shows the mediation effect of lipid parameters 
on the association between BMI and NAFLD in different 
BMI groups. The results showed that the mediation effect 
of lipid parameters on the association between BMI and 
NAFLD was only observed in the normal-weight group, 
while no significant mediation effect was found in the 
low-weight group and the overweight/obese group. In 
general, in people with normal BMI, the mediation effect 

Table 2 Relationship between lipid parameters and NAFLD

OR: Odds ratios; CI: confidence interval; other abbreviations as in Table 1
* P < 0.001

Model 1 adjusted sex, age and WC

Model 2 adjusted model 1 + SBP, DBP, habit of exercise, smoking status and drinking status

Model 3 adjusted model 2 + ALT, AST, GGT, FPG and HbA1c

OR (95% CI)

Model 1 Model 2 Model 3

BMI 1.37 (1.32, 1.42)* 1.33 (1.29, 1.38)* 1.27 (1.22, 1.31)*

TC 1.41 (1.33, 1.50)* 1.37 (1.29, 1.46)* 1.17 (1.09, 1.25)*

LDL-C 1.61 (1.50, 1.73)* 1.54 (1.43, 1.66)* 1.29 (1.19, 1.39)*

TG 2.27 (2.09, 2.47)* 2.25 (2.07, 2.45)* 1.93 (1.77, 2.11)*

HDL-C 0.25 (0.21, 0.31)* 0.25 (0.21, 0.31)* 0.30 (0.24, 0.36)*

Non-HDL-C 1.67 (1.57, 1.77)* 1.61 (1.51, 1.72)* 1.36 (1.27, 1.46)*

RC 18.53(14.17, 24.23)* 17.16(13.07, 22.54)* 9.18 (6.88, 12.26)*

TC/HDL-C ratio 1.57 (1.50, 1.65)* 1.56 (1.49, 1.64)* 1.40 (1.33, 1.47)*

TG/HDL-C ratio 1.94 (1.80, 2.08)* 1.92 (1.79, 2.07)* 1.68 (1.56, 1.82)*

LDL-C/HDL-C ratio 1.68 (1.58, 1.78)* 1.65 (1.56, 1.76)* 1.45 (1.36, 1.54)*

Non-HDL-C/HDL-C ratio 1.57 (1.50, 1.65* 1.56 (1.49, 1.64)* 1.40 (1.33, 1.47)*

RC/HDL-C ratio 7.94 (6.47, 9.74)* 7.79 (6.31, 9.62)* 5.01 (4.02, 6.24)*

Table 3 Relationship between BMI and NAFLD

OR: Odds ratios; CI: confidence interval; other abbreviations as in Table 1

Model 1 adjusted sex, age and WC

Model 2 adjusted model I + SBP, DBP, habit of exercise, smoking status and 
drinking status

Model 3 adjusted model II + ALT, AST, GGT, FPG and HbA1c

Model 4 adjusted model II + TC; Model 5 adjusted model II + HDL-C; Model 6 
adjusted model II + TG; Model 7 adjusted model II + LDL-C; Model 8 adjusted 
model II + non-HDL-C; Model 9 adjusted model II + RC; Model 10 adjusted 
model II + TC/HDL-C ratio; Model 11 adjusted model II + TG/HDL-C ratio; Model 
12 adjusted model II + LDL-C/HDL-C ratio; Model 13 adjusted model II + non-
HDL-C/HDL-C ratio; Model 14 adjusted model II + RC/HDL-C ratio

Models 4–14 show the correlation between BMI and NAFLD when lipid 
parameters are included in the regression model

OR (95% CI) P-value

Model 1 1.37 (1.32, 1.42) < 0.001

Model 2 1.33 (1.29, 1.38) < 0.001

Model 3 1.27 (1.22, 1.31) < 0.001

Model 4 1.26 (1.22, 1.31) < 0.001

Model 5 1.24 (1.20, 1.29) < 0.001

Model 6 1.25 (1.21, 1.30) < 0.001

Model 7 1.26 (1.21, 1.31) < 0.001

Model 8 1.25 (1.21, 1.30) < 0.001

Model 9 1.25 (1.20, 1.30) < 0.001

Model 10 1.24 (1.20, 1.29) < 0.001

Model 11 1.25 (1.21, 1.30) < 0.001

Model 12 1.25 (1.20, 1.29) < 0.001

Model 13 1.24 (1.20, 1.29) < 0.001

Model 14 1.25 (1.20, 1.29) < 0.001
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of non-traditional lipid parameters was greater than that 
of traditional lipid parameters, among which the medi-
tation percentages of non-traditional lipid parameters 
such as RC/HDL-C ratio, RC, TC/HDL-C ratio, non-
HDL-C/HDL-C ratio, LDL-C/HDL-C ratio, TG/HDL-C 
ratio were 17.2%, 16.2%, 15.9%, 15.9%, 13.9%, and 12.2%, 
respectively.

In the mediation analysis stratified by sex (Table 6), we 
found that the mediation effect of lipid parameters on 
the association between BMI and NAFLD was generally 
higher in women than in men; among them, the media-
tion percentages of lipid parameters such as RC/HDL-C 
ratio, RC, TG/HDL-C ratio, TG, TC/HDL-C ratio and 
non-HDL-C/HDL-C ratio were more than 10% in women 
(15.4%, 12.9%, 12.5%, 11.7%, 11.5%, 11.5%, respectively, 
P < 0.001). While the mediation effect of the RC/HDL-C 
ratio was the largest in men, accounting for 7%.

In the mediation analysis stratified by age (Additional 
file  1: Table  S14), we only found significant mediation 
effects in the 30–44 years old and 45–59 years old sub-
groups, and the results were basically consistent with the 
results of the whole population. The contribution of non-
traditional lipid parameters to the risk of NAFLD asso-
ciated with BMI was higher than that of traditional lipid 
parameters, especially RC, RC/HDL-C ratio, non-HDL-
C/HDL-C ratio, and TC/HDL-C ratio.

Discussion
In this data analysis of 14,251 general subjects based on 
the NAGALA cohort, we have found that both traditional 
and non-traditional lipid parameters played an important 
role in the association between BMI and NAFLD, among 
which the non-traditional lipid parameters RC/HDL-C 
ratio, RC, non-HDL-C/HDL-C ratio and TC/HDL-C 
ratio accounted for a large proportion in mediating the 

association between BMI and NAFLD, which were 11.4%, 
10.8%, 10.2%, and 10.2%, respectively. The further strati-
fied analysis also found that this mediation effect existed 
only in normal-weight people and young and middle-
aged people (30–59  years old); in addition, compared 
with men, all lipid parameters except TC accounted for a 
higher proportion of mediation effects in women.

NAFLD has become a global health problem, affect-
ing 1/4 of the global population, and its rising preva-
lence is synchronized with the prevalence of metabolic 
syndrome, obesity, and type 2 diabetes [3]. In addition, 
a large number of epidemiological evidence showed 
that BMI and dyslipidemia were closely related to the 
occurrence and development of NAFLD [8, 11–14, 44]. 
NAFLD is a complex metabolic-related disease, and 
the latest research has proposed to change the name of 
NAFLD to metabolic-associated fatty liver disease [45] 
because this name was more in line with the pathophysi-
ological process of NAFLD. Early management of these 
controllable risk factors for metabolic disorders may be 
useful and efficient in reducing the risk of NAFLD [46].

Similar to the results of some previous studies [11–14, 
47–52], we have also reported the relationship between 
BMI and lipid parameters and NAFLD in the current 
study. The results showed that there was a significant cor-
relation between BMI and lipid parameters and NAFLD 
after adjusting for potential confounding factors. In addi-
tion, after further adjustment of lipid parameters, we 
observed that the magnitude of the association between 
BMI and NAFLD had decreased, which suggested that 
lipid parameters may play a role in mediating the asso-
ciation, thereby supporting the next step of mediation 
analysis in this study. At present, little is known about the 
relationship between BMI and NAFLD mediated by lipid 
parameters. As far as we know, there is only one study 

Table 4 Mediation analysis for BMI and NAFLD via lipid parameters in the whole population

PM: propotion mediate; other abbreviations as in Table 1

Adjusting variables: sex, age, WC, SBP, DBP, ALT, AST, GGT, FPG, HbA1c, habit of exercise, smoking status and drinking status

Mediator Total effect Mediation effect Direct effect PM (%) P-value of PM

TC 0.110 (0.097, 0.123) 0.002 (0.001, 0.002) 0.109 (0.095, 0.122) 1.3 < 0.001

TG 0.110 (0.097, 0.123) 0.009 (0.007, 0.012) 0.101 (0.088, 0.114) 8.3 < 0.001

HDL-C 0.110 (0.097, 0.123) 0.006 (0.004, 0.008) 0.105 (0.091, 0.117) 5.4 < 0.001

LDL-C 0.110 (0.097, 0.123) 0.003 (0.002, 0.004) 0.107 (0.094, 0.120) 2.6 < 0.001

Non-HDL-C 0.110 (0.097, 0.123) 0.005 (0.004, 0.007) 0.105 (0.091, 0.118) 4.9 < 0.001

RC 0.110 (0.097, 0.123) 0.012 (0.010, 0.014) 0.098 (0.085, 0.111) 10.8 < 0.001

TC/HDL-C ratio 0.110 (0.097, 0.123) 0.011 (0.009, 0.014) 0.099 (0.086, 0.112) 10.2 < 0.001

TG/HDL-C ratio 0.110 (0.097, 0.123) 0.009 (0.007, 0.011) 0.101 (0.088, 0.114) 8.2 < 0.001

LDL/HDL-C ratio 0.110 (0.097, 0.123) 0.010 (0.008, 0.012) 0.101 (0.087, 0.114) 8.7 < 0.001

Non-HDL-C/HDL-C ratio 0.110 (0.097, 0.123) 0.011 (0.009, 0.014) 0.099 (0.086, 0.112) 10.2 < 0.001

RC/HDL-C ratio 0.110 (0.097, 0.123) 0.013 (0.010, 0.015) 0.098 (0.085, 0.111) 11.4 < 0.001



Page 8 of 14Lu et al. Journal of Translational Medicine          (2023) 21:192 

Fig. 2 Lipid parameters mediation models of the relationship between BMI and NAFLD. ME: Mediation effect; DE: Direct effect; BMI: Body mass 
index; NAFLD: Nonalcoholic fatty liver disease



Page 9 of 14Lu et al. Journal of Translational Medicine          (2023) 21:192  

to explore the relationship between BMI and NAFLD 
mediated by TG [53]. In the study by Xing et  al., who 
analyzed data from 15,943 employees from the Kailuan 
Group in China, they showed that approximately 26% of 
the effect of BMI on NAFLD was mediated through TG 
levels in the high BMI group (BMI ≥ 24  kg/m2), while 
in the low BMI group (BMI < 24  kg/m2), no significant 
mediation effect was observed. In this study, we evalu-
ated the meditation percentage of TG-mediated BMI and 
NAFLD association in the whole population to be 8.3%, 

while further stratification according to the cut-off point 
of BMI in the Asian population, we found that the media-
tion effect of TG-mediated BMI and NAFLD association 
was only observed in normal-weight people, but it was 
not significant in low-weight people and overweight/
obese people. In order to explore whether the inconsist-
ency between the research results of Xing et al. and the 
current research results is related to the difference in 
BMI cut-off points, we continued to use the same BMI 
cut-off points as that of Xing et al. for further exploratory 

Table 5 Mediation analysis for BMI and NAFLD via lipid parameters in the whole population stratified by BMI

PM: propotion mediate; other abbreviations as in Table 1

Adjusting variables: sex, age, WC, SBP, DBP, ALT, AST, GGT, FPG, HbA1c, habit of exercise, smoking status and drinking status

Mediator Total effect Mediation effect Direct effect PM (%) P-value of PM

BMI < 18.5 kg/m2 (n = 1545)

 TC − 0.000 (− 0.004, 0.003) 0.000 (− 0.000, 0.000) − 0.001 (− 0.004, 0.003) – 0.912

 TG − 0.000 (− 0.004, 0.003) 0.000 (− 0.000, 0.000) − 0.001 (− 0.004, 0.003) – 0.878

 HDL-C − 0.000 (− 0.004, 0.003) − 0.000 (− 0.000, 0.000) − 0.000 (− 0.004, 0.003) – 0.910

 LDL-C − 0.000 (− 0.004, 0.003) 0.000 (− 0.000, 0.000) − 0.001 (− 0.004, 0.003) – 0.878

 Non-HDL-C − 0.000 (− 0.004, 0.003) 0.000 (− 0.000, 0.000) − 0.001 (− 0.004, 0.003) – 0.858

 RC − 0.000 (− 0.004, 0.003) 0.000 (− 0.000, 0.001) − 0.001 (− 0.004, 0.003) – 0.854

 TC/HDL-C ratio − 0.000 (− 0.004, 0.003) 0.000 (− 0.000, 0.000) − 0.000 (− 0.004, 0.003) – 0.974

 TG/HDL-C ratio − 0.000 (− 0.004, 0.003) 0.000 (− 0.000, 0.000) − 0.000 (− 0.004, 0.003) – 0.970

 LDL/HDL-C ratio − 0.000 (− 0.004, 0.003) 0.000 (− 0.000, 0.000) − 0.000 (− 0.004, 0.003) – 0.966

 Non-HDL-C/HDL-C ratio − 0.000 (− 0.004, 0.003) 0.000 (− 0.000, 0.000) − 0.000 (− 0.004, 0.003) – 0.974

 RC/HDL-C ratio − 0.000 (− 0.004, 0.003) 0.000 (− 0.000, 0.000) − 0.000 (− 0.004, 0.003) – 0.972

BMI: 18.5–25 kg/m2 (n = 10,442)

 TC 0.062 (0.048, 0.076) 0.001 (0.001, 0.002) 0.060 (0.046, 0.074) 2.4 < 0.001

 TG 0.062 (0.048, 0.076) 0.007 (0.005, 0.010) 0.054 (0.040, 0.068) 12.1 < 0.001

 HDL-C 0.062 (0.048, 0.076) 0.005 (0.004, 0.007) 0.057 (0.043, 0.071) 8.3 < 0.001

 LDL-C 0.062 (0.048, 0.076) 0.003 (0.002, 0.005) 0.059 (0.045, 0.073) 5.1 < 0.001

 Non-HDL-C 0.062 (0.048, 0.076) 0.005 (0.004, 0.007) 0.057 (0.043, 0.071) 8.3 < 0.001

 RC 0.062 (0.048, 0.076) 0.010 (0.008, 0.012) 0.052 (0.038, 0.066) 16.2 < 0.001

 TC/HDL-C ratio 0.062 (0.048, 0.076) 0.010 (0.008, 0.012) 0.052 (0.038, 0.066) 15.9 < 0.001

 TG/HDL-C ratio 0.062 (0.048, 0.076) 0.008 (0.005, 0.010) 0.054 (0.040, 0.068) 12.2 < 0.001

 LDL/HDL-C ratio 0.062 (0.048, 0.076) 0.009 (0.007, 0.011) 0.053 (0.039, 0.067) 13.9 < 0.001

 Non-HDL-C/HDL-C ratio 0.062 (0.048, 0.076) 0.010 (0.008, 0.012) 0.052 (0.038, 0.066) 15.9 < 0.001

 RC/HDL-C ratio 0.062 (0.048, 0.076) 0.011 (0.008, 0.013) 0.051 (0.037, 0.065) 17.2 < 0.001

BMI: ≥ 25 kg/m2 (n = 2264)

 TC 0.078 (0.045, 0.113) 0.000 (− 0.001, 0.002) 0.077 (0.045, 0.113) – 0.826

 TG 0.077 (0.044, 0.113) − 0.002 (− 0.009, 0.004) 0.080 (0.047, 0.113) – 0.478

 HDL-C 0.077 (0.045, 0.111) 0.002 (− 0.003, 0.008) 0.075 (0.043, 0.110) – 0.410

 LDL-C 0.077 (0.044, 0.113) 0.000 (− 0.001, 0.002) 0.077 (0.044, 0.112) – 0.558

 Non-HDL-C 0.077 (0.044, 0.112) 0.001 (− 0.002, 0.004) 0.077 (0.044, 0.112) – 0.666

 RC 0.077 (0.044, 0.113) − 0.001(− 0.007, 0.005) 0.079 (0.046, 0.112) – 0.712

 TC/HDL-C ratio 0.077 (0.043, 0.112) 0.001 (− 0.003, 0.007) 0.075 (0.043, 0.109) – 0.556

 TG/HDL-C ratio 0.077 (0.043, 0.112) − 0.002 (− 0.008, 0.005) 0.078 (0.046, 0.112) – 0.676

 LDL/HDL-C ratio 0.077 (0.043, 0.111) 0.002 (− 0.002, 0.006) 0.075 (0.042, 0.109) – 0.442

 Non-HDL-C/HDL-C ratio 0.077 (0.043, 0.112) 0.001 (− 0.003, 0.007) 0.075 (0.043, 0.109) – 0.556

 RC/HDL-C ratio 0.077 (0.043, 0.112) − 0.000 (− 0.006, 0.006) 0.077 (0.045, 0.111) – 0.930
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analysis [53]. The results still showed that the meditation 
effect of TG on the association between BMI and NAFLD 
existed only in normal-weight people (Additional file  1: 
Table  S15). On the reasons why the results remain 
inconsistent after further analysis, we considered that it 
may be related to the different constituent ratios of the 
study population. In the current study, overweight/obese 
people only accounted for 15.89%, even if using 24  kg/
m2 as the BMI cut-off point, the proportion of over-
weight/obese people in our study was only 23.65%, but 
in the study of Xing et al., the proportion of overweight/
obesity people was 45.78% [53]. In addition, it is worth 
mentioning that Xing et al. studied coal miners with an 
average age of 51  years old in northern China (average 
TG was 1.10  mmol/L), while our subjects were general 
people with an average age of 43 years (average TG was 
0.89  mmol/L). It is well known that coal workers have 
been exposed to a large amount of coal dust for a long 
time, which can lead to many health problems [54], and 
the most common of which are lung disease and heart 
disease (arrhythmia and myocardial ischemia). Coal dust 
contains a variety of toxic substances, including acrolein, 

which can have a serious impact on lipid metabolism, 
especially glycerol phospholipid metabolism [55–57]. In 
further animal-based studies, Gasparotto et al. also found 
that coal dust can further enhance the pro-inflammatory 
characteristics of obese rats and induce microvesicular 
steatosis [58]. Correlative evidence based on toxicology 
studies further suggested that hepatotoxicity induced by 
increased chemical exposure may be the result of oxida-
tive hazards that lead to mitochondrial/lysosomal toxic 
connection and disorders in biochemical markers, and 
antioxidants can play an important role in reversing 
this process [17–21]. Some clinical evidence also sup-
ported this important discovery [59, 60]. These findings 
may explain the higher proportion of TG-mediated BMI 
and NAFLD association in the study by Xing et al., and 
provide useful data for the prevention and treatment of 
NAFLD. Considering the uniqueness of the human body, 
combined with the existing research results based on 
human samples, we suggested that people at high risk of 
NAFLD should pay attention to increasing the intake of 
natural antioxidants and trace element antioxidants from 
dietary sources at an early stage, such as anthocyanins, 

Table 6 Mediation analysis for BMI and NAFLD via lipid parameters in the whole population stratified by sex

PM: propotion mediate; other abbreviations as in Table 1

Adjusting variables: age, WC, SBP, DBP, ALT, AST, GGT, FPG, HbA1c, habit of exercise, smoking status and drinking status

Mediator Total effect Mediation effect Direct effect PM (%) P-value of PM

Men (n = 7441)

 TC 0.110 (0.088, 0.132) 0.001 (0.000, 0.002) 0.109 (0.087, 0.131) 1 0.006

 TG 0.110 (0.087, 0.132) 0.005 (0.001, 0.008) 0.105 (0.083, 0.128) 4.4 < 0.001

 HDL-C 0.111 (0.088, 0.133) 0.004 (0.002, 0.007) 0.106 (0.084, 0.128) 3.9 < 0.001

 LDL-C 0.110 (0.088, 0.132) 0.002 (0.001, 0.003) 0.108 (0.086, 0.131) 1.7 < 0.001

 Non-HDL-C 0.110 (0.087, 0.132) 0.004 (0.002, 0.006) 0.107 (0.084, 0.129) 3.2 < 0.001

 RC 0.110 (0.087, 0.132) 0.007 (0.003, 0.010) 0.104 (0.081, 0.126) 5.9 < 0.001

 TC/HDL-C ratio 0.111 (0.088, 0.133) 0.008 (0.005, 0.011) 0.103 (0.080, 0.125) 7 < 0.001

 TG/HDL-C ratio 0.111 (0.088, 0.132) 0.006 (0.003, 0.010) 0.105 (0.082, 0.127) 5.5 < 0.001

 LDL/HDL-C ratio 0.111 (0.088, 0.132) 0.007 (0.004, 0.009) 0.104 (0.082, 0.127) 5.9 < 0.001

 Non-HDL-C/HDL-C ratio 0.111 (0.088, 0.133) 0.008 (0.005, 0.011) 0.103 (0.080, 0.125) 7 < 0.001

 RC/HDL-C ratio 0.111 (0.088, 0.132) 0.008 (0.005, 0.012) 0.102 (0.080, 0.125) 7 < 0.001

Women (n = 6840)

 TC 0.084 (0.073, 0.097) 0.001 (0.000, 0.002) 0.083 (0.072, 0.096) 1 0.046

 TG 0.084 (0.073, 0.096) 0.010 (0.008, 0.012) 0.074 (0.063, 0.087) 11.7 < 0.001

 HDL-C 0.084 (0.073, 0.097) 0.005 (0.003, 0.006) 0.080 (0.069, 0.092) 5.4 < 0.001

 LDL-C 0.084 (0.073, 0.097) 0.003 (0.001, 0.004) 0.082 (0.070, 0.094) 3.1 0.002

 Non-HDL-C 0.084 (0.073, 0.096) 0.004 (0.002, 0.006) 0.080 (0.069, 0.093) 4.9 < 0.001

 RC 0.084 (0.073, 0.096) 0.011 (0.009, 0.013) 0.073 (0.062, 0.086) 12.9 < 0.001

 TC/HDL-C ratio 0.084 (0.073, 0.096) 0.010 (0.007, 0.012) 0.075 (0.063, 0.087) 11.5 < 0.001

 TG/HDL-C ratio 0.084 (0.073, 0.096) 0.011 (0.008, 0.013) 0.074 (0.062, 0.086) 12.5 < 0.001

 LDL/HDL-C ratio 0.084 (0.073, 0.096) 0.008 (0.006, 0.011) 0.076 (0.064, 0.089) 9.8 < 0.001

 Non-HDL-C/HDL-C ratio 0.084 (0.073, 0.096) 0.010 (0.007, 0.012) 0.075 (0.063, 0.087) 11.5 < 0.001

 RC/HDL-C ratio 0.084 (0.073, 0.096) 0.013 (0.010, 0.016) 0.071 (0.060, 0.084) 15.4 < 0.001
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curcumin and resveratrol as well as coffee, tea, soy, vita-
min C, vitamin E and astaxanthin [2, 59, 61, 62]. For 
NAFLD patients with dyslipidemia or high-risk groups, it 
is recommended to use antioxidant vitamin C and vita-
min E in combination on the basis of statin therapy. The 
recommended dose is 20 mg of atorvastatin, 1 g of vita-
min C and 1000 IU of vitamin E daily mix of [60]. In addi-
tion, therapeutic drugs acting on hepatocyte channels 
should also be paid attention to, because dysfunctional 
gap junctions are closely related to the pathogenesis of 
NAFLD, and normally functioning channels contribute 
to the maintenance of tissue homeostasis and liver func-
tion [63].

In addition to the BMI subgroup, we also conducted 
the same analysis in the sex subgroup and age subgroup. 
In general, even after further stratification, we can still 
observe that the contribution of non-traditional lipid 
parameters to the association of BMI with NAFLD is 
higher than that of traditional lipid parameters in sub-
groups. Similar findings has been reported in several 
previous studies where non-traditional lipid parameters 
had better value than traditional lipid parameters in 
the assessment of the risk of NAFLD onset/prevalence 
[25–31, 64]. These new findings may provide targeted 
monitoring recommendations for BMI intervention in 
different populations. In the current study, we also found 
that almost all lipid parameters had a higher mediation 
effect on BMI and NAFLD association in women than in 
men, and the two non-traditional lipid parameters, RC/
HDL-C ratio and RC, were the most noteworthy, which 
played a more important role in BMI and NAFLD asso-
ciation than other lipid parameters. The reason for this 
special phenomenon is currently unknown, and it may 
be related to the function of BMI-related but obviously 
sex-specific substances in the body. Based on a recent 
targeted lipidomic analysis of 10,339 adults in the Aus-
Diab study, Beyene et al. measured 706 lipids from 36 dif-
ferent lipid classes and assessed whether the relationship 
between BMI and lipidomic profiles differed by sex. The 
results showed that acylcarnitine species exhibited oppo-
site associations in men and women [65], a finding that 
may provide a potential direction to further explore the 
findings of the current study. According to the findings 
of the current study, we recommend that women should 
focus on monitoring non-traditional lipid parameters, 
especially RC/HDL-C ratio and RC if they need to pre-
vent or treat NAFLD through the intervention of modi-
fiable risk factors. Moreover, we further evaluated the 
effect of lipid parameters on BMI and NAFLD associa-
tion in different age groups, and finally found significant 
mediation effects in 30–44 years old and 45–59 years old 

subgroups. The results also supported that the media-
tion effects of non-traditional lipid parameters in BMI 
and NAFLD association were greater than that of tradi-
tional lipid parameters, in which RC/HDL-C ratio and 
RC played a key role in mediating the association in 
people aged 30–44, while in 45–59  years old, only RC/
HDL-C ratio played a role in mediating more than 10% 
of the association. Overall, regardless of sex, age, fatness 
or thinness, we recommend that at least attention should 
be paid to the monitoring of the RC/HDL-C ratio, a non-
traditional lipid parameter.

The mechanism of BMI and NAFLD association medi-
ated by lipid parameters is still unclear. Given the rela-
tionship between BMI and lipid parameters and NAFLD, 
we speculated that insulin resistance (IR) may have an 
important influence on this mediation effect [8, 11–14]. 
Additionally, the findings of the current study may be of 
great significance for understanding how BMI leads to 
the onset of NAFLD and provide new and useful refer-
ences for NAFLD risk intervention. At present, some 
studies have described the evidence that intervention 
against both BMI and dyslipidemia can reduce the risk 
of NAFLD. In the study of Magkos et al. [66], they found 
that progressive weight loss will improve human adi-
pose disease and IR, and weight loss of 5%, 11%, and 16% 
can reduce TG levels in the liver by 13%, 52%, and 65%, 
respectively; not only that, serum TG levels also showed 
a significant downward trend. Moreover, Promrat and 
Lazo et al. also had similar findings that weight loss will 
greatly improve liver steatosis [67, 68]. The above find-
ings were very useful, and based on the results of this 
study, we suggested that we also need to strengthen the 
monitoring of non-traditional lipid parameters, espe-
cially the RC/HDL-C ratio and RC levels, which may be 
more valuable simple parameters that can improve com-
pliance and success rate for health behavior changes. For 
future work, we suggested: (1) Further follow-up studies 
to verify the effectiveness of monitoring traditional/non-
traditional lipid parameters in different populations for 
future NAFLD risk assessment. (2) Further research on 
drug intervention, including antioxidants, lipid-lowering 
drugs and cell channel modification drugs. (3) Medical 
workers or public health decision makers incorporate the 
joint management of BMI and lipid parameters into the 
disease prevention or treatment programs of NAFLD, 
and special attentions should be paid to the monitoring 
role of unconventional lipid parameters.

Limitations
There were several limitations in the current study that 
need to be acknowledged: (1) Lipid parameters explained 
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only part of the association between BMI and NAFLD, 
and further studies are needed to evaluate other potential 
mediators that mediate the association between BMI and 
NAFLD. (2) The study subjects were the Japanese general 
population, and BMI was classified according to the crite-
ria suitable for Asians, so the results of this study should 
be used with caution for other ethnic groups. (3) Serum 
insulin was not measured in this study, and IR status 
could not be assessed, so the important role of IR in the 
association could not be further clarified. (4) The mecha-
nisms behind sex and age affecting the mediation effects 
of lipid parameters remain unclear, and further longitudi-
nal studies are needed to clarify the potential associations 
and effects. (5) NAFLD was not graded in the current 
study, so it was not possible to further assess whether 
the association of BMI with different grades of NAFLD 
was mediated by lipid parameters. (6) Although we have 
excluded the subjects who are taking drugs at baseline 
at the beginning of the study, and adjusted the factors 
including exercise habits, smoking and drinking status, 
blood pressure, blood glucose, liver enzyme metabo-
lism, sex, age and WC in the subsequent data analysis, it 
is undeniable that there are still many life-related factors 
that have not been considered in the current study, which 
will inevitably lead to some residual confounding.

Conclusion
In conclusion, all lipid parameters were found to be 
involved in and mediate the risk of NAFLD associated 
with BMI in this study, with non-traditional lipid param-
eters contributing more to the mediation effect of the 
association than traditional lipid parameters, especially 
RC, RC/HDL-C ratio, non-HDL-C/HDL-C ratio, and 
TC/HDL-C ratio; These findings provided new ideas 
for the prevention and treatment of NAFLD, we call for 
more attention to non-traditional lipid parameters when 
intervening on BMI as a controllable risk factor.
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