
1Li Q, et al. BMJ Open 2022;12:e058517. doi:10.1136/bmjopen-2021-058517

Open access 

Role of age, gender and ethnicity in the 
association between visceral adiposity 
index and non- alcoholic fatty liver 
disease among US adults (NHANES 
2003–2018): cross- sectional study

Qianwen Li    ,1 Ling Wang,1,2 Jian Wu,1 Jing Wang,1 Yanjie Wang,3 Xin Zeng1

To cite: Li Q, Wang L, Wu J, 
et al.  Role of age, gender and 
ethnicity in the association 
between visceral adiposity 
index and non- alcoholic fatty 
liver disease among US adults 
(NHANES 2003–2018): cross- 
sectional study. BMJ Open 
2022;12:e058517. doi:10.1136/
bmjopen-2021-058517

 ► Prepublication history and 
additional supplemental material 
for this paper are available 
online. To view these files, 
please visit the journal online 
(http://dx.doi.org/10.1136/ 
bmjopen-2021-058517).

Received 21 October 2021
Accepted 22 February 2022

1College of Public Health, 
Zhengzhou University, 
Zhengzhou, Henan, China
2Faculty of Medicine, Macau 
University of Science and 
Technology, Macau SAR, 
People's Republic of China
3School of Management, 
Xinxiang Medical University, 
Xinxiang, China

Correspondence to
Dr Xin Zeng;  
 temple214@ 163. com

Original research

© Author(s) (or their 
employer(s)) 2022. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objectives The association between visceral adiposity 
index (VAI) and the prevalence of non- alcoholic fatty liver 
disease (NAFLD) has not been fully determined. Here, we 
aimed to explore the association between VAI and NAFLD 
in the general US population, and further investigate 
whether the association involves population differences.
Design Cross- sectional population- based study.
Setting The National Health and Nutrition Examination 
Survey (2003–2018).
Participants A total of 7522 participants aged 20 years 
or older who have complete information for NAFLD 
assessment test were included in this study.
Primary and secondary outcome measures NAFLD 
was assessed by the modified fatty liver index for 
the US population (USFLI) using a cut- off point of 30. 
Correlation between VAI and NAFLD prediction scores 
was calculated using the partial correlation analysis. 
Logistic regression models were further used to 
estimate ORs and 95% CIs.
Results Insulin resistance (IR), inflammation and waist 
circumference- adjusted partial correlation analysis 
indicated that VAI scores were positively correlated 
with USFLI (r=0.404 for men, and r=0.395 for women; 
p<0.001). In a comparison of the highest versus the 
lowest quartiles of VAI, multivariable logistic regression 
analysis demonstrated a positive association between VAI 
and NAFLD (OR (95% CI)=1.97 (1.12 to 3.47) for men, OR 
(95% CI)=4.03 (1.98 to 8.20) for women). The stratified 
analyses revealed that the positive association involves 
age/gender- specific and ethnic differences. As for the 
impact of metabolic disorders, our results revealed that 
the association was independent of IR and diabetes, but 
it would be confounded by other metabolic disorders. 
However, no significant association was found between VAI 
and hepatic fibrosis.
Conclusion VAI is positively associated with the 
prevalence of NAFLD, but not hepatic fibrosis among US 
adults, and the association involves age/gender- specific 
and ethnic differences. The results reported here have 
important public health implications in NAFLD screening in 
the future.

INTRODUCTION
With an accelerated pace of nutrition tran-
sition, non- alcoholic fatty liver disease 
(NAFLD) has become an emerging public 
health issue with high prevalence world-
wide, affecting up to one- third of the popu-
lation,1 and its incidence is expected to rise 
rapidly in the future alongside increasing 
rates of obesity.2 According to epidemiolog-
ical data, nearly a quarter of patients with 
NAFLD would progress to steatohepatitis 
with fibrosis, which could lead to serious 
liver- related complications and death.3 4 On 
the other hand, NAFLD is closely related to 
higher rates of several cardiometabolic disor-
ders, including diabetes mellitus, metabolic 
syndrome (MetS) and cardiovascular diseases 
(CVDs).2 5 Thus, the increasing prevalence of 
NAFLD is particularly life- threatening. It is 
important to identify modifiable risk factors 
for NAFLD for reducing the disease burden.

Currently, the pathogenesis of NAFLD 
has not been completely understood, and 
increasing evidence suggests that visceral fat 

Strengths and limitations of this study

 ► The quality and scale of the National Health and 
Nutrition Examination Survey database and the 
rigour of its measures ensure the statistical power 
and reliability of our results.

 ► The strict exclusion criteria ensure the homogeneity 
of the study population.

 ► Multiple potential confounders were well controlled 
in the study.

 ► Although we used well- validated non- alcoholic fatty 
liver disease and fibrosis models, there is a chance 
of misclassification in some cases due to lacking in-
formation on image and histology of the liver.

 ► The cross- sectional nature of this study limits the 
assessment of causality.
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accumulation plays a crucial role in the pathogenesis of 
NAFLD.6 7 In recent years, the visceral adiposity index 
(VAI) based on waist circumference (WC), body mass 
index (BMI), plasma triglycerides (TG) and high- density 
lipoprotein cholesterol (HDL- C) has been proposed 
as a reliable marker to assess the content and function 
of visceral fat.8 Although VAI has been proven to be a 
powerful indicator of type 2 diabetes mellitus (T2DM),9 
MetS10 and cardiovascular events,11 there are controversial 
data regarding the association between VAI and NAFLD. 
A prior study reported that VAI was related to significant 
fibrosis in patients with NAFLD,12 while other researchers 
revealed that the association did not exist in obese 
subjects or subjects without diabetes with NAFLD.13 14 In 
addition to the small sample size, variations in the partic-
ipants with or without additional metabolic disorders 
largely contributed to these conflicting results. According 
to current evidence, insulin resistance (IR) is related to 
NAFLD,15 while VAI is a valuable indicator of IR.8 To date, 
it is unknown whether the status of insulin sensitivity is 
the result of the controversy among patients with NAFLD 
underlying different clinical statuses. Furthermore, varia-
tions in genetic background may be another explanation 
for these controversial results in NAFLD.16 Two recent 
cohort studies with large- scale population conducted 
in China and Japan implied that higher VAI levels are 
correlated with an increased incidence of NAFLD in 
Asian population,17 18 while a similar study has not been 
done or published in the USA. In this study, we intend 
to investigate whether VAI is significantly associated with 
the prevalence of NAFLD in the US general population, 
independent of IR and its related metabolic disorders, 
using the data from the National Health and Nutrition 
Examination Survey (NHANES).

METHODS
The design, implementation, analysis and reporting 
of this study were conducted in accordance with the 
Strengthening the Reporting of Observational Studies in 
Epidemiology statement.19

Study population
The NHANES is a multistage, ongoing, complex cross- 
sectional health examination and survey designed to 
collect the health data of the US non- institutionalised 
civilian population. The survey was conducted by the 
Centers for Disease Control and Prevention. The data are 
freely available from the NHANES website public archive. 
Information regarding interview processes, examination 
protocols and sample collection can also be found on the 
website.20 Given that the information about fasting plasma 
glucose (FPG) and insulin was available since 2003, data 
from 2003 to 2018 were obtained for analysis.

Of all participants, we initially selected non- pregnant 
subjects aged 20 years or older. Then, we excluded individ-
uals missing the information about anthropometric param-
eters (BMI and WC) and blood pressure. Subsequently, we 

excluded individuals with the following reasons: excessive 
alcohol consumption (defined by >1 drink/day for women 
or >2 drinks/day for men), viral hepatitis (defined by posi-
tive serum hepatitis B or C antibody and/or positive serum 
hepatitis B surface antigen), and missing laboratory data 
to rule in or rule out the presence of NAFLD. Given the 
unique condition of puerperium women, we also excluded 
women who were at 0–12 weeks post partum.21 Finally, 7522 
subjects were included (figure 1).

Assessment of VAI
We calculated VAI using the following formulas8:

 

VAI = (WC [cm]/(39.68 + (1.88 × BMI [kg/m2])))

×(TG [mmol/L]/1.03)

×(1.31/HDL [mmol/L]) for males   

(1)

 

VAI = (WC [cm]/ (36.58 + (1.89 × BMI [kg/m2])))

×(TG [mmol/L]/ 0.81)

×(1.52/ HDL [mmol/L]) for females   

(2)

Definitions of covariates
Ethnicity was categorised as non‐Hispanic white, non‐
Hispanic black or Hispanic. High education was defined as 
completing a high school degree or above. Current smokers 
were defined as the participants who smoked at least 100 
cigarettes in lifetime and now smoke cigarettes every day or 
some days. Similarly, current drinkers were defined as the 
participants who had at least 12 alcohol drinks their entire 
life and now drink alcohol every day or some days. Physical 
activity was defined as engaging in moderate or vigorous 

Figure 1 Flow chart of the participants’ inclusion and 
exclusion in this study. ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; PLA, platelet. NHANES, National 
Health and Nutrition Examination Survey.
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exercise regularly (≥20 min at a time and at least three times 
per week).22 The poverty- to- income ratio (PIR) was calcu-
lated by dividing family income by the poverty guidelines 
specific to the survey year.23

Regarding the influence of IR, inflammation and 
related metabolic complications on the relationship 
between visceral fat and NAFLD, the homeostasis 
model assessment of IR (HOMA- IR), inflammation (C 
reactive protein (CRP)) and several diseases were calcu-
lated and defined. HOMA- IR was defined as fasting 
glucose (mg/dL)×fasting insulin (μU/mL)/405.24 
Overweight and obese participants were defined as 
those with BMI ≥25 kg/m2 for non- Asians.25 T2DM was 
defined based on fasting glucose (≥126 mg/dL) and/
or receiving insulin or oral hypoglycaemic therapy. 
Hypertension was defined as systolic pressure ≥140 
mm Hg and/or diastolic pressure ≥90 mm Hg, or anti-
hypertensive therapy.26 MetS was defined according 
to the National Cholesterol Education Program Adult 
Treatment Panel III report, as an individual who has 
three or more of all criteria.27 CVD was defined as 
the composite of self- report history of stroke, myocar-
dial infarction, coronary revascularisation procedure, 
angina and congestive heart failure.28

Definitions of NAFLD and liver fibrosis
The definition of NAFLD was based on the US fatty liver 
index (USFLI) which was calculated by gamma- glutamyl 
transferase (U/L), WC (cm), fasting glucose (mg/
dL) and fasting insulin (pmol/L).29 The cut- off of 30 
was used to define NAFLD. Furthermore, the presence 
of fibrosis among individuals with NAFLD was assessed 
using NAFLD fibrosis score (NFS), fibrosis- 4 index and 
aspartate aminotransferase to platelet ratio index.30–32 
The cut- offs of 0.676, 2.67 and 1.0 were used to define 
NAFLD significant fibrosis, respectively. All calculation 
formulas were described as follows:

 

USFLI = (e−0.8073× non−Hispanic black (yes=1, no=0) +0.3458× Mexican−American (yes=1, no=0) +

0.0093× age+0.6151× loge (GGT)+0.0249× WC+1.1792× loge(glucose)−14.7812)

/(1 + e−0.8073× non−Hispanic black (yes=1,no=0)+0.3458×Mexican−Amercian(yes=1,no=0)+

0.0093×age+0.6151×(GGT)+0.0249×WC+1.1792×loge (glucose)−14.7812) × 100  
 (3)

 

NFS = −1.675 + (0.037 × age) + (0.094 × BMI)

+(1.13 × IFG/Diabetes) + (0.99AST/ALT)

−(0.013 × platelet [109/L])

−(0.66 × albumin [g/dL])   

(4)

 FIB − 4 = Age × AST/(platelet × ALT1/2)  (5)

 APRI = ((AST [U/L]/ULN)/ platelet[109/L]) × 100  (6)

Statistical analysis
We summarised the weighted median (IQR) for contin-
uous variables, and weighted proportions for categor-
ical variables in table 1. For the full dataset analysis, we 
created 16- year weights as one- eighth of the value of 
the fasting subsample weights (WTSAF2YR×1/8) since 

this represented the smallest subsample of the study.33 
Given the calculation of VAI differed between gender, 
we divided the participants into men and women. 
The p value was analysed according to VAI quartiles 
using Kruskal- Wallis analysis and Χ2 tests, respectively. 
Partial correlation analysis was performed to investi-
gate the relationship between VAI and NAFLD predic-
tion models. Non- normally distributed data were 
transformed to Gaussian distribution before assessing 
the partial correlation analysis via Blom’s rank- based 
inverse normal transformations.34 In addition, we ran 
three logistic models to calculate variable- adjusted 
ORs (with 95% CIs) for NAFLD, taking the lowest cate-
gory of VAI as the reference. The three models were as 
follows: model 1 was unadjusted. Model 2 was adjusted 
for age, ethnicity and the survey cycle year. Model 3 was 
adjusted for all the variables in model 2 plus education 
level, PIR, alcohol drinking, smoking, physical activity 
status, HOMA- IR, CRP, blood pressure and the same 
variable between VAI and NAFLD prediction scores. 
After testing for multicollinearity, we observed that 
all models presented were free from collinearity (the 
variance inflation factor <1.61). Moreover, to further 
investigate potential factors that influenced the asso-
ciation between VAI and the prevalence of NAFLD, 
we performed stratified analyses by age, ethnicity, 
smoking status, IR and presence of several metabolic 
disorders, using the fully adjusted model (excluding 
the stratification variable). All data were analysed with 
SPSS complex sample module V.21.0, and significance 
was accepted at a two- tailed p<0.05.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

RESULTS
Characteristics of participants classified according to the VAI 
quartiles
The study analysed a total of 7522 participants including 
3789 men and 3733 women from the NHANES 2003–
2018. Among these participants, 2789 individuals (1551 
men and 1238 women) with NAFLD were defined by 
USFLI (37.0%). The baseline characteristics stratified by 
VAI quartiles were summarised in table 1. VAI was catego-
rised by quartiles using the values 0.87, 1.46 and 2.49 in 
men, and using the values 0.99, 1.63 and 2.65 in women. 
In both genders, subjects with higher VAI levels were 
more likely to be older and non- Hispanic white. Likewise, 
those in the higher quartile of VAI tended to have higher 
levels of BMI, WC, diastolic blood pressure, FPG, fasting 
insulin, HOMA- IR, total cholesterol and TG, and lower 
level of HDL- C. Regarding the clinical condition, the 
proportions of obesity, T2DM, hypertension, CVD and 
MetS were increased with the increase of VAI level. Simi-
larly, subjects with the higher quartile of VAI had more 
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NAFLD burden. The liver fibrosis burden had no signifi-
cant difference among VAI quartiles.

Correlations between VAI and NAFLD-related prediction 
scores
By performing the Pearson correlation analysis, we 
found that the indices of IR (HOMA- IR) and inflam-
mation (CRP) were positively correlated with VAI and 
NAFLD indices, respectively, which indicated that IR and 
inflammation might be the important factors connecting 
visceral fat and NAFLD (online supplemental table 1). 
In addition, the mediating effect of the same variable 
between VAI and NAFLD indices should also be taken 
into account (WC for USFLI; BMI for NFS). Therefore, 
we performed the partial correlation analysis which 
adjusts the influence of these variables to calculate the 
correlation coefficients between VAI and NAFLD indices. 
As shown in table 2, VAI was found to be significantly 
correlated with USFLI in both genders (r=0.404, p<0.001 
for men, and r=0.395, p<0.001 for women), but not liver 
fibrosis indices.

The OR of NAFLD across quartiles of VAI
We further conducted logistic regression analyses to 
calculate the OR and 95% CI to assess the association 
between VAI and NAFLD, using the lowest VAI level as 
the reference. As the results shown in table 3, the posi-
tive association between VAI and NAFLD persisted in all 
VAI categories in unadjusted model and model adjusted 
for age, ethnicity and the survey cycle year. In the most 
multivariable- adjusted model, although the positive 
associations were weakened in both genders, the associ-
ations remained statistically significant in the top quar-
tile of VAI (OR (95% CI)=1.97 (1.12 to 3.47) for men, 
OR (95% CI)=4.03 (1.98 to 8.20) for women). Regarding 

Table 2 Partial correlation coefficients between VAI and 
NAFLD indices

Models

Men Women

r P value r P value

NAFLD defined by

USFLI score 0.404* <0.001 0.395* <0.001

Fibrosis defined by

NFS score −0.029 0.140 0.019 0.328

FIB- 4 0.026 0.185 −0.013 0.514

APRI score −0.030 0.118 −0.047 0.017

Partial correlation coefficients are calculated by adjusting for 
HOMA- IR, CRP and the same variable between VAI and NAFLD 
indices (WC for USFLI; BMI for NFS).
*P<0.001.
APRI, AST to platelet ratio index; AST, aspartate aminotransferase; 
BMI, body mass index; CRP, C reactive protein; FIB- 4, fibrosis- 4 
index; HOMA- IR, homeostasis model assessment of insulin 
resistance; NAFLD, non- alcoholic fatty liver disease; NFS, NAFLD 
fibrosis score; USFLI, US fatty liver index; VAI, visceral adiposity 
index; WC, waist circumference.
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Table 3 The multivariable OR for NAFLD and fibrosis according to VAI levels

Men VAI levels

Quartile 1
(≤0.87)

Quartile 2
(0.87–1.45)

Quartile 3
(1.46–2.49)

Quartile 4
(>2.49)

NAFLD

Defined by USFLI

Model 1 1.00 2.58 (2.06 to 3.25) 5.70 (4.56 to 7.12) 13.69 (10.88 to 17.22)

Model 2 1.00 2.55 (2.01 to 3.23) 5.83 (4.61 to 7.36) 14.97 (11.73 to 19.11)

Model 3 1.00 1.30 (0.75 to 2.27) 1.16 (0.66 to 2.02) 1.97 (1.12 to 3.47)

NAFLD- related fibrosis

Defined by NFS

Model 1 1.00 0.60 (0.38 to 0.95) 0.67 (0.44 to 1.02) 0.56 (0.37 to 0.84)

Model 2 1.00 0.84 (0.50 to 1.43) 1.13 (0.69 to 1.86) 1.22 (0.75 to 1.98)

Model 3 1.00 1.19 (0.77 to 1.83) 1.96 (0.61 to 1.50) 1.13 (0.72 to 1.79)

By FIB- 4

Model 1 1.00 0.96 (0.67 to 1.40) 0.74 (0.50 to 1.10) 0.51 (0.33 to 0.79)

Model 2 1.00 0.98 (0.65 to 1.46) 0.80 (0.52 to 1.24) 0.66 (0.41 to 1.06)

Model 3 1.00 1.04 (0.62 to 1.73) 0.61 (0.34 to 1.09) 0.63 (0.34 to 1.16)

Defined by APRI

Model 1 1.00 0.95 (0.51 to 1.77) 1.00 (0.54 to 1.84) 1.54 (0.88 to 2.69)

Model 2 1.00 0.91 (0.46 to 1.71) 0.97 (0.52 to 1.81) 1.53 (0.85 to 2.73)

Model 3 1.00 0.97 (0.46 to 2.04) 0.71 (0.32 to 1.59) 1.06 (0.50 to 2.22)

Women
Quartile 1
(≤0.99)

Quartile 2
(1.00–1.63)

Quartile 3
(1.63–2.65)

Quartile 4
(>2.65)

NAFLD

Defined by USFLI

Model 1 1.00 3.45 (2.59 to 4.61) 7.88 (5.98 to 10.38) 19.98 (15.15 to 26.33)

Model 2 1.00 3.14 (2.34 to 4.21) 7.31 (5.51 to 9.70) 20.07 (15.06 to 26.74)

Model 3 1.00 1.73 (0.85 to 3.53) 2.90 (1.43 to 5.88) 4.03 (1.98 to 8.20)

NAFLD- related fibrosis

Defined by NFS

Model 1 1.00 0.95 (0.53 to 1.73) 0.83 (0.47 to 1.45) 0.69 (0.40 to 1.19)

Model 2 1.00 0.91 (0.48 to 1.74) 0.83 (0.45 to 1.53) 0.79 (0.43 to 1.45)

Model 3 1.00 1.26 (0.43 to 3.71) 0.66 (0.23 to 1.86) 0.70 (0.25 to 1.96)

By FIB- 4

Model 1 1.00 1.12 (0.58 to 2.17) 0.58 (0.27 to 1.28) 0.64 (0.30 to 1.38)

Model 2 1.00 0.84 (0.42 to 1.67) 0.41 (0.18 to 0.92) 0.48 (0.22 to 1.07)

Model 3 1.00 0.69 (0.26 to 1.83) 0.36 (0.11 to 1.11) 0.33 (0.11 to 1.00)

Defined by APRI

Model 1 1.00 1.20 (0.37 to 3.95) 1.40 (0.44 to 4.42) 1.20 (0.37 to 3.95)

Model 2 1.00 1.12 (0.33 to 3.73) 1.23 (0.38 to 4.03) 1.12 (0.33 to 3.83)

Model 3 1.00 0.83 (0.13 to 5.26) 0.83 (0.13 to 5.18) 0.54 (0.08 to 3.61)

APRI, AST to platelet ratio index; AST, aspartate aminotransferase; FIB- 4, fibrosis- 4 index; NAFLD, non- alcoholic fatty liver disease; NFS, 
NAFLD fibrosis score; USFLI, US fatty liver index; VAI, visceral adiposity index.
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NAFLD- related fibrosis, we found no association between 
VAI and liver fibrosis in both genders.

The stratified analyses of VAI and risk of NAFLD
To investigate the effect of confounding factors, the ORs 
comparing the highest versus the lowest quartile of VAI 
were calculated in all subgroups. As shown in figure 2, when 
stratified by age, we found a positive association between 
VAI and NAFLD in men aged <55 years, and women aged 
40–64 years. With respect to ethnicity, we found a positive 
correlation between VAI and NAFLD only in Hispanic 
and non- Hispanic white population, but not in the non- 
Hispanic black population in both genders. In addition, 
the positive associations were consistently seen in all eval-
uated subgroups when stratified by the status of IR and 
diabetes. When stratified by the smoking status and other 
metabolic disorders (hypertension, CVD and MetS), the 
positive associations were only persisted in individuals 
without these conditions. Of note, the stronger positive 
associations were found in individuals with normal BMI, 
while the associations were weakened in overweight and 
obese people. Considering the different prevalence rates 
of obesity during the period of more than 10 years, we 
also tested the consistency of our results by stratifying the 
data release year (before 2010 and after 2010). Similar to 
the subgroup of obesity, the positive association was weak-
ened in recent years.

Model 1 is unadjusted; model 2 is adjusted for age, 
ethnicity and the survey cycle year; model 3 is adjusted 
for all the variables in model 2 plus education level, 
PIR, alcohol drinking, smoking, physical activity status, 
HOMA- IR, CRP, blood pressure and the same variable 

between VAI and NAFLD indices (WC for USFLI; BMI 
for NFS).

DISCUSSION
In this study, we found a positive association between 
VAI and NAFLD after controlling for several potential 
confounders, whereas no significant association was 
found between VAI and NAFLD- related fibrosis. The 
stratified analyses revealed that the positive association 
between VAI and NAFLD involves age/gender- specific 
and ethnic differences. In addition, as for the impact of 
metabolic disorders, our results revealed that the associa-
tion was independent of IR and diabetes, but it would be 
confounded by other metabolic disorders, such as hyper-
tension, CVD and MetS. To our best knowledge, this is 
the first large population- based study to report a strong 
association between VAI and the risk of NAFLD in the 
USA. Furthermore, this is also the first study that reveals 
the role of age, gender, ethnicity and multiple metabolic 
disorders in the association between VAI and NAFLD.

As far as we know, there are only two large- scale studies 
that investigated the VAI in subjects with NAFLD. Xu et 
al found that VAI was associated with NAFLD in 4809 
Chinese participants after multivariate adjustment.17 
However, these findings were limited to the population 
with normal weight from underdeveloped areas in China. 
Although Okamura et al confirmed the association in 
8399 Japanese people by a nationally representative, 
population- based cohort study,18 this study still lacked 
the data of plasma insulin level and could not evaluate 

Figure 2 The association between VAI and the risk of NAFLD stratified by age, ethnicity, smoking, insulin resistance and other 
related metabolic diseases. BMI, body mass index; CVD, cardiovascular disease; HOMA- IR, homeostasis model assessment of 
insulin resistance; MetS, metabolic syndrome; NAFLD, non- alcoholic fatty liver disease; VAI, visceral adiposity index.



8 Li Q, et al. BMJ Open 2022;12:e058517. doi:10.1136/bmjopen-2021-058517

Open access 

the impact of IR on the relationship between VAI and 
NAFLD. However, our study had the unique feature in 
examining whether the relationship was independent 
of IR and various metabolic diseases. Moreover, we also 
explored the association between VAI and the prevalence 
of NAFLD- related fibrosis. Although Petta et al concluded 
that VAI was independently associated with significant 
fibrosis,12 the previous study performed by Ercin et al 
concluded that VAI was not associated with hepatic 
fibrosis in patients without diabetes with NAFLD.14 We 
considered that the discrepant findings of these studies 
may be due to differences in the composition of partici-
pants. Different from the study performed by Ercin et al, 
some participants in the study conducted by Petta et al 
were patients with hypertension, diabetes or MetS. The 
correlation between VAI and liver fibrosis in the study 
done by Petta et al might be affected by these metabolic 
disorders. Overall, our results are consistent with previous 
studies and indicate that VAI is an independent risk factor 
for NAFLD, but not NAFLD- related fibrosis.

Since VAI is a surrogate marker of both visceral fat 
distribution and dysfunction, the relationship between 
VAI and NAFLD could be explained by some potential 
mechanisms. Among several hypotheses that have been 
formulated, the ‘portal theory’ describes the directly 
toxic properties of visceral fat on the liver.35 The theory 
proposes that visceral fat releases free fatty acids via its 
unique location and enhanced lipolysis, which travel 
through the portal vein to the liver, with consequently 
increased accumulation of TG in the liver, promoting 
the development of hepatic IR and liver steatosis. Thus, 
IR has been traditionally considered as a physiological 
connection between visceral fat and NAFLD. However, 
our findings demonstrated that VAI was still associated 
with a higher prevalence of NAFLD in subjects without 
IR. The results suggest that there are some other mech-
anisms that directly link the visceral fat to NAFLD along 
with IR. Of note, in addition to lipotoxicity, there is 
mounting evidence proposed that changes in adipokine 
expression and secretion also participate in the develop-
ment of NAFLD, as well as the infiltration of macrophage 
and T cells in visceral fat.36 37 Similar to FFAs, these proin-
flammatory cytokines and adipokines are carried directly 
to the liver via the portal vein, causing ballooning degen-
eration of hepatocytes or promoting the transforma-
tion of hepatic cells to myofibroblastic phenotypes.38–40 
Furthermore, other proposed pathways including endo-
plasmic reticulum stress, toll- like receptor activation and 
impaired oxygenation may be also involved in the connec-
tion between visceral fat and NAFLD.41 42

Although the present study showed that high VAI was 
an independent risk factor for the presence of NAFLD, 
some information in the subgroup analysis also should be 
worthy of note. First, in the subgroup analysis by ethnicity, 
we found a positive association between VAI and NAFLD 
in the Hispanic and non- Hispanic white population, but 
not in the non- Hispanic black population. On the one 
hand, the formula of VAI which was evaluated based on 

a Caucasian population might have limitations regarding 
the non- Hispanic black population. On the other hand, 
the ethnic difference might be attributed to lower VAI 
levels in non- Hispanic black population. As the results 
are shown in table 3, VAI was only positively associated 
with NAFLD in the top quartile in men and higher quar-
tiles in women. In addition to ethnic disparities, we also 
found the age/gender- specific difference. We found a 
null association in women aged <40 years, which might 
be explained by sexual dimorphism and fat distribution. 
Oestrogens could enhance the sympathetic tone differen-
tially to the adipose tissue, favouring lipid accumulation 
in the subcutaneous depot in premenopausal women, 
whereas women would shift to accrue more visceral fat 
after menopause.43 Different from women, men are 
susceptible to visceral fat deposition in any stage of life. 
However, we did not find a valid association between VAI 
and the prevalence of NAFLD in people aged ≥65 years. 
According to epidemiological evidence, the prevalence 
of obesity, hypertension and MetS increased with age.44 45 
However, as shown in our subgroup analysis, the status 
of these metabolic diseases would weaken or abolish the 
association between VAI and the risk of NAFLD in both 
genders. Thus, the association of VAI and NAFLD in older 
people might be confounded by the status of metabolic 
disease. Moreover, we also found that the effect of VAI was 
highlighted in normal- weight people compared with the 
overweight or obese ones. As reported, non- obese NAFLD 
affects about one- third of the persons with NAFLD in the 
USA,46 and these individuals probably could not get as 
much attention from doctors as obese ones. The asso-
ciation reported here has important clinical and public 
health implications in NAFLD screening in the future.

This study has several strengths. First, this is a large 
population- based analysis using well- examined nation-
wide data, and the findings could be generalised for most 
US population. Second, it is valued because we provided 
solid evidence of an independent association between VAI 
and NAFLD by performing multiple logistic regression 
and the stratified analyses. However, we are also aware of 
several limitations in our study. First, the cross- sectional 
nature of the study design meant that we could not inves-
tigate the longitudinal dynamic association between the 
progression of NAFLD and changes in VAI levels across 
several therapeutic interventions, such as lifestyle modifi-
cation, exercise and weight control. Second, although we 
used well- validated NAFLD and fibrosis models, there is a 
chance of misclassification in some cases due to lacking 
information on image and histology of the liver. Third, 
estimates across some subgroups should be interpreted 
with caution due to limited sample sizes, such as subjects 
with diabetes or CVD.

CONCLUSIONS
In conclusion, our study documents that VAI might be a 
useful indicator for NAFLD, but not for hepatic fibrosis 
among US adults, and there exists age/gender- specific 
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and ethnic differences. The results reported here have 
important public health implications in NAFLD screening 
in the future.
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