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Objective: To investigate the association between adipose distribution and hepatic steatosis in American adults and to assess whether 
this association varies among different blood glucose states.
Methods: Data from the American National Health and Nutrition Examination Survey (NHANES) 2017–2018 were analyzed. The 
subjects were divided into three groups: diabetes, prediabetes and normal glucose tolerance (NGT). Hepatic steatosis was quantified by 
median controlled attenuation parameter (CAP), which was measured by ultrasound transient elastography. Total abdominal fat 
volume, visceral adipose tissue (VAT) volume, total percent fat, trunk percent fat, android percent fat and android to gynoid ratio 
(AGR) was measured by dual-energy X-ray absorptiometry (DXA).
Results: Data pertaining to 2986 participants (1581 with hepatic steatosis) were included in the analysis. In the NGT group, the 
proportion of S0 (<5% of the hepatocytes with fatty infiltration) was 58.9%, and 25.2% for S3 (≥66% of the hepatocytes with fatty 
infiltration). In contrast, the proportion of S0 was 11.1%, while S3 accounts for as high as 68.7% in the diabetes group. In the NGT 
group, all parameters of fat distribution revealed a positive relation with the occurrence of hepatic steatosis (p<0.05) except 
total percent fat (p=0.872) after adjusting for confounding factors. In the prediabetes group, VAT volume, trunk percent fat, 
android percent fat and AGR had significant influence on hepatic steatosis (p<0.05). As for diabetes, only AGR remained significantly 
correlated with hepatic steatosis (p=0.004).
Conclusion: For NGT individuals, high level of total abdominal fat volume, VAT volume, trunk percent fat, android percent fat and 
AGR all can be used to predict hepatic steatosis. For diabetes, only AGR can predict hepatic steatosis among the surveyed parameters 
of adipose distribution.
Keywords: adipose distribution, hepatic steatosis, diabetes

Introduction
Obesity is one of the major contemporary public health issues. The accumulation of body adipose tissue is closely related 
to a number of chronic diseases, including type 2 diabetes, hypertension, and other cardiovascular diseases. Type 2 
diabetes is a major worldwide health concern. An estimated 346,000,000 people are affected by type 2 diabetes across the 
world and the number is projected to double by 2030.1 Chronic liver disease and cirrhosis account for a significant 
proportion of morbidity and mortality in America.2,3 With the epidemic of obesity, non-alcoholic associated fatty liver 
disease (NAFLD) has become the main cause of chronic liver disease in US adults and children. Diabetes is a strong 
predictor for NAFLD progression, including liver cirrhosis and hepatocellular carcinoma,4 and hepatic fat accumulation 
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has been reported to be associated with incident CVD in patients with type 2 diabetes,5 so it is important to estimate the 
risk of fatty liver disease among diabetes.

Total adipose tissue in human body can be classified into two types: subcutaneous adipose tissue (SAT) and internal 
adipose tissue. SAT consists of abdominal SAT and peripheral SAT. Internal adipose tissue is categorized as intra-abdominal 
adipose tissue (ie, VAT) and non-abdominal internal adipose tissue (eg, cardiac adipose tissue).6 Total adipose tissue 
includes both SAT and internal adipose tissue. Liver fat is a type of VAT which is categorized as internal adipose tissue.

The conventional methods for assessment of body fat distribution include anthropometric measurements [eg, body 
mass index (BMI), waist circumference (WC) and waist-to-hip ratio] and/or clinical tools (eg, measurement of bioelectric 
impedance).7 Parameters that can be detected by DXA to reflect the distribution characteristics of human body fat 
include, but are not limited to, total abdominal fat volume, VAT volume, total percent fat, trunk percent fat, 
android percent fat and AGR. Total abdominal fat volume, VAT volume and total percent fat have been confirmed to 
be closely related to the occurrence of metabolic diseases.

Hepatic steatosis is also essentially an accumulation of visceral fat. Several cross-sectional studies have consistently 
demonstrated the association between VAT area and NAFLD.8–10 There are many parameters for assessing fat distribu
tion, and we aim to pick the most valuable one for predicting hepatic steatosis in a diabetes-specific group.

Methods
Population
Data pertaining to individuals who participated in the American NHANES 2017–2018 survey were analyzed. NHANES 
2017–2018 data are publicly available and can be accessed online (https://www.cdc.gov).

Participants with missing relevant data and those who did not undergo relevant examinations were excluded from the 
analyses. The present analyses were limited to individuals aged ≥18 years. Participants who qualified any of the following 
conditions were classified as diabetic patients in this study: 1) confirmed history of diabetes based on the questionnaire data; 
2) glycosylated hemoglobin (HbA1c) level ≥6.5%;11 3) fasting glucose level ≥7.0 mmol/L.11 Participants who qualified all 
of the following conditions were classified as NGT in this study: 1) denied history of diabetes or prediabetes based on the 
questionnaire data; 2) HbA1c level <5.7%;11 3) fasting glucose level <5.6 mmol/L. The remaining individuals were defined 
as prediabetes. Excessive drinking was defined as drinking three or more times a week. The NHANES database includes 
multiple races and there may be ethnic variation in body composition and fat distribution.12,13 Therefore we recorded racial 
information and adjusted for it in multivariate analysis.

CAP
Hepatic steatosis was quantified by CAP, which was measured by ultrasound transient elastography. CAP is measured in 
dB/m. The device measures the ultrasound attenuation, which reflects the presence of hepatic steatosis, and records the 
CAP as an indicator for fat accumulation in the liver. Elastography has been shown to be a valid method for assessment 
of hepatic steatosis.14–16 According to histologic findings, liver fat accumulation can be classified as absent/normal-S0 
(<5% of the hepatocytes have fatty infiltration); mild-S1 (5%~33% of the hepatocytes present fatty infiltration); 
moderate-S2 (33–66% of the hepatocytes with fatty infiltration); severe-S3 (≥66% of the hepatocytes with fatty 
infiltration). In the present study, cut-off values of 248 dB/m, 268 dB/m and 280 dB/m for CAP were taken to diagnose 
S≥1, S≥2 and S3.17 In this study, hepatic steatosis was defined as CAP ≥248, that is S≥1.

Parameters of Adipose Distribution
In this study, total abdominal fat volume, VAT volume, total percent fat, trunk percent fat, android percent fat and AGR 
was measured by DXA.

The Hologic APEX software was used in the scan analysis to define the android and gynoid region. The android area, 
that is the lower trunk area, was bounded by two lines: the pelvic horizontal cut line as its lower side, and a line placed 
above the pelvic line automatically as its upper side. The upper side of the gynoid area was placed 1.5 times the height of 
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the android region below the pelvic line and the bottom line of the gynoid was placed to make the height of the gynoid 
twice the height of the android (Figure 1). All above lines were automatically placed by Hologic software.

Hologic APEX software was also used in the scan analysis to define VAT and SAT. Area, mass and volume of VAT 
inside abdominal cavity were measured at the approximate interspace location of L4 and L5 vertebra.

Statistical Analysis
The Kolmogorov–Smirnov method was used to assess the data distribution. Continuous variables are presented as 
mean±standard deviation for normally distributed data or median (Q1, Q3) for abnormally distributed data. To 
compare the differences between two groups, the Chi-square test, Mann–Whitney U-test or independent t-test was 
employed when appropriate. Categorical variables are presented as frequency (percentage) and between-group 
differences were assessed using the Chi-squared test. Where appropriate, logistic regression were performed to 
adjust for potential confounding variables. ORs and 95% CIs of hepatic steatosis in response to different parameters 
of adipose distribution across three glycemic status were estimated, and their interactions were tested. P values 
<0.05 were considered indicative of statistical significance. Given the high number of hypotheses being tested, we 
used Bonferroni correction to account for inflation of alpha error. After Bonferroni correction, p values <0.0083 
were considered study-wide significant. All statistical analyses were performed using STATA 12.0.

Results
Characteristics of Study Population Disaggregated by Study Arm
Baseline characteristics of the study population are summarized in Table 1. Data pertaining to 2986 participants (1581 
with hepatic steatosis) were included in the analysis. Individuals in the hepatic steatosis group were significantly older 
and had higher BMI, WC, systolic blood pressure (SBP), HbA1c, alanine aminotransferase (ALT), aspartate amino
transferase (AST), total triglyceride (TG), total cholesterol (TC), VAT area, VAT mass, VAT volume, total abdominal fat 
volume, trunk percent fat, total percent fat, android percent fat and android AGR than individuals without hepatic 
steatosis (p<0.001 for all). In the hepatic steatosis group, the proportion of males was higher (p<0.001), so was excessive 
drinking (p=0.033). There was no significant difference in serum creatinine (Scr) levels between the two groups 
(p=0.791).

There were significant differences in the proportion of different grades of liver fat accumulation among the three 
groups. In the NGT group, the proportion of S0 was 58.9%, and 25.2% for S3. In contrast, the proportion of S0 was 
11.1%, while S3 accounts for as high as 68.7% in diabetes group (Figure 2).

Figure 1 Regional body composition measurement and regions of interest (ROI) in the android and gynoid by dual-energy X-ray absorptiometry (DXA).
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The CAP trends along the content of adipose tissue in NGT, prediabetes and diabetes are presented in Figure 3. The 
figure shows that diabetics had higher levels of CAP than their non-diabetic counterparts throughout the range of adipose 
content. Irrespective of the group, CAP increased with the increase in adipose content, no matter by total abdominal fat 
volume, VAT volume, total percent fat, trunk percent fat, android percent fat or AGR.

Interaction Analysis and Logistic Regression
In the test for interaction between adiposity measures and glycemic status on presence of hepatic steatosis (Table 2), there 
was a significant interactive effect of visceral adipose tissue volume and glycemic status on hepatic steatosis (p<0.05), 
which was supported by following findings (Table 3). While there was no multiplicative interaction between other 
parameters and glycemic status on hepatic steatosis (Table 2).

In the NGT group, all parameters revealed a positive relation with the occurrence of hepatic steatosis (p<0.05) except 
total percent fat (p=0.872) after adjusting for sex, age, race, excessive drinking, WC, TG, TC, SBP and HbA1c (Table 3 
and Figure 4). In the prediabetes group, after adjusting for confounding factors, VAT volume, trunk percent fat, 
android percent fat and AGR had significant influence on hepatic steatosis (p<0.05), while total abdominal fat volume 
or total percent fat were not risk factor for hepatic steatosis. As for diabetes, only AGR remained significantly correlated 
with hepatic steatosis (p=0.004). High AGR was a risk factor for hepatic steatosis in all three groups. After Bonferroni 

Table 1 Characteristics of the Study Population by CAP

Without Hepatic 
Steatosis 
(n=1405)

With Hepatic 
Steatosis 
(n=1581)

p

Sex (male, %) 630 (44.8) 834 (52.8) <0.001

Age (years) 35.2±12.4 41.6±11.9 <0.001

Race (%) White 440 (31.3) 473 (29.9) <0.001
Black 355 (25.3) 309 (19.5)

Hispanic 283 (20.1) 453 (28.7)

Asian 235 (16.7) 253 (16.0)
Other 92 (6.5) 93 (5.9)

BMI (kg/m2) 25.8±5.8 32.9±7.3 <0.001
WC (cm) 88.3±14.2 107.0±16.1 <0.001

Excessive drinking (%) 307 (21.9) 398 (25.2) 0.033

SBP (mmHg) 116±15 124±17 <0.001
HbA1c (%) 5.4±0.5 5.9±1.2 <0.001

Scr (µmol/L) 75.2±27.7 75.6±42.1 0.791

AST (U/L) 18 (16, 22) 20 (16, 25) <0.001
ALT (U/L) 15 (12, 22) 22 (15, 33) <0.001

TG (mmol/L) 1.20±0.87 1.99±1.75 <0.001

TC (mmol/L) 4.67±0.97 5.01±1.01 <0.001
Visceral adipose tissue area (cm2) 68.0±40.7 125.9±52.3 <0.001

Visceral adipose tissue mass (g) 327.9±196.1 606.9±252.2 <0.001

Visceral adipose tissue volume (cm3) 354.5±212.0 656.1±272.7 <0.001
Total abdominal fat volume (L) 1.72±0.90 2.77±1.00 <0.001

Total percent fat (%) 30.7±8.8 35.7±7.7 <0.001

Trunk percent fat (%) 28.4±8.9 35.7±7.3 <0.001
Android percent fat (%) 30.9±9.2 38.7±7.2 <0.001

Android to gynoid ratio 0.91±0.17 1.09±0.17 <0.001

Abbreviations: BMI, body mass index; WC, waist circumference; CAP, controlled attenuation parameter; TG, triglycer
ides; TC, total cholesterol; SBP, systolic blood pressure; HbA1c, glycosylated hemoglobin; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; Scr, serum creatinine.
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correction, VAT volume and android percent fat no longer had significant influence on hepatic steatosis in the prediabetes 
group (p>0.0083), and other results remained the same.

Discussion
In the NGT group, the degree of hepatic steatosis showed a positive correlation with adipose content (total abdominal fat 
volume, VAT volume, trunk percent fat, android percent fat and AGR). Increase in adipose content was associated with 
worsening of hepatic steatosis, which is consistent with our previous cognition. However, these relationships vanished in 
diabetics, except for AGR, which is consistent with previous studies.18 Even VAT volume was not associated with the 
occurrence of hepatic steatosis for diabetes in the present study. In fact, on the prediction of hepatic steatosis, VAT was 
most effected by glycemic status among all the parameters, as we can see in the interaction analysis. That means, if we 
use VAT to predict the presence of hepatic steatosis, we need to pay extra attention to glycemic status, to avoid inaccurate 
interpretation.

Diabetes and NAFLD are closely related. They not only share the same risk factors, but also are common 
complications to each other. Previous epidemiological studies have shown that the prevalence of NAFLD in the general 
population is 25.2%, while more than 50% of type 2 diabetes patients have NAFLD, and the prevalence of NAFLD in 
type 2 diabetes patients with obesity can be as high as 70%.

Accumulation of visceral fat induces release of a large amount of proinflammatory factors and a decrease in anti- 
inflammatory factors, eventually leading to inflammation.19 An inflammatory milieu induces activation of multiple 
pathways, leading to insulin resistance in peripheral cells; progression of insulin resistance contributes to the genesis 
of metabolic syndrome, cardiovascular disease and type 2 diabetes. This is the main mechanism by which visceral fat 
(which includes liver fat) causes harm.20,21 This is a potential explanation of the greater severity of hepatic steatosis in 
diabetics as compared to non-diabetics.

Conversely, it has also been suggested that insulin resistance plays a key role in hepatic steatosis and may also 
contribute to the development of steatohepatitis.22–26 Insulin resistance leads to major changes in lipid metabolism, 
including enhanced decomposition of peripheral fat, increased synthesis of triglycerides and increased uptake of fatty 
acids by the liver. All these changes may promote the accumulation of triglycerides in liver cells.22 Insulin resistance is 
also a key factor in the development of type 2 diabetes. Insulin resistance is involved in the development of hepatic 
steatosis as well as type 2 diabetes. This is another explanation of the greater severity of hepatic steatosis in diabetics as 

Figure 2 Proportion of different grades of hepatic steatosis in diabetes-specific groups. S0: normal, fatty infiltration<5%; S1: mild, 5%~33%; S2: moderate, 33%~66%; S3: 
severe, ≥66%.
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compared to non-diabetics with the same adipose content. Therefore, the distribution of adipose in diabetic patients is 
different from that in non-diabetic people. The main difference is that body fat in diabetics tends to be distributed in 
visceral fat, which is represented by the liver, compared with non-diabetics.

Android obesity is also known as the “apple” shape since the increased fat is mostly distributed in the trunk. Gynoid 
obesity is referred to as the “pear” shape with most increased fat placed in the area of the hip and thigh. Android adipose 
deposition in the android area is associated with increased risk of cardiovascular disease, hypertension, hyperlipidemia, 
insulin resistance and type 2 diabetes,27,28 while adipose deposition in the gynoid region is associated with decreased risk 

Figure 3 Association between different parameters of adipose distribution and CAP, stratified by NGT, prediabetes and diabetes, with LOWESS smooth for trend.
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of metabolic and cardiovascular diseases.28 A previous study among people aged 45 years or older in the Netherlands 
found that AGR could best predict NAFLD prevalence.29 Other studies have shown that high AGR is the independent 
risk factor for NASH in females, and the optimal cutoff value of AGR was 0.92 in females for predicting NASH.30 

Moreover, the present study found that AGR, compared with other fat distribution parameters, has irreplaceable value in 
predicting hepatic steatosis in diabetic patients.

The novelty value of this study is that we explored the correlation between hepatic steatosis and different parameters 
of adipose distribution. We did not only compare the degree of hepatic steatosis among NGT, prediabetes and diabetes, 
but also explored the relationship between hepatic steatosis and adipose distribution in different groups.

Table 2 Interaction Between Adiposity Measures and Glycemic Status on Presence of Hepatic Steatosis in 
the Overall Group

NGT Prediabetes Diabetes
N=1438 N=755 N=229

OR (95% CI) OR (95% CI) p OR (95% CI) p

Total abdominal fat volume (0.1 L) 1.00 (Ref.) 1.02 (0.99, 1.05) 0.191 0.96 (0.92, 1.00) 0.054

Visceral adipose tissue volume (0.1 L) 1.00 (Ref.) 0.99 (0.89, 1.11) 0.867 0.85 (0.72, 1.00) 0.045

Total percent fat (%) 1.00 (Ref.) 1.02 (0.99, 1.05) 0.204 0.99 (0.93, 1.06) 0.846
Trunk percent fat (%) 1.00 (Ref.) 1.02 (0.99, 1.05) 0.151 1.01 (0.95, 1.07) 0.804

Android percent fat (%) 1.00 (Ref.) 1.02 (0.99, 1.05) 0.138 0.98 (0.93, 1.04) 0.534

Android to gynoid ratio (×10) 1.00 (Ref.) 0.96 (0.84.1.10) 0.590 0.88 (0.70, 1.10) 0.252

Notes: All models were adjusted for age, sex, race, excessive drinking, WC, TG, TC and SBP. P values <0.0083 were considered study-wide 
significant after Bonferroni correction. 
Abbreviations: OR, odds ratio; CI, confidence interval.

Table 3 Association of Prevalence of Fatty Liver Disease with Different Parameters of Adipose Distribution, Sorted by Glycemic 
Status

NGT Prediabetes Diabetes
N=1438 N=755 N=229

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Total abdominal fat volume (0.1 L) Model 1 1.12 (1.10, 1.14) <0.001 1.12 (1.10, 1.14) <0.001 1.06 (1.02, 1.10) 0.002
Model 2 1.14 (1.13, 1.16) <0.001 1.15 (1.12, 1.17) <0.001 1.08 (1.04, 1.12) <0.001

Model 3 1.08 (1.03, 1.13) 0.001 1.06 (1.00, 1.13) 0.053 1.04 (0.93, 1.16) 0.460

Visceral adipose tissue volume (0.1 L) Model 1 1.80 (1.68, 1.92) <0.001 1.67 (1.53, 1.81) <0.001 1.31 (1.15, 1.51) <0.001
Model 2 1.80 (1.67, 1.94) <0.001 1.71 (1.56, 1.87) <0.001 1.30 (1.12, 1.49) <0.001

Model 3 1.24 (1.12, 1.38) <0.001 1.19 (1.05, 1.36) 0.009 1.13 (0.93, 1.39) 0.225

Total percent fat (%) Model 1 1.07 (1.05, 1.08) <0.001 1.07 (1.05, 1.09) <0.001 1.02 (0.97, 1.07) 0.405
Model 2 1.17 (1.14, 1.20) <0.001 1.18 (1.14, 1.23) <0.001 1.06 (0.98, 1.15) 0.125

Model 3 1.00 (0.96, 1.04) 0.872 1.00 (0.95, 1.06) 0.962 0.91 (0.80, 1.05) 0.205

Trunk percent fat (%) Model 1 1.10 (1.08, 1.11) <0.001 1.11 (1.09, 1.14) <0.001 1.07 (1.02, 1.13) 0.004
Model 2 1.17 (1.15, 1.20) <0.001 1.21 (1.17, 1.25) <0.001 1.12 (1.05, 1.19) 0.001

Model 3 1.06 (1.02, 1.09) 0.001 1.08 (1.03, 1.14) 0.003 1.02 (0.91, 1.14) 0.747

Android percent fat (%) Model 1 1.11 (1.09, 1.12) <0.001 1.12 (1.10, 1.15) <0.001 1.07 (1.02, 1.12) 0.006
Model 2 1.15 (1.13, 1.17) <0.001 1.17 (1.14, 1.20) <0.001 1.09 (1.03, 1.15) 0.002

Model 3 1.04 (1.01, 1.07) 0.004 1.06 (1.01, 1.10) 0.011 1.02 (0.94, 1.11) 0.573

Android to gynoid ratio (×10) Model 1 1.85 (1.71, 1.99) <0.001 1.67 (1.51, 1.85) <0.001 1.43 (1.17, 1.75) <0.001
Model 2 1.94 (1.77, 2.12) <0.001 1.97 (1.74, 2.24) <0.001 1.66 (1.29, 2.13) <0.001

Model 3 1.28 (1.15, 1.44) <0.001 1.28 (1.09, 1.49) 0.002 1.62 (1.16, 2.25) 0.004

Notes: Model 1 was unadjusted (univariate); Model 2 was adjusted for age, sex and race; Model 3 was adjusted for model 2 adjustments plus excessive drinking, WC, 
HbA1c, TG, TC and SBP. P values <0.0083 were considered study-wide significant after Bonferroni correction. 
Abbreviations: OR, odds ratio; CI, confidence interval.
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Figure 4 Forest plots of OR and 95% CI of different parameters on hepatic steatosis, stratified by NGT, prediabetes and diabetes.
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Limitations
Some limitations of this study should be considered while interpreting the results. First, there was no information about 
postprandial blood glucose in NHANES 2017–2018; therefore, some subjects with diabetes may have been excluded 
from the diabetic group. Second, we could not distinguish between type 1 and type 2 diabetes in this study. Lastly, 
adipose visceral fat was estimated by DXA. Computed tomography (CT) and magnetic resonance imaging (MRI) are the 
gold standard method to measure visceral fat. However, DXA has minimal bias from CT or MRI to estimate adipose 
visceral fat.31,32 Although we mainly focused on the hepatic steatosis, the fibrosis of fatty liver deserves further 
investigation in the future.

Conclusion
For NGT individuals, high level of total abdominal fat volume, VAT volume, trunk percent fat, android percent fat or 
AGR all can be used to predict hepatic steatosis. For diabetes, only AGR can predict hepatic steatosis among the 
surveyed parameters of adipose distribution. Therefore, to prevent hepatic steatosis in diabetes patients, we need to give 
AGR more concern.
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