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Purpose: This study aimed to determine the associations of relative fat mass (RFM), a novel adiposity indicator, with the prevalence
of non-alcoholic fatty liver disease (NAFLD) and cardiovascular disease (CVD) and compared the disease discriminative ability of
RFM with other common adiposity indicators in the general Chinese population.

Patients and Methods: This cross-sectional study consisted of 11,532 adult participants from the SPECT-China study (2014-2016).
We included RFM and six other adiposity indicators, including body mass index (BMI), waist circumference (WC), waist-to-hip ratio
(WHR), waist-to-height ratio (WHtR), visceral adiposity index (VAI), and lipid accumulation product (LAP). Binary logistic
regression analysis was used to assess the relationship between adiposity indicators and the prevalence of NAFLD and CVD. The
receiver operating characteristic (ROC) curve was used to evaluate the ability to screen NAFLD and CVD.

Results: After adjusting for confounding variables, RFM showed a strong association with the prevalence of NAFLD and CVD. In men,
each 1-SD (standard deviation) increase in RFM was associated with more than 3-fold increased risk of NAFLD (OR: 4.33, 95% CI:
3.79-4.93) and 66% increased risk of CVD (OR: 1.66, 95% CI: 1.36-2.02); in women, per 1-SD increase in RFM was associated with
about 4-fold increased risk of NAFLD (OR: 5.16, 95% CI: 4.62—5.77) and 26% increased risk of CVD (OR: 1.26, 95% CI: 1.08-1.47).
ROC analysis showed that RFM and WHtR were the strongest predictors for CVD.

Conclusion: RFM was significantly associated with prevalent NAFLD and CVD in Chinese adults and might be considered a simple
tool for disease prediction. Further large longitudinal studies are needed to verify our findings.
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Introduction

Changes in eating habits and lifestyles in the past few decades have made obesity a major health problem that affects
more than two billion people worldwide." The observed rise in obesity prevalence leads to massive increases in the costs
of health care and imposes a huge burden on societies. It raises even more concerns considering the secondary diseases
and complications associated with obesity, including cardiovascular disease (CVD), non-alcoholic fatty liver disease
(NAFLD), diabetes, poor mental health, and certain types of cancer.>” Parallel to the increased prevalence of obesity, the
prevalence of NAFLD and CVD are also rising. Obesity is associated with a 3.5-fold increased risk of NAFLD,® and
a 10 kg increment in body weight leads to a 12% increased risk of coronary artery disease.” NAFLD and CVD are two
interconnected conditions that share several pathophysiologic mechanisms, including insulin resistance, dyslipidemia,
increased oxidative stress, and endothelial dysfunction, especially in the context of obesity. Given that excessive adipose
accumulation contributed to the progression of NAFLD and CVD,*'* monitoring and evaluating an individual’s
adiposity status might be useful in identifying diseases at an early stage.
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Dual-energy X-ray absorptiometry (DEXA), computed tomography (CT), magnetic resonance imaging (MRI), and
dual bioelectrical impedance analysis (BIA) are recommended quantitative approaches to detecting body composition
and adiposity distribution. However, these imaging techniques are time and money-consuming, and some have radiation
exposure, thus are not applicable for routine clinical practice.'' Many indicators have been established as simple and
inexpensive tools to assess adiposity. Recently, a sex-specific index described as relative fat mass (FRM) was proposed.'?
The calculation of RFM was based on waist circumference (WC) and height. Woolcott et al demonstrated that RFM
could better estimate body fat percentage than body mass index (BMI) when using DEXA as the reference method.
Guzman-Leo6n et al further validated the precision of RFM in estimating body fat using four different body composition
methods (DEXA, BIA, air displacement plethysmography, 4-compartment model).'*> Due to its simplicity and better
performance than BMI in diagnosing body fat-defined obesity, RFM is suggested to be used in daily clinical practice as
a tool for the evaluation of body composition. In recent years, researchers conducted several studies using RFM as an
indicator for adiposity, and they found that RFM could predict type 2 diabetes,'* severe liver disease,'” heart failure,'®
and metabolic syndrome.'” However, there are no studies demonstrating the predictive role of RFM in identifying CVD,
and evidence on NAFLD is limited. Besides, previous studies mostly conducted the comparisons between RFM and
conventional adiposity indicators such as BMI and WC, but not other novel adiposity indicators.

Based on the above considerations, we hypothesize that RFM is a possible candidate adiposity indicator for identifying the
risk of NAFLD and CVD. Using data from the SPECT-China study, this study aimed to (1) determine the associations of RFM
with the prevalence of NAFLD and CVD in the general Chinese population (2) test whether RFM is superior in discriminating
NAFLD and CVD as compared with six other adiposity indicators including BMI, WC, waist-to-hip ratio (WHR), waist-to-
height ratio (WHtR), visceral adiposity index (VAI), and the lipid accumulation product (LAP). These comparison data could
provide an overview of how adiposity indicators performed in identifying diseases, giving researchers more options when
choosing which adiposity indicator to use to predict NAFLD and CVD in the future.

Materials and Methods

Study Population

The data of this population-based cross-sectional study was obtained from the SPECT-China study, an ongoing
prospective cohort study designed to investigate the risk factors for metabolic diseases in the general population in
East China (www.chictr.org.cn.ChiCTR-ECS-14005052). Detailed information about SPECT-China Study was published
in previous reports.'® In brief, from February 2014 to May 2016, 13,064 participants who lived in their current resident

for over six months were recruited from 23 sites in Shanghai, Zhejiang, Jiangsu, Anhui, and Jiangxi Provinces using
a stratified and cluster-sampling strategy.' The Ethics Committee of Shanghai Ninth People’s Hospital, Shanghai Jiao
Tong University School of Medicine reviewed and accepted the study’s protocol (approval number 2013 (86)). The
Declaration of Helsinki’s ethical principles were followed in all procedures. All participants provided verbal and written
consent before any data were collected.

We first excluded participants with complete missing questionnaire data (n=192), laboratory data (n=199), and
younger than 18 years old (n=7). In this study, participants with missing data on weight, height, waist circumference,
or hip circumference (n=493), missing lipid profiles (n=>5), missing liver ultrasound information (n=300), and missing
CVD diagnosis (n=336) were also excluded. Finally, 11,532 participants with valid data were included for further
analysis. The inclusion and exclusion of the participants are shown in the flowchart in Supplementary Figure 1.

Data Collection

A systematic questionnaire was used to obtain information on demographic characteristics, medical history, family history,
and lifestyle information, such as current smoking, and current alcohol consumption. In every site, anthropometric measure-
ments, including height, weight, waist circumference, hip circumference, and blood pressure, were carried out by the same
group of skilled medical personnel in accordance with established procedures as described previously.”® After at least 8 hours
of overnight fasting, a blood sample from each participant was collected by venipuncture. The blood specimens were
centrifuged after being left at ambient temperature for two hours, and the blood serum was extracted. Fasting plasma glucose
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(FPG), glycosylated hemoglobin (HbA1c), alanine transaminase (ALT), aspartate transaminase (AST), total cholesterol (TC),
triglycerides (TG), low-density lipoprotein (LDL), and high-density lipoprotein (HDL) were measured using a Beckman
Coulter AU680 (Brea, USA). HbAlc values were tested by high-performance liquid chromatography with a Medconn
hemoglobin testing system (MQ-2000PT, Medconn, Shanghai, China).

Calculation of Adiposity Indicators

Body weight, height, waist circumference, and hip circumference were measured using the standard method. In brief,
height and weight were measured using a stadiometer and electronic weight scale. Participants were asked to stand in
a natural straight position without shoes and in lightweight clothes, the record was accurate to 0.1cm and 0.1kg. WC and
HC were measured using nonelastic tape. Participants were asked to breathe out normally. WC was accurately measured
to 0.1 cm at the midpoint between the iliac crest and the lowest border of the rib cage. HC was accurately measured to
0.1 cm at the hip’s broadest point at the level of the greater trochanter.

_ Weight (kg)

BMI = — .
[Height (m)]

_ WC (m)

MR =ic (m)

_ WC (m)
WHIR = Height (m)

VAI LAP, and RFM are sex-specific indicators, the equations are listed as follow:
WC (cm) TG (mmol/L) 1.31

VAI male =
M€ = 3968 1 1.88 x BMI (kg/m?) « 1.03  HDL — C (mmol/L)
WC (cm) TG (mmol/L) 1.52
VAI female =
Jemale = A 189 % BMI (kg/n) 081 < HDL — C (mmoljL)

LAP male = [WC (cm) — 65] x TG (mmol /L)
LAP female = [WC (cm) — 58] x TG (mmol/L)

20 x Height (m)

RFM male =64 - ———
e wC (m)

20 x Height (m)

RFM le =176 —
female WC (m)

Definition of Variables

Self-reported educational levels were recorded, and we classified them into university/college education and others.
A person was considered a current smoker if he or she had smoked at least 100 cigarettes in his/her lifetime and
continued to smoke regularly. Alcohol intake was self-reported by participants in the questionnaire, current drinking was
defined as having consumed a drink containing alcohol more than once per month in the past year, the same as previous
study.”’ Diabetes was determined by a FPG level of 7.0 mmol/L or higher, an HbAlc of 6.5% or higher, or a self-
reported previous diagnosis of diabetes by a physician. Blood pressure was measured after at least 10 min of rest.
Hypertension was defined as a systolic blood pressure over 140 mmHg, a diastolic blood pressure over 90 mmHg, or
a self-reported previous diagnosis of hypertension by a physician.
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Outcomes Definition

Abdominal ultrasonography (MINDRAY M7, MINDRAY, Shenzhen, China) was performed to diagnose hepatic stea-
tosis. According to standard criteria,> the presentation of steatosis was defined as increased liver echogenicity, stronger
echoes in the liver parenchyma compared to the renal parenchyma, vessel blurring, and narrowing of the lumen of the
hepatic veins. NAFLD was defined as ultrasound evidence of hepatic steatosis without secondary cause (excessive
alcohol consumption, defined as > 140 g/week for men, > 70 g/week for women, self-reported viral hepatitis,
autoimmune hepatic disease, other chronic hepatic diseases, utilization of hepatotoxic medicines).

The outcome CVD was defined as a self-reported previous diagnosis of coronary heart disease, myocardial infarction,
or stroke. The linked question in the questionnaire was “Have you ever been told by a health-care professionals that you
have coronary heart disease, myocardial infarction, or stroke?”” The identical question was used in another sizable study
in China, with a validation rate of 91.07%.* The registration platform further confirmed the self-reported diagnosis.

Statistical Analysis

All analyses were performed using the SPSS software version 25.0 (IBM Corporation., Armonk, NY). A two-sided
P <0.05 was considered statistically significant. Continuous variables were presented as mean + standard deviation (SD)
or median (25th—75th percentile) based on their distribution. Categorical variables were presented as a percentage (%).
To compare the associations across different indicators, all continuous adiposity indicators were standardized for further
analyses. Pearson’s correlation and Spearman correlation coefficients were used where appropriate to assess the
correlations between different variables. Logistic regression analysis was performed for the association of RFM and
other adiposity indicators with the prevalence of NAFLD and CVD within each sex. Odds ratios (ORs) with 95%
confidence intervals (CIs) were calculated. The ORs indicated the change in the odds per 1-SD increase in the adiposity
indicators. We ran three models. The first model was unadjusted, then we ran a second model adjusted for age, and a third
model adjusted for age, smoking, drinking, HbAlc, LDL, and hypertension. A receiver operating characteristic (ROC)
curve with area under the curve (AUC) and 95% CI was used to evaluate the ability of the adiposity indicators to identify
NAFLD and CVD. The Youden index value (sensitivity+specificity-1) was used to determine the optimal cut-offs. We
further examined associations of the adiposity indicators with NAFLD and CVD in subgroups according to participants’
age (< 50 years; 50-60 years; and > 60 years), and BMI groups (<24 kg/m’, >24 kg/m?).

Results

Characteristics of the Enrolled Participants

The characteristics of the participants are shown in Table 1. The mean age of the study population was 54.51+12.97
years, and 60.5% (n = 6870) were women. We identified NAFLD among 5584 participants (50.7%), with a higher
proportion among men than among women (56.7% vs 46.6%). We identified CVD among 1088 participants (9.5%), and
the proportion was comparable between men and women. Only 2.1% and 7.4% of the women were current smokers and
drinkers, respectively.

Table | Descriptive Characteristics of the SPECT-China Participants by Sex (n =11,532)

Total Men Women
No. 11,532 4662 6870
Age, years 54.51+12.97 55.2+13.13 54.04+12.83
College education, n (%) 2232(19.4) 1138(24.2) 1094(15.9)
Current smoking, n (%) 2287(19.8) 2143(46.0) 144(2.1)
Current drinking, n (%) 2713(23.5) 2207(47.3) 506(7.4)
SBP, mmHg 132.06+21.34 134.10+20.51 130.67+21.78
DBP, mmHg 79.28+13.01 81.83+12.82 77.55+12.85
HTN, n (%) 5383(46.7) 2422(52.0) 2961(43.1)

(Continued)

2380

https:

Dove!

Diabetes, Metabolic Syndrome and Obesity 2023:16



https://www.dovepress.com
https://www.dovepress.com

Dove Shen et al

Table | (Continued).

Total Men Women
DM, n (%) 1656(14.4) 779(16.7) 877(12.8)
NAFLD, n (%) 5844(50.7) 2643(56.7) 3201(46.6)
CVD, n (%) 1088(9.4) 445(9.5) 643(9.4)
FBG, mmol/L 5.64+1.44 5.74x1.57 5.58+1.34
HbAlc, % 5.61£0.97 5.70+1.06 5.54+0.91
TC, mmol/L 5.20%1.11 5.15%1.10 5.23%1.12
LDL-C, mmol/L 3.17+0.81 3.13x0.77 3.19+0.83
HDL-C, mmol/L 1.40+0.32 1.32+0.32 1.46+0.32
TG, mmol/L 1.32(0.95, 1.92) 1.43(1.02, 2.13) 1.27(0.92, 1.79)
ALT, U/L 23(19, 28) 24(21, 30) 22(19, 26)
AST, U/L 18(13,15) 21(16, 29) 16(12, 22)
eGFR, mL/min/1.73m? 87.54%15.42 86.80+14.69 88.05+15.87
Adiposity Index
BMI, kg/m? 24.57+3.60 24.90+3.46 24.3413.66
WC, cm 80.90+10.24 84.75+9.58 78.29+9.84
WHR 0.86+0.08 0.89+0.07 0.84+0.08
WHtR 0.50+0.06 0.51£0.06 0.50+0.07
VAI 1.50(0.97, 2.41) 1.38(0.89, 2.29) 1.57(1.02, 2.49)
LAP 26.17(13.76, 46.55) 27.84(14.74, 50.01) 24.75(13.08, 44.00)
RFM 30.66+7.56 23.88+4.66 35.26+5.37

Notes: Continuous variables are presented as mean + SD or medians (25th—75th percentile) according to their
distribution, categorical variables are presented as n (%).

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; HTN, hypertension; DM, diabetes
mellitus; NAFLD, non-alcoholic fatty liver disease; CVD, cardiovascular disease; FPG, fasting plasma glucose; HbAlc,
glycated hemoglobin; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; TG, triglyceride; ALT, alanine aminotransferase; AST, aspartate aminotransferase; eGFR,
estimated glomerular filtration rate; BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio;
WHTR, waist-to-height ratio; VA, visceral adiposity index; LAP, lipid accumulation product; RFM, relative fat mass.

Correlation Between RFM and Other Adiposity Indicators

We examined the correlations between RFM and other adiposity indicators (BMI, WC, WHR, WHtR, LAP, VAI). RFM
showed moderate to strong correlations with other validated adiposity indicators (all p<0.001). The correlation was
stronger among women (Supplementary Table 1).

Association of Adiposity Indicators with the Prevalence of NAFLD Among Men and

Women

The performance of BMI, WC, WHR, WHtR, VAI, LAP, and RFM to identify NAFLD is presented in Table 2. In both sexes, all
adiposity indicators were significantly associated with NAFLD. When comparing the standardized adiposity indicators, LAP and
RFM showed stronger associations with NAFLD compared with other indicators in both sexes. Per 1-SD increase in BMI, WC,
WHR, WHtR, and VAI were associated with 228%, 195%, 93%, 173%, and 205% increased risk of NAFLD in the men,
a comparable change in RFM was associated with 333% increased risk of NAFLD [OR: 4.33, 95% CI (3.79-4.93)]. Likewise,
1-SD increase in BMI, WC, WHR, WHtR, and VAI was associated with 235%, 236%, 95%, 186%, and 143% increased risk of
NAFLD in the women, a comparable change in RFM was associated with 416% increased risk of NAFLD [OR: 5.16, 95% CI
(4.62-5.77)]. These associations were all fully adjusted for age, current smoking, current drinking, education, HbAlc, LDL-C,
and hypertension.
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Table 2 Associations of Standardized Adiposity Indicators with NAFLD Among Men and Women

Model | Model 2 Model 3

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value
Men
BMI 3.49(3.19, 3.81) <0.001 3.50(3.20, 3.83) <0.001 3.28(2.99, 3.60) <0.001
WwC 2.93(2.70, 3.18) <0.001 3.21(2.94, 3.49) <0.001 2.95(2.69, 3.22) <0.001
WHR 1.90(1.76, 2.05) <0.001 2.13(1.97, 2.31) <0.001 1.93(1.78, 2.10) <0.001
WHtR 2.51(2.32, 2.72) <0.001 2.97(2.73, 3.24) <0.001 2.73(2.50, 2.99) <0.001
VAI 3.73(3.22, 4.32) <0.001 3.70(3.20, 4.28) <0.001 3.05(2.64, 3.53) <0.001
LAP 5.748(4.98, 6.64) <0.001 5.93(5.13, 6.87) <0.001 5.02(4.32, 5.85) <0.001
RFM 3.81(3.40, 4.27) <0.001 4.88(4.31, 5.54) <0.001 4.33(3.79, 4.93) <0.001
Women
BMI 3.84(3.57, 4.14) <0.001 3.63(3.37, 3.91) <0.001 3.35(3.10, 3.61) <0.001
WwC 3.78(3.52, 4.07) <0.001 3.71(3.43, 4.00) <0.001 3.36(3.10, 3.64) <0.001
WHR 2.40(2.25, 2.56) <0.001 2.19(2.05, 2.35) <0.001 1.95(1.81, 2.09) <0.001
WHtR 3.10(2.91, 3.30) <0.001 3.14(2.93, 3.37) <0.001 2.86(2.66, 3.08) <0.001
VAI 3.54(3.18, 3.94) <0.001 3.02(2.71, 3.36) <0.001 2.43(2.18, 2.70) <0.001
LAP 8.51(7.46, 9.70) <0.001 7.71(6.71, 8.86) <0.001 5.99(5.19, 6.92) <0.001
RFM 5.67(5.15, 6.24) <0.001 5.92(5.32, 6.59) <0.001 5.16(4.62, 5.77) <0.001

Notes: Binary logistic regression was used to analyze the association between standardized adiposity indicators with NAFLD
among men and women. Model | is crude. Model 2 is adjusted for age. Model 3 is adjusted for age, current smoking (yes, no),
current drinking (yes, no), education (university or college degree, others), HbAlc, LDL-C, and hypertension (yes, no).

Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; VAI,
visceral adiposity index; LAP, lipid accumulation product; RFM, relative fat mass; OR represents the odds ratio per standard
deviation change in adiposity index; Cl, confidence interval.

Association of Adiposity Indicators with the Prevalence of CYVD Among Men and

Women

Table 3 shows the standardized effects of the different adiposity indicators on CVD. BMI, WC, WHtR, and RFM were
significantly associated with CVD in men. While BMI, WC, WHtR, VAL, LAP and RFM were significantly associated
with CVD in women. RFM showed the greater association in the unadjusted analysis [OR: 2.55, 95% CI (2.12-3.07) in
men; OR: 2.57, 95% CI (2.26-2.93) in women], although it lost strength in the association after adjustment for
confounding factors (age, current smoking, current drinking, education, HbAlc, LDL-C, and hypertension), the results
indicated that RFM still had the strongest associations with the risk of CVD. Specifically, 1 SD increase in RFM was
associated with 66% increased odds of CVD [OR: 1.66, 95% CI (1.36-2.02)] in men. In women, 1 SD increase in RFM
was associated with 26% increased odds of CVD [OR: 1.26, 95% CI (1.08-1.47)].

Table 3 Associations of Standardized Adiposity Indicators with CVD Among Men and Women

Model | Model 2 Model 3
OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value
Men
BMI 1.31(1.19, 1.44) <0.001 1.43(1.29, 1.59) <0.001 1.33(1.20, 1.48) <0.001
WwC 1.57(1.41, 1.74) <0.001 1.50(1.34, 1.67) <0.001 1.36(1.21, 1.53) <0.001
WHR 1.38(1.25, 1.52) <0.001 1.19(1.07, 1.32) <0.001 1.11(0.99, 1.24) 0.082
WHtR 1.73(1.55, 1.92) <0.001 1.47(1.31, 1.64) <0.001 1.33(1.18, 1.50) <0.001
VAI 0.98(0.89, 1.07) 0.605 1.07(0.98, 1.17) 0.152 0.99(0.90, 1.10) 0.948
LAP 1.03(0.96, 1.11) 0.359 1.11(1.03, 1.19) 0.005 1.04(0.96, 1.12) 0.386
RFM 2.55(2.12, 3.07) <0.001 1.92(1.59, 2.33) <0.001 1.66(1.36, 2.02) <0.001
(Continued)
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Table 3 (Continued).

Model | Model 2 Model 3

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value
Women
BMI 1.37(1.27, 1.47) <0.001 1.24(1.15, 1.34) <0.001 1.13(1.04, 1.23) 0.004
WwC 1.74(1.60, 1.89) <0.001 1.30(1.19, 1.43) <0.001 1.17(1.06, 1.29) 0.002
WHR 1.57(1.45, 1.70) <0.001 1.17(1.07, 1.28) <0.001 1.09(0.99, 1.20) 0.082
WHtR 1.72(1.60, 1.86) <0.001 1.25(1.14, 1.36) <0.001 1.13(1.03, 1.23) 0.001
VAI 1.27(1.19, 1.36) <0.001 1.18(1.10, 1.26) <0.001 1.13(1.05, 1.21) 0.001
LAP 1.47(1.35, 1.59) <0.001 1.25(1.15, 1.36) <0.001 1.17(1.07, 1.27) 0.001
RFM 2.57(2.26, 2.93) <0.001 1.49(1.29, 1.72) <0.001 1.26(1.08, 1.47) 0.003

Notes: Binary logistic regression was used to analyze the association between standardized adiposity indicators with CVD among
men and women. Model | is crude. Model 2 is adjusted for age. Model 3 is adjusted for age, current smoking (yes, no), current
drinking (yes, no), education (university or college degree, others), HbAlc, LDL-C, and hypertension (yes, no).
Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; VAI,
visceral adiposity index; LAP, lipid accumulation product; RFM, relative fat mass.; OR represents the odds ratio per standard
deviation change in adiposity index; Cl, confidence interval.

ROC Analysis

ROC analysis was used to evaluate the capacity of adiposity indicators to identify NAFLD and CVD by sex (Figure 1). AUC was
used to assess the performance of each indicator, and the Youden Index was used to identify optimal cut-offs. All indicators
performed better for identifying NAFLD in women (AUC 0.722-0.804) than in men (AUC 0.670-0.778). Likewise, all
indicators performed better for identifying CVD in women (AUC 0.613-0.673) than in men (AUC 0.531-0.649). LAP had
the biggest AUC for NAFLD in both sexes, followed by BMI. In both sexes, RFM and WHtR presented the same discriminatory
power for CVD. The AUC of RFM and WHIR were greater than that of other indicators for CVD [AUC women = 0.673 (95% CI
0.653 to 0.694); AUC men=0.649 (95% CI 0.623 to 0.675)]. Optimal cutoffs for RFM are presented in Table 4.

Subgroup Analysis
We further examined associations of adiposity indicators with NAFLD and CVD in each age group. As shown in
Supplementary Table 2, adiposity indicators tended to be more strongly associated with NAFLD and CVD in younger

participants (< 50 years). RFM displayed the greatest risk for CVD across all age groups. We also examined associations
of adiposity indices with NAFLD and CVD across BMI categories (<24 kg/m?, >24 kg/m?), REM displayed a stronger
association for NAFLD and CVD in participants with higher BMI (Supplementary Table 3).

Discussion
Our study concluded that in general Chinese populations, RFM had a strong association with the prevalence of NAFLD
and CVD. This easily obtained index could be applied as a preliminary tool for NAFLD and CVD screening in routine
clinical practice.

Many indicators have been established as simple and inexpensive tools to assess adiposity. BMI is the most
commonly used measurement to classify obesity. The limitation of BMI is obvious, since it can only detect general
obesity and lack ability to differentiate between muscle mass and fat mass.”* Studies have shown that the distribution
rather than amount of adipose tissue plays a more important role in the development of diseases.*” In this regard, other
anthropometric indicators, such as WC, WHR, and WHIR are used as central obesity indicators in clinical settings.?®
Novel measures of central adiposity have also been introduced, in the current study, we included two novel indicators,
LAP and VAI, the calculation of these two indicators included lipid information, theoretically, making them more
scientifically sound than basal anthropometric measures in predicting adiposity related disease. They have been demon-
strated to be better associated with several metabolic diseases than conventional indicators only use anthropometric

measures.zmg
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WHR 0.609 0.583-0.636 <0.001 WHR 0.654 0.633-0.675 <0.001
WHtR 0.649 0.623-0.675 <0.001 WHtR 0.673 0.653-0.694 <0.001
VAI 0.531 0.503-0.558 <0.001 VAI 0.637 0.616-0.658 <0.001
LAP 0.562 0.536-0.588 <0.001 LAP 0.68 0.648-0.688 <0.001
RFM 0.649 0.623-0.675 <0.001 RFM 0.673 0.653-0.694 <0.001

Figure | ROC curves of the adiposity indicators for identification of NAFLD and CVD by sex. (A) ROC Curve for NAFLD in Men, (B) ROC Curve for NAFLD in Women,
(C) ROC Curve for CVD in Men, (D) ROC Curve for CVD in Women.

Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; VAI, visceral adiposity index; LAP, lipid
accumulation product; RFM, relative fat mass; ROC, receiver operating characteristic curve.

NAFLD is now the leading cause of chronic liver disease in the globe. Our study showed that LAP was the index with
the highest association with NAFLD in logistic regression and had the largest AUC in ROC analysis. Several studies
have demonstrated the strong correlation of LAP with NAFLD. Zhang found that LAP had the best diagnostic value for
NAFLD in an elderly Chinese population.” In a large cross-sectional study that evaluated 40,459 Chinese, LAP also
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Table 4 Power of RFM for Screening NAFLD and CVD Among Men and Women

RFM
AUC (95% CI) | p value | Cutoff | Sensitivity (%) | Specificity (%) | Youden Index

Men

NAFLD 0.72(0.70, 0.73) <0.001 23.76 69.0 63.4 0.33
CVD 0.65(0.62, 0.68) <0.001 25.22 63.1 60.3 0.24
Women

NAFLD 0.78(0.77, 0.79) <0.001 3522 75.0 68.1 0.43
CVD 0.67(0.65, 0.69) <0.001 33.97 83.5 41.6 0.25

Abbreviations: RFM, relative fat mass; NAFLD, non-alcoholic fatty liver disease; CVD, cardiovascular disease.

showed excellent performance for diagnosing NAFLD, with an AUC of 0.843 and 0.887 in men and women.*° In our
study, in both crude and adjusted logistic analysis, RFM came next in identifying NAFLD after the LAP. However, in the
ROC analysis, conventional indicators such as BMI and WC yield good performance in predicting NAFLD, slightly
better than RFM. This indicates that RFM is a useful tool to discrimen NAFLD, but not superior to conventional
indicators. The better ability of LAP to predict NAFLD may due to the fact that the LAP formula integrated TG, elevated
TG levels are critical in the pathophysiology of NAFLD, and visceral fat accumulation may contribute to the develop-
ment of hepatic steatosis by releasing free fatty acids and adipocytokines. LAP may be the best indicators for NAFLD
risk screening. However, the equation of LAP is relatively complex with the inclusion of lipid measures, making it hard
to widely use LAP in large-scale epidemiological surveys. BMI, RFM, WHtR could be an alternative in epidemiology
survey due to their convenience and inexpensive characteristics.

Cardiovascular disease is the leading cause of death in the world. To date, the best adiposity index that associates
strongly with CVD remains controversial, the divergences in results require further studies involving new indicators such
as RFM. Based on higher odd ratios from standardized units in logistic analysis and larger AUC in the ROC analysis.
RFM was found to be more significantly associated with CVD than other adiposity indicators. These associations were
seen in both sexes and all age groups, but they were the strongest in younger people. Several previous studies suggest
that WHtR may be a better indicator than other conventional indicators such as BMI, WC, and WHR for evaluating CVD
events.’' > In agreement with other studies, in the present study, WHtR tended toward the best performance for
discriminating CVD. The comparisons of novel indicators for predicting CVD were relatively limited, in our study,
RFM showed similar and slightly better performance than WHtR, LAP and VAI were no better than conventional
adiposity indicators. In particular, RFM had a larger odds ratio for CVD than WHtR. It should be noted that the equation
of RFM is primarily driven from WHtR, thus, they showed identical AUC in the ROC analysis. The message delivered
by WHIR is simple and easy interpreted, and the cutoff of 0.5 has been proved in both sexes and populations.** When the
WHIR value was 0.5, the associated RFM value was 24 for men and 36 for women, which was close to the RFM cut-off
in our study. Although RFM is easy to apply, it involves a greater number of mathematical calculations when compared
to WHtR, which can be a limiting factor for its use.

In addition, in our study, adiposity indicators generally showed better performance in women than man in terms of
discriminating NAFLD and CVD, gender disparities in body fat distribution have long been noted, many other studies

3339 one probable explanation could be women tend to have

have also demonstrated this similar sex-specific difference,
pear-shaped body and have more concentrated fat distribution around hip, the increment in abdominal section in women
may indicate a transition from a healthy body fat storage to a metabolically damaging body fat storage, thus have
stronger association with health-related outcomes.

Some strengths and limitations need to be mentioned to better interpret this study’s results. To the best of our knowledge, this
is the first large-scale cross-sectional study that evaluated the association of RFM with NAFLD and CVD in the Chinese
population, and compared it with six other adiposity indicators. The present study demonstrated that RFM is a reliable indicator
to discriminate the risk of both NAFLD and CVD, and it had a stronger association with CVD than other indicators. We also

acknowledge some limitations of the present study. First, as a cross-sectional study, the results could only imply association, and
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has less ability to infer causal inference between RFM and disease outcomes. Second, ultrasonography is a well-validated method
to diagnose NAFLD, however, the gold standard measure of liver biopsy is not available in this study, which may lead to
classification error. Third, although we adjusted for multivariable in the logistic regression analysis, many other related factors
may not be fully eliminated and may influence associations. Fourth, the diagnosis of CVD was based on self-reported
questionnaires, which might lead to misreporting, under-reporting,and recall bias. Prospective studies should be conducted to
investigate RFM’s predictive potential to identify those at risk of developing NAFLD and CVD.

Conclusion
In conclusion, our findings suggest that RFM was significantly associated with prevalent NAFLD and CVD in Chinese adults
and might be considered a simple tool for disease prediction. Further large longitudinal studies are needed to verify our findings.
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