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Abstract

Background and Aims: Metabolic associated fatty liver
disease (MAFLD) is a serious condition, and a simple meth-
od is needed for practitioners to identify patients with the
disease and have a high risk of disease progression. Meth-
ods: We developed and validated a nomogram for fatty
liver disease and reclassified the risk factors for MAFLD. The
development cohort had 335 patients who received bioel-
ectrical impedance analysis and liver ultrasound attenua-
tion measurements at Shenzhen People’s Hospital between
September 2020 and June 2021. The validation cohort had
200 patients from other hospitals who received the same
evaluation. A random forest procedure and binary logistic
analysis were used to screen for risk factors, establish a
fatty liver disease predictive model, and forecast the risk of
MAFLD. The performance of the homogram was evaluated
by measurement of discrimination, calibration, and clinical
usefulness. Results: The nomogram provided good predic-
tions in @ model that included body mass index (BMI) and
waist circumference. The areas under the curve of the nom-
ogram were 0.793 in the development cohort and 0.774
in the validation cohort. The nomogram performed well for
calibration, category-free net reclassification improvement,
and integrated discrimination improvement. Decision curve
analysis indicated the nomogram performed better than
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BMI for predicting net outcome. Conclusions: The nomo-
gram was an effective screening tool for fatty liver disease,
and for those overweight individuals, may help physicians
make appropriate decisions regarding treatment of MAFLD.
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Introduction

Metabolic associated fatty liver disease (MAFLD) has be-
come more prevalent in recent decades.! A recent system-
atic review and meta-analysis estimated that the prevalence
of MAFLD in Asia was 29.62%.2 Overweight and obesity are
the main risk factors for MAFLD,3 and obesity and obesity-
related diseases are increasing worldwide. In the past four
decades, the prevalence of overweight has increased by
47%,* and more than 25% of adults worldwide are now
overweight or obese,> and consequently have a higher mor-
tality rate than those of normal weight.®

The diagnosis of MAFLD requires assessment of liver his-
tology, measurement of noninvasive biomarkers, or imaging
evidence.3 A liver biopsy is an invasive procedure and is un-
suitable for routine screening. Ultrasound is thus the most
commonly method of diagnosing liver diseases in clinical
practice. However, the subjectivity of a visual assessment
of fatty liver on a gray-scale results in substantial interob-
server variability? and decreased sensitive for the detection
of a mildly fatty liver.8

Acoustic attenuation parameters have been reported to
quantify the fatty liver content.®10 The controlled attenua-
tion parameter (CAP) does not provide visualization, which
may decrease reliability. CAP is also unsuitable for individu-
als who are overweight. To overcome the disadvantages of
CAP, the Mindray diagnostic ultrasound system uses liver ul-
trasound attenuation (LiSA),! that includes a visualization
method that greatly improves stability and precision in de-
tection of MAFLD in individuals with different body types.!2
In particular, a comparison of the diagnostic performances
of LiSA and CAP, with liver biopsy as the gold standard,
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indicated that LiSA had higher area under the curve values
(0.883 vs. 0.778), sensitivity (76.08% vs. 72.10%), and
specificity (96.23% vs. 91.53%) than CAP.12

It is also important to provide patients with rapid diag-
nosis and risk classification for MAFLD. This information is
important feedback for individuals who want to lose weight,
and it can also increase their motivation for weight manage-
ment. However, ultrasound is not as convenient and effec-
tive as simple body weight monitoring for patients who have
MAFLD and are receiving care at weight-management insti-
tutions or groups. For those patients, it is assumed that the
pathologic stages of fatty liver and the risk of MALFD can be
monitored by simple body weight measurement.

Bioelectrical impedance analysis (BIA) is a simple,
fast, and noninvasive method of assessing body composi-
tion.13-15 The nomogram used to estimate body composition
from BIA measurements is a reliable and convenient tool for
quantifying risk, and is widely used for risk stratification.16
This study describes the development and validation of a
risk-stratified nomogram that combines data from BIA and
LiSA to provide a method for simple, real-time monitoring
of MAFLD.

Methods
Development cohort

This study had a double-blind design, in that the partici-
pants and evaluators were unaware of group allocations.
The study was approved by the Shenzhen People’s Hospital
Ethics Committee, and participants provided written con-
sent prior to all procedures. Between September 2020 and
June 2021, 729 individuals received weight-health assess-
ments in the Nutrition Department of the Shenzhen People’s
Hospital (Guangdong, China). All received body composition
analysis using BIA. The exclusion criteria were: (1) no LiSA
assessment (n=459); (2) presence of a severe systemic
disease, such as a severe infection, liver dysfunction, or
kidney dysfunction (n=38); and (3) more than 1 week be-
tween the LiSA assessment and BAI measurement (n=172).
The remaining development cohort included 335 partici-
pants (Supplementary Fig. 1). A comparison of included and
excluded subjects found no significant differences in age,
sex, body mass index (BMI), and waist circumference (WC).

Participant characteristics included age, height, sex, and
weight, and intracellular water (ICW), extracellular wa-
ter (ECW), total body water (TBW), protein, mineral, fat,
soft lean mass (SLM), fat-free mass (FFM), skeletal mus-
cle mass (SMM), percent body fat (PBF), BMI, ECW/TBW,
body cell mass (BCM), bone mineral content (BMC), waist
circumference (WC), visceral fat area (VFA), basal meta-
bolic rate (BMR), and TBW/FFM were obtained with a In-
Body S10 instrument (Seoul, Korea). Fasting blood sam-
ples were collected for analysis of albumin, globulin, alanine
aminotransferase (ALT), alanine aminotransferase (AST),
gamma-glutamyl transpeptidase (GGT), high-density lipo-
protein cholesterol (HDL-C), low-density lipoprotein choles-
terol (LDL-C), triglycerides, total cholesterol, alkaline phos-
phatase (ALP), fasting plasma glucose, serum creatinine
(SCr), homocysteine, and uric acid.

Validation cohort

Between September 2020 and June 2021, 475 consecutive
patients at the Longhua and Bantian Branches of Shenzhen
People’s Hospital received the same screening as the de-
velopment cohort. This validation cohort included 200 par-
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Fig. 1. Representative liver ultrasound attenuation (LiSA) measurements
of a patient (A) without fatty liver and a patient (B) with fatty liver.

ticipants (Supplementary Fig. 1). The Ethics Committees of
each hospital branch approved the study.

Bioelectrical impedance analysis (BIA)

All participants were assessed with a BIA (InBody S10,
Seoul, Korea) at an ambient temperature of 20°C to 25°C.
All participants were required to remove metal objects,
shoes and socks, wear light clothing. wipe their hands and
feet with the InBody wet tissues, and then stand on the in-
strument while making sure their heels were flush with the
electrodes. They then grasped the handle, placed a thumb
on the oval electrode, kept their arms straight, and avoided
touching other parts of the body. They were asked to stay
relaxed until the test was complete.

Measurement of hepatic steatosis

The LiSA measurements were performed with a Mindray non-
invasive liver diagnostic ultrasound system and a Resona
Hepatus fibrosis evaluation system (LFP5-1U; Mindray, Shen-
zhen, China) (Fig. 1).1112 The probe was placed parallel to
the optimal intercostal space and perpendicular to the liver
capsule while the subject was in a supine position with the
right arm lifted. Using real-time B-Mode imaging guidance,
the technician located a liver segment that had no vessels
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Table 1. Anthropometric characteristics of participants in the development cohort (n=335) and the validation cohort (n=200) based on biometrical

impedance analysis

Characteristic Development cohort

Age in year 32.81 (10.76)
Height in cm 164.76 (8.11)
Sex, n (%)

Female 208 (62.1)
Male 127 (37.9)
Weight in kg 80.58 (16.74)
ICW in L 23.03 (4.89)
ECW in L 13.94 (2.85)
TBW in L 36.97 (7.72)

Protein in kg 9.95 (2.11)
Mineral in kg 3.46 (0.72)
Fat in kg 30.18 (9.84)
SLM in kg 47.53 (9.95)
FFM in kg 50.40 (10.52)
SMM in kg 28.04 (6.38)
PBF in % 37.07 (6.97)
BMI in kg/m?2 29.52 (4.82)
ECW/TBW 0.38 (0.01)
BCM in kg 32.99 (7.00)
BMC in kg 2.86 (0.59)
WC in cm 96.71 (12.96)
VFA in cm? 137.22 (46.32)
BMR in kcal 1,458.56 (227.14)
TBW/FFM, % 73.37 (0.31)
Fatty liver, %

No 156 (46.6)

Yes 179 (53.4)

Validation cohort p2
33.16 (11.02) 0.716
164.26 (8.94) 0.511
138 (69.0) 0.127
62 (31.0)

76.70 (15.14) 0.007*
22.04 (4.66) 0.02*
13.34 (2.67) 0.016*
35.37 (7.32) 0.018*
9.52 (2.02) 0.02*
3.28 (0.67) 0.003*
28.52 (9.14) 0.053
45.47 (9.45) 0.018*
48.18 (9.99) 0.016*
26.74 (6.08) 0.02*
36.89 (7.17) 0.776
28.32 (4.50) 0.005*
0.38 (0.01) 0.802
31.56 (6.68) 0.02*
2.70 (0.56) 0.003*
94.76 (11.86) 0.084
132.38 (44.77) 0.237
1,410.69 (215.81) 0.017*
73.42 (0.27) 0.064
98 (49.0) 0.649

102 (51.0)

Data are number (%) or mean£SD. *p<0.05. @Wilcoxon-Mann-Whitney (continuous variables) or Fisher’s exact test (other categorical variables). BCM, body cell mass;
BMC, bone mineral content; BMI, body mass index; BMR, basal metabolic rate. ECW, extracellular water; FFM, fat-free mass; ICW, intracellular water; PBF, percent body
fat; SLM, soft lean mass; SMM, skeletal muscle mass; TBW, total body water; VFA, visceral fat area; WC, waist circumference.

larger than 3 mm in diameter, and then placed the rectangular
region of interest away from the liver capsule. The patient was
asked to breathe normally or to hold their breath for 5 to 6 s to
avoid any influence of respiratory movements. The final LiSA
value was the median of at least 10 measurements, and an
interquartile range less than 40 dB/m was used as a quality-
control criterion.12 The LiSA threshold for the discrimination of
hepatic steatosis has been previously reported as 238 dB/m.

Statistical analysis

The Wilcoxon-Mann-Whitney test or Fisher’s exact test was
used to assess differences in the distribution of variables
within and between cohorts. A random forest procedure
was used to select variables for constructing a nomogram
for identification of fatty liver in the development cohort.
Then, based on evaluations of clinical and statistical signifi-
cance,!® a binary logistic model was used to select the final
covariates.1” Calibration curves were plotted to assess the

calibration of the fatty liver nomogram, and the Hosmer-
Lemeshow test was used to evaluate goodness of model
fit. Harrell’s C-statistic (concordance index), the net reclas-
sification index (NRI), and the integrated discrimination im-
provement (IDI) were also determined.18-20 Decision curve
analyses were applied to the validation cohort to compare
nomogram performance with other methods of predicting
fatty liver.2! The statistical analysis were performed with R
version 3.6.2 (http://www.r-project.org/).

Results

Characteristics of the development and validation co-
horts

Development and validation cohorts were similar in age,
height, gender, fat, PBF, ECW/TBW, WC, VFA, and TBW/FFM
(Table 1). The two groups were also similar in the presence
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Table 2. Serological characteristics of patients with fatty liver (n=281) and nonfatty liver (n=254)

Characteristic Fatty liver?2 Nonfatty liver? p
Albumin in g/L 50.4+29.02 50.25+35.29 0.9661
Globulin in g/L 27.77+3.99 27.28+3.46 0.2977
ALT in IU/L 45.37+37.27 19.56+10.06 <0.0001
AST in IU/L 29.49+19.27 19.15+10.18 <0.0001
GGT in IU/L 40.05+29.65 20.26+11.81 <0.0001
HDL-C in mmol/L 1.18+0.25 1.37+£0.31 <0.0001
LDL-C in mmol/L 3.21+0.78 3.16+2.6 0.8311
Triglycerides in mmol/L 1.71+1.24 1.09+0.53 <0.0001
Total cholesterol in mmol/L 5.3+£1.86 4.9+1.07 0.0176
Homocysteine in pmol/L 12+4.79 10.53+2.93 0.0028
ALP in IU/L 66.09+39.6 59.36+23.32 0.1508
Fasting plasma glucose in mmol/L 5.24+0.77 4.95+0.47 0.1669
Blood uric acid in umol/L 428.65+110.35 361.23+86.14 <0.0001
SCr in ymol/L 73.28+41.35 66+13.01 0.2789

3Data are mean=SD. ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transpeptidase; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SD, standard deviation.

of fatty liver, 179 in the development cohort (53.4%) and
98 (49.0%) in the validation cohort. The two groups dif-
fered in a number of other anthropometric measurements.

Serological characteristics of fatty liver and nonfatty
liver

The serological parameters of the fatty liver and the non-
fatty liver groups in the development and validation cohorts
are shown in Table 2. As expected, individuals in the fatty
liver group had significantly higher ALT, AST, GGT, triglyc-
eride, total cholesterol, homocysteine, and blood uric acid
levels, a significantly lower HDL-C levels than the nonfatty
liver group. Differences in albumin, globulin, LDL-C, ALP,
fasting plasma glucose, and SCr were not significant.

Factors predictive of fatty liver

We used a random forest procedure to select variables for
the nomogram in the development cohort (Supplementa-
ry Fig. 2). The first six variables were WC, BMI, weight,
age, VFA, and PBF. Multivariate analysis showed that WC
(p=0.0023) and BMI (p=0.0879) were the best predictors
of fatty liver (Table 3). In other words, increased WC and
BMI were associated with an increased risk of fatty liver.
We derived a nomogram for these factors from their B coef-
ficients (Table 3).

Table 3. Risk factors for fatty liver

and variable P ratic 95%CL P

Intercept —-9.898 <0.001
BMI 0.109 1.116 0.985, 1.266 0.0870
wC 0.071 1.074 1.027,1.126 0.0023

B, regression coefficient; BMI, body mass index; CI, confidence interval; WC,
waist circumference.

Nomogram for fatty liver and MAFLD

The BMI and WC data were used to establish a nomogram
for prediction of fatty liver and MAFLD (Fig. 2). If a subject
has a BMI of 24 or more and a WC of 90 cm or more for men
and 80 cm or more for women, then the predicted prob-
ability of a fatty liver is the predicted probability of MAFLD.

Discrimination and calibration of the nomogram

The calibration curves of the nomogram indicated good
consistency between the predicted and observed probabili-
ties of fatty liver in the development cohort (Supplemen-
tary Fig. 3A). The Hosmer-Lemeshow test showed the data
had a good fit to the model (p=0.514), indicating that the
nomogram was well calibrated. The concordance index was
0.973, indicating the nomogram had good discriminative
ability. Further analysis indicated the nomogram slightly im-
proved the concordance index of the univariate models, but
including both variables for development of the nomogram
led to no significant difference (p=0.358 for BMI+WC vs.
WC and p=0.370 for BMI+WC vs. BMI, Table 4). However,
the category-free net reclassification improvement (cf-NRI)
and the integrated discrimination improvement (IDI) were
both >0. The results indicated the nomogram provided sig-
nificantly better predictive performance than the univariate
models (Table 4). The nomogram also had good calibra-
tion in the validation cohort (Supplementary Fig. 3B). In
particular, the p-value was 0.362 in the Hosmer-Lemeshow
test and the concordance index was 0.774, indicating good
discriminative ability (Table 4).

Clinical use

We used the results of decision curve analyses to compare
the performance of the nomogram with the performances of
univariable models for each of the variables selected by the
random forest procedure (Fig. 3). The results indicate that
the net benefit of predicting fatty liver from the nomogram
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Fig. 2. Nomogram for prediction of fatty liver and MAFLD. Procedure: First, identify the waist circumference (WC), draw a vertical line to the points axis, and
determine the score. Second, repeat this process for BMI. Third, sum the two scores, and identify this sum on the total points axis. Fourth, draw a vertical line from
the total points” axis to the probability axis to determine the probability. When a subject has a BMI >24 and a WC =90 cm (men) or =80 cm (women), the predicted
probability of fatty liver is the predicted probability of MAFLD. MAFLD, metabolic associated fatty liver disease.

Table 4. Discrimination and reclassification performance with 95% CIs for the nomogram (BMI+WC) and for univariable models of BMI and WC alone

Cohort Model C-statistic (95% CI) cf-NRI (95% CI) IDI (95% CI)
Development BMI+WC 0.793 (0.745, 0.840)
BMI 0.784(0.735, 0.833) 0.308 (0.096, 0.520)* 0.0212 (0.005, 0.037)*
wC 0.787(0.739, 0.835) 0.253 (0.040, 0.466)* 0.0084 (—4x1074, 0.017)
Validation BMI+WC 0.775 (0.710, 0.837)
BMI 0.752(0.686, 0.819) 0.3617 (0.089, 0.634)* 0.0367 (0.010, 0.063)*
wC 0.775(0.711, 0.839) 0.160 (—0.116, 0.436) 0.0018 (—0.005, 0.009)

*p <0.05. BMI, body mass index; cf-NRI, category-free net reclassification improvement; CI, confidence interval; IDI, integrated discrimination improvement; WC,
waist circumference.

© — BMI
o

02

Net Benefit

0.1

00

| | | | | |
0.0 02 04 06 08 1.0

High Risk Threshold

Fig. 3. Decision curve analysis of the validation cohort. BMI, body mass index; WC, waist circumference.
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(BMI+WC) and a univariable model of WC alone were com-
parable in the validation cohort. However, each provided a
greater net benefit than predicting fatty liver by BMI alone.

Discussion

We used WC and BMI to develop and validate a risk-strat-
ified nomogram for the diagnosis of fatty liver. The nom-
ogram had good calibration based on comparison of the
development and validation cohorts, good discriminative
ability, and had general applicability. Decision curve analy-
ses indicated that the nomogram had greater net benefit
than the use of BMI alone at all threshold probabilities. The
nomogram thus provided improved accuracy for the diag-
nosis of fatty liver. For overweight and obese individuals,
a fatty liver is a necessary condition for the diagnosis of
MAFLD.22 Therefore, for those with BMIs of 24 or more, the
risk-stratified nomogram presented here can be used as a
risk prediction model for MAFLD.

Previous studies showed that anthropometric parameters
combined with noninvasive biochemical indicators can be
used to provide instruments for the simple and early detec-
tion and evaluation of nonalcoholic fatty liver. The instru-
ments include the hepatic steatosis index (HSI), the fatty
liver index (FLI), the visceral adiposity index (VAI), and
the Zhejiang University (ZJU) index.23:24 However, each of
those methods has limitations. For example, the FLI, which
is based on BMI, WC, triglycerides, and GGT, can diagnose
fatty liver with an AUC of 0.84 (95% CI: 0.81, 0.87),25 but
is not applicable to subjects with hepatitis B or C virus infec-
tions. The HSI, which is based on ALT/AST, BMI, sex, and di-
abetes, can diagnose fatty liver with an AUC of 0.812 (95%
CI: 0.801, 0.824),25 but is not applicable to patients who
have fatty liver caused by alcohol, drugs, or viral liver dis-
ease. The VAI is based on histological results and high viral
loads in patients with chronic hepatitis C, but is not a pre-
dictor of NAFLD.27-2° Furthermore, the three models were
developed in studies of Westerners and may not be suitable
for Chinese people. Although the ZJU index is a powerful
indicator for identifying nonalcoholic fatty liver in Chinese
patients and severely obese North American women,24:30 jt
is not applicable to the newly defined condition of MAFLD.3

An international expert consensus statement recently
recommended replacing the term nonalcoholic fatty liver
disease (NAFLD) with MAFLD. MAFLD has affirmative diag-
nostic criteria that are not based on the exclusion of factors
such as alcohol consumption or other concomitant liver dis-
eases, and the key driver is metabolic dysfunction.3:22.31 A
recent study found that MAFLD was more accurate in iden-
tifying subjects with fatty liver disease and a high risk of
disease progression,32 and patients who have an increased
risk of poor hepatic or cardiovascular outcomes.3! MAFLD
can also help identify individuals who have more severe dis-
ease and would benefit most from early intervention.33 That
is one of the significant findings of the present study.

The main results of this study are that simple anthropo-
metric indicators can be used to predict fatty liver disease
and that we reclassified the risk factors for MAFLD. How-
ever, our nomogram is only suitable for a those with a BMI
of 224 and a WC of = 90 cm or more in men or 80 cm or
more in women. If these requirements are not met, and
the risk of fatty liver is considered great, the patient can be
reminded to check whether there are co-occurring meta-
bolic diseases, such as diabetes, to rule out MAFLD. Even
though the discriminability of our model was not as high as
a previous model, 2324 it allows a preliminary assessment
of MAFLD based on simple measurements of BMI and WC
in people who are overweight. The nomogram presented
here is a new, promising, and simple method for prediction

Song D. et al: Prediction of the risk of MAFLD

of MAFLD.

There are several limitations in our study. First, the sam-
ple size was limited, even though this was a retrospective
study of patients at three centers. Second, we did not use
liver biopsy as the gold standard, and LiSA can only screen
for significant steatosis (=10%). Third, some patients were
excluded because of missing data, and may have led to
some bias. Finally, the subjects selected in our sample were
overweight, so our results are not applicable to the gen-
eral population. Application of this approach to the general
population is a topic of our forthcoming research. Overall,
overweight and obesity are major worldwide public health
challenges for the 21st Century. Our study used WC and
BMI to establish a risk-stratified nomogram that screens for
the risk of MAFLD in overweight or obese populations. For
high-risk subjects, early lifestyle interventions may help to
reduce the risk of adverse outcomes.
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