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Abstract: The purpose of this study was to construct and validate a model for predicting nonalcoholic fatty liver dis-
ease (NAFLD) in the non-obese Chinese population. A total of 13240 NAFLD-free individuals at baseline from a 4-y
longitudinal study were allocated to a training cohort (n=8872) and a validation cohort (n=4368). The overall inci-
dence of NAFLD was 13%. Nine significant predictors including age, gender, body mass index, fasting blood glucose,
total cholesterol, triglycerides, high-density lipoprotein cholesterol, uric acid and alanine aminotransferase were
identified and constructed for the nomogram using cox proportional hazards regression analyses. The concordance
index was 0.804 and 0.802 in the training and validation cohorts, respectively. In the training cohort, the area under
the ROC curve (AUC) for 1-y, 2-y, 3-y and 4-y risk was 0.835, 0.825, 0.816 and 0.782, respectively. Likewise, in the
validation cohort, the AUC for 1-y, 2-y, 3-y and 4-y risk was 0.817, 0.820, 0.814 and 0.813. The calibration curves
for NAFLD risk showed excellent accuracy in the predictive modeling of the nomogram, internally and externally. The
nomogram categorized individuals into high- and low-risk groups, and the DCA displayed the clinical usefulness of
the nomogram for predicting NAFLD incidence. Our nomogram can predict a personalized risk of NAFLD in the non-
obese Chinese population. This nomogram can serve as a simple and affordable tool for stratifying individuals at a
high risk of NAFLD, and thus serve to expedite treatment of NAFLD.
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Introduction ic syndrome. However, NAFLD can be found in

non-obese individuals, and it seems to be high-

Nonalcoholic fatty liver disease (NAFLD) is the
most common chronic liver disease, affecting
approximately 25.24% of the global population
[1]. The prevalence of NAFLD is 31% in South
America, 32% in the Middle East, 14% in Africa,
and 27% in Asia, varying from 24.77% to
43.91% in the Chinese population [2]. NAFLD is
increasingly identified as one of the major
causes of liver-related morbidity, mortality, and
liver transplantation. In addition, NAFLD is indi-
rectly associated with cardiovascular disease,
type 2 diabetes mellitus (T2DM), and chronic
kidney disease [3].

The prevalence of NAFLD is higher in cohorts
with obesity, T2DM, dyslipidemia and metabol-

er in Asians, even when strict body mass index
(BMI) criteria (>25 kg/m?) is used to define obe-
sity. The percentage of non-obese Asians with
NAFLD is reported to 12.6% in Korea, 75% in
India, and 7.3% in China [4]. In addition,
research findings have proven that elevated
low-density lipoprotein cholesterol (LDL-c) lev-
els are positively associated with NAFLD inci-
dence. Interestingly, Sun et al. [5] reported that
LDL-c levels within the normal range were posi-
tively associated with NAFLD incidence in non-
obese individuals.

Nomograms have been widely developed for
risk prediction models of various diseases [6].
Although several predictive models have been
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Figure 1. The flow diagram of the study. A total of 16173 NAFLD-free indi-
viduals at baseline were initially collected, and 2933 individuals were ex-
cluded for their incomplete data. Subsequently, 13240 eligible individuals
were randomly categorized into training cohort (n=8872) and validation
cohort (n=4368) in a 2:1 ratio. During 4 years of follow-up, 1169 and 549
individuals developed NAFLD in the training cohort and validation cohort,

respectively. NAFLD: nonalcoholic fatty liver disease.

developed to evaluate the risk of NAFLD based
on machine learning techniques [7, 8], a sim-
ple nomogram, to our knowledge, has not been
established specifically to estimate the risk of
NAFLD in a non-obese population with normal
LDL-c levels. This study aimed to construct and
validate a nomogram predicting NAFLD in a
non-obese population, and provide a personal-
ized prediction tool by cost-effective and acces-
sible variables.

Materials and methods
Study population

We downloaded the raw data from the Dryad
Digital Repository (http://www.datadryad.org/),
which were shared by Sun et al. [9]. This longi-
tudinal study consisted of 16173 NAFLD-free
individuals at baseline, though complete data
was only obtained for 13240 individuals at
the 4-y follow-up. All eligible individuals were
divided into two cohorts in a 2:1 ratio, using
computer-generated random numbers. There-
fore, 8872 individuals were assigned to the
training cohort, whereas 4368 individuals were
assigned to the validation cohort. A flow chart
is depicted in Figure 1. NAFLD was diagnosed
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hyperlipidemia. The clinical
data extracted included age,
sex, BMI, systolic blood pres-
sure, diastolic blood pres-
sure, fasting plasma glucose
(FBG), total cholesterol (TC),
triglycerides (TG), high-density
lipoprotein cholesterol (HDL-
¢), LDL-c, blood urea nitrogen
(BUN), creatinine (Cr), uric
acid (UA), alanine aminotrans-
ferase (ALT), aspartate amino-
transferase (AST), gamma-
glutamyl transferase (GGT),
total bilirubin (TBil), direct bili-
rubin (DBIl), follow-up time
and the diagnosis of NAFLD.
Ethical approval was not necessary because
no data was directly collected from the
participants.

Development of the nomogram

A univariate Cox regression analysis was first
performed to evaluate the clinical candidate
variables at P<0.10. Subsequently, significant
variables were then included in a multivariate
Cox regression analysis. Finally, a nomogram
was constructed to estimate risk of developing
NAFLD by incorporating selected predictors
from the training cohort using a stepwise for-
ward selection model [10].

Validation of the nomogram

We validated the nomogram internally for the
training cohort and externally for the validation
cohort. Harrell concordance index (C-index)
was applied to evaluate the predictive model-
ing of the nomogram, and a C-index >0.8 sug-
gested good discrimination. A receiver operat-
ing characteristic (ROC) curve was also app-
lied to assess discriminating ability, and the
area under the ROC curve (AUC) was >0.7, indi-
cating a good performance of the nomogram. A
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calibration curve was applied to measure
the predictive accuracy of the nomogram.
Bootstraps with 100 resamples were used for
the calibration assessment.

Construction of risk signature

Risk scores were calculated based on multivari-
ate Cox coefficients and selected values. In-
dividuals were categorized into high- and low-
risk groups based on the median risk score.
Risk curves were plotted using data from the
training and validation cohorts.

Assessing the clinical usefulness of the nomo-
gram

The clinical usefulness of the nomogram was
evaluated using a decision curve analysis (DCA)
for the whole cohort. DCA is a method for
evaluating and comparing predictive models
and calculating the net benefits against thresh-
old probabilities [11].

ROC analysis of identified risk factors for pre-
dicting NAFLD

We performed ROC analysis to evaluate the
performance and optimal cutoff values of
identified risk factors for 4-y incidence of
NAFLD in the whole cohort. The performance
of risk factors for predicting in NAFLD was
defined by AUC. The optimal cutoff values were
defined by the highest Youden index (sensitivity
+ specificity-1).

Statistical analyses

Data analyses were performed using SPSS
22.0 software (SPSS Inc, Chicago, IL). Mea-
surement data were first assessed for normal
distribution, and then expressed as the means
+ standard deviation and medians (interquar-
tile ranges), respectively. This data was com-
pared between the two groups using t tests
and Mann-Whitney U tests for normally and
non-normally distributed data, respectively.
Enumeration data were expressed as ratios
and analyzed by the x? test. The optimal age
cut-offs comprised 14-36, 37-45, and 46-93 y
and were identified by X-tile software version
3.6.1 using Monte Carlo simulations [12]. Cox
regression analysis, nomogram model, C-index,
calibration curve, ROC, DCA curves, and risk
curves were conducted in R (http://www.R-
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project.org) using “surviva rms”, “survival-
ROC”, “rmda”, and “pheatmap” packages. All
statistical tests were two-sided, and P<0.05
was considered statistically significant.

Results

Baseline characteristics and risk factors of
NAFLD

The overall incidence of NAFLD was 13%
(1718/13240) in entire cohort. There were
1169 (13.2%) and 549 (12.6%) individuals
developing NAFLD in the training and valida-
tion cohorts, respectively. The median follow-
up time was 2.99 y (quartile: 1.96-3.95) for
the training cohort and 2.97 y (quartile: 1.95-
3.92) for the validation cohort. Additionally, no
statistically significant differences in clinical
characteristics were observed between the two
cohorts. The baseline characteristics for the
training and validation sets are summarized in
Table 1.

Univariate Cox regression analysis identified 15
candidate clinical variables according to their
p-values, including age, sex, blood pressure,
BMI, FBG, TC, TG, HDL-c, LDL-c, Cr, BUN, UA,
ALT, AST and GGT. Multivariate Cox regression
analysis showed that age, sex, BMI, FBG, TC,
TG, UA and ALT were positively correlated with
the risk of NAFLD, whereas HDL-c was nega-
tively correlated with the risk of NAFLD (Table
2; Figure 2). In addition, the risk of NAFLD was
1.718-fold higher in males than in females.

Development and validation of a NAFLD-
predicting nomogram

The nomogram was constructed to predict the
risk of NAFLD based on the significant predic-
tors (age, sex, BMI, FBG, TC, TG, HDL-c, UA
and ALT) in the training cohort (Figure 3). Each
value for the individuals was determined
according to the top Points scale, and then the
points for each variable were added. Finally, a
personalized risk of NAFLD was obtained
according to Total Points scale.

The C-index was 0.804 [95% Cl, 0.792-0.852]
and 0.802 [95% ClI, 0.784-0.820] for the train-
ing and validation cohorts, respectively, which
demonstrated good predictive modeling by
the nomogram. In the training cohort, the AUC
for 1-y, 2-y, 3-y and 4-y risk was 0.835, 0.825,
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Table 1. Baseline characteristics of training and validation cohorts

Characteristic Training cohort (n=8872) Validation cohort (n=4368) P value
Age (years) 38 (30-48) 37 (30-48) 0.174
Sex, no. (%) 0.678

Female 4721 (53.2%) 2348 (53.8%)

Male 4151 (46.8%) 2020 (46.2%)
Hypertention 0.921

Without 7664 (86.4%) 3776 (86.4%)

With 1208 (13.6%) 592 (13.6%)
BMI (kg/m?) 21.13 (19.64-22.64) 21.11 (19.55-22.64) 0.547
FBG (mmol/L) 5.04 (4.77-5.36) 5.04 (4.77-5.35) 0.244
TC (mmol/L) 4.30 (3.86-4.74) 4.29 (3.84-4.76) 0.992
TG (mmol/L) 0.93 (0.69-1.32) 0.93 (0.69-1.32) 0.365
LDL-c (mmol/L) 2.31 (1.99-2.63) 2.32 (1.97-2.65) 0.753
HDL-c (mmol/L) 1.41 (1.20-1.64) 1.40 (1.20-1.63) 0.478
Cr (mmol/L) 77.70 (66.20-91.50) 77.00 (66.00-92.00) 0.595
BUN (mmol/L) 4.17 (3.46-4.96) 4.22 (3.50-5.05) 0.144
UA (mmol/L) 266.00 (214.00-329.00) 265.00 (215.00-330.00) 0.649
ALT (U/L) 14.00 (11.00-20.00) 14.00 (11.00-19.00) 0.550
AST (U/L) 20.00 (17.00-23.00) 19.00 (17.00-23.00) 0.896
GGT (U/L) 16.00 (12.00-23.00) 16.00 (12.00-23.00) 0.990
TBil (umol/L) 12.10 (9.60-15.30) 12.10 (9.60-15.30) 0.659
DBil (umol/L) 1.60 (1.30-2.00) 1.60 (1.30-2.00) 0.386
Follow-up years 2.99 (1.96-3.95) 2.97 (1.95-3.92) 0.272
Incident NAFLD, no. (%) 1169 (13.2%) 549 (12.6%) 0.178

Data are shown as numbers (%) or medians (interquartile ranges). BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein
cholesterol; LDL-c, low-density lipoprotein cholesterol; BUN, blood urea nitrogen; Cr, creatinine; UA, uric acid; ALT, alanine ami-
notransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; TBil, total bilirubin; DBIl, direct bilirubin.

0.816 and 0.782, respectively (Figure 4A).
Likewise, in the validation cohort, the AUC for
1y, 2-y, 3-y and 4-y risk was 0.817, 0.820,
0.814 and 0.813 (Figure 4B), indicating an
excellent performance of the nomogram. The
calibration curves for the probability of NAFLD
risk showed excellent accuracy in the predic-
tive modeling of the nomogram for both the
training and validation cohorts (Figure 5A and
5B). Collectively, these results revealed that
the nomogram could accurately predict NAFLD
incidence in the non-obese Chinese popu-
lation.

Construction of risk signature

Risk scores were calculated and are shown in
Supplementary File 1. Individuals were catego-
rized into high- and low-risk groups based on
their median risk score. Significant differences
were observed between high- and low-risk
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groups in the training cohort (Figure 6A and 6B)
and the validation cohort (Figure 6C and 6D).
Thus, this model could differentiate high- and
low-risk individuals.

Clinical usefulness of a NAFLD-predicting no-
mogram

The DCA displayed a clinical usefulness for 1-y,
2-y, 3-y, and 4-y incidence of NAFLD using
data from both the training and validation
cohorts. When the threshold probability ranged
from 0.15 to 0.82 at 1-y, 2-y, 3-y and 4-y, the
NAFLD-predicting nomogram provided more of
a net benefit than the “all individuals with
NAFLD” or “no individuals with NAFLD” (Figure
7A-D), which suggested that the nomogram
was clinically useful. For example, in Figure 7D
with regard to the 40% risk probability, the
net benefit was about 8%, which could be inter-
preted that the model could be an alternative
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Table 2. Risk factors for NAFLD according to the Cox regression analyses

Variable

Univariate analysis

Multivariate analysis

OR (95% Cl)

Age (years)
Sex (Male vs. Female)

Hypertension (Without vs. With)

1.596 [1.493, 1.706]
3.610 [3.166, 4.115]
2.164 [1.897, 2.470]

BMI (kg/m?) 1.616 [1.560, 1.674]
FBG (mmol/I) 1.362 [1.305, 1.421]
TC (mmol/I) 1.387 [1.270, 1.514]
TG (mmol/1) 1.435[1.401, 1.471]
LDL-c (mmol/I) 1.909 [1.669, 2.184]
HDL-c (mmol/I) 0.183 [0.149, 0.224]
Cr (mmol/I) 1.003 [1.003, 1.004]
BUN (mmol/I) 1.097 [1.060, 1.135]
UA (mmol/I1) 1.007 [1.006, 1.008]
ALT (U/L) 1.008 [1.007, 1.009]
AST (U/L) 1.007 [1.005, 1.009]
GGT (U/L) 1.009 [1.008, 1.010]
TBil (umol/1) 0.999 [0.988, 1.011]
DBil (umol/I) 0.940 [0.853, 1.037]

P value OR (95% Cl) P value
<0.001 1.276 [1.182, 1.378] <0.001
<0.001 1.718 [1.416, 2.084] <0.001
<0.001 1.090 [0.940, 1.264] 0.193
<0.001 1.417 [1.364, 1.473] <0.001
<0.001 1.115[1.047, 1.188] 0.001
<0.001 1.204 [1.085, 1.337] 0.001
<0.001 1.193 [1.143, 1.245] <0.001
<0.001 0.909 [0.691, 1.195] 0.714
<0.001 0.533[0.420, 0.677] <0.001
<0.001 0.990 [0.985, 1.001] 0.051
<0.001 0.948 [0.898, 1.000] 0.053
<0.001 1.003 [1.002, 1.004] <0.001
<0.001 1.017 [1.011, 1.023] <0.001
<0.001 0.978[0.966, 1.001] 0.058
<0.001 1.002 [1.000, 1.004] 0.069
0.910

0.216

Data are shown as odds ratio (95% Cl), P value. NAFLD, nonalcoholic fatty liver disease; BMI, body mass index; SBP, systolic
blood pressure; DBP, diastolic blood pressure; FBG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; HDL-c, high-
density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; BUN, blood urea nitrogen; Cr, creatinine; UA, uric acid;
ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; TBil, total bilirubin; DBIl,

direct bilirubin.

method for evaluating NAFLD by about 8 per
100 individuals without developing NAFLD over
the next 4 years.

ROC analysis of identified risk factors for pre-
dicting NAFLD

The AUC for age, ALT, UA, FBG, TC, TG, HDL-c,
and BMI was 0.624, 0.680, 0.698, 0.614,
0.572, 0.748, 0.657, and 0.757, respectively,
indicating that TG and BMI contribute the most
to NAFLD incidence (Figure 8). The cutoff val-
ues of age, ALT, UA, FBG, TC, TG, HDL-c, and
BMI were 38.500 years, 14.500 U/L, 279.500
mmol/I, 5.285 mmol/L, 4.125 mmol/L, 1.085
mmol/L, 1.395 mmol/L, and 21.517 kg/m?,
respectively, to optimally predict the 4-y risk of
NAFLD (Table 3).

Discussion

In this longitudinal study, we constructed an
easy-to-use nomogram for predicting incidence
NAFLD in the non-obese Chinese population.
This nomogram exhibited excellent predictive
modeling for the internal training and external
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validation cohorts. Moreover, the nomogram
categorized individuals into high- and low-risk
groups, with the high-risk group displayed a
significant probability of suffering from NAFLD.
The DCA displayed clinical usefulness of this
nomogram for predicting NAFLD incidence. To
the best of our knowledge, this study is the first
to develop a NAFLD-predictive nomogram for a
non-obese population using easily obtained
clinical parameters.

NAFLD comprises nonalcoholic simple fatty
liver, nonalcoholic steatohepatitis (NASH) and
cirrhosis [13]. To improve early prevention and
expedite intervention, several noninvasive pan-
els have been developed to stratify high risk
groups. Previous studies have assessed the
diagnostic and predictive capabilities of some
models including the fatty liver index (based on
BMI, TG, GGT and waist circumference), the
FIB-4 index (based on age, AST, ALT and plate-
let count), the NAFLD fibrosis score (based on
age, BMI, AST/ALT ratio, diabetes status, albu-
min and platelet counts), the BARD score
(based on BMI, AST/ALT ratio and diabetes sta-
tus), the AST/platelet ratio index, the hepatic
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Figure 2. Forest plots of univariate Cox regression analysis and multivariate
Cox regression analysis for estimated risk of developing NAFLD. Univariate
Cox regression analysis identified 15 candidate clinical variables according
to their P<0.10, including age, sex (male vs. female), hypertension (without
vs. with), BMI, FBG, TC, TG, HDL-c, LDL-c, Cr, BUN, UA, ALT, AST, and GGT.
Multivariate Cox regression analysis showed that age, sex (male vs. female),
BMI, FBG, TC, TG, UA, and ALT were positively correlated with the risk of
NAFLD, whereas HDL-c was negatively correlated with the risk of NAFLD.
NAFLD, nonalcoholic fatty liver disease; BMI, body mass index; FBG, fasting
plasma glucose; TC, total cholesterol; TG, triglyceride; HDL-c, high-density
lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; BUN, blood
urea nitrogen; Cr, creatinine; UA, uric acid; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase.

steatosis index (based on BMI, AST/ALT ratio
and diabetes status), and the noninvasive
Koeln-Essen-index (based on age, AST, AST/ALT
ratio and total bilirubin) [14-20].

Consistent with these models, nine significant
predictors (age, sex, BMI, FBG, TC, TG, HDL-c,
UA, and ALT) in our study were identified.
Unexpectedly, our study found that sex was
associated with NAFLD and that males, in par-
ticular, were at a higher risk for NAFLD.
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Research has found NAFLD
to be more prevalent in males
over premenopausal females,
and this is possibly due to
growth and sex hormones, as
well as genetic factors [21].
Among these metabolic pa-
rameters, UA was first includ-
ed in our NAFLD-predictive
model in the non-obese popu-
lation. Zheng et al. [22] noted
that elevated serum UA levels
were positively correlated to
NAFLD risk in lean Chinese
adults, independent of any
other metabolic parameters.
Thus, these identified param-
eters in our NAFLD-predictive
model were reliable and
accurate.

The aforementioned models
were primarily established in
NAFLD patients with advanc-
ed fibrosis from Western co-
untries, and thus exhibited
higher positive predictivity in
populations with progressive
diseases. In addition, study
populations were predomi-
nately overweight or obese,
which limited the use of these
models in non-obese popu-
lations. Furthermore, these
studies were primarily cross-
sectional designs and so can-
not fully address causality or
temporality between predic-
tors and NAFLD incidence.
Consequently, we proposed a
nomogram to predict the
NAFLD incidence at 1-y, 2-y,
3-y and 4-y in a non-obese

Chinese population based on data gathered
from a longitudinal study. Our nomogram exhib-
ited satisfactory discrimination and calibration
capabilities using C-index, ROC and calibration
plots both for the training and validation
cohorts. Besides, this nomogram successfully
classified individuals into high- and low-risk
groups, and the high-risk group displayed a sig-
nificant probability for developing NAFLD.
Further, we assessed the optimal cutoff values
for identified risk factors to predict NAFLD inci-
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Figure 3. Nomogram for predicting NAFLD incidence in the non-obese Chinese population. Each variable value for
the individuals was determined according to the top Points scale, and then the points for each variable were added.
Finally, a personalized 1-y, 2-y, 3-y, and 4-y risk of NAFLD was obtained according to the bottom Total Points scale.
NAFLD: nonalcoholic fatty liver disease.
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Figure 4. ROC curves of the nomogram in the training cohort (A) and the validation cohort (B). (A) The AUC for 1-y,
2-y, 3-y and 4-y risk of NAFLD in the training cohort. (B) The AUC for 1-y, 2-y, 3-y and 4-y risk of NAFLD in the valida-
tion cohort. All AUCs for 1-y, 2-y, 3-y and 4-y risk of NAFLD were above 0.8 in the training and validation cohorts, indi-
cating an excellent performance of the nomogram. NAFLD: nonalcoholic fatty liver disease, ROC: receiver operating
characteristics curves, AUC: area under the ROC curve.

dence, which may provide the best thresholds
of age, ALT, UA, FBG, TC, TG, HDL-c, and BMI for
the Chinese population. More importantly, the
DCA revealed that when threshold probability

ranged from 0.15 to 0.82 at 1-y, 2-y, 3-y and
4-y, the NAFLD-predicting nomogram provided
more of a net benefit than the “all individuals
with NAFLD” or “no individuals with NAFLD”.
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Figure 5. Calibration curves of the nomogram in the training cohort (A) and the validation cohort (B). The gray
dashed lines indicate an ideal model, and the blue solid lines indicate the predictive performance of the nomogram.
The closer the distance between two lines, the better the performance of the nomogram. The calibration curves for
the probability of NAFLD risk showed excellent accuracy in the predictive modeling of the nomogram for both the
training and validation cohorts. NAFLD: nonalcoholic fatty liver disease.
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Figure 6. Individuals were stratified into high- or low-risk groups based on the risk score. Risk score distribution and
NAFLD status in the training cohort (A and B). Risk score distribution and NAFLD status in the validation cohort (C
and D). Green dot represents individuals without NAFLD, and red dot represents individuals with NAFLD, indicating
this model could discriminate high-risk individuals with NAFLD from the non-obese Chinese population. NAFLD:
nonalcoholic fatty liver disease.
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Figure 7. The decision curve analysis of the nomogram for 1-y (A), 2-y (B), 3-y (C), and 4-y (D) NAFLD risk throughout
the whole cohort. The black line indicates the net benefit when no individuals develop NAFLD, while the gray line in-
dicates the net benefit when all individuals suffer from NAFLD. The area among the black line, gray line, and purple
line indicates the clinical usefulness of the nomogram. The area among the purple line (model curve), black line,
and gray line, indicates the clinical usefulness of the model. The larger the area among the three lines, the better is
the clinical value of the nomogram. NAFLD: nonalcoholic fatty liver disease.

A major strength in our study was that we devel- excluded from analysis, resulting in a possible
oped a nomogram from a large sample in a lon- selection bias. Third, this nomogram was con-
gitudinal study, which provided excellent appli- structed using data from a single center; multi-
cability to the general population, especially center studies should be performed to further
Asians. However, potential limitations of our validate the predictive capability of this
study should also be considered. First, NAFLD nomogram.

was diagnosed by hepatic ultrasound examina-
tion, which is not the gold standard for diagnos-
ing NAFLD because it is unable to evaluate the

Conclusions

We constructed a nomogram based on nine

severity of NAFLD. Further biopsy results are risk predictors, including age, sex, BMI, FBG,
needed to validate the predictive power of this HDL-c, TC, TG, UA and ALT to predict NAFLD inci-
nomogram. Second, some information about dence in 5 years. This nomogram can be
risk factors for NAFLD such as lifestyle vari- deployed as a simple and affordable tool for
ables and waist circumference were not col- stratifying individuals at high risk of NAFLD, and
lected, and cases with missing data were thus serve to expedite treatment of NAFLD.

6157 Am J Transl Res 2020;12(10):6149-6159



Sensitivity (%)
60 80 100
1 L]

40
\

Age : 0.624

60 40 20
Specificity (%)

T T
100 80

0

80
L

Sensitivity (%)
40 60
L

TC:0.572

20
L

0
L

100 80 60 40
Specificity (%)

20 0

80 100

Sensitivity (%)

Sensitivity (%)

A nomogram for predicting NAFLD

o o
. ‘C!_ . E .
4 2 | 2
;‘E « § W
f £e £2
i o
J - 59
ALT:0.680 | © “ FBG : 0.614
o o
J Q- S -
- o 4 S H
T T T T T T T T T T T T T T T
100 80 60 40 20 O 100 80 60 40 20 O 100 80 60 40 20 O
Specificity (%) Specificity (%) Specificity (%)
(=1 f=3
. E - lﬂ_ -
E =4 - b= -
g° g%
4 g' 2 gg =
TG : 0.748 ks “ BMI : 0.757
o o
4 S 84
- o 4 o 4
T T T T r T T T r T T T T T T T T T
100 80 60 40 20 O 100 80 60 40 20 O 100 80 60 40 20 O
Specificity (%) Specificity (%) Specificity (%)

Figure 8. The ROC curves of identified risk factors for predicting NAFLD. The AUC for age, ALT, UA, FBG, TC, TG, HDL-
¢, and BMI was 0.624, 0.680, 0.698, 0.614, 0.572, 0.748, 0.657, and 0.757, respectively. NAFLD, nonalcoholic
fatty liver disease; BMI, body mass index; FBG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; HDL-c,
high-density lipoprotein cholesterol; UA, uric acid; ALT, alanine aminotransferase.

Table 3. Optimal cutoff values of identified risk fac-
tors for NAFLD (n=13240)

Variable Cutoff  Sensitivity Specificity Youden
value (%) (%) Index (%)
Age (years) 38.500 65.716 55.173  20.889
ALT (U/L) 14.500 73.225 54.313 27.538
UA (mmol/I) 279.500 70.896 60.163 31.060
FBG (mmol/1) 5.285 44,412 72.618 17.030
TC (mmol/I) 4.125 69.558 41.729 11.286
TG (mmol/I) 1.085 70.140 67436  37.576
HDL-c (mmol/l) 1.395 69.499 53.992 23.492
BMI (kg/m?2) 21.517 77183 61.847  39.030

NAFLD, nonalcoholic fatty liver disease; BMI, body mass index;
FBG, fasting plasma glucose; TC, total cholesterol; TG, triglycer-
ide; HDL-c, high-density lipoprotein cholesterol; UA, uric acid; ALT,

alanine aminotransferase.
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The equation of each variable as follows:

[1] Sex
Female: 1 0.000000
Male: 2 8.106314

[2] Age

14-36 years: 3 0.000000
37-45 years: 4 6.887634
46-93 years: 5 8.813573

[3] ALT
points = 0.178405561 * ALT + O

[4] UA
points =0 * UA"3 + 0 * UA"2 + 0.064792951 * UA+ O

[5] FBG
points =0 * FBG "3 + 0 * FBG "2 + 2.447833368 * FBG + -7.343500103

[6]TC
points = 4.682007728 * TC +-7.023011592

[7]1TG
points = 4.776735085 * TG + O

[8] HDL
points = 0 * HDL A3 + 0 * HDL A2 + -18.257037181 * HDL + 73.028148724

[9] BMI
points = 0 * BMI A3 + 0 * BMI ~2 + 9.090909091 * BMI + -127.272727273

1-Year incidence = -2.5e-07 * total points *3 + 0.000108073 * total points *2 +-0.015006616 * total
points + 1.644186245
2-Year incidence = -7e-08 * total points "3 + -1.9628e-05 * total points *2 + 0.010038587 * total
points + 0.173116899
3-Year incidence = -7e-08 * total points "3 + -2.2799e-05 * total points *2 + 0.009401503 * total
points + 0.319357679
4-Year incidence = -7e-08 * total points "3 + -2.5278e-05 * total points *2 + 0.008832549 * total
points + 0.427150119



