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Purpose: The purpose of this study was to develop and validate a nomogram to better assess
the 2-year risk of non-alcoholic fatty liver disease (NAFLD) in non-obese population with
normal blood lipid levels.

Patients and Methods: This study was a secondary analysis of a prospective study. We
included 3659 non-obese adults with normal blood lipid levels without NAFLD at baseline.
A total of 2744 participants were included in the development cohort and 915 participants
were included in the validation cohort. The least absolute contraction selection operator
(LASSO) regression model was used to identify the best risk factors. Multivariate Cox
regression analysis was used to construct the prediction model. The performance of the
prediction model was assessed using Harrell’s consistency index (C-index), area under the
receiver operating characteristic (AUROC) curve and calibration curve. Decision curve
analysis was applied to evaluate the clinical usefulness of the prediction model.

Results: After LASSO regression analysis and multivariate Cox regression analysis on the
development cohort, BMI, TG, DBIL, ALT and GGT were found to be risk predictors and
were integrated into the nomogram. The C-index of development cohort and validation
cohort was 0.819 (95% CI, 0.798 to 0.840) and 0.815 (95% CI, 0.781 to 0.849), respectively.
The AUROC of 2-year NAFLD risk in the development cohort and validation cohort was
0.831 (95% CI, 0.811 to 0.851) and 0.797 (95% CI, 0.765 to 0.829), respectively. From
calibration curves, the nomogram showed a good agreement between predicted and actual
probabilities. The decision curve analysis indicated that application of the nomogram is more
effective than the intervention-for-all-patients scheme.

Conclusion: We developed and validated a nomogram for predicting 2-year risk of NAFLD
in the non-obese population with normal blood lipid levels.

Keywords: non-alcoholic fatty liver disease, normal blood lipid levels, non-obese,
nomogram

Introduction

Non-alcoholic fatty liver disease (NAFLD), also known as metabolic associated fatty
liver disease (MAFLD), is the result of the accumulation of fat in the liver in the absence
of large amounts of alcohol and any secondary causes.' Although the international
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consensus statement on the renaming of NAFLD to MAFLD
was published in authoritative journals in 2020 in the field of
international gastrointestinal liver disease, the recognition of
the new nomenclature of MAFLD still needs to be improved,
so the widely accepted nomenclature of NAFLD is still used in
this study.> NAFLD is recognized as the leading cause of
liver-related morbidity and mortality, with mortality being
caused by cirrhosis.* A recent meta-analysis reported that
a relatively high prevalence of NAFLD was found in the
Asian population (27%).” In recent years, the prevalence of
NAFLD in the general population in China has ranged from
25% to 44%.%” The effects of NAFLD are not confined to the
liver, it has adverse effects on many organs/systems through-
out the body to varying degrees.® Several studies have high-
lighted that NAFLD should be considered not only as
a specific disease of the liver, but also as an early mediator
of multisystem disease.*” In addition, there is growing evi-
dence that NAFLD is associated with an increased risk of
hypertension, diabetes and cardiovascular disease, and is inde-
pendent of traditional cardiovascular risk factors.'® The global
epidemic of obesity is a well-known risk factor for the devel-
opment of NAFLD."' However, many non-obese patients are
still diagnosed with NAFLD in clinical work, particularly in
Asia. Previous epidemiological studies have shown that 8—
19% of NAFLD patients in Asia are not obese.'' Moreover,
dyslipidemia is a key factor in NAFLD.'? A considerable
number of non-obese NAFLD patients have normal blood
lipid levels.”” To date, most studies on the relationship
between NAFLD and risk factors have focused on obesity
and dyslipidemia, and not enough attention has been paid to
the occurrence of NAFLD in the non-obese population with
normal blood lipid levels.

As a debilitating chronic epidemic, a core component
of NAFLD prevention strategies is the identification of
people at risk for NAFLD.* Numerous studies have
shown that lifestyle changes and early pharmacological
intervention can prevent or delay the onset of NAFLD in
adults.'*'> Therefore, it is important to investigate the risk
factors for NAFLD in the non-obese population with nor-
mal blood lipid levels, and to find a reliable, simple and
accurate screening tool to accurately assess those at high
risk for NAFLD in the non-obese population with normal
blood lipid levels. This will facilitate the effective imple-
mentation of NAFLD prevention programs in the non-
obese population with normal blood lipid levels.

The nomogram is an intuitive graphical prediction
model that provides an accurate, personalized prediction
of risk for each individual.'® Although several nomograms

have been established for NAFLD, to our knowledge,
a nomogram that predicts the 2-year risk of NAFLD in
the non-obese population with normal blood lipid levels
has not been reported. Therefore, in this study, we devel-
oped and validated a nomogram based on independent
predictors to better assess the 2-year risk of NAFLD in
the non-obese population with normal blood lipid levels.

Materials and Methods

Data Source

We have downloaded the raw data uploaded by Sun et a
from the public database named “DATADRYAD” (https://
doi.org/10.5061/dryad.1n6c4) for free. Since Sun et al
have granted the Dryad website ownership of the raw
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data, we were able to use them for secondary analysis
without infringing on the author’s rights.

Variable Collection

The following variables included in the database were
extracted: age, gender, diastolic blood pressure (DBP) and
systolic blood pressure (SBP), body mass index (BMI), fast-
ing blood glucose (FPG), creatinine (Cr), uric acid (UA),
blood wurea nitrogen (BUN), vy-glutamyltranspeptidase
(GGT), alanine aminotransferase (ALT), high-density lipo-
protein-cholesterol (HDL-C), aspartate aminotransferase
(AST), globulin (GLB), triglyceride (TG), low-density lipo-
protein-cholesterol (LDL-C), albumin (ALB), total protein
(TP), total bilirubin (TB), total cholesterol (TC), alkaline
phosphatase (ALP), direct bilirubin (DBIL), follow-up dura-
tion, incident NAFLD.

Study Design & Population

In brief, this was a prospective cohort study. In the original
cohort study, a total of 33,153 participants initially NAFLD-
free participants who attended annual health check-ups at the
Wenzhou Medical Center of Wenzhou People’s Hospital over
a S-year period (January 2010 to December 2014) were
recruited. The following exclusion criteria were developed
by Dan-Qin Sun and her collaborators: (1) excessive alcohol
consumption (>140 g/week for male and 70 g/week for
female); (2) any known cause of chronic liver disease, such
as viral or autoimmune hepatitis; (3) BMI > 25 kg/m?; (4) high
LDL-C levels (>3.12 mmol/L); (5) those taking antihyperten-
sive, antidiabetic or lipid-lowering medications; (6) those lost
to follow-up or with missing data. More stringent exclusion
criteria were developed based on the original exclusion cri-
teria. Participants were not included in this study if any of the
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following conditions were met. (1) dyslipidemia [HDL-C <1.
04 mmol/L, LDL-C >3.12 mmol/L, TC >5.2 mmol/L, TG
>1.7 mmol/L]; (2) missing blood pressure values, FPG, ALP,
GGT ALT, AST, TP, ALB, GLB, TB, and DBIL. Ultimately,
a total of 3659 non-obese people with normal blood lipid
levels who were initially free of NAFLD were enrolled and
completed a S-year follow-up examination. The follow-up
endpoint was the incidence of NAFLD. Subjects were
assessed at least once a year during the follow-up period.

Data Acquisition

As mentioned earlier, all participants were checked by
trained medical staff during the baseline check, and stan-
dardized self-filled electronic forms were used to record
basic clinical data such as gender, age, height, and weight.
In a quiet environment, the participants sat and measured
their blood pressure with an automatic sphygmoman-
ometer. Venous blood was drawn after an overnight fast
and analysed using an automated biochemical analyser
(Abbott AxSYM) operated by trained medical staff and
haematological parameters were collected. BMI was cal-
culated as the ratio of weight (kg) to height (m?).

Diagnosis of NAFLD

The ultrasound diagnostic criteria of NAFLD refer to the
standards proposed by the Chinese Society of Hepatology.'®
NAFLD is defined as diffusely enhanced near-field echo-
genicity of the liver (stronger than the renal and splenic
regions) with progressively weaker far-field echogenicity
and must be combined with one of the following. (1) indis-
tinct intrahepatic striatal structures; (2) mild to moderate
hepatomegaly with blunted borders; (3) indistinct or incom-
plete right hepatic lobe and diaphragmatic capsule; and (4)
reduced blood flow signal but normal blood flow distribu-
tion. Two experienced imaging specialists, blinded to the
subject’s history and study design, independently assessed
the ultrasound images. Disagreements between the two ima-
ging specialists were resolved by discussion with a third

independent imaging specialist.

Ethical Approval

As the data were de-identified, the requirement for
study is
a secondary analysis of existing anonymised data, no

informed consent was waived. As this
separate ethical approval was required for this study.

This study followed the Declaration of Helsinki.

Statistical Analyses

The study is consistent with the transparent reporting of
a multivariable prediction model for individual prognosis
or diagnosis (TRIPOD): the TRIPOD statement. '’

We followed the methods of Cai et al 2021.%° To improve
the robustness and reliability of our conclusions, 3659 NAFLD
patients were randomly divided into a development cohort
with 2744 participants and a validation cohort with 915 parti-
cipants at a ratio of 7.5: 2.5 using R caret package, which met
the theoretical ratio of 3: 1. The types of data for this study are
divided into measured data, non-normally distributed mea-
sured data and count data. Measurement data were expressed
as mean and standard deviation. For non-normally distributed
measurement data, the median and quartiles [M (P25, P75)]
were used. For count data, it is expressed as a percentage (%).
Penalized regression models were developed for all risk vari-
able coefficients and the best predictive risk factors were
selected using the least absolute shrinkage and selection opera-
tor (LASSO) method. The risk variables selected in the
LASSO regression model were then analyzed using multi-
variate Cox proportional risk regression to further optimize
the screening of independent risk factors. Hazard ratios (HR)
and 95% confidence intervals (CI) were calculated. Finally,
a prediction model is given by constructing a nomogram based
on the results of multivariate Cox proportional risk regression.
The Harrell consistency index (C-index) and the receiver oper-
ating characteristic (ROC) curve were used to evaluate the
discrimination ability. To evaluate the agreement between the
predicted probabilities and the actual observed probabilities,
calibration curves were drawn based on the relationship
between predicted probabilities and actual outcomes to graphi-
cally depict the calibration of the prediction model. Decision
curve analysis (DCA) was used to evaluate the clinical utility
of the nomogram model by quantifying the standardized net
benefits under different threshold probabilities. C-index,
AUROC and calibration curves were analyzed by bootstrap-
ping (1000 bootstrap resamples) to reduce overfitting bias.

All statistical analyses were performed by R software
(Version 3.6.3; https://www.R-project.org). All statistical

tests were two-sided and, P values less than 0.05 were
statistically significant.

Results

Baseline Characteristics of Participants

A total of 3659 participants who met the inclusion and
exclusion criteria participated in the study, of which 2744
were in the development cohort and 915 in the validation
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cohort. The flow chart of the study design is shown in
Figure 1. The overall incidence of NAFLD was 12.49%
(457/3659). In the development cohort, the mean age was
44.83 years; 1519 (55.36%) male and 12.50% of participants
(n=343) were diagnosed with NAFLD at the end of follow-
up. In the validation cohort, the mean age was 44.57 years;
491 (53.66%) male and 12.46% of participants (n=114) were
diagnosed with NAFLD at the end of follow-up. The median
follow-up time for the development and validation cohorts
was 721 days (quartiles: 658—1063) and 715 days (quartiles:
656-1048), respectively. There were no significant differ-
ences in baseline characteristics between the development
and validation cohorts (Table 1). Baseline characteristics
stratified by the incidence of NAFLD are shown in Table 2.

Risk Features Selection by LASSO

Regression in the Development Cohort
Five non-zero coefficient characteristics were obtained
from the LASSO regression analysis, indicating that we
reduced the number of potential variables from 22 to 5,
including BMI, TG, DBIL, ALT and GGT. The correla-
tions between the LASSO’s lambda and regression coeffi-
cients are shown in Figure 2A and B. The detailed
parameters of the characteristics in the LASSO regression
model are shown in Table 3.

Prediction Model Development

The results of the multivariate Cox regression analysis for
BMI, TG, DBIL, ALT and GGT are shown in Table 4. The
results of the multivariate Cox regression analysis showed
that GGT (HR 1.004; 95% CI 1.002—-1.006), ALT (HR 1.006;
95% CI 1.003-1.008), DBIL (HR 0.559; 95% CI 0.490—
0.636), TG (HR 1.977; 95% CI 1.394-2.806) and BMI (HR
1.659; 95% CI 1.542-1.786) were independent risk factors
for the development of NAFLD in the non-obese population
with normal blood lipid level. Therefore, introducing the five
independent predictors mentioned above, a NAFLD risk
nomogram was developed and is presented in Figure 3.

Performance of the Nomogram in the

Development and Validation Cohort

The C-index of the nomogram in the development cohort
was 0.819 (95% CI, 0.798-0.840) (Table 5), and the
C-index of the nomogram in the validation cohort was
0.815 (95% CI, 0.781-0.849) (Table 5), indicating the
nomogram has good discrimination and prediction capabil-
ities. The AUROC of the nomogram in the development
cohort was 0.831 (95% CI, 0.811-0.851) (Figure 4A), with
sensitivity and specificity of 0.910 and 0.644, respectively
(Table 6). The AUROC of the nomogram in the validation
cohort was 0.797 (95% CI, 0.765-0.829) (Figure 4B), and

33153 participants who attended their annual
health examination in Wenzhou Medical Center of
‘Wenzhou People's Hospital from 01/2010 to 12/2014

Exclusion criteria:
1) Alcohol abuse
2) History of taking antihypertensive,

antidiabetic, or lipid-lowering agents

) 3) BMI>=25kg/m?

|

4) Other known causes of chronic liver disease

’ Total 3659 eligible individuals were included in our study ‘

5) Dyslipidemia

6) Those who lost to follow-up
7) Missing data

‘ Development cohort (n=2744) ‘

‘ Validation cohort (n=915) |

!

AUROC

C-index ﬂ
Model validation J
Calibration plot u

DCA

{ Conclusion J

Figure | Flow chart of the study design.

I, Model development J(I: .
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Table | Characteristics of the Development Cohort and Validation Cohort

Variables Total Development Cohort Validation Cohort P value
No. of participants 3659 2744 915
Age (years) 44.76 £ 15.55 44.83 £ |5.57 44.57 £ 15.50 0.671
Gender (n, %) 0.372

Female 1649 (45.07%) 1225 (44.64%) 424 (46.34%)

Male 2010 (54.93%) 1519 (55.36%) 491 (53.66%)
DBP (mmHg) 72.98 + 10.28 73.12 £ 10.29 72.54 £ 10.24 0.137
SBP (mmHg) 121.94 £ 17.59 122.29 + 17.75 120.90 £ 17.07 0.062
BMI (kg/m?) 21.35 £ 2.06 21.37 £ 2.03 21.31 £2.14 0.488
LDL-c (mmol/L) 2.14 £ 043 2.14 £ 043 2.11 £043 0.032
HDL-c (mmol/L) 1.52 £ 0.30 1.51 £0.29 1.53 £ 0.31 0.104
TG (mmol/L) 1.0l £0.30 1.0l £0.30 1.00 + 0.30 0.425
TC (mmol/L) 4.34 + 0.54 435+ 0.54 432 +0.53 0.195
FPG (mmol/L) 5.23 +0.82 5.24 + 0.83 5.19 £0.82 0.101
UA (umol/L) 272.72 + 84.69 274.36 + 83.22 267.79 + 88.82 0.042
Cr (umol/L) 83.27 + 30.84 83.43 £ 31.34 82.79 £ 29.30 0.588
BUN (mmol/L) 4.62 £ 1.54 4.65 £ |.52 4.56 £ 1.59 0.129
DBIL (mmol/L) 233+ 1.20 234+ 1.20 231 £ 1.19 0.507
TB (mmol/L) 12.23 + 5.00 12.25 + 5.00 12.17 + 4.98 0.699
GLB (U/L) 29.31 £ 4.15 29.32 + 421 29.30 + 3.96 0916
ALB (U/L) 4430 £ 2.75 44.31 £2.74 44.26 £ 2.78 0.588
TP (U/L) 73.61 + 436 73.63 + 437 73.56 £ 431 0.659
AST (U/L) 22.73 +£9.38 22.68 = 9.50 22.86 + 9.02 0.621
ALT (U/L) 16.00 (12.00-21.00) 16.00 (12.00-21.00) 16.00 (12.00-22.00) 0.605
GGT (U/L) 20.00 (15.00-27.00) 20.00 (16.00-27.00) 20.00 (15.00-28.00) 0.121
ALP (U/L) 70.73 + 22.75 70.86 + 23.12 70.35 + 21.60 0.559
Follow-up (days) 720.00 (658.00-1061.00) 721.00 (658.00-1063.00) 715.00 (656.00—1048.00) 0.121
Incident NAFLD (n, %) 0.974

No 3202 (87.51%) 2401 (87.50%) 801 (87.54%)

Yes 457 (12.49%) 343 (12.50%) 114 (12.46%)

Notes: Data are n (%), mean * SD or median (interquartile range).
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALP, alkaline phosphatase; GGT, y-glutamyltranspeptidase; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; TP, total protein; ALB, albumin; GLB, globulin; TB, total bilirubin; DBIL, direct bilirubin; BUN, blood urea nitrogen; Cr,
creatinine; UA, uric acid; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein
cholesterol; NAFLD, non-alcoholic fatty liver disease.

sensitivity and specificity were 0.758 and 0.714, respec-
tively (Table 6), indicating that the nomogram performed
well. From the calibration curves, the nomogram showed

a good agreement between predicted and actual probabil-
ities in both the development cohort and validation cohort
(Figure 5A and B).
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Table 2 Baseline Characteristics of NAFLD and Non-NAFLD Patients in Cohort

Variables Non-NAFLD NAFLD P value
No. of participants 3202 457

Age (years) 44.55 + [5.57 46.25 + 15.33 0.029
Gender (n, %) 0.684

Female 1439 (44.94%) 210 (45.95%)
Male 1763 (55.06%) 247 (54.05%)

DBP (mmHg) 7238 £ 10.19 77.16 £ 10.00 <0.001
SBP (mmHg) 121.04 + 17.57 128.26 + 16.40 <0.001
BMI (kg/m2) 2111 £2.02 23.09 £ 1.33 <0.001
LDL-c (mmol/L) 2.11 £042 2.28 + 0.44 <0.001
HDL-c (mmol/L) 1.53 £0.30 1.38 £ 0.25 <0.001
TG (mmol/L) 0.98 + 0.30 1.18 £ 0.29 <0.001
TC (mmol/L) 433 +0.54 443 +0.53 <0.001
FPG (mmol/L) 5.18 £0.77 5.54 £ 1.06 <0.001
UA (umol/L) 268.21 + 84.24 304.37 £ 81.12 <0.001
Cr (umol/L) 82.65 * 32.11 87.65 + 19.14 0.001
BUN (mmol/L) 4.60 + 1.55 4.76 + .47 0.037
DBIL (mmol/L) 236 £ 1.23 2.08 £ 0.92 <0.001
TB (mmol/L) 12.23 + 5.02 12.18 + 4.8 0.828
GLB (U/L) 29.26 £ 4.13 29.66 + 423 0.055
ALB (U/L) 44.30 = 2.75 44.26 + 271 0.759
TP (U/L) 73.57 + 436 73.92 + 437 0.103
AST (U/L) 22.50 + 9.56 24.36 + 7.83 <0.001
ALT (U/L) 15.00 (12.00-20.00) 20.00 (16.00-27.00) <0.001
GGT (U/L) 19.00 (15.00-26.00) 26.00 (20.00-37.00) <0.001
ALP (U/L) 69.87 + 22.55 76.73 £ 23.22 <0.001
Follow-up (days) 722.00 (666.00—1066.00) 696.00 (371.00-784.00) <0.001

Notes: Data are n (%), mean * SD or median (interquartile range).

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALP, alkaline phosphatase; GGT, y-glutamyltranspeptidase; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; TP, total protein; ALB, albumin; GLB, globulin; TB, total bilirubin; DBIL, direct bilirubin; BUN, blood urea nitrogen; Cr,
creatinine; UA, uric acid; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein

cholesterol; NAFLD, non-alcoholic fatty liver disease.

Clinical Usefulness of the Nomogram

The decision curve showed that it would be more accurate
to use the nomogram in the development cohort to predict
the risk of NAFLD when the risk threshold probability
was between 12% and 65%, and in the validation cohort, it
was between 12% and 62% (Figure 6A and Figure 6B).
According to the nomogram, within this range, the net

benefit was equivalent to a number of overlaps. The deci-
sion curve analysis indicated that the application of the
nomogram in the non-obese population with normal blood
lipid levels to predict the risk of NAFLD is more effective
than the intervention-for-all-patients scheme. Hereby, we
applied the nomogram in 2 non-obese patients with normal
lipid levels as an example. The first patient had GGT, ALT,
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Figure 2 Texture feature selection using the LASSO regression model. (A) 10-fold cross-validation via minimum criteria was applied for optimal parameter selection
through LASSO model. Partial likelihood deviance curve was schemed versus log(A). Dotted vertical lines were drawn at the optimal values by using the minimum criteria
and | SE of the minimum criteria. (B) LASSO coefficient profiles of all the clinical features. A coefficient profile plot was produced against the log(L) sequence.
Abbreviations: LASSO, least absolute shrinkage and selection operator; SE, standard error.

DBIL, TG, and BMI levels of 450 U/L (19 points), 500 U/
L (29 points), 4 mmol/L (75 points), 1 mmol/L (5 points),
and 24 kg/m? (54 points), respectively. The total calculated
nomogram score was 182, and the 2-year risk of develop-
ing NAFLD was more than 95%. This patient had a high
risk of developing NAFLD within 2 years. The second
patient had GGT, ALT, DBIL, TG, and BMI levels of 100
U/L (4 points), 50 U/L (3 points), 14 mmol/L (13 points),
1 mmol/L (5 points), and 18 kg/m? (22 points), respec-
tively. The total calculated nomogram score was 47 and
the 2-year risk of developing NAFLD was less than 5%.
This patient had a very low risk of developing NAFLD
within 2 years.

Discussion

With the prosperity of the Asia-Pacific region and the
rapid adoption of Western lifestyles, NAFLD has become
the most common chronic liver disease in the world,
affecting 25% to 30%
countries.”! Although both obesity and dyslipidemia have

of adults in industrialized
been repeatedly discussed as independent risk factors for
the development of NAFLD, NAFLD is not uncommon in
the non-obese population. Due to the differences in study
population selection, diagnostic methods, and lifestyle, the
reported global prevalence of non-obese NAFLD ranges
from 8% to 30%, and it has been further confirmed that

a considerable number of non-obese NAFLD individuals
present with normal blood lipid levels.”” Numerous epide-
miological studies have pointed out that primary preven-
tion and timely intervention are central to preventing or
delaying the onset of NAFLD.'>*-* Therefore, early
detection of people at risk for NAFLD is crucial to reduce
the morbidity, mortality, and socioeconomic burden of
NAFLD, which prompted us to conduct this study.

In this physical examination population-based cohort
study, we developed a nomogram to predict the 2-year risk
of NAFLD in a Chinese non-obese population with normal
blood lipid levels. Compared with traditional prediction
models, nomograms have a visual numerical interface,
higher accuracy, easier to understand risk prediction, and
can be more directly applied to clinical decision making.?
After validation, the nomogram developed in this study
was found to have high predictive accuracy in both the
development and validation cohorts. Decision curve ana-
lysis also demonstrated the clinical value of this
a nomogram using continuous values to predict the risk
of NAFLD in a non-obese population with normal blood
lipid levels.

Our prediction model included five parameters: BMI,
TG, DBIL, ALT, and GGT. These variables identified as
risk factors for NAFLD are consistent with previous stu-
dies and are widely used in NAFLD risk scoring
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Table 3 Coefficients and Lambda.lse Value of the LASSO
Regression Model Based on the Development Cohort

Factors Coefficients Lambda.lse

Age (years) —3.483
Gender (n, %)
DBP (mmHg)
SBP (mmHg)
BMI (kg/m2)
LDL-c (mmol/L)
HDL-c (mmol/L)
TG (mmol/L)
TC (mmol/L)
FPG (mmol/L)
UA (umol/L)

Cr (umol/L)
BUN (mmol/L)
DBIL (mmol/L) -0
TB (mmol/L)
GLB (U/L)
ALB (U/L)
TP (U/L)
AST (U/L) 0
ALT (U/L) 0.007
GGT (U/L) 0.001
ALP (U/L) 0

- o
[ N
O\OO:GOOOO

Abbreviations: LASSO, least absolute shrinkage and selection operator; BMI,
body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALP,
alkaline phosphatase; GGT, y-glutamyltranspeptidase; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; TP, total protein; ALB, albumin; GLB, globulin; TB,
total bilirubin; DBIL, direct bilirubin; BUN, blood urea nitrogen; Cr, creatinine; UA,
uric acid; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; HDL-
¢, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol;
NAFLD, non-alcoholic fatty liver disease.

models.>***” In our prediction model, BMI is one of the
main aspects of the NAFLD risk factor score. Numerous
previous studies have confirmed obesity as a well-known
risk factor for NAFLD.?®?° Among the metabolic disor-
ders caused by obesity, altered lipid metabolic processes
and adipose organ dysfunction play an important role in
the development of NAFLD.”®* However, the present
study found that the risk of NAFLD increased with

increasing BMI even in the non-obese population (BMI
<25 kg/m?). According to previous studies, hypertriglycer-
idemia is an important risk factor for NAFLD.*%!
However, in the non-obese population with normal blood
lipid levels, insulin resistance (IR) is a potential mediator,
although the mechanism between TG and NAFLD has not
been fully explained.**** On the one hand, IR promotes
the secretion of TG-over-enriched very low-density lipo-
protein particles, thereby contributing to the increase of
TG levels. When TG levels are increased, free fatty acids
increase with improved lipolysis. The increased free fatty
acids can in turn lead to decreased insulin sensitivity and
tissue oxidative stress, which can further lead to aggrava-
tion of tissue IR.>***3 On the other hand, IR can promote
the development of NAFLD by inducing lipolysis of adi-
pose tissue TG and de novo synthesis of hepatic TG.
Therefore, IR may be an important reason for the associa-
tion between TG and NAFLD.***

A large number of studies have shown that both ALT
and GGT are independent predictors of NAFLD.**** ALT
is a specific marker of liver inflammation and hepatocel-
lular injury, and is most closely associated with liver fat
accumulation.*!**? Therefore, ALT 1is often used as
a surrogate marker of NAFLD in epidemiological
studies.** ** Some possible reasons may explain why
higher ALT levels predispose to new-onset NAFLD.
First, higher ALT levels are associated with hepatic fatty
infiltration and hepatic steatosis.*> Second, in Asian popu-
lations, ALT level is considered to be a reliable marker of
IR, and IR is a key pathophysiological factor of NAFLD.*?
Moreover, higher ALT levels are closely associated with
liver inflammation, and chronic inflammation may further
induce hepatic steatosis and IR.*® In summary, higher ALT
levels may lead to chronic inflammation of the liver, IR,
and hepatic steatosis, which further contribute to the
development of NAFLD.*” Serum GGT is a surface
enzyme synthesized in intrahepatic bile duct epithelial

Table 4 Multivariate Cox Regression Analysis of the Predictors for the Risk of NAFLD in the Non-Obese Chinese Population with

Normal Blood Lipid Levels

Variables Coeff. Std.Err HR Confidence Interval (2.5%) | Confidence Interval (97.5%) P value
GGT 0.004 0.001 1.004 1.002 1.006 <0.001
ALT 0.006 0.001 1.006 1.003 1.008 <0.001
DBIL —0.582 0.067 0.559 0.490 0.636 <0.001
TG 0.682 0.179 1.977 1.394 2.806 <0.001
BMI 0.507 0.038 1.659 1.542 1.786 <0.001

Abbreviations: GGT, y-glutamyltranspeptidase; ALT, alanine aminotransferase; DBIL, direct bilirubin; TG, triglyceride; BMI, body mass index; NAFLD, non-alcoholic fatty

liver disease; HR, hazard ratio.
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Figure 3 Developed nomogram for predicting the 2-year risk of NAFLD in the non-obese population with normal blood lipid level.
Notes: The nomogram was developed in the cohort by integrating BMI, TG, DBIL, ALT and GGT.

cells that cleaves extracellular glutathione, maintains glu-

tathione homeostasis in vivo, and plays a key role in

mitigating the effects of oxidative stress.*® Several studies

have shown that GGT is closely associated with hepatic

steatosis and fat deposition,
a surrogate marker for NAFL

and
D 39:48

is considered as

DBIL is one of the end products of heme catabolism
and has strong antioxidant and cytoprotective effects.*’ At
the molecular level, DBIL scavenges peroxyl radicals,
hydroxyl radicals and reactive nitrogen species. In this
way, it prevents the oxidation of intracellular lipids.>

Several clinical pieces of evidence strongly support the

Table 5 C-Index in the Nomogram Based on Development Cohort and Validation Cohort

C-Index (95% CI) Dxy aDxy Variance Z-value P value n
Development cohort 0.819 (0.798, 0.840) 0.638 0.638 0.021 27.781 <0.001 2744
Validation cohort 0.815 (0.781, 0.849) 0.630 0.630 0.034 19.875 <0.001 915
International Journal of General Medicine 2021:14 htps: 2917
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Figure 4 ROC curves of the nomogram in development cohort and validation cohort. (A) From the development cohort and (B) From the validation cohort. The black line
represented the performance of the nomogram. The x-axis is the false positive rate of risk prediction, and the y-axis is the true positive rate of risk prediction.

Abbreviations: ROC, receiver operating characteristicc AUROC, area under ROC.

beneficial cytoprotective effects of bilirubin. Higher bilir-
ubin levels are negatively associated with insulin levels,
insulin resistance and diabetes.”'? Elevated bilirubin
levels are also associated with lowering the risk of cardi-
ovascular disease, including coronary heart disease, stroke,
and peripheral vascular disease.’>>* A number of cohort
studies have found that DBIL levels are significantly asso-
ciated with a reduction in the risk of NAFLD, and provide
a protective biomarker for NAFLD.”">> More importantly,
the association is independent of classical risk factors
including liver enzymes, diabetes, metabolic syndrome
traits, coronary heart disease and other classical metabolic
risk factors. The results of this study are consistent with
previous studies suggesting an inhibitory effect of DBIL
on the development of NAFLD.’'”® The biological
mechanism of the negative association of DBIL with the
risk of NAFLD has not been fully elucidated. There is
increasing evidence that DBIL may reduce the risk of
NAFLD by inhibiting oxidative stress, suppressing insulin

. . . 50,55,56
resistance, and altering glucose metabolism.”™ ">

This study has several noteworthy strengths. First, it
was the first study to develop an accurate, personalized
predictive model for NAFLD in a non-obese population
with normal blood lipid levels in China to better assess
the 2-year risk of NAFLD. Second, this study used
a prospective design with nomogram to visualize risk
scores, and multiple new methods were used to assess
the performance of the nomogram, like calibration plot.
And our nomogram performed well in both internal and
external validation, increasing the reliability of the
research conclusions. Third, it was based on a large
sample cohort study with a broad age spectrum.
Therefore, there were sufficient subjects for analysis to
ensure the reliability and robustness of the results.
Finally, the DCA shows that the net benefit of the pre-
diction model is significantly higher than the two extreme
cases in both the development and validation cohorts.
Overall, the DCA demonstrates that interventions based
on the nomogram is feasible and can be effective in

reducing the development of NAFLD.

Table 6 AUROC in the Nomogram Based on Development Cohort and Validation Cohort

AUROC (95% CI) Sensitivity Specificity Best Cut-off Values Predict.Time
Development cohort | 0.831 (0.811, 0.851) 0.910 0.644 —0.598 730 days
Validation cohort 0.797 (0.765, 0.829) 0.758 0.714 —0.508 730 days
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Figure 5 Calibration curves of the nomogram. (A) Calibration curve in the development cohort. (B) Calibration curve in the validation cohort. The horizontal coordinate
axis represents the nomogram-predicted probability, and the vertical coordinate axis represents the actual probability. The red line indicates perfect prediction by an ideal

model. The black curve is a calibration curve corresponding to the actual situation.
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Figure 6 Decision curves of the nomogram. (A) Development cohort, (B) Validation cohort. The y-axis indicates the standardized net benefit. The x-axis stands the
threshold probability. The red line represents the nomogram. The thin solid line indicates the hypothesis that all patients are diagnosed with NAFLD. The thick solid line

indicates the hypothesis that no patient are diagnosed as NAFLD.

Despite these strengths of this study, there are some
limitations. First, all participants were from China; there-
fore, the results may not be applicable to other countries.
Second, the biochemical parameters were measured only
at the time of physical examination and the dynamic

changes of these levels over time were not considered.
Third, in this study, the diagnosis of NAFLD was based
on ultrasonography rather than liver biopsy. Although
ultrasound screening is the most widely recommended
method due to its high sensitivity and specificity, it is

International Journal of General Medicine 2021:14
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still inaccurate compared to liver biopsy and may under-
estimate the true incidence of NAFLD.’’ Fourth, indivi-
duals with missing data were excluded from this study,
which may lead to selection bias. Therefore, a multicenter
cohort study is needed to further validate our results. Fifth,
this study lacked data on treatment received by partici-
pants, which may confound the prevalence of NAFLD.

Conclusion

We developed and validated a nomogram for predicting
2-year risk of NAFLD in the non-obese population with
normal blood lipid levels. The application of the nomogram
is helpful for clinicians, especially community medical
workers, to assess the risk of NAFLD in the non-obese
population with normal blood lipid levels, and formulate
effective primary prevention strategies for NAFLD accord-
ing to the evaluation results, to reduce the risk of NAFLD.
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