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Background: Fibrosis is the most important prognostic factor for nonalcoholic fatty liver disease (NAFLD). Insulin resistance plays
a key role of fibrosis progression. We evaluated the association between changes in homeostasis model assessment of insulin resis-
tance (HOMA-IR) values and changes in fibrosis status in NAFLD.

Methods: We analyzed the data of 15,728 participants with NAFLD (86% men, mean age 40.5 years) who had no diabetes at base-
line and visited our centers for health check-ups both in 2012 and 2016. The participants were classified into four groups according
to the degree of change in HOMA-IR values from baseline to the end of follow-up: G1 (<0), G2 (0-0.50), G3 (0.51-1.00), and G4
(>1.00). NAFLD was assessed by ultrasonography, and fibrosis status was evaluated by the NAFLD fibrosis score (NFS) and the
aspartate aminotransferase to platelet ratio index (APRI).

Results: After the 4-year follow-up, the multivariable-adjusted odds ratio (OR) for progression of fibrosis probability increased with
increasing HOMA-IR values (OR, 2.25; 95% confidence interval [CI], 1.87 to 2.71 for NFS; and OR, 2.55; 95% CI, 2.05 to 3.18 for
APRI, G4). This tendency remained consistent throughout the subgroup analyses, except in those for female sex and a body mass in-
dex <25 kg/m?*. The OR for regression of fibrosis probability decreased with increasing HOMA-IR values (OR, 0.33; 95% CI, 0.25
to 0.43 for NFS, G4).

Conclusion: Changes in HOMA-IR values were associated with changes in fibrosis status in patients with NAFLD without diabe-
tes, which underscores the role of insulin resistance in liver fibrosis.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a disease that
shows evidence of hepatic steatosis on imaging or biopsy stud-
ies, without significant liver disease caused by alcohol intake,
use of drugs, or monogenic hereditary disorders, and it is the
most common liver disease worldwide [1]. NAFLD is associat-
ed with increased mortality [2] and has clinical significance as
an independent risk factor of cardiovascular disease as well as
liver-related mortality [3-5]. Insulin resistance (IR) and inflam-
mation play key roles in the development of NAFLD and the
progression of fibrosis [6-9].

The search for an optimal non-invasive surrogate marker to
predict the progression or regression of liver fibrosis in patients
with NAFLD among various biomarkers or metabolic parame-
ters is attracting clinical interest. Clinical studies on the direct re-
lationship between the homeostasis model assessment of insulin
resistance (HOMA-IR) and fibrosis progression in patients with
NAFLD have been carried out recently [10-14]. These studies
usually evaluated the status of IR based on the HOMA-IR value
at a specific time point, and the risk of liver fibrosis in patients
with NAFLD was evaluated according to a fixed HOMA-IR
value.

However, NAFLD is not a simple disease confined to a spe-
cific condition, but comprises a spectrum of progressive liver
conditions including steatosis, nonalcoholic steatohepatitis
(NASH), fibrosis, and cirrhosis [15]. Patients with NAFLD
show changes in physical conditions due to lifestyle modifica-
tions or weight changes in various environments during the dis-
ease period, resulting in changes in metabolic characteristics,
such as changes in IR.

Unlike previous studies, changes in HOMA-IR values during
the follow-up period were measured, and participants were clas-
sified according to the degree of change. Then, the relative risk
of fibrosis progression was analyzed using non-invasive fibrosis
indices, such as the NAFLD fibrosis score (NFS) and aspartate
aminotransferase to platelet ratio index (APRI), comparing
changes from baseline values. In addition, it is well known that
weight change and IR are closely related [16]. So, we performed
a comparative study of the quantitative influence and qualitative
validity of predicting changes in the status of liver fibrosis be-
tween the standardized quartile of changes in HOMA-IR and
the standardized quartile of changes in body mass index (BMI).
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METHODS

Study population and design
This cohort study included adult subjects aged over 20 years
who visited the Total Healthcare Center of Kangbuk Samsung
Hospital in Seoul and Suwon, South Korea, for regular health
examinations between January 3, 2012, and December 31, 2016.
In 2012, 145,979 subjects visited our center for health care
screening and underwent abdominal ultrasonography (USG).
Among them, 44,756 subjects were diagnosed with NAFLD by
abdominal USG. Subjects who met any of the following criteria
were excluded: positive findings for serologic markers of hepa-
titis B (n=1,445) or hepatitis C virus infection (n=47); history
of cancer (n=1,084); history of other liver diseases and liver cir-
rhosis (n=11,373); liver cirrhosis on abdominal USG (n=2);
liver mass, nodule, cancer, or suspicious cancer lesions on ab-
dominal USG (n=1,352); daily alcohol intake of =20 g/day for
men (n=1,718) and =10 g/day for women (n=2,447); history
of diabetes or use of anti-diabetic medications (n=3,121); he-
moglobin Alc (HbAlc) levels =6.5% and fasting glucose levels
=7.0 mmol/L (126 mg/dL) (n=2,222); age <20 years (n=5);
and missing data on components of NFS or APRI, HOMA-IR,
or BMI (n=1,248). After the 4-year follow-up period, 10,037
subjects were lost. Finally, a total of 15,728 (men, 13,531) par-
ticipants were selected for our study (Fig. 1). This study was ap-
proved by the Institutional Review Board of Kangbuk Samsung
Hospital (KBSMC 202006110001), which waived the require-
ment for informed consent because we retrospectively accessed
data from a de-identified database for our analysis.

Anthropometric and laboratory measurements

Information on medical history, alcohol consumption, smoking
status, and exercise status was acquired through a self-adminis-
tered questionnaire. The questionnaire was based on the 4th Na-
tional Health and Nutrition Survey [17] and the Korean version
of the International Physical Activity Questionnaire short form
[18]. Alcohol intake was determined based on the average num-
ber of drinks per week, and the current smoking status was
based on the response “yes” or “no.” Regular exercise was de-
fined as moderate or high-intensity exercise performed more
than three times a week. All biochemical tests and anthropomet-
ric measurements were performed by well-trained staff. For
body weight measurements, the patients wore a thin gown, and
BMI was calculated by dividing body weight (kg) by the square
of height (m?). Blood pressure (BP) was measured on both arms
at an interval of 1 minute or more in a sitting position using a
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Subjects who visited the Total Healthcare Center of Kangbuk
Samsung Hospital for health care screening with abdominal
USGin 2012 (n=145,979)
Subjects who diagnosed NAFLD by USG (n=44,756)
Exclusions (n=18,991)
1.HBsAg (+) (n=1,445)
2.HCV Ab (+) (n=47)
3. Hx. of any cancer (n=1,084)
4. Hx. of other liver disease & cirrhosis (n=11,373)
6. Liver cirrhosis on USG (n=2)
7. Liver mass, nodule, cancer
or suspicious cancer on USG (n=1,352)
"] 8. Daily alcoholic consumption
-Male =20 g (n=1,718)
-Female =10 g (n=2,447)
9. Hx. of DM or DM medicationuse  (n=3,121)
10. HbAlc =6.5% and
Glucose =7.0 mmol/L (n=2,222)
11. Age <20 years (n=5)
12. Missing data (n=1,248)
y
First eligible participants (n=25,765)
» Lost to follow-up (n=10,037)
v
Final study participants who visited in 2016 (n=15,728)

Fig. 1. Flow chart for study participants. USG, ultrasonography;
NAFLD, nonalcoholic fatty liver disease; HBs Ag, hepatitis B virus
surface antigen; HCV Ab, hepatitis C virus antibody; Hx., history;
DM, diabetes mellitus; HbAlc, hemoglobin Alc.

standard sphygmomanometer in a stable state after sufficient
rest, and the higher of the two values was determined as BP. If
the systolic blood pressure (SBP) or diastolic blood pressure ex-
ceeded 140 or 90 mm Hg, respectively, the measurement was
repeated after 5 minutes and the results were averaged. All
blood samples were collected from the patients after an over-
night fast of =12 hours. To assess fasting blood glucose and in-
sulin levels, the hexokinase method (Modular D2400, Hitachi,
Tokyo, Japan) and electrochemiluminescence immunoassay
method were used (Modular E170, Hitachi), respectively. For
the measurement of total cholesterol and triglyceride levels, the
enzymatic colorimetric method was used. High-density lipopro-
tein cholesterol levels were measured by a selective inhibition
method, and low-density lipoprotein cholesterol (LDL-C) levels
were measured by the homogeneous enzymatic colorimetric
test. An immunoturbidimetric assay (Cobra Integra 800 auto-
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matic analyzer, Roche Diagnostics, Basel, Switzerland) was
conducted for measuring HbA 1c levels. Aspartate transaminase
(AST) and alanine aminotransferase (ALT) levels were mea-
sured using Bayer Reagent Packs on an automated chemistry
analyzer (Advia 1650 autoanalyzer, Bayer Diagnostics,
Leverkusen, Germany), and a nephelometric assay (BNII neph-
elometer, Dade Behring, Deerfield, IL, USA) carried out to
measure high-sensitivity C-reactive protein (hs-CRP) levels. To
determine IR, we used the HOMA-IR formula: HOMA -
IR =[fasting insulin (uIU/mL)X fasting blood glucose (mmol/
L)/22.5]1[19].

Diagnosis of NAFLD and advanced liver fibrosis

Fatty liver was defined as a condition with evidence of hepatic
steatosis on sonographic imaging, such as liver echogenicity
higher than that of the renal cortex and spleen, attenuation of the
ultrasound wave, loss of definition of the diaphragm, and poor
delineation of the intrahepatic architecture [20]. An experienced
radiologist who blinded to the purpose of this study evaluated
fatty liver based on abdominal USG images (Logic Q700 MR,
GE, Milwaukee, WI, USA). NAFLD was defined as fatty liver
without other etiologies of hepatic steatosis described in the ex-
clusion criteria [1].

To assess the degree of liver fibrosis in participants with
NAFLD, non-invasive predictive models such as the NFS [21]
and APRI [22] were applied. The NFS and APRI were calculat-
ed using the following formulas: NFS=-1.675+0.037 Xage
(years)+0.094 X BMI (kg/m?)+1.13 Ximpaired fasting glucose
(IFG) or diabetes (yes=1, no=0)+0.99 X AST/ALT-0.013 X
platelet (10°/L)-0.66 X albumin (g/dL); and APRI=[(AST/upper
limit of normal)/platelet (10°/L)]X100. The following cutoff
values were used to determine the NFS category of advanced
liver fibrosis: <—1.455 for low fibrosis probability, —1.455 to
0.676 for intermediate fibrosis probability, and >0.676 for high
fibrosis probability [23,24]. The following cutoff values were
applied to determine APRI category of advanced liver fibrosis:
<0.5 for low fibrosis probability, 0.5 to 1.5 for intermediate fi-
brosis probability, and >1.5 for high fibrosis probability [24].
According to the non-invasive fibrosis indices, the case where
the category of advanced liver fibrosis increases from baseline
to follow-up was defined as ‘progression,” and the opposite con-
dition was defined as ‘regression.’

Statistical analysis
Metabolic characteristics of study participants were investigated
according to groups based on the degree of HOMA-IR change:
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G1 (<0), G2 (0 to 0.50), G3 (0.51 to 1.00), and G4 (>1.00). To
test for linear trends, category numbers were used as continuous
variables in the regression analysis models.

To estimate the odds ratio (OR) for the change (i.e., progres-
sion or regression) of fibrosis probability according to the de-
gree of HOMA-IR change, multinomial logistic regression
models were used. Confounders associated with development
or progression of NAFLD were applied to the adjusted estima-
tion [1,25-27]. Multivariable models were adjusted for age, sex,
and center (Seoul or Suwon) (Model 1), followed by adjustment
for SBP, regular exercise (=3 times/week, <times/week, or un-
known), current alcohol consumption (daily alcohol consump-
tion =median value (12 g/day for men and 2 g/day for women),
daily alcohol consumption <median value, or unknown), and
smoking status (never, ex-, current, or unknown) (Model 2).
Model 3 was additionally adjusted for BMI; waist circumfer-
ence; and HbAlc, hs-CRP, LDL-C, and triglyceride levels. We
applied further adjustment for new-onset diabetes as a time-
varying covariate (Model 4) and baseline HOMA-IR (Model 5).

We performed predefined subgroup analyses as follows: gen-
der (male vs. female); BMI status (<25 kg/m?® vs. =225 kg/m?);
exercise status (<3 times/week vs. =3 times/week); alcohol
consumption (<median value vs. =median value of daily alco-
hol consumption for each gender); and lipid profile (normal vs.
dyslipidemia). Likelihood ratio tests were applied for interac-
tions between HOMA-IR change groups and characteristics of
predefined subgroup.

We also evaluated the OR for the change of fibrosis probabil-
ity according to the standardized quartile of changes in HOMA-
IR and the standardized quartile of changes in BMI to compare
the OR per standard deviation (SD). A multivariate adjustment
model was also implemented using the variables described
above. To estimate the qualitative validity of predictive ability
for changes in fibrosis probability, we calculated the Akaike in-
formation criterion (AIC).

All reported two-tailed P values of <0.05 were considered
statistically significant. All statistics were performed based on
STATA version 16.1 (StataCorp., College Station, TX, USA).

RESULTS

General characteristics of study participants

During the 4 years of follow-up, a total of 15,728 participants
were analyzed in our study (mean age, 40.5+6.5 years; men,
86%). The baseline characteristics of the participants according
to changes in HOMA-IR values are shown in Table 1. All
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groups had a higher proportion of men than women. More than
half of the study participants had obesity as per the Asia-Pacific
obesity criteria (BMI =25 kg/m?). In particular, the group with
the largest increase in HOMA-IR values (G4) had the highest
prevalence of obesity at baseline. The values of most metabolic
parameters increased from G1 to G4. There were no significant
differences in NFS and APRI among the HOMA-IR change
groups at baseline. The highest baseline HOMA-IR was ob-
served in the HOMA-IR reduction group (G1).

Except for baseline NFS, there was little difference in overall
metabolic parameters between the progression group and the re-
gression group in NFS-based analysis. The median baseline
NFS value of the NFS-progressed group was lower than that of
the NFS-regressed group (—2.1710.55 for progression, —1.12+
0.35 for regression). Interestingly, the proportion of participants
who exercised regularly in the NFS-progressed group was high-
er than in the NFS-regressed group. However, the proportion of
smokers was higher in the NFS-progressed group (Supplemen-
tal Table S1). In APRI-based analysis, there were no significant
differences in metabolic parameters between the two groups,
except for AST, ALT, APRI, and HOMA-IR, but, contrary to
expectations, those parameters were significantly higher in the
APRI-regressed group. This is consistent with the fact that the
baseline proportion of obese participants and the mean waist
circumference were higher in the APRI-regressed group. There
was no difference in regular exercise between the two groups,
but the proportion of smokers in the APRI-progressed group
was also higher (Supplemental Table S2).

Relationship between the degree of change in HOMA-IR
and the change in fibrosis probability

Prevalence and OR for changes in fibrosis probability were
compared and analyzed according to the degree of HOMA-IR
change in each participant showing progression or regression of
fibrosis when evaluated based on NFS and APRI (Table 2, Fig.
2). In NFS-based analysis, fibrosis progressed in 949 partici-
pants and fibrosis regressed in 720 participants, and the OR for
progression increased as the degree of HOMA-IR change in-
creased. Notably, participants with increased HOMA-IR values
greater than 1 (G4) had more than twice the risk of fibrosis pro-
gression than participants with decreased HOMA-IR values
(G1, reference) (OR, 2.34; 95% confidence interval [CI], 1.98
to 2.76 for Model 1). As the degree of HOMA-IR change in-
creased, the probability of fibrosis regression decreased. The
OR for regression in group G4 was 2.8 times lower than in
group G1 (OR, 0.35; 95% CI, 0.28 to 0.44 for Model 1). These
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Table 1. Baseline Characteristics of Participants
HOMA-IR change groups
Characteristic Overall P value
Gl (<0) G2 (0-0.50) G3(0.51-1.00) G4 (>1.00)

No. of participants (%) 15,728 6,010 (38.2) 3,512(22.3) 2,587 (16.4) 3,619 (23.0)
Male sex 13,531 (86.0) 5,140 (85.5) 3,085 (87.8) 2,240 (86.5) 3,066 (84.7) 0.001
Age, yr 40.5t6.5 40.7£6.4 40.9+6.7 40.5t64 39.6+6.4 <0.001
BMI, kg/m? 25.8+2.8 259428 252426 25.5+2.6 26.4£2.9 <0.001
Obesity* 9,260 (58.8) 3,618 (60.2) 1,823 (51.9) 1,435 (55.4) 2,384 (65.8) <0.001
Waist circumference, cm 89.2+7.3 89.3+74 87.9+6.9 88.5+6.8 90.7+7.8 <0.001
Fasting blood glucose, mmol/L 5.4240.50 5.53+0.52 5.36+0.47 5331048 5.3540.50 <0.001
Hemoglobin Alc, % 5.6+£0.2 5.6£0.2 5.6+0.2 5.6£0.2 5.7£0.31 <0.001
SBP, mm Hg 113.5£12.0 113.94+11.9 112.55+11.6 112.64£11.7 114.62+12.5 <0.001
AST, U/L 22 (18-28) 22 (18-27) 21(18-27) 22 (18-27) 24 (19-31) <0.001
ALT, UL 28 (2040) 27 (2040) 25(19-37) 26 (20-38) 31 (22-46) <0.001
Platelets, X 10*/mm’ 241 (212-274)  241(212-274)  240(211-272)  242(213-273)  242(212-276) 0.056
Albumin, g/dL 4.63£0.23 4.62£0.23 4.62£0.23 4.63£0.24 4.64£0.24 <0.001
Total cholesterol, mmol/L 5.38+0.89 5.38+0.9 5.35+0.88 5.36+0.87 5.4+£0.91 0.103
Triglyceride, mmol/L 1.57(1.14-2.18) 1.66(1.20-2.28) 1.49(1.08-2.07) 1.50(1.08-2.10) 1.56(1.13-2.18) <0.001
LDL-C, mmol/L 3.52+0.81 3.4940.82 3.51£0.79 3.54£0.79 3.5740.83 <0.001
HDL-C, mmol/L 1.26+£0.29 1.26£0.29 1.28+0.28 1.27+0.28 1.23+0.28 <0.001
hs-CRP, mmol/L 0.07 (0.04-0.13)  0.07 (0.04-0.13) 0.06 (0.04-0.12) 0.07 (0.04-0.12) 0.08 (0.04-0.15) <0.001
Current alcohol use” 8,219(52.2) 3,167 (52.7) 1,808 (51.4) 1,326 (51.2) 1,918 (53.0) 0.370

Male 6,823 (50.4) 2,618 (50.9) 1,537 (49.8) 1,104 (49.2) 1,564 (51.0) 0.463

Female 1,396 (63.5) 549 (63.1) 271 (63.4) 222 (63.9) 354 (64.0) 0.985
Smoking status <0.001

Never smoker 3,839 (24.4) 1,490 (24.7) 838 (23.8) 619 (23.9) 892 (24.6)

Ex-smoker 5,810 (36.9) 2,329 (38.7) 1,341 (38.1) 919 (35.5) 1,221 (33.7)

Current smoker 5,189 (32.9) 1,857 (30.9) 1,135 (32.3) 903 (34.9) 1,294 (35.7)
Regular exercise 0.231

=3 times/week 1,783 (11.3) 660 (10.9) 434 (12.3) 309 (11.9) 380 (10.5)

<3 times/week 13,541 (86.0) 5,192 (86.3) 2,990 (85.1) 2,215(85.6) 3,144 (86.8)
NFS —2.74£1.00 —2.63£1.02 —2.77£0.99 —2.84£0.98 —2.83£0.99 <0.001
APRI 0.24(0.19-0.31) 0.24(0.19-0.31) 0.23(0.19-0.30) 0.24(0.19-0.30) 0.26 (0.20-0.34) <0.001
HOMA-IR 1.72(1.19-2.43) 2.15(1.57-2.94) 1.44(1.02-1.98) 1.41(0.98-1.95) 1.64(1.12-2.30) <0.001
Values are expressed as number (%), mean+standard deviation, or median (interquartile range).
HOMA-IR, homeostatic model assessment of insulin resistance; BMI, body mass index; SBP, systolic blood pressure; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-re-
active protein; NFS, nonalcoholic fatty liver disease (NAFLD) fibrosis score; APRI, aspartate aminotransferase to platelet ratio index.
“Obesity was defined as the BMI of =25 kg/m?; "Participants with daily alcohol consumption above the median value (12 g/day for men and 2 g/day for
women).

results remained consistent in multivariate adjusted model
(Model 3), especially after further adjustments to new onset dia-
betes (Model 4) and baseline HOMA-IR (Model 5).

In APRI-based analysis, fibrosis progressed in 669 participants
and fibrosis regressed in 515 participants. After adjusting for
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confounding factors, the risk of fibrosis progression was more
than two-fold higher in group G4 than in group G1 (OR, 2.31;
95% CI, 1.88 to 2.84 for Model 3). However, the risk slightly
decreased after adjusting for new-onset diabetes (OR, 2.08; 95%
CI, 1.69 to 2.57 for Model 4). When the baseline HOMA-IR was
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Table 2. Odds Ratio for Progression and Regression of Liver Fibrosis According to Changes in HOMA-IR Value
Multivariate-adjusted OR (95% CI)
HOMA-IR change Case (%)
Model 1 Model 2 Model 3 Model 4 Model 5
Progression (NFS*)
Gl (<0) 254 (4.2) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
G2 (0-0.50) 187 (5.3) 1.23 (1.01-1.49) 1.24 (1.02-1.5) 1.31(1.05-1.63) 1.31 (1.05-1.63) 1.33 (1.07-1.65)
G3(0.51-1.00) 156 (6.0) 1.39 (1.13-1.71) 1.39(1.13-1.71) 1.45(1.15-1.82) 1.44 (1.15-1.82) 1.46 (1.16-1.83)
G4 (>1.00) 352(9.7) 2.34(1.98-2.76) 2.31(1.96-2.74) 2.26(1.87-2.72) 2.23(1.85-2.69) 2.25(1.87-2.71)
P for trend <0.001 <0.001 <0.001 <0.001 <0.001
Regression (NFS?)
Gl (<0) 409 (6.8) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
G2 (0-0.50) 146 (4.2) 0.60 (0.49-0.73) 0.60 (0.5-0.73) 0.52(0.41-0.65) 0.52 (0.41-0.65) 0.53 (0.42-0.67)
G3 (0.51-1.00) 80(3.1) 0.44 (0.35-0.57) 0.45(0.35-0.58) 0.43 (0.33-0.57) 0.43 (0.33-0.57) 0.44 (0.33-0.58)
G4 (>1.00) 85(2.4) 0.35(0.28-0.44) 0.35(0.27-0.44) 0.33(0.26-0.43) 0.33(0.25-0.43) 0.33(0.25-0.43)
P for trend <0.001 <0.001 <0.001 <0.001 <0.001
Progression (APRI)
Gl (<0) 194 (3.2) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
G2 (0-0.50) 103 (2.9) 0.80 (0.62-1.02) 0.92 (0.72-1.17) 0.99 (0.76-1.29) 0.97 (0.75-1.27) 1.14 (0.87-1.50)
G3(0.51-1.00) 103 (4.0) 0.67 (0.50-0.90) 1.24 (0.97-1.58) 1.29 (0.99-1.68) 1.26 (0.97-1.65) 1.50 (1.14-1.98)
G4 (>1.00) 269 (7.4) 1.36 (1.10-1.69) 2.39(1.97-2.89) 2.31(1.88-2.84) 2.08 (1.69-2.57) 2.55(2.05-3.18)
P for trend <0.001 <0.001 <0.001 <0.001 <0.001
Regression (APRI)
G1(<0) 201 (3.3) 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)
G2 (0-0.50) 95(2.7) 0.90 (0.71-1.15) 0.82 (0.64-1.06) 0.92 (0.70-1.20) 0.91 (0.69-1.19) 1.04 (0.79-1.37)
G3 (0.51-1.00) 59 (2.3) 1.23 (0.96-1.57) 0.69 (0.51-0.93) 0.78 (0.57-1.07) 0.77 (0.57-1.05) 0.92 (0.67-1.26)
G4 (>1.00) 160 (4.4) 2.42(2.00-2.93) 1.34 (1.09-1.66) 1.23 (0.98-1.54) 1.14(0.91-1.14) 1.39 (1.10-1.77)
P for trend 0.016 0.019 0.104 0.411 0.022
Model 1, adjusted for age, sex, and center (Seoul or Suwon); Model 2, additionally adjusted for systolic blood pressure, regular exercise, current alcohol
consumption, and smoking status; Model 3, additionally adjusted for body mass index (BMI), waist circumference, and hemoglobin Alc, high-sensitivi-
ty C-reactive protein, low-density lipoprotein cholesterol, and triglyceride levels; Model 4, additionally adjusted for development of new-onset diabetes;
Model 5, additionally adjusted for baseline HOMA-IR.
HOMA-IR, homeostatic model assessment of insulin resistance; OR, odds ratio; CI, confidence interval, NFS, nonalcoholic fatty liver disease (NAFLD)
fibrosis score; APRI, aspartate aminotransferase to platelet ratio index.
*For the NFS analyses, the models were not adjusted for age and BMI as these factors were included in the calculation of the NFS.

adjusted, the association between changes in HOMA-IR and
APRI progression was further enhanced (OR, 2.55; 95% CI, 2.05
to 3.18 for Model 5). In the evaluation of fibrosis regression,
overall statistical significance was relatively low, and contrary to
expectations, group G4 showed the highest regression probabili-
ty (OR, 1.39; 95% CI, 1.10 to 1.77 for Model 5).

Subgroup analysis

Subgroup analyses of OR for changes in fibrosis status by de-
gree of HOMA-IR change are shown in Fig. 3 (NFS) and Sup-
plemental Table S3 (APRI), respectively. We applied a multi-

Copyright © 2021 Korean Endocrine Society

variate adjusted model including confounders such as exercise
status, alcohol consumption, smoking status, BMI, waist cir-
cumference, HbA1c and hs-CRP levels, lipid profiles, and new-
onset diabetes.

When NFS criteria were applied, group G4 had a two-fold
higher risk of progression than group G1 in all subgroup analy-
ses. As the HOMA-IR change increased, the trend of increasing
OR for progression was maintained except for women and par-
ticipants with a BMI less than 25 kg/m”. The OR for regression
decreased as the HOMA-IR change increased in all subgroup
analyses except for participants without dyslipidemia.
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Fig. 2. Prevalence of progression and regression of fibrosis probability by group according to changes in homeostatic model assessment of
insulin resistance (HOMA-IR) values. (A) Nonalcoholic fatty liver disease (NAFLD) fibrosis score (NFS), (B) aspartate aminotransferase
to platelet ratio index (APRI).

QOdds ratios® (95%Cl) for the NFS progression and regression
of advanced liver fibrosis
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< 25 kg/m?2
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2 25 kg/m?
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Lipid profile® 0.763
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Dyslipidemia (-)
Progression —————— 2.38 (1.46-3.88)
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Fig. 3. Odds ratio for nonalcoholic fatty liver disease (NAFLD) fibrosis score (NFS)-based fibrosis progression and regression in partici-
pants belonging to G4 (group with highest increase in homeostatic model assessment of insulin resistance [HOMA-IR]) compared to G1
(group with decreased HOMA-IR). CI, confidence interval; BMI, body mass index. *Adjusted for sex, center (Seoul or Suwon), systolic
blood pressure, regular exercise, current alcohol consumption, smoking status, waist circumference, hemoglobin A lc, high-sensitivity C-re-
active protein, low-density lipoprotein cholesterol (LDL-C), triglycerides, new onset diabetes, and baseline HOMA-IR; "Current alcohol
consumption was defined as daily alcohol consumption above the median value (12 g/day for men and 2 g/day for women); “Dyslipidemia
was defined as an LDL-C level >3.4 mmol/L, total cholesterol level >5.2 mmol/L, triglyceride > 1.7 mmol/L, high-density lipoprotein cho-
lesterol <0.9 mmol/L for men and < 1.3 mmol/L for women, or the current use of anti-dyslipidemia medication.
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According to APRI criteria, group G4 had at least twice the
risk of progression than group G1 in all subgroup analyzes ex-
cept for participants with a BMI of less than 25 kg/m* and no
current alcohol consumption. With the exception of women and
participants without current alcohol consumption, the trend of
increasing OR for progression with increasing HOMA-IR
changes was similar to the NFS-based analysis. However, there
was no statistically significant association between the fibrosis
regression and the degree of HOMA-IR change.

Comparison of changes in HOMA-IR and BMI values
with respect to the prediction of change in fibrosis status
In NFS-based analysis, changes in HOMA-IR were more asso-
ciated with changes in fibrosis status than changes in BMI: the
change in OR per SD of standardized quartile of HOMA-IR
change was 1.33 (95% CI, 1.25 to 1.42) for progression and
0.66 (95% CI, 0.59 to 0.74) for regression, whereas the change

in OR per SD of standardized quartile of BMI change was 1.16
(95% CI, 1.07 to 1.24) for progression and 0.85 (95% CI, 0.78
to 0.92) for regression. Furthermore, the HOMA-IR change
model showed a smaller AIC value than the BMI change model
(10,248.33 vs. 10,368.57) (Table 3).

In contrast, in APRI-based analysis, changes in BMI were
more association with fibrosis progression than changes in
HOMA-IR: the increase in OR per SD of standardized quartile
of BMI change was 2.08 (95% CI, 1.90 to 2.28), but the in-
crease in OR per SD of standardized quartile of HOMA-IR
change was 1.38 (95% CI, 1.29 to 1.48). The BMI change mod-
el showed a smaller AIC value than the HOMA-IR change
model (8,149.91 vs. 8,333.05). In the evaluation of fibrosis re-
gression, changes in BMI showed similar results to the NFS-
based analysis, but changes in HOMA-IR had the highest re-
gression probability in group G4, unlike the NFS-based analysis
(Table 3). This result is consistent with Table 2.

Table 3. Comparison of HOMA-IR Change and BMI Change for Predicting Change in Fibrosis Probability in Patients with NAFLD

without Diabetes
Multivariate-adjusted OR (95% CI)
Standardized quartile® NFS® APRI°
HOMA-IR change BMI change HOMA-IR change BMI change
Progression
Q1 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Q2 1.16 (0.84-1.60) 1.21 (0.93-1.56) 1.58 (1.09-2.29) 1.51(0.99-2.31)
Q3 1.64 (1.19-2.28) 1.28 (0.99-1.65) 2.32(1.58-3.39) 2.78 (1.86-4.16)
Q4 2.76 (1.96-3.88) 1.56 (1.17-2.09) 4.24 (2.86-6.29) 8.01(5.32-12.04)
P for trend <0.001 0.003 <0.001 <0.001
Per 1 SD increase 1.33(1.25-1.42) 1.16 (1.07-1.24) 1.38 (1.29-1.48) 2.08 (1.90-2.28)
Regression
Ql 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Q2 0.88 (0.66-1.16) 0.9 (0.70-1.16) 0.93 (0.67-1.28) 0.78 (0.60-1.01)
Q3 0.42 (0.30-0.57) 0.68 (0.52-0.87) 1.001 (0.71-1.41) 0.56 (0.43-0.73)
Q4 0.31(0.20-0.48) 0.52 (0.36-0.74) 1.43 (0.99-2.07) 0.41 (0.28-0.61)
P for trend <0.001 <0.001 0.027 <0.001
Per 1 SD increase 0.66 (0.59-0.74) 0.85(0.78-0.92) 1.10 (1.02-1.18) 0.83 (0.76-0.90)
AIC 10,248.33 10,368.57 8,333.05 8,149.91

tion criterion.

HOMA-IR, homeostatic model assessment of insulin resistance; BMI, body mass index; NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; CI,
confidence interval; NFS, NAFLD fibrosis score; APRI, aspartate aminotransferase to platelet ratio index; SD, standard deviation; AIC, Akaike informa-

*Standardized quartile range of HOMA-IR change: Q1, —18.71 to —1.00 (n=1,523); Q2, —1.00 to 0.36 (n=7,046); Q3, 0.36 to 1.72 (n=5,525); Q4, 1.72
to 14.16 (n=1,634). Standardized quartile range of BMI change: Q1, —8.72 to —0.95 (n=1,916); Q2, —0.95 to —0.36 (n=5,636); Q3, 0.36 to 1.66
(n1=6,236); Q4, 1.67 t0 9.56 (n=1,940); *Adjused for sex, center (Seoul or Suwon), systolic blood pressure (SBP), regular exercise, current alcohol con-
sumption, smoking status, waist circumference, HOMA-IR, hemoglobin Alc (HbAlc), high-sensitivity C-reactive protein (hs-CRP), low-density lipo-
protein cholesterol (LDL-C), triglyceride, and new-onset diabetes; ‘Adjused for age, sex, center (Seoul or Suwon), SBP, regular exercise, current alcohol
consumption, smoking status, waist circumference, HOMA-IR, BMI, HbA lc, hs-CRP, LDL-C, triglyceride, and new-onset diabetes.

Copyright © 2021 Korean Endocrine Society

www.e-enm.org

1023




E nM Koo DJ, et al.

DISCUSSION

In this study using data analysis of 15,728 adult participants and
the non-invasive fibrosis index, we found a meaningful associa-
tion between changes in HOMA-IR and changes in fibrosis sta-
tus in patients with NAFLD. The greater the HOMA-IR in-
crease, the greater the OR for progression in both NFS-based
and APRI-based analyses. In contrast, the OR for fibrosis re-
gression decreased in the same conditions except for the APRI-
based analysis.

The parameters included in the calculation of each non-inva-
sive fibrosis index were different, and therefore each index has
different sensitivity and specificity in predicting fibrosis in pa-
tients with NAFLD [28,29]. In the same context, in the evalua-
tion of association between various metabolic or biological fac-
tors and fibrosis of NAFLD using the non-invasive fibrosis in-
dex, the risk interpretation may be different depending on each
index applied. The prevalence of fibrosis progression in the un-
adjusted model and the risk of fibrosis progression in Model 1
adjusted for age, sex, and center (Seoul or Suwon) differed be-
tween the NFS-based and APRI-based analysis. In multivariate
adjusted Models 2 and 3, there was little difference in the OR
for progression between the two indices, especially as the de-
gree of HOMA-IR change increased (group G3 and G4). How-
ever, new onset diabetes and baseline HOMA-IR showed differ-
ent effects depending on the two index-based analyses. Espe-
cially, when the baseline HOMA-IR was adjusted, there was lit-
tle change in NFS-based analysis, but the OR for APRI progres-
sion increased significantly. Interestingly, the baseline HOMA-
IR median in group G4 was 1.64, while the baseline HOMA-IR
median in reference group G1 was the highest at 2.15. This re-
sult may suggest that the baseline HOMA-IR was positively as-
sociated with APRI progression, which is consistent with our
previous findings on the relationship between baseline HOMA-
IR and fibrosis progression in patients with NAFLD [30]. With
a few exceptions, the trend toward greater OR for fibrosis pro-
gression with greater degree of HOMA-IR change was main-
tained across subgroup analyses. In particular, the results with
the largest OR for progression in group G4 were consistent in
all subgroup analyses.

In our study, results were inconsistent between NFS-based
and APRI-based evaluations of fibrosis probability. In the case
of regression, the possibility of fibrosis regression paradoxically
increased even with an increase in HOMA-IR in the APRI-
based evaluation. This may be due to the diversity of baseline
characteristics including lifestyle, the unique statistical diagnos-
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tic ability of each index, and differences in factors included in
the calculation of each index. NFS has relatively higher diag-
nostic reliability for advanced fibrosis probability than APRI
(area under the receiver operating characteristic curve [AU-
ROC], 0.84 for NFS vs. 0.77 for APRI) [28]. However, APRI is
more powerful than NFS in distinguishing none/early (FO/F1)
from significant/advanced (F2/F3) fibrosis in patients with
NAFLD (AUROC, 0.86 for APRI vs. 0.68 for NFS) [29]. NFS
includes age and BMI as calculation factors, but APRI contains
only AST, ALT, and platelets [21,22]. So, when NFS is applied,
we excluded age and BMI in multivariable adjusted models. At
present, NFS is generally recommended as a non-invasive diag-
nostic index for fibrosis probability at a fixed time point in pa-
tient with NAFLD [1,31]. We also consider NFS to be a more
reliable tool for evaluating the association of changes in IR and
changes in fibrosis status between two specific time points.

IR has previously been used as a predictive and diagnostic
tool for NAFLD in clinical settings. Fasting hyperinsulinemia,
which reflects IR, is an independent predictor of NAFLD in
adults without diabetes [32]. In particular, one study explored
the possibility of diagnosing NAFLD and metabolic syndrome
by applying different cutoff values of HOMA-IR in men and
women [33]. In adults without diabetes, if the HOMA-IR value
is higher than or equal to 2.0 (for the best sensitivity [8§5%]) or
2.5 (for the best specificity [94%]), the risk of NAFLD is con-
sidered to be high [34].

IR and inflammation are core pathophysiologies of liver fi-
brosis in patients with NAFLD [8,9]. IR can aggravate inflam-
mation, and these two metabolic conditions form a vicious cycle
[35]. However, NAFLD is not a major causal factor for IR, and
various factors play a role in the development of IR [9,36]. Hy-
perinsulinemia; hyperglycemia; high levels of fatty acids/fatty
acid metabolites; oxidative stress leading to the induction of a
stress response via the c-Jun-N-terminal kinase (JNK) and nu-
clear factor-kappa B pathways; endoplasmic reticulum stress
activating the JNK and inhibitory kappa B kinase beta path-
ways; and over-production of adipocytokines such as adiponec-
tin, tumor necrosis factor-a, interleukin-6, and leptin are consid-
ered to induce IR [37].

According to these pathophysiological mechanisms, the de-
velopment of NAFLD or fibrosis progression can be suppressed
by improving IR. It has been found that improvement in hyper-
insulinemia, reflecting an improvement in IR, is related to the
prevention and alleviation of NAFLD [32]. In addition, studies
on insulin sensitizers such as thiazolidinediones have shown
histological improvement in patients with NAFLD and NASH

Copyright © 2021 Korean Endocrine Society
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[38,39]. In the liver and peripheral tissues, the identification of
IR using a hyperinsulinemic-euglycemic clamp combined with
0.2 g/kg of oral glucose load could be a useful clinical indicator
of the early metabolic state of liver fibrosis [40]. In both pro-
spective and retrospective studies based on histological valida-
tion, baseline HOMA-IR value was found to be independent
predictor of fibrosis progression [10,11]. Recent studies showed
that HOMA-IR values at the time of evaluation were closely re-
lated to the advanced liver fibrosis in patients with NAFLD
confirmed by biopsy [12-14]. Additionally, HOMA-IR value
was also associated with liver fibrosis in patients with chronic
liver diseases such as chronic hepatitis C [41]. Although the pre-
vious studies have the advantage of histological verification of
NAFLD, the prediction of fibrosis progression and the evalua-
tion of fibrosis stage were determined according to the HOMA-
IR values at a specific time point. However, NAFLD is a pro-
gressive disease with a wide spectrum and is affected by various
factors during the disease course [15]. Therefore, we focused on
the changes of HOMA-IR value regardless of the baseline val-
ue, and tried to find the relationship between the changes of
HOMA-IR value and the fibrosis progression.

In addition, one of our concerns is that weight change is very
important as one of the interventions affecting changes in IR
[16]. It was confirmed that, through a randomized controlled
trial, the histological improvement of liver in patients with
NASH can be achieved by weight loss [42]. A large scaled co-
hort study showed that weight changes and obesity were closely
associated with fibrosis status evaluated by APRI value in pa-
tients with NAFLD [43]. In the comparison between the stan-
dardized quartile of HOMA-IR change and the standardized
quartile of BMI change in predicting the change in fibrosis
probability, there were differences in quantitative influence.
When the NFS criteria were applied to the evaluation of ad-
vanced liver fibrosis, HOMA-IR change was more associated
with change in fibrosis probability than BMI change. However,
in APRI-based analysis, the results were reversed. Moreover,
based on AIC calculation, HOMA-IR change model was supe-
rior to BMI change model to predict an NFS progression, but
the BMI change model was superior to HOMA-IR change
model to predict an APRI progression.

This study has several limitations. First, the diagnoses of
NAFLD and advanced liver fibrosis were not histologically
confirmed. To date, the most reliable method for diagnosing liv-
er fibrosis is biopsy study. However, biopsy study has many
practical limitations in large-scale cohort studies, e.g., invasive-
ness, sampling issues, and cost [44]. Furthermore, non-invasive

Copyright © 2021 Korean Endocrine Society

fibrosis scoring systems can be used as useful tools for predict-
ing liver fibrosis [21,22,31]. Second, this study was retrospec-
tive in nature. Hence, the effect of selection bias cannot be ex-
cluded. Third, among the cohort data used in our study, alcohol
consumption, exercise status, and medication history were de-
pendent on information provided by the participants without
verification procedures, and the effects of other dietary supple-
ments were not excluded. Fourth, NFS includes the presence of
diabetes or IFG as a calculation factor. And changes in HOMA-
IR may reflect changes in fasting blood glucose levels. These
implies that the two indices are likely to be originally related to
each other. However, we tried to rule out the effects of new-on-
set diabetes that emerged during follow-up. In addition, in our
study, only simple changes in NFS values were not considered
linearly as changes in fibrosis, but only when they were outside
the range of cut-off values were considered to be changes in fi-
brosis. These may attenuate the original relationship between
the two indices. Nevertheless, there may be an original relation-
ship between the two indices, which is a limitation that requires
caution in the interpretation of our study. Finally, the results ob-
tained in this study cannot be generalized because most of the
participants included in this study were Korean middle-aged
men, mainly office workers who participated in regular health
check-ups and actively cared for their health.

Nevertheless, the clinical importance of this study is notewor-
thy in terms of the elaborate analysis based on highly reliable
data from a relatively large-scale study population, providing an
advantage in terms of statistical reliability. First of all, we pio-
neered a study to evaluate the risk of fibrosis progression ac-
cording to the degree of HOMA-IR change in relatively healthy
adults with NAFLD, especially in clinical settings where liver
biopsies cannot be performed routinely.

In conclusion, this study demonstrates that changes in
HOMA-IR reflect the progression or regression of fibrosis prob-
ability in patients with NAFLD without diabetes, which under-
scores the role of IR in liver fibrosis. In addition to this study, a
long-term longitudinal study of the development of advanced
liver fibrosis according to baseline HOMA-IR values in a large
general population will also contribute to the clinical use of
HOMA-IR.
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