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Conclusion

Glycemic control was associated with worsening NAFLD, with even slight deterioration, particularly an
HbA1c level of 6.5-7.4%, contributing to NAFLD progression.

« This observational study elucidates the effect of glycemic control on NAFLD.
« Even slight increase in HbA1c levels were linked to advanced fibrosis and high NAS.
* NAFLD patients may need aggressive glycemic control to prevent progression.
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Background: Poor lifestyle habits may worsen nonalcoholic fatty liver disease (NAFLD), with progression to nonalcoholic steato-
hepatitis (NASH) and cirrhosis. This study investigated the association between glycemic control status and hepatic histological
findings to elucidate the effect of glycemic control on NAFLD.

Methods: This observational study included 331 patients diagnosed with NAFLD by liver biopsy. Effects of the glycemic control
status on histological findings of NAFLD were evaluated by comparing the following four glycemic status groups defined by the
glycosylated hemoglobin (HbA1c) level at the time of NAFLD diagnosis: <5.4%, 5.5%-6.4%, 6.5%-7.4%, and >7.5%.

Results: Compared with the lowest HbAlc group (<5.4%), the higher HbAlc groups (5.5%-6.4%, 6.5%-7.4%, and >7.5%) were
associated with advanced liver fibrosis and high NAFLD activity score (NAS). On multivariate analysis, an HbA1lc level of 6.5%—
7.4% group was significantly associated with advanced fibrosis compared with the lowest HbA1c group after adjusting for age, sex,
hemoglobin, alanine aminotransferase, and creatinine levels. When further controlling for body mass index and uric acid, total
cholesterol, and triglyceride levels, the higher HbA1lc groups were significantly associated with advanced fibrosis compared with
the lowest HbA1c group. On the other hand, compared with the lowest HbA1c group, the higher HbAlc groups were also associ-
ated with a high NAS in both multivariate analyses.

Conclusion: Glycemic control is associated with NAFLD exacerbation, with even a mild deterioration in glycemic control, espe-
cially a HbAlclevel of 6.5%-7.4%, contributing to NAFLD progression.

Keywords: Glycated hemoglobin; Glycemic control; Non-alcoholic fatty liver disease

INTRODUCTION

The combination of a high-calorie diet and low physical activi-
ty, often the result of increased use of technology, has increased
the incidence of various diseases, particularly lifestyle-related
diseases. Nonalcoholic fatty liver disease (NAFLD) is one of
the most common liver diseases that is increasingly associated
with low life expectancy [1-6]. Although appropriate lifestyle

interventions, such as nutritional and exercise therapy, can im-
prove the pathophysiology of nonalcoholic fatty liver (NAFL),
poor lifestyle habits may worsen NAFL, with progression to
nonalcoholic steatohepatitis (NASH) and cirrhosis [1-4]. Ad-
ditionally, as advanced NASH is a risk factor for hepatocellular
carcinoma, liver failure, and cardiovascular diseases, knowl-
edge of its characteristics is important for patient management
and treatment [4-8].
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Glycemic control and NAFLD activity

Both the presence of diabetes mellitus (DM) and its poor con-
trol status are risk factors for the development and progression
of diabetic retinopathy, nephropathy, neuropathy, and cardio-
vascular diseases [9-12]. The presence of DM is a risk factor for
the development and progression of NAFLD [13-16]. The influ-
ence of fluctuations in the blood glucose level on liver histology
in NAFLD has been shown using serial biopsies [17]. However,
studies examining the association between the control status of
DM and the concurrent histological activity of NAFLD have
been limited [18]. Accordingly, in this study, we examined liver
specimens and glycosylated hemoglobin (HbAc) levels at the
time of liver biopsy to elucidate the association between glyce-
mic control status and hepatic histological findings in NAFLD.

METHODS

Statement of ethics

Our study protocol followed the ethical guidelines of the 1995
Declaration of Helsinki, revised in 2013, and was approved by
the Ethics Committee of Ehime University Hospital (Approval
ID# 1012004, 1709008). The requirement for informed consent
was waived because the study used data from routine medical
practice at Ehime University Hospital. Patient data were anon-
ymized for analysis.

Study design and patient study sample

This was an observational study of 349 Japanese patients (143
men and 206 women), 18 to 80 years of age, with NAFLD con-
firmed by liver biopsy at our hospital between January 2005
and May 2021 after an examination indicating elevated levels
of liver enzymes or imaging (ultrasonography or computed to-
mography) findings indicative of possible liver injury. The in-
clusion criteria were as follows: lipid droplets in >5% of liver
hepatocytes; absence of liver diseases of other etiologies, in-
cluding viral hepatitis, autoimmune hepatitis, drug-induced
liver disease, primary biliary cirrhosis, primary sclerosing
cholangitis, hemochromatosis, and Wilson’s disease; history of
no or little alcohol consumption (men, <30 g/day; women,
<20 g/day); and absence of decompensated liver cirrhosis and
hepatocellular carcinoma. Among the 349 patients, 18 were ex-
cluded for the following reasons: missing data (1 =2); presence
of other cancers (n=4); use of steroids (n=10); and patients
determined inappropriate for the study because fatty liver may
be caused by reasons other than metabolic disorder (n=2). Af-
ter selection, 331 patients (140 men and 191 women) were in-
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cluded in the analysis.

Measurements and evaluations

The following patient data were assessed: medical history, pre-
scribed medication history, physical examination, biochemical
measurements, and histological liver examination. Body weight
and height were measured with patients in light clothing and
shoes to calculate the body mass index (BMI, kg/m?). Venous
blood samples were collected in the morning, after a 12-hour
overnight fast, to assess blood count and blood chemistry. The
levels of the following blood parameters were evaluated: hemo-
globin, alanine aminotransferase (ALT), uric acid (UA), creati-
nine, total cholesterol (TC), triglyceride (TG), and HbAlc. In-
sulin and fasting plasma glucose (FPG) levels in patients who
were not on insulin therapy were used to calculate the homeo-
stasis model assessment of insulin resistance (HOMA-IR), as
follows: HOMA-IR=FPG (mg/dL) xinsulin (pU/mL)/405.
Liver tissues were obtained by percutaneous liver biopsy guid-
ed by ultrasonography or laparoscopy. Liver samples were em-
bedded in paraffin and stained with hematoxylin, eosin, and
reticulin silver. Adequate liver samples were defined as those
that were 1.5 cm in size and/or those including tissue from at
least six portal tracts. The histological findings of the liver
specimens were evaluated according to the NAFLD activity
score (NAS) and severity of hepatic fibrosis (stage), as previ-
ously described [19,20], by two hepatopathologists (O.Y., T.W.)
who were blinded to patients’ clinical data. The unweighted
NAS score ranged from “0” to “8,” and was defined as follows:
steatosis, 0-3; lobular inflammation, 0-3; and ballooning de-
generation, 0-2. The fibrosis stage was defined as previously
described [19,20]: stage 0, absence of fibrosis; stage 1a, delicate
perisinusoidal fibrosis; stage 1b, dense perisinusoidal fibrosis;
stage 1c, portal-only fibrosis without perisinusoidal fibrosis;
stage 2, combined perisinusoidal and portal/periportal fibro-
sis; stage 3, bridging fibrosis; and stage 4, cirrhosis. Advanced
fibrosis and high NAS were defined as stages 3-4 and 5-8, re-
spectively [21,22].

Statistical analyses

Data are presented as the median (interquartile range) or num-
ber (percentage) for continuous and categorical variables, re-
spectively. Patients were classified into four groups for analysis,
using the HbAIc level at the time of NAFLD diagnosis, in 1%
intervals based on an HbA1c level of 6.5%, which is used as a
diagnostic criterion for DM [23], making the classification

441



Miyake T, et al.

“1031qryur 7 urajoxd jrodsuern asoon[3-wmnrpos

Tz I 1OS 9stuoSe 103dedar 1-apndad axj-uoSeon|S Yy 1-4TO royqryur aseprsoonS-eydpe 1Oy <xoyquyui y-asepndod [Apndadip Wdd 91095 AJANOE ‘YN ST $3)2qeIp ‘N P!
-1204[311) ‘D) T, {[0I12)S[OP [€30) ‘D], {PIOE OLIM Y[ DSLIYSULIIOUTIUE. dSUTUL[e ‘[ TV XOpUI sSewr Apoq TIN 2seasIp IaA1[ A13ef orjoyooreuou ‘qTIVN UIqo[Soway paje[Asod4[S O1vqH

TN Y sjusrjed uT $939qeIp Jo uoneIN(J, Juedyrudis paId

-pISU0d SEM G(°0>d "SI[qRLIBA [BD1I03378D 10] PIsn Sem 153} a1enbs-14D), ‘SI[qeLIeA SNONUNUOD I0] PISN SBM 183} SANNT,, 10 159) SSeM(J-[931S 3} S0UIPIP dnoid-usamiaq arenteas of,

-adeyuaniad 1o (a8uer aynrenbiajur) uerpaw se pajuasaid axe sonfep

100> €6T 9T 0T 0 €L % ‘urmsuy

090 8¢ 91 LT 0 ¥ % TCLTOS

860 ST 9T 0T ¥'C I'C % VII-d1D

4€0°0 ST 9T €T 0 ST % ‘OpIUID)

FT0 10T 9T €T 0 €€ % @uozeN[301q

100> A 6F L0 0 6'¢ % IOV

100> vse T8 L0 0 €01 % ‘eaIn[uoyng

100> 154 €1e ve ¥ STI % Wddd

100> Sop S'6C ¥'s ¥ 8L1 9% ‘apruen3Ig
sjuade sa)oqeIp-NUY
100> T'8S ¥LS %95 8'€T 6CS % ‘(8-S) SVN
100> (o847 ¥LS 9/ T'61 0i% 9% (¥—¢) 95e1s s1so1qr]
100> LI0 660 €£0 00T 660 (S1-0) L (-1 ¢ (£6-6'0)S°€ (6-0) € (01-D¥ L4 ‘s332qe1p JO UOBEM(
100> 00T 00T 10T I'L €S % WA
960 ST0 LS0 €10  S€0 €80 (LTT-ITT)LF1T (66 T-60'T) IS'T (#81-20'1) 8¢'T (#6'1-08°0) S€'T (S6'T-90T) €¥'T T/loww ‘D,
00T €20 690 860 L60 £L60  (99°S-0FF)98F  (09°S-CTH) 6%  (6LS-FSF)60°S (S9°6-LTP)¥6F  (69°5-LEF) TO'S /oW O,
€60 8C0 650 L£0 850 660 (069-9'8%)SLS (§'89-L15) S'LS (LF7L-07€S) T'09 (TEL-6'1S) €79 (£'0L-€16) T'09 “/[own ‘Surunea1)
TC0 700 060 <TI0 640 860  (/8¢-897)SIE (20¥-60€) SHE (91%-€0¢) £S¢ (8T%-0T€) £9¢ (S0%-267) 1S€ T/10um ‘v
00T €50 90 080 60 610 (201-%€) 19 (§'96-1¥) TS (STT-S£E) 0L (8'TL-1¢€) LS (201-££) 19 /NI LTV
00T 00T 00T 960 %60 %60  (SSI-IED)I¥FI (TST-¥€1) €v1 (TST-FET) €v1 (SST-TET) L¥T (TST-€€T) FHI 7/3 ‘wqo[Sowap
S0 100> €50 100> 100> 100> (I'T€-6'ST)0'6C (91e-T'S0) LT (L'6T-L€7) 89T (0°LT-1'T0) €%¢ (T0oe-0%7) T'LT /3 TN
10 T6¢ £'6¢ €0 §'6S cTy % X3S RN
Tro 60 S0 100> 100> 100> (59-6¥) 85 (5'89-€5) €9 (89-9%) 09 (§'95-8°0€) 0% (£9-9%) 65 14 98y
- A0 At O S ASAV OBV A3tV AmMMM%M\WM wm AGHAWVMMMMWV&WQ (6¥1 HAMWMWMW&m.m ANMMMWMWWMW (1€€=1) [e30L, ONSLIS)ORIEYD)

mj

aneA 4

(dnoi3) oTvqH

d

stsouderp (ITIVN JO dwm ) Je 01 YqH JO S[OAI] 3]} 0} UTPI0IOL $ONSLId)ORIRYD JuUde ] T d[qeL

https://e-dmj.org

Diabetes Metab ] 2024;48:440-448

442



Glycemic control and NAFLD activity

more clinically applicable: group 1, HbAlc <5.4%; group 2,
HbAlc 5.5%-6.4%; group 3, HbAlc 6.5%-7.4%; and group 4,
HbAlc >7.5%. To evaluate between-group differences, the
Mann-Whitney U test, unpaired ¢-test, Steel-Dwass test, or
Tukey-Kramer test was used for continuous data, and the chi-
square test was used for categorical data. Two multiple logistic
regression models were used to evaluate the effect of glycemic
control on NAFLD, controlling for potential confounding fac-
tors identified a priori from the literature: model 1 was adjust-
ed for age, sex, and hemoglobin, ALT, and creatinine levels,
and model 2 was adjusted for BMI and UA, TC, and TG levels.
Statistical analyses were performed using JMP version 14.2.0
(SAS Institute, Cary, NC, USA). Statistical significance was set
ata P<0.05.

RESULTS

Patient characteristics

Patient characteristics according to HbA1c levels at the time of
NAFLD diagnosis are shown in Table 1. The following signifi-
cant between-group differences were observed: greater age and
BMI in the higher HbAlc groups compared with the lowest
group (<5.4%); a lower UA level in the highest HbAlc group
compared with the 5.5%-6.4% group; a higher proportion of
patients with advanced fibrosis in the HbAlc 6.5%-7.4%
group than in the other groups; and a higher proportion of pa-
tients with a high NAS in the higher HbAlc groups compared
with the lowest HbAlc group (<5.4%). Additionally, com-
pared with the fibrosis stage 0-2 group, the fibrosis stage 3-4
group had a lower male-to-female ratio and a higher propor-
tion of patients with DM, as well as patients who were older,
had higher BMI and HbA1c levels, and lower hemoglobin, UA,
and TC levels (Supplementary Table 1). In addition, compared
with the NAS 1-4 group, patients in the NAS 5-8 group had a
higher BMI, as well as higher ALT, UA, TG, and HbAlc levels
(Supplementary Table 1).

Association between components of the NAS and HbAlc
Compared with patients in the HbAlc <5.4% group, patients
in the other three HbAlc groups had higher steatosis grades,
stronger lobular inflammation, and more ballooned hepato-
cytes (Fig. 1). In particular, the HbAlc 6.5%-7.4% group had a
higher proportion of patients with a >66% steatosis grade, >4
foci/200x field inflammation, and many cells/prominent bal-
looning compared with the other groups (Fig. 1).
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Fig. 1. Association between components of HbA1lc. (A) Steato-
sis grade. (B) Lobular inflammation. (C) Ballooned hepatocytes.
The chi-square test was used to analyze categorical variables,
with significance set ata P<0.05.

Association between advanced fibrosis and HbA1c level

Univariate analysis revealed a significant association between
the HbAlc 5.5%-6.4%, HbAlc 6.5%-7.4%, and HbAlc >7.5%
groups and advanced fibrosis compared with the lowest HbAlc
group (Table 2). Multivariate analysis adjusted for age, sex, he-
moglobin, ALT, and creatinine levels (Model 1) revealed a sig-
nificant association between the HbAlc 6.5%-7.4% group and
advanced fibrosis compared with the lowest HbA1lc group (Ta-
ble 2). Model 2, adjusted for BMI, UA, TC, and TG levels, re-
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vealed a significant association between the HbA1c 5.5%-6.4%,
HbAlc 6.5%-7.4%, and HbAlc 27.5% groups and advanced
fibrosis compared with the lowest HbA1c group (Table 2). Ad-
ditionally, after excluding patients using pioglitazone, glucagon-
like peptide-1 receptor agonists, and sodium-glucose transport
protein 2 inhibitors, associations identified on univariate and
multivariate analyses remained (Supplementary Table 2).

Association between high NAS and HbA1c level

In the univariate analysis, the HbAlc 5.5%-6.4%, HbAlc 6.5%-
7.4%, and HbAlc 27.5% groups were significantly associated
with a high NAS compared with the lowest HbAlc group (Ta-

ble 3). These associations remained significant in the multivari-
ate analysis using models 1 and 2 (Table 3). Additionally, after
excluding patients using pioglitazone, glucagon-like peptide-1
receptor agonists, and sodium-glucose transport protein 2 in-
hibitors, these significant associations were preserved in the
univariate and multivariate analyses (Supplementary Table 3).

Association between histological findings and fasting
insulin concentration (HOMA-IR)

In patients who were not on insulin therapy and for whom
measurements of insulin and FPG levels were available, the in-
sulin and HOMA-IR levels were higher in the fibrosis stage 3-4

Table 2. Association between HbA1c level at the time of diagnosis and advanced fibrosis (fibrosis stage 3-4)

HbAlc
Variable
<5.4% 5.5%-6.4% 6.5%-7.4% >7.5%
Crude OR (95% CI) 1.00 256 (1.15-6.30) P=0.02  5.72(2.36-15.18) P<0.01  3.38 (1.44-8.69) P=0.03
Adjusted OR (95% CI)
Model 1 1.00 1.49 (0.59-3.77) P=0.40 2.87 (1.05-7.86) P=0.04 2.11(0.80-5.52) P=0.13
Model 2 1.00 2.63 (1.08-6.37) P=0.03 5.33(2.00-14.19) P<0.01 2.65 (1.01-7.00) P=0.049

Differences were considered statistically significant at P<0.05. Model 1 was adjusted for age (years), sex, and hemoglobin (g/L), alanine amino-
transferase (IU/L), and creatinine (umol/L) levels. Model 2 was adjusted for body mass index (kg/m*) and uric acid (umol/L), total cholesterol
(mmol/L), and triglyceride (mmol/L) levels.

HbA1c, glycosylated hemoglobin; OR, odds ratio; CI, confidence interval.

Table 3. Association between HbA1c levels at the time of diagnosis and high NAS (score 5-8)

HbAlc
Variable
<5.4% 5.5%-6.4% 6.5%-7.4% >7.5%
Crude OR (95% CI) 1.00 4.14 (1.95-9.43) P<0.01 4.31(1.85-10.70) P<0.01  4.46 (1.98-10.74) P<0.01
Adjusted OR (95% CI)
Model 1 1.00 3.00(1.11-8.17) P=0.03 3.81(1.26-11.51) P=0.02  4.50 (1.57-12.87) P<0.01
Model 2 1.00 3.80 (1.68-8.60) P<0.01 3.61 (1.43-9.06) P<0.01 3.60 (1.44-9.01) P<0.01

Differences were considered statistically significant at P<0.05. Model 1 was adjusted for age (years), sex, and hemoglobin (g/L), alanine amino-
transferase (U/L), and creatinine (umol/L) levels. Model 2 was adjusted for body mass index (kg/m*) and uric acid (umol/L), total cholesterol
(mmol/L), and triglyceride (mmol/L) levels.

HbA1c, glycosylated hemoglobin; NAS, NAFLD activity score; OR, odds ratio; CI, confidence interval.

Table 4. Association between histological finding and fasting insulin concentration, or HOMA-IR

Fibrosis stage 0-2  Fibrosis stage 3-4 NAS 1-4 NAS 5-8

Variable (n=174) (n=106) Pvalue (n=127) (n=153) Pvalue
Insulin, pU/mL 11.7 (7.2-16.3) 17.1 (12.6-26.4) <0.01 11.0 (6.9-16) 15.4 (11.6-23.9) <0.01
HOMA-IR 2.96 (1.88-4.76) 5.30 (3.46-7.64) <0.01 2.83 (1.68-4.51) 471 (2.94-7.07) <0.01

Values are presented as median (interquartile range). To evaluate between-group differences, the Mann-Whitney U test was used for continuous
variables. P<0.05 was considered significant.
HOMA-IR, homeostasis model assessment of insulin resistance; NAS, NAFLD activity score.
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Glycemic control and NAFLD activity

and NAS 5-8 groups compared with those in the fibrosis stage
0-2 and NAS 0-4 groups, respectively (Table 4).

DISCUSSION

In this study, we examined the association between HbAlc
levels at the time of NAFLD diagnosis and hepatic histological
findings. Our results revealed that even slightly elevated HbAlc
levels were associated with advanced fibrosis and high NAS.
The association between high NAS in the HbAlc 5.5%-6.4%,
6.5%-7.4%, and 27.5% groups and advanced NASH in the
HbA1lc 6.5%-7.4% group remained significant even after ad-
justing for potential confounders. Therefore, patients with
NAFLD who have mildly high glucose levels may have high
NAFLD activity and, thus, may require more aggressive thera-
peutic interventions to prevent disease progression.

Several reports have shown a relationship between diabetes
and NAFLD. In their cross-sectional study of 1,365 patients
with NAFLD diagnosed by liver biopsy, Nakahara et al. [14]
reported that in both men and women with NAFLD, the pro-
portion of patients with DM increased as the fibrosis stage
progressed, with DM identified as a risk factor for advanced fi-
brosis. Angulo et al. [15] conducted a retrospective cohort
study of 619 patients with NAFLD diagnosed by liver biopsies
to examine the histologic features of the liver associated with
long-term prognosis. Their findings indicated that DM and fi-
brosis stages were significantly associated with mortality and
liver transplant events. Additionally, in their examination of 39
patients with NAFLD who underwent serial liver biopsies over
a median follow-up of 2.4 years (range, 1.0 to 8.5), Hamaguchi
et al. [17] reported the effects of metabolic abnormalities on
the histological changes of NAFLD, identifying changes in
HbAIc level as a predictor of liver fibrosis progression. In their
examination of histological findings in 98 patients with
NAFLD, Leite et al. [24] found that NASH was highly preva-
lent among patients with NAFLD complicated by type 2 DM
(78.3% of the sample). However, compared with patients with
NAFL, there were no significant differences in DM duration,
medications, microvascular and macrovascular complications,
FPG levels, or glycated hemoglobin levels among patients with
NASH. Additionally, there was no significant difference in
these measures between patients with NAFLD with moderate-
to-severe fibrosis and those without fibrosis. Although these
studies revealed the effect of DM in patients with NAFLD, they
did not examine the relationship between the glycemic control
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status and histological findings of NAFLD, which was the aim
of our study.

Alexopoulos et al. [18] examined the association between
the mean HbA1c level over the 1-year period that preceded liv-
er biopsy and the histological findings of 713 biopsy-proven
cases of NAFLD. Their generalized linear regression models,
adjusted for confounding factors, showed that a higher mean
HbA1lc level was associated with an increase in fibrosis stage,
a higher grade of steatosis, and more ballooned hepatocytes,
but not with lobular inflammation. Additionally, a group-based
trajectory analysis that included 298 patients with at least three
HbAlc measurements over the 5 years before liver biopsy
showed that moderate glycemic control (median HbAlc level,
7.6%) was associated with increased severity of ballooned he-
patocytes and hepatic fibrosis when compared with good gly-
cemic control (median HbAlc level, 6.0%); the poor control
group (median HbA1c level, 10.0%) could not be analyzed due
to a small sample size [18]. However, the study did not investi-
gate the clinically important pathogenesis of fibrosis stage 4,
most likely because the proportion of patients with stage 4 fi-
brosis in their study sample was only approximately 5%. In ad-
dition, the results of that study might differ from those in Asian
populations as Asian patients with diabetes have a low insulin
secretory capacity [25]. Our findings indicated that even mild-
ly elevated HbA1c levels were associated with high NAS, with
the HbAlc 6.5%-7.4% group being associated with advanced
liver fibrosis. Our results can, therefore, inform clinicians re-
garding the high risk of NAFLD progression in patients with
increased HbAlc levels.

In contrast to previous studies, we identified a stronger asso-
ciation between high NAS and HbA1c levels than between ad-
vanced fibrosis and HbAlc levels. The NAS may reflect the
condition of NAFLD to a greater extent at the time of diagnosis
based on liver biopsy than at the fibrosis stage. The pathogene-
sis of NAFLD involves insulin resistance, inflammation, oxida-
tive stress, and endoplasmic reticulum stress [26-29]. The liver
fibrosis status may reflect the effect of these pathological con-
ditions over a longer period than the NAS. Therefore, it is pos-
sible that the NAS is more strongly affected by a patient’s cur-
rent glycemic status. Additionally, the strong association be-
tween NAS and mildly poor glycemic control status may be re-
lated to insulin secretion [26]. Since insulin enhances fat syn-
thesis, the pathophysiological progression of NAFLD may be
greater in the presence of mildly elevated HbA1c levels, which
increase insulin secretion, compared with a poorly controlled
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glycemic state [30]. Additionally, although patients with de-
compensated cirrhosis were excluded from this study, HbAlc
levels in patients with advanced fibrosis may be generally un-
derestimated due to increased glucose variability [31]. There-
fore, the association between advanced fibrosis and poor gly-
cemic control may not be significant.

The limitations of our study need to be acknowledged. First,
glycemic control was evaluated only by measuring the HbAlc
level. In patients with advanced NASH, anemia, or chronic kid-
ney disease, glycemic control status may be underestimated
when assessed only using the HbAlc level. However, as for
chronic kidney disease, no individual in our study, male or fe-
male, had an epidermal growth factor receptor (eGFR) <30
mL/min/1.73 m’. One female and one male individual had an
eGFR of 30 to 40 mL/min/1.73 m?, while the rest had an eGFR
>40 mL/min/1.73 m’. Regarding the hemoglobin level, one
male individual had an hemoglobin level of 100 to 110 g/L and
one had a level of 110 to 120 g/L, with all other individuals hav-
ing hemoglobin levels >120 g/L. One female individual had an
hemoglobin level of 90 to 100 g/L, and four had a level of 100 to
110 g/L, with all others having an hemoglobin level >110 g/L.
Therefore, these may have had little influence on the results.
Second, the glycemic control status was evaluated only at the
time of the NAFLD diagnosis. Although the long-term blood
glucose control status may not be accurately reflected, these re-
sults could be helpful for outpatient care personnel to identify
cases of NASH requiring attention. Third, based on HbAlc
6.5%, we chose to use a delimitation of 1%, which we believed to
be a more easily understood reference value in clinical practice.
In this regard, we used the cutoff of HbAlc 5.4% for the lowest
group but not 5.6%, which was the cutoff for normoglycemia.
However, the rate of advanced fibrosis or high NAS was higher
in the HbAlc 5.5%-5.6% group than in the HbAlc <5.4%
group and closer to that in the 5.7%-6.4% group (HbAlc: 5.4%
group, 5.5%-5.6% group, 5.7%-6.4% group; advanced fibrosis:
19.1%, 40.6%, 36.8%; high NAS: 23.8%, 59.4%, 55.6%, respec-
tively). Additionally, BMI and HOMA-IR, two of the factors
most strongly associated with NAFLD, were significantly higher
in the HbAlc 5.5%-6.4% group compared with the HbAlc
<5.4% group [32-34]. Therefore, we determined that HbAlc
<5.4% was the appropriate reference range for the stratification
of advanced fibrosis and high NAS. On the other hand, patients
with DM were included in the HbAlc <5.4% and 5.5%-6.4%
groups. We acknowledge that the risk of NAFLD among these
patients may have differed from that of patients without DM;
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however, the number of individuals with DM in the HbAlc
<5.4% and 5.5%-6.4% groups was small, and therefore, a sepa-
rate analysis for patients with and without DM in these HbAlc
groups could not be performed. Fourth, the impact of drug
therapy, such as diabetes medication, may not have been ade-
quately considered. However, in multivariate analysis with the
addition of biguanide use, which was used in 59 (18%) cases,
there was little effect on the association between glycemic con-
trol status and hepatic histological findings. Thus, the influence
of anti-diabetes drug treatment on the results of this study is
likely limited. Finally, our study used a cross-sectional design;
therefore, the causal relationship between HbAlc level and
NAFLD is not known. Therefore, a future study is needed to
elucidate the causal relationship.

Despite these limitations, our study revealed an important
dimension in the follow-up of patients with NAFLD, who of-
ten present in outpatient clinics for diabetes. The complica-
tions of DM in patients with NASH are implicated in the
pathogenesis of both worsening NAFLD activity and fibrosis
progression. In addition, the glycemic control status is associ-
ated with exacerbation of the NAS and fibrosis stage, and even
a mild deterioration in glycemic control, especially an HbAlc
level of 6.5%-7.4%, might contribute to the progression of not
only cardiovascular diseases [35] but also NAFLD. Therefore,
to prevent NAFLD progression, attention should be paid to
patients with NAFLD and mildly poor glycemic control. Addi-
tionally, as improving NAS is considered the first step in treat-
ing NASH, adequate glycemic control may be important to
consider in improving NASH activity and preventing fibrosis
progression.
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Supplementary Table 1. Patient characteristics according to histological findings

dm

Characteristic Fibrozj:jtf 9g7e)(0—2) Fibrozj:jtf 3ng)(3_4) Pvalue I\Iﬁi §15_6;L) I\Iﬁi 557?);) Pvalue
Age, yr 54 (39-64) 63 (54.8-69) <0.01 60 (46.5-68.8) 58 (46-66) 0.36
Male sex, % 47.7 34.3 0.02° 44.2 40.6 0.50°
BMI, kg/m? 26.4(23.9-29.7) 28.2(24.5-31.0) 0.03 263(232-295)  27.7(249-31.1)  <0.01
Hemoglobin, g/L 146 (135-154.5) 142 (130-151) 0.04 141 (131-151.8) 146 (135-154) 0.07
ALT, IU/L 62 (37-104) 60 (36.8-96.8) 041 41.5(28.3-63) 88 (56-126) <0.01
UA, pmol/L 363 (300-416) 339 (278-393) 0.01 342 (286-393) 363 (303-416) 0.03
Creatinine, umol/L 61.9 (51.3-72.5) 56.6 (51.9-67.6) 0.11 61.9 (52.4-71.6) 58.3(51.3-70.7) 0.37
TC, mmol/L 5.12 (4.54-5.79) 4.90 (4.22-5.48) <0.01° 491 (429-581)  5.12 (4.50-5.66) 0.23*
TG, mmol/L 1.48 (1.12-1.96) 1.35 (0.99-1.93) 0.06 1.33(0.97-1.75)  1.54(1.12-2.10)  <0.01
HbAlc, % 6.1(5.6-7.2) 6.5 (6.0-7.6) <0.01 6.2(5.6-7.2) 6.3 (5.9-7.6) 0.03
DM, % 41.6 67.9 <0.01° 48.7 55.4 0.22°
Fibrosis stage (3-4), % 34.6 45.7 0.04°
NAS (5-8), % 48.2 59.7 0.04°

Values are presented as median (interquartile range) or percentage.

To evaluate between-group differences, the Mann-Whitney U test or “unpaired ¢-test was used for continuous variables, "Chi-square test was

used for categorical variables. P<0.05 was considered significant.

NAS, NAFLD activity score; BMI, body mass index; ALT, alanine aminotransferase; UA, uric acid; TC, total cholesterol; TG, triglyceride;

HbA g, glycosylated hemoglobin; DM, diabetes mellitus.
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Supplementary Table 2. Association between HbA1c level at the time of diagnosis and advanced fibrosis (fibrosis stage 3-4) in
patients not using pioglitazone, glucagon-like peptide-1 receptor agonist, or sodium-glucose transport protein 2 inhibitor

HbAlc
Variable
<5.4% (n=41) 5.5%-6.4% (n=140) 6.5%-7.4% (n=58) >7.5% (n=66)
Crude OR (95% CI) 1.00 2.78 (1.21-7.25) P=0.02 6.41 (2.55-17.96) P<0.01  4.05 (1.64-11.13) P<0.01
Adjusted OR (95% CI)
Model 1 1.00 1.47 (0.55-3.93) P=0.43 2.88 (1.00-8.33) P=0.04 2.35(0.84-6.59) P=0.10
Model 2 1.00 2.84 (1.12-7.18) P=0.02 5.66 (2.04-15.68) P<0.01 3.05 (1.09-8.56) P=0.03

Differences were considered statistically significant at P<0.05. Model 1 was adjusted for age (years), sex, and hemoglobin (g/L), alanine amino-
transferase (IU/L), and creatinine (umol/L) levels. Model 2 was adjusted for body mass index (kg/m*) and uric acid (umol/L), total cholesterol
(mmol/L), and triglyceride (mmol/L) levels.

HbA1c, glycosylated hemoglobin; OR, odds ratio; CI, confidence interval.
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Supplementary Table 3. Association between HbA1c levels at the time of diagnosis and high NAS (5-8) in patients not using pi-
oglitazone, glucagon-like peptide-1 receptor agonist, or sodium-glucose transport protein 2 inhibitor

HbAlc
Variable
<5.4% (n=41) 5.5%-6.4% (n=140) 6.5%-7.4% (n=58) >7.5% (n=66)
Crude OR (95% CI) 1.00 4.01 (1.88-9.21) P<0.01 409 (1.74-10.26) P<0.01  4.48 (1.94-11.05) P<0.01
Adjusted OR (95% CI)
Model 1 1.00 2.85(1.02-7.92) P=0.04 3.67 (1.18-11.40) P=0.02 4.07 (1.36-12.14) P=0.01
Model 2 1.00 3.57 (1.56-8.16) P<0.01 3.32(1.30-8.49) P<0.01 3.26 (1.26-8.45) P=0.01

Differences were considered statistically significant at P

<0.05. Model 1 was adjusted for age (years), sex, and hemoglobin (g/L), alanine amino-

transferase (U/L), and creatinine (umol/L) levels. Model 2 was adjusted for body mass index (kg/m*) and uric acid (pmol/L), total cholesterol

(mmol/L), and triglyceride (mmol/L) levels.

HbA1c, glycosylated hemoglobin; NAS, NAFLD activity score; OR, odds ratio; CI, confidence interval.
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