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Abstract

Pioglitazone ameliorates liver dysfunction in type 2 diabetes (T2D) patients with non-alcoholic fatty liver disease (NAFLD);
however, its efficacy in T2D patients with alcoholic fatty liver disease (AFLD) is unclear. Here, we conducted a retrospective
single-center trial investigating whether pioglitazone ameliorates liver dysfunction in T2D patients with AFLD. T2D patients
(n=100) receiving 3 months of additional pioglitazone were divided into those with or without fatty liver (FL), and those
with FL were further classified into AFLD (n=21) and NAFLD (n=57) groups. The effects of pioglitazone were compared
across groups using medical record data on body weight changes; HbAlc, aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), and gamma-glutamyl transpeptidase (y-GTP) levels; and fibrosis-4 (FIB-4) index. The pioglitazone
dose (mean dose: 10.6 +4.6 mg/day) did not affect weight gain but significantly decreased the HbAlc level in patients with
or without FL (P <0.01 and P <0.05, respectively). The decrease in HbAlc level was significantly more pronounced in
patients with FL than in those without FL (P <0.05). In patients with FL, the HbAlc, AST, ALT, and y-GTP levels signifi-
cantly decreased after pioglitazone treatment than before (P <0.01). The AST and ALT levels, but not the y-GTP level, and
the FIB-4 index significantly decreased after pioglitazone addition in the AFLD group, similar to that in the NAFLD group
(P<0.05 and P <0.01, respectively). Similar effects were observed following low-dose pioglitazone treatment (<7.5 mg/
day) (P <0.05) in T2D patients with AFLD and NAFLD. These results suggest that pioglitazone may be also an effective
treatment option for T2D patients with AFLD.
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Introduction

Pioglitazone, a thiazolidinedione compound, has been used
worldwide as an antidiabetic drug because of its ability to
improve glucose and lipid metabolism by reducing insulin
resistance in the adipose, liver, and muscle tissues of patients
with type 2 diabetes (T2D) [1-3]. In adipose tissues, these
effects are mainly initiated via the activation of peroxisome
proliferator-activated receptor-y (PPAR-y). PPAR-y stimu-
lates large adipocytes to differentiate into small adipocytes,
resulting in increased levels of adiponectin and decreased
levels of free fatty acids, tumor necrosis factor-o, and resistin
secreted by adipocytes [4, 5]. These changes in adipokines
ameliorate insulin resistance in the liver and muscles by
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inhibiting gluconeogenesis, activating AMP-activated pro-
tein kinase, stimulating fatty acid oxidation, and inhibiting
hepatic fatty acid synthesis [6, 7]. Furthermore, pioglitazone
affects serum adipokine concentrations and decreases intra-
cellular triglyceride levels in the liver and skeletal muscle of
patients with T2D compared with metformin [8].

Patients with T2D have a high incidence of fatty liver, and
most of these patients are diagnosed with non-alcoholic fatty
liver disease (NAFLD) [9]. NAFLD is regarded as the hepatic
phenotype of metabolic syndrome, and its incidence is increas-
ing globally with the increase in the incidence of obesity and
T2D [10, 11]. It is a broad disease concept that includes con-
ditions ranging from simple steatosis to non-alcoholic steato-
hepatitis (NASH). NASH is characterized by hepatocyte death,
inflammation, and varying degrees of interstitial fibrosis, and it
can eventually progress to liver cirrhosis and hepatocellular car-
cinoma (HCC) [12, 13]. Alcohol is an important cause of fatty
liver and the main causative factor of alcoholic cirrhosis. Addi-
tionally, the risk of liver cirrhosis increases exponentially with
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alcohol consumption [14—16]. The most common chronic liver
disease worldwide is alcoholic liver disease, which is caused
by excessive alcohol consumption; it accounts for 30% of HCC
cases and HCC-specific deaths [17, 18]. As diabetes is related
to an increased risk of HCC [19], the treatment of fatty liver is
also crucial for patients with T2D, regardless of its cause.

Several pharmacological agents have been investigated to
determine their efficacy against NAFLD and NASH [20, 21].
Multiple randomized controlled trials that examined the effect
of pioglitazone on NASH have reported high-quality evidence
and an additional histological improvement; however, only
some of these trials included patients with diabetes [22-30].
Pioglitazone has been shown to have superior efficacy over
placebo in terms of lowering the NAFLD activity score of ste-
atosis, ballooning necrosis, and lobular inflammation [22-24,
27-29], as well as reducing fibrosis [22, 25, 26]. Furthermore,
meta-analyses of the combination of rosiglitazone and piogl-
itazone have shown that thiazolidinedione derivatives improve
liver histology and fibrosis in NASH [28, 30]; an analysis of
pioglitazone alone has shown a reduction in fibrosis [26].

In a recent study limited to Asian patients with NASH,
a 24-week pioglitazone treatment was well-tolerated, and it
effectively improved liver histology and reduced liver steatosis
[31]. Furthermore, even small doses of pioglitazone improve
NAFLD in patients with T2D [32]. However, the effective-
ness of pioglitazone in T2D patients with alcoholic fatty liver
disease (AFLD) is unknown. AFLD, similar to NAFLD, pre-
sents a high risk of death related to liver disorder and all-cause
morbidity, including that from extrahepatic malignancies [33].
Therefore, pioglitazone treatment may influence the prognosis
of T2D patients with AFLD.

In this study, the effects of additional pioglitazone treatment
in T2D patients with AFLD were investigated. The efficacy
of the drug in improving glucose metabolism, liver function,
and liver fibrosis in patients with AFLD was compared with
those in patients with NAFLD according to the hemoglobin
Alc (HbAlc), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and gamma-glutamyl phosphatase
(y-GTP) levels and fibrosis-4 (FIB-4) index score. Pioglitazone
has dose-dependent adverse effects on weight gain and edema
[34], and low-dose (7.5 mg) pioglitazone may reduce adverse
effects while maintaining drug efficacy [35, 36]. Therefore, we
also compared the effects of additional low-dose pioglitazone
on hepatic function and fibrosis in T2D patients with AFLD
and those with NAFLD.

Methods
Study design and patients

In this study, 100 patients with T2D who were newly
prescribed pioglitazone and received it for at least
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3 months by physicians at Tokyo Teishin Hospital in
Tokyo, Japan, between October 2015 and September
2020 were selected. No adverse event-related discontinu-
ation of pioglitazone within 3 months occurred. Patients
with hepatitis virus, autoimmune hepatitis, and severe
renal failure (i.e., an estimated glomerular filtration
rate < 30 mL/min/1.73 m?) were excluded. Fatty liver was
diagnosed by radiologists using ultrasonography exami-
nation according to the criteria of the American Gastro-
enterology Association, on the basis of a marked increase
in hepatic echogenicity, poor penetration of the posterior
segment of the right lobe of the liver, and poor-to-no
visualization of the hepatic vessels and diaphragm [37].
Fatty liver was also diagnosed using computed tomog-
raphy examination if the liver-spleen attenuation ratio
was below 1.0. Alcohol consumption habits (alcohol con-
sumption > 30 g/day for men and > 20 g/day for women)
were investigated to distinguish between NAFLD and
AFLD.

This study was approved by the ethical review commit-
tee of Tokyo Teishin Hospital (approval number: 1119;
approval date: January 5, 2021) and conducted accord-
ing to the tenets of the Declaration of Helsinki. Informed
consent was obtained using a comprehensive agreement
method and opt-out. This study was registered at the Uni-
versity Hospital Medical Information Network (UMIN ID:
UMIN000046797).

Data collection and assessment

Clinical data—including age, sex, weight, the serum
levels of AST, ALT, y-GTP, and HbAlc (according to
the National Glycohemoglobin Standardization Pro-
gram), platelet count, pioglitazone dosage, and history
of concomitant use of antidiabetic drugs other than
pioglitazone—were collected from the patient medical
records. Changes in clinical parameters between pre-
treatment and 3 months after pioglitazone administra-
tion were evaluated in patients with or without fatty
liver and in those with AFLD or NAFLD. Changes in
HbAlc levels were also compared between patients
with and without fatty liver. To evaluate the efficacy
of pioglitazone based on the dosage, the pioglitazone
dose was divided into low dose (<7.5 mg) and standard
dose (> 15 mg).

The degree of liver fibrosis was determined using the
FIB-4 index, which was validated for Japanese patients
with NAFLD. The index was calculated using the follow-
ing formula: age (years) X AST (IU/L) / (platelet count
(10°/L) x \/ALT (IU/L)) [38]. The safety profile of piogl-
itazone was evaluated according to adverse effects within
3 months after pioglitazone administration.
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Statistical analysis

Data are expressed as mean =+ standard deviation (SD).
Continuous and categorical variables were compared using
Student’s 7-test, Chi-square test, and Fisher’s exact test, as
appropriate. A paired ¢-test was used to compare clinical data
before and after pioglitazone administration. After adjusting
for the baseline HbA Ic level, an analysis of covariance was
performed to compare the changes in HbAlc level between
patients with and without fatty liver. All statistical analyses
were performed using Bell Curve for Excel (Social Survey
Research Information Co., Ltd., Tokyo, Japan). P values
of <0.05 were considered statistically significant.

Results
Patient characteristics
Patients were not administered any additional or increased

doses of drugs that affect liver function other than piogl-
itazone during the study observation period. Of the 100

patients selected, 68 patients were male and 32 were female;
the mean patient age was 66.2 + 14.2 years. Table 1 depicts
the baseline patient characteristics. Among the 78 patients
with fatty liver, 21 were diagnosed with AFLD, and 57 were
diagnosed with NAFLD. There were more male patients
in the AFLD group than in the NAFLD group (90.4 vs.
57.8%; P <0.05). The serum y-GTP level was higher in the
AFLD group than in the NAFLD group (120.7 £102.5 vs.
70.6+45.9 TU/L; P<0.05). No significant between-group
difference in body weight was observed. The mean pioglita-
zone dose was 10.6 +4.6 mg, and 61% of patients received
low-dose pioglitazone (<7.5 mg). Patients received an aver-
age of 2.1+ 1.1 diabetic medications other than pioglitazone.
There was no significant difference in the use of diabetic
medications.

Efficacy of pioglitazone on glucose intolerance
and liver dysfunction in T2D patients
with or without fatty liver

Body weight did not change after 3 months of pioglitazone
treatment in patients with (N=78) and without (N =22) fatty

Table 1 Baseline characteristics

. Total Fatty liver (+) Fatty liver (—)
of patients
NAFLD AFLD
N 100 57 21 22
Age (years) 66.2+14.2 64.4+14.8 62.6+13.9 73.9+10.5
Sex (M/F) 68/32 33/24 19/2%* 16/6
Body weight (kg) 72.4+17.1 74.8+18.4 76.1+12.9 62.6+12.3
BMI (kg/m?) 26.7+4.5 27.9+4.7 269+3.5 23.5+2.9
AST (IU/L) 42.7+30.0 48.8+31.1 50.6+29.8 19.2+4.8
ALT (IU/L) 56.2+49.2 66.2+51.6 67.3+49.6 19.5+7.3
vy-GTP (IU/L) 70.8+66.7 70.6+45.9 120.7 +102.5% 23.6+10.3
HbAlc (%) 8.28+1.16 8.24+1.22 8.03+1.27 8.61+0.73
Pioglitazone dose (mg) 10.6£4.6 10.8+4.6 9.6+3.3 109+54
<7.5mg 61 (61) 32 (56.1) 15 (71.4) 14 (63.6)
>15mg 39 (39) 25 (43.9) 6 (28.6) 8 (36.4)
Antidiabetic drugs**
Metformin 50 (50) 31 (54.3) 8 (38.0) 11 (50)
DPP-4 inhibitor 63 (63) 35(61.4) 9 (42.8) 19 (86.3)
GLP-1 agonist 18 (18) 12 (21.0) 4 (19.0) 2(9.0)
SGLT?2 inhibitor 17 (17) 10 (17.5) 6 (28.5) 1(4.5)
Sulfonylurea 31 (3D 13 (22.8) 4 (19.0) 14 (63.6)
Glinide 5(5) 4(7.0) 14.7) 0(0)
a-GI 11(11) 5(8.7) 1(4.7) 5(22.7)
Insulin 23 (23) 13 (22.8) 4(19.0) 6(27.2)
Number of concomitant 21+1.1 21+1.2 1.7+1.1 2.6+0.8

antidiabetic drugs

Data are expressed as mean +SD or n (%)

*P<0.05 vs. NAFLD

**Patients taking several drugs are also included
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liver (Fig. 1a). The HbAlc level significantly decreased
from 8.18 +1.24 t0 7.36 + 1.08% (P < 0.01) in patients with
fatty liver and from 8.61+0.73 to 8.14+1.10% (P <0.05)
in patients without fatty liver (Fig. 1b). However, the low-
ering effect was more significant in patients with fatty
liver than in those without fatty liver (— 0.82+1.07 vs.
—0.47+£0.96%; P <0.05) (Fig. 1c). Patients with fatty liver
presented a significant decrease in the AST, ALT, and y-GTP
levels from 49.3 +30.8 to 34.8+18.4 IU/L, 66.5+55.1
to 42.9+27.0 IU/L, and 84.1 £69.7 to 62.2 +55.4 TU/L,
respectively (P <0.01) (Fig. 1d—f). In contrast, patients
without fatty liver did not present a significant change in
the AST, ALT, and y-GTP levels (Fig. 1d-f).

Efficacy of pioglitazone on glucose intolerance
and liver dysfunction in T2D patients with AFLD
or NAFLD

Additional pioglitazone treatment did not influence body
weight changes in the AFLD (N=21) and NAFLD (N=57)
groups (Fig. 2a). The HbAlc level significantly decreased
from 8.03+1.27 to 7.32+1.13% (P <0.01) in the AFLD
group and from 8.24 +1.22 to 7.38+1.06% (P <0.01) in
the NAFLD group (Fig. 2b). In the AFLD group, the AST
and ALT levels significantly decreased from 50.6 +29.8

to 40.4+27.3 IU/L (P<0.05) and from 67.3 +49.6 to
48.7+37.8 IU/L (P <0.05), respectively. Although the
vy-GTP level also decreased, the difference was not sig-
nificant in the AFLD group. In the NAFLD group, the
AST, ALT, and y-GTP levels decreased from 48.8 +31.1
to 32.7+13.2 IU/L, 66.2+51.6 to 40.8 +21.3 IU/L, and
70.6 +45.9 to 48.1+29.6 IU/L, respectively (P <0.01)
(Fig. 2c—e). Moreover, the AFLD and NAFLD groups
showed a significant decrease in the FIB-4 index from
1.97+0.91 to 1.35+0.74 (P<0.01) and from 1.95+1.46
to 1.35+0.82 (P <0.01), respectively (Fig. 2f-g).

Efficacy of low-dose pioglitazone on glucose
intolerance and liver dysfunction in T2D patients
with AFLD or NAFLD

There was no significant difference in weight changes
between the AFLD (N=15) and NAFLD (N=32) groups
(Fig. 3a). In the AFLD group, the levels of HbAlc,
AST, and ALT significantly decreased from 7.60 + 1.02
to 6.98+0.86%, 58.3+31.7 to 45.9+30.2 IU/L, and
78.5+53.7 to 54.5+42.3 IU/L, respectively (P <0.05)
(Fig. 3b—d). Similarly, the levels of HbAlc, AST, ALT, and
vy-GTP in the NAFLD group significantly decreased from
8.09+1.24t07.52+1.23%, 46.7+23.1 t0 34.0+13.2 IU/L,
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Fig. 1 Efficacy of 3 months of additional pioglitazone treatment to
alleviate glucose intolerance and hepatic dysfunction in patients with
type 2 diabetes with (N="78) or without (N=22) fatty liver. *P <0.05
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vs. pre; **¥P<0.01 vs. pre; FP<0.05 vs. fatty liver (-). Data are
expressed as mean+SD. 3M: after 3 months of pioglitazone treat-
ment; pre: pre-treatment, SD: standard deviation
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Fig.2 Efficacy of 3 months of additional pioglitazone treatment
in patients with type 2 diabetes with NAFLD (N=57) or AFLD
(N=21). *P<0.05 vs. pre; **P<0.01 vs. pre. Data are expressed

57.7+29.9 to 39.4+20.4 TU/L, and 74.2+51.2 to
54.2 +34.4 TU/L, respectively (P<0.01) (Fig. 3b-e).
Additionally, the FIB-4 index significantly decreased from
2.20+0.97 t0 1.43+0.79 (P <0.01) in the AFLD group and
from 2.37+1.75 to 1.59+0.89 (P <0.01) in the NAFLD

group (Fig. 3f-g).
Safety of pioglitazone

Two patients who received the standard pioglitazone dose
(1 with NAFLD and 1 without fatty liver) experienced
edema of the lower extremities. No severe hypoglycemia or
hyperglycemia was observed. Additionally, no other adverse
effects related to the skin, gastrointestinal tract, urinary tract,
bone metabolism, or fractures were observed during the
study.

Discussion

Pioglitazone ameliorates liver dysfunction in T2D patients
with NAFLD; however, its efficacy in patients with AFLD is
unclear. In the current study, 3 months of additional pioglita-
zone treatment significantly decreased the HbAlc level and
ameliorated liver dysfunction in T2D patients with AFLD, as
in patients with NAFLD, although the patients were already

as mean+ SD. 3M: after 3 months of pioglitazone treatment; AFLD:
alcoholic fatty liver disease; NAFLD: non-fatty alcoholic liver dis-
ease; pre: pre-treatment, SD: standard deviation

using various antidiabetic drugs. To the best of our knowl-
edge, this study is the first to investigate the effects of addi-
tional pioglitazone in T2D patients with AFLD.

Since pioglitazone has only a few drug interactions, and
its pharmacokinetics are not significantly altered even when
used in patients with liver dysfunction [39], the glucose-
lowering effect in this study is mainly attributable to the
additional administration of pioglitazone. Furthermore, in a
comparative study of the effects of additional pioglitazone
in T2D patients with or without fatty liver, the HbAlc level
was more significantly decreased in those with fatty liver.
Although only a few studies have compared the efficacy of
pioglitazone between T2D patients with and without fatty
liver, the evidence indicates that pioglitazone promotes fatty
acid oxidation [1], inhibits hepatic fatty acid synthesis [40],
and suppresses glycogenesis [41, 42], suggesting that the
efficacy of pioglitazone in reducing hepatic insulin resist-
ance is more pronounced in populations with fatty liver.

According to a postmarketing study of adverse drug
reactions in patients with T2D in Japan, pioglitazone has
fluid-retaining and liver enzyme (ALT)-lowering effects.
Additionally, these effects were observed regardless of the
presence or absence of a patient’s history of hepatobiliary
disease [43]. However, whether T2D patients with AFLD
also had alcoholic hepatitis and fatty liver is unclear. In the
current study, T2D patients with fatty liver were divided
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Fig.3 Efficacy of 3 months of additional pioglitazone treatment in
patients with type 2 diabetes with NAFLD (N=32) or AFLD (N=15)
who received low-dose pioglitazone (*P <0.05 vs. pre; **P <0.01 vs.
pre). Data are expressed as mean+SD. 3M: after 3 months of piogl-

into the AFLD and NAFLD groups to investigate the effects
of additional pioglitazone treatment. The results showed
that additional pioglitazone treatment simultaneously and
significantly decreased the liver enzyme (AST and ALT)
levels and the FIB-4 index in T2D patients with AFLD and
NAFLD. Although these effects were not accompanied by
weight changes in either group, we cannot deny the pos-
sibility that the weight gain caused by pioglitazone and the
weight loss caused by routine diet and exercise therapy offset
each other, resulting in no weight change. However, since
pioglitazone dose was relatively low (mean of 10.6 +4.6 mg)
in our study, and the degree of weight gain was considered
to be minimum [35, 36], we consider that the weight loss
caused by routine diet and exercise therapy was also mini-
mum. The liver enzyme-reducing and histological improve-
ment effects of pioglitazone have been widely reported in
patients with NAFLD [25, 29, 44]. Additional pioglitazone
treatment may have significantly lowered the liver enzyme
levels and FIB-4 index in T2D patients with AFLD because
the pathogenesis of AFLD is similar to that of NAFLD (i.e.,
from steatohepatitis to liver fibrosis and cirrhosis) [45, 46].
Because steatosis is a pathological aspect of alcoholic liver
disease, the improvements in liver function owing to piogl-
itazone observed in our study may also reflect the alleviation
of other pathological findings in alcoholic liver disease, such
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itazone treatment; AFLD: alcoholic fatty liver disease; NAFLD: non-
fatty alcoholic liver disease; pre: pre-treatment, SD: standard devia-
tion

as inflammation and ballooning of hepatocytes, as has been
reported in previous NAFLD clinical trials [20, 22, 23, 25,
26, 29].

Fluid retention, weight gain, and peripheral edema are the
most frequent adverse effects of pioglitazone [43, 47-50]
and are of great clinical concern. Additionally, the risk of
osteoporosis and bone fracture are relatively high in an alco-
hol drinker [51]. Low-dose (<7.5 mg) pioglitazone may
prevent these problems while still having a glucose-lower-
ing effect equivalent to that of the standard dose (15 mg)
[35, 36, 52]. Therefore, we examined glucose intolerance,
liver dysfunction, and FIB-4 index in T2D patients with
AFLD and NAFLD who received low-dose pioglitazone
(<£7.5 mg/day). All parameters in both groups were signifi-
cantly decreased. To our knowledge, only a few studies have
evaluated the effects of pioglitazone on the liver function
of T2D patients with AFLD. Our study showed that addi-
tional pioglitazone had beneficial therapeutic effects in T2D
patients with AFLD, even when relatively low doses were
administered. This result has important clinical implications
because it indicates that pioglitazone treatment may be a
beneficial strategy for improving the liver function of T2D
patients with AFLD.

Although the pathogenesis of AFLD is different from that
of NAFLD, a new concept, metabolic dysfunction-related
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fatty liver disease (MAFLD), has been proposed [53-55].
MAFLD is more comprehensive than NAFLD and includes
fatty liver caused by excessive alcohol intake. However, the
definition of MAFLD is vague and controversial. Our results
indicate that pioglitazone effectively ameliorates liver dys-
function in T2D patients with AFLD. If these results are
applied to the concept of MAFLD, it may be possible to
conclude that pioglitazone effectively ameliorates liver dys-
function in T2D patients with MAFLD.

Although our results are of clinical interest, this study
had limitations because of its retrospective design and
a small number of patients. There were only 21 patients
with AFLD. However, the proportion of T2D patients with
AFLD in this study was comparable to that of individuals
with moderate-to-heavy alcohol consumption that devel-
oped type 2 diabetes in a population-based longitudinal
study [56]. Despite the small number of patients, our study
indicated statistical significance. Larger studies are needed
to validate our findings in the future. Pioglitazone may
have improved liver function in T2D patients with AFLD
in this study by reducing alcohol consumption. Pioglita-
zone has the potential to suppress alcohol intake via acti-
vation of PPAR-y receptors in the central nervous system
[57]. Although we were unable to obtain data on changes
in alcohol consumption after pioglitazone administration
in our study, a recent clinical trial has shown that pioglita-
zone reduced alcohol use in patients with heavy drinking
[58]. We examined the effects of alcohol consumption and
type of alcohol consumed before and after pioglitazone
administration, but no relationship was found. No other
factors predicting the therapeutic effects of pioglitazone
have been identified. Additionally, the effects of pioglita-
zone on AFLD without metabolic disease were not inves-
tigated in this study. Therefore, it was unclear whether
the effects of pioglitazone on liver dysfunction in the
patients involved in this study were attributable to AFLD
improvement or metabolic improvement by pioglitazone.
However, pioglitazone-induced changes in insulin resist-
ance in adipose tissue are correlated with improvements
in liver tissues with NASH [24], and metabolic residues
of pioglitazone are correlated with the effects of tissue
improvement [29]. Furthermore, although there were no
significant differences in concomitant medications used by
patients with AFLD and those with NAFLD, some effects
of concomitant drug interactions could not be completely
ruled out. However, it may be concluded from our find-
ings that additional pioglitazone treatment may, directly
or indirectly, decrease liver enzyme levels associated with
AFLD complicated by metabolic diseases such as T2D.

The efficacy and safety of pioglitazone in this study
were evaluated during 3 months of additional pioglitazone
treatment; this observational period was relatively short

for adequate evaluation. A longer observational period
would be necessary to evaluate the long-term effect of
pioglitazone. Although liver enzymes such as AST, ALT,
and y-GTP and surrogate indices such as the FIB-4 index
have been used to evaluate steatohepatitis, new imaging
modalities including quantitative ultrasound-based evalu-
ation for liver steatosis and magnetic resonance imag-
ing—proton density fat fraction (MRI-PDFF) could also
be useful to evaluate steatohepatitis. For further rigorous
assessments, prospective studies are needed to clarify the
effect of pioglitazone on liver function in patients with
AFLD and directly confirm liver histological changes
caused by pioglitazone, as determined using liver biopsy,
and compare these markers with our parameters. Addition-
ally, MAFLD causes liver fibrosis independent of insulin
resistance, dyslipidemia, and alcohol intake [59]. Future
studies should investigate the feasibility of pioglitazone
as a treatment strategy for reducing liver fibrosis in T2D
patients with AFLD.

In conclusion, 3 months of additional pioglitazone
administration using a low-dose strategy ameliorated liver
dysfunction in patients with NAFLD. This strategy can
also ameliorate liver dysfunction and glucose intolerance
in T2D patients with AFLD. Overall, the results of this
study indicate that pioglitazone is an effective treatment
option for T2D patients with AFLD.
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