
© The Author(s). 2025 Open Access. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.org/licenses/ 
by-nc/4.0/). Please refer to the link for more details.

ORIGINAL ARTICLE

Ab s t r ac t
Background: Among liver disorders, nonalcoholic fatty liver disease (NAFLD) is the most common 
and is associated with metabolic syndromes, particularly type 2 diabetes mellitus (T2DM). This 
study aimed to assess the effectiveness of pioglitazone in the management of T2DM with NAFLD.
Methods: This retrospective, single-center, observational study was carried out at Dr Panikar’s 
Speciality Care Centre from 1st September 2022 to 1st February 2024. The data were collected 
from the medical records of diabetic patients with NAFLD who received pioglitazone. Patients 
aged between 18 and 80 years who had diabetes along with NAFLD were included in the study.
Results: A total of 3,350 patients were enrolled in this study, of whom 2,074 were male, with 
a mean age of 48.6 years. The mean estimated A1C (eA1C) showed a significant reduction at  
6 months compared to baseline (6.87 vs 7.6%; mean difference (95% CI): 0.50% (0.39, 0.61);  
p < 0.001). At baseline, the mean controlled attenuation parameter (CAP) was significantly higher 
than at 6 months (p = 0.032). Similarly, the mean cholesterol level was significantly higher at 
baseline compared to 6 months (p = 0.020). A 25.7% decrease in grade 3 fatty liver was noted over 
the 6-month period from baseline. In terms of the decrease in fibrosis severity, a 37.5% reduction in 
F2, a 25.8% reduction in F1, and a 17.6% reduction in F4 were observed from baseline to 6 months.
Conclusion: In T2DM patients with NAFLD, pioglitazone improves glycemic control and reduces 
both fatty liver grades and fibrosis stages.
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were used to present categorical variables 
as frequency (percentage), and continuous 
variables were described as mean with 
standard deviation (SD). Comparison of 
qualitative data between two groups was 
performed by applying two independent 
sample t-tests, based on the normality 
distribution. Paired t-tests were conducted to 
compare the data from baseline to 6 months. 
p-value < 0.05 was considered statistically 
significant.

Re s u lts

A total of 3,350 patients were included in 
the study. The mean (SD) age was 48.6 (9.2) 
years. Of the total patients, 2,074 were male. 
No significant difference was observed in 
mean weight between baseline and the 
6-month follow-up. At baseline, the mean 
body mass index (BMI) was significantly lower 
compared to 6 months (25.92 vs 26.55 kg/
m²; mean difference (95% CI): –0.61 kg/m² 
(–0.78, –0.43); p < 0.001). At baseline, the mean 
estimated A1C (eA1C) was significantly higher 

In t r o d u c t i o n

Nonalcoholic fatty liver disease (NAFLD) 
is a liver condition marked by liver 

damage that is not associated with alcohol 
consumption. This condition can develop 
into nonalcoholic steatohepatitis (NASH), 
which may further advance to severe 
fibrosis as well as hepatocellular carcinoma 
(HCC).1 The rapid rise in NAFLD and NASH 
is due to several factors. The primary 
contributors are the epidemic levels of type 
2 diabetes mellitus (T2DM), obesity, and 
various elements of metabolic syndrome.2 
A recent study has shown a high occurrence 
of hepatic steatosis (75.1%) among patients 
with T2DM.3

As an agonist of peroxisome proliferator-
activated receptor (PPAR), pioglitazone may 
enhance plasma adiponectin concentrations. 
This elevation is associated with improved 
insulin sensitivity and helps in mitigating 
inflammation and fibrosis in the treatment 
of NAFLD.4 Among anti-diabetic medications, 
pioglitazone has the most substantial 
evidence supporting its ef fectiveness 
in NAFLD treatment ,  demonstrating 
improvements in liver histology for patients 
with biopsy-proven NASH.5 To shed light 
on this, the current study aimed to assess 

the effectiveness of pioglitazone in the 
management of T2DM with NAFLD.

Me t h o d s

Study Design
A retrospective, single-center, observational 
study was carried out at Dr Panikar’s Speciality 
Care Centre from 1st September 2022 to 1st 
February 2024. The study utilized medical 
record data from diabetic patients with 
NAFLD who received pioglitazone therapy.

Inclusion and Exclusion Criteria
This study included patients aged between 
18 and 80 years who had diabetes and NAFLD, 
while those with any other chronic diseases 
were excluded.

Data Collection
Data on demographic characteristics, disease 
duration, glycemic and lipid parameters, 
and liver function tests were obtained from 
medical records verified by physicians during 
routine management.

Statistical Analysis
Data were analyzed using the Statistical 
Package for the Social Sciences (SPSS) 
software, version 23. Descriptive statistics 
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At baseline, 14.9, 23.0, and 47.1% of patients 
had grade 1, 2, and 3 fatty liver, respectively. 
The proportion of patients with grade 3 fatty 
liver decreased from 47.1% at baseline to 
35% at the 6-month follow-up, indicating a 
25.7% reduction in grade 3 fatty liver over 
6 months (Fig. 1). In F2 fibrosis, there was a 
37.5% reduction observed from baseline to 6 
months (Fig. 2).

was significantly higher at baseline than at 6 
months (157.04 vs 151.04 mg/dL; p = 0.020). 
No significant differences were observed in 
the average levels of high-density lipoprotein 
cholesterol (HDL-C) and low-density lipoprotein 
cholesterol (LDL-C) between baseline and the 
6-month follow-up (Table 2).

The severity of fatty liver and fibrosis at 
subsequent follow-ups is depicted in Table S1. 

compared to 6 months (7.36 vs 6.87%; mean 
difference (95% CI): 0.50% (0.39, 0.61); p < 
0.001). Mean triglyceride (TG) was significantly 
higher at baseline than at 6 months (160.64 vs  
144.04 mg/dL; mean difference (95% CI): 15.97 
mg/dL (1.40, 30.54); p = 0.032). The mean liver 
stiffness measurement (LSM) did not show 
significant changes between baseline and 6 
months. No significant change was observed 
in the average fibrosis index based on four 
factors (FIB 4) between baseline and 6 months 
(Table 1).

The average serum glutamic oxaloacetic 
transaminase (SGOT) was comparable between 
baseline and 6 months. The mean serum 
glutamic pyruvic transaminase (SGPT) values 
showed no significant difference between 
baseline and the 6-month follow-up. At baseline, 
the mean controlled attenuation parameter 
(CAP) was significantly higher compared to 6 
months (285.7 vs 273.7 dB/m; p = 0.032). The 
mean glycated hemoglobin (HbA1C) was 
significantly higher at baseline than at 6 months 
(7.40 vs 6.20%; p < 0.001). The mean cholesterol 

Table 1:  Comparison of parameters in patients receiving pioglitazone from baseline to 2- and 6-month follow-up (N = 3350)

Parameter Baseline 2 months 6 months Mean difference (95% CI); p-value

Baseline to 2 months Baseline to 6 months

Weight (kg) (n = 3134)
74.71 (14.22)

(n = 3134)
74.66 (14.30)

(n = 3130)
74.76 (14.34)

0.04 (–0.05, 0.14); p = 0.388 –0.07 (–0.18, 0.04); p = 0.212

BMI (kg/m2) (n = 2289)
25.92 (48.10)

(n = 2289)
26.12 (48.67)

(n = 2274)
26.55 (48.67)

–0.20 (–0.30, –0.10); p < 0.001 –0.61 (–0.78, –0.43); p < 0.001

eA1C (%) (n = 1887)
7.36 (2.27)

(n = 1887)
6.87 (1.62)

(n = 1883)
6.87 (1.69)

0.50 (0.39, 0.61); p < 0.001 0.50 (0.39, 0.61); p < 0.001

TG (mg/dL) (n = 234)
160.64 (133.34)

(n = 234)
144.04 (73.57)

(n = 252)
131.62 (58.80)

16.60 (–1.19, 34.40); p = 0.067 15.97 (1.40, 30.54); p = 0.032

LSM (kPa) (n = 4)
7.58 (2.61)

(n = 4)
8.65 (2.78)

– –1.08 (–4.40, 2.25); p = 0.379 –

FIB-4 0.98 (0.37) 0.88 (0.30) 0.80 (0.25) – 0.09 (–0.18, 0.37); p = 0.365

Data presented as mean (SD); BMI, body mass index; eA1C, estimated A1C; FIB-4, fibrosis index based on four factors; LSM, liver stiffness measure; TG,  
triglycerides

Table 2:  Comparison of parameters in patients receiving pioglitazone from baseline to 6-month follow-up

Parameters Baseline 6 months p-value

SGOT (U/L) (n = 295)
26.16 (12.05)

(n = 709)
33.32 (152.53)

0.290

SGPT (U/L) (n = 306)
29.21 (23.34)

(n = 727)
31.27 (21.88)

0.114

CAP (dB/m) (n = 86)
285.7 (51.2)

(n = 365)
273.7 (48.0)

0.032

HbA1c (%) (n = 522)
7.40 (2.85)

(n = 571)
6.20 (3.11)

<0.001

Cholesterol (mg/dL) (n = 697)
157.04 (43.35)

(n = 919)
151.04 (36.81)

0.020

HDL-cholesterol (mg/dL) (n = 650)
43.96 (13.98)

(n = 877)
43.82 (15.90)

0.508

LDL-cholesterol (mg/dL) (n = 644)
85.77 (33.43)

(n = 868)
81.96 (29.19)

0.073

Data presented as mean (SD); CAP, controlled attenuation parameter; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein

Fig. 1: Change in grade 3 fatty liver from baseline 
to 6 months

Fig. 2: Severity of fibrosis at baseline and 6 
months
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(p = 0.032). This aligns with the results of a 
previous study by Chehrehgosha et al., which 
reported a significantly lower mean CAP score 
at week 24 compared to baseline (p < 0.001).11 
The current study showed that the average 
HDL-C level was comparable at baseline and 
at 6 months. Conversely, a previous study by 
Chehrehgosha et al. reported a statistically 
significant improvement in HDL-C levels at 
week 24 compared to baseline in patients 
treated with pioglitazone.11

Co n c lu s i o n

In patients with T2DM and coexisting NAFLD, 
pioglitazone was shown to significantly 
improve glycemic control, reduce liver fat, and 
regress fibrosis. These results underscore the 
therapeutic potential of pioglitazone in this 
population, providing a much-needed tool 
for managing both diabetes and liver disease 
in parallel.
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Di s c u s s i o n

Among the most prevalent liver conditions, 
NAFLD is rapidly emerging as a global 
public health concern,6 driven by the 
rising prevalence of obesity and T2DM. 
This increasing prevalence of NAFLD 
and NASH cases has led to substantial 
morbidity and mortality.7 Management 
strategies for NAFLD primarily emphasize 
lifestyle modifications and early treatment 
of  associated metabolic condit ions . 8 
Pioglitazone is a promising agent for 
treating NAFLD/NASH.7

In the current study, at 6 months, the 
eA1C was significantly improved compared 
to baseline (p < 0.001). This signif icant 
decrease in eA1C indicates improved 
glycemic control over the study period, 
which is linked to a reduced likelihood of 
diabetes-related complications, including 
neuropathy, retinopathy, and cardiovascular 
diseases.9 The present study indicated 
that the average TG level was significantly 
higher at baseline compared to the level 
observed at 6 months. In an earlier study by 
Belfort et al.,5 treatment with pioglitazone 
led to a significant improvement in mean 
H bA1C l eve ls  co mp are d to  b as e l in e  
( p  < 0.001).10 Similarly,  in the current 
study, at 6 months, the average HbA1C 
was significantly improved compared to 
baseline (p < 0.001).

The present study obser ved that 
the average CAP score was significantly 
higher at baseline compared to 6 months  

Table S1:  Severity of fatty liver and fibrosis at subsequent follow-ups

Parameter Baseline 2 months 6 months

Fatty liver

Grade 1 14.9 18.0 17.4
Grade 2 23.0 22.8 24.5
Grade 3 47.1 34.1 35.0

Fibrosis
F1 28.7 23.0 21.3
F2 8.0 6.4 5.0
F3 – 1.51 1.9

F4 3.4 1.51 2.8

Data presented as percentage
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