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ABSTRACT 
Objectives: Dapagliflozin belongs to the sodium-glucose co-transporter 2 inhibitor drug group used in the 
treatment of type 2 diabetes. This study aimed to investigate the effects of dapagliflozin and simultaneous da-
pagliflozin+pioglitazone therapy on the FIB-4 index, associated with liver inflammation and fibrosis, at the 
end of the first and second years. 
Methods: This retrospective study, conducted between 01.01.2017 and 01.01.2020, included 386 patients using 
dapagliflozin alone (DAPA Group) and 122 patients using dapagliflozin in combination with pioglitazone 
(DAPA+PIO Group). ALT, AST, and FIB-4 index were compared at baseline, at week 52, and at week 104. 
Results: The DAPA group consisted of 243 females (63%) and 143 males (37%) with a mean age of 59.8±6 
years. The DAPA+PIO group consisted of 61 females (50%) and 61 males (50%) with a mean age of 58.3±5 
years. No significant differences were observed between the groups in ALT, AST, hemoglobin levels, and 
platelet counts at the baseline, at the 52nd week, and at the 104th week (P>0.05). Statistically significant de-
creases in fasting blood glucose and HbA1C levels were observed in both groups at baseline, week 52, and 
week 104 (P<0.001). Furthermore, both groups exhibited no statistically significant changes in the FIB-4 index 
during the first and second years compared to baseline (P>0.05). 
Conclusions: Dapagliflozin, either alone or in combination with pioglitazone, did not alter the FIB-4 index 
associated with liver fibrosis and inflammation over 1 and 2 years in patients with type 2 diabetes. Despite ex-
perimental evidence indicating its potential to reduce liver fibrosis, clinical data remain inconclusive. Future 
prospective studies with longer durations are necessary for a clearer understanding. 
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 In individuals with type 2 diabetes mellitus 

(T2DM), there is an uptick in metabolic dysfunc-
tion- associated steatotic liver disease (MASLD) 

due to insulin resistance and obesity [1, 2]. Even with 
liver enzymes within the normal range, it is estimated 
that up to half of those with T2DM also have MASLD 
[2]. Both T2DM and Non-alcoholic Fatty Liver Dis-
ease (NAFLD) pose risks of progressing to steatohep-

atitis, liver fibrosis, cirrhosis, and cancer [1]. Further-
more, MASLD is independently linked to an increased 
risk of cardiovascular disease and death [1, 3, 4]. 
MASLD is a metabolic condition closely associated 
with type 2 diabetes. A recent meta-analysis reported 
that 55.5% of patients with type 2 diabetes had 
MASLD, and 17% of them had advanced hepatic fi-
brosis [5]. Per the latest American Diabetes Associa-
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tion guidelines, individuals with prediabetes or T2DM 
and increased liver enzymes should undergo screening 
for liver fibrosis using non- invasive methods [6]. 
Non-invasive imaging tests for detecting MASLD are 
relatively costly, so assessing fibrosis through non-in-
vasive biomarkers is more advisable [1, 7]. The Euro-
pean Association for the Study of Diabetes, the 
European Association for the Study of Obesity, and 
the European Association for the Study of the Liver 
have sanctioned non-invasive, validated biomarkers 
amalgamating metabolic and hepatic parameters com-
monly used in clinical practice [1]. The most widely 
used biomarkers for fatty liver include the Fatty Liver 
Index (FLI) and the MASLD Liver Fat Score (NLFS), 
while for liver fibrosis, the NAFLD Fibrosis Score 
(NFS) and the Fibrosis-4 (FIB-4) Index are commonly 
employed [8-11].  
      The FIB-4 index, initially devised for staging liver 
disease in HIV-HCV co-infected individuals, has since 
found application in others with liver disease [12]. It is 
a score computed using age, aspartate aminotrans-
ferase, and platelet count, routinely examined in nearly 
all patients with liver disease [13]. Studies have 
demonstrated the efficacy of pioglitazone in reducing 
fatty liver disease [14]. Dapaglifozin is an oral antidi-
abetic used in the treatment of T2DM. It works by 
specifically binding to SGLT-2 in the renal proximal 
tubule, inhibiting glucose reabsorption via this pathway 
and increasing urinary glucose excretion [15]. In addi-
tion to their glucosuric effect, SGLT-2 inhibitors pro-
vide weight loss and reduce body fat. They also have a 
positive effect on MASLD on the liver by reducing 
blood pressure, inflammation, and oxidative stress, re-
ducing hyperuricemia, and correcting insulin [15,16]. 
One experimental study showed that dapagliflozin at-
tenuated hepatic steatosis via the adenosine monophos-
phate-activated protein kinase (AMPK)-the 
mechanistic (or mammalian) target of rapamycin 
(mTOR), promoted autophagy and increased fatty acid 
oxidation in both in vitro and in vivo models [17]. 
      Dapagliflozin, an SGLT-2 inhibitor, has been 
proven to diminish fibrosis and hepatic steatosis in a 
24-week follow-up study involving patients with liver 
fibrosis [18]. There is one study showing that in pa-
tients with diabetes treated with dapagliflozin, there 
was a significantly greater reduction in both abdomi-
nal visceral adipose tissue and subcutaneous adipose 
tissue volume with dapagliflozin compared to placebo 

[19]. There are experimental studies showing that dif-
ferent SGLT-2 inhibitors also improve histologic he-
patic steatosis or steatohepatitis in obese mice or rats 
with T2DM [20, 21]. Only two prospective clinical tri-
als have investigated the effect of SGLT-2 inhibitors 
on hepatic steatosis in patients with T2DM and 
NAFLD, but the anti-fibrotic effect of SGLT-2 in-
hibitors has not been studied in these patients [22, 23].  
      The objective of our study was to scrutinize the 
impact of dapagliflozin and combined dapagliflozin-
pioglitazone treatment on liver enzymes and the FIB-
4 index, associated with fibrosis. Our study 
encompasses results from a 104-week follow-up, and 
there's no existing research in the literature examining 
the effect of dapagliflozin on the FIB-4 index over 2 
years.  
 
 
METHODS 
 
Study Participants  
This retrospective investigation encompassed 508 in-
dividuals diagnosed with type 2 diabetes mellitus, who 
underwent monitoring at the Internal Medicine Clinic 
of from January 1, 2017 to January 1, 2020. The re-
quired sample size for the study was determined using 
the G Power software (v 3.1.9.7), resulting in the in-
clusion of 508 patients, with an effect size of f:0.1, 
alpha:0.01, and power:0.99. Among the participants, 
386 received dapagliflozin alone, while 122 received 
pioglitazone concurrently with dapagliflozin. Data on 
fasting blood glucose, white blood cell count, platelet 
count (PLT), hemoglobin, alanine transaminase 
(ALT), and aspartate transaminase levels (AST) were 
gathered at week 0, week 52, and week 104 following 
the initiation of dapagliflozin and pioglitazone, utiliz-
ing the hospital's electronic information system. Pa-
tient comorbidities and demographic details were 
extracted from their medical records.  
      The FIB-4 index of each harvest was calculated. 
The formula for FIB-4index is: Age ([yr] ×AST [U/L]) 
/ ((PLT [10(9)/L]) × (ALT [U/L])(1/2)) [13].  The ini-
tial body mass index (BMI) values of each patient 
were calculated by dividing their weight in kilograms 
by the square of their height in meters.  
      The study excluded diabetic patients using alter-
native diabetes medications and insulins, those on an-
tithrombotic drugs, individuals taking medications 
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impacting platelet count, patients with any hemato-
logic disease, those with chronic liver disease, and in-
dividuals using herbal supplements potentially 
affecting liver function. Patients with alcohol con-
sumption were also excluded because it affects liver 
enzymes.  
      Thyroid functions (fT3, fT4, TSH), renal functions 
(BUN, creatinine, protein in spot urine) were normal 
in all patients. Patients taking antihyperlipidemic 
drugs were excluded because they affect liver function 
tests. Patients over 65 years of age were excluded due 
to an inaccurate calculation of the FIB-4 Index.  
 
Laboratory Procedures  
      The study assessed fasting blood glucose, alanine 
transaminase, and aspartate transaminase levels, along 
with hemogram parameters in both groups, utilizing 
an Abbott Architect 16200 automatic analyzer (Abbott 
Inc., Princeton, NJ, USA). 
 
Statistical Analysis  
      A specialized statistical software (SPSS for Win-
dows version 22, IBM Corporation, Armonk, NY, 
USA) was employed to analyze the collected data. An-
alytical methods, including the Shapiro-Wilk test or 
Kolmogorov-Smirnov, and visual approaches, such as 
probability plots and histograms, were utilized to as-
certain the normal distribution of variables. Categori-

cal parameters are expressed as number (n) and per-
centage (%), while demographic data and other param-
eters are presented as the median and interquartile 
range (IQR). The Mann-Whitney U test determined 
significant differences between the DAPA and 
DAPA+PIO groups. Changes over time in evaluated 
parameters were assessed using the Friedman test, and 
the Wilcoxon test was applied to determine the signif-
icance of pairwise differences. A total type-1 error 
level of 5% was set for statistical significance.  
 
 
RESULTS 
 
Among the 508 participants in the study, 386 individ-
uals were prescribed dapagliflozin as the sole antidia-
betic therapy, while 122 were concurrently prescribed 
pioglitazone with dapagliflozin. The DAPA group 
comprised 243 females (63%) and 143 males (37%), 
with an average age of 59.8±6 years, receiving da-
pagliflozin exclusively. The DAPA+PIO group, con-
sisting of 61 females (50%) and 61 males (50%) with 
an average age of 58.3±5 years, utilized pioglitazone 
concurrently with dapagliflozin. No significant age 
difference was observed between the two groups 
(P=0.127). BMI values of the patients were between 
20-29.3 and were similar between the two groups 
(P=0.742). Furthermore, Table 1 provides details on 
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patient comorbidities.  
      A noteworthy disparity in white blood cell levels 
emerged between week 52 and week 104 in the DAPA 
group (P=0.004). A pairwise comparison disclosed a 
substantial increase in white blood cell count within 
the DAPA group after the first year compared to the 
baseline (P=0.003). In the DAPA+PIO group, no sig-
nificant difference in white blood cell counts was 
noted in the first and second years compared to the 
baseline (P=0.695). Levels of ALT, AST, hemoglobin, 
and platelets were assessed at the baseline, in the 52nd 
week, and in the 104th week for both the DAPA and 
DAPA+PIO groups, revealing no significant differ-
ences between the two groups (P>0.05). HbA1C, fast-
ing blood glucose, triglyceride and LDL levels of 
patients decreased significantly at 1 and 2 years com-
pared to baseline (P<0.001). Additionally, there were 
no statistically significant alterations in the FIB-4 
index for both groups during the initial and second 
years compared to the baseline (P>0.05). For detailed 
statistical outcomes, please consult Table 2.  
 
 
DISCUSSION 
 
Our study is the first in the literature to retrospectively 
investigate the effect of dapagliflozin onliver fibrosis 
with a 2-year follow-up using the FIB-4 index. In our 
study, we did not observe a statistically significant 
change in the FIB-4 index compared to the baseline in 
the first and second years for the group receiving da-
pagliflozin alone or dapagliflozin and pioglitazone 
concomitantly.  
      There are few studies in the literature examining 
the effect of dapagliflozin on the FIB-4 index. The re-
sults of this study are also controversial. In the com-
parison study of dapagliflozin and teneligliptin, the 
FIB-4 index showed similarity between the two 
groups, with no statistically significant difference 
found [24]. Dapagliflozin 5 mg was used in this study 
and the patients had BMI over 23. In a separate study, 
pioglitazone and dapagliflozin exhibited no notable 
impact on the FIB-4 index in type 2 diabetic patients 
at the 24-week follow-up [25]. The doses of pioglita-
zone and dapagliflozin used in this study are unclear, 
and the study patients consisted of patients with BMI 
23 and above. An experimental study involving 11 pa-
tients with diabetes and NASH demonstrated that da-

pagliflozin reduced the FIB-4 index [26]. A recent 
meta-analysis suggested that standard treatment doses 
of SGLT-2 inhibitors may not be adequate to reduce 
liver fibrosis and fatty liver in NASH patients. How-
ever, it was acknowledged that the study results might 
have been influenced by the use of these drugs in high 
doses, potentially increasing the likelihood of side ef-
fects and reducing patient tolerability [27]. In our 
study, no change in the FIB-4 index was observed be-
tween the group using only dapagliflozin and the 
group using dapagliflozin-pioglitazone concomitantly 
at the 104-week follow-up. Our research is the initial 
one in the literature to evaluate the impact of da-
pagliflozin on the FIB-4 index, examining liver fibro-
sis over 104 weeks. Similar to other studies, the 
present study demonstrated that the use of da-
pagliflozin alone or concurrently with pioglitazone did 
not impact the FIB-4 index in the liver over two years.  
      In our study, patients were selected from those re-
ceiving 10 mg dapagliflozin. Other studies used da-
pagliflozin doses of 5-10mg. We do not know whether 
the difference in the drug doses used affects the FIB-
4 index because there are no available studies.  
      Our study was performed in patients with a BMI 
20-29.3. Considering the weight loss and adipose tis-
sue reducing effects of dapagliflozin, we think that the 
fact that the BMI of the patients was in the normal 
range may have affected the results of the study. In ad-
dition, our patient population included patients taking 
antihypertensive drugs, which may have affected the 
study results. Therefore, new large prospective studies 
in obese individuals are needed.  
      Previous studies have indicated significant reduc-
tions in AST, ALT, and GGT in the dapagliflozin group 
after 24 weeks [18]. Some studies have suggested that 
dapagliflozin lowers ALT and AST levels [28, 29]. A 
recent meta-analysis, including 43 randomized con-
trolled trials, indicated that serum ALT levels de-
creased by 0.21 IU/L (95% CI 0.33-0.10) following 
treatment with SGLT2 inhibitors [30]. However, this 
study also included SGLT-2 inhibitors other than da-
pagliflozin. In our study, no change was noted in ALT 
and AST levels after 2 years of dapagliflozin use. 
These results may be attributed to the absence of a 2-
year follow-up study for dapagliflozin use in the liter-
ature. Long-term studies are necessary to elucidate this 
matter. In our study, dapagliflozin was found to cause 
a statistically significant increase in white blood cell 
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counts starting from the 1st year during the 2-year fol-
low-up (P=0.004). Since no studies on this subject 
were identified in a comprehensive literature review, 
we cannot comment on whether these results hold 
clinical importance. We believe that these results may 
become clearer with new studies to be conducted in 
the future.  
 
Limitations  
      Our study presents several notable limitations. The 
first one is the retrospective design of the study. The 
second important limitation is that the effect of weight 
loss on FIB-4 index, ALT and AST levels could not be 
evaluated considering the height and weight of the pa-
tients. Although the patients had body mass index data 
at the beginning of the study, BMI data at the 1st and 
2nd follow-up years could not be obtained. The third 
important limitation is that antihypertensives and ad-
ditional medications used for coronary artery disease 
may also affect liver function. The last important lim-
itation is the lack of previous liver imaging. 
 
 
CONCLUSION 
 
In patients with type 2 diabetes, dapagliflozin alone 
did not modify the FIB-4 index, associated with liver 
fibrosis and inflammation, in 1 year and 2 years com-
pared to concurrent dapagliflozin use with pioglita-
zone. Although experimental studies show that 
dapagliflozin improves liver fibrosis, the matter has 
not yet been clarified in clinical studies. There is no 
2-year follow-up study in the literature. Therefore, this 
needs to be elucidated in new prospective studies. 
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