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Abstract 

Background: There are different drug-based treatments (i.e., oral or injective) for patients with type 2 diabetes. Pioglitazone and 
sitagliptin, among oral agents, can affect blood glucose control and lipid profile. 
Objectives: The purpose of the current investigation was the assessment of the effects of adding sitagliptin or pioglitazone (as the third 
drug) to the combined metformin-sulfonylurea treatment on glycemic control, inflammatory factors, and lipid profile. 
Methods: This clinical trial was carried out on 125 patients with type 2 diabetes undergoing metformin-glibenclamide treatment. The 
patients were randomly divided into three groups, namely the sitagliptin group receiving 100 mg of sitagliptin for 3 months (n=45), 
pioglitazone group receiving 30 mg of pioglitazone for 3 months (n=40), and control group (n=40). After the interventions, the 
anthropometric indices, glycated hemoglobin A1c level, lipid profile, fibrinogen, and high-sensitivity C-reactive protein (hs-CRP) were 
compared among the study groups. 
Results: The sitagliptin group demonstrated significantly lower levels of hs-CRP (0.53±0.26 mg/L) and fibrinogen (314.08±48.09 
mg/dL), compared to those reported for the pioglitazone and control groups. In contrast, significantly lower triglyceride levels 
(115.02±32.92 mg/dL) and significantly higher high-density lipoprotein cholesterol (51.57±11.14 mg/dL) were observed in the 
pioglitazone group in comparison to those reported for the sitagliptin and control groups.  
Conclusion: The results of the present study suggest that sitagliptin reduces the levels of fibrinogen and hs-CRP. Nevertheless, pioglitazone has 
a more significant effect on the improvement of the lipid profile, compared to sitagliptin and combined metformin-sulfonylurea treatments.  
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1. Background 

Type 2 diabetes mellitus is regarded as a chronic 
metabolic disease, with the progressive impairment 
of insulin sensitivity and β-cell function as its 
characteristics, leading to hyperglycemia (1). 
Although no definitive therapeutic strategy has been 
developed for the improvement of the β-cell function, 
anti-diabetic agents can reduce the progressive 
insufficiency rate of these cells through their 
mechanisms of action (2). Thiazolidinediones are a 
group of anti-diabetic agents, which increase insulin 
sensitivity in the liver, causing reduced hepatic 
glucose production and insulin resistance in the 
peripheral tissues. These drugs, including 
pioglitazone, improve insulin resistance through the 
activation of peroxisome proliferator-activated 
receptor-γ in the liver and adipose tissues (3, 4). 
Pioglitazone can also improve the lipid profile, liver 
function, blood pressure, and body weight (5-7). 

Dipeptidyl peptidase-4 (DPP4) inhibitors, such as 
sitagliptin, are other anti-diabetic agents, which 
increase the incretin hormone activity, leading to the 
improved secretion of insulin and suppressed 
secretion of pancreatic glucagon (8). Owing to their 

considerable anti-diabetic properties and few side 
effects, these agents are routinely administered 
around the world. It has been reported that sitagliptin, 
as one of the members of this family, improves 
glycemic control and lipid profile and reduces blood 
pressure and body weight (9-12). However, few 
studies have compared the effectiveness of DPP-4 
inhibitors (e.g., sitagliptin) to other drug categories 
(e.g., thiazolidinediones) (13-15).  

Some studies have reported a similar or better 
glycemic control with DPP-4 inhibitors, compared to 
that reported for thiazolidinediones. However, the 
results of a study carried out on the effects of 
sulfonylureas, thiazolidinediones, and DPP-4 
inhibitors in combination with metformin showed 
that thiazolidinediones exert long-term effects (16). 
In addition, the findings of another study indicated 
that some patients undergoing combined metformin-
sulfonylurea therapy may not achieve the desired 
glycemic control and a third drug may be needed (7).  
 

2. Objectives 

Due to the limited number of studies evaluating 
the effects of three-drug combination therapies on 
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glycemic control, the purpose of the current study 
was to compare the effects of adding sitagliptin or 
pioglitazone to combined metformin-sulfonylurea 
treatment on the inflammatory markers, coagulation 
factors, and lipid profile of patients with diabetes.  

 

3. Methods 

This clinical trial (code: IRCT201306100 
13612N9) was performed on 125 patients with type 
2 diabetes undergoing metformin (1000 mg) and 
glibenclamide (15 mg) treatment referring to the 
endocrinology clinics of Imam Reza Hospital, 
affiliated to Tabriz University of Medical Sciences, 
Tabriz, Iran. The sample size was calculated using 
G*Power software (version 3.1.9.2; Düsseldorf, 
Germany). In this study, 40-45 patients were 
randomly divided into three groups (α=0.05, 
power=0.8, and effect size=0.5), namely sitagliptin 
group receiving 100 mg of sitagliptin (n=45), 
pioglitazone group receiving 30 mg of pioglitazone 
(n=40), and control group (n=40). The drugs were 
added to the primary treatment for a course of 3 
months.  

The inclusion criteria were a diagnosis of type 2 
diabetes, age range of 45-70 years, glycated 
hemoglobin A1c (HbA1c) level of 7-8%, and body 
mass index (BMI) of 20-35 kg/m2. On the other hand, 
the exclusion criteria were hospitalization due to 
hyperglycemia, irregular medication consumption, 
lack of regular visits, cardiovascular and autoimmune 
diseases, pregnancy, warfarin consumption, infection, 
history of malignancy, history of chronic lung disease, 
glomerular filtration rate of < 60 ml/min/1.73 m2, 
and unwillingness to participate in the study.  

After 3 months of intervention, fasting blood 
sugar (FBS), HbA1c, high-sensitivity C-reactive 
protein (hs-CRP), fibrinogen, and lipid profile 
(including triglyceride, cholesterol, high-density 
lipoprotein cholesterol [HDL-C], and low-density 
lipoprotein cholesterol [LDL-C] levels) were 
evaluated. Figure 1 depicts the flow diagram of the 
study subjects. Written informed consent was  

 

 

 
 

Figure 1. Flow diagram of the study patients 

 
obtained from the patients prior to the intervention. 
Furthermore, the ethical approval of the present 
study was obtained by the Ethics Committee of Tabriz 
University of Medical Sciences (code: IR.TBZMED. 
REC.REC.1397.102). 

 

3.1. Statistical analysis 
SPSS software (version 23) was used in order to 

analyze the data. One-way analysis of variance and 
post hoc analysis were utilized for the comparisons 
between the groups. A p-value of less than 0.05 was 
regarded as statistically significant. 

 

4. Results 

4.1. General characteristics and biochemical parameters 
of patients 

Table 1 tabulates the general characteristics and 
biochemical parameters of 125 diabetic patients 
(including 49 male and 76 female patients). The mean 
values of the patientsʼ age in the sitagliptin, 
pioglitazone, and control groups were reported as 
59.48±12.15, 58.9±9.94, and 55.8±8.97 years,  

 
 

Table 1. General characteristics and biochemical parameters of patients in studied groups 

Parameter 
Sitagliptin 

(n=45) 
Pioglitazone 

(n=40) 
Control 
(n=40) 

P-value 

Gender 
Male n (%) 20 (44.4) 17 (42.5) 12 (30) 

0.34 
Female n (%) 25 (55.6) 23 (57.5) 28 (70) 

Age (year) 59.48±12.15* 58.9±9.94 55.8±8.97 0.23 
)2BMI (Kg/m 30.44±5.79 30.02±5.02 29.08±4.81 0.73 

FBS (mg/dL) 143.33±52.99 131.12±35.27 143.33±52.99 0.43 
HbA1c (%) 7.26±1.6 7.46±1.4 7.36±0.9 0.67 
Triglyceride (mg/dL) a159.53±66.83 b115.02±32.92 a171.79.76 <0.001 
Cholesterol (mg/dL) 154.06±39.61 149.1±33.31 158.95±34.26 0.47 
HDL-C (mg/dL) a41.51±7.71 b51.57±11.14 a44.18±11.09 <0.001 
LDL-C (mg/dL) 80.64±34.51 74.52±32.32 80.42±29.25 0.62 
* Data expressed as mean±standard deviation; non-similar characters representing the statistical difference between the groups; P<0.05 
regarded as statistically significant; BMI: Body mass index; FBS: Fasting blood sugar; HDL-C: High-density lipoprotein cholesterol; LDL-C: 
Low-density lipoprotein cholesterol  
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Table 2. Inflammatory and coagulation factors in studied groups 

Parameter 
Sitagliptin 

(n=45) 
Pioglitazone 

(n=40) 
Control 
(n=40) 

P-value 

hs-CRP (mg/L) a0.53±0.26 b2.44±0.52 b4.43±1.94 0.04 
Fibrinogen (mg/dL) a314.08±48.09 b340.92±65.1 b346.35±60.69 0.02 
Data expressed as mean±standard deviation; non-similar characters representing the statistical difference between the groups; P<0.05 
regarded as statistically significant; hs-CRP: High-sensitivity C-reactive protein  

 
respectively (P=0.23). A significantly lower 
triglyceride level (115.02±32.92 mg/dL vs. 
159.53±66.83 and 171.79.76 mg/dL; P=0.002 and 
P<0.001, respectively) and higher HDL-C level 
(51.57±11.14 mg/dL vs. 41.51±7.71 and 44.18±11.09 
mg/dL; P<0.001 and P=0.001, respectively) were 
observed in the pioglitazone group, compared to those 
reported for the sitagliptin and control groups. 

There were no significant differences in BMI 
(30.44±5.79, 30.02±5.02, and 29.08±4.81 kg/m2, 
respectively; P=0.73), FBS (143.33±52.99, 131.12± 
35.27, and 143.33±52.99 mg/dL, respectively; 
P=0.43), HbA1c (7.26±1.6%, 7.46±1.4%, and 7.36±0.9%, 
respectively; P=0.67), cholesterol (154.06±39.61, 
149.1±33.31, and 158.95±34.26 mg/dL, respectively; 
P=0.47), and LDL-C (80.64±34.51, 74.52±32.32, and 
80.42±29.25 mg/dL, respectively; P=0.62) among the 
sitagliptin, pioglitazone, and control groups. 

     
4.2. hs-CRP and fibrinogen measurements  

Table 2 shows the levels of hs-CRP and fibrinogen 
in the three groups under study. The sitagliptin 
group showed a significantly lower hs-CRP level, 
compared to the pioglitazone and control groups 
(0.53±0.26 mg/L vs. 2.44±0.52 and 4.43±1.94 mg/L, 
respectively; P<0.001); however, there was no 
significant difference between the pioglitazone and 
control groups in this regard (P=0.25). Moreover, the 
sitagliptin group demonstrated a significantly lower 
fibrinogen level in comparison to the pioglitazone 
and control groups (314.08±48.09 mg/dL vs. 
340.92±65.1 and 346.35±60.69 mg/dL; P=0.03 and 
P=0.01, respectively). No noticeable difference was 
observed between the pioglitazone and control 
groups regarding the fibrinogen level (P=0.67). 
 

5. Discussion 

Metformin is known as the first-line therapeutic 
agent for diabetes. Thiazolidinediones, such as 
pioglitazone, have been reported to be effective in 
different aspects of insulin resistance in diabetic 
patients, including dyslipidemia, hyperglycemia, 
hypertension, cardiovascular diseases, coagulation, 
vasculopathy, facilitated atherosclerosis, and hepatic 
or ovarian changes (17, 18). On the other hand, the 
beneficial effects of DPP-4 inhibitors, such as 
sitagliptin, on glycemic control are well-documented 
in single-drug or combination treatments with other 
therapeutic agents (19). However, these drug 
categories may have side effects, such as edema and 

weight gain.  
In the current investigation, the effects of adding 

sitagliptin and pioglitazone to the metformin-
sulfonylurea treatment of patients with inadequate 
glycemic control showed that both drugs could 
improve the HbA1c level; nevertheless, this 
improvement was not statistically significant. 
Similarly, Khaloo et al. (7) reported that sitagliptin 
and pioglitazone had similar effects on the level of 
HbA1c. Jameshorani et al. (20) also reported the 
similar effects of sitagliptin and pioglitazone in 
combination with metformin on the improvement of 
HbA1c. In addition, Liu et al. (13) indicated the 
effectiveness of sitagliptin and pioglitazone in the 
reduction of HbA1c level; nonetheless, a greater FBS 
reduction was observed in response to pioglitazone, 
compared to that reported for sitagliptin. 

Furthermore, the beneficial effects of sitagliptin 
and pioglitazone on the lipid profile are well-
established. It has been reported that sitagliptin 
affects all the components of the lipid profile  
(21, 22). A recent meta-analysis demonstrated the 
improving effect of sitagliptin on triglyceride and 
HDL levels, especially in combination with other 
drugs (23). The findings of the present study also 
revealed a significant decrease in triglyceride and 
HDL following pioglitazone addition to the dual drug 
treatment, compared to those reported for the 
sitagliptin and control groups; however, there was 
no significant difference in cholesterol and LDL 
levels between the groups. Similar results have been 
reported by Li et al. (13).  

Generally, one of the main disadvantages of 
pioglitazone is the patient’s overweight during the 
treatment (21, 24). In this regard, a study carried out 
by Liu et al. (13) reported significant weight gain 
after pioglitazone use in comparison to that of 
sitagliptin. In the current study, the patients’ weight 
was not measured prior to the drug intervention; 
however, there was no significant difference 
regarding the weight or BMI among the study groups. 

There is a common association between diabetes 
mellitus and increased level of inflammatory 
markers, including C-reactive protein (CRP) and hs-
CRP (25). In a previous study, a significant 
correlation was observed between the increased level 
of hs-CRP and history of atherosclerosis; therefore, 
the increased level of hs-CRP was regarded as a risk 
factor for cardiovascular diseases (26).  

The findings of the present study demonstrated a 
significant reduction in the hs-CRP level in the 



Ghavami M et al. 

 

4                                                                                                                                                                                                      Iran Red Crescent Med J. 2021; 23(3):e324. 
 

sitagliptin group in comparison to those reported for 
the pioglitazone and control groups. Furthermore, a 
study conducted by Umamahewari et al. (27) 
reported that sitagliptin causes a remarkable 
reduction in the level of CRP. Similarly, Sato-Asahara 
et al. (28) indicated a significant reduction in the 
levels of CRP and tumor necrosis factor-alpha in type 
2 diabetic individuals after sitagliptin use.  

Although the results of a recent meta-analysis 
indicated the effectiveness of DPP-4 inhibitors in the 
CRP level, none of them were as effective as other 
anti-diabetic agents (29). Some studies have also 
shown the beneficial effects of pioglitazone on the 
levels of CRP and hs-CRP. In this regard, Chen et al. 
(30) and Park et al. (31) reported decreased CRP 
levels following pioglitazone use. Another study 
carried out by Liu et al. (13) reported a decreased 
CRP level following pioglitazone administration, 
despite an increased CRP level after sitagliptin use. 
However, Kim et al. (32) demonstrated no significant 
difference in the inflammatory markers, including hs-
CRP, after the administration of vildagliptin and 
pioglitazone. 

Considering the fact that fibrinogen is a 
coagulation factor, the results of the present study 
showed that sitagliptin significantly decreased the 
level of this glycoprotein, compared to the 
pioglitazone and control groups. In contrast, 
pioglitazone caused no significant changes in the 
fibrinogen level. Paschalidou et al. also reported 
similar results (33). On the other hand, in studies 
conducted by Pfutzner et al. (34) and Derosa et al. 
(35), it was shown that pioglitazone and 
rosiglitazone had no significant effects on the levels 
of fibrinogen and tissue-type plasminogen activator. 
However, Khan et al. (33) reported that pioglitazone 
could further decrease the fibrinogen level in 
comparison to vildagliptin. The discrepancy 
between different studies may be the result of 
inadequate sample size, ethnic differences, diabetes 
duration, use of single or multi-drug treatments, and 
therapy duration. In general, pioglitazone, as an 
adjuvant for dual-drug treatments, seems to have 
acceptable effects and is also well-tolerated by 
diabetic patients. 

 

6. Conclusion 

Based on the findings of the present study, 
sitagliptin decreased the levels of fibrinogen and hs-
CRP; however, pioglitazone had a significant effect on 
the lipid profile, compared to the dual-drug 
(metformin plus sulfonylurea) and sitagliptin 
treatments. According to the current results, the use 
of sitagliptin and pioglitazone is recommended in 
three-drug treatments for glycemic and lipid profile 
control. Considering the scarcity of research and 
contradictory findings regarding the effects of 
pioglitazone and sitagliptin on weight, HbA1c, FBS, 

lipid profile, CRP, and fibrinogen, it is suggested to 
carry out further investigations with a larger sample 
size, assessing laboratory and anthropometric indices 
before and after interventions to determine the exact 
effectiveness of these therapies. 
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