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Introduction: Polycystic ovary syndrome (PCOS) is one of the most common hormonal disorders 
affecting women of reproductive age. Numerous studies have suggested the involvement of 
inflammation in the pathogenesis of PCOS. As a result, drugs with anti-inflammatory effects may offer 
therapeutic benefits for this condition. The standard medications used in treating PCOS include 
cyproterone compound (cyproterone acetate + ethinyl estradiol) combined with spironolactone, 
metformin, and pioglitazone. This study aimed to compare the effects of these drugs on the serum 
levels of inflammatory markers, including hs-CRP, C3, and C4, in women with PCOS. 
Materials and methods 
Ninety women with PCOS were randomly assigned to three treatment groups for 90 days as follows: 
Group CC-SP received cyproterone compound (cyproterone acetate 2 mg + ethinyl estradiol 35 µg) 
daily, along with 100 mg/day spironolactone; Group M received metformin (1500 mg/day); and 
Group P received pioglitazone (30 mg/day). Serum levels of hs-CRP, C3, and C4 were measured before 
and after treatment. 
Comparisons of changes in variables between groups were performed using the ANOVA test. 
Additionally, covariance (ANCOVA) analysis was conducted to examine differences between groups, 
adjusting for confounding variables. Probability values of ≤ 0.05 were considered statistically 
significant. 
Results 
The C3, C4, and hs-CRP levels were increased in the CC-SP group while significantly decreased in the 
pioglitazone group (p<0.05). These changes were not statistically significant in the metformin group.  
Conclusions 
Pioglitazone reduces the serum levels of inflammatory markers and may be effectively combined with 
cyproterone and spironolactone in the treatment of PCOS. 
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Introduction 
Polycystic ovary syndrome (PCOS) is the most 
common endocrine disorder among women of 
reproductive age, with a global prevalence of 5-
10%. It is associated with a wide range of adverse 

outcomes, including infertility, gestational 
diabetes, diabetes mellitus, hypertension, 
dyslipidemia, cardiovascular disorders, and 
endometrial cancer (1). The etiology and 
pathogenesis of PCOS are multifactorial, with 
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genetic and environmental factors contributing to 
its development. The majority of women with PCOS 
exhibit insulin resistance, which leads to 
hyperinsulinemia and hyperandrogenism (2). 
Inflammation has also been implicated in the 
pathogenesis of PCOS, with several studies 
suggesting that it is a low-grade chronic 
inflammatory disorder (3-6). Complement 
markers C3 and C4 play significant roles in the 
development of insulin resistance (7). Additionally, 
hs-CRP (highly sensitive C-reactive protein), a 
chronic inflammatory marker produced by the 
liver, contributes to the activation of the 
complement system, potentially leading to tissue 
damage in certain contexts (8). Furthermore, both 
hs-CRP and C3 are recognized as markers of 
cardiovascular complications in PCOS (7-9). 
Therefore, it is reasonable to conclude that PCOS 
patients could benefit from medications with 
potent anti-inflammatory effects.  
The standard medications used in the treatment of 
PCOS in our country include cyproterone 
compound plus spironolactone (CC-S), metformin, 
and pioglitazone. Spironolactone, an aldosterone 
antagonist with aromatase activity and 5-α-
reductase antagonistic properties, is commonly 
prescribed for these patients (10). It has been 
shown to reduce the Ferriman-Gallwey hirsutism 
score by an average of approximately 38% after six 
months of treatment (11). Cyproterone acetate, an 
androgen receptor antagonist with potent 
progestational effects, is another treatment option 
for PCOS. It blocks androgen receptors, inhibits 5-
α-reductase activity, and increases the synthesis of 
sex hormone-binding globulin (SHBG) (12). The 
combination of cyproterone acetate and ethinyl 
estradiol is also widely used in PCOS treatment 
(13). Moreover, spironolactone is frequently added 
to the cyproterone/ethinyl estradiol (cyproterone 
compound) combination to enhance its anti-
androgenic effects and protect patients against 
hyperaldosteronism (14, 15). On the other hand, it 
is well-established that biguanides and 
thiazolidinediones improve insulin sensitivity and 
reduce serum testosterone levels as well as 
hirsutism scores in PCOS patients (16, 17). A 
limited number of studies have compared the 
effects of these medications on hs-CRP levels and, 
particularly, on the complement system (18-20). 
This study aimed to evaluate and compare the 
effects of cyproterone compound plus 
spironolactone, metformin, and pioglitazone on the 
serum levels of C3 and C4 complements, as well as 
hs-CRP, in women with PCOS. 

Materials and Methods 
Trial design 
The study was designed as a three-arm, 
randomized, double-blind clinical trial with a 
parallel 1:1:1 allocation ratio, and no changes were 
made to the methodology after the commencement 
of the trial. 

Participants 
Ninety-eight women aged 18 to 35 years, who were 
referred to an endocrinologist at Shahid Motahari 
Clinic of Shiraz University of Medical Sciences, Iran, 
were evaluated for inclusion in this clinical trial. 
The inclusion criteria were based on the 2003 
Rotterdam criteria (21): and required the presence 
of at least two of the following: 1. Oligo-ovulation 
or anovulation; 2. Clinical and/or biochemical signs 
of hyperandrogenism; 3. Polycystic ovaries, as 
determined by ultrasonography. Exclusion criteria 
included other hyperandrogenic conditions such as 
21-hydroxylase-deficient nonclassic adrenal 
hyperplasia, thyroid disorders, 
hyperprolactinemia, androgen-producing tumors, 
drug-induced androgen excess, syndromes of 
severe insulin resistance, Cushing's syndrome, and 
glucocorticoid resistance. 
The exclusion criteria were as follows: smoking, 
pregnancy, diabetes mellitus, renal dysfunction 
(serum creatinine >1.5 mg/dl), congenital adrenal 
hyperplasia, unexplained serum alanine 
aminotransferase (ALT) elevation greater than 2.5 
times the normal range, thyroid dysfunction, 
systemic or febrile illnesses, malignancy, use of sex 
hormone therapy or antiandrogens within three 
months prior to the study, and a history of 
glucocorticoid or anti-inflammatory drug use 
within six months before the survey. 

Interventions 
Patients were randomly assigned to three parallel 
groups with equal numbers and received the 
following treatments for 90 days: cyproterone 
compound (cyproterone acetate 2 mg plus ethinyl 
estradiol 35 µg) (Aburaihan Company, Iran) daily, 
combined with spironolactone 50 mg (Iran 
Hormone Company, Iran) twice daily; metformin 
500 mg (Chemidarou Company, Iran) three times 
daily; and pioglitazone 30 mg (Daroupakhsh 
Company, Iran) daily. During the study period, 
patients were also advised to avoid using other 
medications, including hormonal agents, steroids, 
antioxidants, and vitamin supplements. The clinic 
physician regularly followed up on them. The 
patients completed A medication prescription form 
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for each dose, and the clinic secretary maintained 
close contact with the patients to ensure proper 
medication adherence. 

Assessments  
At the initial visit, demographic data, including age, 
height, weight, and BMI (body mass index), were 
recorded for each patient. After 12 hours of fasting, 
a 15 ml blood sample was collected from each 
patient to assay the following index: C3, C4, hs-CRP, 
LH (luteinizing hormone), FSH (follicle-stimulating 
hormone), total testosterone, free testosterone, 
SHBG (sex hormone-binding globulin), DHEAS 
(dehydroepiandrosterone sulfate), estradiol, 
prolactin, FBS (fasting blood sugar), and insulin. 
These measurements were repeated at the end of 
the study. All blood samples were collected during 
the 2nd or 3rd day of the menstrual cycle. The blood 
samples were centrifuged at 4000 rpm for 10 
minutes, and the sera were separated and stored at 
-80°C until analysis. 

Complement levels of C3 and C4 were measured 
using the immunonephelometric method with 
Minineph™ Human C3 and C4 kits (Binding Site 
Group Ltd, 8 Calthorpe, UK). hs-CRP was also 
measured using the immunonephelometric method 
with a Dade-Behring BNII nephelometer (Siemens 
Healthcare GmbH, Germany). 
Height and weight were measured using a 
stadiometer and standard weighing scale. BMI was 
calculated as weight in kilograms divided by the 
square of height in meters. Hirsutism scores were 
calculated for each patient based on the Ferriman-
Gallwey scoring system (22). 

LH and FSH levels were measured using the IRMA 
method with standard kits (Padtan Gostar Isar 
Company, Iran). Total testosterone was measured 
using the Radioimmunoassay (RIA) method 
(TESTO-CT2 Cisbio Bioassay kit, France). Free 
testosterone was measured using the ELISA method 
(Accu-Bind ELISA Microwells kit, USA). SHBG was 
measured using the Electrochemiluminescence 
Immunoassay (ECLIA) method (Roche Diagnostics 
Corporation kit, Germany). DHEAS was measured 
using the RIA method (DHEA-SO4 [125] RIA kit, 
Budapest). Estradiol was measured using the ELISA 
method (Azmaplast Company, Iran). Prolactin levels 
were measured using the IRMA method (Human 
Prolactin IRMA kit, Padtan Gostar Isar Company, 
Iran). FBS was assessed using the enzymatic 
colorimetric method with standard kits (Pars 
Azmun Company, Iran). Serum insulin levels were 
measured using the immunoradiometric assay 

(IRMA) method (Izotop Company, Hungary). Insulin 
resistance was assessed by calculating the HOMA-IR 
index using the following equation: fasting insulin 
(µIU/mL) × fasting glucose (mg/dL) / 405. 

Randomization and Masking Methods 
Ninety patients were randomized into three equal 
parallel groups by the clinic secretary, who was 
instructed to use the block randomization method 
with a randomized list generated using Microsoft 
Excel. The researchers and statisticians were 
blinded to the group allocations. However, the 
patients were not blinded to the treatment due to 
differences in the prescribed dosages. 

Statistical analysis 
All data were analyzed using SPSS Version 23. The 
normality of the data was assessed using the 
Shapiro-Wilk test. Data are presented as means ± 
SD. Probability values ≤ 0.05 were considered 
statistically significant. An intention-to-treat 
analysis was performed. Analysis of baseline 
clinical and biochemical parameters was 
conducted using analysis of variance (ANOVA). A 
paired sample t-test was used to compare the 
differences in variables before and after treatment 
within each group. Comparisons of the changes in 
variables (post-treatment vs. pre-treatment) 
between groups were performed using the ANOVA 
test. Additionally, covariance (ANCOVA) analysis 
was applied to analyze the differences between 
groups, adjusting for confounding variables such as 
age, weight, BMI, and HOMA-IR. 

Sample size estimation 
The sample size was calculated by a statistician 
using PASS 11 (2011) software, based on a 
previous study (23). Considering a two-sided 
significance level of 0.05, a power of 0.80, an 
expected effect size of 0.5 for hs-CRP, and a 20% 
estimated dropout rate, the required sample size 
was determined to be 24 participants per group. 

Ethical considerations 
The study protocol complied with the Declaration 
of Helsinki and was approved by the Local Ethics 
Committee of Shiraz University of Medical Sciences 
(Reference No.: CT-P-9145-4025). The study was 
registered in the Clinical Trials Registry 
(ClinicalTrials.gov ID: NCT02689843). All patients 
were informed about the study protocol and the 
medications' effects and potential side effects. Each 
patient provided written informed consent. 
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Results
Baseline characteristics
From February 2018 to August 2018, ninety-eight 
patients who met the inclusion criteria were 
screened, of whom 90 were randomized. Eleven 
patients (six from the CC-SP group, three from the 
metformin (M) group, and two from the pioglitazone 
(P) group) were lost to follow-up and did not return 

for outcome measurements. Seventy-nine patients 
completed the 3-month medication regimen. There 
were no significant differences in anthropometric, 
clinical, or biochemical parameters between the 
three groups before the start of treatment (Table 1). 
 

Table 1. The anthropometric, clinical and biochemical characteristics of patients with polycystic ovarian 
syndrome (PCOS) allocated in different treatment groups before treatment  

Variables 
 

CC-SP 
 

 
Metformin 

 
Pioglitazone P value 

Age (years) 20.29±0.25 20.85±0.36 20.32±0.45 0.83 

Weight (Kg) 58.83±0.16 66.76±0.32 64.32±0.23 0.16 

BMI (kg/m2) 23.18±0.41 25.40±0.70 24.90±0.20 0.29 

Waist circumference (cm) 75.96±0.46 81.26±0.39 80.79±0.25 0.36 

Hip circumference (cm) 95.54±0.60 100.44±0.90 99.32±0.95 0.29 

Hirsutism score 22.86±0.37 20.22±0.50 21.65±0.11 0.29 

C3 (IU/L) 1.60±0.29 1.53±0.40 1.70±0.35 0.24 

C4 (IU/L) 0.33±0.09 0.31±0.10 0.34±0.10 0.47 

hs-CRP (mg/L) 1.03±0.08 1.19±0.31 1.23±0.25 0.83 

LH (mIU/mL) 16.56±0.50 22.79±0.19 17.55±0.20 0.23 

FSH (mIU/mL) 5.20±0.80 5.95±0.15 5.48±0.50 0.55 

LH/FSH ratio 3.68±0.10 3.74±0.80 3.37±0.20 0.83 

Total testosterone (ng/mL) 1.25±0.62 1.03±0.47 1.03±0.49 0.24 

Free testosterone (pg/mL) 6.26±0.77 4.69±0.69 4.34±0.79 0.22 

SHBG (nmol/L) 30.39±0.05 31.55±0.60 29.21±0.60 0.91 

DHEAS (pg/mL) 3.70±0.39 3.04±0.55 2.86±0.56 0.12 

Estradiol (pg/mL) 100.30±0.70 74.21±0.80 99.36±0.60 0.55 

Prolactin (ng/mL) 11.65±0.85 13.35±0.63 9.24±0.59 0.10 

FBS (mg/dL) 82.08±0.80 85.07±0.60 81.43±0.10 0.54 

Insulin (μIU/mL) 9.44±0.09 13.50±0.18 10.37±0.29 0.88 

HOMA-IR 2.02±0.01 2.94±0.80 2.08±0.36 0.11 

All values are expressed as mean±SEM (one-way ANOVA followed by Tukeyʼs test). p values ≤ 0.05 were considered statistically significant.  
 

BMI: Body mass index; CC_SP:   Cyproterone 
compound plus spironolactone; DHEAS: 
Dehydroepiandrosterone sulfate; FBS: Fasting 
blood sugar; FSH: Follicle-stimulating hormone; 
HOMA-IR: Homeostatic model assessment for 
insulin resistance; hs-CRP: High-sensitivity C-
reactive protein; LH: Luteinizing hormone; SHBG: 
 
Sex hormone binding globulin    
Inflammatory markers 
Table 2 shows the values of the variables in the 

intervention groups before and after treatment. 
(table2).  
Comparison of pre- and post-treatment data 
revealed that C3, C4, and hs-CRP levels were 
significantly decreased in the pioglitazone group 
(p<0.05). These markers increased significantly in 
the CC-SP group (p<0.05) and remained almost 
unchanged in the metformin group. Data analysis 
using one-way ANOVA showed significant 
differences in the changes of mean serum C3, C4, and 
hs-CRP levels between groups (p<0.05) (Figure 1). 
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Table 2. Comparison of the anthropometric, clinical and biochemical variables of patients with polycystic 
ovarian syndrome (PCOS) before and after treatment with cyproterone compound- spironolactone, 
metformin or pioglitazone  

Variables 

CC-SP Metformin Pioglitazone P values 

Before After Before After Before After 
CC-SP vs. 

Metformin 

CC-SP vs. 

Pioglitazone 

Metformin 

vs. 

Pioglitazone 

Weight (Kg) 58.83± 0.16 57.67±0.13 66.76±0.32 65.56±0.24 64.32±0.23 65.63±0.43 0.96 0.001 0.001 

BMI (kg/m2) 23.18±0.41 22.72±0.50 25.40±0.70 24.92±0.50 24.90±0.20 25.39±0.25 0.93 0.001 0.001 

Waist 

circumference 

(cm) 

75.96±0.46 74.13±0.30 81.26±0.39 80.70±0.34 80.79±0.25 78.89±0.30 0.64 0.97 0.60 

Hip 

circumference 

(cm) 

95.54±0.60 93.8±0.80 100.44±0.90 98.07±0.88 99.32±0.95 98.93±0.50 0.61 0.30 0.11 

Hirsutism score 22.86±0.37 20.95±0.50 20.22±0.50 19.67±0.30 21.65±0.11 20.73±0.50 0.06 0.18 0.59 

C3 (IU/L) 1.60±0.29 1.88±0.30 1.53±0.40 1.58±0.40 1.70±0.35 1.56±0.30 0.02 0.0001 0.04 

C4 (IU/L) 0.33±0.09 0.38±0.10 0.31±0.10 0.31±0.10 0.34±0.10 0.30±0.10 0.05 0.0001 0.06 

hs-CRP (mg/L) 1.03±0.08 1.83±0.50 1.19±0.31 1.07±0.40 1.23±0.25 0.80±0.10 0.0001 0.0001 0.19 

LH (mIU/mL) 16.56±0.50 6.35±0.60 22.79±0.19 23.92±0.50 17.55±0.20 17.27±0.40 0.008 0.02 0.72 

FSH (mIU/mL) 5.20±0.80 2.90±0.83 5.95±0.15 5.19±0.18 5.48±0.50 5.83±0.30 0.06 0.002 0.16 

LH/FSH ratio 3.68±0.10 2.61±0.30 3.74±0.80 4.78±0.80 3.37±0.20 3.19±0.70 0.01 0.29 0.14 
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Total 

testosterone 

(ng/mL) 

1.25±0.62 0.94±0.70 1.03±0.47 0.91±0.20 1.03±0.49 0.99±0.40 0.13 0.03 0.52 

Free 

testosterone 

(pg/mL) 

6.26±0.77 3.33±0.80 4.69±0.69 4.75±0.20 4.34±0.79 4.88±0.40 0.0001 0.0001 0.48 

SHBG (nmol/L) 30.39±0.05 150.25±0.09 31.55±0.60 29.39±0.80 29.21±0.60 41.35±0.20 0.0001 0.0001 0.16 

DHEAS 

(pg/mL) 
3.70±0.39 3.24±0.50 3.04±0.55 3.41±0.80 2.86±0.56 2.43±0.10 0.005 0.93 0.005 

Estradiol 

(pg/mL) 
100.30±0.70 27.08±0.20 74.21±0.80 93.21±0.40 99.36±0.60 99.50±0.60 0.004 0.02 0.54 

Prolactin 

(ng/mL) 
11.65±0.85 11.58±0.72 13.35±0.63 13.52±0.80 9.24±0.59 10.36±0.10 0.89 0.51 0.58 

FBS (mg/dL) 82.08±0.80 78.67±0.60 85.07±0.60 81.48±0.55 81.43±0.10 81.18±0.80 0.96 0.38 0.34 

Insulin 

(μIU/mL) 
9.44±0.09 11.29±0.05 13.50±0.18 13.78±0.13 10.37±0.29 11.10±0.50 0.46 0.59 0.82 

HOMA-IR 2.02±0.01 2.18±0.04 2.94±0.80 2.88±0.60 2.08±0.36 2.23±0.10 0.69 0.99 0.69 

After adjusting for age, weight, and HOMA-IR as 
confounding factors, the differences between 
groups in inflammatory markers remained 
significant (p=0.0001 for C3, p=0.003 for C4, and 
p=0.0001 for hs-CRP). 
 
Hormonal changes 
Comparison of the groups using one-way ANOVA 
showed significant differences in the serum levels 
of LH, FSH, total testosterone, free testosterone, 
estradiol, insulin, and SHBG after 90 days of drug 
treatment (p<0.05). It was found that while serum 
levels of LH, FSH, total testosterone, free 
testosterone, and estradiol significantly decreased 
in the CC-SP group, insulin levels and SHBG 
significantly increased (p<0.05). In the metformin 
group, no hormonal changes were statistically 
significant. However, in the pioglitazone group, 
significant increases in SHBG and decreases in 
DHEAS levels were observed (p<0.05). The other 
hormonal indices did not change significantly after 
treatment with pioglitazone. 
 
Adverse events 
Two patients in the metformin group developed 
gastrointestinal side effects, and one patient in the 
pioglitazone group developed mild lower 
extremity edema. However, all patients continued 
their medications throughout the study. 
All values are expressed as mean±SEM. For 
comparison of the differences of the variables 
before and after treatment in each group, the 
paired sample t test was used. Comparisons of the 
changes in variables (after -before) between 
groups were performed with one-way ANOVA 
followed by Tukeyʼs test. p values ≤ 0.05 were 
considered statistically significant. 

BMI: Body mass index; CC_SP: Cyproterone 
compound plus spironolactone; DHEAS: 
Dehydroepiandrosterone sulfate; FBS: Fasting 
blood sugar; FSH: Follicle-stimulating hormone; 
HOMA-IR: Homeostatic model assessment for 
insulin resistance; hs-CRP: High-sensitivity C-
reactive protein; LH: Luteinizing hormone; SHBG: 
Sex hormone binding globulin    

 

Discussion 
The role of inflammation in the pathogenesis of 
PCOS has been demonstrated in numerous studies. 
A meta-analysis of thirty-one articles meeting the 
inclusion criteria for PCOS reported elevated hs-
CRP levels in these patients (3). A strong 
association between the complement system and 
insulin resistance, which is commonly observed in 
PCOS, has also been suggested (24). Additionally, 
several studies have proposed a correlation 
between hs-CRP and C3 as well as C4 (25, 26). In 
this study, we found that pioglitazone decreased 
the serum levels of C3, C4, and hs-CRP, whereas 
metformin showed no change, and the combination 
of cyproterone and spironolactone increased the 
concentrations of these inflammatory markers. Our 
findings regarding the effects of pioglitazone on hs-
CRP are consistent with the results of other clinical 
trials (27). A clinical trial reported that treatment 
of PCOS patients with ethinyl 
estradiol/drospirenone (which has effects similar 
to cyproterone compound) plus spironolactone 
significantly increased hs-CRP levels (28). 
Furthermore, in line with our findings, 
Aghamohammadzadeh et al. reported no beneficial 
effect of metformin on hs-CRP after treating PCOS 
patients with this drug (18).  
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Overall, based on the results of this study, 
pioglitazone appears to be the most effective drug 
for reducing inflammation in patients with PCOS. 
However, pioglitazone does not address all 
metabolic and hormonal abnormalities associated 
with this condition. Therefore, we suggest using 
pioglitazone as an adjunct to other medications, 
such as the combination of cyproterone compound 
and spironolactone. 
Our study had both strengths and limitations. A key 
strength was the comparison of the effects of 
routine medications used to treat PCOS on serum 
levels of C3, C4, and hs-CRP. The limitations of our 
study included the relatively small sample size and 
the short duration of treatment. Further clinical 
trials with larger sample sizes and more prolonged 
treatment durations, targeting other inflammatory 
markers, are needed. Additionally, it is crucial to 
design further research to explore the mechanisms 
of inflammation in the pathogenesis of PCOS to 
develop new drugs with combined anti-androgenic 
and anti-inflammatory properties. 

Conclusion 
This randomized clinical trial demonstrated that 
pioglitazone benefits the serum levels of 
inflammatory markers C3, C4, and hs-CRP. It can be 
used as an adjunct to other drugs, such as the 
combination of cyproterone and spironolactone, in 
the treatment of PCOS patients. 
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