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Abstract
Objectives:  To explore an association between CAPN10, SNP-44 (rs2975760) with IR condition in women with PCOS.
Methods:  A study included 120 participants of which 68 women have PCOS subdivide according to their body mass index (BMI) into 45 
obese (BMI ≥ 30) and 23 non-obese (BMI < 30). The remaining 52 represent the control group who were apparently healthy women with 
normal weight and normal menstrual cycle. Patients with PCOS were selected from the Infertility Department, Gynecology and Obstetrics 
Teaching Hospital, Kerbala Health Directorate/Kerbala-Iraq between Nov., 2021 and June, 2022. Diagnosis of PCOS is based on 2 of 3 findings: 
oligo/anovulation, hyperandrogenism, polycystic ovaries in ultrasound (Rotterdam criteria). Patients were interviewed and examined for 
weight, height, waist circumference, and hip circumference. Venous blood samples were collected at 9 AM after an overnight fast. IR was 
assessed by calculating homeostatic model assessment of insulin resistance (HOMA-IR) using the formula (fasting glucose mg/dl x fasting 
insulin µU/ml)/405, taking normal value <2.7. Genotypes of CAPN10, SNP-44 has been identified using Allele-specific polymerase chain 
reaction (AS-PCR) technique.
Results:  The prevalence of IR based on HOMA-IR was (80%) in obese PCOS and (48%) in non-obese PCOS women. CAPN10, SNP-44 has 
been reconstructed and analyzed in patients and controls. Genotypes of 45 obese PCOS subjects (TT, N = 26; TC, N = 12; and CC, N = 7), 23 
non-obese PCOS subjects (TT, N = 15; TC, N = 6; and CC, N = 2) and control subjects (TT, N = 39; TC, N = 11; and CC, N = 2) were identified. 
The genotype distribution was statistically different between obese PCOS women and controls (OR = 5.25, P = 0.048). The association of 
SNP-44 allele with IR status was detected. HOMA-IR was greater in CC (10.54 ± 1.29, 9.88 ± 1.41) than in TT (3.30 ± 1.52, P < 0.001; 2.82 ± 
1.45, P < 0.001) and TC (3.76 ± 1.58, P < 0.001; 4.10 ± 1.57, P < 0.05) in obese PCOS and non-obese PCOS subjects respectively.
Conclusion:  In obese PCOS, the C allele was associated with higher insulin secretion and HOMA-IR compared with the T allele. The increased 
HOMA-IR is an indicator of IR. In this scenario, the C allele might be involved in the pathophysiology of insulin resistance in PCOS.
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Introduction
Polycystic ovarian syndrome (PCOS) is a common endocrine 
disorder affecting women of reproductive age and often 
develops during adolescence.1 Women with PCOS are at 
increased risk of infertility.2 PCOS manifests with the typical 
clinical features of clinical and/or biochemical hyperandroge-
nism, ovarian dysfunction (including oligo-amenorrhoea) 
and polycystic ovaries. The prevalence of PCOS is commonly 
thought to vary between 5% and 20% depending on diagnostic 
criteria and sample population.3 Diagnostic criteria for PCOS 
mostly use the revised Rotterdam 2003 criteria.4 Metabolic 
disturbances often form an important component of the clin-
ical presentation of PCOS. Insulin resistance (IR) is a very 
common finding in subjects with PCOS which not included 
among the diagnostic features.5 IR is usually defined as a 
pathological condition characterized by a decreased respon-
siveness or sensitivity to the metabolic actions of insulin. In 
women with PCOS, IR plays an important role in the develop-
ment and persistence of this disorder.6 IR and compensatory 
hyperinsulinemia stimulate ovarian theca cells to secrete 
androgens. Insulin also inhibits sex hormone binding globulin 
(SHBG) production, increasing bioavailability of androgen 
levels and worsen hyperandrogenism status.7 Moreover, IR is 
critically involved in the development of metabolic syndrome, 

type 2 diabetes (T2D) and cardiovascular disease in PCOS 
women.8 The close association between obesity and PCOS is 
supported by epidemiological data, revealing that between 
38% and 88% of women with PCOS are either overweight or 
obese.9 

The etiology of PCOS is not completely understood, 
although it was reported that genetic and lifestyle factors 
known to influence the etiology of the syndrome. The use of 
candidate gene analysis has provided several promising genes 
as genetic modifiers of component phenotypes of PCOS.10 The 
results of both linkage and association studies, suggested that 
some genes involves insulin regulation are important factors 
in the genetic basis of PCOS.11 The discovery of single nucleo-
tide polymorphisms (SNPs) linked to a disease can shed light 
on its origin and help women with a particular phenotype, 
have a better prognosis. The calpain-10 gene (CAPN-10), 
plays a role in the secretion and action of insulin by encoding 
an extremely prevalent member of the calpain-like cysteine 
protease family. The CAPN-10 gene has been thoroughly 
examined in PCOS due to the fact that T2D and PCOS share a 
number of etiologic factors.12

The earliest evidence of CAPN10 involvement in PCOS, 
suggested a statistically significant association between PCOS 
susceptibility and the SNP-44 (rs2975760).13 This study was 
aimed to explore an association between CAPN-10 gene single 
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nucleotide polymorphism (rs2975760) with insulin resistance 
in women with PCOS.

Materials and Methods
A case-control study included 120 participants of which 68 
women have PCOS subdivided into 45 obese and 23 non-
obese subjects. The remaining 52 represent the control group 
who were apparently healthy women with normal weight and 
normal menstruation. Patients with PCOS were selected from 
the Infertility Department, Gynecology and Obstetrics 
Teaching Hospital, Kerbala Health Directorate/Kerbala-Iraq 
between November, 2021 and June, 2022. Oral informed con-
sent was obtained from all participants. PCOS was diagnosed 
in presence of at least two out of the three: oligo/anovulation, 
clinical and/or biochemical signs of hyperandrogenism and 
polycystic ovaries with exclusion of related etiologies. These 
criteria were defined by the updated 2003 Rotterdam.14

Patients were interviewed and examined for weight, 
height, waist circumference, and hip circumference. Transab-
dominal pelvic sonography was performed on all of the sub-
jects with PCOS. Five milliliters venous blood samples were 
collected at 9 AM after an overnight fast. Blood samples were 
divided into two parts; the first part was collected in gel tube 
for biochemical analysis. Levels of serum C-peptide, LH and 
FSH were measured by chemiluminescent automated immu-
noassay system (Cobas e411). Free testosterone and insulin 
were measured by enzyme linked immunosorbent assay 
(ELISA). Glucose was measured with hexokinase method. The 
second part was collected in EDTA tube for molecular anal-
ysis. IR was assessed by calculating homeostatic model assess-
ment of insulin resistance (HOMA-IR) using the formula 
(fasting glucose mg/dl x fasting insulin µU/ml)/405, taking 
normal value less than (2.7). Genotypes of CAPN-10, 
rs2975760 has been identified using Allele-Specific Poly-
merase Chain Reaction (AS-PCR) technique. Each PCR  
was carried out in a total volume 25 μl consisting of 3 μl 
extracted DNA, 1.5 µl each primer, 12 μl master mix and 7 μl 
nuclease free water. Specific primers were designed with the 
sequences 5´-GCAGGGAAGCTGGTGAACATG-3´ for the 
forward primer, 5´-CTCACCTTCAAACGCCTTACTTCA-3´ 
for the reverse 1 primer and 5´-CTCACCTTCAAACGCCT-
TACTTCG-3´ for the reverse 2 primer. The PCR products 
(250 bp) of CAPN-10 gene were separated by electrophoresis 
in a 5% agarose gel and then visualized by UV 
Transilluminator.

The data were analyzed using the Statistical Package for 
Social Sciences (SPSS). Continuous variables were expressed 
as means ± standard deviation, (SD). Mean comparisons were 
made using one-way analysis of variance (ANOVA) followed 
by Tukey’s post hoc test.

Results
The demographic features of the total study population, as well 
as baseline values of the various biochemical parameters are 
presented in Table 1. All fat indices such as waist circumfer-
ence (WC), waist to hip ratio (WHR) and BMI were signifi-
cantly higher in PCOS group (P < 0.001). This result 
highlighted the role of obesity in PCOS as reported in previous 
studies. Gonadal hormones: LH, FSH and LH/FSH ratio were 
seemingly elevated in PCOS patients. Free testosterone was 

Table 1.  Comparison of demographic, hormonal and metabolic 
features between PCOS patients (N = 68) and controls (N = 52)

  PCOS  
N = 68

Control  
N = 52 P-value

Demographic Parameters    

Age (years) 27 ± 6.00 27 ± 5.71 NS

WC (cm) 100 ± 16.71 80 ± 10.94 <0.001

WHR 0.90 ± 0.10 0.82 ± 0.08 <0.001

BMI (kg/m2) 31.32 ± 5.79 24.09 ± 3.56 <0.001

Hormonal Parameters    

LH* (IU/l) 10.25 ± 1.52 6.67 ± 1.44 <0.001

FSH (IU/l) 6.73 ± 1.69 5.56 ± 1.32 <0.01

LH/FSH 1.69 ± 0.72 1.30 ± 0.60 <0.01

f-testosterone* (pg/ml) 16.65 ± 2.27 4.21 ± 2.50 <0.001

Metabolic Parameters    

Total Cholesterol (mg/dl) 156 ± 31.05 117 ± 20.97 <0.001

Triglycerides* (mg/dl) 95 ± 1.53 70 ± 1.55 <0.001

HDL-C (mg/dl) 40 ± 6.24 43 ± 8.95 <0.01

LDL-C* (mg/dl) 92 ± 1.32 56 ± 1.39 <0.001

Glucose (mg/dl) 92 ± 8.40 84 ± 5.12 <0.001

Insulin* (μU/ml) 18.15 ± 1.76 10.74 ± 1.56 <0.001

C-peptide* (pmol/L) 455.82 ± 1.82 330.64 ± 1.64 <0.01

HOMA-IR* 3.87 ± 1.76 2.22 ± 1.58 <0.001

Data was expressed as mean ± SD; *, refers to logarithmic mean of trans-
formed data; NS, non-significant; WC, waist circumference; WHR, waist to hip 
ratio; BMI, body mass index; LH, luitinising hormone; FSH, follicle stimulating 
hormone; LH/FSL, LH to FSH ratio; f-testosterone, free testosterone, HDL, high 
density lipoprotein-cholesterol; LDL, low density lipoprotein-cholesterol; 
HOMA-IR, homeostatic model assessment of insulin resistance.

increased in PCOS group compared to control group (P < 
0.001). Lipid profile: total cholesterol (TC), triglyceride (TG), 
high density lipoprotein-cholesterol (HDL-C) and low density 
lipoprotein cholesterol (LDL-C) seem to be normal in women 
with PCOS of the presented study. However, PCOS subjects 
still have increased levels of TC, TG and LDL-C; and decreased 
level of HDL-C in compare to control subjects. Glucose, 
insulin, C-peptide and HOMA-IR were significantly elevated 
in women with PCOS compared to control women, pointing 
to the insulin resistance component in this syndrome.15 The 
incidence of IR was 80% in obese women with PCOS and 48% 
in non-obese women with PCOS, as shown in Figure 1.

Extracted DNA samples for study subjects, were found to 
be pure and the DNA concentrations ranged from (4.64–
42.10) ng/u. The mean of DNA concentration and purity were 
(21.85 ± 8.79), (1.82 ± 0.08) respectively. The results of AS-PCR 
amplifications were analyzed and three genotypes were 
obtained for CAPN10, SNP-44, TT (common homozy-
gous-wild type) TC, (heterozygous) and CC, (rare homozy-
gous-mutant type).

Subjects with PCOS were analyzed in two groups, based 
on BMI: non-obese PCOS (BMI < 30) and obese PCOS (BMI 
≥ 30) cases. Chi Square test was carried out to check for the 
significance of deviation from Hardy-Weinberg equilibrium 
(HWP) for CAPN10, SNP-44 (rs2975760) in obese PCOS (P = 
0.063), non-obese PCOS (P = 0.535) and control (P = 0.587) 
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women separately. The results indicate that CAPN10 SNP-44 
(rs2975760) confirms to the HWE, Table 2. The allele and gen-
otype frequencies were compared between these two groups as 
well as each of them with controls. The genotype and allele 
frequency distribution for the CAPN10 SNP-44, (rs2975760) 
is presented in Figure 2.

Observations of the current study indicated that the 
homozygotes for the SNP-44, variant CC had significantly 

higher frequency among obese PCOS cases 15% than the con-
trols 4%, (OR = 5.25, P = 0.048). This trend was also seen in 
the allele distribution pattern, wherein the variant allele C was 
found in 29% of the obese PCOS cases as compared to 14% of 
the controls (OR = 2.41, P = 0.015), Table 3.

To explore the role of CAPN-10 gene, SNP-44 in the pres-
ence of metabolic abnormalities in PCOS. The distribution of 
genotypes was compared in obese/non-obese PCOS patients. 
The results of obese PCOS women genotyping in the presented 
study show that BMI is significantly higher in the rare homozy-
gotes genotype CC compared to heterozygous genotype TC 
and homozygotes genotype TT. Also, there are no significant 
difference (P > 0.05) when measuring the levels of glucose 
concentrations. While, insulin, C-peptide and HOMA-IR 
were significantly higher (P < 0.001) in the rare homozygotes 
genotype CC compared to heterozygous genotype TC and 
homozygotes genotype TT, Table 4. For non-obese PCOS 
women, the rare homozygotes genotype CC was had elevated 
BMI compared to the homozygotes genotype TT. Lipid profile 
does not correlate with CAPN-10, SNP-44 variant C. Also, 
there was no significant difference (P > 0.05) when measuring 
the levels of glucose and C-peptide concentrations. While, 
insulin and HOMA-IR were significantly higher (P < 0.001) in 
the rare homozygotes genotype CC compared to heterozygous 
genotype TC and homozygotes genotype TT, Table 5.

Discussion
Poly cystic ovary syndrome has multiple components- repro-
ductive, metabolic and cardiovascular with long term health 
implications. None are specific for PCOS, and we speculated 
that each component might be related with independent 
genetic risk factors.16 Obesity in adolescence is associated with 
greater menstrual cycle irregularity and PCOS.17. Three main 
pathophysiologic components are strongly associated with 
PCOS: increased LH secretion, higher androgen levels and 
IR.18 Hyperandrogenic phenotype of PCOS patients is influ-
enced by both hormonal and metabolic dysfunctions.19

Insulin plays an important role in reproduction through 
its direct effect on ovarian granulosa and theca cells regulating 
ovulation and steroidogenesis in ovaries. Thus, IR is associated 
with hyperandrogenism in PCOS.20 The same finding was 
recorded previously (Unluer et al., 2013),21 who reported that 
IR in PCOS had linked to obesity and obese PCOS have a high 
probability of IR.22 Although non-obese women exhibit lower 
IR is still a common finding in this population. Indeed, several 
studies have suggested IR as a pathophysiological component 
independent of weight.23 The results of lipid profile confirm 
that PCOS patients might have dyslipidemia as mentioned in 
previous studies.24 Rizzo et al. concluded that total cholesterol, 
triglyceride and LDL concentrations were higher and HDL 
levels were lower in controls versus PCOS.25 It was demon-
strated that obese women have elevated serum levels of choles-
terol and LDL as compared with the corresponding levels in 
the normal weight group and higher triglycerides and lower 
HDL than normal or overweight PCOS women.26 However, 
many women with PCOS still have a completely normal lipid 
profile and in larger studies of lipid levels in women with 
PCOS mostly fall within normal ranges.27

The current study supports a role of CAPN-10, SNP-44 in 
PCOS susceptibility.28 Variation in the CAPN-10 gene was 
reported to be linked and associated with T2D susceptibility in 

Fig. 1  The prevalence of insulin resistance (IR) /sensitivity (IS) 
based on HOMA-IR in both obese and non-obese PCOS women.

Table 2.  Hardy Weinberg Equilibrium test for study subjects

Common  
Homozygotes Heterozygotes Rare  

Homozygotes

Obese PCOS  
(N = 45) TT TC CC

Frequency 26 12 7

P-value 0.063

Non-obese PCOS (N = 23)

Frequency 15 6 2

P-value 0.535

Control (N = 52)

Frequency 39 11 2

P-value 0.587

Fig. 2  Comparison of genotypes frequencies among obese PCOS, 
non-obese PCOS and control subjects.
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Table 3.  Genotype and allele frequency distribution of SNP-44 T/C (rs2975760) of CAPN10 gene in 
obese PCOS and control subjects

Genotype Obese PCOS Control OR 95% CI P-value

TT 26 58% 39 75% 1 reference

TC 12 27% 11 21% 1.64 0.63–4.26 0.313

CC 7 15% 2 4% 5.25 1.01–27.28 0.048

Total 45 100% 52 100%      

Allele frequency

T 64 71% 89 86%

C 26 29% 15 14% 2.41 1.18–4.91 0.015

OR, odd ratio; CI, confidence interval.

Table 4.  The differences in demographic and metabolic parameters in related to TT, TC and CC  
genotype in obese women with PCOS

Biochemical parameters
Genotyping frequency

P-value
TT TC CC

BMI (kg/m2) 33.81 ± 3.05 34.83 ± 2.57 38.75 ± 1.29 Pa < 0.05
Pb < 0.05

Total Cholesterol (mg/dl) 160 ± 29.32 162 ± 21.09 174 ± 26.27 NS

Triglycerides (mg/dl) 93 ± 1.52 105 ± 1.44 138 ± 1.16 NS

HDL-C (mg/dl) 41 ± 7.68 39 ± 4.81 39 ± 6.59 NS

LDL-C (mg/dl) 95 ± 1.31 98 ± 1.27 105 ± 1.29 NS

Glucose (mg/dl) 92 ± 9.69 92 ± 7.09 91 ± 3.87 NS

Insulin (μU/ml) 14.63 ± 1.49 16.66 ± 1.53 47.08 ± 1.27 Pa < 0.001
Pb < 0.001

C-peptide (pmol/L) 402.3 ± 1.57 378.2 ± 1.48 1067.9 ± 1.59 Pa < 0.001
Pb < 0.001

HOMA-IR 3.30 ± 1.52 3.76 ± 1.58 10.54 ± 1.29 Pa < 0.001
Pb < 0.001

Pa, (TT vs. CC); Pb, (TC vs. CC); Pc, (TT vs. TC).

Table 5.  The differences in demographic and metabolic parameters in related to TT, TC and  
CC genotype in non-obese women with PCOS

Biochemical parameters
Genotyping frequency

P-value
TT TC CC

BMI (kg/m2) 23.43 ± 2.15 25.49 ± 1.99 28.68 ± 0.22 Pa < 0.01

Total Cholesterol (mg/dl) 134 ± 23.58 143 ± 16.52 177 ± 29.69 NS

Triglycerides (mg/dl) 72 ± 1.47 91 ± 1.68 148 ± 1.23 NS

HDL-C (mg/dl) 39 ± 4.19 39 ± 6.84 37 ± 9.89 NS

LDL-C (mg/dl) 78 ± 1.27 84 ± 1.12 112 ± 1.43 NS

Glucose (mg/dl) 93 ± 9.93 93 ± 7.89 88 ± 2.82 NS

Insulin (μU/ml) 12.39 ± 1.45 18.06 ± 1.55 45.18 ± 1.45 Pa < 0.001
Pb < 0.05

C-peptide (pmol/L) 376.0 ± 1.91 461.7 ± 1.77 725.2 ± 1.18 NS

HOMA-IR 2.82 ± 1.45 4.10 ±1.57 9.88 ± 1.41 Pa < 0.001
Pb < 0.05

Pa, (TT vs. CC); Pb, (TC vs. CC); Pc, (TT vs. TC).

a Mexican American population.29 In a case-control study 
involved patients with T2D and normal glucose tolerant sub-
jects, no association of the SNP-44 variant with T2D was 
found. The frequency of the minor SNP-44  variant C was 
higher among T2D patients 18% compared with normal 

glycemic subjects 17%, however, these differences did not 
reach statistical significance.30 While SNP-44 has been shown 
to predict the development of T2D in other study.31

Preliminary studies of CAPN-10 gene in PCOS patients 
provide the first evidence of CAPN-10 involvement in PCOS, 
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suggesting a statistically significant association between the 
SNP-44 and PCOS susceptibility.13 Subsequent studies evalu-
ating the role of CAPN-10 in PCOS have yielded contradic-
tory results. Supporting the CAPN10 gene involvement in 
PCOS, Gonzalez et al. showed that CAPN-10, SNP-44 allele 
was associated with PCOS in the Spanish population.32 Lipid 
profile does not correlate with CAPN-10 SNP-44 variant C, 
indicating that this variant does not confer risk to dyslipi-
demia in PCOS. Although, the associated genetic variation 
might serve as useful diagnostic tools, it does not necessarily 
mean that there is an etiological link between a certain allele 
or genotype and a given trait or disease. In previous studies, 
CAPN-10 polymorphisms have been found to correlate with 
several aspects of insulin secretion. However, possible mecha-
nisms whereby calpain-10 modulates insulin secretion was not 

provided.33 Although many genes have been researched as 
potential susceptibility loci, the impact of any one gene may be 
minimal since PCOS is in fact a complex genetic disorder.

Conclusion
Insulin resistance is commonly associated with PCOS inde-
pendently of obesity. In obese PCOS, the C allele was associ-
ated with higher insulin secretion and HOMA-IR as compared 
with the T allele. The C allele might be involved in the patho-
physiology of insulin resistance in PCOS.
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