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Abs tract 
Background: Premature menopause (PM) is the cessation of ovarian function before age 40. PM women are more likely to 
have cardiovascular diseases (CVDs), diabetes, and mental disorders. This is the first study that assessed the association of 
single nucleotide polymorphisms (SNPs) with anti-heat shock protein 27 (Hsp27), High-sensitivity C-reactive protein (hs-
CRP), and PM and serum pro-oxidant-antioxidant balance (PAB), as putative risk factors for CVDs. We aimed to explore 
the association of oxidative stress markers with eight different SNPs shown to be related to premature menopause.

Materials and Methods: In this cross-sectional research, we included 183 healthy women and 117 premature meno-
pausal women. We determined baseline characteristics for all participants and measured serum hs-CRP, anti-HSP-27 
antibody titer, and PAB levels using the established methods. Genotyping for eight SNPs was done using the tetra 
amplification refractory mutation system polymerase chain reaction (Tetra-ARMS PCR) and allele-specific oligonu-
cleotide PCR (ASO-PCR) methods.

Results: We found a significant difference between mean serum PAB levels and the genetic variant of rs16991615 
(P=0.03). ANCOVA showed a significant effect of the genotypes rs4806660 and rs10183486 on hs-CRP serum levels 
in the case and control groups, respectively (P=0.04 and P=0.007). ANCOVA also showed an association between 
rs244715 genotypes and anti-hsp27 serum levels in the case group (P=0.02). There was a significant effect of the 
genotypes of rs451417 on the serum hs-CRP level in the control group (P=0.03).

Conclusion: There was a significant association of the genetic variants related to PM with oxidative stress and inflam-
matory markers (serum PAB, anti-hsp27 antibody, and hs-CRP). Accordingly, this seems to be an effective approach to 
predicting susceptible subjects for cardiovascular and mental disorders as well as various cancers. 
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Introduction 
Premature menopause (PM), also known as primary 

ovarian insufficiency, is determined by amenorrhea 
before the age of 40 years (1). Fifteen to thirty percent of 
women with PM are familial, suggesting an essential role 

of genetic etiologies in the occurrence of PM (2). Multiple 
studies showed the effect of different genetic loci on age 
at natural menopause (3). Postmenopausal women are 
more susceptible to cardiovascular diseases (CVDs) and 
diabetes (4). Additionally, due to estrogen deficiency, 
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PM women are prone to feel depression and anxiety (5). 
Early detection of PM women who are at higher risk of 
developing CVDs, diabetes, or depression via proper 
markers, will help us reduce the burden of these disorders.

Recent studies indicated that inflammation and oxidative 
stress predisposed individuals to CVDs and diabetes (6). 
The serum pro-oxidant-antioxidant balance (PAB) assay 
is a quick, cheap, and simple method for determining the 
pro and antioxidant activities (7). High serum PAB levels 
indicated enhanced production of reactive oxygen species 
(ROS) that may lead to oxidative stress (8). Recent studies 
also exhibited that serum PAB values were associated 
with the anti-Hsp27 antibody titers (9). Anti-Hsp27 
antibody released in response to hsp-27 secretion could be 
taken into account for identifying oxidative events (10). 
Numerous investigations showed the association between 
PAB levels and risk factors for CVDs (11-13). Recently, 
anti-hsp27 levels have been suggested as a risk factor for 
CVDs (7). In addition, another study demonstrated the 
potential role of anti-hsp27 in predicting depression due 
to oxidative stress (14). However, high levels of hs-CRP 
as an inflammatory marker has shown a predictor nature 
for diabetes mellitus 2 occurrence (15). In the recent 
research, it was also shown that elevated hs-CRP levels 
were related to anxiety (13, 16).

As mentioned before, the role of genetic factors in 
PM has been well established. Extensive research has 
shown that mutations, such as SNPs, in a number of these 
genes were involved in PM (17, 18). Recently, a study 
showed significant association of eight single nucleotide 
polymorphisms (SNPs) (rs16991615 of MCM8 gene, 
rs244715 of ZNF346 gene, rs451417 of MCM8 gene, 
rs1046089 of PRRC2A gene, rs7246479 of TMEM150B 
gene, rs4806660 of TMEM150B gene, rs10183486 of 
TLK1 gene, rs2303369 of FNDC4 gene) with PM in the 
northeastern population of Iran (19).

Genome wide association studies (GWAS) have 
recognized a polymorphism, (i.e. rs16991615) of mini-
chromosome preservation 8 homologous recombination 
repair factor  of MCM8 gene that was involved in the age 
of natural menopause (20). Correspondingly, rs1046089 
and rs4806660 polymorphisms were located on Proline 
Rich Coiled-Coil 2A (PRRC2A) and transmembrane 
(TMEM) genes, respectively. These are associated with 
the age at menopause (21). GWAS also identified several 
other variants that are associated with primary ovarian 
insufficiency (POI) (22). However, few research studies 
have been done on the association between this variants 
and PM risk. We selected the most common variants, 
including eight SNPs while their role in PM was recently 
established in the northeastern population of Iran (19).  
We aimed to evaluate association of the SNPs variants 
with PAB, hs-CRP, and anti-Hsp27. 

Material and Methods 
Study subjects 

In this cross-sectional research, we included 183 

healthy women as the controls and 117 patients with PM. 
All of them had originally participated in the Mashhad 
study, a cohort study that was accomplished over ten 
years with the joining of 9704 individuals (35-65 years 
old). The cases had a menopause history before 40 years 
old, twelve non-stop months without menstruation, and 
serum follicle-stimulating hormone (FSH) levels up to 
40 IU/L (repeated at four-week intervals). Exclusion 
criteria for cases were the history of genetically 
confirmed diseases surgeries affecting menstruation, 
and drugs affecting menstruation. On the other hand, 
the controls were up to 40 years old without a history 
of menopause, disorders related to menstruation, and 
medication for conditions affecting menstruation or 
infertility. Using procedures endorsed by the Mashhad 
University of Medical Science Ethics Committee (IR.
MUMS.MEDICAL.REC.1398.658), informed consent 
was acquired from all individuals. We determined 
baseline characteristics such as age, body mass index 
(BMI), smoking habits, and physical-activity-level 
(PAL). Moreover, we measured serum hs-CRP, anti-
HSP-27 antibody titer, and PAB in all participants.

Physical-activity-level and body mass index 
measurements

We assessed PAL in the all participants by using the 
specific questionnaire, a modified version of the SHHS/
MONICA questionnaire. Based on the subject PAL score, 
they were categorized into: extremely inactive (<1.40), 
sedentary active (1.40-1.69), moderator active (1.70-
1.99), vigorously active (2-2.4), and extremely active 
(>2.40). In addition, we determined BMI by dividing the 
person’s weight (kg) by the square of height (m2).

Oxidative stress markers measurement
After 12-14 hours of fasting, blood sample was 

collected from the all participants in Vacutainer tubes. 
Blood samples were centrifuged at 5000 g, 4°C, for 15 
minute to separate serum. It was followed by analyzing 
hs-CRP, anti-HSP-27, and PAB serum levels. Serum hs-
CRP was measured using the Alycon analyzer (ABBOTT, 
USA) with a detection limit of 0.06 mg/l. As previously 
described, anti-HSP-27 antibody titers were assessed 
using the in-home enzyme-linked immune sorbent 
(ELISA) method (23, 24). PAB was measured using the 
method described by Alamdari et al. (25). 

Genotyping
Extracting DNA

Genomic DNA extraction was performed from 200 µl 
blood using Parstous blood DNA extraction kit (Parstous, 
Iran) based on the manufacturer’s protocol. To check 
quality of the extracted DNA, electrophoresis on 1% 
agarose gel was applied (Parstous, Iran). Quantification 
of extracted DNAs was also assessed by Nanodrop 2000 
(Thermo Fisher Scientific, Waltham, USA) with 260 and 
280 nm of wavelengths.

Genetic Variants Associated with POI and Inflammatory Markers
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Tetra-ARMS PCR
Tetra amplification refractory mutation system 

polymerase chain reaction (Tetra-ARMS PCR) was done 
in an overall volume of 15 µl, including 7.5 µl master mix 
(Parstous, Iran), 2 µl genomic DNA, 1.5 µl water, and 1 
µl of each primer (4 µM). Primer 1 software was used to 
design the primers. Tetra-ARMS PCR was conducted as 
follows: an initial denaturation step at 95ºC for 5 minutes, 
then 30 cycles of denaturation at 94ºC for 30 seconds, 
annealing at 58ºC for 30 seconds and extension at 72ºC for 
40 seconds, followed by one extension cycle at 72ºC for 5 
minutes.

ASO-PCR
We carried out allele-specific oligonucleotide PCR 

(ASO-PCR) in a total volume of 15 µl, containing 7.5 
µl master mix (Parstous company), 2 µl genomic DNA, 
1.5 µl water, and 1 µl of each primer (4 µM). Using the 
Primer 3 software, the primers were designed. ASO-PCR 
was performed as follows: an initial denaturation step 
at 95ºC for 7 minutes in one cycle, afterward 35 cycles 
of denaturation at 95ºC for 30 seconds, annealing for 30 
seconds, extension at 72ºC for 30 seconds, followed by a 
final extension at 72°C for 7 minutes in one cycle.

Statistical analysis
SPSS software version 24 (SPSS Inc., USA) and SAS 

JMP Pro (SAS Institute Inc., USA) version 13 were used 
to analyze the data. All measurements were performed 
in triplicate. Kruskal-Wallis and Bonferroni correction 
tests were used to compare mean differences between 
different groups. Additionally, we used ANCOVA test 
to analyze SNP genotypes by removing the potential 
confounding variables. These factors (including PAL and 
age factors) influence oxidative stress marker levels. A P 
value below 0.05 was considered statistically significant 
(P<0.05). Multiple testing correction was applied using 
the Bonferroni correction. To describe the qualitative and 
quantitative variables, mean ± SD and frequency were 
reported, respectively. Chi-square and Fisher’s exact 
tests were applied to measure association of qualitative 
variables. Moreover, mean of quantitative variables 
between the two groups was compared by an independent t 
test. Data mining techniques, including logistic regression 
(LR) and decision tree (DT) algorithms, were used to 
analyze data.

Logistic regression model
LR model is a prevalent statistical model to evaluate 

association between various predictor variables and 
binary outcomes in medicine, public health, etc (26). 

Let Y_i denotes the response variable and takes the 
values of 0 or 1 depending on whether a response occurs 
or not. X is the vector of covariates associated with 
the response variable, β is the corresponding vector 
of regression coefficients. Subsequently, association 

between the covariates and binary response variable can 
be investigated as follows:

logit{E(Yi)}=logit{Pr(Yi=1| X, β)} = βT X.

The statistical model known as logistic regression, or 
LR, is used to model dichotomous targets and investigate 
how explanatory variables affect the dichotomous target 
variable. The likelihood of including each record in the 
target groups is also shown in LR (27). The LR ability 
to demonstrate a strong direct or inverse relationship 
between the target and inputs or explanatory variables is 
its primary advantage. Additionally, it is adaptable (28).

Decision tree model
One of the analyses of artificial intelligence that emerged 

toward the end of the 20th century is data mining (29). In 
other words, data mining is the process of finding hidden 
information within large data sets. Data classification is 
one of the important issues that researchers face during 
this process. Classification issues can be addressed using 
a variety of approaches (30). In the medical field, DT 
model can be used in a variety of ways (31). It is widely 
used and studied in these fields, due to its simplicity, 
clarity, and ability to extract straightforward rules (32). 
Components, nodes, and branches make up DT. Therefore, 
there are three kinds of nodes: i. A root node is the result 
of splitting all records into two or more distinct subsets, ii. 
The internal nodes are a possible connection point in the 
tree structure between the leaf nodes at the bottom and the 
root nodes at the top, iii. Leaf nodes that display the final 
results of the records obtained from division of tree target 
groups. Likelihood of placing records in target groups is 
indicated by the tree branches, originated from the root 
node and internal nodes (33). The Gini impurity index is 
used by the DT algorithm to choose the best variable.

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺(𝐷𝐷) = 1 −∑𝑃𝑃𝑖𝑖2
𝑚𝑚

𝑖𝑖=1
 

 In this calculation, Pi is probability of the record in D 
belonging to the class Ci and it is estimated by |Ci, D|/|D. 

Results
Study population characteristics

We enrolled 117 women as the case and 183 women 
as the control group who were matched for BMI 
and smoking status. Participants in the case (PM) 
and control groups were 55.21 ± 5.56 and 54.62 ± 
2.89 years old, respectively.  Additionally, physical 
activity level of the case group was significantly 
higher than that of the control group [1.77 (0.27) vs. 
1.68 (0.27); P=0.003]. Serum level PAB, hs-CRP, and 
anti-Hsp27 were not significantly different between 
the case and control groups (Table 1). As shown in 
Table 2, in this research, eight SNPs were examined, 
including rs16991615, rs244715, rs451417, 
rs1046089, rs7246479, rs4806660, rs10183486, and 
rs2303369.

Mirinezhad et al.
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Table 1: Demographic features and characteristics of the study population

Characteristics PM cases (n=117) Control (n=183) P value
Age (Y) 55.21 ± 5.56* 54.62 ± 2.89* 0.4
Anti-hsp27 0.22 (0.34)** 0.23 (0.32)** 0.846
hs-CRP 1.78 (2.81)** 2.39 (4.52)** 0.443
PAB 81.90 (86.66)** 108.64 (94.24)** 0.111
PAL 1.77 (0.27)** 1.68 (0.27)** 0.003#

Smoking 0.392
Non-smoker 86 (37.1)*** 146 (62.9)***

Ex-smoker 10 (52.6)*** 9 (47.4)***

Current-smoker 19 (40.4)*** 28 (59.6)***

TC (mg/dl) 207.8 ± 35.8* 188.8 ± 33.1* <0.001#

TG (mg/dl) 111.0 (82.0-162.5) 117.0 (80.0-159.0) 0.684
LDL-C (mg/dl) 128.39 ± 33.96* 110.47 ± 33.42* <0.001#

HDL-C (mg/dl) 47.45 ± 9.33* 45.06 ± 11.34* 0.040#

FBG (mg/dl) 88.74 ± 20.06* 88.96 ± 31.43* 0.948
BMI (kg/m2) 28.78 ± 5.06* 29.34 ± 4.22* 0.323

PM; Premature menopause, Anti-hSP; Anti-heat shock protein, hs-CRP; High sensitivity C reactive protein, PAB; Pro-oxidant-antioxidant balance, PAL; Physical activity level, TC; Total 
cholesterol, TG; Triglycerides, LDL-C; Low-density lipoproteins-cholesterol, HDL-C; High-density lipoproteins-cholesterol, FBG; Fasting blood glucose, BMI; Body mass index, SD; 
Standard deviation, IQR; Interquartile range, *; Mean ± SD, **; Median (IQR), ***; n (%), and #; Significant at a level of 0.05.

Association of single nucleotide polymorphisms and 
serum pro-oxidant-antioxidant balance levels

Serum PAB levels in the control group were significantly 
different (P=0.031) between the three genotypes of 
rs16991615: AA, GA, and GG. After adjusting confounders, 
including age and level of physical activity, there was no 
significant association between serum PAB levels in either 
group and the other selected SNP genotypes (Table 2).

Association of single nucleotide polymorphisms and 
serum hs-CRP levels

After adjusting for physical activity level and age in the 
both group, one-way ANCOVA was conducted to determine 
statistically significant difference between genotypes of the 
selected SNPs and hs-CRP levels s. Based on the obtained 
results, it was shown that the genotypes of rs4806660 
significantly affected serum hs-CRP levels in the case 

group after adjusting for confounding variables (P=0.042). 
Additionally, the genotypes of rs10183486 significantly 
affected the hs-CRP level in the control group (P=0.007). 
On the other hand, in the control group, Kruskal-Wallis Test 
exhibited significant difference in serum hs-CRP levels 
among the each genotype of rs10183486 (TT, CT, and CC, 
P=0.014). The other results were not significant (Table 2).

Association of single nucleotide polymorphisms and 
anti-hsp27

The results showed significant effect of rs244715 genotypes 
on anti-hsp27 antibody titer in the case group after adjusting 
for confounding variables (P=0.023). Moreover, significant 
effect of the genotypes of rs451417 on the hs-CRP level was 
observed in the control group (P=0.031). The other results 
did not show any association between the genotypes of SNPs 
and anti-hsp27 antibody titer (Table 2). 

Table 2: Association of genotypes related to PM with lipid profile in the studied patients (n=300)

SNPs Markers PM (n=117) Control (n=183)

rs16991615 AA GA GG P1 P2 AA GA GG P1 P2

Anti- hsp27 0.28 (0.34) 0.21 (0.28) 0.23 (0.39) 0.51 0.48 0.28 (0.47) 0.19 (0.25) 0.25 (0.33) 0.15 0.27

hs-CRP 2.44 (4.60) 1.30 (1.37) 1.88 (2.90) 0.23 0.34 1.62 (3.30) 2.87 (4.43) 1.89 (4.34) 0.28 0.88

PAB 77.16 (65.34) 93.34 (66.98) 72.92 (103.01) 0.53 0.62 34.77 (-)a 117.01 (79.70)b 94.47 (124.92)b 0.03* 0.08

rs244715 GG AG AA P1 P2 GG AG AA P1 P2

Anti-hsp27 0.18 (0.35)a 0.28 (0.44)b 0.16 (0.26) 0.25 0.02 0.44 (-) 0.24 (0.34) 0.22 (0.27) 0.67 0.75

hs-CRP 1.50 (4.08) 2.22 (3.43) 1.60 (2.62) 0.52 0.41 2.21 (5.54) 2.52 (4.91) 2.38 (4.35) 0.82 0.75

PAB 81.91 (57.02) 71.53 (95.59) 89.74 (88.78) 0.56 0.56 - 112.52 (138.48) 108.64 (78.41) 0.40 0.39

rs451417 AA CA CC P1 P2 AA CA CC P1 P2

Anti-hsp27 0.22 (0.38) 0.28 (0.24) 0.17 (0.39) 0.92 0.57 0.23 (0.16) 0.18 (0.25)a 0.24 (0.38)b 0.10 0.03*

hs-CRP 1.76 (2.90) 2.14 (3.86) 1.57 (2.30) 0.72 0.54 2.51 (5.45) 2.34 (4.32) 2.57 (4.63) 0.69 0.63

PAB 77.16 (52.12) 15.02 (115.79) 91.54 (56.14) 0.38 0.46 137.26 (-) 88.29 (101.15) 108.64 (98.35) 0.83 0.99

rs1046089 AA GA GG P1 P2 AA GA GG P1 P2
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Relationship of biochemical and SNPs predictors with 
PM, using LR and DT models

All variables were found to be significantly 
associated with PM (P<0.050) in the multiple LR 
model (Table 3). PAB, PAL, TG, rs10183486, 
rs451417, BMI, and rs244715 were found to be 
significantly associated with PM (P<0.05), after 
adjusting for the effect of other variables in the 
model. Additionally, rs10183486, PAB, PAL, and TG 
were the most significant variables (they have more 
LogWorth in Table 3). 

Table 3: Parameters estimating of the LR model

Source LogWorth Importance P value
PAB 145.178 <0.001
PAL 85.894 <0.001
TG 67.938 <0.001

rs10183486 39.144 <0.001
rs451417 15.160 <0.001

BMI 11.486 <0.001
rs244715 3.436 <0.001

LR; Logistic regression, PAB; Pro-oxidant-antioxidant balance, PAL; Physical activity 
level, TG; Triglycerides, and BMI; Body mass index

Figure 1 illustrated the outcomes of DT training for 
biochemical factors. DT algorithm determined various 
PM risk factors and categorized them into the four layers.  
According to the DT model, the first variable (root) is 
of the most significant classifying data, whereas the 
subsequent variables have different levels of significance 
(12). Figure 1 illustrated that age, followed by hs-CRP 

and anti-hsp27, had the most significant impact on the 
PM development risk.

Fig.1: Decision tree for inflammatory risk factor of premature ovarian 
insufficiency diagnosis. hs-CRP; High sensitivity C reactive protein, HSP; 
Heat shock protein, and PAB; Pro-oxidant-antioxidant balance.

More participants with age<51 and hs-CRP≥2.08 were 
in the control group, according to the DT model, than 
those with age<51 and hs-CRP<2.08. Ninety-nine percent 
of the case group patients were ≥51 years old. Table 4 
indicated specific PM developed by the DT model. Thus, 
age, hs-CRP, anti-hsp27, and PAB were determined as the 
most crucial variables in the DT model and diagnosis of 
PM. The receiver operating characteristics (ROC) curve 
for the DT model was performed to evaluate presentation 
of the model and comparisons (Fig.2).

Mirinezhad et al.

Table 2: Continued.

SNPs Markers PM (n=117) Control (n=183)

rs7246479 AA TA TT P1 P2 AA TA TT P1 P2

Anti-hsp27 0.16 (0.25) 0.19 (0.27) 0.30 (0.40) 0.19 0.16 0.31 (0.36) 0.23 (0.25) 0.23 (0.33) 0.47 0.58

hs-CRP 1.49 (1.48) 1.68 (2.76) 2.08 (3.28) 0.34 0.54 6.58 (12.10)a 2.31 (3.75)b 2.32 (4.79)b 0.03* 0.11

PAB 88.19 (-) 64.86 (87.74) 90.13 (68.0) 0.56 0.73 - 94.47 (77.76) 121.27 
(140.21)

0.18 0.15

rs4806660 CC TC TT P1 P2 CC TC TT P1 P2

Anti-hsp27 0.25 (0.54) 0.22 (0.31) 0.21 (0.31) 0.37 0.54 0.38 (0.41) 0.24 (0.35) 0.22 (0.26) 0.24 0.11

hs-CRP 2.20 (7.46)a 2.14 (3.16) 1.36 (2.30)b 0.23 0.04 2.52 (23.73) 2.33 (4.38) 2.42 (4.64) 0.49 0.27

PAB 92.86 (-) 80.30 (86.66) 76.81 (84.60) 0.37 0.42 63.58 (-) 105.45 (121.63) 108.64 
(103.96)

0.51 0.46

rs10183486 TT CT CC P1 P2 TT CT CC P1 P2

Anti-hsp27 0.21 (0.17) 0.21 (0.34) 0.22 (0.42) 0.87 0.66 0.35 (-) 0.17 (0.32) 0.25 (0.32) 0.19 0.56

hs-CRP 1.23 (6.05) 1.56 (2.67) 2.08 (2.85) 0.50 0.33 1.23 (19.81) 2.76 (4.97)a 1.82 (3.06)b 0.01* 0.007*

PAB 147.12 (-) 85.82 (64.65) 76.81 (81.96) 0.15 0.12 64.07 (110.91) 114.48 (89.91) 0.72 0.49

rs2303369 TT CT CC P1 P2 TT CT CC P1 P2

Anti-hsp27 0.21 (0.49) 0.22 (0.36) 0.22 (0.29) 0.65 0.33 0.31 (0.26) 0.23(0.34) 0.23 (0.32) 0.37 0.24

hs-CRP 2.71 (6.00) 1.76 (2.84) 1.40 (2.47) 0.05 0.12 4.07 (7.15) 2.33 (4.54) 2.27 (3.95) 0.18 0.44

PAB 91.30 (63.19) 74.66 (79.07) 81.90 (90.88) 0.88 0.91 73.55 (105.36) 112.82 (116.35) 0.78 0.95

Data are presented as level of Anti-hsp27, hs-CRP and PAB in serum of studied. P1; P value for the Kruskal-Wallis test, P2; P value for the analysis of covariance (ANCOVA) with age and 
physical activity level (PAL), as model covariates, *; Significant P<0.05. Anomalous letters indicate a significant difference. PM; Premature menopause, SNP; Single nucleotide polymor-
phism, Anti-HSP; Anti-heat shock protein, hs-CRP; High sensitivity C reactive protein, and PAB, Pro-oxidant-antioxidant balance.
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Table 4: Detailed rules based on the DT model

Rules Case (%) Control (%)
R1: Age<51 and hs-CRP>2.08 4.11 95.89
R2: Age<51 and hs-CRP<2.08 and 
Anti-hsp27>0.52 

2.83 97.17

R3: Age<51 and hs-CRP<2.08 and 
Anti-hsp27<0.52 and PAB>126.1042

17.47 82.53

R4: Age<51 and hs-CRP<2.08 and 
Anti-hsp27<0.52 and PAB<126.1042

22.06 77.94

R5: Age>51 99.38 0.62
DT; Decision tree, hs-CRP; High sensitivity C reactive protein, Anti-hSP; Anti-heat shock 
protein, and PAB; Pro-oxidant-antioxidant balance.

Fig.2: ROC curve of the DT model. ROC; Receiver operating characteristic 
and DT; Decision tree.  

Discussion
Some recent studies investigated genetic determinants 

of PM (19). Women with PM were shown to develop 
disorders that are more prevalent or severe (33). CVDs, 
as an example, were found to be associated with oxidative 
stress markers (9). Interestingly, in the present study, 
for the first time, we aimed to investigate association 
of oxidative stress markers (including serum PAB, anti-
hsp27 antibody, and hs-CRP) with eight different SNPs 
that were shown to be related to PM.

We found that rs244715 of the ZNF346 gene and rs451417 
of the MCM8 gene were associated with anti-Hsp27 
antibody titers. Thus, in the cases carrying rs244715 AG 
and rs451417 CC genotypes, anti-Hsp27 antibody levels 
were significantly greater than the controls. Both significant 
results were obtained after correcting for confounders, 
including PAL and age. As these SNPs were associated with 
PM (19), they may lead to CVDs, due to menopause and 
estrogen deficiency (34). An excess amount of Hsp27 to 
perform its antioxidant role may trigger the immune system 
to increase the corresponding antibody level (anti-hsp27 
antibody), but this immune molecule may have pathological 
aspects (9, 27). PM was found to be significantly associated 

with an increased incidence of CVDs (33). Atherosclerosis 
progression was also shown to be related to the balance of 
serum Hsp27 and its antibody titers. Despite the protective 
role of Hsp27, anti-Hsp27 has a pathological role in 
atherosclerosis (35). Another study also showed that anti-
Hsp27 antibody titers independently predicted depression, 
due to oxidative stress. Anti-Hsp27 antibody titers may 
exacerbate atherosclerosis. So Hsp27 and its antibody 
immune complex may be contributory, because of its pro-
inflammatory property (9, 36). Recognizing PM women 
with AG genotypes of rs244715 and healthy women with CC 
genotype of rs451417 may screen women who are at risk of 
CVDs and mental disorders. Predicting and preventing these 
disorders may reduce the related socio-economic burdens.

We found that the rs4806660 and rs2303369 SNPs were 
associated with serum hs-CRP levels in PM women. Serum 
hs-CRP levels were significantly higher in the carriers of 
CC genotype of rs4806660 and TT genotype of rs2303369. 
In addition, we came to the conclusion that hs-CRP levels 
were significantly higher in the carrier individuals of AA 
genotype of rs7246479 and CT genotype of rs10183486, 
in our controls. Association of rs10183486 with hs-CRP 
levels was so strong, because it was significant either 
with or without removing confounders. Scientifics 
found a strong relationship between hs-CRP and serum 
PAB, due to the dysregulation of hs-CRP effects on the 
balance of pro-oxidants and antioxidants in the body. 
Menopause contributed to insulin resistance and the other 
cardiovascular risk factors (4, 37). hs-CRP has reportedly 
been associated with development of type 2 diabetes, 
because of endothelial adhesion molecule overproduction 
and insulin resistance of hs-CRP (38). In another study, it 
was shown that hs-CRP might predict diabetes mellitus 
type 2 (15). As a cardiovascular complication, in-stent 
restenosis (ISR) was demonstrated to be associated with 
higher hs-CRP levels (39). Attention to the CC genotype 
of rs4806660 and TT genotype of rs2303369 may help 
us identify PM women prone to cardiovascular and 
metabolic syndromes. Furthermore, in healthy women, 
the AA genotype of rs7246479 and CT genotype of 
rs10183486 may be helpful markers in predisposing to 
metabolic syndrome and mental disorders.

PAB levels were significantly higher in the women 
carrying GA genotype of rs16991615. Interestingly, 
there was a considerable difference between serum PAB 
levels in GA and AA genotypes of rs16991615. These 
significant associations were obtained without controlling 
confounders, including PAL and age. So, further 
investigations are needed to clarify it. Serum PAB was 
associated with the pathogenesis of CVDs. Risk factors 
of CVDs may elevate serum PAB, as a prognostic role 
in CVDs (9). Our findings indicated that many diseases, 
such as metabolic syndrome and various cancers, can 
be predicted. In other words, screening healthy women 
with GA and AA genotypes of rs16991615 may help us 
recognize people who are at high risk. It was found that 
oxidative stress might substantially increase the severity 
of Covid-19, as a global disaster (40). So, carriers of the 
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AA and GA genotypes of rs16991615 who have active 
menstrual cycles may develop more severe Covid-19.

Our study included some limitations. In this research, 
there was a small sample size. By using biochemical 
assays, we were unable to confirm premature menopause. 
Finally, according to our novel findings, further 
investigations are needed to validate our results. So, 
designing more studies is necessary for various regions 
with larger sample sizes.

Conclusion
Premature menopause SNPs may potentially influence 

oxidative stress/inflammatory markers. More precisely, 
there were significant effects of rs16991615 on serum 
PAB; rs244715 and rs451417 on the anti-hsp27 antibody 
titers, and four SNPs (rs7246479, rs4806660, rs10183486, 
and rs2303369) may affect hs-CRP levels. Accordingly, 
this seems to be helpful in predicting the susceptible 
subjects for several diseases, such as CVDs and mental 
disorders, as well as various cancers.

Acknowledgments
We gratefully acknowledge the contributions of the data 

collection team and the individuals who participated in 
this study. There are no financial support and conflict of 
interest in this study.

Authors’ Contributions
M.R.M., M.A., H.Gh.; Conception, Designed the 

experiments, and Drafting the manuscript.  M.R.F.M., 
S.M., M.A.M., E.H.; Drafting the manuscript and 
Data analyzing. M.M.B., Sh.Y., A.R.E.; Designed the 
experiments and Revised the manuscript. M.M.Gh., 
A.E.D., E.A.; Performed the experiments and Drafting 
the manuscript. H.E., T.H.; Data analyzing and revising 
the manuscript. G.A.F.; Revising the manuscript 
and Conception. A.P., M.Gh.-M.; Conception and 
Corresponding author. All authors reviewed, considered, 
and approved the final manuscript.

References
1. Perry JR, Corre T, Esko T, Chasman DI, Fischer K, Franceschini N, 

et al. A genome-wide association study of early menopause and the 
combined impact of identified variants. Hum Mol Genet. 2013; 22(7): 
1465-1472.

2. Murabito JM, Yang Q, Fox C, Wilson PW, Cupples LA. Heritability 
of age at natural menopause in the Framingham Heart Study. J Clin 
Endocrinol Metab. 2005; 90(6): 3427-3430. 

3. Day FR, Ruth KS, Thompson DJ, Lunetta KL, Pervjakova N, Chas-
man DI, et al. Large-scale genomic analyses link reproductive aging 
to hypothalamic signaling, breast cancer susceptibility and BRCA1-
mediated DNA repair. Nat Genet. 2015; 47(11): 1294-1303. 

4. Eshtiaghi R, Esteghamati A, Nakhjavani M. Menopause is an inde-
pendent predictor of metabolic syndrome in Iranian women. Maturi-
tas. 2010; 65(3): 262-266. 

5. Słopień R. Mood disorders in women with premature ovarian insuf-
ficiency. Prz Menopauzalny. 2018; 17(3): 124-126.

6. Landmesser U, Spiekermann S, Dikalov S, Tatge H, Wilke R, 
Kohler C, et al. Vascular oxidative stress and endothelial dysfunc-
tion in patients with chronic heart failure: role of xanthine-oxidase 
and extracellular superoxide dismutase. Circulation. 2002; 106(24): 
3073-3078.

7. Ghazizadeh H, Saberi-Karimian M, Aghasizadeh M, Sahebi R, 
Ghazavi H, Khedmatgozar H, et al. Pro-oxidant–antioxidant balance 
(PAB) as a prognostic index in assessing the cardiovascular risk fac-
tors: a narrative review. Obesity Medicine. 2020; 19: 100272.

8. Averill-Bates D, Grondin M, Ouellet F. Activation of apoptosis signaling 
pathways by reactive oxygen species. Cryobiology. 2018; 80: 170.

9. Ghazizadeh H, Mirinezhad MR, Seyedi SMR, Sadabadi F, Ahmadn-
ezhad M, Jaberi N, et al. Prognostic factors associating with pro-ox-
idant-antioxidant balance; neutrophils to lymphocytes ratio, vitamin 
D, heat shock protein 27, and red cell distribution width. Arch Med 
Res. 2020; 51(3): 261-267.

10. Shi C, Chen Y, Li Y, O’Brien ER. When auto-antibodies potentiate: 
the paradoxical signalling role of anti-Hsp27 auto-antibody immune 
complexes improves athero-protection. Circulation. 2014; 130 Suppl 
2: A12771-A.

11. Alamdari DH, Ghayour-Mobarhan M, Tavallaie S, Parizadeh MR, 
Moohebati M, Ghafoori F, et al. Prooxidant-antioxidant balance as 
a new risk factor in patients with angiographically defined coronary 
artery disease. Clin Biochem. 2008; 41(6): 375-380.

12. Razavi A, Baghshani MR, Rahsepar AA, Mohaddes Ardabili H, 
Sheikh Andalibi MS, Reza Parizadeh SM, et al. Association between 
C-reactive protein, pro-oxidant-antioxidant balance and traditional 
cardiovascular risk factors in an Iranian population. Ann Clin Bio-
chem. 2013; 50(Pt 2): 115-121. 

13. Zafari N, Velayati M, Fahim M, Maftouh M, Pourali G, Khazaei M, 
et al. Role of gut bacterial and non-bacterial microbiota in alcohol-
associated liver disease: Molecular mechanisms, biomarkers, and 
therapeutic prospective. Life Sci. 2022; 305: 120760. 

14. Valizadeh M, Aghasizadeh M, Nemati M, Hashemi M, Aghaee-Bakh-
tiari SH, Zare-Feyzabadi R, et al. The association between a fatty 
acid binding protein 1 (FABP1) gene polymorphism and serum lipid 
abnormalities in the MASHAD cohort study. Prostaglandins Leukot 
Essent Fatty Acids. 2021; 172: 102324. 

15. Ebrahimi M, Heidari-Bakavoli AR, Shoeibi S, Mirhafez SR, Moohe-
bati M, Esmaily H, et al. Association of serum hs-CRP levels with the 
presence of obesity, diabetes mellitus, and other cardiovascular risk 
factors. J Clin Lab Anal. 2016; 30(5): 672-676. 

16. Khalesi M, Jafari SA, Kiani M, Picarelli A, Borghini R, Sadeghi R, et 
al. In vitro gluten challenge test for celiac disease diagnosis. J Pedi-
atr Gastroenterol Nutr. 2016; 62(2): 276-283. 

17. Desai S, Wood-Trageser M, Matic J, Chipkin J, Jiang H, Bachelot A, 
et al. MCM8 and MCM9 nucleotide variants in women with primary 
ovarian insufficiency. J Clin Endocrinol Metab. 2017; 102(2): 576-
582. 

18. Najafi M, Alimadadi H, Rouhani P, Kiani MA, Khodadad A, Motamed 
F, et al. Genotype-phenotype relationship in Iranian patients with 
cystic fibrosis. Turk J Gastroenterol. 2015; 26(3): 241-243. 

19. Mirinezhad MR, Khosroabadi N, Rahpeyma M, Khayami R, Hashemi 
SR, Ghazizadeh H, et al. Genetic determinants of premature meno-
pause in a Mashhad population cohort. Int J Fertil Steril. 2021; 15(1): 
26-33. 

20. He C, Kraft P, Chen C, Buring JE, Paré G, Hankinson SE, et aI. 
Genome-wide association studies identify loci associated with age at 
menarche and age at natural menopause. Nat Genet. 2009; 41(6): 
724-728.

21. Stolk L, Perry JR, Chasman DI, He C, Mangino M, Sulem P, et al. 
Meta-analyses identify 13 loci associated with age at menopause 
and highlight DNA repair and immune pathways. Nat Genet. 2012; 
44(3): 260-268. 

22. Laven JS. Genetics of early and normal menopause. Semin Reprod 
Med. 2015; 33(6): 377-383. 

23. Ghayour-Mobarhan M, Sahebkar A, Parizadeh SM, Moohebati M, 
Tavallaie S, Rezakazemi-Bajestani SM, et al. Antibody titres to heat 
shock protein 27 are elevated in patients with acute coronary syn-
drome. Int J Exp Pathol. 2008; 89(3): 209-215. 

24. Shams S, Shafi S, Bodman-Smith K, Williams P, Mehta S, Ferns GA. 
Anti-heat shock protein-27 (Hsp-27) antibody levels in patients with 
chest pain: association with established cardiovascular risk factors. 
Clin Chim Acta. 2008; 395(1-2): 42-46.

25. Alamdari DH, Paletas K, Pegiou T, Sarigianni M, Befani C, Koliakos 
G. A novel assay for the evaluation of the prooxidant-antioxidant bal-
ance, before and after antioxidant vitamin administration in type II 
diabetes patients. Clin Biochem. 2007; 40(3-4): 248-254. 

26. Hosmer Jr DW, Lemeshow S, Sturdivant RX. Applied logistic regres-
sion. John Wiley & Sons; Clumbus, Ohio: 2013.

27. Conroy SE, Sasieni PD, Amin V, Wang DY, Smith P, Fentiman IS, et 
al. Antibodies to heat-shock protein 27 are associated with improved 
survival in patients with breast cancer. Br J Cancer. 1998; 77(11): 
1875-1879. 

28. Mansoori A, Sahranavard T, Hosseini ZS, Soflaei SS, Emrani N, 
Nazar E, et al. Prediction of type 2 diabetes mellitus using hema-
tological factors based on machine learning approaches: a cohort 
study analysis. Sci Rep. 2023; 13(1): 663.

Mirinezhad et al.



Int J Fertil Steril, Vol 18, No 2, April-June- 2024107

Genetic Variants Associated with POI and Inflammatory Markers

29. Mohammadi M, Mansoori A. A projection neural network for iden-
tifying copy number variants. IEEE J Biomed Health Inform. 2019; 
23(5): 2182-2188.

30. Saberi-Karimian M, Mansoori A, Bajgiran MM, Hosseini ZS, Kiyou-
marsioskouei A, Rad ES, et al. Data mining approaches for type 2 
diabetes mellitus prediction using anthropometric measurements. J 
Clin Lab Anal. 2023; 37(1): e24798.

31. Poudineh M, Mansoori A, Sadooghi Rad E, Hosseini ZS, Salmani 
Izadi F, Hoseinpour M, et al. Platelet distribution widths and white 
blood cell are associated with cardiovascular diseases: data mining 
approaches. Acta Cardiol. 2023: 78(9): 1033-1044.

32. Aghasizadeh M, Samadi S, Sahebkar A, Miri-Moghaddam E, Esmai-
ly H, Souktanloo M, et al. Serum HDL cholesterol uptake capacity 
in subjects from the MASHAD cohort study: Its value in determining 
the risk of cardiovascular endpoints. J Clin Lab Anal. 2021; 35(6): 
e23770.

33. Archer DF. Premature menopause increases cardiovascular risk. Cli-
macteric. 2009; 12 Suppl 1: 26-31.

34. Rosano GM, Vitale C, Marazzi G, Volterrani M. Menopause and car-
diovascular disease: the evidence. Climacteric. 2007; 10 Suppl 1: 
19-24.

35. Bonakdar MT, Khazaee M, Saberi-Karimian M, Ghazizadeh H, Mo-
hebati M, Ebrahimi M, et al. The association between serum anti-

HSP27 Levels with hypertriglyceridemia. Translational Metabolic 
Syndrome Research. 2020; 3: 12-16.

36. Tavallaie S, Rahsepar AA, Abdi H, Moohebati M, Moodi F, Pourgh-
adamyari H, et al. Association between indices of body mass and 
antibody titers to heat-shock protein-27 in healthy subjects. Clin Bio-
chem. 2012; 45(1-2): 144-147.

37. Parsamanesh N, Moossavi M, Tavakkoli T, Javdani H, Fakharian 
T, Moossavi SZ, Naseri M. Positive correlation between vitamin D 
receptor gene TaqI variant and gastric cancer predisposition in a 
sample of Iranian population. J Cell Physiol. 2019; 234(9):15044-
15047.

38. Venugopal SK, Devaraj S, Yuhanna I, Shaul P, Jialal I. Demonstra-
tion that C-reactive protein decreases eNOS expression and bioac-
tivity in human aortic endothelial cells. Circulation. 2002; 106(12): 
1439-1441.

39. Baktashian M, Saffar Soflaei S, Kosari N, Salehi M, Khosravi A, Ah-
madinejad M, et al. Association of high level of hs-CRP with in-stent 
restenosis: a case-control study. Cardiovasc Revasc Med. 2019; 
20(7): 583-587.

40. Delgado-Roche L, Mesta F. Oxidative stress as key player in severe 
acute respiratory syndrome coronavirus (SARS-CoV) infection. Arch 
Med Res. 2020; 51(5): 384-387.


