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Abstract

Background and aim: Primary Ovarian Insufficiency (POI) is defined by the occurrence of menopause before the
age of 40 years. It is often associated with cardiovascular disease (CVD). The purpose of this study was to explore the
relationship between POl-associated genotypes cardiometabolic disorder risk factors.

Methods: One hundred seventeen women with POl and one hundred eighty-three healthy women without PO
were recruited in this study. DNA was extracted and analyzed using ASO-PCR or Tetra ARMS-PCR. Lipid profiles were
also assessed.

Results: Multivariate logistic regression analysis showed that individuals with GG vs. TT genotype of the rs1046089
SNP were more likely to have a higher serum LDL (p=0.03) compared to the control group. There was also a signifi-
cant association between low serum HDL and rs2303369 and rs4806660 SNP genotypes in the POI group. In the PO
group, the percentage of those with high total cholesterol was lower in those with a CC genotype compared to those
with a TT genotype (p=0.03).

Conclusion: Some SNPs reported to be associated with POl appear to be independently associated with dyslipi-
demia. These results may be helpful to identify subjects with POl who may be susceptible to CVD.
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of gonadotrophin levels [5]. It has been reported that
about 3.6% of women develop POI [6]. Various factors
such as smoking [7], certain medications [8], infec-
tions and genetic and autoimmune disorders have been
associated with POI [9]. latrogenic causes such as radi-
otherapy, chemotherapy, pelvic surgery are also associ-
ated with POI [5, 9-14]. About 60-90% of POI cases
are idiopathic [14]. Several studies have also found that
POI increases the risk of hypertension [15], cardiovas-
cular disease [3], osteoporosis [16] cerebral infarction
[17], all-cause mortality [18] type 2 diabetes mellitus
[15], and other negative health consequences [16].

Genetic factors also play a significant role in POI [19].
The heritability of menopausal age is estimated about
30-85% [20]. About 20-25% of POI cases are due to
genetic causes [14]. Genome-wide association studies
(GWAS) have identified a polymorphism (rs16991615)
of minichromosome maintenance 8 homologous
recombination repair factor (MCMS8) gene involved
in the age of natural menopause [21]. Also, rs1046089
and rs4806660, located on Proline Rich Coiled-Coil 2A
(PRRC2A) and transmembrane (TMEM) gene, respec-
tively are associated with the age at menopause [22, 23].
GWAS identified several other variants that are associ-
ated with POI [24].

Deleterious changes in risk factors for cardiometa-
bolic disorders often occur around the age of menopau-
sal [18, 25-27]. Estrogen is involved in dilating blood
vessels and helping blood flow [18]. Various studies
have also shown that estrogen therapy in postmeno-
pausal women reduces serum total cholesterol and low
density lipoprotein (LDL) cholesterol concentrations,
and increases serum high-density lipoprotein (HDL)
cholesterol and triglyceride concentrations [28, 29].
Moreover, lack of ovarian function in the menopause
is involved in the activation of the renin-angiotensin
system, leads to immunodeficiency, inflammation and
endothelial dysfunction [18, 30]. These are associated
with obesity, diabetes and high blood pressure [18, 30].
Several studies have shown that age at menopause is
associated with cardiovascular disease [18, 31-33]. A
Japanese study found women with early menopause
had a higher risk for hypercholesterolemia [34], and
another study showed that early menopause is associ-
ated with hypertension [35]. Sarnowski et al. founded
that genetic variants associated with early menopause
are also associated with increased cardiovascular dis-
ease risk [36]. There appeared to be a need to evalu-
ate the relationship between POI-related variants with
lipid profile and susceptibility to cardiometabolic dis-
ease risk factors. No previous study has investigated
association between polymorphisms related to early
menopause with lipid profiles.
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Therefore, we aimed to explore the associations
between POl-related variants with lipid profile and sus-
ceptibility to cardiometabolic disease risk factors in
Mashhad stroke and heart atherosclerotic disorders
(MASHAD) cohort study population.

Methods

Totally, 117 women who had POI were included in the
case group. Healthy women (n=183) were recruited
into the control group. All of participants were recruited
as part of the MASHAD study. The MASHAD study
was a cohort study from 2010-2020 that were included
9704 participants aged 35-65 years who will be follow-
up exams every three years until 2020 [37]. The inclu-
sion criteria were as follows: the diagnostic criterion
was based on the definition of POI: (1) Women who go
through menopause before the age of 40 years; (2) 12
continuous months have passed since the last bleeding;
and (3) serum FSH>40 IU/L. Exclusion criteria were:
women over 40 years old, with a history of diseases and
surgeries affecting menstruation (oophorectomy, hys-
terectomy), history of genetic abnormalities and syn-
dromes associated with an early menopause is a part of
their manifestation, history of using drugs affecting men-
struation. Blood samples were collected into vacutainer®
plain tubes, and were taken after 12 h fast. Blood samples
were centrifuged at 4° C in 5000 rpm for 15 min and the
serum part was used for lipid profile measurement. Body
Mass Index (BMI) was measured using standard method
[37]. Kidney;, liver, and thyroid activity were normal in all
participants.

DNA extraction and quality controls

Participants’ DNA was extracted from 200 pl blood
or buffy coat samples using a DNA extraction kit (Pars
Tous, Mashhad, Iran). Qualitative and quantitative qual-
ity control was performed by agarose gel electrophoresis
(Pars Tous, Mashhad, Iran) and Nano drop 2000 (Thermo
Fisher Scientific, USA) in 280 and 260 nm wavelengths,
respectively.

Allele-specific oligonucleotide polymerase chain reaction
(ASO-PCR)

The ASO-PCR reaction volume was 15 pl which included:
1.5 pl water, 2 pl genomic DNA, 1 pl of each primer, and
7.5 ul master mix (Pars Tous, Mashhad, Iran). First, to
carry out PCR, we performed one cycle of denaturation
for 7 min at 95 °C. After that, 35 cycles include the fol-
lowing: 95 °C for 30 s, annealing for 30 s at 60 °C, 72 °C
for 30 s, and eventually one cycle of 7 min was done for
final extension.
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Tetra amplification refractory mutation system PCR
(ARMS-PCR)

Tetra ARMS was carried out by the same method and
the same composition of 15 pl reaction volume that
performed in ASO-PCR. Primers were designed with
Primerl software [38].

Lipid profile measurements and dyslipidemia diagnosis

Total cholesterol (TC), triglycerides (TG), and high-
density lipoprotein cholesterol (HDL-C) and low-
density lipoprotein cholesterol (LDL-C) levels were
measured from serum which was taken from partici-
pants 12 h fasting using standard method [39, 40]. The
NCEP ATPIII criteria [41] were used to diagnose dys-
lipidemia. (1) If serum cholesterol levels >200 mg /dl
(5.2 mmol/l) is considered hypercholesterolemia. (2)
If HDL cholesterol levels < 50 mg/dl (< 1.3 mmol/l) for
women is considered low HDL cholesterol. (3) If LDL
cholesterol levels >130 mg/dl (>3.4 mmol/l) is con-
sidered high LDL cholesterol. (4) If serum triglycer-
ides> 150 mg/dl is considered Hypertriglyceridemia.

Physical activity level assessment

The equations of James and Schofield for energy
requirements, were used to assess physical activity of
all participants. Questions regarding the physical activ-
ity level were based on the mentioned equations which
were selected from World Health Organization MON-
ICA project questionnaires [42]. The level of physi-
cal activity was calculated by total energy expenditure
(TTE) and basal metabolism rate (BMR) during a whole
day and night [43].

Ethics

All steps of the study were approved by the Mash-
had University of Medical Sciences (MUMS) Ethics
Committee. Informed consents were obtained from
all subjects and the procedure and possible risks were
explained completely, pursuant to the Declaration of
Helsinki [44].

Statistical analysis

All analysis tests were performed by Statistical Pack-
age for Social Sciences (SPSS) (IBM Corp. Released
2016. IBM SPSS Statistics for Windows, Version 24.0.
Armonk, NY: IBM Corp.). The values in this study have
been reported frequently with percentage or mean and
standard deviation. Single Nucleotide Polymorphisms’
(SNPs’) genotypes between POI cases and healthy con-
trols were compared by Chi-square test. Assessment of
normal distribution in quantitative data was performed
by Kolmogorov-Smirnoff test. Man-Whitney test was
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used for comparing quantity of normally distributed
values between the subgroups. In this study with hav-
ing at least 117 subjects in each group and confidence
interval 95% and power 80% the value of the standard-
ized effect size about 37% reported which has a good
precision. Besides, we used multivariate logistic regres-
sion to prevent confounder’s factors from affecting our
results. P-value < 0.05 was statistically significant.

Results

The clinical characteristics of the population have been
summarized in Table 1. In our cross-sectional analysis,
participants had a mean age of 55 years averagely. The
mean age of the case and control group were 55.21 £5.56
and 54.62 £ 2.89, respectively. There was not significantly
difference (P=0.4). The control-women were matched
by age. The details on the genotype distribution of these
SNPs between the two groups was investigated in our
previous studies [45]. All of the polymorphisms were in
Hardy—Weinberg equilibrium.

Differences in level of lipid serum between different
genotypes of POI-related polymorphisms were exam-
ined (Table 2). In the POI cases, serum total cholesterol
was significantly different between various rs16991615,
rs244715, rs4806660, and rs10183486 SNP genotypes;
however, this difference was not observed in the healthy
controls. Interestingly, three of four of the investigated
factors including serum total cholesterol, triglyceride,
and HDL were substantially difference in different geno-
types of rs4806660 SNP in participants with POI and this
association was not detected in controls group.

Table 1 Demographic features and characteristics of the study
population

Characteristics POl cases, N=117 Controls, N=183  P-value
Age (Y) 5521+£556 54.62+2.389 04
BMI (kg/mz) 28.78£5.06 2934+£422 0323
FBG (mg/dl) 88.74+20.06 88.96+3143 0.948
PAL 1.78+£0.25 1.70+£0.23 0.008
Non smoker 86 (74.8%) 146 (79.8%) 0.390
Ex-smoker 10 (8.7%) 9 (4.9%)

Current smoker 19 (16.5%) 28 (15.3%)

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) 1283943396 11047 +£33.42 <0.001
HDL-C (mg/dl) 47454933 45064+11.34 0.040

Statistically significant values are shown in bold

Data are shown as Mean =+ SD; Student t-test and Chi-square test were used; POl
Primary Ovarian Insufficiency; SD: Standard Deviation; BMI: Body Mass Index;
FBG: Fasting Blood Glucose; PAL: Physical Activity Level; TC: Total Cholesterol; TG:
Triglyceride; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein
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Table 2 Association of genotypes related to POl with lipid profile in target population divided into POI cases and healthy controls

Polymorphisms POl cases (N=117)

Controls (N=183)

rs16991615 AA GA GG P AA GA GG P
Serum total cho- 2223+£414% 1958+353° 20944295 0.01 190.2+£33.38 191.2+335 186.4+32.7 0.64
lesterol (mg/dl)
Triglyceride 108.0 112.0 107.0 0.96 98.5 129.0 108.0 0.14
(mg/dl) (78.0-181.0) (82.0-147.0) (89.0-156.0) (65.8-121.3) (87.0-159.0) (79.5-162.3)
HDL (mg/dl) 486+7.7 459489 480+ 105 0.44 450 440 430 0.58
(40.8-53.0) (35.0-53.0) (35.6-54.3)
LDL (mg/dl) 136.1£378 12034299 1306+£34.1 0.15 116.7+£35.2 112.7+£34.0 107.14£325 039
rs244715 GG AG AA P GG AG AA P
Serum total cholesterol (mg/dl) 2133 +444%° 21674355 19884323  0.04 185.8+25.8 18294292 192.1+£35.0 0.21
Triglyceride (mg/dl) 140.5 1120 108.0 0.75 107.0 122.0 113.0 0.55
(77.5-202.7) (85.0-179.0) (82.7-151.5) (84.0-231.3) (85.5-163.5)  (77.0-149.5)
HDL (mg/dl) 463186 478482 4744105 0.88 435 420 44.0 093
(33.8-49.3) (36.3-55.7) (35.6-52.9)
LDL (mg/dl) 126.8 1344 1241 0.18 96.1+£364% 97243437 11824305° <0.001
(111.9-158.8) (115.9-146.5) (93.1-142.6)
rs451417 AA CA cc P AA CA cc P
Serum total cholesterol (mg/dl) 201.0 207.5 208.5 0.71 194.5 181.5 192.0 0.31
(191.0-236.0) (178.0-231.7) (181.2-223.2) (174.0-211.5) (164.5-201.5) (162.0-217.0)
Triglyceride (mg/dl) 120.0 1115 107.5 0.51 106.0 1240 115.0 0.94
(82.0-185.0) (78.3-153.0) (84.5-151.5) (88.3-144.0) (77.3-166.5) (80.0-154.0)
HDL (mg/dl) 475491 462490 484498 0.56 455 435 42.8 0.78
(39.3-54.4) (34.3-54.5) (36.6-52.1)
LDL (mg/dl) 13234383 122.0+£29.8 130.7+£33.9 0.39 11744289 104.7 £34.1 1139+333 0.14
rs1046089 AA GA GG P AA GA GG P
Serum total cholesterol (mg/dl)  196.0 207.0 209.0 076 1771+£234 1925+ 33.1 188.0+35.0 0.13
(177.0-2250)  (184.0-232.0)  (186.5-224.5)
Triglyceride (mg/dl) 1120 1120 109.0 087 1120 1180 117.0 0.55
(79.0-214.0) (82.0-153.0) (84.0-154.5) (80.0-155.0) (84.0-162.5) (76.0-159.0)
HDL (mg/dl) 504477 474494 46.6+9.7 049 520 45.0 43.0 0.03
(400-580)°  (340-550  (35.1-50.0)°
LDL (mg/dl) 122.5+£40.1 12724328 13224347 065 755 108.0 1225 <0.001
(586-111.07  (87.1-137.0)°  (101.1-138.6)>
rs7246479 AA TA T P AA TA T P
Serum total cholesterol (mg/dl) 201.5 200.5 213.0 0.12 1786+£213 187.2+£31.8 191.3+£35.1 0.48
(196.3-233.5) (176.0-225.5) (200.0-234.0)
Triglyceride (mg/dl) 1015 1080 1180 029 1450 1185 107.0 063
(73.3-167.0) (81.3-150.7) (94.0-186.0) (93.5-164.3) (84.7-152.3) (77.0-161.0)
HDL (mg/dl) 487171 476+9.2 468+ 104 0.83 535 440 4238 0.26
(41.5-57.7) (35.0-52.5) (36.0-53.1)
LDL (mg/dl) 1379+£31.2 123.8+£30.7 133.6+£39.8 0.23 82.64294° 107.8+33.9% 1155+32.0° 0.02
rs4806660 CcC TC TT P CcC TC TT P
Serum total cholesterol (mg/dl) 20064348 21704343 1998+359° 0.04 1614251 189.1£33.2 190.64+32.9 0.08
Triglyceride (mg/dl) 935 1220 100.0 0.02 1330 1115 1170 0.66
(733-168.0)*  (97.5-183.57  (73.0-140.0) (100.0-167.0)  (80.7-160.5) (76.7-156.0)
HDL (mg/dl) 5354123° 449+80P 487 +9.0% 0.01 460 437 432 0.82
(40.0-56.0) (35.5-54.3) (35.7-52.5)
LDL (mg/dl) 11224329 13474349 125.6+£32.1 0.08 73.14£26.1° 104343300 11864314C <0.001
rs10183486 T cT ccC P T cT ccC P
Serum total cholesterol (mg/dl) 197.74+27.7% 199.34+346° 220.1+£359° 0.01 1939+£353 1924+36.5 185.2+£295 0.32
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Table 2 (continued)
rs10183486 TT cT cC P TT cT cC P
Triglyceride (mg/dl) 97.5 107.5 1220 0.12 1430 11.0 1200 0.23
(74.7-119.5) (80.7-150.7)  (94.0-185.0) (91.0-1805)  (77.5-144.0)  (82.5-164.5)
HDL (mg/dl) 472464 477+£112 472475 0.95 355 440 435 0.02
(314-393)  (39.0-545)°  (34.0-53.3)*
LDL (mg/dl) 1189+251°® 119543117 1409+355° 0.003 12054293  1144+343 10614327  0.17
rs2303369 TT cT cC P T cT cC P
Serum total cholesterol (mg/dl) 20654297 21364368  2008+365 023 18194196 19264328 18594353 0.19
Triglyceride (mg/dl) 98.0 117.0 106.0 005 1060 1200 117.0 0.36
(69.0-129.0)  (945-1820)  (77.5-152.0) (750-150.0)  (84.5-162.3)  (76.0-154.5)
HDL (mg/dl) 520+10.1° 44.6+85° 48949.1%° 0.01 565 445 428 0.002
(49.8-60.8)°  (34.0-55.0)°  (35.3-48.7)>
LDL (mg/dl) 1176 1344 1236 014  8584+276° 10974322 117.14332°  0.001
(1009-139.6)  (1163-149.0)  (103.1-147.8)

Statistically significant values are shown in bold

POI: Primary Ovarian Insufficiency; HDL: High-Density Lipoprotein; LDL: Low Density Lipoprotein; One-way analysis of variance (ANOVA) OR Kruskal-Wallis tests were

used; Significant P value <0.05

Furthermore, Tables 3 and 4 show the results of multi-
variate logistic regression analysis before and after adjust-
ment for age and physical activity level. These results for
rs1046089 showed individuals with GG genotype were
more likely to have low LDL risk (OR=5.48, CI=1.14—
26.34, p=0.02) than individuals with the AA genotype
in control group using a multivariate logistic regression
test. Also, the results demonstrate that there was a signif-
icant association with high TG risk in CC variant vs. TT
in rs10183486 in POI group (OR=4.63, CI1=1.17-18.29,
p=0.02). Furthermore, these results suggest that individ-
uals carried the recessive homozygous genotype (CC) of
rs2303369 SNP compared to individuals with dominant
homozygous genotype (TT) had an increased risk of a
high serum LDL, low serum HDL and the risk of high TC
was decreased in control group.

The risk of low HDL was increased in individuals car-
rying rs23303369 variant (CT) compared to non-carriers
(TT) in both studied groups, (OR, 6.6; 95% CI, 1.88-
19.53, P=0.003 in POI group) and (OR=4.21, CI=1.17-
15.18, p=0.02 in control group). Table 5 shows the
association of genotypes related to POI with lipid profile
in the POI cases and healthy controls.

Discussion

Our findings suggest that serum levels of several param-
eters in the fasted serum lipid profile consisting of total
cholesterol, LDL, and HDL, but not serum triglycerides,
were associated with POI. Further analyses indicated
that genotypes of polymorphisms, which were previ-
ously reported to be related with the incidence of POI,
are substantially associated with the level of lipid profile

factors in POI cases. Moreover, we found that some gen-
otypes in specific polymorphisms including rs4806660,
rs10183486, and rs2303369 SNPs were significantly
related to abnormalities regarding total cholesterol, LDL
and HDL level in the cases’ serum.

Initially our results found significant difference
between POI cases and control participants for serum
HDL, LDL, and total cholesterol levels, and these factors
were significantly higher in the POI group. Gulhan and
his coworkers have also found that among the 4 lipid fac-
tors, only total cholesterol and LDL were substantially
different between cases diagnosed with premature ovar-
ian failure (POF) and control subjects. POF group in this
study had higher levels of total cholesterol and LDL [46].
Gulhan et al. work had included only women with pre-
vious history of successful childbirth and without any
hormone therapy within the last 6 months, this inconsist-
ency in HDL serum level had happened. However, this
difference might have occurred due to their use of a small
sample size as it was as one third as our study or due to
the role of age as a confounding factor and also the role
of some genetic variants related to POI Interestingly,
a recent study on 3 Dutch university medical centers
did not report any significant difference in lipid profile
between previously POI-diagnosed participants and
population-based controls [47]. In their study, second-
ary amenorrhea (cessation of menstruation for at least 3
consecutive months) was one of the criteria for including
POI cases; While, this period was too short compared to
our criteria (12 consecutive months) and this important
thing might have affected their results. Moreover, they
have not indicated whether their participants had any



Mirinezhad et al. BMC Women'’s Health (2022) 22:2 Page 6 of 12

Table 3 Investigation of the relationship between the risk of polymorphisms related to Primary Ovarian Insufficiency and dyslipidemia
factors in the study population in a non-adjusted model

Polymorphisms POl cases Controls
Lipid profile abnormalities

OR (95% CI) P OR (95% CI) P OR (95% ClI) P OR (95% ClI) P
rs16991615 GA/AA GG/AA GA/AA GG/AA
High LDL (mg/dl) 0.65(0.24,1.74) 0.39 1.15(0.45,2.97) 0.77 0.65(0.23, 1.84) 042 0.46 (0.16,1.30) 0.14
High Triglyceride (mg/dl) 0.51(0.17,1.50) 022 0.87(0.32,2.35) 0.79 1.93(0.51,7.32) 033 241(0.64,9.02) 0.19
Low HDL (mg/dl) 1.43(0.52,3.89) 048 1.08 (0.41, 2.80) 0.87 0.96 (0.32,2.85) 0.94 0.88(0.30, 2.59) 0.82
High total cholesterol (mg/dl) 0.36(0.12,1.02) 0.054 0.89(0.32,2.51) 083 0.64 (0.23,1.83) 041 0.63(0.22,1.78) 0.39
rs244715 AG/GG AA/GG AG/GG AA/GG
High LDL (mg/dl) 2.06(0.57,7.47) 027 1.03 (0.29, 3.69) 0.95 1.22(0.13,11.47) 0.85 3.16(0.35,28.01) 0.30
High Triglyceride (mg/dl) 042(0.11,1.54) 0.19 0.38(0.10, 1.38) 0.14 1.12(0.19, 6.66) 0.89 0.66 (0.11, 3.83) 0.64
Low HDL (mg/dl) 61(0.16,2.34) 048 0.78 (0.21,2.93) 0.72 0.38(0.04,3.47) 0.39 0.35(0.04,3.11) 034
High total cholesterol (mg/dl) 86 (0.52,6.94) 0.35 0.76 (0.21,2.72) 0.68 0.71(0.12,4.26) 0.71 1.31(0.23,7.47) 0.75
rs451417 CA/AA CC/AA CA/AA CC/AA
High LDL (mg/dl) 23(0.47,3.26) 0.66 1.80(0.71, 4. 52) 0.21 0.53 (0.1 55) 0.25 9(0.43,3.28) 0.73
High Triglyceride (mg/dl) 0.69 (O 25,1.91) 048 0.55(0.21,1.48) 0.24 96 (0.59, 6.48) 0.27 1.52 (0.46,5.02) 0.48
Low HDL (mg/dl) 7(047,342) 0.62 0.94 (0.37,2.35) 0.89 0.82(0.29, 2.30) 0.71 9(042,3.33) 0.73
High total cholesterol (mg/dl) 0.88(0.33,2.35) 0.80 1.07 (0.42,2.75) 0.87 0.57(0.20, 1.59) 0.28 1.01(0.37,2.72) 0.98
rs1046089 GA/AA GG/AA GA/AA GG/AA
High LDL (mg/dl) 2.58(0.62,10.62) 0.18 3.50(0.79, 15.34) 0.09 4.82(1.05,21.98) 0.04 6.83 (1.48,31.46) 0.01
High Triglyceride (mg/dl) 046 (0.12,1.69) 0.24 0.57(0.14,2.27) 043 1.04(0.38, 2.83) 092 0.77(0.27,2.18) 0.63
Low HDL (mg/dl) 1.68 (046, 6.10) 042 2.21(0.56,8.67) 0.25 1.76 (0.70, 4.44) 0.22 3.21(1.20,8.53) 0.02
High total cholesterol (mg/dl) 1.92(0.53,6.95) 032 2.21(0.56,867) 0.25 2.33(0.79, 6.85) 0.12 1.83 (0.60, 5.55) 0.28
rs7246479 TA/AA TT/AA TA/AA TT/AA
High LDL (mg/dl) 046 (0.13,1.61) 022 1.36 (0.35,5.24) 0.64 2.86(0.33,24.54) 033 3.93(0.46,33.38) 0.21
High Triglyceride (mg/dl) 1.04 (0.25,4.29) 0.95 2.25(0.51,9.76) 0.27 0.34(0.07,1.49) 0.15 043(0.10,1.87) 0.26
Low HDL (mg/dl)
High total cholesterol (mg/dl) 0.53(0.14,1.93) 0.34 1.68 (0.40, 7.09) 047 144 (0.27,7.63) 0.66 1.85(0.35,9.71) 0.46
rs4806660 TC/CC TT/CC TC/CC TT/CC
High LDL (mg/dl) 2.72(0.72,10.21) 0.13 1.63 (043, 6.13) 047 - - - -
High Triglyceride (mg/dl) 87 (0.45,7.76) 0.38 0.97(0.22,4.18) 0.97 0.61(0.12,2.96) 0.54 0.45 (0.09, 2.19) 032
Low HDL (mg/dl) 740(1.75,31.16) 0.01 3.68(0.88, 15.27) 0.07 073(0.13,4.01) 0.72 0.73(0.13,4.02) 0.72
High Total Cholesterol (mg/dl) 4(0.57,7.92) 0.25 0.63(0.17,2.26) 048 - - - -
rs10183486 CT/TT ccaT cTT T
High LDL (mg/dl) 0.82 (O 23,2.94) 0.76 2.71(0.74,9.92) 013 95 (0.38,10.02) 042 143(0.27,7.33) 0.66
High Triglyceride (mg/dl) 5(0.34,898) 0.50 3.39(0.66, 17.25) 0.14 0.33(0.08, 1.37) 0.12 0.65 (0.16,2.61) 0.55
Low HDL (mg/dl) 0.62(0.16,2.32) 048 0.80(0.21, 3.06) 0.75 0.23(0.02,1.98) 0.18 0.20(0.02, 1.72) 0.14
High Total Cholesterol (mg/dl) 1.50(0.42,5.34) 052 4.58(1.21,17.35) 0.02 1.30(0.30, 5.60) 0.72 0.90(0.21,3.87) 0.89
rs2303369 cT T ccaT cTaT caTT
High LDL (mg/dl) 41(0.82,7.11) 0.1 1.34(0.43,4.10) 0.61 6.77 (0.85,53.83) 0.07 9.06 (1.13,72.25) 0.03
High Triglyceride(mg/dl) 3.23(0.83,1249) 0.08 2.20(0.54,8.99) 0.26 1.42(0.42,4.80) 0.56 1.05 (0.30, 3.64) 093
Low HDL (mg/dl) 6.03(1.92,18.94) 0.002 251(0.79,7.89) 0.11 494 (147,16.55) 0.01 9.83(2.82,34.27) <0.001
High Total Cholesterol (mg/dl) 0.75(0.23,2.44) 0.64 0.30(0.09,1.01) 0.05 2.88(0.76, 10.86) 0.1 2.08 (0.54,7.98) 0.28

Binary logistic regression models were performed; POI: Primary Ovarian Insufficiency; LDL: Low-Density Lipoprotein; HDL: High-Density Lipoprotein; High LDL > 130
and Normal LDL < 130; High Triglyceride > 150 and Normal Triglyceride < 150; Low HDL <40 (Male) or <50 (Female) and Normal HDL > 40 (Male) or > 50 (Female), High
Total Cholesterol >200 and Normal Total Cholesterol < 200; Normal groups of all lipid profile measures were considered as references; The common genotypes of each
studied variants were considered as references; Significant P-value < 0.05



Mirinezhad et al. BMC Women'’s Health

(2022) 22:2

Page 7 of 12

Table 4 Investigation of the relationship between the risk of polymorphisms related to Primary Ovarian Insufficiency and dyslipidemia
factors in the study population in an adjusted model for age and physical activity level

Polymorphisms POl cases Control
Lipid profile abnormalities

OR (95% ClI) P OR (95% Cl) P OR (95% ClI) P OR (95% Cl) P
rs16991615 GA/AA GG/AA GA/AA GG/AA
High LDL (mg/dl) 0.63(0.23,1.72) 0.36 1.21(0.46,3.17) 0.69 0.67 (0.22, 2.04) 048 037( 12,1.15) 0.08
High Triglyceride (mg/dl) 045 (0.15,1.38) 0.16 0.84 (0.30,2.33) 0.74 1.38(0.34,5.53) 0.64 69 (0.43,6.61) 045
Low HDL (mg/dl) 37(0.50, 3.76) 0.54 1.05 (0,40, 2.76) 0.91 0.63(0.19, 2.05) 045 0.59(0.18,1.89) 0.38
High Total Cholesterol (mg/dl) 0.34(0.12,0.99) 0.04 0.91(0.32,257) 0.86 0.67(0.22,2.02) 048 0.55(0.18, 1.65) 0.29
rs244715 AG/GG AA/GG AG/GG AA/GG
High LDL 2.13(0.58, 0.25 1.02 (0.28, 0.96 1.18(0.12, 0.88 3.11(0.34, 0.31
(mg/dl) 7.82) 3.69) 11.32) 27.94)
High Triglycer- 0.39 (0.10, 0.17 0.36 (0.09, 0.13 1.44(0.23, 0.69 0.74(0.12, 0.75
ide (mg/dl) 1.48) 1.36) 8.86) 4.44)
Low HDL 0.60 (0.15, 046 0.78(0.21, 072 048 (0.05, 0.52 0.39 (0.04, 041
(mg/dl) 2.30) 2.96) 4.45) 3.53)
High Total 1.88(0.50, 0.35 0.76 (0.21, 0.68 0.68(0.11, 0.68 1.28(0.22, 0.78
Cholesterol 7.04) 2.72) 4.21) 7.38)
(mg/dl)
rs451417 CA/AA CC/AA CA/AA CC/AA
High LDL 1.27 (047, 063 1.80(0.71, 0.21 0.52(0.17, 0.24 0.99 (0.35, 0.99
(mg/dl) 342) 458) 1.55) 2.83)
High Triglycer- 0.57 (0.19, 0.29 0.51(0.18, 0.19 1.84(0.54, 0.32 1.34(0.39, 0.64
ide (mg/dl) 1.63) 1.39) 6.30) 4.60)
Low HDL 1.18 (043, 0.74 0.91(0.36, 0.85 0.72 (0.24, 0.55 1.09(0.37, 0.87
(mg/dl) 3.22) 232) 2.10) 3.18)
High Total 0.86 (0.31, 0.77 1.06 (041, 0.89 0.56 (0.19, 0.28 0.84 (030, 0.75
Cholesterol 2.35) 2.73) 1.60) 2.35)
(mg/dl)
rs1046089 GA/AA GG/AA GA/AA GG/AA
High LDL 252 (061, 0.20 362 (0.82, 0.09 364 0.10 5.89(1.22, 0.02
(mg/dl) 10.45) 16.09) (0.75,17.59) 28.34)
High Triglyc- 045 (0.11 0.24 0.59(0.14, 047 0.64 (0.21, 042 046 (0.15, 0.18
eride (mg/dl)  1.71) 242) 1.92) 1.45)
Low HDL 1.72 (047, 041 2.31(0.58, 0.23 1.33(048, 0.58 242 (0.85, 0.09
(mgdl) 6.25) 9.15) 3.67) 6.84)
High Total 1.90 (0.52, 0.33 2.26 (0.57, 0.24 1.75 (0.55, 0.33 1.53(0.48, 047
Cholesterol 6.92) 8.93) 5.53) 4.88)
(mg/dl)
rs7246479 TA/AA TT/AA TA/AA TT/AA
High LDL 045 (0.12, 0.22 1.47(0.37, 0.58 1.97(0.22, 0.54 2.42 (0.26, 043
(mg/dl) 1.62) 5.78) 17.75) 22.31)
High Triglycer- 0.96 (0.22, 0.96 2.27 (0.50, 0.28 0.15(0.02, 0.03 0.15(0.02, 0.04
ide (mg/dl) 4.12) 10.30) 0.88) 0.95)
Low HDL 1.37(0.39, 0.61 1.65 (043, 045 4.27(0.75, 0.10 5.79(0.98, 0.05
(mg/dl) 4.77) 6.30) 24.30) 33.99)
High Total 0.51(0.14, 0.32 1.74 (040, 045 0.99 (0.17, 0.99 1.14(0.19, 0.88
Cholesterol 1.91) 747) 5.59) 6.62)
(mg/dl)
rs4806660 TC/CC TT/CC TC/CC TT/CC
High LDL 2.64 (0.68, 0.15 1.56 0.40, 0.52 - - - -
(mg/dl) 10.16) 6.14)
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rs4806660 TC/CC TT/CC TC/CC TT/CC

High Triglyc-  1.55(0.35, 0.55 0.70(0.15, 0.65 0.44 (0.08, 0.35 0.32 (0.06, 0.19
eride (mg/ 6.76) 3.24) 2.44) 1.77)

dl)

Low HDL 6.91(1.61, 0.01 3.32(0.78, 0.10 0.62 (0.10, 0.60 0.60 (0.10, 0.57
(mg/dl) 29.50) 14.17) 3.66) 3.50)

High Total 1.95(0.51, 032 0.55(0.14, 039 - - - -
Cholesterol  7.45) 2.11)

(mg/dl)

rs10183486 CT/TT T CT/TT cc/TT

High LDL 0.68 (0.18, 0.57 2.36(0.63, 0.20 2.01(0.38, 041 1.29(0.24, 0.76
(mg/dl) 2.54) 8.86) 10.70) 6.85)

High Triglyc-  1.68 (0.31, 0.54 3.51 (067, 0.13 0.35(0.08, 0.15 0.66 (0.16, 0.57
eride (mg/ 8.92) 18.40) 1.49) 2.73)

dl)

Low HDL 0.62(0.16, 049 0.82(0.21, 0.77 0.26 (0.3, 0.22 0.21(0.02, 0.16
(mg/dl) 2.38) 3.20) 2.22) 1.84)

High Total 143(0.39, 0.58 4.43(1.14, 0.03 1.32(0.29, 0.71 0.81(0.18, 0.78
Cholesterol ~ 5.21) 17.16) 5.83) 3.57)

(mg/dl)

rs2303369 CT/TT CcC/TT CT/TT CC/TT

High LDL 2.21(0.74, 0.15 1.24(0.39, 0.71 4.77 (057, 0.15 7.48 (0.90, 0.06
(mg/dl) 6.60) 3.87) 39.79) 61.75)

High Triglyc- 322 (0.81, 0.09 1.95 (046, 036 0.89 (0.24, 0.87 0.65(0.17, 0.53
eride (mg/ 12.85) 8.17) 3.35) 2.49)

dl)

Low HDL 6.19(1.93, 0.002 239(0.74, 0.14 4.03(1.12, 0.03 7.97 (2.19, 0.002
(mg/dl) 19.88) 7.66) 14.48) 28.96)

High Total 0.68 (0.20, 0.54 0.27 (0.07, 0.03 2.12(0.52, 0.28 1.72 (042, 044
Cholesterol ~ 2.27) 0.93) 8.55) 6.93)

(mg/dl)

Statistically significant values are shown in bold

Binary logistic regression models were performed; POI: Primary Ovarian Insufficiency; LDL: Low-Density Lipoprotein; HDL: High-Density Lipoprotein; High LDL > 130
and Normal LDL < 130; High Triglyceride > 150 and Normal Triglyceride < 150; Low HDL < 40 (Male) or < 50 (Female) and Normal HDL > 40 (Male) or > 50 (Female), High
Total Cholesterol > 200 and Normal Total Cholesterol < 200; Normal groups of all lipid profile measures were considered as references; The common genotypes of each
studied variants were considered as references; Adjusted with Age & Physical Activity Level; Significant P-value <0.05

previous history of surgeries, diseases, or taking medica-
tions related to female reproductive tract or not; Thus,
this factor might have not been considered in their study
which cause this disagreement.

Knauff et al. have reported changes in lipid profile of
cases with POF compared to the controls is potentially
related to the rate of ovarian function [48]. Another
study which included cases who enter menopause by
surgical ovariectomy, clarified that this intervention
on female’s reproductive tract, has caused impaired
lipid metabolism 6 months post-surgery and substan-
tial increase in all four lipid indicators (Total Choles-
terol, Triglyceride, LDL, and HDL) [49]. Moreover it
has been indicated that Free Androgen Index (FAI) was
significantly lower in POI cases than people with regu-
lar menstrual cycles; while, it had been previously sug-
gested that higher FAI was associated with high serum

triglyceride and LDL in POI cases [50]. Finally, these
results suggest that impairment in sexual hormones
level, as a result of decreased females’ reproductive sys-
tem activity, is related to weaken lipid metabolism.

Our study has for the first time investigated the asso-
ciation between POl-related polymorphisms’ genotypes
and lipid profile status. In our analysis, we observed
that genotypes of 2 different SNPs including rs4806660
(TMEM150B) and rs10183486 (TLK1) are substantially
associated with abnormalities of lipid profile. Regard-
ing the first one, low level of HDL was observed by 5.26
times higher in POI cases with TC genotype rather
than CC participants. This association was not found in
the controls. It is possible that these results are due to
hormonal disorders that occur in postmenopausal indi-
viduals and consequently the lipid profile in individu-
als is impaired. Furthermore, for the second mentioned
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Table 5 Association of different genotypes related to POI with lipid profile in target population divided into POI cases and healthy

controls

Polymorphisms

rs16991615 AA GA GG
POI cases Controls (N=86) P POl cases Controls (N=79) P POl cases Controls (N=18) P
(N=48) (N=40) (N=29)
Serum total cho-  207.00 (50.00) 190.00 (57.00) 0.020 195.79+£3528 191.16+33.51 0489 209.40+29.54 18642+£32.73 <0.001
lesterol (mg/dl)
Triglyceride (mg/ 10800 (103.00) 98,50 (56.00) 0187 11200 (65.00) 12900(7200) 0286  107.00 (67.00) 10800 (8300) 0785
dl)
HDL (mg/dl) 4862+7.73 46.92+839 0.489 45.94+894 4459+£12.12 0.538 48.00 (13.80) 43.00 (18.68) 0.120
LDL (mg/dl) 136.10£37.79 116.74£3522 0.091 120.32£29.94 112.70£34.01 0.236 130.64£34.13 107.10£32.51 <0.001
rs244715 GG AG AA
POl cases Controls P POl cases Controls (N=61) P POl cases Controls (N=6) P
(N=56) (N=116) (N=49) (N=12)
Serum total cho-  213.33+4441 185.83+£2577 0.183 211.00 (35.00) 182.00 (40.00) <0.001 198.81+£3230 192.13+£35.05 0.237
lesterol (mg/dl)
Triglyceride (mg/  140.50 (125.00) 107.00 (147.00) 0.779 112.00 (94.00) 122.00 (78.00) 0.683 108.00 (69.00) 113.00 (73.00) 0.937
dl)
HDL (mg/dl) 46.30+£8.58 42.83+856 0430 48.00 (12.00) 42.00 (19.40) 0.114 4737+£1048 449241133 0.181
LDL (mg/dl) 13217+£39.17 96.134+36.42 0.078 134.40 (30.59) 102.09 (50.51) <0.001 121.72+32.17 118.16+£30.53 0.487
rs451417 AA CA CcC
POl cases Controls (N=87) P POl cases Controls (N=76) P POl cases Controls (N=20) P
(N=48) (N=36) (N=33)
Serum total cho-  201.00 (45.00) 194.50 (38.00) 0.038 203.28+£33.02 183.95+33.74 0.024 20524 +33.68 192.12+£33.95 0.005
lesterol (mg/dl)
Triglyceride (mg/  120.00 (103.00) 106.00 (56.00) 0435 111.50 (75.00) 124.00 (89.00) 0.815 107.50 (67.00) 115.00 (74.00) 0.619
dl)
HDL (mg/dl) 4746£9.07 46.01£8.85 0.576 46.19£9.01 45194+ 12.64 0.632 4865 (13.30) 42.80 (15.50) 0.040
LDL (mg/dl) 132.29+3832 11744 +£28.86 122.02+£29.80 104.74+34.13 130.73+£33.94 1138643333
rs1046089 AA GA GG
POl cases Controls (N=71) P POl cases Controls (N=89) P POl cases Controls (N=23) P
(N=37) (N=69) (N=11)
Serum total cho-  196.00 (48.00) 178.00 (40.00) 0.038 208.08+36.16 192.53+£33.14 0.006 207.86 3561 188.02+35.04 0.006
lesterol (mg/dl)
Triglyceride (mg/  196.00 (48.00) 178.00 (40.00) 0439 208.08+36.16 19253+£33.14 0.214 207.86+35.61 188.02+35.04 0.906
dl)
HDL (mg/dl) 5041£7.72 5065+11.57 0.952 47.80(11.75) 45.00 (21.00) 0.195 46.90 (11.65) 43.00 (14.90) 0.090
LDL (mg/dl) 122.53+£40.11 85.01+£30.07 0.005 127.19+£32.75 109.64+£3247 0.001 132.22+£34.72 119.754+31.49 0.062
rs7246479 AA TA TT
POI cases Controls P POl cases Controls P POI cases Controls P
(N=36) (N=89) (N=67) (N=286) (N=14) (N=8)
Serum total 2137543418 17863£2130 0.019 2018643372 1872043181 0.007 21694+3871 191.344+3506 0.001
cholesterol
(mg/dl)
Triglyceride 101.50 (94.00) 145.00 (71.00) 0427 108.00 (70.00) 118.50 (68.00) 0420 118.00 (92.00) 107.00 (84.00)  0.144
(mg/dl)
HDL (mg/dl) 486947.12 50.75+9.96 0.596 4756£9.17 451841167 0.161 47.80 (13.10) 42.80(17.15) 0.258
LDL (mg/dl) 1379843121 8258+29.38 0.001 123894+30.71 107.864£3390 0.003 134.80(36.18) 120.00 (41.54)  0.016
rs4806660 cc TC T
POl cases Controls (N=94) P POl cases Controls (N=82) P POl cases Controls (N=7) P
(N=50) (N=53) (N=14)
Serum total cho-  200.58 +-34.85 161.43£25.05 0.019 211.00 (35.00) 188.00 (36.00) <0.001 199.80£35.90 190.63£32.89 0.128

lesterol (mg/dl)
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rs4806660 cC TC TT
POl cases Controls (N=94) P POl cases Controls (N=82) P POl cases Controls(N=7) P
(N=50) (N=53) (N=14)
Triglyceride (mg/  114.67 £59.99 132.71+£3467 0479 122.00 (86.00) 11.50 (80.00) 0.132 100.00 (67.00) 117.00 (79.00) 0.244
dl)
HDL (mg/dl) 5350+12.28 46.71£9.32 0.225 46.85 (10.15) 4375 (18.78) 0.860 48.70£9.05 4470£11.72 0.039
LDL (mg/dl) 112.224£3296 73.084+26.05 0.016 133.05 (34.01) 10540 (52.35) <0.001 1256443213 11866+£31.37 0.213
rs10183486 TT cT cc
POl cases Controls (N=93) P POl cases Controls (N=81) P POl cases Controls(N=9) P
(N=47) (N=55) (N=15)
Serum total cho-  197.674+27.73 193.96+£35.32 0.790 199.31+34.62 19244 £36.45 0.276 220.13+35.86 185.20+£29.52 <0.001
lesterol (mg/dl)
Triglyceride (mg/  102.92+40.22 142.11£54.65 0.073 107.50 (70.00) 111.00 (67.00) 0973 122.00 (91.00) 120.00 (82.00) 0.494
dl)
HDL (mg/dl) 47.18+£6.38 36.35+8.69 0.004 4740 (13.72) 44,00 (15.50) 0.564 47.80 (11.40) 43.50(19.30) 0.132
LDL (mg/dl) 118.99+25.14 12046£2933 0.903 119.54£31.13 11442 £34.31 0.380 138.20 (37.90) 106.10 (47.60) <0.001
rs2303369 TT cT CcC
POl cases Controls P POl cases Controls P POl cases Controls P
(N=42) (N=77) (N=54) (N=90) (N=21) (N=16)
Serum total 206474+29.72  181.88£19.56 0.008 2136443680 1925943284 0.001 2008543650 1859043528 0.032
cholesterol
(mg/dl)
Triglyceride 10647 4£52.80 1083844358 0.909 117.00 (88.00) 120.00 (78.00)  0.446 106.00 (75.00) 117.00 (79.00) 0.735
(mg/dl)
HDL (mg/dl) 5201£10.13 54.68+£11.40 0.466 45.00 (10.05) 44,50 (21.00) 0.937 48.80 (12.10) 42.80(13.35) 0.001
LDL (mg/dl) 1174542931 82.78+27.60 0.001 13440(32.72) 108.04 (48.80)  0.001 1248843316  117.08+33.22 0227

Statistically significant values are shown in bold

POI: Primary Ovarian Insufficiency; HDL: High-Density Lipoprotein; LDL: Low Density Lipoprotein; T-Student Test or Mann Whitney Test were used; Significant P

value <0.05

SNP, hypercholesterolemia was found over 450 per-
cent higher in cases who carried CC than those with
TT genotype. Previous studies have reported that both
rs4806660 [51] and rs10183486 [22] polymorphisms are
associated with the incidence of POI. While it has been
proved that TLK1 gene encodes nuclear serine-thre-
onine kinases [22] in which actively transfers signals
from receptors of estrogen within the cell membrane
to the nucleus [52], the exact function of TMEM150B
gene product, called transmembrane protein 150B, has
not yet been discussed.

Several SNPs, have been found to be associated with
POI, a condition in which ovaries stop releasing sexual
hormones, especially estrogen, making females infertile
as early as before the age of 40. This estrogen hormone
deficiency affects metabolism of lipids and thus, POI
cases might face some lipid profile abnormalities that
could increase the risk of cardiovascular disorders in par-
ticipants of our study.

Our study was mainly limited by its design as a cross-
sectional study, and changes in the level of lipid profile
factors were not prospectively assessed. Data regarding

pattern of the target population diet for the consump-
tion of oils and meats, as the most common lipids,
were not recorded in this study. We suggest future
studies consider these limitations to achieve more reli-
able results. Moreover, several POI-related SNPs were
not investigated in our study that might be associated
with the cases’ metabolic status and it is highly rec-
ommended to include these polymorphisms in the
analysis.

In conclusion, SNPs which are previously found to
be attributed to POI, could cause impairment in cases’
lipid profile status through hormonal abnormalities.
Present study clarifies that TC, CC and, CT genotypes
of rs4806660, rs10183486, and rs2303369 SNPs, respec-
tively increase the rate of dyslipidemia by approxi-
mately 5 times compared to their reference genotype
(rs4806660: CC; rs10183486: TT; rs2303369: TT) in
POI cases. But, GG and CC genotypes of rs1046089
and rs2303369 SNPs, respectively increase the rate of
dyslipidemia about 6 times compared to their reference
genotype in healthy population.
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