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Cardiovascular risk may be increased in women with
unexplained infertility
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Objective: Growing evidence suggests that increased cardiovascular disease (CVD) risk is associated with female infertility caused by condi-
tions such as polycystic ovarian disease, obesity, thyroid dysfunction, and endometriosis. The aim of this study was to evaluate whether any re-
lationship exists between CVD and unexplained infertility.

Methods: Sixty-five women with unexplained infertility and 65 fertile controls were enrolled in the study. CVD risk markers such as low-density
lipoprotein (LDL), high-density lipoprotein (HDL), total cholesterol (TC), triglycerides (TG), insulin resistance (defined by the homeostasis model
assessment ratio), and high-sensitivity C-reactive protein (hs-CRP) were assessed.

Results: TG, TC, LDL, and hs-CRP levels were higher and HDL levels were lower in patients with unexplained infertility than in fertile controls
(p <0.05 for all). Positive associations were found between unexplained infertility and TG, TC, LDL, and hs-CRP levels, and a negative correlation
was found for HDL (p < 0.05 for all). Multivariate logistic regression analysis showed that TG, HDL, and hs-CRP were independent variables asso-
ciated with unexplained infertility.

Conclusion: Our study showed that women with unexplained infertility had an atherogenic lipid profile and elevated hs-CRP levels, suggest-

ing a higher risk of developing CVD in the future. Further studies with larger groups are needed to investigate the nature of this link.
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Introduction

Unexplained infertility refers to the 30% to 40% of infertile couples
in whom standard investigations, including semen analysis and tests
of ovulation and tubal patency, cannot detect any major abnormality
[1,2]. Couples with unexplained infertility suffer from difficulties in
fecundity. The possible underlying etiologies are diminished ovarian
reserve, advanced age, minimal and mild endometriosis, endocrine
abnormalities, oxidative stress, and defective endometrial receptivity
[31.

Cardiovascular disease (CVD) is the one of the most common causes
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of morbidity and mortality in the world, and atherosclerosis is known
to be the main reason for increased cardiovascular risk. It is widely
known that inflammation plays an important role in atherosclerosis
[4]. Inflammatory factors, such as monocyte/macrophage colony-
stimulating factor, transforming growth factor-31, interleukin-6 and
C-reactive protein (CRP) have been shown to be involved in athero-
genesis [5].

High-sensitivity CRP (hs-CRP) is a marker of chronic low grade in-
flammation that is increased in patients with unstable angina and is
a biochemical risk factor for myocardial infarction in healthy individu-
als [6]. It is the strongest predictor of the risk of cardiovascular events
among 12 baseline laboratory markers, including lipids and homo-
cysteine [7]. An elevated hs-CRP level is also associated with meta-
bolic syndrome parameters such as insulin resistance, abdominal
obesity, and dyslipidemia [8].

Insulin resistance is an important cofactor in the development and
the progression of CVD [9]. It is associated with obesity and dyslipid-
emia, and is a component of metabolic syndrome [10]. It is also asso-

Copyright © 2017. THE KOREAN SOCIETY FOR REPRODUCTIVE MEDICINE



F Ferda Veritetal. CVD in unexplained infertility

ciated with low-grade chronic inflammation [11]. Cardiovascular in-
sulin resistance leads to endothelial dysfunction, impaired cardiac di-
astolic relaxation, vascular relaxation, decreased coronary blood flow,
and increased susceptibility to ischemia [12].

It has been reported that infertility may share some common path-
ways with CVD [13]. Polycystic ovarian syndrome (PCOS), thyroid
dysfunction, and obesity are all known to be associated with CVD
[13]. Hypercoagulable states or thrombophilia may contribute to
early miscarriages, a potential unrecognized cause of subfertility [14].
Women with subfertility have also increased levels of psychological
stress, as manifested in conditions such as depression and anxiety,
which may contribute to CVD [15]. Moreover, oxidative stress, which
has an important role in the development of CVD, is also increased in
infertile patients with conditions such as endometriosis, PCOS, obesi-
ty, and unexplained infertility [16]. However, the association between
unexplained infertility and CVD has not been studied in detail.

The aim of this study was to investigate whether any relationship
was present between unexplained female infertility and CVD, as as-
sessed by cardiovascular risk markers such as insulin resistance, hs-
CRP, and dyslipidemia.

Methods

This study included a total of 130 women aged between 20 and 35
years who were admitted to the Harran University Faculty of Medi-
cine, Gynecology and Obstetrics Clinic. between January 2011 and
January 2012. Sixty-five of the subjects were patients with unex-
plained infertility and 65 were fertile controls. Institutional review
board approval and informed consent from all participants were ob-
tained. All infertile women had normal serum concentrations of folli-
cle-stimulating hormone (FSH) on day 3 of their menstrual cycles,
normal estradiol levels, normal hysterosalpingograms indicating a
lack of tubal occlusion, and normal ovaries and uterus detected by
transvaginal ultrasonography and/or hysterosalpingography. Their
partners had normal semen analysis results. Fertility was defined as
initiation of a successful pregnancy within the last 12 months before
the participation of the study.

Additional inclusion criteria were serum FSH levels within normal
limits (1-10 IU/L), spontaneous menses or a positive bleeding re-
sponse to progestogen withdrawal, and normal serum prolactin and
thyroid-stimulating hormone levels. The primary exclusion criteria
were hypothalamic amenorrhea; premature ovarian failure; congeni-
tal adrenal hyperplasia; ovarian cysts; androgen-secreting tumors or
ovarian tumors; Cushing syndrome; CVD; PCOS; diabetes mellitus; in-
sulin resistance; metabolic syndrome; hyperlipidemia; a history of
major depression; the use of any psychoactive medications, cocaine,
or opiates; age above 35 years; the presence of neoplastic, infectious,
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autoimmune, liver, or kidney diseases; smoking; and alcohol con-
sumption. None of the patients had previously been diagnosed with
endometriosis or had any clinical symptoms thereof.

Insulin resistance was estimated by the homeostasis model assess-
ment of insulin resistance (HOMA-IR) using the following formula:
fasting blood sugar (mg/dL) x fasting insulin (ulU/mL)/405 [17].

All participants underwent a standardized initial clinical, sono-
graphic, and endocrine screening. The clinical screening included
age, cycle history, body mass index, and previous medications and/
or surgery. The endocrine screening included serum assays for glu-
cose, insulin, prolactin, FSH, luteinizing hormone (LH), thyroid-stimu-
lating hormone, estradiol, progesterone, free testosterone, total tes-
tosterone, sex hormone-binding globulin, and dehydroepiandros-
terone sulfate. Studies were performed between menstrual cycle
days 3 and 5. Fasting venous blood samples were taken between
8:00 and 10:00 AM after a 12-hour overnight fast. Blood samples
were then centrifuged within 2 hours and assessed on the same day.

1. Measurement of hs-CRP levels

The serum level of hs-CRP was measured immediately with an Aero-
set autoanalyzer (Abbott, Maidenhead, UK) using a spectrophotomet-
ric commerecial kit (Scil Diagnostics GmbH, Viernheim, Germany).

2, Other parameters

Levels of triglycerides (TG), total cholesterol (TC), high-density lipo-
protein (HDL), and low-density lipoprotein (LDL) were determined
using commercially available assay kits (Abbott) with an autoanalyz-
er (Aeroset, Abbott).

3. Statistical analysis

Baseline characteristics of the groups are shown as the mean +
standard deviation. Variables with a skewed distribution were log-
transformed for all analyses. Laboratory and anthropometric parame-
ters of patients were compared using the Student’s t-test. Correlations
between unexplained infertility and hs-CRP, TG, TC, LDL, and HDL
were assessed using the Spearman rank test. In addition, multivariate
logistic regression analysis was applied to analyze the associations
between cardiovascular risk markers and unexplained infertility. The
p-values <0.05 were considered to indicate statistical significance.

Results

The baseline characteristics of the patients are summarized in Table
1. No significant differences were found in age, body mass index,
FSH, LH, estradiol, fasting glucose, insulin, or HOMA-IR levels be-
tween the groups. Women with unexplained infertility had signifi-
cantly higher levels of TG, TC, LDL, and hs-CRP, and lower HDL levels
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Table 1. Baseline characteristics of the patients
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Variable Women with unexplained infertility (n=65) Fertile controls (n=65) p-value
Age (yr) 27.5+29 27.6%3.1 093
BMI (kg/m?) 246+23 249+23 049
FSH (mIU/mL) 68+1.1 6.6+1.2 0.28
LH (mIU/mL) 48+1.1 46+1.1 0.40
Estradiol (pg/mL) 574+10.8 554+10.6 0.29
TG (mg/dL) 181.1+33.2 12241324 <0.001
TC (mg/dL) 202.0+304 176.0+£29.9 <0.001
HDL (mg/dL) 424+113 53.6+123 <0.001
LDL (mg/dL) 1253+32.7 99.1+31.0 <0.001
Fasting glucose (mg/dL) 80.6+12.2 784+12.1 0.30
Fasting insulin (ulU/mL) 50+20 48+1.7 0.57
HOMA-IR 09+04 09+03 035
hs-CRP (mg/L) 0.07+0.0 0.01+0.0 <0.001

Values are presented as mean =+ standard deviation.

BMI, body mass index; FSH, follicle-stimulating hormone; LH, luteinizing hormone; TG, triglycerides; TC, total cholesterol; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; hs-CRP, high-sensitivity C-reactive protein.

Table 2. Correlations of unexplained infertility with dyslipidemia and
hs-CRP

Table 3. The relationship of unexplained infertility with dyslipidemia
and hs-CRP, as assessed by multiple regression analysis

Variable Correlation coefficient p-value Variable SEB t p-value

TG (mg/dL) 0.68 <0.001 TG (mg/dL) 048 6.92 <0.001
TC(mg/dL) 0.36 <0.001 HDL (mg/dL) -0.21 -2.80 0.006

HDL (mg/dL) -0.44 <0.001 hs-CRP (mg/L) 0.28 468 <0.001

LDL (mg/dL) 0.37 <0.001 ] o . L . o . )
hs-CRP (mg/L) 053 <0001 hs-CRP, high-sensitivity C-reactive protein; TG, triglycerides; HDL, high-densi-

hs-CRP, high-sensitivity C-reactive protein; TG, triglycerides; TC, total choles-
terol; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

than the fertile controls (p <0.001).

Positive associations were found between unexplained infertility
and TG (r=0.68, p<0.001), TC (r=0.36, p<0.001), LDL (r=0.37,
p<0.001), hs-CRP (r=0.53, p<0.001), and a negative association
was found with HDL (r=—0.44, p < 0.001) (Table 2).

Multivariate logistic regression analysis was used to study the rela-
tionship between unexplained infertility and dyslipidemia and hs-
CRP. TG (SEB=0.48, p<0.001), HDL (SEB=-0.21, p=0.006), and hs-
CRP (SEf=0.28, p<0.001) were independent predictors associated
with unexplained infertility. The adjusted R? was 0.70 in the study
(Table 3).

Discussion

In this study, we found that TG, TC, LDL, and hs-CRP levels were ele-
vated and HDL was decreased in women with unexplained infertility.
Positive relationships were found between unexplained infertility
and hs-CRP, TG, TC, and LDL, and a negative relationship was found
with HDL. Of these markers, TG, HDL, and hs-CRP were independent

ty lipoprotein.

predictors associated with unexplained infertility.

It is widely known that infertility has been suggested to be a risk
factor for CVD [13]. Nulliparity and primiparity have been associated
with increased CVD risk in comparison with multiparity [18,19]. Many
studies have reported a close relationship between menstrual irregu-
larities and future CVD risk [13,20]. A 50% increased risk of myocardi-
al infarction or coronary heart disease was found among women
with menstrual irregularities in comparison with those who had nor-
mal cycles from the ages of 20 to 35 years [13]. Obesity, insulin resis-
tance, and hypothyroidism are also related with infertility [13], an-
ovulation, and CVD [21,22]. Another study demonstrated that wom-
en with ovarian infertility were at high risk of hypertension from 45
years of age, hypercholesterolemia at all ages, and diabetes mellitus
before 45 years of age [23]. Early miscarriages, which may be an etio-
logical factor of childlessness, can result from coagulation disorders
or thrombophilia [14,24]. Hypercoagulable states are associated with
CVD risk [25]. Furthermore, coagulation defects may affect the devel-
opment of subclinical atherosclerosis and plaque formation [26].

Advanced maternal age, minimal to mild endometriosis, endocrine
abnormalities, diminished ovarian reserve, and oxidative stress have
been identified as possible etiological factors for unexplained infertil-
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ity. It is widely known that CVD increases with age. Endometriosis,
another common cause of unexplained infertility, is characterized by
local and systemic chronic inflammation, dyslipidemia, and oxidative
stress [27]. In addition, endometriosis has been reported to be asso-
ciated with subclinical atherosclerosis [28]. Recently, endothelial dys-
function, which is accepted as early event of atherosclerosis and
leads to structural atherosclerotic changes in the vascular wall, has
been identified in women with endometriosis [29]. CVD risk factors
were found to be increased in patients with diminished ovarian re-
serve [30,31]. Many studies have shown that aging, obesity, dyslipid-
emia, and chronic inflammation are related with reduced oocyte
quality and quantity [30,32,33].

Strong evidence suggests that CVD is linked with oxidative stress.
Oxidative stress also plays an important role in the etiology of unex-
plained infertility [16]. Reactive oxygen species can negatively affect
ovulation, fertilization, and embryo quality [16]. Pregnancy and im-
plantation rates have been found to be lower and abortion rates to
be higher in women with elevated oxidative stress [34]. Although
many studies have shown a link between oxidative stress and unex-
plained infertility, no previous study has evaluated the possible asso-
ciation between cardiovascular risk markers, such as dyslipidemia
and hs-CRP, and unexplained infertility. For that reason, it is notable
that in this study we determined that cardiovascular risk markers
were increased in these patients. Moreover, a close relationship was
found between these markers and unexplained infertility.

Infertile patients also have high levels of psychological stress, re-
flected in conditions such as depression and anxiety. This chronic
stress has been known to adversely affect pregnancy and live birth
rates [35]. Depression and anxiety may also alter immunomodula-
tion and lead to vascular dysfunction, thereby contributing to CVD
[36].

Insulin resistance and chronic low-grade inflammation are associ-
ated with cardiovascular risk, and these parameters can be used as
CVD markers, as shown by many studies [6,7,9]. Both of those mark-
ers induce many changes in blood lipid levels, leading to a proath-
erogenic lipid profile [37,38]. However, we did not find any differenc-
es in terms of fasting glucose, insulin, or HOMA-IR levels between the
groups. This may be because the unexplained infertility group in-
volved many etiological factors with varying pathophysiology, such
as minimal to mild endometriosis, aging, diminished ovarian reserve,
endocrine abnormalities, oxidative stress, and defective endometrial
receptivity.

TG, hs-CRP, and HDL were independent variables correlated with
unexplained infertility. The identification of these parameters as in-
dependent variables strengthens the hypothesis of our study.

Our study had some limitations. First, the study population was
small and hospital-based. Second, undiagnosed mild endometriosis
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may have been included in this study. Third, we did not study direct
markers of atherosclerosis, such as endothelial dysfunction and ca-
rotid intima thickness. Another limitation is that we could not ex-
clude the possible presence of other potential confounding factors,
such as family history and differences in diet, smoking, and/or physi-
cal activity patterns.

In conclusion, we found that CVD risk may be increased in women
with unexplained infertility. A cardiovascular consultation and life-
style changes may be warranted in these patients. Further studies
with larger groups are needed to investigate the nature of this link.
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