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Abstract
Background: Infertility affects around 10-15% of couples worldwide and is both a social
and medical problem. Parental consanguinity is considered to reduce fertility reserve.
Consanguineous marriages, especially first cousin marriages, are very common in
Oman according to the Oman National Health Survey data.
Objective: This study aimed to determine whether women born to consanguineous
parents have reduced ovarian reserve.
Materials and Methods: This cohort study was conducted on 414 women aged ≤ 39,
treated for infertility at Sultan Qaboos University hospital and Royal hospital, Muscat,
Oman from January 2019-December 2020. Each participant was interviewed and a
complete history, including parental consanguinity and physical examination, were
recorded. On day 2 of the menstrual cycle, serum concentration of the following was
performed: follicle-stimulating hormone (FSH), luteinizing hormone, estradiol, prolactin,
thyroid stimulating hormone, and anti-Müllerian hormone (AMH). AMH was done, if
necessary, on other days of the cycle. Antral follicle count (AFC) was done on day
2 and 3 of the menstrual cycle.
Results: Of the 414 women, parental consanguinity was present in 40.2% of couples.
In women with low AFC, parental consanguinity was present in 15.3% compared to
13.0% in the non-consanguineous group. About 15% of women with low AMH had
consanguineous parents, compared to 20.2% from the non-consanguineous group.
High levels of FSH were present in 6.5% and 4.2% of the consanguineous and non-
consanguineous groups, respectively. No significant difference was observed in AFC
with reference to body mass index.
Conclusion: The results from this study showed no statistically significant difference
in low ovarian reserves (AFC, AMH, and FSH) in women whose parents had a
consanguineous marriage.
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1. Introduction

Infertility is the inability to get pregnant
even after a year of regular unprotected
sexual intercourse. It affects around 10% of
couples worldwide (1). Infertility is globally
acknowledged as a health problem and has
a social stigma attached to it. The Centers for
Disease Control and Prevention emphasizes
that infertility has considerable public health
consequences, including psychological distress,
social stigmatization, economic strain, and marital
instability (2, 3).

Consanguineous marriage is a union between
individuals related by blood as first or second
cousins or as distant relatives. Marriages between
first and second cousins account for over 10%
of marriages worldwide (4), and about 8-10% of
children worldwide have parents who are related
consanguineous (3). The highest consanguinity
rates were reported among “Pakistan army
personnel and isolated Egyptian Nubians (76%
and 80.4%), respectively” (5). A high rate of
consanguineous marriages, similar to Asian and
African countries are found in Qatar (54%), Saudi
Arabia (52%), United Arab Emirates (50.5%), Sana’a
in Yemen (44.7%), and Kuwait, 42.1% (6). The Omani
National Health Survey indicated that up to 52% of
marriages were consanguineous, the first cousins
on the father’s side or the mother’s side were either
parallel patrilateral or cross-cousins. The father’s
sister’s is cross-cousin type I, and the mother’s
sister’s son type II cross-cousin. There is a belief
that consanguineous marriages cause fertility
reduction (7). Some data available indicates that
children of consanguineous parents run a 10 times
greater risk of congenital defects and autosomal
recessive diseases (8).

Studies on the association between
consanguinity and fertility in Pakistan and India
had conflicting results. The mean fertility was
lower among Pakistani women born to first-
cousin unions. In contrast, the mean fertility
levels in India were similar in first cousin and
non-consanguineous marriages (9). Another study
from Egypt, which included women from Upper
Egypt governorates, mentions a decline in ovarian
reserve and infertility rates among offspring of
consanguineous marriages (10).

Ovarian reserve in women refers to the number
of good-quality eggs that determines their fertility
potential. There are several ways to estimate
the ovarian reserve, such as cycle day 3 follicle-
stimulating hormone (FSH) levels, anti-Müllerian
hormone (AMH) levels, and determining the
ovarian antral follicle count (AFC) by doing a
transvaginal ultrasound on day 2 of the cycle.
None of them have a very high predictive value,
and fertility experts often use a combination of
tests to better estimate the size of the remaining
egg supply in addition to the age of the women (11).
AMH levels appear to be a more sensitive marker
of ovarian reserve, and FSH is specific. AFC is a
reasonable alternative in an experienced center
(12).

According to a study in Kuwait in 2015,
consanguinity and history of any surgery in
non-consanguineous women were strong positive
predictors of low ovarian reserve. They concluded
that consanguinity in parents is strongly associated
with reduced ovarian reserve (13).

This study aimed to investigate the impact
of consanguineous marriage on women’s fertility
(ovarian reserve) in married couples. This study
aimed to assess the association between parental
consanguinity and ovarian reserve.
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2. Materials and Methods

2.1. Study design and participant selection

This multicenter retrospective cohort study
was conducted in Muscat, Oman. The study
included all women who were ≤ 39 yr, treated
for infertility at the Sultan Qaboos University
hospital, Muscat, Oman from January 2019-
December 2020. Women who had received
previous treatment that might have affected fertility
(e.g., chemotherapy, radiotherapy, surgery on
ovaries), women diagnosed with sickle cell disease
or thalassemia, previous history of multiple blood
transfusions or iron chelation agents, diagnosis of
endometriosis, and those with premature ovarian
failure were excluded.

2.2. Sample size

The sample size was estimated based on the
primary objective, the prevalence of history of
consanguinity among infertile women who were
undergoing treatment in 2 infertility clinics in
Muscat. Therefore, the sample size was estimated
based on the anticipated prevalence of 50% with
an error of 5% and a confidence level of 95%. The
sample size was estimated to be 377 using the
online tool OpenEpi (https://www.openepi.com/
SampleSize/SSPropor.htm). However, we have
included 414 subjects.

2.3. Data collection

Data were collected through an interview.
Women’s complete medical history, including age,
medical history, surgical history, family history,
and information on parental consanguinity and
consanguinity in the couple themselves. Medical
records were reviewed to collect the hormonal

profile data, including FSH, luteinizing hormone,
estradiol, prolactin, thyroid-stimulating hormone,
and AMH serum concentration if available. A
routine ultrasound assessment of the pelvis was
performed on day 2 of the cycle to exclude
any obvious pelvic pathology. The ovaries were
visualized in the longitudinal plane, and the antral
follicles measuring 2-10 mm in diameter within
each ovary was counted separately to calculate
the AFC. A single observer with the same machine
did all the ultrasound scans for AFC at each
site. AFC was done on cycle day 2 or 3 as far
as possible. Serum luteinizing hormone and FSH
(IU/l) were measured using the automated Elecsys
immune analyzer, and AMH concentration levels
were determined using the enzyme immunometric
assay. The low ovarian reserve was defined as
FSH of ≥ 10 IU/l, AMH of < 5 pmol, and
AFC ≤ 7.

2.4. Ethical considerations

The study was approved by the Ethics
and Research Committee of Sultan Qaboos
University, Muscat, Oman (MERC1806) and by
the Ethics and Research Committee of the
Royal hospital, Muscat, Oman (SRC84/2020).
All participants signed an informed consent
form.

2.5. Statistical analysis

The categorical variables were presented
as frequency and percentage. The association
between categorical variables were assessed
using chi-square test (Fisher’s exact/Likelihood
ratio). A multivariate binary logistic regression
analysis was performed to determine the
independent predictors of low ovarian reserve.
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A box plot was used for the graphical
presentation of the association between
consanguinity and AFC. P < 0.05 was considered
statistically significant. All the analysis was
carried out in IBM SPSS Statistics (IBM
Corp. Released 2021. IBM SPSS Statistics for
Windows, Version 28.0. Armonk, NY: IBM Corp)
version 28.0.

3. Results

The total sample size was 414 from 2 hospitals.
In this study, 40.2% of the couples had a history
of consanguinity among their parents. About 38%
of couples themselves were consanguineous.
Around 23.5% of participants had medical
comorbidities (Table I). A significant age difference
was observed between women with low AFC and
those with normal AFC. About 15.0% of women
with a history of parental consanguinity had low
AFC, compared to around 13% of participants with

no parental history of consanguinity, which was
not statistically significant (Table II). Unfortunately,
due to lack of funding, it was possible to estimate
AMH only in 40% of the sample (181 of 414). Around
15% of women with low AMH had a history of
consanguineous parents compared to 20.2% in
the non-consanguineous group. FSH levels were
estimated in almost 90% of the sample, and AFC
was done in about 71% of women. High FSH
level was found in 6.7% of the consanguineous
group and 4.1% of the non-consanguineous
group. No statistically significant difference was
observed in the women concerning low ovarian
reserve and parental consanguineous marriage
(Table III). The multivariate regression model
had failed to identify any significant predictors
for the low ovarian reserve, although age and
FSH were statistically significant in the univariate
analysis (Table IV). The box plot depicts the
relationship between consanguinity and AFC
(Figure 1).

Table I. Characteristics of the infertile women and parental consanguinity

History of parental consanguinity

No (n = 244) Yes (n = 170)
P-value

Age (yr)

20-30 124 (50.8) 78 (45.9)

> 30 120 (49.2) 92 (54.1)
0.368

BMI (kg/m2)

< 18.50 6 (2.5) 6 (3.6)

18.50-24.99 73 (30.5) 45 (26.9)

25.00-29.99 62 (25.9) 46 (27.5)

≥ 30.00 98 (41.1) 70 (42.0)

0.816

Years of infertility (yr)

< 4 95 (38.9) 67 (39.4)

5-10 101 (41.4) 71 (41.8)

> 10 48 (19.7) 32 (18.8)

0.977

Type of infertility

Primary 142 (58.2) 91 (53.5)

Secondary 102 (41.8) 79 (46.5)
0.366

Data presented as n (%). Chi-square test. BMI: Body mass index
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Table II. Association between low AFC and the participants’ characteristics

Low ovarian reserve

No (> 7), n = 254 Yes (≤ 7), n = 41
P-value

Age (yr)

20-30 141 (55.5) 13 (31.7)

> 30 113 (44.5) 28 (68.3)
< 0.001*

BMI (kg/m2)

< 18.50 8 (3.2) 1 (2.4)

18.50-24.99 56 (22.5) 17 (41.5)

25.00-29.99 66 (26.5) 9 (22.0)

≥ 30.00 119 (47.8) 14 (34.1)

0.100

Years of infertility (yr)

< 4 104 (40.9) 13 (31.7)

5-10 107 (42.2) 19 (46.3)

> 10 43 (16.9) 9 (22.0)

0.490

Type of infertility

Primary 151 (59.4) 18 (43.9)

Secondary 103 (40.6) 23 (56.1)
0.088

History of consanguinity

No 157 (61.8) 24 (58.5)

Yes 97 (38.2) 17 (41.5)
0.731

FSH

≤ 10 (normal) 226 (97.8) 34 (89.5)

> 10 (low) 5 (2.2) 4 (10.5)
0.025*

Data presented as n (%). Chi-square test, *Statistically significant. AFC: Antral follicle count, BMI: Body mass index, FSH: Follicle-
stimulating hormone

Table III. Association between ovarian reserve levels and the history of parental consanguinity

History of parental consanguinity

Yes No
P-value

AMH

< 5 (low) 12 (15.4) 16 (18.2)

≥ 5 (normal) 66 (84.6) 72 (81.8)
0.682

FSH

≤ 10 (normal) 140 (93.3) 212 (95.9)

> 10 (low) 10 (6.7) 9 (4.1)
0.338

AFC

Normal (> 7) 97 (85.1) 157 (86.7)

Low (≤ 7) 17 (14.9) 24 (13.3)
0.731

Data presented as n (%). Fisher’s exact test. AMH: Anti-Müllerian hormone, FSH: Follicle-stimulating hormone, AFC: Antral follicle
count
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Table IV. Multivariate binary logistic regression analysis was performed to determine the independent predictors of low ovarian
reserve

95% CI for ORβ P-value OR
Lower Upper

Age (yr)

20-30 (Reference)

> 30 0.690 0.116 1.994 0.844 4.713

BMI (kg/m2)

< 18.50 0.218 0.846 1.244 0.138 11.192

18.50-24.99 0.846 0.056 2.331 0.977 5.561

25.00-29.99 0.090 0.854 1.094 0.420 2.847

≥ 30.00 (Reference)

Years of infertility

< 4 yr (Reference)

5-10 yr 0.179 0.692 1.196 0.493 2.900

> 10 yr 0.111 0.854 1.118 0.342 3.652

History of consanguinity

No (Reference)

Yes 0.552 0.182 1.736 0.773 3.900

FSH

≤ 10 (normal) (Reference)

> 10 (low) 1.323 0.081 3.756 0.849 16.627

Nagelkerke R2 = 0.114, overall accuracy = 86.8%. BMI: Body mass index, FSH: Follicle-stimulating hormone, OR: Odds ratio

Figure 1. Relationship between consanguinity and AFC.
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4. Discussion

In this study, about 40% of infertile couples
had parents with consanguinity. However,
none of the markers of ovarian reserve like
AFC or AMH had significant differences
between the 2 groups, consanguineous and
non-consanguineous. Women whose parents were
first- or second-degree cousins were classified as
parental consanguinity, and non-consanguinity
was defined as parents who were not related for
at least 3 generations.

Results from this study showed that the
prevalence of consanguineous marriages in
the Omani community is similar to previous reports
from the Omani National Health Survey in 2000 (5)
and other Gulf countries (4). This tradition appears
common with a strong desire for consanguineous
marriages. This practice is maintained to help
family structure and property, and strengthen
family ties; in some families, they see it as an
advantage relating to the bridal dowry. This is
seen as a way of reducing marital conflicts and
helping to maintain stability and durability in
relationships (6).

In this study, various recognized parameters
of ovarian reserve assessments were used, as
no single test is accurate enough for ovarian
reserve assessment. The important role of AMH
estimation as one of the most reliable biomarkers
for ovarian reserve assessment has previously
been noted, with AMH levels markedly declining
with advancing age (14). However, in addition to
AMH, other tests like FSH and AFC were carried
out, as recommended by many previous studies.
Our results showed no significant difference in
ovarian reserve parameters between the parental
consanguineous and non-consanguineous groups.
Conversely, studies from Kuwait (13) and Egypt (10)

showed reduced ovarian reserves in women born
of consanguineous marriages.

Testing the AFC is one of the most accurate
non-invasive measures to test ovarian aging.
Previous studies have demonstrated that an AFC
< 7 is a risk factor for infertility (11, 12). Therefore, in
this study, participants were classified into normal
AFC (> 7) and reduced AFC (≤ 7) categories. In this
study, 84% of the consanguineous parents group
and 87% of the non-consanguineous group had
an AFC > 7, this was not statistically significant.
In a study from Kuwait, 29.9% of participants
with consanguineous parents had an AFC ≥ 9,
compared with 63.9% in the non-consanguineous
group (13).

Clinical studies have demonstrated that serum
AMH levels correlate strongly to AFC and are
more accurate than age and other hormonal
measurements like FSH, estradiol, and Inhibin
in predicting the success of ovulation induction,
especially in a set-up with assisted reproduction.
Despite controversies in the assay of AMH levels,
the decline in AMH levels is interpreted as
the first indication of a decline in the ovarian
follicular reserve. Notably, AMH concentration
remains stable throughout the menstrual cycle
(15). In this study, around 15% of women with low
AMH had a history of consanguineous parents
compared to 20.2% of the non-consanguineous
group, which was not statistically significant.
However, due to financial constraints, AMH levels
were not tested in all participants, as it is not
routinely done in the Omani health system due to
financial constraints. This is one limitation of this
study, though FSH and AFC were done in most
women.

High FSH levels were noted in 6.7% of the
consanguineous parent group compared to 4.1%
in the non-consanguineous group, which was

https://doi.org/10.18502/ijrm.v21i12.15039 Page 1019
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expected, as FSH is known to be a late marker
of ovarian aging and follows a monthly variation
pattern (13).

5. Conclusion

In conclusion, our study indicated that parental
consanguinity does not affect their female
offspring’s ovarian reserve.
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