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ABSTRACT

OBJECTIVE: Evaluation of ovarian reserve in infertile patients had become an important concept in as-
sisted reproductive techniques success work-up. Recent studies reported an association between blood
type and ovarian reserve. Therefore, the aim of this study was to analyze the relationship between blood
type and ovarian reserve in infertile patients.

STUDY DESIGN: In this retrospective, observational and single-cenre study, a total of 311 women who
were applied for fertility seek between January 2018 and November 2018 were included. As a threshold
of ovarian reserve, serum follicle stimulating hormone levels (>10 mIU/mL) and antral follicle counts (<5)
at early follicular phase were taken to reflect diminished ovarian reserve. The main outcome was the as-
sociation between blood types and ovarian reserve. Secondary outcomes were biochemical and clinical
pregnancy rates.

RESULTS: There was no relationship between blood types and follicle stimulating hormone levels.
Elevated follicle stimulating hormone levels were associated with only age and antral follicle count.
Similar to the results of ovarian reserve, biochemical and clinical pregnancy outcomes are not affected
by blood groups and Rhesus factor.

CONCLUSION: Patients' blood type did not have any impact on ovarian reserve. In addition, neither
blood type nor rhesus factor have an effect on predicting pregnancy outcomes in assisted reproductive
techniques, patients.
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number of follicles in ovaries reduces dramatically with ad-
vanced ages. Predominantly, a variety of measures, such as fol-
licle stimulating hormone (FSH), anti-Mullerian hormone
(AMH), Inhibin-B levels, and antral follicle count (AFC) with
ultrasound are used to assess ovarian reserve (3, 4). Ovarian re-

Introduction

Ovarian reserve reflects the quantity and quality of oocytes
available for achieving a pregnancy (1). While several tests and
biochemical markers have used to determine ovarian reserve,

female age still remains the most important predictor for as-
sisted reproductive techniques (ART) success (2). In fact, the
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serve tests also help clinicians about predicting ovarian re-
sponse for the treatment protocols and ART outcomes (5).

Diminished ovarian reserve (DOR) usually characterized
by FSH level >10 IU/L at the early follicular phase (6). While
measurement of FSH level is applicable, highly reproducible
and most exploited parameter for evaluating ovarian reserve
status in infertility practice, the most important drawback of
this approach is that this hormone has a significant cycle-to-
cycle variation (7). Due to this reality, combining FSH meas-
urement with evaluation of the AFCs is thought to be more fea-
sible in evaluating ovarian reserve.

Diminished ovarian reserve is associated with factors such
as endometriosis, autoimmune diseases, infections and toxins,
smoking, history of chemotherapy and radiotherapy due to
malignancies and prior ovarian surgery (8-10). Eventually,
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this diagnosis transforms into premature ovarian failure,
which has several impacts on women health, including early
onset menopause, osteoporosis and cardiovascular disease
(11). In case of DOR, clinicians should inform the couples
about their relatively low possibility to obtain a pregnancy and
update them about their options for treatment modalities.

As a known fact, ABO blood group antigens are glycopro-
teins which are expressed in many different tissues and cells
such as epithelial cells, vascular endothelium and neurons in
addition to erythrocyte membrane surfaces (12). Based on this
fact, the relationship to different pathologies to blood groups
has been of interest to researchers, and its implications on ovar-
ian functions were evaluated in different gynecologic condi-
tions. In an earlier study, it was reported that blood group A
was more common in patients with ovarian hyperstimulation
syndrome (OHSS) (13). Later, endometriosis has been reported
to be more frequent in patients with blood group A (14).

In 2011, Nejat et al. come up with a finding that there was
a relationship between ovarian reserve and blood types. They
stated that antigen A was protective against the development of
DOR, while O blood group was a risk factor for DOR occur-
rence (15). Subsequent to that report, Timberlake et al. did not
find an association between the blood type O and increased oc-
currence of DOR (16). After these first data, other researchers
investigated this issue and reported divergent results.
Therefore, we aimed to evaluate whether ovarian reserve and
ART outcomes are associated with certain ABO blood groups.

Materials and Method

Female patients undergoing ovulation induction for infer-
tility treatment at a university hospital from January 2018 to
September 2018 were included in this retrospective study. The
study was approved by the institutional research ethics com-
mittee, which was in accordance with the Declaration of
Helsinki, 2013 (Brazil version) (2018-143).

Three hundred and eleven infertile patients between 20
and 42 years of age were included in this study, including
anovulatory women and eumenorrheic women with a diagno-
sis of unexplained infertility for whom ovulation induction
with gonadotrophins were indicated. Patients with prior
chemotherapy, radiotherapy and ovarian surgery for any indi-
cation, history of severe autoimmune or chronic disease, in-
complete data or records and lastly lost to follow-up were ex-
cluded. Written informed consents were obtained from all par-
ticipant patient.

Data for each patient, including age, body mass index
(BMI), duration of subfertility, AFCs, blood type, and Rhesus
(Rh) factor were collected from the patient charts and elec-
tronic medical records. The primary outcome for analyses was
association between ovarian reserve and blood types. DOR
was defined by a day-3 FSH level of >10 mIU/mL and number
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of AFCs <5 was taken to reflect DOR (6,7). Serum FSH
(mIU/mL) and estradiol (mIU/mL) levels were measured on
the third day of the menstrual cycle. Pelvic ultrasound exami-
nation was carried out by using a Toshiba Xario 100 (Toshiba
Medical Systems Corporation, Nasu, Japan) with a 7.5-MHz
vaginal transducer and by the same specialists at the early fol-
licular phase of the menstrual cycle. On the 3" day of the cycle,
AFC was the sum of antral follicles measuring 2-10 mm in di-
ameter. Secondary outcomes included biochemical pregnancy
rate (BPR) which was defined as a positive serum beta hCG,
but without development of a gestational sac identifiable by
sonography, secondly, clinical pregnancy rate (CPR) which
was defined with a confirmed gestational sac, visible fetal pole
with cardiac activity, and lastly, live birth rate (LBR).

Statistical Analysis

Statistical analysis was performed using Statistical
Package for the Social Sciences (SPSS) software, version 22.0
for Windows (SPSS, Inc., Chicago, IL, USA). The
Kolmogorov-Smirnov and Shapiro-Wilk tests were used to
test the normality of distribution. In the statistical comparison
of categorical variables according to the ovarian reserve sta-
tus, the chi-square test was performed. The Mann Whitney U
test was used for statistical comparison of quantitative meas-
urements to determine the association according to FSH
groups. When the FSH variable was considered as dependent
variable and other variables were considered as independent
variables, prediction model was tested by logistic regression
analysis. The statistical significance of differences in the dis-
tribution of variables including BPR, CPR, and LBR between
blood group types was evaluated using the Pearson chi-
squared test. A p-value of <0.05 was accepted as statistically
significant.

Results

Baseline demographical and clinical characteristics of the
patients are shown in table I. Overall mean age and BMI of the
study cohort were 29.3+5.6 years and 24.3+4.6 kg/m?, respec-
tively. The overall distribution of blood groups in the cohort
were as follows: 45.9% (Group A), 20.2% (Group B), 6.4%
(Group AB), 27.3% (Group O). Of the 311 patients, 274
(88.1%) were Rhesus factor positive, while 37 (11.8%) pa-
tients were Rhesus factor negative.

As expected, patients with DOR had significantly higher
levels of FSH (12.943.7 vs 6.1£1.7, p<0.001) and lower AFC
than patients with normal ovarian reserve (8.1+5.5 vs
15.747.2, p<0.001) (Table I). There were no significant differ-
ences among duration of infertility and other hormone levels
including luteinizing hormone (LH) and estradiol (p=0.433,
p=0.353 and p=0.146, respectively).

As shown in table II, participants were additionally di-
vided into subgroups based on their antigenic status. Similarly,
to the blood type results, neither A (blood type A+AB) antigen
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nor B antigenic status (blood type B+AB) were associated
with ovarian reserve (p=0.53, p=0.80, respectively).

Factors associated with elevated FSH levels are analyzed
by logistic regression tests as presented in table III. Elevated
FSH levels were significantly associated with advanced age
and lower AFC (p<0.001, for both), while not associated with
LH and estradiol levels, blood group types and Rhesus factor
(»=0.091, p=0.137, p=0.909 and p=0.219, respectively).
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Table IV shows the association between blood group
types and pregnancy outcomes. No difference was observed
among four blood type groups in terms of biochemical
(BPR), clinical pregnancy (CPR) and live birth rates (LBR)
(for BPR; p=0.876, for CPR; p=0.895 and for LBR; p=0.433,
respectively). In addition, there was no significant correla-
tion between Rhesus factor and pregnancy outcomes
(»p=0.238, for BPR).

Table I: Baseline characteristics of the patients with different ovarian reserve types

Normal ovarian reserve group Diminished ovarian reserve group p

(n=278) (n=33) value
Age (years) 28.9+5.3 32.116.7 0.031*
BMI (kg/m2) 2414 .4 25.9+5.6 0.114
FSH (mlU/mL) 6.1£1.7 12.9+3.7 <0.001*
LH (mIU/mL) 5.8+4.3 6.4+3.2 0.335
E2 (pg/mL) 49.8162.8 41.84+23.1 0.092
AFC 15.7£7.2 8.1+5.5 <0.001*
Blood group types
O 76 (27.3%) 9 (27.2%)
A 128 (46.0%) 15 (45.4%)
B 55 (19.7%) 8 (24.2%)
AB 19 (6.8%) 1 (3.0%) 0.812
Rh factor
Positive 247 (88.8%) 27 (81.8%)
Negative 31 (11.1%) 6 (18.1%) 0.238

Values are shown as mean + standard deviation. BMI: Body mass index, FSH: Follicle stimulating hormone, LH: Luteinizing hormone, E2: estradiol,
AFC: Antral follicle count, Rh: Rhesus. * p-values (Student's t-test and Pearson’s x? test) indicate statistically significant (p< 0.05).

Table II: Blood type antigen distribution and patient characteristics according to ovarian reserve status

Normal ovarian reserve group Diminished ovarian reserve group p

(n=278) (n=33) value
Age (years) 28 (£5.4) 32 (+6.8) 0.009*
Blood Group
0 76 (27%) 9 (27%) 0.98
A antigen 147 (52%) 16 (48%) 0.53
(blood types A+AB)
B antigen 74 (26%) 9 (27%) 0.80
(blood types B+AB)

Age is presented as meant SD; other variables are shown as number (n) and percentage (%).

* p-values (Pearson’s x? test) indicate statistically significant (p<0.05).

Table llI: Logistic regression analyses between FSH and predictor variables of the study

95% CI for exp (B)

B SE p-value exp (B) Lower Upper
Age -0.018 0.049 0.009* 0.982 0.892 1.082
LH 0.339 0.135 0.091 1.403 1.077 1.828
E2 -0.013 0.014 0.137 0.987 0.961 1.014
AFC 0.119 0.174 <0.001* 1.127 0.801 1.585
Blood type -0.043 0.373 0.909 0.958 0.461 1.992
Rh factor 0.934 0.759 0.219 2.543 0.575 11.256

FSH: Follicle stimulating hormone, LH: Luteinizing hormone, E2: estradiol, AFC: Antral follicle count, Rh: Rhesus, SE: Standard error, CI: Confidence

interval, * p-values indicate statistically significant (p< 0.05).
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Table IV: Pregnancy outcomes for blood group types
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Blood group type p
0 A B AB value
n 56 96 41 15
0 26.9 46.2 19.7 7.2
Biochemical pregnancy 28 47 29 5 0.876
n
+
*+) % 27.5 46.1 21.6 4.9
n 57 101 44 15
0 26.3 46.5 20.3 6.9
Clinical pregnancy 28 49 19 5 0.895
n
+
*+) % 29.8 447 20.2 5.3
n 70 124 55 19
0y, 26.1 46.3 20.5 7.1
Live birth rates 0.433
n 15 19 7 1
O 35.7 452 16.7 2.4

Discussion

Our study has demonstrated that there is no association be-
tween ABO blood types and ovarian reserve markers. Neither
blood types nor A or B antigen contributes as a risk or protec-
tive factor for DOR. In addition, blood groups and Rhesus fac-
tor do not affect pregnancy outcomes.

In 2011, Nejat et al. reported that blood types with the A
antigen are protective for ovarian reserve, while blood type O
appears to be associated with elevated FSH levels and DOR
(15). They cited an earlier study which suggested that blood
group A was significantly more frequent among patients with
OHSS (13). In this report, Binder and colleagues had ex-
plained the association between the blood types and OHSS
with genetic inherence, enzymes and proteins, such as group
A transferase, glycosyl transferase and N-acetyl glucosaminyl
transferase-1 (17). However, Bellver et al. reported that they
did not find any association between blood group antigens and
OHSS in a cohort with similar clinical and demographical
characteristics (18). The results of the data on the relationship
between the development of blood groups and OHSS occur-
rence are contradictory in the existing literature. Another
study with a large cohort included approximately 35.000 par-
ticipants, while blood type O was being found to be signifi-
cantly protective for DOR occurrence, potential risk of DOR
was significantly higher in patients with B antigen (blood type
B or AB) (19). The authors also added that A antigen was not
associated with ovarian reserve status.

In our study, demographical data were similar between
blood types. Mean age, BMI, duration of subfertility between
blood type subgroups were analogous. Blood type subgroup
ratios between FSH <10 mIU/mL and FSH >10 mIU/mL
groups were vicinal. From that result, we did not observe any

relationship in groups, which has similar demographical data.
In addition, we did not observe any association between ovar-
ian reserve and antigenic status independent of blood groups.
In parallel with our findings, Timberlake et al. and some other
researchers reported similar results (16). They defined DOR as
FSH >10 mIU/mL in their study population and they reported
female age and lower AFC were associated with DOR. Sengiil
et al. reported similar results and their findings showed only
female age had an impact on ovarian reserve (20).

We have also investigated the relationship between blood
types and pregnancy outcomes and we did not find an associ-
ation in terms of clinical pregnancy rates, and live birth rates.
Similar to our findings, Spitzer and colleagues also failed to
show any association between blood group antigens and IVF
outcomes, including collected oocyte counts and LBR (21). In
the light of their results, they emphasized that it would not be
accurate to estimate the fertility potential and presumption of
pregnancy may be reduced on certain blood groups.

This study has some limitations to be mentioned. Firstly,
our findings are limited by its relatively small sample size and
further prospective studies with extended populations are war-
ranted. Secondly and most importantly, we did not analyze
AMH levels of the participants due to lack of financial re-
sources. Since only one-third of our study population had
AMH values, we could not add this evaluation to the study. To
get over that lacking data, we added AFC to FSH levels to
measure ovarian reserve in the first place.

In conclusion, we observed that there is no association be-
tween blood types and ovarian reserve markers. As previously
revealed, age and AFCs have predictive value in evaluating
ovarian reserve status. Furthermore, blood groups have lim-
ited efficacy in predicting pregnancy outcomes in infertile pa-
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tients. However, further prospective studies and meta-analyses
are needed in order to clarify whether there is any relationship
between blood groups and ovarian reserve markers.
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