
Abstract
!

Introduction: Diminished ovarian reserve (DOR)
has been linked to certain subpopulations and
distinct gene polymorphisms. It has even been
hypothesized that the AB0 blood group system
could be linked to ovarian reserve (OR) as re-
flected by early follicular phase follicle stimulat-
ing hormone (FSH) levels. Although estimation of
OR is routinely done using levels of anti-Müllerian
hormone (AMH), FSH, estradiol or inhibin B, the
diagnostic accuracy of these markers is often lim-
ited. The aim of this study was to evaluate
whether there is any correlation between IVF pa-
tientsʼ AB0 blood group system and ARToutcome.
Methods: In this retrospective observational sin-
gle-center study we investigated the outcome of
1889 IVF cycles carried out between 2005 and
2012 with regard to blood type and OR in differ-
ent age groups (21–36 years and 37–43 years).
The number of cumulus oocyte complexes (COCs)
and metaphase II oocytes obtained after ovarian
stimulation, fertilization rate (FR), pregnancy rate
(PR) and birth rate (BR) were evaluated with re-
spect tomaternal age (21–36 and 37–43 years, re-
spectively).
Results: We found no significant differences in
the average number of COCs after ovum pick-up
in either of the age groups. Moreover, the mean
number of MII oocytes and 2PN stages were simi-
lar for all blood type groups. As regards IVF out-
come measured in terms of PR and BR, no signifi-
cant differences were observed between the dif-
ferent blood groups. In conclusion, no correlation
was found between blood type and female fertil-
ity.
Discussion: The most precise definition of OR is
determining the number of competent oocytes.
Based on the finding of our study, the hypothesis
that there is a correlation between OR and AB0
blood group system can be dismissed for Cauca-
sian IVF patients.

Zusammenfassung
!

Einleitung: Diverse genetische Polymorphismen
oder bestimmte Subpopulationen sind bisher mit
einer verminderten ovariellen Reserve (OR) in
Verbindung gebracht worden. Auch ein Zusam-
menhang zwischen ovarieller Reserve und Blut-
gruppenzugehörigkeit wurde postuliert. Obwohl
dieOR routinemäßig entweder überdie Anti-Mül-
ler-Hormon-(AMH-)Serumkonzentrationoderdie
Konzentration des follikelstimulierenden Hor-
mons (FSH), des Östradiols oder über Inhibin B
bestimmt wird, ist die diagnostische Aussagekraft
dieser prognostischen Marker limitiert. Ziel die-
ser Studie war es, herauszufinden, ob eine mög-
liche Korrelation zwischen den Blutgruppen-
merkmalen (AB0-System) und dem ART-Outcome
bei IVF-Patientinnen besteht und ob damit Rück-
schlüsse auf die OR zu ziehen sind.
Methoden: In einer retrospektiven Single-Cen-
ter-Observationsstudie wurden zwischen den
Jahren 2005 und 2012 insgesamt 1889 IVF-Zyklen
ausgewertet und deren Ergebnis in Hinblick auf
Blutgruppenzugehörigkeit und OR in unter-
schiedlichen Altersgruppen (21–36 Jahre bzw.
37–43 Jahre) analysiert. Die Anzahl der nach der
ovariellen Stimulation erhaltenen Kumulus-Oo-
zyten-Komplexe (KOK) und Metaphase-II-Oozy-
ten, sowie die Fertilisierungs-, Schwangerschafts-
und Geburtenrate wurden im Hinblick auf das
Alter der Patientinnen (21–36 bzw. 37–43 Jahre)
evaluiert.
Ergebnisse: In beiden analysierten Altersgruppen
wurden keine signifikanten Unterschiede hin-
sichtlich der durchschnittlichen nach der Punk-
tion erhaltenen KOK festgestellt. Darüber hinaus
waren die mittlere Anzahl der MII-Oozyten und
nach der Fertilisierung erhaltenen 2PN-Stadien
in allen Blutgruppen gleich. Auch konnten keine
wesentlichen Unterschiede in den Schwanger-
schafts- und den Geburtenraten zwischen den
verschiedenen Blutgruppen in beiden Alterskol-
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lektiven festgestellt werden. Es konnte keine Korrelation zwi-
schen Blutgruppenzugehörigkeit und weiblicher Fertilität beob-
achtet werden.
Diskussion: Die präziseste Methode zur Festlegung der OR ist die
Bestimmung der Anzahl kompetenter Oozyten im IVF-Zyklus.
Nach unseren Ergebnissen kann die Hypothese einer Korrelation
zwischen OR und dem AB0-Blutgruppensystem verworfen wer-
den.
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Introduction
!

Ovarian reserve (OR) is the term used to describe the functional
potential of the ovaries and it is considered to reflect the quantity
and quality of oocytes within the ovaries [1]. Ovarian reserve is
closely linked to reproductive capacity and is largely determined
by female age. With the implementation of reproductive medi-
cine, interest has focused on OR with the aim of (i) improving
the safety of ovarian stimulation procedures by identifying high
responder patients (who have an elevated risk of developing
ovarian hyperstimulation syndrome [OHSS]), (ii) improving the
efficacy of ovarian stimulation procedures (by adjusting the stim-
ulation dose), and (iii) using OR as a tool to predict the outcome of
IVF treatment.
The age-linked decline of OR is attributed to the loss of follicles in
the ovary and a decrease in oocyte quality, which mirrors the de-
creased reproductive potential of women over time. Neverthe-
less, despite its definition, assessment of OR remains difficult. It
is nowwell accepted that the age-related decline in OR is not uni-
form for all women.Women of similar ages can respond quite dif-
ferently to ovarian stimulation. Various tests have been devel-
oped and, apart from determining FSH (follicle-stimulating hor-
mone) concentrations and inhibin B serum levels, the most ac-
cepted methods for OR determination currently involve (i) inves-
tigation of anti-Müllerian hormone (AMH) levels, and (ii) antral
follicle count (AFC) by transvaginal ultrasound (TVUS). However,
the reliability of these methods to determine OR is still debated.
However, as OR is considered an important parameter for the
prognosis of IVF success, obtaining a good estimate and guide-
lines for the optimal dose of ovarian stimulation would be ex-
tremely useful [2]. Various studies have previously suggested that
AB0 blood group antigens could be linked to distinct diseases that
have a partially genetic basis [3–4]. Moreover, some studies have
reported an association between blood group A and an increased
incidence of OHSS [5–6]. It was hypothesized that elevated risk
for OHSS in blood group A patients compared to women with
blood group 0 might be due to previously observed differences
in von Willebrand factor (vWF) and factor VIII concentrations,
which seem to be genetically determined. A recently published
study by Nejat et al. also suggested a relationship between blood
type and OR. The authors found that patients with blood type 0
were twice as likely to exhibit FSH levels > 10mIU/ml compared
to those with A or AB blood types [7]. Given the elevated baseline
FSH levels of IVF patients with blood group 0, the authors con-
cluded that this subpopulation has a diminished ovarian reserve
(DOR). However, the data for this is contradictory [8–9].
The aim of this study was to evaluate whether different blood
types in IVF patients can be linked to outcomes of ART treatment.
We analyzed the number of oocytes obtained during oocyte pick-
up (OPU), oocyte competence with regard to the number of re-
trieved metaphase II (MII) oocytes, fertilization rate (FR), and IVF
outcome as reflected by pregnancy rates (PR) and birth rates (BR).
S

Method
!

Patients and study design
Our study included data from 1889 IVF cycles and 1202 patients
who underwent fresh embryo transfer (ET) between December
2005 and November 2012. Only Caucasian patients were in-
cluded in this study; no other inclusion or exclusion criteria were
used. Patients lost to follow-upwere excluded. All patients signed
an informed consent form for the use of outcome data. Patients
were grouped according to age (group I consisted of patients be-
tween 21 and 36 years, group II of patients between 37 and 43
years) and blood type (AB0 system and Rhesus factor). The cut-
off age selected for this study was 37 years, based on the criteria
cited by Kaur and Arora [10].

Ovarian stimulation and embryo culture
In the majority of IVF cycles, the long protocol (LP) was used for
ovarian stimulation [11]. A few patients were stimulated using
the short (SP) or the antagonist protocol (AP) [12–13]. The oocytes
were retrieved 36 hours after human chorionic gonadotropin
(hCG) administration. Fertilization was done either by standard
insemination (IVF), intracytoplasmic sperm injection (ICSI) or in-
tracytoplasmic morphologically selected sperm injection (IMSI)
[14]. Embryos were kept in global embryo culture medium (Life-
Global, Ontario, Canada) supplemented with human serum albu-
min (HSA) (LifeGlobal, Ontario, Canada) in four-well dishes (Nunc
A/S, Roskilde, Denmark) [11]. The number of cumulus oocyte
complexes (COCs) and MII oocytes retrieved by ovarian puncture
was evaluated. Normally fertilized (two pronuclei) oocytes were
assessed 16 hours after insemination or sperm injection. Only
the first IVF cycle of each patient was used for this analysis.

Clinical outcome
Pregnancy rate was determined by testing for urinary β‑hCG 14
days after embryo transfer for all IVF cycles. The rate of ongoing
pregnancies (oPR) was defined as detection of fetal heartbeat on
ultrasound at 8–12 weeks after ET. Birth rate (BR) was calculated
based on the ratio between delivery and ET.

Statistics
Statistical analysis was performed using the Statistical Package
for the Social Sciences (SPSS) software, version 17.0 for Windows
(SPSS Inc., Chicago, IL, USA). One-way ANOVA test was used to test
for statistical differences in the patient characteristics “age” and
“body mass index” (BMI). The statistical significance of differ-
ences in the distribution of variables including Rhesus (Rh) factor,
type of ovarian stimulation, fertilization technique, PR, oPR, and
BR between blood group types was evaluated using Pearsonʼs
chi-squared test. Differences in the number of COCs, MII oocytes
and fertilized oocytes between groups were evaluated by multi-
variate regression analysis. Differences were considered statisti-
cally significant when p was < 0.05.
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Table 1 Patient characteristics and IVF outcome for age group I (21–36
years). Patientsʼ characteristics: mean number of cumulus oocyte complexes
(COCs) and metaphase II (MII) oocytes obtained after ovarian puncture as well
as two pronuclei (2PN) observed 16 h after fertilization in the age group be-
tween 21 and 36 years differentiated according to blood type. Values are num-
bers (percentages) unless otherwise stated. Age, BMI, COCs, MII oocytes and
fertilized oocytes (2PN) are given as means; standard deviation is shown in
brackets (±). There were no statistically significant differences between the dif-
ferent groups for any of the parameters.

Patients (n = 658)

Bloodgroup antigen O A B AB

Patients 244 291 86 37

Age (y) 31.9
(± 3.4)

32.5
(± 3.2)

31.7
(± 3.3)

31.9
(± 3.8)

n. s.

BMI (kg/m2) 22.7
(± 3.7)

22.9
(± 4.2)

23.0
(± 4.0)

23.7
(± 3.8)

n. s.

Rh positive (%) 190
(77.9)

254
(84.2)

73
(84.9)

34
(91.9)

n. s.

Rh negative (%) 54
(22.1)

46
(15.8)

13
(15.1)

3
(8.1)

n. s.

Type of ovarian
stimulation (%)
" LP 234

(95.9)
281
(96.6)

79
(91.9)

33
(89.2)

n. s.

" SP 7
(2.9)

5
(1.7)

5
(5.8)

1
(2.7)

n. s.

" AP 3
(1.2)

5
(1.7)

2
(2.3)

3
(8.1)

n. s.

Fertilization (%)
" ICSI/IMSI 232

(95.1)
276
(94.8)

83
(96.5)

34
(91.9)

n. s.

" IVF 12
(4.9)

15
(5.2)

3
(3.5)

3
(8.1)

COCs 11.2
(± 5.7)

10.8
(± 5.6)

11.5
(± 6.5)

10.4
(± 4.8)

n. s.

MII oocytes 9.7
(± 5.1)

9.3
(± 4.9)

9.7
(± 5.4)

8.9
(± 4.3)

n. s.

Fertilized oocytes 7.6
(± 4.3)

7.1
(± 4.0)

7.5
(± 4.4)

6.7
(± 3.8)

n. s.

BMI: body mass index; COCs: cumulus oocyte complexes; MII: metaphase II; ICSI:

intracytoplasmic sperm injection; IMSI: intracytoplasmic morphologically selected

sperm injection; IVF: in vitro fertilization; LP: protocol; SP: short protocol; AP: antago-

nist protocol

Table 2 Patient characteristics and IVF outcome for age group II (37–43
years). Patientsʼ characteristics: mean number of cumulus oocyte complexes
(COCs) and metaphase II (MII) oocytes obtained after ovarian puncture as well
as two pronuclei (2PN) observed 16 h after fertilization in the age group be-
tween 37 and 43 years differentiated according to blood type. Values are num-
bers (percentages) unless otherwise stated. Age, BMI, COCs, MII oocytes and
fertilized oocytes (2PN) are given as means; standard deviation is shown in
brackets (±). There were no statistically significant differences between the dif-
ferent groups for any of the parameters.

Patients (n = 544)

Bloodgroup antigen O A B AB

Patients (n) 206 243 64 31

Age (y) 39.3
(± 1.7)

39.5
(± 1.8)

39.0
(± 1.8)

39.6
(± 1.6)

n. s.

BMI (kg/m2) 23.1
(± 4.2)

22.4
(± 3.3)

23.1
(± 4.3)

21.9
(± 2.2)

n. s.

Rh positive (%) 177
(85.9)

206
(84.8)

57
(89.1)

28
(90.3)

n. s.

Rh negative (%) 29
(14.1)

37
(15.2)

7
(10.9)

3
(9.7)

n. s.

Type of ovarian
stimulation (%)
" LP 197

(95.7)
229
(94.3)

61
(95.3)

29
(93.5)

n. s.

" SP 5
(2.4)

13
(5.3)

2
(3.1)

2
(6.5)

n. s.

" AP 4
(1.9)

1
(0.4)

1
(1.6)

– n. s.

Fertilization (%)
" ICSI/IMSI 199

(96.6)
234
(96.3)

61
(95.3)

30
(96.8)

n. s.

" IVF 7
(3.4)

9
(3.7)

3
(4.7)

1
(3.2)

COCs 8.6
(± 5.2)

8.2
(± 4.8)

9.6
(± 6.1)

6.9
(± 4.9)

n. s.

MII oocytes 7.2
(± 4.6)

7.2
(± 4.3)

8.2
(± 5.5)

6.1
(± 4.3)

n. s.

Fertilized oocytes 5.5
(± 3.5)

5.7
(± 3.6)

6.0
(± 3.8)

5.0
(+ 3.9)

n. s.

BMI: body mass index; COCs: cumulus oocyte complexes; MII: metaphase II; ICSI:

intracytoplasmic sperm injection; IMSI: intracytoplasmic morphologically selected

sperm injection; IVF: in vitro fertilization; LP: protocol; SP: short protocol; AP: antago-

nist protocol
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Results
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Patient characteristics
The study included 1202 female IVF patients with an age range
between 21 and 43 years (mean 35.8 ± 4.6 years). Distribution of
blood groups was as follows: 0: 37.4%, A: 44.4%, B: 12.5% AB:
5.7%. This distribution corresponds to the overall blood group
distribution in Central Europe. No differences were found in ma-
jor confounders such as stimulation protocols or proportion of
ICSI/IMSI and IVF cycles. Detailed data are given in l" Tables 1
and 2.

Number of COCs, MII oocytes and fertilized oocytes
and correlation to blood type
658 patients between 21 and 36 years were included in age
group I (l" Table 1). No statistically significant differences in age,
BMI or percentage of Rh negative and Rh positive patients were
found. Similarly, no statistical differences in the distribution of
stimulation protocols or in fertilization techniques usedwere ob-
served between the AB0 groups. A mean of 11.2 COCs were
Spitzer D et al. Implications of Blood… Geburtsh Frauenheilk 2014; 74: 928–932
achieved for patients with blood type 0, 10.8 for patients with
blood type A, 11.5 for patients with blood group B, and 10.4 for
patients with type AB. No statistically significant differences
were observed between groups. Subsequently, no differences in
the number of MII oocytes or in FR were noted between groups.
Age group II included 544 patients between 37 and 43 years
(l" Table 2). There were no differences in patient characteristics
such as mean age, BMI, distribution of Rhesus factor, ovarian
stimulation protocol, or fertilization technique. As in the younger
patient group, no statistically significant differences in the num-
ber of COCs, MII oocytes or fertilized oocytes were observed us-
ing multivariate regression analysis.

Pregnancy outcome
Pregnancy outcome was determined for each age group and
blood type (l" Tables 3 and 4). In age group I (younger patients),
a mean PR of 51.2% was recorded; however, there were no statis-
tically significant differences between AB0 types. Similarly, oPR
and BR did not differ significantly between groups.



Table 3 Pregnancy outcome for age group I (21–36 years). Pregnancy out-
come was differentiated according to blood type for patients between 21 and
36 years. Values are numbers (percentages) unless otherwise stated. The val-
ues for age are given as means; standard deviation is given in brackets (±).
There were no statistically significant differences between the different groups
for any of the parameters.

Patients (n = 658)

Blood group antigen O A B AB

Cycles (n) 370 421 54 123

Mean age (y) 31.9
(± 3.4)

32.6
(± 3.1)

31.3
(± 3.8)

32.1
(± 3.1)

n. s.

Pregnancy rate (%) 185
(50.0)

218
(51.8)

29
(53.7)

64
(52.0)

n. s.

Ongoing pregnancy
rate (%)

153
(41.4)

179
(42.5)

23
(42.6)

55
(44.7)

n. s.

Birth rate (%) 140
(37.8)

170
(40.4)

21
(38.9)

49
(39.8)

n. s.

Table 4 Pregnancy outcome for age group II (37–43 years). Pregnancy out-
come was differentiated according to blood type for patients between 37 and
43 years. Values are numbers (percentages) unless otherwise stated. The val-
ues for age are given as means; standard deviation is given in brackets (±).
There were no statistically significant differences between the different groups
for any of the parameters.

Patients (n = 544)

Blood group antigen O A B AB

Cycles (n) 363 413 38 107

Mean age (y) 39.7
(± 2.0)

39.7
(± 2.1)

39.7
(± 1.8)

39.3
(± 2.0)

n. s.

Pregnancy rate (%) 125
(34.4)

144
(34.9)

13
(34.2)

36
(33.6)

n. s.

Ongoing pregnancy
rate (%)

95
(26.2)

108
(26.2)

11
(28.9)

27
(25.2)

n. s.

Birth rate (%) 81
(22.3)

91
(22.0)

10
(26.3)

23
(21.5)

n. s.
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In group II aged between 39.3 and 39.7 years a mean PR of 34.5%
was observed. However, no statistically significant differences in
PR, oPR or BR were found between AB0 groups.
Discussion
!

Our findings showed no association between blood group anti-
gens and IVF outcome. We observed no significant differences in
the number of MII oocytes retrieved nor in oocyte competence,
based on an analysis of fertilization, and no differences in ART
outcome in terms of pregnancy and birth rates. These results in-
dicate that IVF patients with a specific blood group do not have a
higher incidence of reduced fertility in response to ovarian stim-
ulation – and consequently the hypothesis of DOR inwomenwith
blood type 0 can be dismissed. Our observations are in accord-
ance with the findings of Timberlake and colleagues [9] but are
in contradiction to the results of Nejat et al. [7]. The strength of
our study lies in the large number of participants and in the ap-
proach used to analyze patientsʼ fertility potential. Biochemical
evidence with determination of singular prognostic markers for
DOR was not used to assess fertility potential of patients.
Indirect determination of OR by evaluating hormonal status has
several drawbacks. FSH is generally determined by means of a
blood test done on cycle day 3 as estrogen levels are expected to
be low at this point in time. Estrogen suppresses the production
of FSH, acting as a negative feedback mechanism. It is therefore
essential to evaluate both hormone levels at the same point in
time. The FSH level is only important if estrogen levels are low.
In fertile women, FSH levels are typically < 10mIU/ml [15]. How-
ever, different assays in different laboratories show a wide range
for FSH levels. Determination of AMH has been identified as a
more useful biochemical test [16–17]. But in some subpopula-
tions such as in women with polycystic ovarian syndrome
(PCOS), AMH can be elevated. A combination of AMH concentra-
tions and antral follicle count (AFC) is therefore assumed to be a
more reliable method for assessing OR. Nevertheless, OR testing
remains a challenge. Broekmans et al. stated that the current
tests generally used to determine OR have only a very modest
predictive value. Although they are not expensive and not partic-
ularly complex, their accuracy in predicting fertility potential and
the likelihood of pregnancy is limited [18]. We are of the opinion
that our analyzed parameters (mature oocytes, fertilization rate
S

and pregnancy rates) provide a better prediction of true female
fertility potential.
It should be kept in mind that the variability of reproductive hor-
mone levels could also be related to multiple (sub)populations,
and differences in serum levels might be due to different ethnic
backgrounds [19]. Thus, AMH or FSH serum levels should be in-
terpreted with caution. The study of Schuh-Huerta and col-
leagues found different genetic variants of ORmarkers [20]. Exact
assessment of OR is considered to be important for the prediction
of success in ART and for calculating hormone doses in ovarian
stimulation. Genetic studies have identified dozens of factors
which might influence female fertility [21]. Several factors were
found to be correlated to DOR. In addition to environmental and
lifestyle factors such as obesity, smoking, and exposure to
polycyclic aromatic hydrocarbons, specific and multiple genetic
factors were found to play a role as well [22–26]. A recent publi-
cation indicated that BRCA1 gene mutations – in addition to
being associatedwith an increased risk of breast and ovarian can-
cer–may also be associatedwith early depletion of OR [27]. How-
ever, results of different studies were conflicting [28].
Several attempts have been made to establish a link between fe-
male fertility and blood group types [5–7,29]. A correlation be-
tween blood group A and an increased incidence of OHSS was
proposed, based on 122 patients hospitalized for OHSS [5]. But
another study based on 842 Caucasian women at risk for early-
onset OHSS found no differences in blood group distribution be-
tween 56 patients with moderate to severe OHSS and 786 wom-
en without OHSS [30].
Three studies investigated a putative association between DOR
and patient blood type [7–9]. However, findings were contradic-
tory. All three studies shared the same limitation of small patient
cohorts. However, each study used different markers to define
OR, making direct comparisons of data rather difficult. In our ret-
rospective observational study, we used a different approach for
direct determination of fertility potential. We analyzed ART out-
comes for two different age groups and found no significant dif-
ferences with respect to COCs and MII oocytes, both of which re-
flect ovarian response. No differences were found between the
different blood groups in terms of FR, (o)PR or BR. We are there-
fore of the opinion that the hypothesis that IVF patients with
blood group 0 might have a lower OR is contradicted by our find-
ings, as our analyzed parameters offer a better prediction of pa-
tientsʼ true fertility potential. Our caveat is that these findings are
limited to Caucasian patients.
pitzer D et al. Implications of Blood… Geburtsh Frauenheilk 2014; 74: 928–932
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Nejat and colleagues observed a relationship between blood
group antigens and DOR, irrespective of age; unfortunately the
study did not report on the ethnicity of the analyzed subpopula-
tion [7]. Interestingly, the authors mentioned a possible role for
glycosyltransferases or a genetic inheritance as a possible expla-
nation [7]. As a second possibility, they hypothesized that un-
identified genes or alleles related to ovarian reserve may be
linked to ABO loci, suggesting that unidentified variants close to
ABO could theoretically explain the observed correlation be-
tween blood type and prediction of ovarian reserve, a hypothesis
that needs further investigation. This suggestion is of particular
interest as a putative candidate gene for DOR was found: ste-
roidogenic factor 1 (SF-1, also known as NR5A1). Mutations of this
gene (which is located proximally to the ABO locus) have been re-
ported to be associated with ovarian insufficiency [31].
However, as Nejat and colleagues already stated, the recombina-
tion distance between NR5A1 and ABO locus allows for a rela-
tively high probability of recombination between both gene loci,
making it very unlikely that the explanation for their findings
was a NR5A1 polymorphism. It should also be noted that the
ABO antigens reflect an old polymorphism shared by many pri-
mates [32]. If a mutation or polymorphism of an unidentified
gene responsible for DOR and linked to the ABO locus exists, it is
most likely to be younger than the ABO locus. Thus, if such a mu-
tation exists, while it might be spread over a few subpopulations,
it would not be spread across all carriers of the O antigen.
In conclusion, we suggest that any correlation between OR and
blood type can be neglected.
Conclusion
!

Caucasian female IVF patients are not at higher risk for impaired
ovarian reserve according to blood type. Testing for OR remains
difficult. There is a high probability of misinterpretation, espe-
cially when analyzing individual parameters. We propose that
the first cycle of IVF should be done without prior testing, with
the result of the ovarian response acting as a confirmation of the
test.
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