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Objective: To study risk of birth asphyxia and related morbidity among term singletons born after medically assisted reproduction
(MAR).
Design: Population cohort study.
Setting: Not applicable.
Patient(s): A total of 1,953,932 term singleton pregnancies selected from a national registry for 1999–2011.
Intervention(s): None.
Main OutcomeMeasure(s): Primary outcome Apgar score<4; secondary outcomes Apgar score<7, intrauterine fetal death, perinatal
mortality, congenital anomalies, small for gestational age, asphyxia related morbidity, and cesarean delivery.
Result(s): The risks of birth asphyxia and related morbidity were calculated in women who conceived either through MAR or spon-
taneously (SC), with a subgroup analysis for in vitro fertilization (IVF). An additional propensity score matching analysis was performed
with matching on multiple maternal baseline covariates (maternal age, ethnicity, socioeconomic status, parity, year of birth, and pre-
existent diseases). Each MAR pregnancy was matched to three SC controls. Relative to SC, the MAR singletons had an increased risk of
adverse neonatal outcomes including Apgar score <4 (adjusted odds ratio [OR] 1.29; 95% CI, 1.14–1.46) and intrauterine fetal death
(adjusted OR 1.61; 95% CI, 1.35–1.91). After propensity score matching, the risk of an Apgar score <4 was comparable between
MAR and SC singletons (OR 0.99; 95% CI, 0.87–1.14). Cesarean delivery for both fetal distress and nonprogressive labor occurred
more among MAR pregnancies compared with SC pregnancies.
Conclusion(s): Term singletons conceived after MAR have an increased risk of morbidity related to birth asphyxia. Because this is
mainly due to maternal characteristics, obstetric caregivers should be aware that the increased rates of cesareans reflect the behavior
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of women and physicians rather than increased perinatal complications. (Fertil Steril�
2015;104:384–90. �2015 by American Society for Reproductive Medicine.)
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have been reported, according to the
most recent report from the European
Society of Human Reproduction and
Embryology covering 2009 (1). Despite
the expanding use of MAR, there is
concern regarding the safety of these
treatments for both mother and child
(2). Although the elevated risks of
adverse pregnancy outcomes have
mostly been attributed to the occur-
rence of multiple gestations, there is
growing evidence that MAR singletons
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also have increased risks of perinatal mortality andmorbidity,
such as low birth weight, prematurity, congenital malforma-
tions, and cerebral palsy as well as increased levels of cardi-
ometabolic risk factors (2–4). These potential safety
concerns are becoming an increasingly important topics in
the medical, social, and political debates pertaining to MAR.
Consequently, more current studies focus on evaluating the
effects on perinatal outcomes and long-term health among
these infants (5, 6).

Among the poor neonatal outcomes, asphyxia-related
problems are rarely described in the MAR literature, although
peripartum asphyxia is one of the main causes of perinatal
morbidity and mortality (7). Risks for an Apgar score <7
among IVF singletons compared with the total population
have both been reported to be both increased and not
increased (8–11). None of these studies have distinguished
between different gestational ages or used matched
populations. Therefore, the results of these studies cannot
easily be attributed to parental factors associated with
subfertility and/or MAR treatment or to the other main risk
factors for birth asphyxia such as prematurity.

Our study assessed the risk of poor neonatal outcomes
with a focus on birth asphyxia in a large retrospective cohort
of liveborn term infants. Additionally we used propensity
score matching analysis to minimize the selection bias and
maternal confounding factors. The propensity score is a single
variable that represents a collection of maternal characteris-
tics and is defined as the probability of getting treatment
(e.g., MAR) or not. Estimating a propensity score for MAR
treatment andmatching based on this score may help to assess
whether MAR has a causal effect on birth asphyxia (12–15).
MATERIALS AND METHODS
We studied a nationwide cohort using data from the
Netherlands Perinatal Registry (PRN). The PRN consists of
population-based data containing information on pregnan-
cies, deliveries, and (re)admissions until 28 days after birth.
The PRN registry is obtained by a validated linkage of three
different registries: the midwifery registry (LVR1), the obstet-
rics registry (LVR2), and the neonatology registry (LNR) of
hospital admissions of newborns (16, 17). The PRN registry
contains anonymous data and covers about 96% of all
deliveries in the Netherlands.

For this study all singletons between 37 þ 0 and 41 þ
6 weeks of gestation, born between January 1, 1999, and
December 31, 2010, were included. Gestational age was based
on the last menstrual period, crown-rump length (CRL)
measured during early pregnancy ultrasound, or both. We
defined MAR as any form of nonspontaneous conception filed
by the obstetric caregiver in the PRN registry at a prenatal visit,
including in vitro fertilization (IVF), intrauterine insemination
with or without ovarian hyperstimulation, or nonspecified
procedures. To assess the influence of laboratory techniques,
we performed a subgroup analysis on IVF pregnancies.

Our primary outcome was birth asphyxia defined as a
5-minute Apgar score <4. Secondary outcomes included in-
trauterine fetal death (IUFD), perinatal mortality (intrapartum
mortality or within 7 days after live birth), Apgar score <7,
VOL. 104 NO. 2 / AUGUST 2015
congenital anomalies, small for gestational age (birth weight
<5th percentile), poor neonatal outcome, and elective cesar-
ean delivery or cesarean delivery for suspected fetal distress or
nonprogressive labor. Poor neonatal outcome was defined as
5-minute Apgar score <7, IUFD, perinatal mortality, and
asphyxia-related morbidity (composite of hypoxic ischemic
encephalopathy, convulsions, and ischemic cerebral
anomalies).
Statistics

The incidence of the main outcome measures was compared
between MAR and spontaneously conceived (SC) pregnancies
and between the subgroup of IVF and SC pregnancies. First we
described and compared the maternal baseline characteristics
of the women by conception categories. We used Student's t-
test for normally distributed continuous variables and the chi-
square test for categorical variables. To estimate the influence
of MAR pregnancies on birth asphyxia, univariate and multi-
variate logistic regression analyses were performed, and we
obtained the odds ratios (OR) along with their 95% confidence
intervals (CI). Potential confounders were selected based on
the literature and on clinical reasoning (2–4, 8, 9, 18–20).
For each variable we decided whether it is a possible
confounder by applying the traditional criteria for
identifying confounders by three conditions (21). We
adjusted for maternal age (years), maternal ethnicity
(Caucasian versus other), socioeconomic status (low vs.
high/middle), diabetes mellitus (preexistent or gestational
vs. none), hypertensive disease (essential, pregnancy
induced, or preeclampsia vs. none), gestational age (days),
birth weight (grams), congenital anomalies, fetal
presentation (cephalic vs. other), parity, and mode of delivery.

Finally, because infertility patients may systematically
differ from fertile patients on numerous factors contributing
to birth asphyxia, we implemented a propensity score match-
ing approach to identify fertile women who were most similar
to the infertile women (12–14). For each woman with a term
singleton pregnancy, the probability of receiving MAR (i.e.,
propensity score) was estimated from a logistic regression
model that considered multiple maternal baseline covariates
(maternal age at delivery, maternal ethnicity, socioeconomic
status, parity, year of birth, and preexistent diseases
correlated to subfertility such as diabetes, hypertension,
endocrinologic disorders, congenital uterus anomalies,
endometriosis, uterus myomatosis, or coagulation disorders).
We then implemented one-to-one matching without replace-
ment on the closest propensity score of the MAR women and
SC women (nearest neighbor matching). Furthermore, the
matching required equality on parity, previous cesarean deliv-
ery, and level of care at onset of labor (primary caremidwifery-
led care or secondary hospital-led obstetric care). By first
checking all matching variables as possible confounders, we
reduced the risk for overmatching to aminimum (22). The pro-
cesswas repeated until each case (women pregnant afterMAR)
was matched with three controls (SC women). Having more
than one control per case increased the power by reducing
biasing of the test statistic and increasing the effective sample
size (23). Additionallywe repeated thismatching procedure for
385
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the subgroup IVF pregnancies and SC controls separately. In
assessing and testing the association between treatment and
outcome, we accounted for correlation within the matched
women.

Data were analyzed using the R statistical software envi-
ronment version 2.15.1 (R Foundation for Statistical
Computing, Vienna, Austria) with the MatchIt Library for
the matched analysis. All statistical tests had a P value of
.05 as the threshold to indicate statistical significance.
Permission for record use and analysis of data for the purpose
of this study was obtained from PRN (registered as data peti-
tion 11.91).

RESULTS
We studied 1,953,932 women with singleton term pregnan-
cies of whom 48,921 (2.5%) were pregnant after MAR. Among
the MAR pregnancies 16,177 (33%) conceived by IVF. Com-
parison of the baseline characteristics of the total eligible
study population are shown in Table 1. Women in the MAR
groups tended to be older, Caucasian, and nulliparous, and
more had a preexisting disease. The MAR women with a
singleton term pregnancy more often received secondary
care than those who had conceived spontaneously
(P< .0001). The results in terms of risk estimations after logis-
tic regression were performed for the total group of MAR sin-
gletons versus SC singletons and for the subgroup of IVF
versus SC. The analyses were done on the total eligible study
population (shown first) and on the propensity score matched
sample.
MAR Versus SC

The MAR singletons had an increased risk of an Apgar score
<4 compared with the SC singletons (adjusted OR [aOR] 1.29;
95% CI, 1.14–1.46). The perinatal mortality risk did not statis-
tically significantly differ between these groups, although
MAR singletons had an increased risk of IUFD (aOR 1.61;
95% CI, 1.35–1.91). Congenital anomalies (aOR 1.33; 95%
CI, 1.26–1.40) and small for gestational age (aOR 1.14; 95%
TABLE 1

Baseline characteristics of the eligible study sample and after propensity
versus spontaneous conception.

Characteristic

Eligible study sample (N [ 1,953,932)

MAR
(n [ 48,921) SC (n [ 1,905,011)

Mean gestational age (wk) 39.4 � 1.3 39.6 � 1.3
Maternal age (y) 32.7 � 4.5 30.4 � 4.9
Caucasian ethnicity 43,803 (90) 1,609,264 (84)
Low socioeconomic status 9,959 (20) 479,477 (25)
Preexistent diseasea 7,420 (15) 34,706 (1.8)
Nulliparous 32,904 (67) 857,971 (45)
Previous CD 3,042 (6.2) 117,949 (6.2)
Secondary care at onset labor 37,092 (76) 775,623 (41)
Note: Date presented as mean� standard deviation or number (%). CD¼ cesarean delivery; MAR¼
cytoplasmic sperm injection; SC ¼ spontaneous conception.
a Preexistent disease includes one of the following: preexistent hypertension, preexistent diabetes, en
ital uterus anomalies.

Ensing. MAR and neonatal outcomes. Fertil Steril 2015.
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CI, 1.09–1.18) occurred more among MAR infants. Overall
MAR singletons had a 2.3% risk of a poor neonatal outcome
compared with 1.6% among SC singletons (aOR 1.05; 95% CI,
0.99–1.12). The risk of delivery by cesarean section was
higher for MAR singletons compared with SC singletons:
4.8% of the MAR singletons received a cesarean section for
suspected fetal distress (aOR 1.44; 95% CI, 1.38–1.50)
(Table 2).
IVF Versus SC

Table 3 shows that for the subgroup of IVF there was a border-
line significant increased risk of an Apgar score<4 compared
with SC singletons (aOR 1.23; 95% CI, 1.00–1.53). There was
also an increased risk of IUFD: 2.6 per 1,000MAR pregnancies
versus 1.4 per 1,000 SC pregnancies (aOR 1.35; 95% CI, 0.99–
1.82). The overall risk of a poor neonatal outcome was slightly
higher for IVF infants (2.1%) compared with SC infants
(1.6%), although after adjustment for confounders this turned
the other way around and was no longer statistically signifi-
cant (aOR 0.97; 95% CI, 0.87–1.09). The IVF singletons were
more often small for gestational age compared with their SC
counterparts—6.0% versus 4.9% (aOR 1.25; 95% CI, 1.17–
1.34)—and had more often congenital anomalies (aOR 1.31;
95% CI, 1.19–1.43). After adjustment for confounders such
as breech presentation, the risk for elective cesarean delivery
was doubled for IVF singletons: 10% versus 5.4%. Risk of ce-
sarean delivery for fetal distress was also increased for IVF
singletons compared with SC singletons (aOR 1.40; 95% CI,
1.30–1.50), which is comparable to the total singleton MAR
population.
Propensity Score Analysis

For 48,921 singleton MAR pregnancies, a total of 146,763 SC
women were selected as controls (3 SC patients for each MAR
case). The baseline characteristics after propensity score
matching are shown in Table 1 and were much more compa-
rable, except for a slight difference in the appearance of
score matching for singletons after medically assisted reproduction

P value

After propensity score matching (N [ 195,684)

P value
MAR

(n [ 48,921) SC (n [ 146,763)

< .0001 39.4 � 1.4 39.5 � 1.3 < .0001
< .0001 32.7 � 4.6 32.7 � 4.5 .55
< .0001 43,803 (90) 132,086 (90) .45
< .0001 9,959 (20) 30,191 (21) .31
< .0001 7,420 (15) 21,105 (14) < .0001
< .0001 32,904 (67) 98,712 (67) 1.0
.81 3,042 (6.2) 9,126 (6.2) 1.0

< .0001 37,092 (76) 111,276 (76) 1.0
medically assisted reproduction, including intrauterine insemination, in vitro fertilization, intra-

docrinologic disorders, coagulation disorders, endometriosis, uterus myomatosis, and congen-
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TABLE 2

Pregnancy and neonatal outcomes among term singletons after medically assisted reproduction versus spontaneous conception.

Outcome

MAR (N [ 48,921) SC (N [ 1,905,011) MAR versus SC

N (% or &) N (% or &) Crude OR (95% CI) Adjusted OR (95% CI)

Neonatal
Apgar score <4a 260 (5.3&) 6,401 (3.4&) 1.59 (1.40–1.80) 1.29 (1.14–1.46)
Apgar score <7a 760 (16&) 20,721 (11&) 1.44 (1.33–1.54) 1.08 (1.04–1.17)
Intrauterine fetal deathb 140 (2.9&) 2,743 (1.4&) 1.99 (1.68–2.36) 1.61 (1.35–1.91)
Perinatal mortalitya 67 (1.4&) 1,954 (1.0&) 1.33 (1.05–1.71) 1.01 (0.78–1.28)
Congenital anomaliesc 1,420 (29&) 39,840 (21&) 1.40 (1.33–1.48) 1.33 (1.26–1.40)
SGA P5d 2,719 (56&) 94,140 (49&) 1.13 (1.09–1.18) 1.14 (1.09–1.18)
Poor neonatal outcomea 1,101 (23&) 30,475 (16&) 1.42 (1.33–1.51) 1.05 (0.99–1.12)

Pregnancy (CD)
Electivee 4,572 (9.3%) 102,712 (5.4%) 1.81 (1.75–1.87) 1.55 (1.49–1.61)
Fetal distresse 2,334 (4.8%) 44,939 (2.4%) 2.08 (1.99–2.17) 1.44 (1.38–1.50)
Nonprogressive labore 4,680 (9.6%) 100,505 (5.3%) 1.90 (1.84–1.96) 1.34 (1.30–1.38)

Note: Perinatal mortality: intrapartum mortality or mortality within 28 days after live birth. Poor neonatal outcome is a composite of Apgar score <7, intrauterine fetal dead, perinatal mortality,
neonatal intensive care unit admission, hypoxic ischemic encephalopathy, convulsions, and respiratory support. CD ¼ cesarean delivery; CI ¼ confidence interval; MAR ¼medically assisted repro-
duction; OR ¼ odds ratio; SC ¼ spontaneous conception; SGA ¼ small for gestational age.
a Adjusted for maternal age (y), low socioeconomic status, ethnicity, diabetes, any hypertensive disease, parity, gestational age (d), fetal presentation, birth weight (g), congenital anomalies, and
mode of delivery.
b Adjusted for maternal age (y), low socioeconomic status, ethnicity, diabetes, any hypertensive disease, parity, gestational age (d), birth weight (g), and congenital anomalies.
c Adjusted for maternal age (y), low socioeconomic status, ethnicity, diabetes, any hypertensive disease, and parity.
d Adjusted for maternal age (y), low socioeconomic status, ethnicity, diabetes, any hypertensive disease, parity, and congenital anomalies.
e Adjusted for maternal age (y), low socioeconomic status, ethnicity, diabetes, any hypertensive disease, parity, gestational age (d), fetal presentation, birth weight (g), and congenital anomalies.

Ensing. MAR and neonatal outcomes. Fertil Steril 2015.
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preexistent disease. Repeating the matching procedures for
only IVF and spontaneous pregnancies resulted in similar
baseline results (Supplemental Table 1, available online).

After propensity score matching, the risk of poor neonatal
outcomes for MAR singletons was similar to the risk among
SC singletons, except for the risk of congenital anomalies
which was slightly higher among MAR infants: 29 per
1,000 births versus 26 per 1,000 births (aOR 1.11; 95% CI,
1.04–1.18). The results are shown in Table 4. Overall the
TABLE 3

Pregnancy and neonatal outcomes among term singletons after in vitro fe

Outcome

IVF (N [ 16,177) SC (N [ 1,

N (% or &) N (% o

Neonatal
Apgar score <4a 86 (5.3&) 6,401
Apgar score <7a 238 (15&) 20,721
Intrauterine fetal deathb 42 (2.6&) 2,743
Perinatal mortalitya 23 (1.4&) 1,954
Congenital anomaliesc 466 (29&) 39,840
SGA P5d 970 (60&) 94,140
Poor neonatal outcomea 344 (21&) 30,475

Pregnancy (CD)
Electivee 1,682 (10%) 102,712
Fetal distresse 806 (5.0%) 44,939
Nonprogressive labore 1,450 (9.0%) 100,505

Note: Perinatal mortality: intrapartummortality or mortality within 28 days after live birth. Poor neon
intensive care unit admission, hypoxic ischemic encephalopathy, convulsions, and respiratory suppor
SC ¼ spontaneous conception; SGA ¼ small for gestational age.
a Adjusted for maternal age (y), low socioeconomic status, ethnicity, diabetes, any hypertensive dise
mode of delivery.
b Adjusted for maternal age (y), low socioeconomic status, ethnicity, diabetes, any hypertensive dis
c Adjusted for maternal age (y), low socioeconomic status, ethnicity, diabetes, any hypertensive dis
d Adjusted for maternal age (y), low socioeconomic status, ethnicity, diabetes, any hypertensive dis
e Adjusted for maternal age (y), low socioeconomic status, ethnicity, diabetes, any hypertensive dise

Ensing. MAR and neonatal outcomes. Fertil Steril 2015.
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risk for an Apgar score <4 was 5.3–5.2 per 1,000 births,
and the perinatal mortality risk was 1.4–1.3 per 1,000 births.
The risk of a cesarean delivery were more comparable after the
propensity score matching, although the increased cesarean
delivery rate for nonprogressive labor amongMAR singletons
still remained (OR 1.14; 95% CI, 1.10–1.18).

Table 4 also presents the results after propensity score
matching for IVF pregnancies. Again neonatal outcomes of
IVF singletons were comparable with the neonatal outcomes
rtilization versus spontaneous conception.

905,011) IVF versus SC

r &) Crude OR (95% CI) Adjusted OR (95% CI)

(3.4&) 1.59 (1.28–1.96) 1.23 (1.00–1.53)
(11&) 1.36 (1.20–1.55) 1.01 (0.88–1.15)
(1.4&) 1.81 (1.33–2.45) 1.35 (0.99–1.82)
(1.0&) 1.39 (0.92–2.10) 1.06 (0.69–1.61)
(21&) 1.39 (1.27–1.53) 1.31 (1.19–1.43)
(49&) 1.23 (1.15–1.31) 1.25 (1.17–1.34)
(16&) 1.34 (1.20–1.49) 0.97 (0.87–1.09)

(5.4%) 2.04 (1.94–2.14) 1.69 (1.58–1.80)
(2.4%) 2.17 (2.02–2.33) 1.40 (1.30–1.50)
(5.3%) 1.78 (1.67–1.87) 1.19 (1.13–1.26)
atal outcome is a composite of Apgar score<7, intrauterine dead, perinatal mortality, neonatal
t. CD¼ cesarean delivery; CI¼ confidence interval; IVF¼ in vitro fertilization; OR¼ odds ratio;

ase, parity, gestational age (d), fetal presentation, birth weight (g), congenital anomalies, and

ease, parity, gestational age (d), birth weight (g), and congenital anomalies.
ease, and parity.
ease, parity, and congenital anomalies.
ase, parity, gestational age (d), fetal presentation, birth weight (g), and congenital anomalies.
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TABLE 4

Pregnancy and neonatal outcomes among term singletons after medically assisted reproduction or in vitro fertilization versus spontaneous
conception matched for propensity score.

Outcome

MAR (N [ 48 921) SC (N [ 146 763) MAR versus SC

N (% or &) N (% or &) OR (95% CI)

Neonatal outcomes
Apgar score <4 260 (5.3&) 759 (5.2&) 0.99 (0.87–1.14)
Apgar score <7 760 (16&) 2,294 (16&) 0.99 (0.92–1.08)
Intrauterine fetal death 140 (2.9&) 389 (2.7&) 1.08 (0.89–1.31)
Perinatal mortality 67 (1.4&) 184 (1.3&) 1.09 (0.83–1.45)
Congenital anomalies 1,420 (29&) 3,852 (26&) 1.11 (1.04–1.18)
SGA P5 2,719 (56&) 8,591 (56&) 0.95 (0.91–0.99)
Poor neonatal outcome 1,101 (23&) 3,381 (23&) 0.98 (0.91–1.05)

Pregnancy (with CD)
Elective 4,572 (9.4%) 13,752 (9.4%) 0.99 (0.96–1.03)
Fetal distress 2,334 (4.8%) 6,546 (4.5%) 1.07 (1.02–1.13)
Nonprogressive labor 4,680 (9.6%) 12,889 (8.8%) 1.10 (1.06–1.14)

IVF (N [ 16,177) SC (N [ 48,531) IVF versus SC

N (% or &) N (% or &) Odds ratio (95% CI)

Neonatal
Apgar score <4 86 (5.3&) 278 (5.7&) 0.93 (0.73–1.18)
Apgar score <7 238 (15&) 805 (17&) 0.89 (0.77–1.02)
Intrauterine death 42 (2.6&) 125 (2.6&) 1.01 (0.71–1.43)
Perinatal mortality 23 (1.4&) 71 (1.5&) 0.97 (0.61–1.56)
Congenital anomalies 466 (29&) 1,358 (28&) 1.03 (0.96–1.11)
SGA P5 970 (60&) 2,829 (58&) 1.03 (0.93–1.15)
Poor neonatal outcome 344 (21&) 1,173 (24&) 0.88 (0.78–0.99)

Pregnancy (with CD)
Elective 1682 (10%) 5,206 (11%) 0.97 (0.91–1.02)
Fetal distress 806 (5.0%) 2,274 (4.7%) 1.07 (0.98–1.16)
Nonprogressive labor 1,450 (9.0%) 4,451 (9.2%) 0.98 (0.92–1.04)

Note: Perinatal mortality: intrapartummortality or mortality within 28 days after live birth. Poor neonatal outcome is a composite of Apgar score<7, intrauterine dead, perinatal mortality, neonatal
intensive care unit admission, hypoxic ischemic encephalopathy, convulsions, and respiratory support. CD¼ cesarean delivery; CI¼ confidence interval; IVF¼ in vitro fertilization; MAR¼medically
assisted reproduction; OR ¼ odds ratio; SC ¼ spontaneous conception; SGA ¼ small for gestational age.

Ensing. MAR and neonatal outcomes. Fertil Steril 2015.

ORIGINAL ARTICLE: ENVIRONMENT AND EPIDEMIOLOGY
of SC singletons, but it seems that IVF infants on some out-
comes have slightly decreased risks compared with SC. Over-
all, 21 per 1,000 IVF infants have a poor neonatal outcome
compared with 24 per 1,000 SC infants (aOR 0.86; 95% CI,
0.76–0.97). In this matched population the elective cesarean
delivery rate was 10% of all pregnancies.
DISCUSSION
In this observational national cohort study of over 45,000
children conceived after MAR, we found that singletons
conceived through MAR had higher rates of asphyxia-
related poor neonatal outcomes than SC singletons. After pro-
pensity score matching onmaternal characteristics, the risk of
adverse neonatal outcomes was similar between MAR infants
and SC infants. Cesarean deliveries occurred more often in
MAR than in SC pregnancies.

A low 5-minute Apgar score alone as definition for
birth asphyxia has been questioned in the literature, and
an umbilical cord arterial pH <7.0 was suggested as being
more objective as the Apgar score includes subjective com-
ponents (24, 25). However, information on the umbilical
cord pH is not routinely measured and was therefore not
available in the PRN database. We believe that our
definition does not hinder our analysis, as in our study
388
group of term infants a 5-minute Apgar score <4 is gener-
ally caused by intrauterine asphyxia and research has
shown that a low Apgar score is correlated to long-term
outcomes (7, 26). Furthermore, we defined birth asphyxia
on the 5-minute Apgar score and clinical diagnosis of
asphyxia-related morbidity. Propensity score techniques
can balance observed variables but, unlike randomized
controlled trials, cannot control for unmeasured variables.
The PRN database contains no reliable data on the variables
of body mass index or smoking, which can influence both
the fertility of women and the perinatal outcome. Neverthe-
less, the propensity score analysis presented here generated
a less biased comparison of outcomes.

Another limitation might be that we used register-based
data; in the PRN database, mode of conception is not an
obligatory field to complete so there is probably an underre-
porting of intrauterine insemination, IVF, and other fertility
treatments. Another drawback of this register-based data is
that we do not have specific information on the different
MAR treatments, so we could not distinguish between IVF
and intracytoplasmic sperm injection. The extent of the
underreporting is not precisely known; it could result in an
overestimation of the adverse effects of MAR when MAR is
only registered in cases of maternal or neonatal complica-
tions, or in an underestimation of the adverse effects in cases
VOL. 104 NO. 2 / AUGUST 2015
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of troublesome MAR pregnancies that are not denoted as
MAR. Checking the reporting of MAR in the PRN with a clin-
ical annual report tells us that there are around 5%missing in
the database (27) We simulated the effect of MAR registry on
the estimate of the OR for a 5-minute Apgar score <4. From
8% missing due to underreporting, there was an effect on
the study results. Therefore, we believe that the possibly
marginally biased reporting of the estimate of the adverse
outcome will not substantially influence our study results.

In concordance with other studies, we found an
increased risk of birth asphyxia among MAR infants
compared with SC infants (8, 9, 18, 20, 28). Earlier studies
suggested that possible explanations such as associated
morbidity in MAR pregnancies (prematurity, intrauterine
growth retardation, and congenital anomalies) contribute
to the higher rates of (asphyxia-related) morbidity and
perinatal mortality (2, 4, 19). Furthermore, maternal
factors associated with subfertility may contribute to the
adverse outcomes in MAR pregnancies, rather than the
MAR treatments themselves (2, 8, 9).

Without distinguishing between different gestational
ages and analysis in unmatched general populations, the
exact causal pathways are still poorly understood. By using
propensity score techniques and excluding prematurely
born neonates, we generated a less biased comparison of
the outcome measures. Our results after propensity score
matching underline the hypothesis that the increased risk of
impaired pregnancy and neonatal outcomes of term single-
tons conceived by MAR is at least partly explained by the
maternal and parental characteristics of subfertile couples.

However, the remaining increased risk of congenital
anomalies in term MAR singletons compared with their SC
controls after propensity score matching and the lack of spe-
cific information on the different MAR treatments makes it
difficult to completely rule out the influence of the (labora-
tory) procedures performed in fertility treatments by the re-
sults of this study. A recent cohort study by Marino et al.
(8) demonstrated that neonatal outcomes varied by the type
of assisted conception. However, they did not adjust for
maternal risk factors, and the data were restricted until
2002. Perinatal outcome in MAR pregnancies improved
over time and might reflect the present milder ovarian stimu-
lation, improvements in the laboratory techniques, and better
culture media (3, 29–31). On the other hand, with the
expanding use of MAR in Western countries, this could also
be attributable to a shift toward less severe subfertility in
the couples receiving MAR (29).

Increased cesarean delivery rates in MAR pregnancies
have been noted previously (32–34). We found that the
majority of the MAR pregnancies receive specialized
obstetric care during labor. The increased intervention rates
may be attributed to the knowledge that MAR pregnancies
are at increased risk of adverse neonatal outcomes; they
thereby receive more monitoring via specialized obstetric
care and have a lowered threshold for obstetrician
intervention (such as cesarean delivery) in addition to the
anxiety surrounding these pregnancies. The latter may be
the reason why women who conceive with MAR more often
receive specialized obstetric care.
VOL. 104 NO. 2 / AUGUST 2015
In conclusion, we found that characteristics of subfertile
women seem to be associated with the prevalence of health
problems in term MAR newborns. With the increasing rates
of MAR pregnancies, information concerning obstetric and
perinatal outcomes after subfertility treatment is essential.
Unfortunately, because it is not possible to identify women
at risk for adverse neonatal outcome at term, the situation en-
courages obstetric caregivers to see every MAR pregnancy as
potentially high risk. This contributes to the high rates of ob-
stetric interventions and their potential negative conse-
quences for both mother and child. Obstetric caregivers
should be aware that the increased rates of cesarean deliveries
reflect the choice of patients and their physicians rather than
any inherent biological abnormality in MAR patients. Due to
the lack of specific information on the different MAR treat-
ments (intrauterine insemination, IVF, or intracytoplasmic
sperm injection) and the indication for the MAR, we could
not consider these as causative factors. Future research
must focus on the different MAR treatments and ways for bet-
ter prediction of high-risk patients for adverse neonatal out-
comes at term. This is needed for better understanding of the
causality between all the different aspects surrounding MAR
and adverse neonatal outcomes so that more individualized
care can be provided.
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SUPPLEMENTAL TABLE 1

Baseline characteristics of the eligible study sample of IVF singletons and after propensity score matching.

Characteristics

Eligible study sample (N [ 1,921,188) After propensity score matching (N [ 64,708)

IVF
(N [ 16,177)

N (%)

SC
(N [ 1,905,011)

N (%) P value

IVF
(N [16,177)

N (%)

SC
(N [ 48,531)

N (%) P value

Mean gestational age (wk)a 39.4 � 1.3 39.6 � 1.3 < .0001 39.4 � 1.3 39.5 � 1.4 < .0001
Maternal age (y)a 34.1 � 4.2 30.4 � 4.9 < .0001 34.1 � 4.2 34.1 � 4.2 .88
Caucasian ethnicity 14,315 (88%) 1,609,264 (84%) < .0001 14 315 (88%) 42,707 (88%) .12
Low socioeconomic status 3,247 (20%) 479,477 (25%) < .0001 3,247 (20%) 9,723 (20%) .92
Preexistent diseaseb 2,975 (18%) 34,706 (1.8%) < .0001 2,975 (18%) 8,856 (18%) .69
Nulliparous 10,975 (68%) 857,971 (45%) < .0001 10,975 (68%) 32,925 (68%) 1.0
Previous CD 896 (5.5%) 117,949 (6.2%) .0001 896 (5.5%) 2,688 (5.5%) 1.0
Secondary care at onset labor 12,713 (79%) 775,623 (41%) < .0001 12,713 (79%) 38,139 (79%) 1.0
Note: CD ¼ cesarean delivery; IVF ¼ in vitro fertilization; SC ¼ spontaneous conception.
a Mean � standard deviation.
b Preexistent disease includes one of the following: hypertension, diabetes, endocrinologic disorders, coagulation disorders, endometriosis, uterus myomatosis, and congenital uterus anomalies.
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