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Abstract
Purpose To investigate whether twin pregnancies conceived by different forms of fertility treatments are associated with adverse
neonatal outcomes and to examine the difference in maternal and obstetrical characteristics between patients.
Methods Our study was a retrospective analysis of twin pregnancies conceived by fertility treatments from a prospectively
collected database. Treatments were stratified into two groups: group 1 (ART) consisted of in vitro fertilization (IVF) and
intracytoplasmic sperm injection (ICSI), and group 2 (non-ART) included intrauterine insemination (IUI) and ovulation induc-
tion (OI). Composite neonatal morbidity included respiratory distress syndrome, intraventricular hemorrhage, leukomalacia,
chronic lung disease, and death prior to discharge.
Results There were 460 neonates in our study; among them, 67% (n = 310) were in group 1, and 33% (n = 150) in group 2. Group
1 patients were more likely to be older (p = 0.004), nulliparous (p = 0.01), delivered twins with lower birth weights (2278 g ± 605
vs. 2427 ± 519, p = 0.009), and had more deliveries < 32 weeks gestation (p = 0.001). In multivariable Poisson regression model,
only neonatal intensive care unit admission rate was increased for group 1 twins (aRR = 1.27, 95% CI 1.003–1.60).
Conclusions After adjusting for confounders, twins conceived via ART compared to non-ART had similar neonatal outcomes.
These data can help when counseling this patient population and assist in planning larger prospective cohorts.
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Introduction

Increasing age of women at their first pregnancy is associated
with higher rates of infertility and therefore, utilization of dif-
ferent fertility treatments may be warranted making twin preg-
nancies more common [1–3]. Several studies have reported
higher adverse neonatal outcomes and differences in maternal

characteristics in pregnancies conceived via assisted reproduc-
tive technology (ART) compared to spontaneous conception
(SC) [4–8], while others have shown comparable results
[9–11]. However, most reports have focused on singleton
pregnancies. Few studies have investigated the maternal char-
acteristics and neonatal outcomes specifically in twin gesta-
tions resulting from ART [10, 12–14].

When comparing dichorionic twin gestations conceived via
ART compared to SC twins, studies have shown increased neo-
natal risks and differences inmaternal characteristics for the ART
group [2, 10, 12, 15, 16]. However, others have shown similar
neonatal outcomes andmaternal characteristics in twin gestations
conceived via ART compared to SC [1, 9, 17–19]. Possible ex-
planations for varying results could have been from
misclassifying intrauterine insemination (IUI) and ovulation in-
duction (OI) into the SC twin gestation group [8, 20, 21] or
including IUI into the ART group [15]. Other studies have ex-
cluded OI or IUI from their studies and only include in vitro
fertilization (IVF) or intracytoplasmic sperm injection (ICSI)
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[12]. These studiesmaymisrepresent the infertile population, and
the conclusions may be less generalizable. In addition, conflict-
ing results may be from studies only adjusting for some con-
founding variables or none at all [9, 10, 22, 23].

There is a paucity of literature specifically addressing ma-
ternal characteristics and neonatal outcomes among twins
conceived by different fertility treatments. Given that studies
have shown differences in non-fertile vs. fertile patients (e.g.,
ART compared to SC twin pregnancies) [2, 10, 12, 15, 16],
there might be differences, though less pronounced, when
comparing twin pregnancies conceived via ART to less inva-
sive fertility treatments (IUI/OI). Underlying infertility diag-
nosis can affect neonatal outcomes and maternal/delivery
characteristics, but the type of fertility treatment utilized may
not. This study focuses on patients requiring a fertility treat-
ment and to see if there are differences by treatment type. The
primary aim of this study was to investigate whether twin
pregnancies conceived by different forms of fertility treat-
ments (IVF/ICSI vs. IUI/OI) have an association with adverse
neonatal outcomes. The secondary aim was to examine the
differences in maternal and obstetrical characteristics between
patients receiving different fertility treatments. We hypothe-
size that there will be no significant difference in maternal and
obstetrical characteristics or neonatal outcomes when compar-
ing between different fertility treatments.

Materials and methods

This study is a secondary analysis of a placebo-controlled,
double-blinded, randomized clinical trial of 17 alpha-
hydroxyprogesterone caproate (17P) for the prevention of pre-
term birth in multiple gestations [24]. This parent trial includ-
ed 14 academic sites across the USA from 2004 to 2006.
Briefly, gravid women with multiple gestation pregnancies
between 16 and 20 weeks gestation were randomized to re-
ceive 17P or placebo. The only inclusion criterion was being a
multiple gestation, so the baseline risk of preterm labor or
birth was the same for all patients. The primary outcome
was delivery or fetal death before 35 weeks of gestation.
Treatment did not reduce the rate of preterm birth in women
with twins.

In the initial study, data were collected on the method of
conception of all patients. Patients either had spontaneous,
IVF/ICSI, or IUI/OI conceived twins. No missing data was
noted. For this analysis, all SC twin pregnancies, < 20-week
deliveries, or twin pregnancies with only one birth reported
were excluded. No fetal malformations were noted. In our
study, patients were included if they received a type of fertility
treatment to conceive. We then stratified the patients into two
groups. Group 1 included twin pregnancies conceived via
ART (IVF/ICSI), and group 2 included twins conceived via
non-ART (IUI/OI).

The primary neonatal outcome was the rate of composite
neonatal morbidity (CNM), defined as any of the following
outcomes: respiratory distress syndrome (RDS), intraventric-
ular hemorrhage grades 3 and 4 (IVH), periventricular
leukomalacia (PVL), bronchopulmonary dysplasia (BPD),
and/or death prior to discharge. Secondary neonatal outcomes
included neonatal intensive care unit (NICU) admission,
RDS, mechanical ventilation (MV), sepsis, retinopathy of pre-
maturity stage III or higher (ROP), necrotizing enterocolitis
stages II and III (NEC), birth weight (BW), stillbirth, small for
gestational age (GA), and neonatal death. All neonatal out-
comes defined in our study followed the parent trial.

STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) [25] guidelines were followed in
our study. Descriptive statistics were used to report all vari-
ables of interest. Continuous variables were analyzed using
student’s t test, while categorical variables used chi-square
and Fisher’s exact test. A p value < 0.05 was considered sta-
tistically significant. Multivariable Poisson regression models
with robust error variance [26] were used to determine the
association between ART technique and perinatal outcomes,
while adjusting for maternal age, race/ethnicity, level of edu-
cation, nulliparity, pre-pregnancy bodymass index, and GA at
time of delivery. The results were presented as adjusted rela-
tive risk (aRR) with accompanying 95% confidence intervals
(CIs). All analyses were run on STATA version 14 (College
Station, TX). The study was considered exempt (HSC-MS-
17-0019) from the University of Texas Health Science Center
McGovern Medical School Committee for the Protection of
Human Subjects.

Results

In the parent trial, a total of 658 participants (1316 twins) were
included in the study which is shown in Fig. 1. The final study
population included 460 twins (230 pregnancies) conceived
by a fertility treatment. Group 1 (67%) included 310 twins
(155 pregnancies) conceived via ART, while group 2 (33%)
included 150 twins (75 pregnancies) conceived via non-ART
(Fig. 1). There was no significant difference (p = 0.14) in 17P
use among both groups. Group 1 mothers were more likely to
be older and nulliparous (Table 1).

Overall, the majority of twins in both groups were deliv-
ered by patients with a dichorionic placenta (Table 2). Group 1
twins were more likely to be delivered at an earlier GA com-
pared to group 2 (Table 2). There was no significant difference
in betamethasone use for fetal lung maturity or delivery route
between the two groups (Table 2). Group 1 twins had a sig-
nificantly higher rate of a NICU admission, while group 2 had
a significantly higher rate of BPD and ROP (Table 3). In
addition, group 1 twins had a significantly lower mean BW
of almost 150 g when compared to group 2 (Table 3).

1012 J Assist Reprod Genet (2018) 35:1011–1017



Table 1 Maternal characteristics
by fertility treatments Maternal demographics Group 1: IVF/ICSI (n = 155) Group 2: IUI/OI (n = 75) p value

Maternal age (years) 0.004

20–34 68 (43.9) 48 (64.0)

≥ 35 87 (56.1) 27 (36.0)

Race/ethnicity 0.40

Non-Hispanic White 137 (88.4) 68 (90.7)

Non-Hispanic Black 5 (3.2) 3 (4.0)

Hispanic 4 (2.6) 3 (4.0)

Non-Hispanic Other 9 (5.8) 1 (1.3)

Education 0.99

< 12 years 1 (0.6) 0 (0)

12 years 8 (5.2) 4 (5.3)

> 12 years 146 (94.2) 71 (94.7)

Married 153 (98.7) 75 (100) 0.99

Nulliparous 107 (69.0) 39 (52.0) 0.01

Pre-pregnancy BMI 0.39

< 25 97 (62.6) 48 (64.0)

25 ≤ 30 35 (22.6) 12 (16.0)

≥ 30 23 (14.8) 15 (20.0)

Smoking during pregnancy 2 (1.3) 0 (0) 0.99

Preterm labor 66 (42.6) 31 (41.3) 0.86

Antepartum bleeding 2 (1.3) 1 (1.3) 0.99

Number of miscarriage 0.70

0 110 (71.0) 50 (66.7)

1–2 41 (26.5) 22 (29.3)

≥ 3 4 (2.6) 3 (4.0)

Chorioamnionitis 6 (3.9) 0 (0) 0.18

BV/CT/trichomonas 1 (0.6) 0 (0) 0.99

Group B strep and/or herpes 2 (1.3) 0 (0) 0.99

UTI/pyelonephritis 12 (7.7) 6 (8.0) 0.95

Data are presented as n (%)

BV, bacterial vaginosis; CT, chlamydia; BMI, body mass index (kg/m2 ); UTI, urinary tract infection

Excluded: 
1) Deliveries < 20 weeks (n=13) 
2) Twin pregnancy with only 1 birth 

reported (n=3) 
3) Spontaneous conception (n=840) 

Twins in 17P Trial 
n=1316 

Twins Conceived by different fertility 
treatments 

n=460 
(230 twin pregnancies) 

Group 1 – ART Twins 
(IVF/ICSI) 

n=310 
(155 twin pregnancies) 

Group 2 – Non ART Twins 
(IUI/OI)  
n=150 

(75 twin pregnancies) 

Fig. 1 Inclusion criteria and flow
chart of study population
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After adjusting for confounders, group 1 twins had a significant
increased aRR for aNICUadmission (Table 4).However, therewas
no significant difference in aRR for ROP and BPD, and all remain-
ing neonatal outcomes were similar between groups (Table 4).

Conclusions

In this retrospective secondary analysis of a randomized clinical
trial data, we observed that the majority of the maternal charac-
teristics, obstetrical and delivery characteristics, and neonatal

outcomes were similar between twins conceived by IVF/ICSI
compared to IUI/OI. The lower BW for group 1 twins likely is
associated to the increased risk of delivering at an earlier GA. In
addition, the increase in NICU admission rate for group 1 twins
could not be accounted for by the adjusted confounders. The
increased risk of a NICU admission in group 1 may be in part
to an earlier GA at delivery and lower BW.Also, theremight be a
bias towards delivery at an earlier GA and more frequent NICU
admissions because of an ART conception. Patients in group 1
may have had a worse prognosis or already failed less invasive
treatments.

Table 2 Obstetrical and delivery
characteristics by fertility
treatments

Obstetrical and delivery characteristics Group 1: IVF/ICSI
(n = 310)

Group 2: IUI/OI
(n = 150)

p value

Gestational age at time of delivery (weeks) 0.001

< 28 10 (3.2) 5 (3.3)

28–31 30 (9.7) 2 (1.3)

≥ 32 270 (87.1) 143 (95.3)

Delivery route 0.46

Cesarean delivery 189 (61.4) 86 (57.7)

Vaginal delivery 119 (38.6) 63 (42.3)

Reason for cesarean delivery 0.006

CPD, failed induction, abnormal presentation 104 (55.6) 49 (57.0)

Non-reassuring fetal status, cord prolapse 9 (4.8) 6 (7.0)

Previous cesarean delivery 8 (4.3) 12 (14.0)

Elective 4 (2.1) 2 (2.3)

Other 32 (17.1) 6 (7.0)

Treated with betamethasone 70 (22.6) 38 (25.3) 0.51

Type of labor 0.03

Spontaneous 119 (39.0) 58 (38.9)

Induced 63 (20.7) 46 (30.9)

No labor 123 (40.3) 45 (30.2)

Length of labor (spontaneous vaginal deliveries) 0.24

0 ≤ 8 h 45 (62.5) 14 (48.3)

8–24 h 25 (34.7) 15 (51.7)

> 24 h 2 (2.8) 0 (0)

Reason for induction (if induced) 0.12

Maternal indications 26 (41.9) 24 (52.2)

Fetal indications 12 (19.4) 14 (30.4)

Premature rupture of membranes 6 (9.7) 2 (4.3)

Elective 18 (29.0) 6 (13.0)

Length of rupture 0.19

0 ≤ 8 h 108 (62.1) 70 (72.9)

8–24 h 54 (31.0) 22 (22.9)

> 24 h 12 (6.9) 4 (4.2)

Dichorionic twins 298 (96.1) 146 (97.3) 0.60

Data are presented as n (%)

CPD, cephalopelvic disproportion

1014 J Assist Reprod Genet (2018) 35:1011–1017



In a systematic review and meta-analysis, Qin et al. report-
ed higher adverse outcomes such as placenta previa, elective
cesarean section, preterm birth, very preterm birth, lower
mean BW, and congenital malformations in dichorionic twin

gestations conceived via ART compared to SC twins [12].
However, some studies included in their review did not adjust
for confounding variables, classified OI and IUI into the SC
twin category, or did not include OI or IUI at all in their

Table 3 Neonatal outcomes by
fertility treatments Neonatal outcomes Group 1: IVF/ICSI (n = 310) Group 2: IUI/OI (n = 150) p value

Female infant 162 (53.5) 77 (51.7) 0.72

Birth weight 0.009

< 2000 g 89 (29.4) 28 (18.8)

2000–2499 g 104 (34.3) 46 (30.9)

≥ 2500 g 110 (36.3) 75 (50.3)

Birth weight (g) mean (SD) 2278 (± 605) 2427 (± 519) 0.01

Composite neonatal morbidity 36 (11.9) 9 (6.0) 0.051

Small for gestational age 26 (8.6) 7 (4.7) 0.14

Apgar ≤ 3 at 1 min 21 (7.0) 5 (3.4) 0.12

Apgar ≤3 at 5 min 6 (2.0) 1 (0.7) 0.43

NICU Admission 154 (50.8) 57 (38.3) 0.01

Retinopathy of prematurity 0 (0) 3 (2.0) 0.04

Intraventricular hemorrhage III/IV 1 (0.3) 0 (0) 0.99

Periventricular leukomalacia 1 (0.3) 0 (0) 0.99

Necrotizing enterocolitis stage II/III 1 (0.3) 0 (0) 0.99

Respiratory distress syndrome 28 (9.2) 9 (6.0) 0.24

Bronchopulmonary dysplasia 2 (0.7) 6 (4.0) 0.02

Sepsis 4 (1.3) 3 (2.0) 0.69

Mechanical ventilation 22 (7.3) 11 (7.4) 0.96

Transient tachypnea of the newborn 49 (16.3) 19 (12.8) 0.33

Vanishing fetus 24 (7.7) 6 (4.0) 0.13

Definite seizure 1 (0.3) 1 (0.7) 0.55

Death before discharge 5 (1.7) 1 (0.7) 0.67

Stillbirth 5 (1.6) 0 (0) 0.18

Meconium aspiration syndrome 1 (0.3) 0 (0) 0.99

Data are presented as n (%)

NICU, neonatal intensive care unit; CNM, respiratory distress syndrome, intraventricular hemorrhage grades 3
and 4, periventricular leukomalacia, bronchopulmonary dysplasia, and/or death prior to discharge

Table 4 Adjusted relative risk
between fertility treatments and
neonatal outcomes

Neonatal outcomes Adjusted relative risk* (95% CI)

Small for gestational age 1.45 (0.65–3.25)

Apgar ≤ 3 at 1 min 1.62 (0.59–4.41)

Apgar ≤ 3 at 5 min 2.03 (0.17–24.62)

NICU admission 1.27 (1.003–1.60)

Respiratory distress syndrome 1.07 (0.53–2.14)

Transient tachypnea of the newborn 1.32 (0.80–2.19)

Vanishing fetus 1.45 (0.58–3.64)

Composite neonatal morbidity 1.34 (0.72–2.49)

NICU, neonatal intensive care unit

*Adjusted for age, race/ethnicity, level of education, nulliparity, body mass index, gestational age at time of
delivery
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analysis [12]. Moini et al. compared only IVF or ICSI to SC
twin pregnancies [10]; they reported similar obstetrical but
increased adverse neonatal outcomes for ART pregnancies
such as NICU admission rate and perinatal mortality. Morcel
et al. compared spontaneously and non-spontaneously (IVF,
ICSI, IUI, and OI) conceived twins [15]; after adjusting for
maternal age and parity, the non-spontaneous group showed
an increased risk of very preterm birth, low and very low BW,
NICU admission, and fetal or neonatal death rate. Also, when
removing OI and adjusting for age and parity, ART (IVF,
ICSI, IUI) compared to spontaneously conceived twins
showed no significant differences in the maternal or perinatal
outcomes [15]. However, OI conceived twins compared to SC
twins showed a significant increase in preterm and very pre-
term births, very low BW, NICU admission, and fetal or neo-
natal death rates [15].

Studies byDomingues et al., Bensdorp et al., andGeisler et al.
showed no increase in neonatal outcomes when comparing ART
vs. SC twins [1, 16, 17]. In contrast to our study, Domingues
et al. only adjusted for chorionicity and age [1]; Bensdorp et al.
adjusted for maternal age, ethnicity, socioeconomic status, and
fetal gender [17]; while Geisler et al. adjusted for maternal age,
parity, and type of antenatal care received (public or private) [16].
Similar to our study, Bensdorp et al. included all four types of
fertility treatment, while Domingues et al. and Geisler et al. did
not include IUI and IUI/OI in their analysis, respectively [1, 16,
17]. These studies also used SC twins as a reference group, while
our study specifically compared the different types of fertility
treatments between themselves.

Our study has several strengths. There has been limited
research evaluating maternal characteristics and neonatal out-
comes when comparing the different forms of fertility treat-
ments for twin conception. We included all four categories of
fertility treatments in our study, while majority of prior studies
did not include all treatment options [1, 8, 12]. Our study was
a secondary analysis of a multicenter prospectively collected
data set by trained personnel. This allowed for a heteroge-
neous population and a more likely representation of patients
receiving fertility treatments nationwide; many studies were
solely at one institution. This study had a relatively large sam-
ple size, reviewed a variety of neonatal outcomes, and was
more in tune with modern obstetrical practices.

Several limitations, however, need to be acknowledged. Due
to a limited sample size, subgroup analyses of neonatal out-
comes stratified by GAwere not feasible. However, our analy-
sis of neonatal outcomes adjusted for several potential con-
founders, including GA at time of delivery, maternal age,
race/ethnicity, level of education, nulliparity, and pre-
pregnancy body mass index. Group 1 had twice as many twins
compared to group 2 and had older nulliparous patients. Group
1 also had higher Bno labor^ and cesarean delivery rates with a
higher incidence of GA less than 32 weeks, which may be
related to, as well as impact, outcome. Our original data set

did not include infertility etiology, fertility treatment interven-
tions, duration of infertility treatment, complications during
treatments, or fertility treatment medications used. In addition,
it was not specified if patients used fresh or frozen embryos or
donor oocytes/sperm. It is known that BW is lower in fresh vs.
frozen embryo transfers in both singletons and twins [27].
Medications for OI or reason for undergoing fertility treatment
were not collected. A baseline difference in infertility etiology
may be the reason why some patients received IVF/ICSI or IUI/
OI. While the majority of IUIs are typically in concert with OI,
it cannot be stated with certainty if patients in group 2 received
both IUI and OI treatments. It is a weakness inherent to a ret-
rospective cohort, but the study comprises a large number of
twin pregnancies to try to accommodate the possible heteroge-
neous nature of the cohort. Given this subgroup analysis was of
patients that were randomized for another indication, the sub-
groups may not be equivalent at baseline. Future studies are
warranted to investigate differences in each fertility treatment
with a larger sample size and consider comparing differences
by infertility diagnosis and treatment received.

Antenatal care and obstetrical management likely varied
from the different institutions, which might play a role in
influencing outcomes. Differences in infertility laboratories
and IVF/ICSI/IUI protocols might have played a contributing
factor. Therefore, there is potential of unmeasured confound-
ing. In addition, the rare occurrence of some adverse neonatal
outcomes also may not allow for certain associations with
fertility treatment to become evident. Since the majority of
patients had dichorionic placentas, only a small portion of
monochorionic placentas were included in our study which
may have affected the results given the increased risks for
monochorionic twin gestations. Future research is needed to
assess the effects of chorionicity between the different fertility
treatment options.

In conclusion, our study demonstrated twins conceived via
ART compared to non-ART had mostly similar maternal and
obstetrical characteristics and neonatal outcomes. Providers
managing patients who require fertility treatments to conceive
can counsel and make them aware of a slightly increased risk
of lower BW, earlier GA at delivery, and a higher rate of NICU
admissions in ART compared to non-ART. However, pro-
viders can impart reassurance to their patients given overall
outcomes were similar in patients receiving a fertility treat-
ment. This information may be applicable to not only infertil-
ity specialists but also obstetricians and NICU providers. Our
study can assist in planning larger cohorts to confirm our
findings when specifically comparing twin pregnancies con-
ceived by a fertility treatment.
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