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Abstract
Purpose To determine whether differences in birth outcomes among assisted reproductive technology (ART)-treated, subfertile,
and fertile women exist in primiparous women with, singleton, vaginal deliveries.
Methods Society for Assisted Reproductive Technology Clinic Outcome Reporting System (SART CORS) data were
linked to Massachusetts vital records and hospital discharges for deliveries between July 2004 and December 2010.
Primiparous women with in-state vaginal deliveries, adequate prenatal care, and singleton birth at ≥ 20 weeks (n =
117,779) were classified as ART-treated (linked to ART data from SART CORS, n = 3138); subfertile (not ART-treated
but with indicators of subfertility, n = 1507); or fertile (neither ART-treated nor subfertile, n = 113,134). Outcomes of
prematurity (< 37 weeks), low birthweight (< 2500 g), perinatal death (death at ≥ 20 weeks to ≤ 7 days), and maternal
prolonged length of hospital stay (LOS > 3 days) were compared using multivariable logistic regression.
Results Compared to fertile, higher odds were found for prematurity among ART-treated (adjusted odds ratio [AOR] 1.40,
95% confidence interval [CI] 1.25–1.50) and subfertile (AOR 1.25, 95% CI 1.03–1.50) women, low birthweight among
ART-treated (AOR 1.41, 95% CI 1.23–1.62) and subfertile (AOR 1.40, 95% CI 1.15–1.71) women, perinatal death among
subfertile (AOR 2.64, 95% CI 1.72–4.05), and prolonged LOS among ART-treated (AOR 1.33, 95% CI 1.19–1.48)
women. Differences remained despite stratification by young age and absence of pregnancy/delivery complications.
Conclusions Greater odds of prematurity and low birthweight in ART-treated and subfertile, and perinatal death in subfertile
deliveries are evident among singleton vaginal deliveries. The data suggest that even low-risk pregnancies to ART-treated and
subfertile women be managed for adverse outcomes.
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Introduction

It is well established that pregnancies utilizing assisted reproduc-
tive technology (ART) have a higher prevalence of premature and
low birthweight infants, even in singleton deliveries, than preg-
nancies to women who had no fertility treatment [1–4]. In our
prior studies, we have also shown that both ART-treated women
and women with indicators of subfertility have more underlying
medical pathology that affects pregnancy outcome [5–7].

ART treatment has been shown to be associated with a
higher rate of cesarean delivery [8–12]. We have also previ-
ously shown higher rates of cesarean delivery among ART-
treated (45.7%) and subfertile (43.3%) than fertile (31.3%)
women in Massachusetts [13] and have demonstrated that
the greater odds of cesarean delivery are largely associated
with underlying medical and obstetric factors [6, 11, 13].

Deliveries to ART-treated women have also been reported
to have a higher rate of adverse obstetric and perinatal out-
comes than deliveries to fertile women who received no fer-
tility treatment, including higher rates of gestational diabetes,
pregnancy hypertension, placental abnormalities, and bleed-
ing disorders [10–12, 14–16]. Given that individuals with
more underlying pathology are more likely to be delivered
by cesarean and that ART-treated and subfertile women also
have more pathology than fertile women, it is possible that
much of the difference seen overall in ART-treated or
subfertile women is found among the cesarean deliveries
and that women delivering vaginally, presumably with lower
risk of adverse outcomes, do not demonstrate these differ-
ences. The goal of this study was to evaluate birth outcomes
and maternal hospitalizations in primiparous women with a
vaginal, singleton delivery. The secondary goal was to deter-
mine whether, within strata of subgroups by maternal age and
lack of pregnancy and delivery complications, the differences
among fertility groups is eliminated.

Materials and methods

This retrospective cohort study used Massachusetts ART data
linked to birth and fetal death records that were further linked
to hospital discharges.

Patients The study population included primiparous women in
Massachusetts with in-state deliveries occurring between July 1,
2004, andDecember 31, 2010, that resulted in singleton live birth
or fetal death at ≥ 20weekswho had had aminimum of adequate
prenatal care as defined by the Kotelchuck index [17]. We ex-
cluded multiparous women and multiple gestation deliveries
(312,906 of 486,075 excluded).

Data sources Our data sources and linkages have been de-
scribed previously [18]. Data were obtained from (1) the

Society for Assisted Reproductive Technology Clinic
Outcome Reporting System (SART CORS) online database, a
national registry containing cycle-based ART data from the
majority of US ART clinics and (2) the Massachusetts-based
Pregnancy to Early Life Longitudinal (PELL) data system, an
ongoing population-based data system that compiles informa-
tion from birth certificates, fetal death certificates, and hospital
utilization data as well as the birth defects registry, cancer reg-
istry, and other Massachusetts public programs such as early
intervention (EI) and special supplemental nutrition program
for women, infant, and child (WIC). The study took place under
a memorandum of understanding between SART, the
Massachusetts Department of Public Health (MDPH), and the
project principal investigators. Institutional review board ap-
proval was obtained from MDPH and the Committee for the
Protection of Human Subjects at Dartmouth College.

The SART CORS contains comprehensive data from over
90% of all clinics performing ART in the USA; Massachusetts
has had between six and eight clinics during the study period,
all of which reported data to the SART CORS. Data are col-
lected and verified by SART and reported to the Centers for
Disease Control and Prevention in compliance with the Fertility
Clinic Success Rate and Certification Act of 1992 (Public Law
102–493). The database includes information on all forms of
ART (those treatments that includemanipulation of oocytes and
embryos in vitro) regarding demographics, ART diagnoses,
ART cycle treatment parameters, and treatment and pregnancy
outcomes. Data in the SARTCORS are validated annually with
some clinics randomly selected for on-site visits during which
data reported by the clinic are compared with information re-
corded in patient charts. In 2013, 35 of a total of 467 clinics
were randomly selected for review of 2062 cycles. In these
cycles, 10 of 11 fields reviewed had ≤ 3% discrepancy rates
for chart information and entries into the database. The 11th
field, diagnosis, which was not used in this study, had discrep-
ancy rates of up to 5.5% with underreporting being the most
common reason for discrepancy [19].

The PELL data system links information on more than
98% of all births and fetal deaths in Massachusetts to corre-
sponding hospital utilization data (hospital admissions, obser-
vational stays, and emergency room visits) for individual
women and the i r ch i ld ren . The MDPH and the
Massachusetts Center for Health Information and Analysis
are the custodians of the PELL data. PELL is a relational data
system composed of individual databases linked together by
randomly generated unique IDs for mother and infant. The
PELL data system is housed at MDPH.

Linkage of the SART CORS and PELL databases The
Massachusetts Outcome Study of Assisted Reproductive
Technology (MOSART) database was constructed through
linkage of the SART CORS and PELL data systems for all
Massachusetts resident women delivering in Massachusetts
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hospitals between July 1, 2004, and December 31, 2010. We
obtained ART cycles for all US women for which there was at
least one cycle where the woman had either a Massachusetts
residency or ART treatment in the state of Massachusetts. All
forms of ART where linked with the exception of gestational
carrier cycles. The starting date was chosen based on the avail-
ability of SART CORS data (January 1, 2004 cycle starts with
first deliveries in July). A deterministic five-phase linkage al-
gorithm methodology was used with matching based on
mother’s date of birth, her first name and last name, father/
partner’s last name, baby’s date of birth, plurality, and infant
gender. Our linkage rate was 89.7% overall and 95.0% for
deliveries in which both mother’s zip code and clinic were
located in Massachusetts [18].

Obstetric and fetal outcomes Outcome measures were pre-
maturity (< 37 weeks gestational age), low birthweight (<
2500 g), small for gestational age (SGA, in live births),
perinatal death (fetal death at ≥ 20 weeks plus death of
the newborn up to 7 days post-delivery), prolonged mater-
nal length of stay (LOS) following delivery (> 3 days), and
maternal hospital readmission (rehospitalizations 0–
60 days after delivery plus emergency department [ED]
or observational stay [OS] visits 0–7 days after delivery).
Gestational age was recorded on the birth and fetal death
certificates and was calculated from clinical estimates
modified by estimated date of last menstrual period where
needed. Birthweight was recorded on the birth certificate
and SGA and LGA were calculated from Massachusetts
state, sex, and race/ethnicity-specific birthweight means
for live births from 1998 to 2010. SGA was defined as z-
scores for birthweights falling below the 10th percentile for
gestation and sex (≤ 1.28 of population-based norms) and
LGAwas those falling above the 90th percentile (≥ 1.28 of
population-based norms) as we have described previously
[11]. Perinatal death data were acquired from fetal deaths
and linked birth/death certificates. Reasons for perinatal
death were abstracted from the diagnosis codes entered
for the death and included abnormal tumor markers (R97)
or malformations (Q897), extreme immaturity or low
birthweight (P072), a variety of delivery complications,
and unspecified fetal death (P95). Hospital type among
perinatal deaths was determined from discharge records
as Level I (basic care), Level II (specialty care), and
Level III (subspecialty intensive care). Length of stay for
delivery hospitalization and maternal readmission was cal-
culated from PELL hospital admission and discharge dates.

Exposure and stratifying variables Women were classified as
ART-treated if the delivery was linked to ART data from the
SART CORS online database. They were classified as
Bsubfertile^ if they had either a diagnosis of infertility demon-
strated by a hospitalization (hospital discharge or

observational stay) within 5 years prior to the index delivery
that contained an ICD9 code of infertility (628.9 or V23.0) or
they had indication on the birth or fetal death certificate of use
of non-ARTmedically assisted reproduction (MAR) [20]. The
term subfertility was used rather than infertility or MAR [21]
to indicate that this was a combinationmeasure rather than one
or the other of these determinations.Womenwere classified as
fertile if they fell into neither the ART-treated nor the subfertile
groups. Mode of delivery was determined from the birth cer-
tificate. Per inclusion criteria, there were no missing exposure
(fertility status) data.

Potential confounding variablesDemographic covariates were
obtained from the birth/death certificates. Medical history and
delivery characteristics were determined from a combination of
birth certificates and hospital discharge data. Prior uterine sur-
gery included surgeries prior to calculated conception date with
CPT codes of 574.60, 574.61, 578.00, 581.40, 581.45, 585.58,
585.60, 585.61, 591.36, and 591.40, and ICD9 codes of 752.2,
761.4, 68.22, 68.29, and 69.49. Pregnancy and delivery com-
plications identified from checkboxes on the birth certificate
and ICD9 codes in hospital discharges included gestational
diabetes (ICD9 648.8), pregnancy hypertension (642.3), bleed-
ing (ICD9: 639.1, 640.0, 640.8, 640.9, 641.3, 641.7, 641.8,
641.9), and fetal distress (ICD9: 656.3, 659.7). Placental com-
plications included placental abruption (ICD9: 641.2, 762.1),
placenta previa (ICD9: 641.0, 641.1), vasa previa (ICD9:
663.5), and placenta accreta (667.0). Prolonged or dysfunction-
al labor included ICD9 codes of 661 and 662.0–662.3; breech/
malpresentation with ICD9 codes of 652 (excluding 652.1 and
652.5) and 660 (excluding 660.1, 660.6, and 660.7); cord pro-
lapse with ICD9 code of 663.0; premature rupture of mem-
branes (PROM) with ICD9 codes of 761.1 and 658.1–658.3;
and cephalopelvic disproportion (CPD) with ICD9 codes of
660.1 and 653.4–653.6.

Statistical analyses Chi-square statistics were used to evaluate
the statistical differences in binary outcomes among three fer-
tility groups and ANOVA tests were used to evaluate differ-
ences in continuous outcomes. Unconditional logistic regres-
sion was applied to quantify crude and adjusted odds ratios
(AOR) and 95% confidence intervals (95% CI) for each out-
come comparing the ART-treated and subfertile to fertile
women or ART-treated to subfertile women. The multivari-
able models were adjusted for potential confounders including
maternal age (≤ 30, 31–34, 35–37, 38–40, > 40), race
(Hispanic, non-Hispanic (NH), NH-White, NH-Black, NH-
Asian, NH-other race, NH-unknown race), insurance (private,
self-pay, public/free), education (≤ high school, some college,
≥ college, unknown education), diabetes (yes, no), chronic
hypertension (yes, no), and previous uterine surgery (yes,
no), and also potential mediators including gestational diabe-
tes (yes, no in this first pregnancy), pregnancy hypertension
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(yes, no in this first pregnancy), pregnancy bleeding (yes, no
in this first pregnancy), and placenta complications (any, none
in this first pregnancy). The models for placental and bleeding
complications, fetal distress, and prolonged/dysfunctional la-
bor adjusted for all of these except the one under study, as well
as breech/malpresentation (yes, no), cord prolapse (yes, no),
PROM (yes, no), and CPD (yes, no). Women with missing
data on maternal age (n = 1), marital status (n = 7), or insur-
ance (n = 1) were excluded from analysis. Heterogeneity by
age at delivery and by pregnancy and delivery complications
was also evaluated by category-specific stratification as well
as formal tests of interaction in our statistical models.

Results

The total population of primiparous, singleton deliveries in-
cluded 173,169 deliveries of which 117,779 were vaginal and
55,390 cesarean. Of these, the percentage with cesarean deliv-
eries was 45.7% for ART-treated, 43.3% for subfertile, and
31.3% for fertile deliveries. Of premature infants, the percent-
age with cesarean deliveries was 53.5% for ART-treated,
51.8% for subfertile, and 35.7% for fertile, and of low-
birthweight babies, the percentage was 52.2% for ART-treat-
ed, 52.7% for subfertile, and 38.0% for fertile deliveries.

The present analysis was restricted to the population with
vaginal deliveries which included 117,779 deliveries: 3138
ART-treated, 1507 subfertile, and 113,134 fertile (Table 1).
The ART-treated and subfertile women were older, more often
White and non-Hispanic, more often college educated, mar-
ried, and covered by private health insurance than those in the
fertile group. ART-treated and subfertile women had more
chronic diabetes and hypertension than fertile women as well
as a slightly higher proportion with prior uterine surgery.

Prevalence of pregnancy complications differed among the
three fertility groups (Table 2). Women with ART-treated and
subfertile deliveries had higher prevalence than fertile women
of complications, including gestational diabetes, pregnancy
hypertension, bleeding problems, and placental complica-
tions. There were more premature and low-birthweight deliv-
eries, and more perinatal death in the ART-treated and
subfertile groups. Prolonged maternal LOS was higher for
ART-treated and subfertile women.

Adjusted odds ratios comparing ART-treated or subfertile
womenwith fertile women are presented in Table 3. There were
higher odds of both prematurity and low birthweight among
subfertile and ART-treated women. Perinatal death, between
20 weeks and 7 days of birth, was more than two- and a half-
fold higher in vaginal births to subfertile women as compared
with fertile women but only 28% higher in deliveries to ART-
treated women, with the latter being only borderline statistically
significant. Maternal prolonged LOS was more common in the
ART-treated women while readmission did not differ among

groups. There were no significant differences in any outcomes
between subfertile and ART-treated women.

Differences in these associations by age at delivery were fur-
ther explored (Table 4). The percent of deliveries with prematu-
rity increased from 6.8 to 10% between fertile women ≤ 30 and
those ≥ 40 years. However, subfertile women had higher odds of
prematurity compared to fertile women only among those ≤
30 years, while ART-treated women had higher odds of prema-
turity compared to fertile women up to age 34. Low birthweight
showed the same pattern, with prevalence increasing with age
among the fertile women, but greater odds among subfertile
women compared to fertile women only among those ≤ 30 years,

Table 1 Characteristics of primiparous women with singleton, vaginal
deliveries: fertile, subfertile, and ART-treated women

Fertility group

Fertile Subfertile ART

Number 113,134 1507 3138

Maternal age (years)

Mean (SD) 27.0 (5.9) 33.4 (4.9) 34.6 (4.5)

Age groups (%)

≤ 30 70.2 27.9 19.2

31–34 19.7 30.1 31.8

35–37 6.7 21.1 22.9

38–40 2.7 13.7 15.8

> 40 0.8 7.2 10.2

Race/ethnicity (%)

Hispanic 13.2 4.1 2.9

Non-Hispanic-White 68.5 84.1 85.3

Non-Hispanic-Black 7.4 2.0 2.4

Non-Hispanic-Asian 8.5 8.3 8.3

Non-Hispanic-other 2.3 1.5 1.0

Non-Hispanic-unknown 0.1 0.0 0.1

Education (%)

≤ High school 35.7 11.0 8.2

Some college 20.2 14.3 13.4

≥ College 44.0 74.6 78.2

Unknown education 0.2 0.1 0.2

Marital status (%)

Married 60.3 92.8 95.3

Not married 39.7 7.2 4.7

Insurance (%)

Private 59.8 91.1 95.8

Self-pay 0.9 1.2 1.3

Public/free 39.3 7.6 2.9

Chronic disease (%)

Diabetes 0.8 1.5 1.7

Hypertension 1.2 1.9 2.3

Uterine surgery prior to conception (%)

Yes 0.1 0.9 0.5
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while ART-treated women had higher odds of low birthweight
compared to fertile women up to age 39. Greater odds of perina-
tal death were evident for both subfertile and ART-treated com-
pared to fertile women up to 34 years of age. ART-treated deliv-
eries had significantly higher odds of prolongedmaternal LOS in
all age groups. Both ART-treated and subfertile women had 33%
greater odds of prolonged maternal LOS compared to fertile
women among those ≤ 30, although for subfertile women, this
likelihood was borderline significant.

Differences in these associations according to medical and
delivery complications were also quantified (Table 4). Among
womenwith no identifiedmedical, pregnancy, and delivery com-
plications, there continued to be 50%greater odds of prematurity,
perinatal death, and prolongedmaternal LOS inART-treated than
in fertile women. There were 50% greater odds of low-
birthweight babies among subfertile women with no complica-
tions, and nearly fourfold greater odds of perinatal death than in
fertile women. A three and a half-fold greater odds of perinatal

Table 2 Obstetric and fetal
outcomes of primiparous,
singleton, vaginal deliveries:
fertile, subfertile, andART-treated
women

Fertility group

Fertile Subfertile ART

Pregnancy complications
Gestational diabetes 4.2 7.6 6.8
Pregnancy hypertension 9.4 11.3 11.6
Bleeding problems 2.6 3.6 5.0
Abruptio placenta 0.8 0.9 1.5
Placenta previa 0.2 0.7 0.7
Vasa previa 0.0 0.0 0.0
Placenta accreta 0.6 1.1 1.7
Placental complications (all) 1.6 2.6 3.9

Delivery complication
Fetal distress 17.8 18.2 19.1

Length of gestation (weeks)
Mean (SD) 39.0 (2.1) 38.8 (2.6) 38.7 (2.4)

Gestational age (%)
< 28 weeks 0.6 1.3 1.1
28–33 weeks 1.1 1.6 1.7
34–36 weeks 5.1 5.8 7.3

≥ 37 weeks 93.1 91.3 89.9
Birthweight (g)
Mean (SD) 3271 (535) 3253 (594) 3229 (579)

Birthweight (%)
Very low (< 1500 g) 1.0 1.5 1.6
Low (1500–2399 g) 5.1 6.1 6.4
Normal (≥ 2500) 93.9 92.4 92.0

Birthweight z-score
SGA1 10.3 9.9 10.2
LGA2 5.3 6.6 5.3

Perinatal death
Fetal + 0–7 days post-delivery 0.7 1.7 0.9
0–7 days post-delivery 0.3 0.7 0.4

Maternal delivery LOS3

Prolonged 9.5 12.9 15.3
Maternal readmission
Rehospitalization (HD)4 ≤ 60 days post-delivery discharge 1.4 1.6 1.2
Readmission (ED + OS)5 ≤ 7 days post-delivery discharge 1.8 1.6 1.3
Combined rehospitalization 3.1 3.2 2.5

Two-sided p values quantified by chi-square for binary outcomes and ANOVA for continuous outcomes. All p
values were < 0.001 except for vasa previa, fetal distress, birthweight z-score category, readmission ≤ 7 days post-
delivery discharge for which p values were > 0.10 (specific results available upon request)
1 SGA small for gestational age at ≤ 1.28 of population-based norms
2 LGA large for gestational age at ≥ 1.28 of population-based norms
3 LOS length of stay; for maternal LOS, standard is discharge within 0–3 days for vaginal deliveries: prolonged is
> standard
4HD hospital discharges
5ED + OS emergency department and observational stays
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death for subfertile women compared to fertile women was also
evident among those with underlying placental complications
and bleeding, while within this strata, only ART-treated women
had greater odds of prolonged maternal LOS. Among those with
fetal distress during labor, subfertility was associated with close
to a fivefold greater odds of perinatal death, although the confi-
dence intervals were extremely wide (95% CI 1.07–20.22).
Within this complication category, ART-treated women had a
significantly greater odds of prematurity and low birthweight
compared to fertile women. Among the fetal distress group, nei-
ther subfertile nor ART-treated women were associated with ma-
ternal prolonged LOS compared to fertile women. No significant
associations among the fertility groups were observed with any
of the four obstetric or delivery outcomes among women with
prolonged or dysfunctional labor.

Heterogeneity and interactions were observed on some out-
comes by age at delivery and by pregnancy and delivery com-
plications in stratified analyses (for percentages, see Table 4;
statistical testing results available upon request). Specifically,
older women in the fertile group were more likely to have
preterm or low-birthweight deliveries, whereas the odds re-
duced in the ART group (although not statistically signifi-
cant). Similarly, fetal distress was associated with increased
odds of having maternal delivery prolonged LOS among the
fertile women, but not for the ARTwomen. Moreover, while a
prolonged or dysfunctional labor was less likely to occur dur-
ing a preterm delivery for all the three fertility groups, the odds
decreased more significantly among the subfertile group.

Reasons for perinatal death were similar in the different
groups; however, the exact numbers in these categories cannot
be reported here due to DPH rules on reporting details when
the absolute numbers are < 11. Given the very largemagnitude
of the association between subfertile women and deliveries
resulting in perinatal death compared to fertile women, we
also reviewed whether the hospital was a low-risk setting or
tertiary care facility. In subanalyses, the greater odds of death
in the subfertile group did not differ between these two care
setting strata (data not shown).

Discussion

Within the population-based cohort of 117,779 singleton vag-
inal deliveries among primiparous women, we observed that
ART-treated and subfertile women had higher odds of prema-
turity and low birthweight as compared with fertile women.
The greater odds among subfertile women was only evident
for those < 30, and for ART-treated for those < 34. The greater
odds with ART treatment persisted among those with no ma-
ternal or placental complications. Perinatal death (≥ 20 weeks
gestation to 7 days of life) was most strongly associated with
deliveries to subfertile women compared to fertile women,
regardless of absence or type of delivery complications.Ta
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There were greater odds of maternal prolonged LOS in the
ART-treated as compared with fertile women; however, ma-
ternal readmission did not differ in ART-treated and subfertile
women when compared with fertile women.

Previous literature has clearly shown that both prematurity
and low birthweight are found more often in ART-treated than
in fertile singleton deliveries [1–4]. Our previous studies dem-
onstrated these differences in subfertile deliveries as well [6, 11]
and have suggested that underlying infertility also influences
these outcomes [5, 7, 11, 22]. In prior studies, we have also
sought to understand the extent to which ART treatment versus
underlying subfertility conditions are the major drivers of

adverse outcomes [22]. To explore this further, the current study
evaluated a population of low-risk deliveries. Despite limitation
of the study population to these low-risk, singleton, vaginal
deliveries of primiparous women, differences in odds of ad-
verse outcomes by fertility groups still persisted.

Previous research has demonstrated that cesarean delivery
is more common in ART-treated women than among fertile
women [8–12] and our research has also shown this difference
to be present in subfertile women [6, 7]. We have further
shown that the higher odds of cesarean in ART-treated and
subfertile women are largely explained by underlying medical
conditions in women who have cesarean deliveries [13]. Data

Table 4 Adjusted odds ratios comparing the obstetric and delivery outcomes of ART-treated and subfertile to fertile women stratified by age of mother
and by delivery complications among singleton, vaginal deliveries

Group Prematurity
(< 37 weeks)

LBW (< 2500 g) Fetal/perinatal death
(≥ 20 weeks–7 days)

Maternal delivery
prolonged LOS

% AOR (95% CI) % AOR (95% CI) % AOR (95% CI) % AOR (95% CI)

Age category1

Age ≤ 30 Fertile 6.8 1.00 (referent) 6.2 1.00 (referent) 0.7 1.00 (referent) 8.9 1.00 (referent)
Subfertile 9.5 1.52 (1.09–2.13) 8.8 1.79 (1.27–2.54) 2.4 5.03 (2.62–9.64) 11.9 1.33 (0.97–1.81)
ART 12.8 2.11 (1.65–2.71) 9.6 2.02 (1.52–2.67) 1.5 2.80 (1.41–5.58) 11.9 1.33 (1.02–1.72)

Age 31–34 Fertile 6.4 1.00 (referent) 5.4 1.00 (referent) 0.6 1.00 (referent) 9.7 1.00 (referent)
Subfertile 6.4 0.98 (0.67–1.45) 6.4 1.27 (0.86–1.88) 2.2 3.55 (1.76–7.18) 9.9 1.04 (0.76–1.44)
ART 9.7 1.53 (1.23–1.91) 7.6 1.49 (1.17–1.91) 1.3 2.03 (1.11–3.72) 11.5 1.23 (1.00–1.51)

Age 35–39 Fertile 7.9 1.00 (referent) 6.7 1.00 (referent) 0.7 1.00 (referent) 12.2 1.00 (referent)
Subfertile 10.0 1.29 (0.94–1.79) 7.6 1.20 (0.83–1.72) 0.7 1.00 (0.31–3.26) 13.5 1.02 (0.77–1.37)
ART 9.6 1.24 (0.99–1.55) 8.2 1.29 (1.01–1.63) 0.6 0.89 (0.38–2.09) 16.0 1.33 (1.11–1.59)

Age ≥ 40 Fertile 10.0 1.00 (referent) 8.1 1.00 (referent) 2.0 1.00 (referent) 17.4 1.00 (referent)
Subfertile 9.2 1.00 (0.58–1.75) 8.1 1.08 (0.59–1.95) 1.2 0.67 (0.15–3.00) 21.4 1.30 (0.86–1.95)
ART 8.4 0.88 (0.60–1.30) 6.5 0.82 (0.53–1.26) 0.2 0.11 (0.01–0.86) 25.9 1.58 (1.21–2.05)

Pregnancy and delivery complication category
No complications2 Fertile 4.3 1.00 (referent) 4.3 1.00 (referent) 0.6 1.00 (referent) 4.4 1.00 (referent)

Subfertile 5.3 1.40 (1.00–1.95) 4.9 1.48 (1.05–2.10) 1.8 3.66 (2.04–6.57) 5.6 1.08 (0.78–1.50)
ART 5.8 1.47 (1.15–1.87) 4.0 1.22 (0.92–1.62) 0.8 1.59 (0.84–2.98) 7.9 1.49 (1.20–1.83)

Placental complications and bleeding3 Fertile 17.6 1.00 (referent) 16.0 1.00 (referent) 3.1 1.00 (referent) 16.3 1.00 (referent)
Subfertile 25.3 1.42 (0.84–2.41) 19.8 1.30 (0.74–2.29) 7.7 3.36 (1.32–8.54) 17.6 0.84 (0.46–1.52)
ART 19.1 1.08 (0.75–1.55) 16.0 1.11 (0.76–1.62) 1.9 0.63 (0.22–1.83) 26.7 1.55 (1.12–2.14)

Fetal distress4 Fertile 5.4 1.00 (referent) 6.0 1.00 (referent) 0.1 1.00 (referent) 12.3 1.00 (referent)
Subfertile 4.7 0.76 (0.42–1.39) 5.8 1.04 (0.61–1.76) 0.4 4.65 (1.07–20.22) 15.7 1.14 (0.80–1.63)
ART 9.4 1.62 (1.18–2.22) 9.0 1.55 (1.14–2.11) 0.2 2.14 (0.51–8.88) 15.6 1.08 (0.84–1.39)

Prolonged/dysfunctional labor5 Fertile 4.7 1.00 (referent) 4.3 1.00 (referent) 0.3 1.00 (referent) 19.3 1.00 (referent)
Subfertile 1.6 0.30 (0.07–1.31) 3.2 1.03 (0.36–2.97) 0.0 – 19.8 0.72 (0.43–1.21)
ART 3.9 1.03 (0.50–2.10) 4.8 1.66 (0.86–3.21) 0.4 3.93 (0.88–17.55) 26.8 1.23 (0.87–1.73)

LBW low birthweight, LOS length of stay
1Multivariable logistic regression models adjusted for maternal age, race, insurance, education, marital status, diabetes, chronic hypertension, previous
uterine surgery, gestational diabetes, pregnancy hypertension, bleeding, and placenta complications
2 Adjusted for maternal age, race, insurance, education, and marital status
3. Adjusted for maternal age, race, insurance, education, marital status, diabetes, chronic hypertension, previous uterine surgery, gestational diabetes,
pregnancy hypertension, breech/malpresentation, prolonged labor (> 20 h), dysfunctional labor, fetal distress, cord prolapse, PROM, and cephalopelvic
disproportion
4. Adjusted for maternal age, race, insurance, education, marital status, diabetes, chronic hypertension, previous uterine surgery, gestational diabetes,
pregnancy hypertension, bleeding, placenta complications, breech/malpresentation, prolonged labor (> 20 h), dysfunctional labor, cord prolapse, PROM,
and cephalopelvic disproportion
5. Adjusted for maternal age, race, insurance, education, marital status, diabetes, chronic hypertension, previous uterine surgery, gestational diabetes,
pregnancy hypertension, bleeding, placenta complications, breech/malpresentation, fetal distress, cord prolapse, PROM, and cephalopelvic
disproportion
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from this population show that a higher percentage of preterm
and low-birthweight babies in the ART-treated and subfertile
groups were delivered by cesarean.We expected therefore that
the proportion of adverse outcomes among these fertility
groups would be lower among these vaginal deliveries.
Nevertheless, we still observed greater odds of adverse out-
comes when the population was restricted to this presumably
low-risk group of singleton, vaginal deliveries. Further, the
lowest risk women, those who were younger with no pregnan-
cy and delivery complications, continued to demonstrate these
differences in both the ART-treated and subfertile groups. The
ART-treated and subfertile women had more chronic diabetes,
hypertension, and abnormalities of placentation and bleeding
than the fertile women which may contribute to the continued
higher odds of prematurity and low birthweight.

A result in this study that was not hypothesized a priori is
that the large greater odds of perinatal death in the subfertile
but not the ART-treated group, observed by us in previous
studies [6, 11], would persist among singleton, vaginal deliv-
eries. Literature on perinatal death after ART has demonstrated
mixed results when fertility groups are compared [2, 23]. In the
current study, reasons for perinatal death were similar in all the
groups and analysis of these reasons did not demonstrate an
excess of prematurity in the deaths to the subfertile group as
compared with the ART-treated group that would explain this
difference. In addition, the greater odds remained pronounced
in groups of younger women and women with no underlying
medical complications rather than in women > 40 years who
might have been expected to have had more complicated de-
liveries and increased rates of perinatal death in the ART-
treated group. Some differences in perinatal death may result
from differing definitions in the different studies; however, our
results were consistent according to two definitions one that
included fetal death and one that did not (Table 3). Prior re-
search has suggested that perinatal death is less common
among premature infants with breech presentation delivered
by cesarean as compared to vaginal delivery [24], although this
result is not supported by all research [25]. It is therefore pos-
sible that in these deliveries among presumed high-risk preg-
nancies, ART-treated women were more quickly considered
candidates for cesarean than their subfertile counterparts.
Unfortunately, without knowledge of the decision-making that
went into the choice of delivery method, we cannot determine
this from our data. Also, the extent to which this risk is due to
unrecognized placental abnormalities is not known. Subfertile
women were no more likely to be delivered in a low-risk set-
ting rather than a tertiary care center but even in the latter
setting, they may not have been considered at higher risk as
were their ART-treated counterparts.

We previously found differences in severe maternal mor-
bidity between fertility groups [26] but no increase in maternal
readmission in ART-treated or subfertile deliveries [27] and no
differences in readmission were seen in this study. Even

among these vaginal, singleton deliveries, maternal LOS
was longer in the ART-treated women compared to fertile
women. The greater LOS may again relate to additional unac-
counted for maternal complications in these pregnancies. In
another study, we also show overall unadjusted child LOS to
be higher in ART-treated and subfertile deliveries than in fer-
tile ones (Dukhovny unpublished observations—submitted).
It is possible that sicker babies in these groups remain in the
hospital longer and their mothers stay with them. However, in
another study, we determined that when adjusted for maternal
LOS, infant LOS no longer remained significantly different
between the groups [28]. Additional studies will be needed to
determine which of these factors most contribute to risk.

The strength of this study includes its large sample size
comprehensive inclusion of deliveries within the catchment
state, and identification of a subfertile population for compar-
ison. Limitations include the use of administrative data that
inevitably contain some uncertainty in the coding used to
identify underlying medical conditions. We also had no infor-
mation about details of ICD9 coding for perinatal death nor
did we have information on reasons for decisions for maternal
hospitalization. We were further limited by lack of informa-
tion on BMI and on the infertility diagnoses and duration of
infertility in the ART-treated and subfertile groups. These un-
accounted for factors related to the cause of infertility may
define subgroups among the subfertile and ART-treated wom-
en that could further differentiate the associations with adverse
outcome in these groups. Because the definition of the
subfertile group is a conservative one, there may also be
subfertile deliveries misclassified into the fertile group; how-
ever, our concern was primarily to minimize misclassification
in the other direction, inclusion of fertile cases in the much
smaller subfertile group. In addition, while internally valid,
our data arise from women residing in a single state that has
mandated insurance coverage for ART and may not be gener-
alizable to women in every state or country.

In summary, we found that ART treatment and subfertility
were associated with higher odds of prematurity and low
birthweight even among presumably low-risk singleton vagi-
nal deliveries to primiparous women. The elevated odds of
perinatal death in the subfertile group remained higher even
when restricted to younger women or those with no placental
and delivery complications. Prolonged maternal LOS was
greatest in ART-treated women. Our data suggest that deliv-
eries to subfertile women should be considered high risk sim-
ilar to those of ART-treated women.
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