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Health of Infants After ART-Treated, 
Subfertile, and Fertile Deliveries
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OBJECTIVES: To assess the risk of adverse health outcomes for infants after assisted 
reproductive technology (ART)–treated and subfertile as compared with fertile deliveries.
METHODS: Live-born singleton infants ≥23 weeks’ gestational age (GA) born in Massachusetts 
between July 1, 2004, and December 31, 2010, were analyzed by linking a clinical ART 
database with state vital records. χ2 tests were used to compare the outcomes of fertile 
(those without ART treatment or other indicators of infertility), subfertile (indicators 
of infertility, no ART), and ART-treated (linked to ART deliveries) mothers, stratified by 
GA. Adjusted odds ratios (aORs) and 95% confidence intervals (CIs) were calculated by 
using multivariate logistic regression within each GA stratum, controlling for maternal 
sociodemographic and health characteristics.
RESULTS: Compared with infants of fertile mothers (n = 336 705), infants born to subfertile 
(n = 5043) or ART-treated (n = 8375) mothers were more likely to be preterm (aOR 1.39 
[95% CI 1.26–1.54] and aOR 1.72 [95% CI 1.60–1.85], respectively) and have respiratory 
and gastrointestinal and/or nutritional conditions (aOR range: 1.12–1.18). When stratified 
by GA, infants of subfertile or ART-treated mothers were at greater risk for congenital 
malformations and infectious diseases as well as cardiovascular and respiratory conditions 
(aOR range: 1.30–2.61; 95% CI range: 1.02–4.59). Compared with infants born to subfertile 
mothers, infants born to ART-treated mothers were at lower risk for being small for GA 
and having congenital malformations and cardiovascular conditions and at higher risk for 
infectious disease conditions.
CONCLUSIONS: Compared with infants born to fertile mothers, infants of subfertile and 
ART-treated mothers are at greater risk for adverse health outcomes at birth beyond 
prematurity. The occurrence and magnitude of these risks vary by GA and organ systems.
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WHAT’S KNOWN ON THIS SUBJECT: Infants born to 
subfertile and assisted reproductive technology–
treated mothers are at greater risk for adverse 
birth outcomes compared with those born to fertile 
mothers.

WHAT THIS STUDY ADDS: With this study, we 
demonstrate the variability in the risk of adverse 
health outcomes by maternal fertility group beyond 
just preterm birth and low birth weight but also, 
more specifically, by organ system conditions across 
several gestational age categories.
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Assisted reproductive technology 
(ART) includes any fertility 
treatment in which eggs and 
embryos are handled and typically 
involves surgically removing eggs 
from a woman’s ovaries, combining 
them with sperm in the laboratory, 
and returning them to the woman’s 
body or donating them to another 
woman. Excluded are treatments 
in which only sperm are handled 
(ie, intrauterine or artificial 
insemination) or procedures 
in which only medication is 
administered to stimulate egg 
production.‍1,​‍2 The use of ART has 
dramatically increased over time; 
from 2000 to 2013, ART cycles 
doubled in the United States, from 
99 629 to 190 773, and >5 million 
infants now have been born with 
the assistance of ART worldwide, 
half of whom within the past 6 
years.‍3‍–‍6

Previous studies have demonstrated 
higher risk for adverse birth 
outcomes for infants who were 
conceived by ART, largely driven 
by the prevalence of multiple 
gestation and subsequent greater 
risk for preterm birth.‍7,​‍8 However, 
a higher risk for preterm birth and 
low birth weight (LBW) is also 
found in singleton births after ART 
treatment.‍9‍–11 Although there is 
robust evidence for adverse birth 
outcomes among infants conceived 
by ART, data on the risk for specific 
neonatal conditions beyond 
preterm birth and LBW are lacking. 
Furthermore, there is little research 
on whether maternal infertility 
status (without ART treatment) 
versus ART treatment contributes to 
the risk for adverse neonatal health 
outcomes. Although authors of 
previous studies have demonstrated 
that the underlying subfertility 
diagnosis has a greater and more 
long-lasting adverse effect for 
mothers‍12 and increases the risk for 
preterm birth and LBW,​‍3,​‍13,​‍14 data 
on more specific neonatal health 
conditions because of maternal 

subfertility are sparse. Our objective 
in this study, therefore, was to 
assess the association of maternal 
fertility status and ART treatment on 
health at birth among Massachusetts 
singletons.

METHODS

Data Sources

Data were obtained from the 
Massachusetts Outcome Study of 
Assisted Reproductive Technology 
(MOSART) database, which includes 
data from (1) the Society for 
Assisted Reproductive Technology 
Clinic Outcome Reporting System 
(SART CORS) database, which 
contains cycle-based ART data 
from the majority of US ART 
clinics, and (2) the Pregnancy 
to Early Life Longitudinal Data 
System (PELL), an ongoing 
population-based system that 
includes birth certificates, death 
records, and hospital use data for 
Massachusetts resident mothers 
and infants. Institutional review 
board approval was obtained from 
the Massachusetts Department 
of Public Health and Dartmouth 
College. The Society for Assisted 
Reproductive Technology (SART) 
Research Committee approved the 
study.

The SART CORS contains 
comprehensive data from >90% 
of US ART clinics. Data were 
collected and verified by SART and 
were 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 demographics, ART diagnoses, 
treatment parameters, and 
pregnancy outcomes.

The PELL has linked information on 
>99% of all births and fetal deaths 
in Massachusetts since 1998 to 
hospital use data for women and 
their children. Birth defects data 

are linked from the Massachusetts 
Birth Defects Monitoring Program 
(MBDMP). BDMP conducts 
population-based active surveillance 
of structural birth defects  
among Massachusetts residents 
diagnosed through 1 year of age 
through analysis of data from 
delivery and specialty care  
hospitals, birthing centers, and  
vital records.

The MOSART database links 
the SART CORS and PELL for all 
children born in Massachusetts 
hospitals to Massachusetts  
resident women between July 1, 
2004, and December 31, 2010. The 
starting date was chosen on the 
basis of the availability of SART 
CORS data (January 1, 2004) to 
allow us to capture any births 
associated with ART, and the end 
date reflected the latest available 
data from both the SART and PELL 
when this analysis was initiated. 
A deterministic 5-phase linkage 
algorithm was implemented, with 
matching being based on the 
infant’s date of birth, mother’s 
date of birth, mother’s first name 
and last name, and father or 
partner’s last name.‍15 The linkage 
rate was 89.7% overall and 95.0% 
for deliveries in which both the 
mother’s zip code and clinic were in 
Massachusetts.

Cohort Selection

Inclusion criteria were as follows: 
(1) mothers’ first delivery in 
MOSART, regardless of parity, so as 
to not evaluate multiple deliveries  
to a single woman; (2) singleton;  
(3) maternal age ≥18 years;  
(4) live birth; and (5) infants with 
inpatient birth hospital records  
(‍Fig 1). Infants who were 
transferred to another facility 
after birth but before they were 
discharged were also included.

Outcomes

By using the International 
Classification of Diseases, Ninth 
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Revision (ICD-9) codes from birth 
hospitalization records and birth 
certificates, the following infant 
health outcomes were assessed: 
preterm birth (<37 weeks’ 
gestational age [GA]), small for 
gestational age (SGA), LBW  
(<2500 g), neonatal mortality during 
birth hospitalization (death between 
the day of delivery and the last day 
of hospitalization), and prolonged 
hospital stay (for infants ≥35 
weeks’ GA, >3 days for infants born 
vaginally and >5 days for those born 
by cesarean delivery). The outcome 
of birth defects, obtained from 
the MBDMP, was categorized as 
chromosomal or nonchromosomal 
according to a previously 
published MOSART study.‍16,​‍17 
Infants who were transferred to 
higher levels of care after birth 
were included. Specific conditions 
from the following systems were 
also assessed: infectious disease, 
cardiovascular, respiratory, 
gastrointestinal and/or nutritional, 
neurologic, and hematologic (ICD-9 
codes are shown in Supplemental 
Tables 4 through 10). Length of 
gestation was calculated on the 

basis of clinical estimates by the 
first trimester ultrasound and, 
when those were missing, the 
estimated date of the last menstrual 
period. Birth weights at each GA 
are normally distributed, and a z 
score (SD score) is the deviation 
of the value for an individual from 
the mean value of the reference 
population divided by the SD for the 
reference population. Birth weight 
z scores were calculated to evaluate 
the adequacy of weight for age by 
using Massachusetts population-
based standards and were modeled 
as continuous and categorical 
variables. We generated sex-, race 
and/or ethnicity–, and gestation-
specific birth weight means and SDs 
using Massachusetts data for live 
births from 2004 to 2010. Infants 
with z scores of ≤1.28 (<10th 
percentile for gestation) were 
classified as SGA.

Primary Exposure

Maternal fertility groups (fertile, 
subfertile, or ART treated) were the 
primary exposures. Women were 
classified as being ART treated 
if the delivery was linked to ART 

data from the SART CORS online 
database.

They were classified as subfertile 
if they had either a diagnosis of 
infertility (ICD-9 codes 628 and 
V230) on the index or previous 
hospitalization record, or an 
indication on the birth or fetal 
death certificate of use of non-ART 
medically assisted reproduction 
(MAR) for the index or previous 
deliveries.‍18 The term subfertility 
was used rather than infertility 
or MAR‍2 to indicate that this was 
a combination measure rather 
than 1 or the other of these 
determinations. Women who 
had undergone ART treatment 
in previous pregnancies during 
or preceding the MOSART study 
period were also defined as being 
subfertile for the index pregnancy. 
Fertile women were those in 
neither the ART-treated nor the 
subfertile groups.

Additional independent variables 
included maternal age, race and/
or ethnicity, education, marital 
status, parity, insurance status, 
chronic and pregnancy-induced 
hypertension, nongestational and 
gestational diabetes, and year of 
birth.

Statistical Methods

We compared the birth outcomes of 
infants born to fertile, subfertile, and 
ART-treated mothers stratified by  
GA categories using χ2 statistics (α =  
.05). Logistic regression modeling 
was performed to assess the 
independent association between 
maternal fertility group and adverse 
birth outcomes within each GA 
stratum, controlling for maternal 
age, race and/or ethnicity, education, 
insurance status at birth, preexisting 
diabetes, preexisting hypertension, 
pregnancy-induced hypertension, 
gestational diabetes, parity, sex, 
birth year, and GA. Given the higher 
risk of adverse health outcomes in 
infants of younger GA, we stratified 
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FIGURE 1
Cohort selection. MA, Massachusetts.
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our analyses by GA categories 
and controlled for GA within each 
category for the multivariate 
analyses. For the outcome of 
prolonged infant hospital stay among 
infants born ≥35 weeks’ GA, we  
also adjusted for maternal length  
of hospital stay. Results, presented  
as adjusted odd ratios (aORs) and 
95% confidence intervals (CIs),  
were considered significant with  
P values <.05 for bivariate  
analyses and when the 95% CIs 
did not include 1. All analyses were 
performed by using SAS software 
version 9.3 (SAS Institute, Inc,  
Cary, NC).

RESULTS

Cohort

Our study cohort included 351 692 
infants. Of these, 350 123 had 
birth hospitalization records and 
comprised our final cohort of 
336 705 infants of fertile, 5403 
infants of subfertile, and 8375 
infants of ART-treated women  
(‍Fig 1).

There were significant differences 
in maternal sociodemographic  
and clinical characteristics  
among mothers in the 3 fertility 
groups. Compared with fertile 
mothers, subfertile and ART- 
treated mothers were more  
likely to be older, non-Hispanic 
white, more highly educated, 
and primiparous; have chronic 
hypertension, pregnancy- 
induced hypertension, and 
nongestational and gestational 
diabetes and other conditions; 
and require prolonged hospital 
stay (‍Table 1; P < .0001 for all 
characteristics).

Bivariate Results

There were significant differences 
in health outcomes at birth for 
infants born to subfertile and ART-
treated mothers compared with 
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TABLE 1 �Maternal Cohort Characteristics

Demographic Characteristics Total  
(N = 350 123), %

Fertile  
(N = 336 705), %

Subfertile  
(N = 5043), %

ART  
(N = 8375), %

P

Age, y <.0001a

  18–29 48.2 49.7 13.8 8.8
  30–34 30.2 30.1 33.4 32.2
  35–37 12.4 11.9 24.7 24.2
  38–40 6.5 6 17.5 19.6
  41–42 1.8 1.6 6.6 8.5
  43+ 0.9 0.7 3.8 6.8
Race and/or ethnicity <.0001a

  Hispanic 14.2 14.6 5.2 3.7
  Non-Hispanic white 66.5 65.9 82.3 84.1
  Non-Hispanic Black 8.9 9.1 3.9 3.3
  Asian 8.2 8.2 7.5 7.9
  Other non-Hispanic 2.3 2.3 1.2 1.1
Education <.0001a

  Less than high school or 
high school graduate 

36.3 37.3 12.9 10.1

  Some college 22.2 22.4 17.9 16.1
  College graduate 41.5 40.3 69.2 73.8
Parity <.0001a

  1 57.3 56.8 58.8 74.8
  2 26.6 26.8 28.1 19.5
  3+ 16.1 16.4 13.1 5.7
Chronic hypertension <.0001a

  No 98.2 98.3 97.0 96.8
  Yes 1.8 1.7 3.0 3.2
Pregnancy-induced 

hypertension
<.0001a

  No 90.6 90.7 88.3 86.6
  Yes 9.4 9.3 11.7 13.4
Nongestational diabetes <.0001a

  No 98.8 98.8 98.1 97.9
  Yes 1.2 1.2 1.9 2.1
Gestational diabetes <.0001a

  No 94.2 94.3 90.6 91.6
  Yes 5.8 5.7 9.4 8.4
Prolonged length of hospital 

stay for mothersb
<.0001a

  No 92.3 92.5 90.3 86.8
  Yes 7.7 7.5 9.7 13.2
Year of birth <.0001a

  2004 10.2 10.2 14.3 5.2
  2005 19.7 19.7 21.9 17.7
  2006 17.7 17.7 19.6 16.9
  2007 15.3 15.3 13.4 16.2
  2008 13.5 13.6 11.2 14.0
  2009 12.3 12.2 10.3 14.0
  2010 11.3 11.2 9.3 16.0
Insurance at deliveryc <.0001a

  Private 58.6 57.2 90.1 95.3
  Public 40.6 42.0 9.1 3.5
  Self-pay 0.8 0.8 0.8 1.2

a Denotes significant findings at P < .05.
b Public is a composite of free care and public.
c Prolonged stay is defined as >3 d for vaginal delivery or >5 d for cesarean delivery.
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infants who were born to fertile 
mothers, with significantly higher 
prevalence of preterm birth, LBW, 
neonatal mortality, birth defects, 
and conditions of infectious disease 
and the cardiovascular, respiratory, 
gastrointestinal and/or nutritional, 
and hematologic systems. For 
infants born at ≥35 weeks’ GA, 
those born to subfertile and ART-
treated mothers had a higher 
prevalence of prolonged hospital 
stay (‍Table 2).

Multivariate Results

‍Table 3 show aORs and 95% CIs  
for the entire cohort and as 
stratified by GA categories. For each 
outcome, infants born to fertile 
or subfertile mothers serve as the 
reference.

SGA

For infants who were 28 to 33 weeks’ 
GA and 34 to 36 weeks’ GA, those 
who were conceived by ART had 
lower odds of being SGA compared 
with infants of fertile or subfertile 
mothers.

Preterm Birth

Compared with infants of fertile 
mothers, those who were born to 
subfertile and ART-treated mothers 
had higher odds of preterm birth; 
those who were born to ART-
treated mothers had higher  
odds than those of subfertile 
mothers.

Birth Defects

For infants 28 to 33 weeks’ GA, 
those born to ART-treated mothers 
had decreased odds of birth defects 
compared with subfertile mothers. 
When stratified by chromosomal 
versus nonchromosomal birth 
defects, infants born to ART-
treated mothers had lower odds 
of chromosomal abnormalities 
compared with those of fertile and 
subfertile mothers. For infants 
born at 28 to 33 weeks’ GA and 
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TABLE 2 �Infant Outcomes by Maternal Fertility Group

Infant Outcomes Total  
(N = 350 123), %

Fertile  
(N = 336 705), %

Subfertile  
(N = 5043), %

ART  
(N = 8375), %

P

GA, wk
  ≤27 0.4 0.4 0.6 0.7 <.0001a

  28–33 1.3 1.3 1.9 2.5
  34–36 4.9 4.8 6.2 7.5
  37–38 20.9 20.8 24.8 23.6
  39+ 72.5 72.8 66.6 65.7
Birth wt, g
  ≤1000 0.4 0.4 0.6 0.7 <.0001a

  1001–1500 0.5 0.5 0.6 0.9
  1501–2500 4.9 4.8 5.7 6.4
  2501+ 94.2 94.3 93.1 92
Sex
  Male 51.2 51.2 51.1 51.4 .918
  Female 48.8 48.8 48.9 48.6
SGA
  No 91.4 91.4 92.2 91.7 .1385
  Yes 8.6 8.6 7.8 8.3
Preterm birth <37 

wk
  No 93.4 93.6 91.3 89.3 <.0001a

  Yes 6.6 6.4 8.7 10.7
LBW <2500 g
  No 94.2 94.3 93.1 92 <.0001a

  Yes 5.8 5.7 6.9 8.0
Neonatal mortality
  No 99.8 99.8 99.6 99.6 .0027a

  Yes 0.2 0.2 0.4 0.4
Birth defects
  No 98.3 98.4 97.8 97.9 <.0001a

  Yes 1.7 1.6 2.2 2.1
Chromosomal 

birth defects
  No 99.81 99.81 99.62 99.83 .0112a

  Yes 0.19 0.19 0.38 0.17
Nonchromosomal 

birth defects
  No 98.5 98.6 98.1 98.1 .0003a

  Yes 1.5 1.4 1.9 1.9
Infectious disease 

conditions
  No 98.8 98.8 98.6 98.3 .0003a

  Yes 1.2 1.2 1.4 1.7
Cardiovascular 

conditions
  No 98.3 98.3 97.6 97.6 <.0001a

  Yes 1.7 1.7 2.4 2.4
Respiratory 

conditions
  No 91.1 91.2 89 87.3 <.0001a

  Yes 8.9 8.8 11 12.7
Gastrointestinal 

and/or 
nutritional 
conditions

  No 97 97.1 95.7 94.9 <.0001a

  Yes 3 2.9 4.3 5.1
Neurologic 

conditions
  No 96.4 96.5 96.5 96.2 .5381
  Yes 3.6 3.5 3.5 3.8
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≥39 weeks’ GA, the likelihood 
of chromosomal birth defects 
was lower among ART-treated 
mothers compared with subfertile 
mothers. For infants born at 37 
to 38 weeks’ GA, compared with 
infants who were born to fertile 
mothers, infants who were born 
to ART-treated mothers had lower 
odds of chromosomal birth defects. 
There were no differences in the 
likelihood of nonchromosomal birth 
defects.

Infectious Disease Conditions

For infants 28 to 33 weeks’ GA, 
those conceived by ART had higher 
odds of infectious disease conditions 
compared with infants of fertile and 
subfertile mothers.

Cardiovascular Conditions

For infants 34 to 36 weeks’ GA, 
those born to ART-treated  
mothers had higher odds of 
cardiovascular conditions 
compared with infants born to 
fertile mothers. For infants 37 
to 38 weeks’ GA, those born to 
subfertile mothers had higher 
odds of cardiovascular conditions 
compared with those of fertile 
mothers. Infants born to ART-
treated mothers had lower odds 
of cardiovascular conditions when 
compared with those born to 
subfertile mothers.

Respiratory Conditions

Compared with infants of fertile 
mothers, those born to subfertile 
and ART-treated mothers had higher 
odds of respiratory conditions. When 
stratified by GA, for infants 28 to 33 
weeks’ GA and 34 to 36 weeks’ GA, 
those born to ART-treated mothers 
had higher odds of respiratory 
conditions compared with infants 
born to fertile mothers.

Gastrointestinal and/or Nutritional 
Conditions

Compared with infants born to fertile 
mothers, infants born to ART-treated 
and subfertile mothers had higher 
odds of gastrointestinal and/or 
nutritional conditions.

For the outcomes of LBW, neonatal 
mortality, neurologic conditions, 
hematologic conditions, and 
prolonged hospital stay, there was 
no difference among infants of the 3 
fertility groups.

Autologous and Donor Cycles

We performed a sensitivity analysis 
to assess whether our effect 
estimates would differ when the 
ART-treated group was restricted 
to the use of autologous oocytes. 
Most of the significant differences 
remained. Exceptions included that 
the difference seen in infants who 
were SGA at 34 to 36 weeks’ GA 
and the odds of infectious disease 
conditions among infants 28 to  

33 weeks’ GA of ART-treated 
mothers were no longer significant 
(data not shown).

DISCUSSION

In this population-based analysis 
of health outcomes of infants born 
to fertile, subfertile, and ART-
treated mothers, we found that 
after adjusting for key maternal 
and infant characteristics, the 
risk for being SGA, preterm birth, 
congenital malformations, and 
conditions of infectious disease  
and the cardiovascular, respiratory, 
and gastrointestinal systems  
varied across GA categories, 
although there were no differences 
in the risk for LBW, neonatal 
mortality, and conditions of the 
neurologic and hematologic 
systems.

Although it is clearly accepted that 
multiple gestation is a significant 
predictor of preterm birth and LBW, 
recent studies have also revealed 
that even among singleton births, 
mothers with infertility without 
ART treatment along with those 
who do undergo ART treatment are 
at higher risk for preterm delivery. 
Our results confirm the findings of 
these previous studies.‍10,​‍14,​‍19‍–21  
For instance, Luke et al‍7 reported 
that among singleton deliveries, 
the preterm birth rate was 
11.5%, which was higher than 
the overall preterm birth rate 
among singletons of 6.2% in 
Massachusetts during this time 
period (Massachusetts Department 
of Public Health, personal 
communication, 2017). In another 
analysis of MOSART data, Stern et al‍12 
found that even after adjusting 
for plurality, the risk for preterm 
birth and LBW was increased for 
women with infertility-related 
diagnoses in both ART-treated 
and non–ART-treated women 
with the exception of ART-treated 
mothers with endometriosis.‍12 

HWANG et al6

Infant Outcomes Total  
(N = 350 123), %

Fertile  
(N = 336 705), %

Subfertile  
(N = 5043), %

ART  
(N = 8375), %

P

Hematologic 
conditions

  No 96.1 96.1 95.4 95.2 <.0001a

  Yes 3.9 3.9 4.6 4.8
Prolonged hospital 

stay for kidsb

  No 92.7 92.8 92 90.8 <.0001a

  Yes 7.3 7.2 8 9.2

a Denotes significant findings at P < .05.
b Prolonged stay is defined as >3 d for vaginal delivery or >5 d for cesarean delivery; limited analysis to those whose GA is 
≥35 wk with known data on mode of delivery and birth hospital records.

TABLE 2  Continued
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Additionally, Sunkara et al‍11 
found that among singleton live 
births, there was a significantly 
higher risk of preterm birth and 
LBW among women with >20 
oocytes after ovarian stimulation 
compared with women with 10 to 
15 oocytes in their observational 
study of in vitro fertilization 
(IVF) cycles performed in the 
United Kingdom. Interestingly, in 
a retrospective analysis in which 
they compared birth outcomes of 
women who underwent stimulated 
or unstimulated IVF in a single 
center, Mak et al9 reported no 
difference in the risk of preterm 
birth after adjusting for potential 
confounders. Nevertheless, the 
precise biological mechanism for 
this disruption in term gestation 
remains unknown and requires 
continued investigation.

Among infants born at several  
GAs, we found that those born  
to ART-treated mothers were 
at lower risk for chromosomal 
abnormalities compared with 
infants born to subfertile mothers. 
There were no differences in 
noncongenital abnormalities. We 
have previously shown that infants 
of subfertile and ART-treated 
deliveries have an overall higher 
rate of birth defects than infants of 
fertile deliveries; however, much 
of this difference in our previous 
study was associated with multiple 
births.‍16 Although previous 
literature has also revealed that 
maternal subfertility conditions, as 
well as ART treatment practices, 
are associated with congenital 
malformations,​‍22‍‍–25 the effect on a 
specific GA category has not been 
previously demonstrated, to our 
knowledge.

When we limited our analysis to 
infants of ≥35 weeks’ GA, we found 
that when maternal length of stay 
was not included in the model, only 
infants of ≥39 weeks’ GA born to 
ART-treated women were at higher 

risk of prolonged hospitalization 
compared with infants born to 
fertile mothers. With maternal 
length of stay added to the models, 
there was no difference across 
fertility groups, highlighting that 
ART-treated mothers required 
longer birth hospitalizations, 
possibly related to their underlying 
subfertility diagnoses and 
potential delivery complications 
that then increased the length of 
stay for their infants. In one of the 
few studies that assessed hospital 
length of stay among infants of 
fertile and ART-treated mothers, 
Ericson et al‍26 analyzed both 
singletons and multiples from  
birth to 14 days of life, 
demonstrating that in the  
postnatal period, length of 
hospitalization was longer  
for infants born to ART-treated 
women. When limited to term 
infants, the risk for longer  
length of stay was attenuated but 
remained significant. However, 
maternal length of stay after 
delivery was not included in 
their analyses, which we have 
demonstrated is a significant  
factor that is associated with the 
infant’s length of hospitalization.

The variation by fertility status  
and across gestational categories  
in risk for infectious disease  
and cardiovascular, respiratory,  
and gastrointestinal and/or 
nutritional conditions has not 
been previously reported, to our 
knowledge. It is possible that  
the multiple comparisons made 
in our analyses may result in 
false-positive associations. 
However, the robust estimates 
in the risk for certain conditions 
(infectious disease and respiratory 
complications) and the lack 
of significant associations in 
other systems (neurologic and 
hematologic conditions) reveal 
a developmental component to 
the risk for certain organ system 
conditions in fetal life. Further 

investigation is needed  
to better understand the  
biological disruptions that  
may occur in fetal organ 
development among subfertile  
and ART-treated mothers and 
to assess potential effects of 
underlying maternal conditions  
on these outcomes.

Researchers in a recent meta-
analysis assessed whether maternal 
and infant outcomes varied 
by ART treatment with oocyte 
donation, conventional IVF and 
intracytoplasmic sperm injection, 
or spontaneous conception.‍27 In 
the pooled results, when compared 
with conventional IVF and 
intracytoplasmic sperm injection, 
infants conceived with oocyte 
donation were more likely to be 
preterm and of LBW. The results 
revealed only minor differences 
from our analysis containing 
combined autologous and donor 
cycles.

There are several limitations to 
our study. First, given that the 
MOSART database is composed 
of vital statistics and hospital-
level administrative discharge 
codes, some parameters were not 
available for study, namely, those 
related to specific MAR techniques 
used for treated mothers and 
for the prepared sperm in the 
subfertile group, which may 
influence neonatal health outcomes 
and initial zygosity. For instance, 
as demonstrated in animal models, 
ovulation induction led to loss of 
imprinted DNA methylation in 
mouse blastocysts to the same 
extent as with the use of in vitro 
follicle culture.‍28 For human 
sperm, previous researchers 
have demonstrated decreased 
methylation after swim-up 
preparation.‍29 Second, BMI, which 
was shown to be significantly 
associated with a number of 
adverse neonatal outcomes,  
was not available.‍30‍–32 Moreover, 
data related to pregnancy 
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course, such as fetal growth and 
uteroplacental Doppler ultrasound 
data, were not available. Third, 
data on paternal infertility were 
unavailable for linkage. Finally, 
given that the cohort included 
only births to Massachusetts 
resident mothers, findings may 
not be generalizable to a broader 
population.

CONCLUSIONS

Our study revealed that infants 
born as singletons to primiparous, 
subfertile, and ART-treated 
mothers are at greater risk for 
being born preterm and having 
chromosomal abnormalities and 
conditions of infectious disease and 
in the cardiovascular, respiratory, 
and gastrointestinal and/or 
nutritional systems, but we saw 
no difference in the risk for LBW, 
neonatal mortality, neurologic and 
hematologic abnormality,  
and length of birth hospitalization. 
Our population-based study of 
neonatal health outcomes is  
one of the first to reveal the 

variability in risk of adverse  
health outcomes beyond preterm 
birth and LBW but also, more 
specifically, by organ system 
conditions across several GA 
categories. With this approach, we 
offer more detailed associations 
between maternal fertility and 
the receipt of treatment along 
the continuum of fetal organ 
development and subsequent  
infant health conditions. Future 
studies will be needed to better 
understand the biological 
mechanisms that underlie these 
findings. Moreover, longer-term 
follow-up of infants conceived 
through MAR and ART will be 
needed to understand their health 
outcomes into later childhood and 
adulthood.
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