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Abstract

Objective: This study evaluates differences in child healthcare utilization by maternal fertility
status in the first four years of life.

Study Design: The retrospective cohort evaluated Massachusetts (MA) live born infants using
data linked from clinical assisted reproductive technology (ART) data, birth certificates, and
hospital discharge records. Hospital records of infants born 2004-2017 to mothers of fertile (no
infertility treatments or indicators of infertility), unassisted subfertile (UF, indicators of infertility
but no fertility treatment), medically assisted reproduction (MAR, non-ART assistance with
reproduction) and ART treatment were studied. Adjusted relative risk (aRR) was calculated using
multivariable log binomial regression models.

Results: We included 339,426 singleton live-born infants discharged from birth hospitalization.
Compared to children born to fertile mothers, those born to UF, MAR and ART-treated mothers
were more likely to have hospital-based care (aRR 1.06-1.21) in their first 4 years.

Conclusions: Maternal subfertility with and without treatment was associated with small
increases in child healthcare utilization.

Introduction

Use of assisted reproductive technology (ART)—those treatments that involve removal of
eggs from a woman’s body and their manipulation in vitro—has continued to increase over
many yearst. Despite the increase in usage, numerous studies have demonstrated health

Users may view, print, copy, and download text and data-mine the content in such documents, for the purposes of academic research,
subject always to the full Conditions of use:http://www.nature.com/authors/editorial_policies/license.html#terms

Corresponding author: Dmitry Dukhovny, MD MPH, Oregon Health & Science University, Department of Pediatrics, Mail Code
CDRC-P, 707 SW Gaines Street, Portland, OR 97239, Phone: 503-494-4738, Fax: 503-494-1542, dukhovny@ohsu.edu.

Financial Disclosures: The authors have indicated they have no relevant financial relationships to disclose.
Conflict of Interests: The authors have indicated they have no conflict of interests to this article.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dukhovny et al.

Methods:

Page 2

risks for infants born of ART including increased rates of prematurity, low birthweight,
and congenital anomalies?~6. These risks persist even in singletons’11, Preterm birth is
known to carry a lifelong influence on survivors!2, nevertheless, the effect of ART on
health outcomes of offspring after birth hospitalization, has been studied less extensively.
Furthermore, subfertility itself, in the absence of ART treatment, has been shown to
increase risks for prematurity, low birthweight, and congenital anomalies and could also
be associated with additional morbidity in offspring?3.14.

There are mixed results for studies of risks for children through early childhood. A review
article by Chen and Heilbronn in 20171° summarized studies a number of which showed
no increase in adverse health risk for children conceived through ART while others showed
those children to have increased risk of respiratory disease, incidence of cerebral palsy

as well as height, weight and growth differences with most comparing ART to unassisted
conception in fertile women. Some studies in this review also suggested increased risk of
metabolic and cardiac abnormalities. Similarly, Bergh and Wennerholm?® reviewed child
health studies and found that even in singletons, many studies show no difference but

a few demonstrate increased risk of some health conditions, in particular cardiovascular
abnormalities and diabetes. Other studies have reviewed whether ART treatment parameters
such as culture medial’-19, and Prenatal Genetic Diagnosis (PGD)2° effect child health;
again, results are mixed.

Clearly there is a need for additional studies to conclusively determine whether ART affects
child health; and if so, how. One way of evaluating health is to examine hospitalizations
experienced by children. In a recent study, we found that the incidence of respiratory

and gastrointestinal conditions during the birth hospitalization were increased following
deliveries to ART-treated and subfertile women?L. In addition, this study demonstrated that
hospitalizations for conditions of infectious disease and cardiovascular conditions were
increased in those born in some gestational age groups (primarily >37 weeks) but not in
other gestational age groups. Whether these risks continue into early childhood has yet

to be fully evaluated. Thus, the goal of this study was to understand whether a mother’s
subfertility and/or treatment with ART or other medically assisted reproduction (MAR)
treatments resulted in increased health care utilization among singleton, liveborn children to
the age of four.

Data Source:

The Massachusetts Outcome Study of Assisted Reproductive Technology (MOSART) is

a longitudinal population-based cohort of all births in Massachusetts. The details of the
MOSART cohort have been previously described [6, 13, 14]. Briefly, MOSART is a
database that combines the Society for Assisted Reproductive Technology Clinic Outcome
Reporting System (SART CORS) (15), a clinical database of treatment information on
ART cycles and the Pregnancy to Early Life Longitudinal (PELL) data system (16-18),
which links birth certificates to hospital discharge records for mothers and infants in
Massachusetts. PELL is a unique, longitudinal, population-based data system that links
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multiple sources of data, capturing diagnostic codes for hospital stays and health care
utilization using hospital related discharge data.

The MOSART database links the SART CORS and PELL data systems for all children

born in Massachusetts hospitals to Massachusetts resident women between July 1, 2004

and December 31, 2013. We chose the starting date based on 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 SART and PELL when this analysis
was initiated and allowed for appropriate offspring follow up (i.e. up to four years). A
deterministic five phase linkage algorithm was used with matching based on the baby’s date
of birth, mother’s date of birth, mother’s first name and last name, and father/partner’s last
name?2, The linkage rate was 90.2% overall and 94.6% for deliveries in which both mother’s
zip code and clinic were in Massachusetts.

Study Sample

The sample for these analyses included Massachusetts children born as singleton births to
mothers =18 years of age between July 1, 2004 and December 31, 2012. The sample was
limited to children born at >23 weeks gestational age who survived their birth hospitalization
and whose mothers were on private insurance at the time of delivery. The sample was
limited to private insurance in order to minimize the effect of utilization of emergency

room visits in the population that is publicly insured, where primary care/medical home

may not be as well established. In addition, since this is a state with mandated infertility
insurance, the vast majority of ART-treated or subfertile women have insurance. Children
were followed until 12/31/15. We excluded patients with a missing covariate and/or outcome
(Figure 1).

Independent variable:

The primary independent variable of interest was the maternal fertility group. Women were
categorized in one of four mutually exclusive groups: (1) fertile - those without ART or
other non-ART MAR techniques or other indicators of infertility; (2) unassisted subfertile

- those without ART, but who had other indicators of infertility, including a diagnosis of
infertility (i.e. ICD9 code 628.9 or V23 code) in maternal hospitalization records during the
5 years prior to the birth, a prior ART cycle in SART CORS, or a prior birth or fetal death
certificate indicating use of non-ART or non-ART MAR in an earlier delivery but who did
not have ART or MAR on the delivery for this child); (3) MAR—those with indication of
MAR on the birth certificate but whose delivery did not link to SART CORS and (4) ART-
treated - those deliveries linked to ART cycles within the SART CORS online database.
The definition of subfertility has been published previously23 and is closely aligned with
the recent publication by the International committee for Monitoring Assisted Reproductive
Technologies?4. The term “subfertility” was used instead of ‘infertility” because a strict
definition of infertility (one year of unprotected intercourse without conception) was not
confirmed for many of the women in this group. The period of five years to help define the
unassisted subfertile group was chosen based on earliest availability of PELL data.
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Primary Outcomes and Co-variates:

The outcome was receipt of hospital-based care, measured by inpatient hospitalizations,
observational stays, and emergency room (ER) visits for children through age four. Of note,
9.9% of patients were born in year 2012 and only have follow up to 4 years since the

PELL database was only available through December 31, 2015. Birth hospitalization was
not included, as we have previously reported these results?l: 25, Due to potential differences
in healthcare utilization over the first four years of life, we evaluated not only overall
hospitalization but also each segment of life span by dividing into the first year, years one
to three, and 4™ year of life. The age of follow up was selected for two primary reasons:

(1) the pre-school age is a critical stage of development and would allow to pick up on
more subtle increase in inpatient healthcare utilization that may not be apparent at the

birth hospitalization, particularly if the child was born at near term gestation; and (2) the
availability of long enough follow up between the aforementioned linked databases to allow
for sufficient follow up.

Covariates included maternal demographics (age, race, education, parity), maternal health
conditions (chronic hypertension and pre-pregnancy diabetes), and year of birth. The reason
for adjustment for year of birth was to account for the changes in ART technology over
time and account for potential impact on utilization, as well as to account for any financial
or clinical differences that may impact utilization year to year. Results were stratified by
birth characteristics (gestational age, birthweight). As previously described in our prior
studies, covariates for maternal health conditions were obtained from a combination of the
birth certificate and hospital ICD 9 codes, all other covariates were obtained from the birth
certificate?l: 26,

Statistical Analyses:

Results

Chi-square tests and ANOVA were applied for categorical and continuous variables
respectively to assess the unadjusted relationships between the covariates and across
maternal fertility groups. Mean length of stay was reported as least square means and
standard error (SE) and was calculated using gamma log link regression. We report overall
results and results stratified by GA (<37 weeks or >/=37 weeks) and birthweight (BW)
(<2,500g or >/=2,500g). Multivariable log binomial regression models were adjusted for
maternal age, race and ethnicity, education, chronic diabetes mellitus, chronic hypertension,
parity, and birth year. We report percent and adjusted relative risk (aRR) and 95%
Confidence Intervals (Cl). SAS software version 9.4 (SAS Institute, Inc, Cary, NC) was used
to perform all statistical analyses. The study was approved by the Institution Review Board
of the Massachusetts Department of Public Health and the Dartmouth-Hitchcock Health
IRB. Code availability for statistical methods can be requested from the corresponding
author.

There were 339,426 children in our cohort. Of these 316,187 were born to fertile, 6,308
to unassisted subfertile, 3,802 to non-ART MAR treated, and 13,129 to ART treated
women. Maternal demographics for the four fertility groups are shown in Table 1. The
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ART-treated and subfertile mothers were older, more often non-Hispanic white, and had
completed a higher level of education than the fertile mothers. In addition, ART-treated and
subfertile mothers had more chronic diabetes and hypertension and lower parity. In addition,
infants born to ART-treated and subfertile mothers were more likely to be preterm and low
birthweight than babies born to fertile mothers (Table 1).

In the overall cohort, 50.9% of children had at least one hospital encounter during the first
four years of life, however there was no difference among the fertility groups (Table 2).
Nevertheless, when evaluated by type of hospitalization, although there was no difference
among groups in ER visits, children of ART-treated and subfertile mothers had more
observational stays and inpatient hospitalizations. This pattern was fairly consistent in

all age categories (first year of life, 1-3 years, and 4™ year) with ER visits being no
different but either observational stays, hospitalization or both being more common in the
ART-treated and subfertile groups.

Hospitalization data stratified by gestational age and birthweight are shown in Table 3.
Overall, observational stays and in-patient hospitalizations were more common in children
of ART-treated and subfertile women (both unassisted subfertile and MAR), however, when
stratified, these differences only persisted for observational stays in children born at term or
with birthweight >=2500 grams.

Table 4 presents the aRRs and 95% Cls for comparisons of each of the fertility groups

with the fertile group as reference. The most notable differences were found when the
ART-treated group was compared with the fertile group however differences were also seen
between the MAR and fertile and the unassisted subfertile and fertile groups. Again, as in
Table 2 differences were most common for children born of term deliveries and of normal
birthweight. Comparisons within fertility groups are shown in Supplemental Table 1. No
significant differences were seen between ART and the subfertile groups.

Discussion

In this paper we demonstrated that maternal subfertility and fertility treatment are associated
with a small increase in healthcare utilization in the first four years of life of their offspring.
Hospitalizations and observational stays, but not ER visits, were increased in offspring

of mothers in all 3 non-fertile groups. This pattern was particularly notable in the term
population and in children born at birth weight >=2500 grams.

The ART-treated group showed the most notable differences from fertile overall and in the
various gestational age and birthweight groups. We hypothesize that this association may be
due to the likelihood that women undergoing ART have more underlying medical pathology
than those in the other groups, although it does not eliminate the possibility that the ART
treatment itself contributed to the increased risk. Nevertheless, the children of the non-ART
subfertile groups also had an increased usage of hospital services suggesting that a woman’s
underlying pathology associated with infertility was also a key factor. These observations are
consistent with previous observations of neonatal outcomes as well as early childhood health
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that show both children conceived through ART and those of subfertile women at increased
risk of adverse outcomes!3 14,

Previous studies have demonstrated varied results on whether child health is influenced

by a mother’s subfertility or ART-treatment. While some studies show no difference in

child health others have demonstrated differences between ART and fertile groups as to
cardiovascular health, diabetes, and cerebral palsy®16. There are also studies demonstrating
that some risks may persist to the age of 8 or more years® 27:28_ |t should be recognized that
the magnitude of differences demonstrated in these studies has been small.

Hospital based utilization such as inpatient hospitalization, observational stays and ER
visits, was used in this study as a marker of child health. Nevertheless, use of the ER

as the location for primary care in those who have no insurance could increase use

of these services without resulting from increases in underlying disease?%30, Given that
Massachusetts is an infertility insurance mandated state, a disproportionate number of

the uninsured women would have been in the fertile group?3. We sought to limit this
confounding effect by confining our cohort to the privately insured population. In this study,
children born of ART-treatment, non-ART MAR and to untreated subfertile women, had a
small (between 6% and 21%) increase in overall hospitalization (all categories) suggesting
a small increase in underlying pathology in these children. Nevertheless, it is also possible
that some hospitalization in these children resulted from an overzealousness on the part of
parents of these “precious” children, in many cases conceived with difficulty, to deal with
any conditions that might threaten the health of their children3Z.

Our study showed the greatest increases in hospital usage for children of subfertile
women to be found among the term deliveries and children born of birthweight >=2500
grams. The Barker hypothesis!? suggests that being born small or premature can have
ongoing consequences for long term health. Thus, some of the differences in the in the
low birthweight and premature populations based on the maternal fertility group may be
obscured by the expected increase in healthcare utilization in those two strata.

This study has several limitations. First, MOSART is composed of hospital data from
administrative databases which can contain inaccuracies and incomplete information,
although the number of hospitalizations is likely highly accurate. In addition, the definitions
of our subfertile groups are dependent on birth certificate information, known to be
imperfect as described previously32. Furthermore, 9.4% of the ART group was conceived
via donor ovum, with an apparent reduction in any utilization within the ART group
between donor (48.2%) and non-donor (51.6%) ovum strata (unadjusted p=0.02). A more
comprehensive analysis of hospitalizations by ART parameters requires further exploration
in future publications. We are missing some information that could be helpful such as BMI
of the mothers and details of fetal growth. The last year birth year of the study group (2012)
did not have follow up through four years of age given that the PELL data was not available
beyond 2015 at the time of the analysis. Given that only 9.9% of the patients were born in
2012 and the hospital encounters in the 4t year of life is less than 20%, the lack of complete
forth year affects a relatively small percentage of our study group and unlikely to impact our
results. Lastly, the study was specific to Massachusetts and it is also the possible that some
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families could have moved out of state during the study period making hospitalizations of
those children impossible to capture. In addition, a small portion of patients who reside close
to the border of the neighboring states in New England may seek some care in those states
out of convenience and thus their utilization is not captured. Nevertheless, it is unlikely

the percentage that left the state differed in the different fertility groups. Finally, the study
population was a Massachusetts cohort which may not be generalizable to other states or
countries.

Despite these limitations, this study includes one of the largest cohorts of children born to
subfertile, MAR, and ART-treated mothers. Moreover, children born from ART treatment
were identified through linkage to the SART CORS database, the gold standard for ART
treatment. Limiting our population to those with private insurance only, also allowed us to
overcome the issues associated with overuse of the hospital system by uninsured individuals,
who would have been more prevalent in the fertile group.

Conclusions

In summary, our study showed a small but significant increase in utilization of hospital
services among children of both ART-treated mothers and mothers who were subfertile but
did not receive ART treatment. Further study will be needed to determine the significance
of these differences and the long-term influence on child health and development. We are
currently extending our studies of child health to use of the Massachusetts All Payors
Claims Database to determine whether disease diagnosed during outpatient visits is equally
increased in these groups. We are also currently investigating the relative costs for these
groups which in order to provide additional information on underlying disease and resource
usage.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure:
Population Cohort

Total Birth Population in MA linked to inpatient
(mother's) delivery record
7/1/2004 - 12/31/2012

N=622,773

Maternal age = 18

N=611,862

Singletons

N=584,027

Gestational Age 223 weeks

N=583,620

Survived birth hospitalization

N=582,690

Private Insurance

N=339,426
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Table 1:

Maternal Demographics, Health, Delivery and Infant Outcome

Demographic Characteristic Category Total Fertile Unassisted Subfertile MAR ART
Total N 339426 316187 6308 3802 13129

Percent % % % % %
Age 18-29 29 30.6 6.6 14.1 7.2

30-34 40.7 41.3 321 385 317

35-37 17.9 17.3 28.6 221 24.8

38-40 9 8.2 20.6 16.6 20.4

41-42 24 2 8.2 54 8.6

43+ 11 0.8 3.9 3.2 7.2

Race/Ethnicity Hispanic 5.1 52 35 35 35

Non-Hispanic White 79.7 79.4 85.8 85 84.8

Non-Hispanic Black 4.6 4.7 2.6 2.4 2.8

Non-Hispanic Asian 10.6 10.7 8.2 9.1 8.9

Education < HS/HS graduate 21.9 226 14.8 114 12.6

Some college 11.8 11.9 11.6 10.1 9.9

College graduate 66.3 65.5 73.6 78.4 775

Non-gestational diabetes No 98.9 98.9 98.4 98.4 98.2
Yes 11 11 1.6 16 1.8

Chronic hypertension No 98.2 98.2 97.7 97.3 97
Yes 1.8 1.8 2.3 2.7 3

Parity 1 475 47.1 21.8 65.3 63

2 36.3 36.4 47.6 27.3 30.1

3+ 16.2 16.4 30.6 7.4 6.9

Method of Delivery Vaginal 64.5 65.3 50.3 58.6 52.2
VBAC 1.9 1.9 4 14 1.2

Primary CS 19.2 18.6 14.2 28.9 324

Repeated CS 14.3 14 31.2 111 14.1

Missing 0.1 0.1 0.2 0 0.1

Year of birth 2004 6.7 6.9 4.7 10 3.3

2005 129 131 9.3 12.3 111

2006 12.6 12.7 117 111 11.4

2007 124 124 13.1 9.2 11.8

2008 12.3 12.3 14 7.3 11.4

2009 115 115 12.3 8.9 12.2

2010 11.2 111 12.3 8.3 13.8

2011 10.5 10.3 11.7 14.7 12.2

2012 9.9 9.7 11 18.1 12.8

Infant Characteristics
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Demographic Characteristic Category Total Fertile Unassisted Subfertile MAR ART
Total N 339426 316187 6308 3802 13129
Percent % % % % %

Infant Sex Male 51.3 51.3 51 51.2 51.6
Female 48.7 48.7 49 48.8 48.4
Gestational Age Overall 39(2) 39(2) 39 (2) 39 (2) 39 (2)
237 weeks 94.4 94.6 93.4 91.9 90.1

<37 week 5.6 5.4 6.6 8.1 9.9

Birthweight Overall 3415 (530) | 3420 (526) 3431 (542) 3360 (571) | 3325 (596)

>2,5009 95.8 95.9 95.7 93.6 92.5

<2,500g 4.2 4.1 4.3 6.4 7.5

Demographics for the patient population. All p-values for comparison across the 4 groups are <0.0001 except for infant sex.
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Table 2:
Unadjusted healthcare utilization overall and by age of children

Total Fertile Unassisted Subfertile | MAR ART p-value
N 339,426 316,187 6,308 3,802 13,129
Overall % % % % %
ER Visit 47.6 47.6 47.1 47.3 48.0 0.6162
Observation 4.6 4.6 5.2 5.5 5.2 | <.0001
Hospitalization 9.5 9.4 10.1 10.1 10.2 0.0086

. 5.19

Length of stay (days (SE)) - | 4.72(0.08) (0.89) | 5.38(0.89) | 4.60(0.33) | 0.3218
Any hospital encounter 50.9 50.9 51.2 51.1 51.7 0.3155
First year (Excluding birth hospitalization)
ER Visit 21.9 21.9 20.6 21.6 21.9 0.0836
Observation 6.0 5.9 6.6 6.3 6.2 | 0.0586
Hospitalization 2.1 21 2.4 2.2 2.3 0.0685
Length of stay (days (SE)) * _. | 4.63(0.03) 5.37(0.27) | 4.46(0.30) | 4.95(0.18) | (.0069
Any hospital encounter 26.0 26.0 25.5 26.0 26.4 0.5198
Utilization in the years 1-3
ER Visit 32.7 32.7 31.2 32.7 32.6 0.0784
Observation 35 35 38 3.6 3.8 0.0771
Hospitalization 2.0 2.0 2.3 24 2.2 0.024
Length of stay (days (SE)) * | 419009 3.72(0.26) | 6.64 (0.61) | 3.61(0.17) | <qoo1
Any hospital encounter 34.3 34.3 33.3 34.7 34.4 0.3357
Utilization in the 4th year
ER Visit 15.0 14.9 15.6 14.8 15.6 0.0763
Observation 11 11 1.2 1.2 14 0.0355
Hospitalization 0.8 0.8 0.9 12 1.0 0.0071
Length of stay (days (SE)) * - | 391(0.07) 3.60(041) | 2,93 (0.43) | 3.17 (0.24) | 0.0138
Any hospital encounter 15.9 15.9 16.7 16.1 16.8 0.0096

Unadjusted rates of healthcare utilization.

Hospital encounter=ER visit, observation, or hospitalization;

*
Length of stay is calculate only for the patients who had a hospitalization encounter; significance across fertility groups for length of stay was
calculated using gamma log link regression; least square means and standard error are reported
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Table 3:

Unadjusted healthcare utilization stratified by gestational age and birthweight

Total Fertile | Unassisted Subfertile | MAR | ART p-value
GA
<37 weeks
N 18686 16706 407 301 1272
ER 51.7 51.7 47.2 55.1 52.2 | 0.1794
Observation 16.2 16.3 16 14.6 15.7 | 0.824
Hospitalization 7.6 7.6 5.7 11 8 | 0.0625
No hospital utilization 43.1 43.1 48.2 40.2 42.4 | 0.1359
=37 weeks
N 315794 | 295112 5763 3407 | 11512
ER 47.4 47.4 47.1 46.8 47.6 | 0.845
Observation 9.1 9 9.7 9.7 9.5 | 0.0765
Hospitalization 4.4 4.4 5.1 5 4.9 | 0.0011"
No hospital utilization 49.4 494 48.8 49.5 49 | 0.6022
BW
<2500 grams
N 14360 12861 271 243 985
ER 50.8 50.8 48 56 50.6 | 0.3226
Observation 15.9 15.9 18.1 14.4 16.3 | 0.6846
Hospitalization 7.9 7.9 55 9.9 8.3 | 0.3005
No hospital utilization 44.3 44.3 46.5 40.7 442 | 0.6181
<2500 grams
N 323861 | 302224 5996 3542 | 12099
ER 47.4 47.4 47 46.7 47.8 | 0.621
Observation 9.2 9.1 9.7 9.8 9.6 | 0.0763
Hospitalization 45 4.4 5.2 5.2 5 | <0.0001™
No hospital utilization 49.3 49.3 48.9 494 48.6 | 0.4377

Unadjusted healthcare utilization stratified for prematurity and birthweight

*
denotes statistical significance with p<0.05
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Adjusted Relative Risk (aRR) and 95% Confidence Intervals (95%CI) for Stratified Utilization’

Table 4:

Unassisted subfertile vs Fertile

MAR vs Fertile

ART vs Fertile

aRR (95%Cl)

aRR (95%Cl)

aRR (95%Cl)

Overall

ER 1.03 (1.00,1.06) 1.04 (1.00,1.07) | 1.06 (1.04,1.08) *
Hospitalization 1.07(0.99,1.15) | 1.17 (1.07,1.29) " | 1.17 (1.11,1.24) "
Observation 1.15 (1.03,1.28™ | 1.26 (1.10,1.44)* | 1.21(1.12,1.31) *
No Hospitalization 0.96 (0.93,0.98)* | 0.95(0.92,0.98) " | 0.94 (0.92,0.96) *
GA <37 weeks

ER 0.95 (0.86,1.06) | 1.14(1.03,1.26) | 1.09 (1.03,1.15)*

Hospitalization 0.99(0.79,1.24) | 0.96(0.73,1.27) | 1.04(0.91,1.19)
Observation 0.77 (0.51,1.15) | 1.45 (1.04,2.02) * 1.10 (0.90,1.35)
No Hospitalization 1.07(0.96,1.18) | 0.88(0.77,1.01) | 0.91 (0.85,0.98)
237 weeks

ER 1.04(1.01,1.07) | 1.03(0.99,1.07) | 1.06 (1.04,1.08)*
Hospitalization 1.07(0.99,1.16) | 1.18(1.06,1.31) " | 1.15(1.09,1.22) ¥
Observation 1.17 (1.04,1.31)* | 1.19(1.03,1.38)* | 1.19(1.10,1.30)
No Hospitalization 0.95 (0.93,0.98)* | 0.95(0.92,0.98) " | 0.94 (0.93,0.96) *
BW <2500 grams

ER 0.95(0.84,1.08) | 1.18(1.05,1.31) * 1.07 (1.00,1.14)
Hospitalization 1.09(0.84,1.42) | 0.99 (0.73,1.35) | 1.09(0.94,1.27)

Observation

0.67 (0.41,1.10)

1.30 (0.88,1.92)

1.1 (0.88,1.38)

No Hospitalization

1.03(0.91,1.17)

0.86 (0.73,1.00)

0.93 (0.86,1.00)

>2500 grams

ER 1.04(1.01,1.06) | 1.03(0.99,1.07) | 1.06 (1.04,1.08) "
Hospitalization 1.06 (0.98,1.15) | 1.18(1.07,1.31) " | 1.16(1.09,1.23)
Observation 1.18 (1.06,1.32) " | 1.24 (1.08,1.43)* | 1.21(1.11,1.31) *
No Hospitalization 0.95 (0.93,0.98)* | 0.95(0.92,0.98) " | 0.94 (0.92,0.96) *

Page 15

Fertile is the reference for all comparisons. Models adjusted for mother’s age, race, education, parity. birth year, pre-pregnancy diabetes and

chronic hypertension.

*
Significantly different (95% Confidence Intervals do not cross 1).
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