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Abstract

Background: Research has shown an association between assisted reproductive technology
(ART) and adverse birth outcomes. We identified whether birth outcomes of ART-conceived
pregnancies vary across states with different maternal characteristics, insurance coverage for ART
services, and type of ART services provided.

Methods: CDC’s National ART Surveillance System data were linked to Massachusetts, Florida,
and Michigan vital records from 2000 through 2006. Maternal characteristics in ART- and non-
ART-conceived live births were compared between states using chi-square tests. We performed
multivariable logistic regression analyses and calculated adjusted odds ratios (aOR) to assess
associations between ART use and singleton preterm delivery (<32 weeks, <37 weeks), singleton
small for gestational age (SGA) (<5th and <10th percentiles) and multiple birth.

Results: ART use in Massachusetts was associated with significantly lower odds of twins as well
as triplets and higher order births compared to Florida and Michigan (aOR 22.6 vs. 30.0 and 26.3,
and aOR 37.6 vs. 92.8 and 99.2, respectively; Pinteraction < 0.001). ART use was associated with
increased odds of SGA in Michigan only, and with preterm delivery (<32 and <37 weeks) in all
states (aOR range: 1.60, 1.87).

Conclusions: ART use was associated with an increased risk of preterm delivery among
singletons that showed little variability between states. The number of twins, triplets and higher
order gestations per cycle was lower in Massachusetts, which may be due to the availability of
insurance coverage for ART in Massachusetts.
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The use of assisted reproductive technology (ART) has steadily increased since first being
introduced in 1978.1:2 Although the majority of ART-conceived children are healthy,
questions remain about the potential risks associated with its use. Current evidence shows
an association between ART and preterm delivery, multiples and small for gestational age
(SGA\) infants.34 It is widely accepted that ART-related risks are due in part to the increased
frequency of multiple pregnancies.® However, singleton infants born through ART also have
a higher prevalence of adverse outcomes.® It remains unclear whether these outcomes are
due to ART procedures and/or underlying subfertility factors.#8-10

Several studies have shown that sub-fertile women who conceive spontaneously exhibit
some of the same adverse obstetric and perinatal outcomes as those who conceive through
ART. In addition, sub-fertile women who conceive spontaneously have higher risks of
adverse outcomes compared to fertile women and the general population.10-15

Nevertheless, current evidence indicates that commonly used ART procedures, such as
intracytoplasmic sperm injection (ICSI), gamete intrafallopian transfer (GIFT), and fresh-
embryo transfer may contribute to poorer birth outcomes.1:3:16 In a population-based cohort
study, birthweights were lower in both singletons and twins conceived through GIFT, ICSI
and fresh-embryo transfer compared to frozen-embryo transfer (FET).12 Preterm delivery
rates have also been found to be higher in singletons conceived through fresh-embryo
transfer compared to frozen-embryo transfer and ICSI.18 It has been suggested that frozen
embryos result in better outcomes because the use of ovarian stimulation, which may
negatively impact the endometrial environment, is not required.1’

Research has shown that the costs associated with ART treatment predict the degree of
access and number of embryos transferred.18:19 Insurance mandates for ART coverage vary
widely between states. To date, 15 states require private insurance to cover costs associated
with infertility treatments.20 There is variability in the types of treatments covered with
some states covering the costs for four oocyte retrievals, others stipulating that coverage is
dependent on the type of insurer, and some providing coverage only for treatments other
than ART. Massachusetts has the most comprehensive mandate that requires insurers to
cover ART in the instance that treatment is deemed a medical necessity. There is no limit
on the number of cycles covered and no dollar lifetime cap, however, insurers may use
patient medical histories to set limits.2122 The majority of states do not currently have state
mandates to cover ART.

Although the contribution of ART to birth outcomes has been estimated for each state,

this association has not been explored in the context of varying population characteristics
between states.? We seek to identify whether birth outcomes of ART-conceived pregnancies
vary between three states (Massachusetts, Michigan and Florida) with different maternal
characteristics, insurance coverage for ART services, and type of ART services provided.
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Data sources

Data from the Centers for Disease Control and Prevention’s (CDC) National ART
Surveillance System (NASS) were linked to Massachusetts, Florida, and Michigan state
vital records for the period of 1 January 2000 through 31 December 2006 using CDC’s Link
Plus software. The data were obtained through the States Monitoring Assisted Reproductive
Technology (SMART) Collaborative that was established by the CDC and public health
agencies of Massachusetts, Florida and Michigan. A probabilistic linkage algorithm was
used to link records by maternal and infant date of birth, plurality, gravidity, and zip code.23
The average linkage rate was 91% which includes 28 971 linked ART cycles.24 Fetal death
record linkages were not available for inclusion. NASS contains maternal demographics,
infertility diagnosis, ART procedures and pregnancy success rates from fertility clinics
serving women in Florida, Massachusetts and Michigan; and one Rhode Island fertility
clinic serving Massachusetts residents.2325 The study was approved by the Institutional
Review Boards of the CDC and Public Health agencies of Massachusetts, Florida and
Michigan.

The study population consisted of ART and non-ART-conceived live births in
Massachusetts, Florida, and Michigan from 2000 through 2006. Maternal characteristics
included age, education, race/ethnicity, nativity, marital status, tobacco use, parity, gravida,
labour and delivery pay source, and adequacy of prenatal care utilisation as defined by

the Kotelchuck Index. Categories were bridged between older and newer versions of birth
certificate. Clinical estimates were used to assign gestational age. Singleton SGA infants
were identified using Alexander’s method and categorised as <5th and <10th percentile.26
Birth-weight below 300 g and >6000 g, and gestational age <24 weeks and >42 weeks were
excluded from the analyses. Post-term births, occurring after 42 weeks of gestation, were
excluded to prevent practice differences between states from influencing the results.

Statistical analysis

Statistical analyses were performed through the National Center for Health Statistics’
(NCHS) Research Data Center (RDC).2” Bivariate analyses were conducted to compare
rates of ART-conceived multiples, singleton preterm delivery and singleton SGA births by
maternal characteristics and state, and to compare ART procedures by state. Student’s #test
and the Kolmogorov—Smirnov test were conducted to assess the distribution of multiples.
Multivariable logistic regression analyses were performed to determine the associations
between ART use and singleton preterm delivery (<32 weeks, <37 weeks), singleton

SGA (<5th percentile and <10th percentile), and multiple births. Regression models for
multiples were adjusted for maternal characteristics including age, education, nativity,
race/ethnicity, tobacco use, and marital status. Regression analyses for preterm and SGA
outcomes were additionally adjusted for parity, gravidity, labour and delivery pay source,
chronic hypertension, and diabetes. An interaction term of ART and state was included in
the regression models to compare outcomes between states. Multiples were clustered by
maternal identification number. Sensitivity analyses were conducted to examine the role of

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2024 March 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Luke et al.

Results

Page 4

adjustment factors in the models. Statistical Analysis System (sas) was used to conduct
analyses (Version 9.3, SAS Institute, Cary, NC, USA).

Maternal characteristics and plurality by ART use are presented in Table 1. Tobacco use,
diabetes, eclampsia, and chronic hypertension were not reported due to small cell sizes.
Massachusetts had a lower rate of ART-conceived triplets and higher order births, while
ART and non-ART-conceived infants were born to older, more educated women compared
to other states. The rate of ART-conceived births was higher in Massachusetts at 25.3 ART
births per 1000 total births, compared to 7.3 and 6.3 per 1000 for Michigan and Florida
respectively (data not shown).

Table 2 summarises the rate of multiples, singleton preterm, and singleton SGA births
among ART births by state of residence and maternal characteristics. Massachusetts had
lower rates of multiple births across most characteristics. The rates of ART-conceived SGA
singletons were highest among foreign-born women in all three states. ART-conceived
singleton preterm deliveries were highest in Florida for non-Hispanic Black women, women
who did not graduate from college, and women under 30 or =40 years of age. In Michigan,
rates of singleton preterm delivery were highest among women 35 years and older, who

had not completed college, and who were classified as “other” for race/ethnicity. Results for
preterm delivery <32 weeks and fifth percentile SGA were not reported because of small cell
sizes and similarity to other cut points.

ART procedures and causes of infertility varied significantly by state (Table 3). A higher
proportion of infants were conceived using ICSI in Florida and Michigan. Overall, 19.6%
of women using ART in Massachusetts had an unexplained cause of infertility compared

to 6.7% and 6.0% in Florida and Michigan respectively. The percent of women under 35
receiving more than three embryos was significantly higher in Florida (9.2%) and Michigan
(25.0%) compared to Massachusetts (5.1%).

Table 4 summarises the aORs between ART use and multiples, singleton preterm and SGA
births. Although the odds of having an ART-conceived multiple birth was significantly
higher in all three states compared to spontaneously conceived births, this association varied
across states (P < 0.0001). ART use in Massachusetts was associated with a 22.6 (95%
confidence interval (Cl): 21.6, 23.7) increased odds of twin delivery and a 37.6 (95% CI:
31.1, 45.4) increased odds of triplet+ delivery. ART use resulted in a 30.0 (95% ClI: 28.5,
31.6) increased odds of having twins and a 92.8 (95% ClI: 78.4, 109.9) increased odds of
having triplets in Florida, and a 26.3 (95% CI: 24.7, 28.1) increased odds of twins and
99.2 (95% ClI: 82.3, 119.6) increased odds of triplets in Michigan. The aOR for singleton
preterm delivery (<32 and <37 weeks gestation) and ART ranged from 1.60 to 1.87. A
significant association between ART and fifth percentile singleton SGA was only observed
for Massachusetts (aOR 1.14 (95% ClI: 1.02, 1.27)); while ART and tenth percentile SGA
singleton births was significant for Michigan (aOR 1.20 (95% CI: 1.02, 1.42)), but not for
Florida and Massachusetts.
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Comment

In this study, differences were seen between outcomes of ART- and spontaneously conceived
infants. Variability in singleton preterm deliveries by maternal characteristics was observed
among states for ART-conceived births. In Massachusetts, a higher percentage of ART-
conceived births were singletons compared to the other two states. Regression results
indicated that the main effect of state was significant for preterm delivery, multiples, and
fifth percentile SGA in the absence of ART. These findings demonstrate the influences

of variability in maternal characteristics and treatment-related factors on infant outcomes
between states.

The weaker association observed in Massachusetts and higher prevalence of unexplained
infertility might be attributable to the presence of an ART insurance mandate. Medical
justification for investigating causes of infertility may be dependent on insurance coverage.
Further examination of this finding is warranted, however, the current surveillance system
does not provide substantial information on this issue. Another potential impact of coverage
is the significantly lower rate of multiple embryo transfers in Massachusetts among women
younger than 35. The higher magnitude of association between ART and multiple births,
especially triplets+, in Florida and Michigan, is consistent with previous research that
higher rates of multiple births occur in states lacking insurance mandates for ART.28 When
patients must pay per cycle, there may be heightened interest on both the part of the patient
and physician to optimise pregnancy success as ART is often times cost prohibitive. The
affordability of ART is an important determinant of utilisation, treatment choices, number
of embryos transferred and multiple birth rates.28 Insurance coverage for multiple cycles of
IVF nation-wide could lead to increased use of elective single embryo transfer (eSET). It
is estimated that the cost of caring for ART-conceived multiples exceeds the cost of ART
treatment itself, and can extend well beyond the perinatal period.29-32

The definition of a successful ART cycle should be characterised by the delivery of a normal
birthweight singleton term live birth.33 Prior to embarking on a treatment regimen, patients
should be informed about the risks associated with the number of embryos transferred.
While eSET should be encouraged among patients, the high out-of-pocket costs of ART
will continue to motivate patients to request the transfer of more embryos regardless of the
increased risks.

This study is not without limitations. First, ART is an intricate series of procedures,

which may either individually or collectively affect the quality of gamete(s), embryos,

and health of the woman undergoing the procedure. We were unable to control for
important confounders such as success of previous ART procedures, embryo stage and
quality, length of period of infertility, aetiology of infertility, and behavioural factors.
Second, the gestational age calculation is based on clinical and obstetric estimates which
may lead to misclassification bias in preterm delivery and SGA categorisation.3435 Also,
diminished ovarian reserve may have been reported differently in Massachusetts leading
to misclassification. Third, there may be some definitional differences in variables because
of changes in birth certificate versions over time. The data used in our study extend only
through 2006 as this was the timeframe available for analysis. Finally, questions remain as to
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whether it is methodologically appropriate to compare sub-fertile women who use ART with
fertile women who do not.1° In our study, women in the non-ART group included sub-fertile
women as data were not available to identify them separately.

Future research is needed to compare sub-fertile women using non-ART treatments as the
referent group and to compare medically indicated and spontaneous preterm deliveries.
Patients undergoing ART need to be aware of the differences in pregnancy outcomes. It is
also important that states recognise the long-term implications of these findings on costs
associated with caring for multiples and the role of insurance mandates in mitigating these
costs.

Acknowledgements

The University of South Florida authors were funded by a subcontract from the Florida Department of Health and
CDC.

References

1. Sunderam S, Kissin DM, Crawford SB, Folger SG, Jamieson DJ, Warner L, et al. Assisted
reproductive technology surveillance-United States, 2013. MMWR Surveillance Summaries 2015;
64:1-25.

2. Adamson GD, Tabangin M, Macaluso M, de Mouzon J. The number of babies born globally after
treatment with the assisted reproductive technologies (ART) [ASRM abstract O-140]. Fertility and
Sterility 2013; 100(Suppl):S42.

3. De Mouzon J, Goossens V, Bhattacharya S, Castilla JA, Ferraretti AP, Korsak V, et al. Assisted
reproductive technology in Europe, 2006: results generated from European registers by ESHRE.
Human Reproduction 2010; 25:1851-1862. [PubMed: 20570973]

4. Helmerhorst FM, Perquin DA, Donker D, Keirse MJ. Perinatal outcome of singletons and twins
after assisted conception: a systematic review of controlled studies. BMJ 2004; 328:261. [PubMed:
14742347]

5. American College of Obstetricians and Gynecologists. Perinatal risks associated with assisted
reproductive technology. ACOG Committee Opinion No. 324. Obstetrics & Gynecology 2005;
106:1143-1146. [PubMed: 16260548]

6. Pandey S, Shetty A, Hamilton M, Bhattacharya S, Maheshwari A. Obstetric and perinatal outcomes
in singleton pregnancies resulting from IVF/ICSI: a systematic review and meta-analysis. Human
Reproduction Update 2012; 18:485-503. [PubMed: 22611174]

7. Pinborg A, Wennerholm UB, Romunstad LB, Loft A, Aittomaki K, Soderstrom-Anttila V, et
al. Why do singletons conceived after assisted reproduction technology have adverse perinatal
outcome? Systematic review and meta-analysis. Human Reproduction Update 2012; 19:87-104.
[PubMed: 23154145]

8. Lambert RD. Safety issues in assisted reproductive technology: aetiology of health problems in
singleton ART babies. Human Reproduction 2003; 18:1987-1991. [PubMed: 14507811]

9. Romundstad LB, Romundstad PR, Sunde A, von During V, Skaerven R, Gunnell D, et al. Effects of
technology or maternal factors on perinatal outcome after assisted fertilisation: a population-based
cohort study. Lancet 2008; 372:737-743. [PubMed: 18674812]

10. Jaques AM, Amor DJ, Baker HW, Healy DL, Ukoumunne OC, Breheny S, et al. Adverse obstetric
and perinatal outcomes in subfertile women conceiving without assisted reproductive technologies.
Fertility and Sterility 2010; 94:2674-2679. [PubMed: 20381039]

11. Basso O, Baird DD. Infertility and preterm delivery, birthweight, and Caesarean section: a study
within the Danish National Birth Cohort. Human Reproduction 2003; 18:2478-2484. [PubMed:
14585905]

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2024 March 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Luke et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Page 7

Axmon A, Hagmar L. Time to pregnancy and pregnancy outcome. Fertility and Sterility 2005;
84:966-974. [PubMed: 16213851]

Thomson F, Shanbhag S, Templeton A, Bhattacharya S. Obstetric outcome in women with
subfertility. BJOG 2005; 112:632-637. [PubMed: 15842289]

Declercq E, Luke B, Belanoff C, Cabral H, Diop H, Gopal D, et al. Perinatal outcomes
associated with assisted reproductive technology: the Massachusetts Outcomes Study of Assisted
Reproductive Technologies (MOSART). Fertility and Sterility 2015; 103:888-895. [PubMed:
25660721]

Messerlian C, Maclagan L, Basso O. Infertility and the risk of adverse pregnancy outcomes.
Human Reproduction 2013; 28:125-137. [PubMed: 23042798]

Shih W, Rushford DD, Bourne H, Garrett C, McBain JC, Healy DL, et al. Factors affecting

low birthweight after assisted reproduction technology: difference between transfer of fresh and
cryopreserved embryos suggests an adverse effect of oocyte collection. Human Reproduction
2008; 23:1644-1653. [PubMed: 18442997]

Maheshwari A, Pandey S, Shetty A, Hamilton M, Bhattacharya S. Obstetric and perinatal
outcomes in singleton pregnancies resulting from the transfer of frozen thawed versus fresh
embryos generated through in vitro fertilization treatment: a systematic review and meta-analysis.
Fertility and Sterility 2012; 98:368-377.€9. [PubMed: 22698643]

Chambers GM, Hoang VP, Sullivan EA, Chapman MG, Ishihara O, Zegers-Hochschild F, et

al. The impact of consumer affordability on access to assisted reproductive technologies and
embryo transfer practices: an international analysis. Fertility and Sterility 2014; 101:191-198.e4.
[PubMed: 24156958]

Bitler MP, Schmidt L. Utilization of infertility treatments: the effects of insurance mandates.
Demography 2012; 49:125-149. [PubMed: 22167581]

Boulet SL, Crawford S, Zhang Y, Sunderam S, Cohen B, Bernson D, et al. Embryo transfer
practices and perinatal outcomes by insurance mandate status. Fertility and Sterility 2015;
104:403-409.e1. [PubMed: 26051096]

Liu JJ, Adashi EY. Selective justice: state mandates for assisted reproductive technology and
reproductive justice. American Journal of Clinical and Experimental Obstetrics and Gynecology
2013; 1:53-61.

Insurance Coverage in Your State. Resolve. http://www.resolve.org [Last accessed on December
11th, 2015].

Zhang Y, Cohen B, Macaluso M, Zhang Z, Durant T, Nannini A. Probabilistic linkage of assisted
reproductive technology information with vital records, Massachusetts 1997-2000. Maternal and
Child Health Journal 2012; 16:1703-1708. [PubMed: 21909704]

Mneimneh AS, Boulet SL, Sunderam S, et al. States Monitoring Assisted Reproductive
Technology (SMART) Collaborative: data collection, linkage, dissemination, and use. Journal of
Women'’s Health 2013; 22:571-577.

Sunderam S, Scheive L, Cohen B, Zhang Z, Jeng G, Reynolds M, et al. Linking birth and infant
death records with assisted reproductive technology data: Massachusetts, 1997-1998. Maternal and
Child Health Journal 2006; 10:115-125. [PubMed: 16328709]

Alexander GR, Hime JH, Kaufman RB, Mor J, Kogan M. A United States national reference for
fetal growth. Obstetrics & Gynecology 1996; 87:163-168. [PubMed: 8559516]

NCHS Research Data Center. Centers for Disease Control and Prevention. http:www.cdc.gov/rdc
[last accessed on September 22nd, 2014].

Reynolds M, Shieve L, Jeng G, Peterson H. Does insurance coverage decrease the risk for multiple
births associated with assisted reproductive technology? Fertility and Sterility 2003; 80:16-23.
[PubMed: 12849794]

Connolly MP, Hoorens S, Chambers GM. The costs and consequences of assisted reproductive
technology: an economic perspective. Human Reproduction Update 2010; 16:603-613. [PubMed:
20530804]

Collins J, Graves G. The economic consequences of multiple gestation pregnancy in assisted
conception cycles. Human Fertility 2000; 3:275-283. [PubMed: 11844392]

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2024 March 28.


http://www.resolve.org
http://www.cdc.gov/rdc

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Luke et al.

31.

32.

33.

34.

35.

Page 8

Petrou S. The economic consequences of preterm birth during the first 10 years of life. BJOG
2005; 112(s1): 10-15. [PubMed: 15715587]

Koivurova S, Hartikainen AL, Gissler M, Hemminki E, Jarvelin MR. Post-neonatal hospitalization
and health care costs among I\VVF children: a 7-year follow-up study. Human Reproduction 2007;
22:2136-2141. [PubMed: 17584752]

Kissin DM, Kulkarni AD, Kushnir VA, Jamieson DJ for the National ART Surveillance System
Group. Number of embryos transferred after in vitro fertilization and good perinatal outcome.
Obstetrics & Gynecology 2014;1(2 Pt 1): 239-247.

Stern J, Kotelchuck M, Luke B, Declercq E, Cabral H, Diop H. Calculating length of gestation
from the Society for Assisted Reproductive Technology Clinic Outcome Reporting System (SART
CORS) database versus vital records may alter reported rates of prematurity. Fertility and Sterility
2014; 101:1315-1320. [PubMed: 24786746]

Dietz PM, Bombard JM, Hutchings YL, Gauthier JP, Gambatese MA, Ko JY, et al. Validation of
obstetric estimates of gestational age on US birth certificates. American Journal of Obstetrics &
Gynecology 2014; 210:335.e1-5.

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2024 March 28.



Page 9

Luke et al.

Author Manuscript

'sdnoJB 1¥H-UoU pue |4y UIYIM SONSLI3IORIRYD [eUI3lew 10} Sa)els Usamlag suostiedwo |fe oy T00'0>3Njen,,

700 500 €00 Ty LT ze +o(duL
ST ST €T 0'0¢ €82 z1¢e suImL
Aupeinid
€ce §9e 9'8¢ L'vS €'.S 9'¢s +3jenbapy
Sy 6'97 Loy gee z9€e 0'0¢ alenbapy
7’61 09T S vl 09 7’6 arenbapy>
(>1onyd|8103) 81 [EIRUBId
AT 7’62 6'6€ 6T (47 L€ snyess [ejrew a|buls
T 81z z8z AN 9vT L€z Aunizeu sn-uoN
(134 68 9€ L€ LS L'y BYOo
q- 62T L9 q- LT 181 oluedsiH
8.1 Ll v'1e 67 927 §g »9e[q 91uedsIH-UON
8L 0L 08y 6'26 688 80L aHyM DluedSIH-UON
Auowuyiz/eoey
zo1 Syl €L T2 582 S aenpeifisod
L'ST 9z 6T LTE €0y L'SE ajenpeld abo)j0D
zee 522 T¥C 7z T6T 24 aba]100 awos
88y L'9€ 825 €1 A zsT abs]|00 pusne 1ou pig
uolyeanp3
12 L€ 97 A €67 78T o=
60T 6'LT g1l zTE T'6€ 8'Ge 66-G€
L've v'ze 92 '8 8'€e 8've ve-0¢
€29 6'aY €'€9 A 6L fan 0>
(s1eak) abe Jeusaley
(%) (%) (%) (%) (%) (%) SolIs1 8108 ey
(€,0g8/=u) (0TE80G=U) (CTIPOIYT=U) (0ELG=u) (hOZET=U)  (T668="U) feueEe N
uebIyIN - SHesnyoesse N epLio|d UeBILDIN - sHBsnyoesseN epliojd
eSUMIg LY v-uou ||V eSUHIO LYV IV

‘TalqeL

Author Manuscript

,900Z 01 0002 WO.J S31LIS SS040e | HV AQ SoNsIIalorIeyd [eulaleiA

Author Manuscript

Author Manuscript

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2024 March 28.



Page 10

Luke et al.

"pa1aap 10U 818M SaN[eA BuissIl Se 9,00T 01 dn ppe Jou Aew sI1%D,

*9Z1S []80 |[eWsS 01 anp _om_v_wm._\,_“N

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2024 March 28.



Page 11

Luke et al.

e0 0T 9'6 0'6 2000 60T 8'LT 6'0C 100°0> 6 gey L'y +orenbapy

7860 L9 T 8L T000> 9§ ST 99 000> Lzt 60T 891 ajenbapy

€6€0 €9 8'9 €8 08T0 80T L8 7L G88'0 0LT 091 091 arenbapy>
(39nyd18103]) aJed [ereuald

8660  G'6 16 '8 6700 6T '8 7'GT 100 80€ 9z 7'GE albuis

vS60 T8 78 €8 T000> 87T [A 9€T 100°0> eve z0e 7've paLLIeN
SnieIs [esIeN

9920 0TI 12T T0T 0220 TET [ eer 2000 gee 967 8ve SN-uoN

86L0 6L 9L 8L T000> 87T 00T g€l 100°0> eve T°0€ eve sn
Aunnen

S0e0 0T L'€T €01 8/T0 €11 zen LA 1200 9'62 Tl L've BYOo

e” 98  v6 e 90T 7T e 7'6C €ee oluedsiH

TITO 6T 10T 7'ST Y00  ZET 86T 0 2T 6'0€ 97T€E 0L€ Xelq HN

v590 6L 8L 'L T000> 9T L'6 6T 100°0> Sve z0e Gve 3HYM HN
Auouyia/eoey

1660 L8 L8 L8 G000 V€T 10T Lzt 100°0> 6'€e 182 67 arenpesfisod

€8.0 078 9L 08 ¥I00  6TT 10T 7'eT 100°0> T'GE 7'0€ L'€e a0103p aba]100

€060 078 '8 08 T000> €€T €6 8'GT 0€T'0 6'€E 6'T€ 9ve aa]100 awos

80 28 06 L8 EYT0  VET 81T 8yl 2000 6'€€ z6e T'GE afo]100 ON
uoneasnp3y

vI7r0 96 78 8L T000> 0¥T G0T 7’97 100°0> 7'6C 0S¢ TTE 0v=

00L0 88 €8 6'8 T000> VT 6'6 YA €000 1€ 6'82 6'T€ 66-G€

S&r0  TL 6L €8 T000> €TT 6'6 GET 7000 L'9g T'€E G'9g €0

7650  ¥'8 7’6 8L 9y €Tl 8Tl 0T 9200 T'L€ 9'Ge €Ty 0e>
(s1eak) abe Jeulaley
anfen-d (%) (%) (%) (%) (%) (%) (%) (%) (%) SolIs1e1oe feyo
(tre=u) (ToL =u) (e =) (g =u) (9e6 =u) (808 =) (c96T = U) (696€ = ) (e60€ = U) feuie N

UeBIDIN - siesnyoesselN  epliojld  enfeAad  UeBIUDIN  siesnyoesselN  epliojld  enfeAad  UeBIYIN - siesnyoesselN  epliold

VoS uop[Bus 14V

weP.d uopibus 1YV

K|dinw 14V

¢900¢ 01 000¢ 104 sansuLIdeIeYD [eulsIew

pue 83uapIsal JO a1els Aq siasn | ¥ Buowe (sjnusasad Y10T>) syuigq YOS uolslbuls pue (syaem 2€>) syuig wusiaid uoiabuls ‘ssjdiinw Jo sxel ayl

Author Manuscript

‘¢ slqeL

Author Manuscript

Author Manuscript Author Manuscript

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2024 March 28.



Page 12

Luke et al.

‘pa1aap 10U 818M SaN[eA Buissil Se 9,00T 01 dn ppe Jou Aew m__muQ

'SIZIS 199 [[ews 0} aNP PN,

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2024 March 28.



Page 13

Luke et al.

Author Manuscript

€000 9¢ A 1% 10108} 8uLIBIN
T000> €8T an A sisollawopu3y
T000> 8.T €g 6.1 BAIBSA) UBLIBAO paysiulwig
T000>  6'GT 90T €GT uonaunysAp Alo1e|nAQ
T000> 0S¢ 89T €9¢ J1019¢4 [egnL
AjJagul Jo sasned
cor §'Ge T0c €<
¥'9€ L'ce ¥'GE €
§0¢ T9e 6'0% 4
T000> 0¢€ L'S 9¢ T
sleah ge=
0'6¢ TS 6 €<
6°¢cy 0'se 0T€ €
00€ §'€9 899 4
T000> ¢¢C 9 0¢ T
sieak ge>
abe Jeularew Aq paliajsuel) soAIquis Jo JaquinN
9eT g8 06 sBBa JouopuoN/soAiguia uszoi
44 67T 8T shBa Jouoq/soAiquis uszoi4
60T TL 9¢T sbba Jouoq/soAIquia ysal
T000> €€/ g'z8 1'9L sbBa JouopuoN/soAIquIa ysal4
(anisnjoxa Ajjeminiy) 91942 jo adAL
TEeT 06 1ad Buissin
T1000> V'L 4] L'S SSA
gPareInWInsuN
T000> 97T/ €9¢ 'vS gISOIl
000> 076 L'66 566 paAl
alnpadoid | ¥V 40 adAL
anend (%) uebiyoliN - (%) sesnyoesse N (%) epliojd  Auj1nejul Josssned pueainpaoold 14V

9002 01 000Z WOJ) 31.1s AQ SYLIQ PaAIaduod 1V [[e 104 Allj1agul JO sasned pue pawloliad sainpadold 1YV

‘€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2024 March 28.



Page 14

Luke et al.

'sanjen Buissiw Jo abejuaaiad ybiy e ur Buninsal sajoAd Jouop 40} 8]qe|IeAR 10U SI UOIRWIOUI m_ﬁQ

"AJu0 $8]942 JoUOp-UOU cmen_m

T000> 09 9'6T L9 Ausyun paurejdxaun
T00°0> 9ty 7'1€ €T 10)0e} UBIN

anen-d (%) UeBIUdIIN - (%) siesnuoesse N (%) epliojd  ANj11ejul Josasned pueaInpaooid 1YY

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2024 March 28.



Luke et al. Page 15

Table 4.

Adjusted odds ratios for multiples, singleton preterm infants, and singleton SGA by ART use in Florida,
Michigan and Massachusetts

Adjusted models, OR (95% CI)

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Stateand ART use

Twins?

Triplets+&

Florida (ART vs. Non-ART)
Massachusetts (ART vs. Non-ART)
Michigan (ART vs. Non-ART)

30.0 (28.5, 31.6)
22.6 (21.6,23.7)
26.3 (247, 28.1)

92.8 (78.4, 109.9)
37.6(31.1, 45.4)
99.2 (82.3, 119.6)

Singleton
preterm
delivery <32

weeks P

Singleton
preterm
delivery <37

weeks P

Florida (ART vs. Non-ART)
Massachusetts (ART vs. Non-ART)
Michigan (ART vs. Non-ART)

1.70 (1.43-2.04)
1.87 (1.59-2.20)
1.60 (1.22-2.10)

1.70 (1.58-1.84)
1.63 (1.52-1.75)
1.73 (1.55-1.92)

Singleton SGA
(<5 percentile)b

Singleton SGA
(<10 percentile)b

Florida (ART vs. Non-ART)
Massachusetts (ART vs. Non-ART)
Michigan (ART vs. Non-ART)

1.06 (0.92-1.22)
1.14 (1.02-1.27)
1.21 (1.00-1.45)

1.10 (0.98-1.25)
1.06 (0.96-1.18)
1.20 (1.02-1.42)

a, .. . . " .
Adjusted for age, education, nativity, race/ethnicity, tobacco, marital status.

bAdjusted for age, education, nativity, race/ethnicity, tobacco, marital status, gravidity, parity, pay source, hypertension, diabetes.
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