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Abstract

Objective: To examine outcomes of singleton pregnancies conceived without assisted 

reproductive technology (non-ART) compared with singletons conceived with ART by elective 

single-embryo transfer (eSET), nonelective single-embryo transfer (non-eSET), and double-

embryo transfer with the establishment of 1 (DET −1) or ≥2 (DET ≥2) early fetal heartbeats.

Design: Retrospective cohort using linked ART surveillance data and vital records from Florida, 

Massachusetts, Michigan, and Connecticut.

Setting: Not applicable.

Patient(s): Singleton live-born infants.

Intervention(s): None.

Main Outcome Measure(s): Preterm birth (PTB <37 weeks), very preterm birth (VPTB <32 

weeks), small for gestational age birth weight (<10th percentile), low birth weight (LBW <2,500 

g), very low birth weight (VLBW <1,500 g), 5-minute Apgar score <7, and neonatal intensive care 

unit (NICU) admission.
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Result(s): After controlling for maternal characteristics and employing a weighted propensity 

score approach, we found that singletons conceived after eSET were less likely to have a 

5-minute Apgar <7 (adjusted odds ratio [aOR] 0.33; 95% CI, 0.15–0.69) compared with non-ART 

singletons. There were no differences among outcomes between non-ART and non-eSET infants. 

We found that PTB, VPTB, LBW, and VLBW were more likely among DET −1 and DET ≥2 

compared with non-ART infants, with the odds being higher for DET ≥2 (PTB aOR 1.58; 95% 

CI, 1.09–2.29; VPTB aOR 2.46; 95% CI, 1.20–5.04; LBW aOR 2.17; 95% CI, 1.24–3.79; VLBW 

aOR 3.67; 95% CI, 1.38–9.77).

Conclusion(s): Compared with non-ART singletons, singletons born after eSET and non-eSET 

did not have increased risks whereas DET −1 and DET ≥2 singletons were more likely to have 

adverse perinatal outcomes.
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Assisted reproductive technology; double-embryo transfer; elective single-embryo transfer; in 
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Several studies have found singletons born to women with infertility after use of assisted 

reproductive technology (ART) to have worse perinatal outcomes than singletons conceived 

without ART, even after controlling for potential confounding variables such as maternal 

age, body mass index (BMI), tobacco use, and parity (1–4). Among ART singletons, risks of 

growth restriction and preterm birth have been shown to increase with an increasing number 

of embryos transferred and number of fetal heartbeats established (5–7). Furthermore, there 

have been studies demonstrating an increased risk of growth restriction and preterm birth 

after early fetal loss of a co-twin (8, 9).

If adverse outcomes among singleton gestations after ART are partly due to the transfer of 

more than one embryo or a vanishing twin, we would expect adverse perinatal outcomes 

among singletons after double-embryo transfer (DET) to be increased compared with 

singletons in the general population conceived without ART. Furthermore, we would expect 

singletons born after single-embryo transfer (SET) to be similar to those conceived in the 

general population without ART. Studies that have compared non-ART to SET infants 

are limited. Studies from Finland and Sweden have suggested a modest increased risk of 

preterm birth and low birth weight for singletons born after SET compared with singletons 

in the general population (10, 11).

Single-embryo transfer can be elective (eSET), defined as the transfer of only one embryo 

when more than one high-quality embryo is available, or nonelective, the transfer of only 

one embryo because only one embryo is available. This distinction is important as the 

nonelective SET group likely represents a population in which the poor response to ovarian 

stimulation or inability to grow more than one acceptable embryo for transfer may represent 

an underlying pathology that predisposes these women and their fetuses to worse outcomes. 

Although the distinction between elective and nonelective SET is not always made in the 

existing literature, there is some evidence to suggest that eSET singletons also have an 

increased risk of preterm birth (11, 12) and low birth weight (12) compared with those 

conceived spontaneously.
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We compared perinatal outcomes among singletons born without the use of ART (non-ART) 

to singletons born after eSET, after single-embryo transfer that was not considered elective 

(non-eSET), and after DET with the establishment of one early fetal heartbeat (DET −1) or 

two or more early fetal heartbeats (DET ≥2). We hypothesized that risk of adverse perinatal 

outcomes will be similar between non-ART and eSET but will increase in a stepwise fashion 

for each of the following groups: non-eSET, DET −1, and DET ≥2, respectively.

MATERIALS AND METHODS

We performed a retrospective cohort analysis of data from the States Monitoring 

Assisted Reproductive Technology (SMART) collaborative database that has been described 

previously elsewhere (13). Briefly, the SMART collaborative was formed to examine ART-

related health outcomes in infants and mothers. Data from the National ART Surveillance 

System (NASS) are linked with states’ vital records files and hospital discharge data with 

a probabilistic linkage methodology using the mother’s date of birth, infant’s date of birth, 

plurality, gravidity, and zip code. This method has been validated and found to be both 

accurate and efficient with a linkage rate of 90.2% for SMART data (13). At the time of 

this analysis, Connecticut, Florida, Massachusetts, and Michigan were the states included 

in the SMART database with data ready to analyze. This study was approved by the 

institutional review boards of the Centers for Disease Control and Prevention (CDC) and 

the Massachusetts Department of Public Health. The study was reviewed by the Michigan 

Department of Health and Human Services and was determined not to be human subjects 

research because all data are deidentified. Connecticut and Florida do not require state-

specific institutional review board approval of studies using data contained within the CDC.

All singleton live births in SMART were identified using birth certificates from Connecticut, 

Florida, Massachusetts, and Michigan between 2000 and 2010. Deliveries were considered 

non-ART if they could not be linked to the NASS database, suggesting they were not 

conceived with ART. To minimize confounding, ART deliveries were restricted to fresh, 

nondonor cycles, and gestational carriers were excluded. All fresh, nondonor cycles 

were included, regardless of whether preimplantation genetic screening or diagnosis was 

performed.

We defined eSET as having one embryo transferred and ≥1 embryo cryopreserved from 

the same cycle as reported in NASS. We compared the demographics among women who 

delivered a singleton conceived without ART (non-ART) with the women who underwent 

eSET, non-eSET, DET −1, and DET ≥2 including maternal age, race/ethnicity, tobacco use, 

history of chronic hypertension, education, marital status, maternal BMI, history of prior live 

birth, state of delivery, and year of delivery. Demographic variables were obtained from birth 

certificates and the NASS database for ART deliveries. Because maternal BMI was poorly 

recorded on birth certificates in Connecticut and was not recorded in Florida before 2005, 

Michigan before 2008, or Massachusetts before 2011, the BMI data in Table 1 are restricted 

to Florida and Michigan, 2008 to 2010.

Among ART deliveries we also compared infertility diagnosis, number of prior ART cycles, 

number of oocytes retrieved, number of embryos cryopreserved, and stage of embryo 
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transfer. The comparisons of the distribution of these characteristics were made using chi-

square and Fisher exact tests. The primary outcomes included preterm birth (<37 weeks), 

very preterm birth (<32 weeks), small for gestational age (<10 percentile), low birth weight 

(<2,500 g), very low birth weight (<1,500 g), 5-minute Apgar score <7, and admission 

to the neonatal intensive care unit (NICU). The NICU admissions were not collected in 

Connecticut or Massachusetts, and were not collected in Florida and Michigan before 2005. 

Therefore, the results for admission to the NICU are only among deliveries in Florida and 

Michigan, 2005 to 2010.

In this study, we employed a weighted propensity score approach to correct for estimation 

bias (14), which was computed using the type of conception (non-ART, eSET, non-eSET, 

DET −1, and DET ≥2) as the dependent variable and maternal factors (maternal age, race/

ethnicity, tobacco use, education, marital status, and prior live birth) as predictors (15, 16). 

The weights (inverse of propensity scores) were then used in the multiple logistic regression 

models. We calculated crude and adjusted odds ratios (aOR) and 95% confidence intervals 

(CI) for each outcome among ART singletons compared with non-ART singletons adjusting 

for the weighted scores and other factors, including history of chronic hypertension, state, 

and year of delivery. Missing values were excluded from analysis because the overall 

missing rate was <4%.

As previously mentioned, data available for BMI are limited in our database, so we could 

not use BMI as a confounder in our logistic regression models. Body mass index is a 

potential confounding variable as obesity has been associated with pregnancy complications 

that may affect fetal growth and delivery timing (17). To examine the influence of obesity on 

our results, we performed a subanalysis restricted to the states and years with available BMI 

data (Florida and Michigan, 2008 to 2010), and performed logistic regression as described 

earlier with and without BMI added as an additional adjustment factor. The data analysis 

was performed using SAS 9.3 (SAS Institute) and SUDAAN 11 (RTI International).

RESULTS

There were 4,837,983 live born non-ART singletons and 17,364 live-born singletons 

conceived by single or double fresh embryo transfer in Connecticut, Florida, Massachusetts, 

and Michigan between 2000 and 2010. Among the ART singletons, 1,138 were eSET, 1,599 

non-eSET, 13,387 DET with 1 early fetal heartbeat (DET −1), and 1,240 DET with ≥2 early 

fetal heartbeats (DET ≥2). The characteristics by type of conception are presented in Table 

1.

Singleton infants born after eSET were less likely to have mothers ≥38 years old (4.9%) 

compared with non-ART (6.3%), non-eSET (27.9%), DET −1 (15.6%), and DET ≥2 

(15.0%) singletons. Women in the non-ART group were more likely to be non-Hispanic 

Black and Hispanic than women who conceived with any type of ART. They were also more 

likely to smoke, have completed fewer years of education, and to be unmarried.

Among singleton live births in Florida and Michigan, maternal BMI varied by type of 

conception, with mothers of 20.5% of non-ART singletons having a BMI of ≥30 kg/m2 
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compared with mothers of 11.2% of eSET singletons, mothers of 14.5% of non-eSET 

singletons, mothers of 15.0% of DET −1 singletons, and mothers of 20.1% of DET ≥2 

singletons. Compared with all the ART groups, women who delivered non-ART singletons 

were more likely to have had a prior live birth. The type of conception varied by state, 

with Florida contributing the most non-ART births (46.9%) and Massachusetts contributing 

the majority of ART births (48.3%), including eSET (67.2%) and all other ART singleton 

groups.

Table 1 also shows infertility diagnosis and characteristics of the ART cycle among ART 

births. A greater percentage of singleton deliveries after eSET than singleton deliveries from 

the other ART groups were from a first ART cycle, a cycle with ≥10 oocytes retrieved, and a 

blastocyst (days 5 to 6) transfer.

Primary outcomes are shown in Table 2. Among non-ART singletons, 395,149 (8.2%) 

delivered preterm (<37 weeks) compared with 103 (9.1%) of eSET, 144 (9.0%) of non-

eSET, 1,493 (11.2%) of DET −1, and 188 (15.2%) of DET ≥2 singletons. Results from 

the adjusted analyses indicated no difference in the odds of preterm birth or very preterm 

birth between eSET singletons or non-eSET singletons compared with singletons conceived 

without ART. The DET −1 and DET ≥2 singletons had greater odds than non-ART 

singletons of being preterm and very preterm (DET −1 preterm aOR 1.38; 95% CI, 1.16–

1.64; very preterm aOR 1.85; 95% CI, 1.30–2.64; DET ≥2 preterm aOR 1.58; 95% CI, 

1.09–2.29; very preterm aOR 2.46; 95% CI, 1.20–5.04).

There was no difference in the odds of having a small for gestational age infant for any 

group of ART singletons compared with non-ART singletons. However, compared with 

non-ART singletons, an increase in the odds of low birth weight or very low birth weight 

was detected among DET −1 (aOR 1.59; 95% CI, 1.21–2.12; and aOR 2.64; 95% CI, 

1.59–4.41, respectively) and DET ≥2 singletons (aOR 2.17; 95% CI, 1.24–3.79; and aOR 

3.67; 95% CI, 1.38–9.77, respectively). The eSET singletons had lower adjusted odds than 

non-ART singletons of having a 5-minute Apgar score <7 (aOR 0.33; 95% CI, 0.15–0.69).

The outcomes of the subanalysis restricted to deliveries with maternal BMI available 

(Florida and Michigan, 2008 to 2010), were similar with and without controlling for 

BMI. Compared with the main analysis including deliveries in all four states for all years, 

fewer outcomes achieved statistical significance due to small sample size. Among eSET 

singletons, the only statistically significant outcome was a lower odds of a 5-minute Apgar 

< 7 when BMI was not included in the model (aOR 0.21; 95% CI, 0.05–0.97); however, 

this was similar to the odds when BMI was adjusted for (aOR 0.22; 95% CI, 0.05–1.02). 

The DET −1 singletons had statistically significantly greater odds than non-ART singletons 

of being very preterm and having a very low birthweight when BMI was adjusted for (very 

preterm birth aOR 4.32; 95% CI, 1.49–12.59; very low birthweight aOR 5.11; 95% CI, 

1.82–14.38) as well as when BMI was not adjusted for (very preterm birth aOR 4.36; 95% 

CI, 1.51–12.53; very low birthweight aOR 5.16; 95% CI, 1.86–14.32). Results for the other 

outcomes were similar when BMI was and was not adjusted for, although they failed to 

reach statistical significance (data not shown).
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DISCUSSION

The risks of adverse perinatal outcomes we examined were not statistically significantly 

increased among singletons born after ART with SET compared with non-ART singletons. 

Furthermore, eSET singletons were less likely than non-ART singletons to have a 5-minute 

Apgar score <7. Among all single-embryo transfers, those that are elective likely represent 

women with optimal maternal conditions (18) who may be less likely to experience a 

poor perinatal outcome. Although we controlled for many of these maternal characteristics, 

it is possible there are additional unmeasured factors in women who respond well to 

ovarian stimulation, grow multiple good-quality embryos, and are candidates for eSET that 

decreases their risk of a poor perinatal outcome.

Our findings differ from existing studies that found increased risks among eSET singletons 

compared with singletons conceived without ART. A study including 269 SET singletons in 

Finland, of which 83% were eSET, found SET singletons had increased risks of cesarean 

delivery, preterm birth, low birth weight, and 1-minute Apgar score <7 compared with 

the singletons from the general population (10). A study of infants in Sweden found that, 

compared with singletons in the general population, the eSET singletons had a statistically 

significantly higher rate of preterm birth <37 weeks (11). A meta-analysis with two studies

—the Finnish study as well as a study from Belgium (12)—found the risk of preterm birth 

doubled for eSET as compared with spontaneously conceived singletons. Our study differs 

in several ways that may help to explain these differences. In many of the countries in which 

these studies were performed SET is the most common type of embryo transfer; in some 

cases, it is mandated for women of a certain age (7). Therefore, women undergoing eSET 

are not chosen based on favorable prognostic factors as they often are in the United States. 

Furthermore, we were able to apply a propensity score method to adjust for factors that 

influence the probability of receiving ART.

We found increased risks of poor perinatal outcomes among singletons after ART were 

limited to those conceived after DET. This finding is consistent with several studies that 

have found an increased risk of growth restriction and preterm birth among singletons 

conceived by DET (5–7). As hypothesized by DeSutter et al. (7), the presence of a second 

fetal sac could impact the implantation process of the ongoing “twin” and may thus be 

the origin of pregnancy complications for the continuing singleton gestation. However, this 

theory suggests that singletons born after the transfer of one embryo, regardless of whether 

they were elective or nonelective, would have similar outcomes. We found that although 

singletons born after nonelective SET had similar odds of adverse perinatal outcomes 

compared with non-ART singletons, eSET singletons had decreased odds of adverse 

perinatal outcomes. This may be in part because the nonelective SET group represents a 

population in which the poor response to ovarian stimulation or inability to grow more 

than one acceptable embryo for transfer represents an underlying pathology that predisposes 

these women and their fetuses to worse outcomes compared with women eligible for eSET.

An emerging trend in the literature suggests that the risk for singleton gestations may be 

proportional to the number of embryos transferred, or number of early fetal heartbeats 

established. In 2010 Luke et al. (5) found that compared with SET, moderate growth 
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restriction among singletons was increased by 15%, 23%, and 37%, respectively, with 

2, 3, and ≥4 embryos transferred. Likewise, in 2015, Luke et al. (6) found the risk 

of preterm birth and low birth weight was increased among singletons with >1 fetal 

heartbeat established compared with those with only 1 early fetal heartbeat. Our findings 

are consistent with these, showing the risk of preterm birth, low birth weight, and NICU 

admission to be increased for singletons after DET but not after SET. Moreover, the 

magnitude of risks was higher for singletons born after DET ≥2 than for DET −1. When 

comparing both groups with non-ART singletons, singletons born after DET with the 

establishment of two or more early fetal heartbeats were 1.6 times more likely to have 

been delivered preterm and 2.5 times more likely to have been born very preterm, while 

those with the establishment of one early fetal heartbeat were 1.4 times more likely to have 

been preterm and 1.9 times more likely to have been very preterm. DET ≥2 singletons were 

2.2 times more likely and DET −1 singletons were 1.6 times more likely to have low birth 

weight compared with non-ART singletons. Similarly, DET ≥2 singletons were 3.7 times 

more likely to have a very low birth weight and DET −1 singletons 2.6 times more likely as 

compared with the non-ART group.

The strengths of our study include the comprehensive nature of the SMART database with 

the ability to obtain information on all deliveries in the general population, including both 

those conceived with and without ART. Because of the breadth of the database, we were able 

to use a propensity score to adjust for factors that influence the probability of receiving ART. 

We also were able to control for other important maternal characteristics such as chronic 

hypertension that could have influenced the likelihood of an adverse outcome.

This study is not without limitations. Inherent to retrospective cohort studies, there is 

potential for unmeasured confounding, some of which are due to limitations with data 

availability. Examples include maternal drug use and history of preterm birth, both of which 

we were unable to measure. History of preterm birth is one of the strongest risk factors 

for preterm birth in a subsequent pregnancy (19). We also lacked information on multifetal 

reduction and the rate of unplanned pregnancies in the non-ART group, both of which may 

influence pregnancy outcomes. Additionally, BMI was not uniformly collected and could not 

be included in the regression models for our overall outcomes; however, we were able to 

assess the extent to which BMI may be a confounder by conducting a subanalysis with data 

from the two states that collected BMI, and the results indicated little to no confounding.

Another variable we were unable to measure was the rate of monozygotic twinning, 

which has been reported to occur at a twofold to fivefold higher rate for blastocysts 

versus cleavage-stage embryo transfer (20). It is possible that loss of a monozygotic twin, 

specifically a monochorionic twin, may adversely impact the surviving co-twin compared 

with the loss of a dizygotic twin; thus, the stage of embryo transfer may impact our primary 

outcomes. Even with the use of such a large database, the outcomes were too rare to stratify 

our results by stage of embryo transfer to assess any potential bias caused by stage of 

transfer.

Although some of the birth certificate variables used in the adjustment and as a primary 

outcomes are underreported and may be differentially reported among ART and non-ART 
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groups, the validity of some of these variables has been studied in various states. The 

sensitivity of birth certificates has been found to be moderate to excellent for estimated 

gestational age, low birth weight, preterm birth, Apgar scores, and previous live birth (21–

23).

It is possible the underlying infertility of couples seeking ART may increase their risk 

of adverse perinatal outcomes, independent of ART treatment. Women with subfertility 

who ultimately conceived without treatment or conceived with fertility medications or 

intrauterine insemination were included in the non-ART comparison group in our study. 

We were unable to determine the percentage of pregnancies conceived with fertility 

treatments other than ART (i.e., intrauterine insemination and fertility medications). We 

cannot determine whether the increased risks detected were due to the underlying infertility 

or the ART procedures themselves. However, if the underlying infertility contributed to 

adverse perinatal outcomes, inclusion of subfertile women in the comparison group would 

reduce differences rather than exaggerate them.

Finally, we studied a long period of time (2000 to 2010) to obtain an adequate sample size. 

The practice of ART has evolved since 2000, and the risks over time may have changed. 

Although the year of delivery was adjusted for in our model, we were unable to analyze 

trends over time with respect to any of the outcome parameters given the relatively small 

number of primary outcomes among subgroups annually.

CONCLUSION

Based on our results, there does not appear to be an increased risk of adverse perinatal 

outcomes for singletons conceived with SET compared with singletons in the general 

population. The risks for singletons after ART appear to be related to the transfer of >1 

embryo, with the highest risk among pregnancies with >1 early fetal heartbeat established 

that ultimately result in the birth of a singleton. This study adds to the growing body 

of literature that has indicated that eSET is strongly associated with the ideal pregnancy 

outcome after ART.

Acknowledgments:

The authors thank the other members of the States Monitoring ART (SMART) Collaborative: Allison S. Mneimneh, 
M.P.H., Saswati Sunderam, Ph.D., Sara Crawford, Ph.D., and Violanda Grigorescu, M.D., of the Division of 
Reproductive Health, National Center for Chronic Disease Prevention and Health Promotion, Centers for Disease 
Control and Prevention, Atlanta, Georgia; Glenn Copeland, M.B.A., of the Michigan Department of Community 
Health, Lansing, Michigan; Michael Mersol-Barg, M.D., of the Center for Reproductive Medicine and Surgery, 
Birmingham, Michigan; Bruce Cohen, Ph.D., and Hafsatou Diop, M.D., of the Massachusetts Department of Public 
Health, Boston, Massachusetts; JoAnn Steele, M.P.H., of the Florida Department of Health, Tallahassee, Florida; 
and William Sappenfield, M.D., and Russell S. Kirby, Ph.D. of the Department of Community and Family Health, 
College of Public Health, University of South Florida, Tampa, Florida.

The findings and conclusions in this report are those of the authors and do not necessarily represent the official 
position of the Centers for Disease Control and Prevention.

Martin et al. Page 8

Fertil Steril. Author manuscript; available in PMC 2024 August 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



REFERENCES

1. 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. Hum 
Reprod Update 2012;18:485–503. [PubMed: 22611174] 

2. Schieve LA, Cohen B, Nannini A, Ferre C, Reynolds MA, Zhang Z, et al. A population-based 
study of maternal and perinatal outcomes associated with assisted reproductive technology in 
Massachusetts. Matern Child Health J 2007;11:517–25. [PubMed: 17345154] 

3. Qin J, Liu X, Sheng X, Wang H, Gao S. Assisted reproductive technology and the risk of pregnancy-
related complications and adverse pregnancy outcomes in singleton pregnancies: a meta-analysis of 
cohort studies. Fertil Steril 2016;105:73–85.e6. [PubMed: 26453266] 

4. Dhalwani NN, Boulet SL, Kissin DM, Zhang Y, McKane P, Bailey MA, et al. Assisted reproductive 
technology and perinatal outcomes: conventional versus discordant-sibling design. Fertil Steril 
2016;106:710–6.e2. [PubMed: 27187051] 

5. Luke B, Brown MB, Stern JE, Grainger DA, Klein N, Cedars M. Effect of embryo transfer number 
on singleton and twin implantation pregnancy outcomes after assisted reproductive technology. J 
Reprod Med 2010;55:387–94. [PubMed: 21043364] 

6. Luke B, Stern JE, Kotelchuck M, Declercq ER, Hornstein MD, Gopal D, et al. Adverse pregnancy 
outcomes after in vitro fertilization: effect of number of embryos transferred and plurality at 
conception. Fertil Steril 2015;104: 79–86. [PubMed: 25956368] 

7. De Sutter P, Delbaere I, Gerris J, Verstraelen H, Goetgeluk S, Van der Elst J, et al. Birthweight of 
singletons after assisted reproduction is higher after single-than after double-embryo transfer. Hum 
Reprod 2006;21:2633–7. [PubMed: 16785258] 

8. Pinborg A, Lidegaard O, Freiesleben N, Andersen AN. Vanishing twins: a predictor of small-for-
gestational age in IVF singletons. Hum Reprod 2007;22: 2707–14. [PubMed: 17728356] 

9. Shebl O, Ebner T, Sommergruber M, Sir A, Tews G. Birth weight is lower for survivors of the 
vanishing twin syndrome: a case-control study. Fertil Steril 2008;90:310–4. [PubMed: 17931633] 

10. Poikkeus P, Gissler M, Unkila-Kallio L, Hyden-Granskog C, Tiitinen A. Obstetric and neonatal 
outcome after single embryo transfer. Hum Reprod 2007; 22:1073–9. [PubMed: 17251357] 

11. Sazonova A, Kallen K, Thurin-Kjellberg A, Wennerholm UB, Bergh C. Obstetric outcome after in 
vitro fertilization with single or double embryo transfer. Hum Reprod 2011;26:442–50. [PubMed: 
21126967] 

12. Grady R, Alavi N, Vale R, Khandwala M, McDonald SD. Elective single embryo transfer 
and perinatal outcomes: a systematic review and meta-analysis. Fertil Steril 2012;97:324–31. 
[PubMed: 22177461] 

13. Mneimneh AS, Boulet SL, Sunderam S, Zhang Y, Jamieson DJ, Crawford S, et al. States 
Monitoring Assisted Reproductive Technology (SMART) Collaborative: data collection, linkage, 
dissemination, and use. J Womens Health 2013;22:571–7.

14. Nicholas J, Martin GC. Commentary: what is a propensity score? Br J Gen Pract 2008;58:687. 
[PubMed: 18826778] 

15. Lee BK, Lessler J, Stuart EA. Weight trimming and propensity score weighting. PLoS One 
2011;6:e18174. [PubMed: 21483818] 

16. Leslie S, Thiebaud P. Using propensity scores to adjust for treatment selection bias. 
Paper 184–2007 SAS Global Forum 2007. Available at: http://www2.sas.com/proceedings/
forum2007/184-2007.pdf. Accessed July 10, 2016.

17. ACOG Practice Bulletin No 156: Obesity in pregnancy. Obstet Gynecol 2015; 126:e112–26. 
[PubMed: 26595582] 

18. Practice Committee of Society for Assisted Reproductive Technology. Elective single-embryo 
transfer. Fertil Steril 2012;97:835–42. [PubMed: 22196716] 

19. Committee on Practice Bulletins—Obstetrics, the American College of Obstetricians and 
Gynecologists. Practice bulletin no. 130: prediction and prevention of preterm birth. Obstet 
Gynecol 2012;120:964–73. [PubMed: 22996126] 

Martin et al. Page 9

Fertil Steril. Author manuscript; available in PMC 2024 August 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www2.sas.com/proceedings/forum2007/184-2007.pdf
http://www2.sas.com/proceedings/forum2007/184-2007.pdf


20. Chang HJ, Lee JR, Jee BC, Suh CS, Kim SH. Impact of blastocyst transfer on offspring sex 
ratio and the monozygotic twinning rate: a systematic review and meta-analysis. Fertil Steril 
2009;91:2381–90. [PubMed: 18718582] 

21. Dietz P, Bombard J, Mulready-Ward C, Gauthier J, Sackoff J, Brozicevic P, et al. Validation of 
selected items on the 2003 U.S. standard certificate of live birth: New York City and Vermont. 
Public Health Rep 2015;130:60–70. [PubMed: 25552756] 

22. Dietz PM, Bombard JM, Hutchings YL, Gauthier JP, Gambatese MA, Ko JY, et al. Validation 
of obstetric estimate of gestational age on US birth certificates. Am J Obstet Gynecol 
2014;210:335.e1–5.

23. Zollinger TW, Przybylski MJ, Gamache RE. Reliability of Indiana birth certificate data compared 
to medical records. Ann Epidemiol 2006; 16:1–10. [PubMed: 16039875] 

Martin et al. Page 10

Fertil Steril. Author manuscript; available in PMC 2024 August 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Martin et al. Page 11

TA
B

L
E

 1

C
ha

ra
ct

er
is

tic
s 

am
on

g 
si

ng
le

to
n 

liv
e 

bi
rt

hs
 in

 C
on

ne
ct

ic
ut

, F
lo

ri
da

, M
as

sa
ch

us
et

ts
, a

nd
 M

ic
hi

ga
n,

 2
00

0–
20

10
.

N
on

-A
R

T
eS

E
T

N
on

-e
SE

T
D

E
T

 −
1

D
E

T
 ≥

2

C
ha

ra
ct

er
is

ti
cs

n 
(%

)
n 

(%
)

n 
(%

)
n 

(%
)

n 
(%

)
P

 v
al

ue

To
ta

l
4,

83
7,

98
3

1,
13

8
1,

59
9

13
,3

87
1,

24
0

 
A

ge
 (

y)
<

 .0
01

 
<

35
4,

08
7,

59
4 

(8
4.

5)
83

8(
73

.6
)

70
5 

(4
4.

1)
7,

72
7 

(5
7.

7)
74

9 
(6

0.
4)

 
35

–3
7

44
7,

17
9 

(9
.2

)
24

4 
(2

1.
4)

44
8 

(2
8.

0)
3,

57
4 

(2
6.

7)
30

5 
(2

4.
6)

 
≥3

8
30

3,
21

0 
(6

.3
)

56
 (

4.
9)

44
6 

(2
7.

9)
2,

08
6 

(1
5.

6)
18

6 
(1

5.
0)

R
ac

e/
et

hn
ic

ity
<

 .0
01

 
N

on
-H

is
pa

ni
c 

W
hi

te
3,

01
1,

04
6 

(6
2.

2)
92

4(
81

.2
)

1,
30

2 
(8

1.
4)

10
,8

36
 (

80
.9

)
98

5 
(7

9.
4)

 
N

on
-H

is
pa

ni
c 

B
la

ck
84

8,
79

2 
(1

7.
6)

39
 (

3.
4)

60
 (

3.
8)

56
7 

(4
.2

)
71

 (
5.

7)

 
H

is
pa

ni
c

71
1,

83
9(

14
.7

)
65

 (
5.

7)
11

4(
7.

1)
1,

04
8 

(7
.8

)
10

9(
8.

8)

 
O

th
er

26
6,

30
6 

(5
.5

)
11

0(
9.

7)
12

3 
(7

.7
)

93
6 

(7
.0

)
75

(6
.1

)

To
ba

cc
o 

us
ea

46
8,

29
3 

(9
.7

)
27

 (
2.

4)
25

(1
.6

)
26

7 
(2

.0
)

52
 (

4.
2)

<
 .0

01

C
hr

on
ic

 h
yp

er
te

ns
io

na
70

,4
23

 (
1.

5)
15

(1
.3

)
29

 (
1.

8)
22

3 
(1

.7
)

25
 (

2.
0)

<
 .0

01

E
du

ca
tio

na
<

 .0
01

 
<

 H
ig

h 
sc

ho
ol

83
2,

29
6 

(1
7.

2)
9(

0.
8)

12
 (

0.
8)

16
9 

(1
.3

)
42

 (
3.

4)

 
H

ig
h 

sc
ho

ol
1,

44
8,

30
1 

(2
9.

9)
10

1 
(8

.9
)

17
9(

11
.2

)
1,

63
7 

(1
2.

2)
16

4(
13

.2
)

 
So

m
e 

co
lle

ge
2,

02
6,

85
6 

(4
1.

9)
63

5 
(5

5.
8)

90
1 

(5
6.

4)
7,

66
1 

(5
7.

2)
69

1 
(5

5.
7)

 
So

m
e 

gr
ad

ua
te

48
8,

50
6 

(1
0.

1)
39

0 
(3

4.
3)

50
2 

(3
1.

4)
3,

86
5 

(2
8.

9)
34

1 
(2

7.
5)

M
ar

ita
l s

ta
tu

s
<

 .0
01

 
U

nm
ar

ri
ed

1,
87

3,
42

3 
(3

8.
7)

36
(3

.2
)

57
 (

3.
6)

47
6 

(3
.6

)
10

6(
8.

6)

 
M

ar
ri

ed
2,

96
3,

65
8 

(6
1.

3)
1,

10
2 

(9
6.

8)
1,

54
1 

(9
6.

4)
12

,9
11

 (
96

.4
)

1,
13

4(
91

.5
)

M
at

er
na

l B
M

I 
kg

/m
2a

,b
<

 .0
01

 
<

18
.5

41
,4

27
 (

4.
3)

11
 (

4.
4)

10
 (

4.
1)

99
 (

3.
8)

12
 (

3.
3)

 
18

.5
–2

4.
9

44
2,

99
5 

(4
5.

6)
16

1 
(6

4.
7)

14
3 

(5
9.

1)
1,

41
2 

(5
4.

3)
19

0 
(5

2.
2)

 
25

–2
9.

9
23

0,
45

9 
(2

3.
7)

43
 (

17
.3

)
43

 (
17

.8
)

60
7 

(2
3.

4)
77

 (
21

.2
)

 
≥R

30
19

9,
57

9 
(2

0.
5)

28
 (

11
.2

)
35

 (
14

.5
)

39
1 

(1
5.

0)
73

 (
20

.1
)

 
M

is
si

ng
57

,0
59

 (
5.

9)
6 

(2
.4

)
11

 (
4.

6)
90

 (
3.

5)
12

 (
3.

3)

H
is

to
ry

 o
f 

pr
io

r 
liv

e 
bi

rt
ha

<
 .0

01

Fertil Steril. Author manuscript; available in PMC 2024 August 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Martin et al. Page 12

N
on

-A
R

T
eS

E
T

N
on

-e
SE

T
D

E
T

 −
1

D
E

T
 ≥

2

C
ha

ra
ct

er
is

ti
cs

n 
(%

)
n 

(%
)

n 
(%

)
n 

(%
)

n 
(%

)
P

 v
al

ue

 
0

2,
03

2,
21

6 
(4

2.
0)

68
5 

(6
0.

2)
99

9 
(6

2.
5)

9,
40

9 
(7

0.
3)

78
1 

(6
3.

0)

 
1

1,
57

3,
30

7 
(3

2.
5)

32
9 

(2
8.

9)
41

1 
(2

5.
7)

2,
96

3 
(2

2.
1)

32
6 

(2
6.

3)

 
≥2

1,
21

0,
90

1 
(2

5.
0)

11
7 

(1
0.

3)
17

9 
(1

1.
2)

96
7 

(7
.2

)
12

9 
(1

0.
4)

St
at

e 
of

 d
el

iv
er

y
<

 .0
01

 
C

on
ne

ct
ic

ut
41

8,
66

2 
(8

.7
)

13
1 

(1
1.

5)
18

0 
(1

1.
2)

1,
79

3 
(1

3.
4)

12
9 

(1
0.

4)

 
Fl

or
id

a
2,

27
0,

60
4 

(4
6.

9)
16

7 
(1

4.
7)

34
1 

(2
1.

3)
3,

79
6 

(2
8.

4)
31

4 
(2

5.
3)

 
M

as
sa

ch
us

et
ts

82
5,

18
6 

(1
7.

1)
76

5 
(6

7.
2)

93
0 

(5
8.

2)
6,

17
4 

(4
6.

1)
52

7 
(4

2.
5)

 
M

ic
hi

ga
n

1,
32

3,
53

1 
(2

7.
4)

75
 (

6.
6)

14
8 

(9
.3

)
1,

62
4 

(1
2.

1)
27

0 
(2

1.
8)

A
m

on
g 

A
R

T
 d

el
iv

er
ie

s 
on

ly

 
To

ta
l

1,
13

8
1,

59
8

13
,3

82
1,

24
0

 
In

fe
rt

ili
ty

 d
ia

gn
os

is
 (

no
t m

ut
ua

lly
 e

xc
lu

si
ve

)

 
 

T
ub

al
20

4 
(1

7.
9)

26
1 

(1
6.

3)
2,

60
5 

(1
9.

5)
25

8 
(2

0.
8)

.0
06

 
 

E
nd

om
et

ri
os

is
89

 (
7.

8)
20

6 
(1

2.
9)

1,
87

5 
(1

4.
0)

16
9 

(1
3.

6)
<

 .0
01

 
 

U
te

ri
ne

42
 (

3.
7)

65
 (

4.
1)

42
7 

(3
.2

)
37

 (
3.

0)
.2

22

 
 

O
vu

la
to

ry
 d

ys
fu

nc
tio

n
26

0 
(2

2.
9)

19
7 

(1
2.

3)
2,

10
0 

(1
5.

7)
22

9 
(1

8.
5)

<
 .0

01

 
 

D
im

in
is

he
d 

ov
ar

ia
n 

re
se

rv
e

26
 (

2.
3)

19
2 

(1
2.

0)
73

6 
(5

.5
)

78
 (

6.
3)

<
 .0

01

 
 

M
al

e 
fa

ct
or

44
2 

(3
8.

8)
61

6 
(3

8.
5)

5,
32

7 
(3

9.
8)

50
2 

(4
0.

5)
.6

52

 
 

O
th

er
13

0 
(1

1.
4)

27
2 

(1
7.

0)
1,

69
6 

(1
2.

7)
15

3 
(1

2.
3)

<
 .0

01

 
 

U
ne

xp
la

in
ed

19
7 

(1
7.

3)
25

7 
(1

6.
1)

2,
14

43
 (

16
.0

)
16

8 
(1

3.
6)

.0
73

 
N

o.
 o

f 
pr

io
r 

A
R

T
 c

yc
le

s
<

 .0
01

 
 

0
85

8 
(7

5.
4)

91
3 

(5
7.

1)
8,

55
0 

(6
3.

9)
80

2 
(6

4.
7)

 
 

1
15

8 
(1

3.
9)

31
6 

(1
9.

8)
2,

50
4 

(1
8.

7)
21

5 
(1

7.
3)

 
 

≥2
12

2 
(1

0.
7)

37
0 

(2
3.

1)
2,

32
6 

(1
7.

4)
22

3 
(1

8.
0)

 
 

U
nk

no
w

n
0

0
7 

(0
.1

)
0

 
N

o.
 o

f 
oo

cy
te

s 
re

tr
ie

ve
d

<
 .0

01

 
 

0–
4

22
 (

1.
9)

50
3 

(3
1.

5)
90

4 
(6

.8
)

55
 (

4.
4)

 
 

5–
9

18
2 

(1
6.

0)
55

9 
(3

5.
0)

3,
58

1 
(2

6.
8)

26
0 

(2
1.

0)

 
 

≥1
0

87
3 

(7
6.

7)
46

6 
(2

9.
1)

8,
02

9 
(6

0.
0)

85
4 

(6
9.

0)

 
 

U
nk

no
w

n
61

 (
5.

4)
71

 (
4.

4)
87

3 
(6

.5
)

71
 (

5.
7)

 
N

o.
 o

f 
em

br
yo

s 
cr

yo
pr

es
er

ve
d

<
 .0

01

Fertil Steril. Author manuscript; available in PMC 2024 August 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Martin et al. Page 13

N
on

-A
R

T
eS

E
T

N
on

-e
SE

T
D

E
T

 −
1

D
E

T
 ≥

2

C
ha

ra
ct

er
is

ti
cs

n 
(%

)
n 

(%
)

n 
(%

)
n 

(%
)

n 
(%

)
P

 v
al

ue

 
 

0
-

1,
59

9 
(1

00
)

7,
12

2 
(5

3.
2)

52
2 

(4
2.

1)

 
 

1–
2

40
0 

(3
5.

2)
-

2,
35

9 
(1

7.
6)

26
0 

(2
1.

0)

 
 

3–
4

32
0 

(2
8.

2)
-

1,
79

0 
(1

3.
4)

18
6 

(1
5.

0)

 
 

≥5
41

8 
(3

6.
7)

-
2,

10
5 

(1
5.

7)
27

0 
(2

1.
8)

 
 

U
nk

no
w

n
0

0
11

 (
0.

1)
2 

(0
.2

)

 
St

ag
e 

of
 e

m
br

yo
 tr

an
sf

er

 
 

C
le

av
ag

e 
(d

 2
/3

)
52

7 
(4

6.
3)

1,
12

4 
(7

0.
3)

9,
05

7 
(6

7.
7)

68
8 

(5
5.

5)
<

 .0
01

 
 

B
la

st
oc

ys
t (

d 
5/

6)
60

8 
(5

3.
4)

43
7 

(2
7.

3)
4,

11
7 

(3
0.

7)
52

8 
(4

2.
6)

 
 

O
th

er
3 

(0
.3

)
38

 (
2.

4)
21

3 
(1

.6
)

24
 (

1.
9)

N
ot

e:
 A

R
T

 =
 a

ss
is

te
d 

re
pr

od
uc

tio
n 

te
ch

no
lo

gy
; B

M
I 

=
 b

od
y 

m
as

s 
in

de
x;

 D
E

T
 =

 d
ou

bl
e-

em
br

yo
 tr

an
sf

er
; D

E
T

 —
1 

=
 d

ou
bl

e-
em

br
yo

 tr
an

sf
er

 w
ith

 th
e 

es
ta

bl
is

hm
en

t o
f 

1 
ea

rl
y 

fe
ta

l h
ea

rt
be

at
; D

E
T

≥2
 =

 
do

ub
le

-e
m

br
yo

 tr
an

sf
er

 w
ith

 th
e 

es
ta

bl
is

hm
en

t o
f 

≥ 
2 

ea
rl

y 
fe

ta
l h

ea
rt

be
at

s;
 e

SE
T

 =
 e

le
ct

iv
e 

si
ng

le
 e

m
br

yo
 tr

an
sf

er
; O

R
 =

 o
dd

s 
ra

tio
.

a V
ar

ia
bl

e 
co

nt
ai

ns
 m

is
si

ng
 d

at
a;

 <
 2

%
 u

nl
es

s 
ot

he
rw

is
e 

st
at

ed
.

b R
es

tr
ic

te
d 

to
 2

00
8–

20
10

, F
lo

ri
da

 a
nd

 M
ic

hi
ga

n 
da

ta
 o

nl
y.

Fertil Steril. Author manuscript; available in PMC 2024 August 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Martin et al. Page 14

TA
B

L
E

 2

Pe
ri

na
ta

l o
ut

co
m

es
 a

m
on

g 
si

ng
le

to
n 

liv
e 

bi
rt

hs
 b

y 
ty

pe
 o

f 
co

nc
ep

tio
n 

in
 C

on
ne

ct
ic

ut
, F

lo
ri

da
, M

as
sa

ch
us

et
ts

, a
nd

 M
ic

hi
ga

n,
 2

00
0–

20
10

.

N
on

-A
R

T
eS

E
T

N
on

-e
SE

T

O
ut

co
m

e
n 

(%
)

n 
(%

)
O

R
 (

95
%

 C
I)

aO
R

a  
(9

5%
 C

I)
n 

(%
)

O
R

 (
95

%
 C

I)

Pr
et

er
m

 b
ir

th
 <

37
 w

k
39

5,
14

9 
(8

.2
)

10
3 

(9
.1

)
1.

10
 (

0.
90

–1
.3

5)
1.

39
 (

0.
82

–2
.3

7)
14

4 
(9

.0
)

1.
14

 (
0.

96
–1

.3
5)

V
er

y 
pr

et
er

m
 b

ir
th

 <
32

 w
k

62
,7

73
 (

1.
3)

14
 (

1.
2)

0.
92

 (
0.

53
–1

.5
7)

0.
72

 (
0.

24
–2

.1
3)

21
 (

1.
3)

1.
05

 (
0.

69
–1

.6
0)

SG
A

 <
10

th
 p

er
ce

nt
ile

45
0,

63
3 

(9
.3

)
97

 (
8.

5)
0.

90
 (

0.
73

–1
.1

1)
2.

83
 (

0.
83

–9
.6

7)
13

5 
(8

.4
)

0.
91

 (
0.

77
–1

.0
8)

L
B

W
 <

2,
50

0 
g

30
4,

22
7 

(6
.3

)
69

 (
6.

1)
0.

93
 (

0.
73

–1
.1

9)
1.

36
 (

0.
55

–3
.3

6)
11

0 
(6

.9
)

1.
12

 (
0.

92
–1

.3
5)

V
L

B
W

 <
1,

50
0 

g
55

,4
89

 (
1.

1)
9 

(0
.8

)
0.

64
 (

0.
32

–1
.2

7)
0.

91
 (

0.
20

–4
.1

7)
20

 (
1.

3)
1.

13
 (

0.
74

–1
.7

3)

5-
m

in
 A

pg
ar

 <
7

63
,0

95
 (

1.
3)

12
 (

1.
1)

0.
80

 (
0.

45
–1

.4
2)

0.
33

 (
0.

15
–0

.6
9)

b
31

 (
1.

9)
1.

50
 (

1.
06

–2
.1

4)
b

A
dm

is
si

on
 to

 N
IC

U
c

11
3,

86
6 

(5
.7

)
15

 (
6.

7)
1.

19
 (

0.
71

–2
.0

1)
3.

20
 (

0.
58

–1
7.

62
)

32
 (

9.
0)

1.
65

 (
1.

15
–2

.3
7)

b

N
on

-e
SE

T
D

E
T

 −
1

D
E

T
 ≥

2

aO
R

a  
(9

5%
 C

I)
n 

(%
)

O
R

 (
95

%
 C

I)
aO

R
a  

(9
5%

 C
I)

n 
(%

)
O

R
 (

95
%

 C
I)

aO
R

a  
(9

5%
 C

I)

1.
49

 (
0.

92
–2

.4
2)

1,
49

3 
(1

1.
2)

1.
41

 (
1.

34
–1

.4
9)

b
1.

38
 (

1.
16

–1
.6

4)
b

18
8 

(1
5.

2)
2.

02
 (

1.
73

–2
.3

6)
b

1.
58

 (
1.

09
–2

.2
9)

b

2.
04

 (
0.

58
–7

.2
0)

22
4 

(1
.7

)
1.

34
 (

1.
18

–1
.5

3)
b

1.
85

 (
1.

30
–2

.6
4)

b
34

 (
2.

7)
2.

29
 (

1.
63

–3
.2

2)
b

2.
46

 (
1.

20
–5

.0
4)

b

0.
89

 (
0.

44
–1

.8
3)

1,
20

8 
(9

.0
)

0.
98

 (
0.

93
–1

.0
4)

1.
03

 (
0.

78
–1

.3
5)

13
6 

(1
1.

0)
1.

18
 (

0.
99

–1
.4

1)
1.

14
 (

0.
68

–1
.8

9)

1.
16

 (
0.

54
–2

.5
0)

1,
08

2 
(8

.1
)

1.
33

 (
1.

25
–1

.4
1)

b
1.

59
 (

1.
21

–2
.1

2)
b

15
9 

(1
2.

8)
2.

18
 (

1.
85

–2
.5

7)
b

2.
17

 (
1.

24
–3

.7
9)

b

3.
27

 (
0.

66
–1

6.
24

)
21

6 
(1

.6
)

1.
46

 (
1.

28
–1

.6
6)

b
2.

64
 (

1.
59

–4
.4

1)
b

35
 (

2.
8)

2.
60

 (
1.

85
–3

.6
5)

b
3.

67
 (

1.
38

–9
.7

7)
b

0.
58

 (
0.

31
–1

.0
9)

14
4 

(1
.1

)
0.

82
 (

0.
70

–0
.9

7)
b

1.
17

 (
0.

62
–2

.1
9)

22
 (

1.
8)

1.
36

 (
0.

89
–2

.0
8)

1.
85

 (
0.

70
–4

.8
9)

1.
23

 (
0.

66
–2

.3
0)

29
3 

(7
.6

)
1.

37
 (

1.
22

–1
.5

5)
b

1.
47

 (
0.

92
–2

.3
4)

51
 (

10
.4

)
1.

92
 (

1.
44

–2
.5

7)
b

2.
07

 (
0.

84
–5

.0
9)

N
ot

e:
 A

 p
ro

pe
ns

ity
 s

co
re

 w
ei

gh
t w

as
 u

se
d 

fo
r 

A
R

T
 in

fa
nt

s 
to

 c
or

re
ct

 e
st

im
at

io
n 

bi
as

. a
O

R
 =

 a
dj

us
te

d 
od

ds
 r

at
io

; A
R

T
 =

 a
ss

is
te

d 
re

pr
od

uc
tio

n 
te

ch
no

lo
gy

; C
I 

=
 c

on
fi

de
nc

e 
in

te
rv

al
; D

E
T

 =
 d

ou
bl

e-
em

br
yo

 
tr

an
sf

er
; D

E
T

−
1 

=
 d

ou
bl

e 
em

br
yo

 tr
an

sf
er

 w
ith

 th
e 

es
ta

bl
is

hm
en

t o
f 

1 
ea

rl
y 

fe
ta

l h
ea

rt
be

at
; D

E
T

≥2
 =

 d
ou

bl
e 

em
br

yo
 tr

an
sf

er
 w

ith
 th

e 
es

ta
bl

is
hm

en
t o

f 
≥ 

2 
ea

rl
y 

fe
ta

l h
ea

rt
be

at
s;

 e
SE

T
 =

 e
le

ct
iv

e 
si

ng
le

-e
m

br
yo

 tr
an

sf
er

; L
B

W
 =

 lo
w

 b
ir

th
 w

ei
gh

t; 
N

IC
U

 =
 n

eo
na

ta
l i

nt
en

si
ve

 c
ar

e 
un

it;
 O

R
 =

 o
dd

s 
ra

tio
; S

G
A

 =
 s

m
al

l f
or

 g
es

ta
tio

na
l a

ge
; V

L
B

W
 =

 v
er

y 
lo

w
 b

ir
th

 w
ei

gh
t.

a C
om

pa
re

d 
w

ith
 n

on
-A

R
T.

 P
ro

pe
ns

ity
 w

ei
gh

ts
 c

re
at

ed
 f

or
 a

ll 
in

fa
nt

s 
us

in
g 

th
e 

fo
llo

w
in

g 
pr

ed
ic

to
rs

: m
at

er
na

l a
ge

, r
ac

e/
et

hn
ic

ity
, t

ob
ac

co
 u

se
, e

du
ca

tio
n,

 m
ar

ita
l s

ta
tu

s,
 a

nd
 p

ri
or

 li
ve

 b
ir

th
. A

dj
us

te
d 

fo
r 

ch
ro

ni
c 

hy
pe

rt
en

si
on

, s
ta

te
, a

nd
 y

ea
r 

of
 d

el
iv

er
y.

a  
C

om
pa

re
d 

w
ith

 n
on

-A
R

T.
 P

ro
pe

ns
ity

 w
ei

gh
ts

 c
re

at
ed

 f
or

 a
ll 

in
fa

nt
s 

us
in

g 
th

e 
fo

llo
w

in
g 

pr
ed

ic
to

rs
: m

at
er

na
l a

ge
, r

ac
e/

et
hn

ic
ity

, t
ob

ac
co

 u
se

, e
du

ca
tio

n,
 

m
ar

ita
l s

ta
tu

s,
 a

nd
 p

ri
or

 li
ve

 b
ir

th
. A

dj
us

te
d 

fo
r 

ch
ro

ni
c 

hy
pe

rt
en

si
on

, s
ta

te
, a

nd
 y

ea
r 

of
 d

el
iv

er
y.

b Si
gn

if
ic

an
t o

ut
co

m
es

.

c A
m

on
g 

Fl
or

id
a 

an
d 

M
ic

hi
ga

n 
de

liv
er

ie
s 

fo
r 

ye
ar

s 
20

05
 to

 2
01

0 
on

ly
. C

hr
on

ic
 h

yp
er

te
ns

io
n 

w
as

 n
ot

 a
dj

us
te

d 
fo

r 
du

e 
to

 th
e 

sm
al

l n
um

be
r 

of
 m

ot
he

rs
 w

ho
 h

ad
 c

hr
on

ic
 h

yp
er

te
ns

io
n 

an
d 

an
 in

fa
nt

 a
dm

itt
ed

 to
 

th
e 

N
IC

U
.

Fertil Steril. Author manuscript; available in PMC 2024 August 28.


	Abstract
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	References
	TABLE 1
	TABLE 2

