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Abstract

Background—Singleton infants conceived using assisted reproductive technology have lower 

average birthweights than naturally-conceived infants and are more likely to be born low 

birthweight (<2500 grams). Lower birthweights are associated with increased infant and child 

mortality and poor adult health outcomes, including cardiovascular disease, hypertension, and 

diabetes. Data from registry and single center studies suggest that frozen/thawed embryo transfer 

may be associated with larger birthweights. To date, however, a nationwide, full-population study 

on United States infants born using frozen/thawed embryo transfer has not been reported.

Objectives—To compare the effect of frozen/thawed versus fresh embryo transfer on birthweight 

outcomes for singleton, term infants conceived using in vitro fertilization in the United States 
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between 2007 and 2014, including average birthweight and the risks of both macrosomia (>4000 

grams) and low birthweight (<2500 grams).

Study Design—We used data from the Centers for Disease Control and Prevention’s National 

Assisted Reproductive Technology Surveillance System to compare birthweight outcomes of live-

born singleton, autologous oocyte, term (37–43 weeks) infants. Generalized linear models for all 

infants and stratified by infant sex were used to assess the relationship between frozen/thawed 

embryo transfer and birthweight, in grams. Infertility diagnosis, year of treatment, maternal age, 

maternal obstetric history, maternal and paternal race, and infant gestational age and sex were 

included in the models. Missing race data were imputed. The adjusted relative risks for 

macrosomia and low birthweight were evaluated using multivariable predicted marginal 

proportions from logistic regression models.

Results—In total, 180,184 singleton, term infants were included, with 55,898 (31.02%) having 

been conceived from frozen/thawed embryos. Frozen/thawed embryo transfer was associated with, 

on average, a 142.34 gram increase in birthweight compared with infants born after fresh embryo 

transfer (p<0.001). An interaction between infant sex and embryo transfer type was significant 

(p<0.0001), with FET having a larger effect on male infants by 16 grams. The adjusted risk of a 

macrosomic infant was 1.70 (95%CI 1.64–1.76) times higher following frozen/thawed embryo 

transfer than fresh embryo transfer. However, adjusted risk of low birthweight following frozen/

thawed embryo transfer was 0.52 (95%CI 0.48–0.56) compared to fresh embryo transfer.

Conclusions—Frozen/thawed embryo transfer, in comparison with fresh embryo transfer, was 

associated with increased average birthweight in singleton, autologous oocytes, term infants born 

in the United States, with a significant interaction between frozen/thawed embryo transfer and 

infant sex. The risk of macrosomia following frozen/thawed embryo transfer was greater than that 

following fresh embryo transfer but the risk of low birthweight among frozen/thawed embryo 

transfer infants was significantly decreased in comparison with fresh embryo transfer infants.
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Introduction

The number of infants born following conception using assisted reproductive technologies 

(ART) has increased by over 20% in the past decade, with 70,354 ART-conceived infants 

born in the United States in 2014 (1). During this time, ART practice and technology has 

improved, with significant improvements in slow freeze and vitrification technology making 

embryo freezing increasingly more successful (2) and allowing for increased use of embryo 

banking (3). There are therefore now many new treatment options for clinicians and their 

patients when deciding how to approach an in vitro fertilization (IVF) cycle. Frozen/thawed 

embryo transfer (FET), where embryos are retrieved and then frozen to allow for transfer at 

a later date, has seen an 82.5% increase in use in the US between 2006 and 2012 (4).

FET appears to result in similar pregnancy outcomes in comparison with fresh embryo 

transfer (5,6) and has also been found to be associated with birthweight increases ranging 
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from 50–250 grams (7). IVF-conceived infants are more likely to be of lower birthweights 

than their naturally conceived peers (8). Given the importance of birthweight in short- and 

long-term health outcomes, especially infant, child, and adolescent morbidity and mortality 

(9), improving birthweights in ART infants is essential to improving overall ART outcomes. 

Single- or multi-site studies both internationally (10–12) and in the US (13) and 

international registry studies (10–12,14) have found increased infant birthweights among 

singletons following conception using FET, and a corresponding decrease in small for 

gestational age and low birthweight (LBW, <2,500 grams) (11,13,15). However, FET has 

also been linked to large singleton infants, with increased rates of macrosomia and large for 

gestational age (LGA, >90th percentile of birthweight for gestational age) identified in 

international single- or multi-site studies (10,16) and registry studies (5,17–19). Larger 

birthweights have been found to increase risk for morbidity due to stillbirth and sudden 

infant death syndrome (20), increased systolic blood pressure in adulthood (21), and 

increased risk of being overweight as children and adults (22).

In the US, a recent study by Dunietz et al. found fresh transfer infant birthweights for 

singletons were below the national mean, whereas singleton FET infants’ birthweights were 

above the mean. FET infants also had significantly lower risk of being small for gestational 

age (SGA, <10th percentile) than their naturally conceived peers (23). This study, though, 

was limited to three states. The most recent registry-based study of FET birthweight 

outcomes in the US included data from 2004–2006 (24) and found decreased risk of LBW 

and increased risk of both macrosomia and LGA following FET in comparison with fresh 

embryo transfer (ET) singleton infants. Since this time, however, embryo culture to 

blastocyst and blastocyst cryopreservation has changed (13) and, in turn, significantly 

improved the FET pregnancy outcomes. Additionally, ART procedures may have differing 

effects on infants depending on infant sex (25), indicating a need for new exploration of 

birthweight outcomes following FET. As FET is used more frequently, clarification of how it 

affects birthweight can help guide clinician practice and help patients make informed 

decisions regarding their IVF procedures.

In this study, we used the Centers for Disease Control and Prevention’s (CDC’s) National 

ART Surveillance System (NASS) data to explore infant birthweight outcomes for term, 

singleton infants born in the US between 2007 and 2014 following either fresh ET or FET, 

including rates of macrosomia and LBW by transfer type. We also examined the interaction 

between infant sex and frozen/thawed embryo transfer to determine if birthweight effects 

varied based on infant sex.

Materials and Methods

Cohort selection

The CDC’s NASS data contains a record of ART cycles performed in the US, with more 

recent data containing an estimated >98% of cycles performed each year (26). We included 

all autologous oocyte ART cycles performed between 2007 and 2014. Cycles prior to 2007 

were not included because BMI and maternal smoking data were not collected. In total, 

1,008,393 ART cycles excluding embryo banking and gestational carrier cycles were 

performed between 2007 and 2014 (Figure 1). To establish a cohort of infants with low risk 
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for adverse perinatal outcomes, we restricted to cycles that resulted in the birth of at least 

one term infant (37 to 43 weeks gestational age, n=275,088). Likewise, we further excluded 

cycles that resulted in multiple births (n=38,123), cycles using donor oocytes or embryos 

(n=32,563), those in which the female patient was >45 (n=205) at cycle start, those 

involving the transfer of >4 embryos (n=2,669), and multiple gestations that resulted in only 

one infant born (n=13,260). Cycles resulting in infants with birthweights ≥ 5,500g (n=49) or 

≥ 1,500g (n=71) were excluded as these likely represented extreme outliers for term infants. 

Also excluded were cycles with missing data on infant sex (n=981), birthweight (n=2,217) 

and fresh transfers that occurred on days other than cleavage stage (day 2, 3) or blastocyst 

stage (day 5 or 6) (n=3,296). This resulted in total sample size of 181,654 autologous oocyte 

cycles resulting in live-born, singleton, term infants.

Of this population of infants, 36.8% were missing maternal race/ethnicity and 40.6% were 

missing paternal race/ethnicity (see Figure 1 for exclusions). Under the assumption that data 

were missing at random, we employed multiple imputation to estimate missing values using 

a non-parametric method, HOTDECK (SUDAAN 11.0.0). Based on variations in the race/

ethnicity distribution between US states, we used state as the clustering variable and 

included all other variables used in the linear models. Imputation was performed five times 

to obtain five datasets for analysis. Following imputation, 1,470 infants were removed due to 

missing maternal obstetric history data (prior ART cycles, parity, or prior miscarriage), 

resulting in a final cohort size of 180,184 infants.

Relationship between fresh/frozen/thawed embryo transfer and birthweight

All models were generated using SAS version 9.3 and SUDAAN 11 (Research Triangle 

Park, NC) statistical software. Generalized linear models were used to examine the impact 

of embryo transfer type (fresh or frozen/thawed) on infant birthweight in grams as the 

dependent variable. Demographic, treatment, and obstetric history variables were compared 

between the FET and fresh ET groups using chi-square tests or t-tests as appropriate. 

Variables which had been a priori established as related to birthweight but where less than 

10% of data were missing were included in the models. Models therefore included the 

following covariates: infant sex, gestational age (days), maternal age (years), year of 

treatment, non-exclusive infertility diagnosis (male factor, diminished ovarian reserve, 

uterine factor, history of endometriosis, ovulatory disorder, tubal factor, other cause, and 

unexplained), whether the mother had undergone previous ART cycles (none, 1–2, or 3 or 

more), whether the mother had previous miscarriages (yes, no), whether the mother had 

previous births (none, 1–2, or 3 or more), and maternal and paternal race (including imputed 

values). Most IVF treatment variables were not reported for the frozen/thawed transfer 

infants, including transfer stage (blastocyst, day 5–6, or cleavage, day 2–3), number of 

oocytes retrieved, use of intracytoplasmic sperm injection (ICSI), and use of preimplantation 

genetic diagnosis/screening (PGD/S) and so these variables were unable to be included in 

the model.

To test for a differential effect of embryo transfer type by infant sex, an interaction term was 

included in the model. Sex-stratified models were generated to improve interpretability. The 

adjusted relative risk (RR) of both macrosomia and low birthweight by treatment was 
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evaluated using multivariable predicted marginal proportions from logistic regression 

models and included the same covariates as the linear models. Because maternal BMI was 

missing for 22% of births, it was not included as a covariate in the adjusted models. To 

evaluate the extent to which BMI may confound our estimates, we conducted a sensitivity 

analysis in which BMI was included as a covariate in the linear and logistic regression 

models; cases with missing BMI values were excluded from these models. Additionally, to 

ensure that there were no differences in those whose race/ethnicity data was missing, we 

performed a sensitivity analysis using participants not missing that data, and also performed 

an analysis with missing race/ethnicity as a variable. We also performed an interaction test 

and sensitivity analysis for single embryo transfer (SET) to ensure that there was not an 

effect of number of embryos transferred and that this variable was not an effect modifier or 

confounder. All results were considered significant at an alpha of 0.05. This project was 

approved by the Institutional Review Board at the CDC.

Results

Demographics

A total of 180,184 singleton, live-born, term infants were included in the final models (Table 

1). Of these, 55,898 (31.0%) were conceived from a frozen/thawed embryo transfer. Infants 

were born between 37 and 43 weeks gestation (M=39.3 weeks, SD 1.1) to mothers between 

18 and 45 years old, with an average maternal age of 33.9 years (SD=4.2). Maternal BMI 

was predominantly normal or underweight (62.5%) and most mothers were non-Hispanic 

white (74.4%). Asian or Pacific Islander was the second most common maternal race 

(12.6%). Paternal race was similarly distributed, with 76.3% of fathers identifying as non-

Hispanic white and 10.9% identifying as Asian or Pacific Islander. Very few mothers 

reported being lifetime smokers (4.6%), but 15.2% of lifetime smoking history data were 

missing. Of all mothers, 2.3% reported smoking during pregnancy.

Parental infertility diagnosis was recorded nonexclusively, with male factor infertility being 

the most common diagnosis (40.3%). Among female infertility diagnoses, ovulatory 

disorder, including polycystic ovaries, was the most common (18.0%), followed by 

unexplained (15.3%) and tubal factor (14.5%) infertility. For most mothers, this was their 

first child (66.6%) and the case infant was most often conceived on the first round of ART 

(46.0%). Almost a third of mothers (28.8%) had had a previous miscarriage.

For the fresh transfer population, the majority of infants (54.1%) were conceived following 

blastocyst transfer, 74.4% were conceived using ICSI, and 4.8% had received PGD/S. An 

average of 13.5 oocytes were retrieved for fresh cycle patients. For the overall population, 

assisted hatching was used in 38.1% of cycles, and 27.5% of all cycles were performed 

using single embryo transfer. An average of 1.94 embryos were transferred per cycle.

The average birthweight of infants was 3,399.9 grams (SD = 472.4). Of these, 2.6% were 

LBW and 9.8% were macrosomic (>4,000 grams). Slightly fewer infants (49.4%) were 

female than male.
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Association of fresh or frozen/thawed embryo transfer, other IVF treatment factors, 
obstetric history, and demographic factors with infant birthweight

FET was associated with a 142 gram increase in birthweight over fresh ET (p<0.001, Table 

2). Independent of transfer type, female infants were 143 grams smaller than male infants 

(p≤0.001) and infant weight increased by 155 grams per each additional week of gestation. 

Birthweight was positively associated with maternal age and negatively associated with 

cycles having been completed more recently (treatment date by year). A diagnosis of 

diminished ovarian reserve was associated with a decrease in infant birthweight, while male 

factor infertility, endometriosis, and ovulatory disorder, were all associated with increased 

birthweight. Prior use of ART was also associated with increased birthweight, with infants 

whose mothers had previously had 1–2 cycles or 3 or more cycles being larger than those 

whose mothers had not had previous cycles. Infants whose mothers had had one or more 

prior miscarriages were also larger. Firstborn children weighed an average of 114 grams less 

than children born to mothers with previous children but there was no effect of the number 

of pervious children by category. Finally, infants born to non-Hispanic white mothers and to 

non-Hispanic white fathers were all larger than those born to any of the other race 

categories.

Modification of the effect of fresh or frozen/thawed embryo transfer on birthweight 
outcomes and stratification by sex

A significant interaction between infant sex and fresh/frozen/thawed embryo transfer was 

also identified (p<0.0001). Sex stratified models revealed that frozen/thawed embryo 

transfer had a greater effect on male infants’ birthweights than it did on female infants’ 

birthweights; male infants born from FET were 150 grams heavier than male infants born 

following fresh embryo transfers, whereas female infants born following FET were 134 

grams larger than female infants born following fresh embryo transfer. Most of the 

additional variables in the model that previously had been found to be associated with 

birthweight were still significant in the stratified models. However, for male infants the 

association between the mother or father identifying as “other” in the race categories was no 

longer significant. For female infants, the mother having had three or more prior ART cycles 

or a prior miscarriage was no longer significantly associated with birthweight, nor was the 

mother identifying race as “other” or the father identifying as non-Hispanic Black. For 

female infants, a maternal diagnosis of tubal factor infertility or another cause of infertility 

was significantly associated with increased birthweight.

The effect of frozen/thawed embryo transfer on low birthweight and macrosomia

Infants born following FET were 1.7 times more likely to be macrosomic than infants born 

following fresh embryo transfer (p≤0.001, Table 3) after adjustment for infertility diagnosis, 

race/ethnicity, and infant and obstetric characteristics. Likewise, there were significantly 

fewer LBW infants following FET as compared to fresh transfer (aRR 0.5, p<0.001).

Sensitivity analyses

In models where BMI was included as a covariate, FET was associated with a decrease of 

142.3 grams. When stratified by infant sex, a 156.2 gram decrease in birthweight was 
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observed in males and a 136.7-gram decrease was observed in females. The aRR for 

macrosomia was 1.75 (95%CI 1.64–1.76) and the aRR for LBW was 0.52 (95% CI 0.47–

0.57). Missingness for race/ethinicity data was not significantly associated with birthweight, 

and estimates were not meaningfully different when the analysis was restricted to those 

without missing race/ethnicity. Finally, there was no significant interaction between FET and 

single embryo transfer. Including SET in the model did not meaningfully change the 

relationship between birthweight and FET (effect size 141.98 grams). When infants born 

using SET were examined alone (n=49,496), the effect of FET was 138.45 grams, and when 

double embryo transfer infants were examined alone (n=98,063) the effect of FET was 

146.80 grams.

Comment

In this study, we found a positive association between the use of FET and infant birthweight, 

with singleton infants born following FET being 142 grams heavier than those born 

following fresh ET. We also found a significant interaction between infant sex and 

birthweight, indicating that the effect of FET differs depending on infant sex. Our data 

indicate that FET has a slightly greater impact on male infants than it does on female infants, 

with a 16-gram difference in effect between the two groups. Although this difference is 

small, and unlikely to be clinically significant in terms of the long-term effects of 

birthweight, the significant interaction is indicative of a potential sex-specific mechanism by 

which FET affects birthweight, and therefore warrants further exploration.

Keane et al. (2016) recently found an opposite effect of infant sex in their single-clinic study 

in Australia, with stratification indicating that the effect of FET on birthweight was only 

significant for female infants, with no apparent effect of FET on birthweight for male infants 

(10). Previous work by Kaartinen et al., also in a single clinic, found a greater effect size of 

FET on female infants than male infants for embryos transferred on day 2/3, and a trend 

toward greater birthweights in male infants for day 5/6 transfers but no difference in female 

infants for the later transfer group (25). In contrast, we found a greater effect on male infants 

and a significant effect for both sexes in a population-level study. Day of transfer data, 

however, was not available for FET infants in our cohort and further work is needed to 

elucidate the differing effects of IVF treatments based on sex and transfer stage.

Our results also indicate that there was a significantly increased risk of macrosomia among 

FET infants, and a concomitant decrease in the risk for LBW. In 2014, the macrosomia rate 

for the US term infant population was 86 infants per 1,000 and the rate of LBW was 31 per 

1,000 (27). The rate of macrosomia among term fresh ET infants in our study was 

comparable, at 80 per 1,000, as was the rate of LBW in this population, 31 per 1,000 infants. 

In contrast, the rate of macrosomia among FET infants was 130 per 1,000, much higher than 

the national rates, but the rate of LBW was only 16 infants per 1,000. Our results correspond 

with those from international studies, with risk ratios ranging from 1.29 to 2.05 for 

macrosomia (18,19,28) and from 0.73 to 0.81 for LBW (19,29,30) for FET infants in 

comparison with fresh ET infants. Several US studies have similarly found decreased LBW 

or SGA (13,23,31) in infants conceived following FET.
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Additionally, our results support recent sibling-pair findings by Luke et al. (2017) (32), who 

used Society for Reproductive Technology (SART) CORS data to evaluate the effect of FET 

on US infants in comparison with siblings conceived using fresh ET. They similarly found 

an increased risk of macrosomia and decreased risk of low birthweight among infants 

conceived using FET in comparison with those conceived using fresh ET. Luke et al.’s 

findings, however, are generalizable only to those infants whose mothers used IVF for two 

conceptions, resulting in about 15,000 infants. Our aim, on the other hand, was to expand 

this understanding to the entire IVF population across United States, and to that end we used 

a different methodological approach via a larger cohort study. Although SART-CORS data is 

very comprehensive, fertility clinic participation is voluntary, and those clinics that do 

participate (around 80% of fertility programs) may be inherently different from the 20% that 

choose not to participate, resulting in selection bias. NASS data, in contrast, contains data 

from clinics that report SART-CORS, but also those that choose not to report to SART-

CORS. Finally, our study provides evidence of an interaction between FET and infant sex; 

our results indicate that FET affects male and female infants differently. Participant sex is a 

critical confounder in all studies and is increasingly being recognized as central to the 

mechanism of effect of many prenatal exposures.

Limitations of our study include missing treatment information for frozen/thawed embryo 

transfers, most notably embryo stage, as these data are not routinely collected for these 

cycles. As a result, we were unable to include variables such as use of intracytoplasmic 

sperm injection, preimplantation genetic diagnosis/screening, and number of oocytes 

retrieved in this analysis. We also cannot compare rates of blastocyst or cleavage stage 

embryo transfer between the fresh and frozen/thawed infants due to missing data for the 

infants conceived using FET. Although it is possible that more frozen/thawed embryos are 

transferred at blastocyst stage, previous work by our group found only a 5.3-gram effect of 

blastocyst stage transfer which is unlikely to be sufficient to create the effect size seen in this 

study.

We also do not have data on the cryopreservation method used to freeze each embryo, 

though recent data indicate that freezing approach may not have an effect on birthweight 

(33). Type of cycle (natural or with hormone replacement) is also not available for FET 

cycles, but given that our cohort contains almost all US infants, we are confident that our 

effect estimates accurately reflect the true effect in this population. Future work on FET 

cycle types and cryopreservation is needed to better elucidate what component of FET 

affects birthweight. Additionally, due to the amount of missing maternal BMI and smoking 

history data, both known predictors of birthweight, neither variable was included in the 

model. Finally, paternal age is not currently available in NASS, and could not be included in 

models.

Although our data indicate differences in birthweight outcomes between fresh and frozen/

thawed ET, we cannot determine whether these differences are due to the freezing procedure 

or to underlying characteristics of the patients. For example, FET is also used more often in 

patients who are at risk for ovarian hyper-stimulation syndrome (34). We also do not have 

data on chronic or gestational diabetes, a risk factor for macrosomia, nor for other 

pregnancy-related complications that could play a role in the increased macrosomia seen in 
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FET infants. Although there were significant differences in many demographic, obstetric 

history, and treatment characteristics between the fresh and frozen/thawed embryo groups, 

inclusion of many of these variables in the model controls for some of the variability in 

prognosis between these patients. However, we were also unable to control for variation in 

clinic use of FET compared with fresh ET, as some clinics use differing criteria to determine 

which patients should freeze all embryos and only be offered FET.

The goal of this study was to establish the relationship between FET and birthweight while 

controlling for as many confounding factors as possible to be able to isolate that 

relationship. Because both preterm birth and multiple gestations are linked with many causes 

and complications that would impair the ability to evaluate the effect of FET on birthweight, 

we did not include preterm or multiple infants in our analysis. Preterm birth has also been 

associate with FET, and so outcomes in preterm infants should be examined separately due 

to the possibility of differing effects on preterm infants. Outcomes in preterm and multiple 

infants are of course important and further work is needed to understand the relationship 

between IVF procedures and their birthweight outcomes, but that was beyond the scope of 

our aims with this project.

To our knowledge, this is the first study to explore fresh and frozen/thawed embryo transfer 

birthweight outcomes for a national population of ART infants for this time-period, as well 

as the interaction between sex and FET. Additionally, the wealth of data available in the 

NASS data allowed for a comprehensive model, controlling for many variables related to 

birthweight that are not often available. Overall, our data indicate an increased birthweight 

following FET when compared with fresh ET. FET infants had an increased risk of 

macrosomia and a corresponding decrease in risk of LBW. Given the increasing trend 

toward freeze-all cycles, where all embryos are frozen for future use, understanding the 

perinatal risks of FET is essential for selecting patients who are good candidates for this 

treatment. However, the long-term effects of macrosomia are less well-established than those 

of LBW, and so determining whether the apparent trade-off related to FET—fewer LBW 

infants but more macrosomic infants—is beneficial is not yet possible. Additional studies are 

needed to fully understand the long-term implications of these risk on ART infants.
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Implications and Contributions

This study used comprehensive, US national data to examine the relationship between 

frozen/thawed embryo transfer (FET) and birthweight outcomes with the goal of 

verifying, in a US full-term, singleton, autologous population, previous findings 

indicating that infants conceived using FET may have larger birthweights than those 

conceived using fresh embryo transfer (ET). FET infants were 142 grams heavier than 

those conceived using fresh ET, with an even greater effect on male infants. Importantly, 

FET infants had a 70% increased risk of macrosomia (>4,000 grams) but a 50% 

decreased risk of being born low birthweight (LBW, <2,500 grams). Since the long-term 

effects of macrosomia are less well-established than those of LBW, determining the 

benefit of decreased LBW infants at the expense of increased macrosomic infants is not 

yet possible.
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Figure 1. 
Inclusion and exclusion criteria for term, live-born, autologous infants born following fresh 

and frozen/thawed embryo transfer cycles performed in the U.S. between 2007 and 2014, 

National ART Surveillance System (NASS).
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Table 1

Treatment, Parental, and Infant Characteristics for term, live-born, autologous, fresh and frozen/thawed 

embryo transfer infants born in the U.S. between 2007 and 2014, National ART Surveillance System (NASS).

All Fresh or Frozen/
Thawed Embryo 

Transfers

Fresh Embryo Transfers Frozen/Thawed Embryo Transfers

(N=180,184) (N=124,286) (N=55,898)

Treatment Characteristics

 Blastocyst Transfer 67,257 (37.33) 67,257 (54.11) NAa

 Single Embryo Transfer 49,496 (27.47) 26,695 (21.48) 22,801 (40.79)

 Number of Embryos Transferred (Mean 
(SD))

1.94 (0.75) 2.04 (0.74) 1.72 (0.71)

 Number of Oocytes Retrieved 13.54 (7.54) 13.50 (7.51) NAa

 ICSI Used 94,605 (52.50) 92,372 (74.32) NAa

 Preimplantation Genetics Testing/Screening 
Performed

5,886 (3.27) 5886 (4.75) NAa

 Assisted Hatching Used 68,587 (38.06) 40,696 (32.74) 27,891 (49.90)

Maternal Demographics

 Maternal Age (years) 33.86 (4.17) 33.72 (4.18) 34.18 (4.11)

 Maternal Weight

  Normal or Underweight (BMI <= 25 
kg/m2)

87,869 (62.54) 60,034 (61.62) 27,835 (64.60)

  Overweight (BMI > 25 and < 30 kg/m2) 31,664 (22.53) 22,239 (22.83) 9,425 (21.87)

  Obese (BMI > 30 kg/m2) 20,987 (14.94) 15,158 (15.56) 5,829 (13.53)

  Missing 39,664

 Year of Cycle Initiation

  2007 18,204 (10.10) 14,555 (11.71) 3,649 (6.53)

  2008 19,708 (10.94) 15,557 (12.52) 4,151 (7.43)

  2009 20,100 (11.16) 15,867 (12.77) 4,233 (7.57)

  2010 20,934 (11.62) 15,831 (12.74) 5,103 (9.13)

  2011 21,877 (12.14) 15,754 (12.68) 6,123 (10.95)

  2012 24,167 (13.41) 16,214 (13.05) 7,953 (14.23)

  2013 26,123 (14.50) 15,570 (12.53) 10,553 (18.88)

  2014 29,071 (16.13) 14,938 (12.02) 14,133 (25.28)

 Smoked >100 cigarettes in lifetime 8,276 (4.59) 5990 (4.82) 2,286 (4.09)

  Missing 27,438

 Smoked during 3 months prior to cycled 3,493 (2.31) 2,524 (2.43) 969 (2.05)

  Missing 173,651

Infertility Diagnosis (nonexclusive)

 Male Factor 72,637 (40.31) 50,699 (40.79) 21,938 (39.25)

 Diminished Ovarian Reserve 26,124 (14.50) 18,949 (15.25) 7,175 (12.85)

 Uterine Factor 6,889 (3.82) 4,457 (3.59) 2,432 (4.35)

 Endometriosis 19,573 (10.86) 13,761 (11.07) 5,812 (10.40)
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All Fresh or Frozen/
Thawed Embryo 

Transfers

Fresh Embryo Transfers Frozen/Thawed Embryo Transfers

(N=180,184) (N=124,286) (N=55,898)

 Ovulatory Disorder or Polycystic Ovaries 32,446 (18.01) 20,753 (16.70) 11,693 (20.92)

 Tubal Factor 26,106 (14.49) 18,280 (14.71) 7,826 (14.00)

 Hydrosalpinx c 2,295 (1.27) 1,584 (1.27) 711 (1.27)

 Tubal Ligation 3,284 (1.82) 2,479 (1.99) 805 (1.44)

 Other Tubal Cause c 20,901 (11.60) 14,462 (11.64) 6,439 (11.52)

 Other Cause 23,273 (12.92) 14,188 (11.42) 9,085 (16.25)

 Unexplained 27,534 (15.28) 19,757 (15.90) 7,777 (13.91)

Maternal Pregnancy History

 Number of Previous ART Cycles

  No previous cycles 82,836 (45.97) 79,491 (63.96) 3,345 (5.98)

  1–2 cycles 72,699 (40.35) 33,373 (26.85) 39,326 (70.35)

  3 or more cycles 24,649 (13.67) 11,422 (9.19) 13,227 (23.66)

 One or More Previous Premature Birth(s) 7,493 (4.17) 3,331 (2.69) 4,163 (7.46)

 One or More Previous Miscarriage(s) 51,972 (28.82) 33,259 (26.76) 18,713 (33.48)

 Parity

  One to two previous births 56,286 (31.24) 32,195 (25.90) 24,091 (43.10)

  No previous births 120,071 (66.64) 89,531 (72.04) 30,540 (54.64)

  3 or more previous births 3,827 (2.13) 2,560 (2.06) 1,267 (2.27)

Infant Variables

 Birthweight (grams) 3399.87 (472.37)

  Low Birthweight (<2500 grams)) 4,741 (2.63) 3,855 (3.10) 886 (1.59)

  Normal Birthweight (2500–4000 grams)) 157,721 (87.53) 110,491 (88.90) 47,230 (84.49)

  Macrosomic (>4000 grams) 17,722 (9.84) 9,940 (8.00) 7,782 (13.92)

 Gestational Age (weeks) 39.30 (1.08) 39.35 (1.08) 39.20 (1.06)

 Female Sex 89,007 (49.40) 61,672 (49.62) 27,335 (48.90)

Maternal Ethnicityb

 Non-Hispanic White 86,425 (74.43) 60,329 (75.33) 26,096 (72.42)

 Non-Hispanic Black 5,807 (5.00) 3,937 (4.92) 1,870 (5.19)

 Asian or Pacific Islander 14,631 (12.60) 9,262 (11.57) 5,369 (14.90)

 Hispanic 9,024 (7.77) 6,389 (7.98) 2,635 (7.31)

 Other 232 (0.20) 169 (0.21) 63 (0.17)

 Missing 64,065

Paternal Ethnicityb

 Non-Hispanic White 81,703 (76.33) 56,935 (77.11) 24,768 (74.60)

 Non-Hispanic Black 5,732 (5.36) 3,934 (5.33) 1,798 (5.42)

 Asian or Pacific Islander 11,682 (10.91) 7,333 (9.93) 4,349 (13.10)

 Hispanic 7,724 (7.22) 5,496 (7.44) 2,228 (6.71)

 Other 193 (0.18) 135 (0.18) 58 (0.17)
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All Fresh or Frozen/
Thawed Embryo 

Transfers

Fresh Embryo Transfers Frozen/Thawed Embryo Transfers

(N=180,184) (N=124,286) (N=55,898)

 Missing 73,150

All data are presented as number (percent) of participants except where otherwise specified; SD = Standard Deviation

a
Data were not available for some treatment variables for infants conceived using frozen/thawed embryo transfers.

b
Missing maternal and paternal race data were imputed

c
No significant differences between the frozen/thawed embryo and fresh embryo groups for these two variables. All other variables were 

significantly different between the groups.

d
Question was only asked of those who reported having smoked >100 cigarettes in their lifetime
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Table 3

Rates of macrosomia and low birthweight (LBW) among infants conceived with Assisted Reproductive 

Technology following fresh and frozen/thawed embryo transfer, and relative risks for frozen/thawed versus 

fresh embryo transfer. National ART Surveillance System (NASS).

Fresh Embryo Transfer Frozen/Thawed Embryo Transfer

Normal Birthweight (>2,500 to ≤4,000 grams)

 N (%) 110491 (88.9) 47230 (84.5)

Low Birthweight (1500–2500 grams)

 N (%) 3855 (3.1) 886 (1.6)

 RR (95% CI) Ref. 0.51 (0.48–0.55)

 aRR (95% CI) Ref. 0.52 (0.48–0.56)

Macrosomic (>4000 grams)

 N (%) 9940 (8.0) 7782 (13.9)

 RR (95% CI) Ref 1.74 (1.69–1.79)

 aRR (95% CI) Ref. 1.70 (1.64–1.76)

RR= relative risk; aRR = adjusted relative risk (adjusted for infertility diagnosis, maternal and paternal race, obstetric history, infant sex, year of 
transfer, gestational age, and maternal age)
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