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Abstract
Objective—Singleton infants born after in-vitro fertilization (IVF) are at increased risk for low
birth weight (LBW) and/or preterm delivery. We sought to assess if the alteration of the peri-
implantation maternal environment due to ovarian stimulation may contribute to increased risk in
in vitro fertilization (IVF) births.

Methods—The Society of Assisted Reproductive Technology database was used to identify IVF-
conceived infants born in the United States between 2004-2006. Associations were assessed in
infants born after fresh compared with frozen and thawed embryo transfer in women of similar
ovarian responsiveness, in paired analysis of infants born to the same woman following both types
of embryo transfer, and in infants born following oocyte donation.

Results—Of 56,792 infants identified, 38,626 and 18,166 were conceived following transfer of
fresh and frozen embryos, respectively. In singletons, there was no difference in preterm delivery.
However, the odds of overall low birth weight (LBW) (10% vs.7.2%; AOR 1.35, 95% CI
1.20-1.51), LBW at term (2.5% vs. 1.2%; AOR 1.73, 95% CI 1.31-2.29), and preterm LBW
(34.1% vs. 23.8%; AOR 1.49, 95% CI 1.24-1.78) were all significantly higher following fresh
embryo transfer. In singletons following either fresh or frozen embryo transfer in the same patient,
this association was even stronger (LBW: [11.5% vs. 5.6%; AOR 4.66, 95% CI 1.18 – 18.38,). In
oocyte donor recipients who do not undergo any ovarian hormonal stimulation for either a fresh or
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a frozen embryo transfer, no difference in LBW was demonstrated (11.5% vs.11.3%; AOR 0.99,
95% CI 0.82 – 1.18).

Conclusions—The ovarian stimulation-induced maternal environment appears to represent an
independent mediator contributing to the risk of LBW, but not preterm delivery, in infants
conceived following IVF.

Introduction
More than 57,000 infants are born yearly in the United States using assisted reproductive
technologies (1). Multiple gestation remains the main contributor to perinatal morbidity in
IVF conceptions, but data have indicated that even singleton births are at increased risk for a
number of adverse perinatal outcomes, including low birth weight and preterm delivery
(2-11). The contributing factors underlying this association are not known, but may be due
to an underlying inherent increased risk in subfertile couples or, alternatively, may be
associated with ovarian stimulation and/or procedures specific to the IVF treatment (7, 12,
13). IVF involves a complex set of medical, surgical and laboratory manipulations. During a
fresh IVF cycle, exogenous gonadotropins are administered to promote the development of
multiple follicles resulting in estradiol levels that can be 10-20 times greater than
physiologic (14, 15, 16). Often, IVF cycles result in the generation of more embryos than is
appropriate to transfer during the initial fresh cycle and embryos are cryopreserved. In a
frozen/thawed embryo transfer cycle, the endometrium is prepared by mimicking the
endocrine environment of a normal, non-stimulated menstrual cycle (17). Thus, the study of
births following fresh versus frozen embryo transfer provides an opportunity to isolate one
aspect of the IVF process because the environment in which the egg was stimulated,
retrieved, fertilized and cultured is the same in both types of transfer, while the main
difference is in the maternal endocrine milieu at the time of transfer and implantation.

The goal of this study was to assess if the alteration of the peri-implantation maternal
environment due to ovarian stimulation may independently contribute to low birth weight
(LBW) and/or preterm delivery following IVF. Live births following a fresh embryo transfer
were compared to live births following transfer of frozen-thawed embryos in patients with
similar ovarian response. To enhance the robustness of this analysis the outcome of infants
born after a fresh and a frozen transfer, in the same woman (in different cycles) were
compared. Finally, we contrasted these findings to infants conceived following a fresh or
frozen ET cycle using donated oocytes. During these cycles, the recipients do not undergo
any ovarian hormonal stimulation and thus the maternal hormonal milieu is the same for
both transfer types.

Methods and Materials
The data source for the study included data that is routinely recorded in a standardized
fashion for reporting to the Society for Assisted Reproductive Technology (SART) and the
United States Center for Disease Control and Prevention (CDC). Data collected included
patient demographic characteristics, infertility diagnosis, medication, treatment methods (i.e.
fresh versus frozen embryo transfer), and outcomes for each cycle. Live births of infants
after conception with IVF were identified from the SART registry from 2004-2006 with
346, 345, and 343 clinics reporting for each year, respectively. Analysis was restricted to
live births conceived following the transfer of fresh embryos only in similar ovarian
response cycles in which supernumerary embryos were available for freezing, and compared
to live births conceived after the transfer of thawed embryos. Three analyses were
performed: 1) A comparison of live births resulting from fresh or frozen transfer in women
with non donated oocytes, 2) a comparison of live births resulting from a fresh and a frozen
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embryo transfer in the same woman (in different cycles), and 3) and comparison of live birth
resulting from fresh or frozen transfer in women who conceived with donated oocytes.
Where applicable,analyses were stratified by singleton and twin gestation.

Exposure was defined as live birth resulting from a fresh embryo transfer directly following
hormonal ovarian hyperstimulation and ultrasound-guided oocyte retrieval. Comparison was
made to live birth resulting from a frozen/thawed embryo transfer defined as transfer of
embryos previously frozen after ovarian hyperstimulation and ultrasound guided oocyte
retrieval and subsequently thawed for transfer in a separate cycle. Given that the frozen
embryos were already created, hormonal ovarian hyperstimulation and ultrasound-guided
oocyte retrieval were not performed during frozen ET cycles.

Information collected regarding the infants included date of birth, birth weight, and mode of
delivery. Gestational age at delivery was calculated based on the date of the embryo transfer.
Outcomes of this study include: preterm delivery (live born infant of gestational age of at
least 32 weeks but less than 37 weeks), very preterm delivery (live born infant of gestational
age of less than 32 weeks), low birthweight (LBW; infant weighing less than 2500 grams),
term LBW (infant weighing less than 2500 grams and >=37 weeks gestation), preterm LBW
(infant weighing less than 2500 grams and < 37 weeks gestation) and very preterm low
birthweight (<2500 grams, <32 weeks). In addition, an analysis for small for gestational age
(SGA: <10th% for gestational age) was performed to assess the association with birthweight
as a continuous variable corrected for gestational age. The study protocol was approved by
the institutional review board of the University of Pennsylvania.

All data management and analyses were performed using STATA, version 11 (STATA
Corp., College Station, USA). The assessment of the association between type of embryo
transfer (fresh versus frozen) and risk of each type of adverse outcome was assessed using
both univariable and multivariable analyses. In addition to our primary exposure of fresh as
compared to frozen embryo transfer, the impact of other factors that have been demonstrated
to be associated with adverse outcome were investigated, including: patient age at time of
embryo transfer, prior parity, infertility diagnosis, number of embryos transferred, number
of prior ART cycles, calendar year of treatment (2004,2005,2006), history of miscarriage
and reduction in number of fetal hearts seen on initial ultrasound and number of infants born
(i.e. vanishing twin) (18, 19). The adverse outcome of LBW was also stratified by preterm
delivery. In these stratified analyses, preterm and very preterm deliveries were combined
into one category when adjusting for the impact of other risk factors due to the low
incidence of very preterm deliveries.

Patient and treatment characteristics in the fresh and frozen embryo transfer groups were
compared using generalized estimating equations (GEEs) to account for correlation between
groups because some women in the database underwent both fresh and frozen embryo
transfers. Univariable analyses were performed on all variables to assess for potential
association with adverse outcome. Variables with univariable p-value of <0.20 and variables
of known clinical importance were selected for inclusion in the multivariable analysis. The
adjusted odds ratios and 95% confidence intervals from the GEE models were reported. The
significance level for all analyses was set at p<0.05. Sensitivity analyses were performed on
data outside of expected norms including fresh embryo transfer after day 6 (n=79), non-
oocyte donation cycle in patient greater than age 50 (n=704), a history of more than 5 full
term births (n=48), transfer of greater than 6 embryos (n=98), and a total number of prior
ART cycles that exceeded 6 cycles (n=642). Sensitivity analyses were performed on these
outliers to assess if exclusion of these possible data entry errors significantly changed point
estimates.
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The SART database includes a unique patient ID field which allows for the identification of
some patients who underwent more than one cycle at the same clinic. The database does not
identify patients that transfer from one clinic to another. This unique patient ID allowed us
to perform our second analysis, a paired analysis on a subset of patients who conceived a
singleton pregnancy from at least one fresh and one frozen embryo transfer at the same
institution at different points in time to control for the contribution from the host patient.
Some patients delivered more than one singleton birth following a fresh and/or frozen
embryo transfer, as such, more than two pregnancies were included for some women.
Conditional logistic regression was used to analyze the paired data. Adjusted analyses
potentially included the same covariates as in the primary analysis. However, categorical
covariates with insufficient variability (<5% in one or more categories) in this subsample
were either collapsed or excluded from the adjusted model, as appropriate.

The third analysis was restricted to singleton live births conceived following the transfer of
fresh donor oocyte embryos, in cycles with supernumerary embryos available for freezing at
the time of fresh oocyte collection, and compared to live births conceived following transfer
of thawed embryos created with donor oocytes. This analysis used the same procedures as
described above.

Results
The SART database included a total of 368,833 cycles from 2004-2006. The analysis was
restricted to only those cycles which resulted in live birth, thus excluding 238,616 cycles. To
minimize the variability in prognosis for success, we further restricted the cohort of fresh
embryo transfer births to those which resulted from transfer of fresh embryos only in cycles
with excess embryos available for cryopreservation (best prognosis patients), thus excluding
an additional 56,544 births. Also excluded from analysis were: births that resulted from
simultaneous transfer of both fresh and frozen embryos (n=42), and those with missing live
birth outcomes (n=471). For the primary analysis, oocyte donation births (n=16,368) were
excluded, resulting in a total of 56,792 births eligible for inclusion; 38,626 followed transfer
of fresh embryos and 18,166 followed transfer of frozen embryos.

Table 1 provides a comparison of patient and treatment characteristics in those who
delivered a live birth following fresh compared to frozen embryo transfer in the overall
cohort (with the exclusion of oocyte donor recipients Table 1 also demonstrates that
pregnancies following frozen embryo transfer had a higher mean number of embryos
transferred than pregnancies resulting from fresh embryo transfers (2.6 vs 2.4, respectively,
p<0.001).

In patients with embryos available for cryopreservation, fresh embryo transfer was more
likely to result in a clinical pregnancy than frozen embryo transfer, 52.1% versus 32.7%,
respectively (data not shown in table). Despite the fact that fewer embryos were transferred,
transfer of fresh embryos was more likely to result in a multiple birth than transfer of frozen
embryos with an increased risk of twins following transfer of fresh embryos, 34.4% vs
21.9%, respectively (OR 1.93; 95% CI 1.85 – 2.02, p<0.0001). Triplets were also more
likely following transfer of fresh versus frozen embryos, 2.4% vs 1.8%, respectively (OR
1.59, 95% CI 1.39-1.83, p<0.0001). There was no difference in infant gender with similar
numbers of males and female infants born after fresh or frozen ET (Table 1).

Subsequent analyses were stratified by singleton and twin pregnancy. Table 2 presents the
analysis of preterm delivery and low birthweight in singleton births following fresh versus
frozen embryo transfer. Mean gestational age at delivery for singletons was the same for
both fresh and frozen embryo transfer pregnancies, 38.0 +/- 2.7 weeks (p = NS).
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The odds of low birthweight was significantly higher in IVF singletons following transfer of
fresh embryos for all analyses; when low birthweight was analyzed as an overall variable
(Overall LBW: AOR 1.35, 95% CI 1.20 – 1.51, p<0.001), and when low birthweight was
stratified by term and preterm delivery (term low birth weight: AOR 1.73, 95% CI 1.31 –
2.29, p=0.001; preterm low birth weight: AOR 1.49, 95% CI 1.24 – 1.78, p<0.001). The
subanalysis restricted to primiparous patients demonstrated consistent results with LBW
more likely in singleton first births following fresh as compared to frozen embryo transfer
(OR 1.23, 95% CI 1.06-1.42, p=0.007; AOR 1.25, 95% CI 1.06-1.46, p=0.007). In addition,
a higher odds of SGA in singleton infants conceived after fresh vs. frozen ET was
demonstrated (6.73% vs 3.5%, respectively; AOR 1.71, 95% CI 1.46 - 2.00, p <0.001).
Mean birthweight was 156 grams lower in singleton infants following fresh as compared to
frozen ET (3215.7 +/- 627.4 grams vs. 3371.9 +/- 653.3 grams, respectively, p<0.001).

Table 3 presents the analysis of preterm delivery and low birth weight in twin births
following fresh versus frozen embryo transfer. There was no difference in the risk of
preterm delivery in twins based on fresh versus frozen embryo transfer. Low birth weight,
however, was significantly more likely to occur in twin pregnancies conceived following
fresh as compared to frozen embryo transfer for all analyses.

Two important control analyses are presented in Tables 4 (pregnancies in the same patient)
and 5 (pregnancies in donor-egg cycles). The results of the paired analysis of singleton
pregnancies resulting from either a fresh and a frozen embryo transfer in the same patient
are presented in Table 4. There were 680 singleton births following fresh embryo transfer
and 676 singleton births following frozen embryo transfer in the same patient at two
different times. Paired analysis demonstrated no association between transfer type and
preterm delivery. However, low birthweight was strongly and significantly associated with
fresh embryo transfer in both crude and adjusted analyses (AOR 4.66, 95% CI 1.18 – 18.38,
p=0.03).

Table 5 presents the results of the analysis of 8,768 singleton live births resulting from
oocyte donation. There was no association between transfer type and preterm delivery(AOR
0.96, 95% CI 0.84 – 1.09, p=0.50). There was also no association between transfer type and
low birth weight (Overall LBW: AOR 0.99, 95% CI 0.82 – 1.18, p =0.87).

Discussion
The elucidation of the contribution of treatment on the perinatal morbidity of children
conceived with in vitro fertilization is of both scientific and public health importance. In this
study, we isolate one aspect of the complex process of IVF to determine if ovarian hormonal
stimulation is associated with adverse outcome. Using a large contemporary database, we
have demonstrated that low birth weight is higher in children conceived following a fresh as
compared to a frozen embryo transfer cycle. This finding, in conjunction with the results of
the analyses in the same woman and in oocyte donor recipients, suggests an independent
association between one aspect of IVF and perinatal morbidity. We hypothesize that the
mechanism of this observation may be the non-physiologic peri-implantation maternal
hormonal environment of a fresh IVF cycle following hormonal ovarian stimulation.

A major strength of our study is the size of the SART database, including more than 50,000
births, which allowed for restriction of the cohort to live births from women of similar
ovarian responsiveness. Exposure was restricted to women with a live birth resulting from
fresh embryos in cycles with excess embryos available for cryopreservation to limit
potential selection bias and confounding present in previous studies (20, 21, 22). The large
sample size also allowed appropriate power after controlling for important confounders of
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adverse outcome, and in analyses restricted to singleton and twin deliveries. In addition, the
paired analysis of women with live birth after both a fresh and a frozen ET, and the study of
birth outcomes of infants conceived with donated oocytes in a fresh or frozen ET cycle
further strengthen the current study design. Our conclusions are supported by the
consistency of findings noting an association of fresh embryo transfer and low birth weight
in term infants, preterm infants, singletons, and in twin gestations. Interestingly, we also
consistently do not demonstrate an association of preterm delivery and transfer type.

It is likely that multiple factors contribute to low birth weight and preterm delivery, many of
which are unknown and their mechanism(s) may differ. Our analysis of pregnancy outcome
in the same women was expected to minimize unrecognized confounding. The paired
analysis of women with a live birth after both a fresh and a frozen transfer demonstrated an
almost 4 fold increase in the strength of association of transfer type and low birth weight and
no association with preterm delivery. The increase in the strength of association for low
birth weight with no change in the association for preterm delivery in this analysis adds
validity to our overall conclusions.

Because embryos generated from donor oocytes are exposed to a similar endocrine milieu at
the time of either a fresh or a frozen embryo transfer, we hypothesized that there should be
no association between transfer type and low birth weight in the donor egg recipient patient
population. As predicted, we found no difference in low birth weight (or preterm delivery)
in this patient population. This observation lends further strong support to our conclusion
that the non physiological maternal environment following ovarian hormonal stimulation
may be one of the potential contributors leading to low birth weight in infants conceived
during a fresh IVF cycle. Our findings are supported by several smaller European
publications in which infants born after transfer of frozen embryos demonstrated higher
birth weight than those born after transfer of fresh embryos (23, 24, 25). Furthermore, a
Danish study reported that the risk of low birth weight was no different in singleton births
after frozen embryo transfer as compared to singleton unassisted conceptions (20). The
strength and novelty of our study, due to the large sample size and ability to perform
subanalyses, was the ability to isolate the maternal hormonal milieu at the time of transfer as
an underlying mechanism that contributes to this association.

The cellular mechanism(s) responsible for the association of adverse perinatal outcomes
with IVF cannot be determined from the present study. A physiologically plausible
hypothesis is that this adverse outcome may be the result of alterations in implantation and
placentation. These processes depend on both embryonic factors regulating the adhesive and
invasive properties of the trophoblasts and maternal uterine and immunologic factors that
play permissive and regulatory roles modulating trophoblast invasion (26). It is conceivable
that some of these interactions are altered in the setting of ovarian hyperstimulation (27-34).
Modulation of endometrial cell function may alter regulatory processes and modify the
implantation process. This hypothesis is supported by the demonstration of differential
expression of more than 200 endometrial genes in stimulated versus natural cycles during
the window of implantation (35). Unfortunately, no data are available in the SART database
in order to correlate specific hormonal measurements with outcomes in this cohort of
patients.

Alternatively, the altered endocrine milieu may directly affect the peri-implantation embryo
and thus affect the implantation process by modulating directly the differentiation and
invasive activity of the trophoblast cells. It is noteworthy that the reported increase in low
birth weight is independent of preterm birth and/or gestational age at delivery. No difference
in preterm delivery was noted in our study. In addition, the clinical significance of the
absolute difference of a 156 gram decrease in mean birthweight of singleton infants born
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after fresh ET as compared to frozen ET is unclear. However, the increased proportion of
low birth weight infants following fresh ET may have significant clinical relevance due to
the reported association of low birth weight and adult onset disease states (36, 37, 38).

Alternate mechanisms cannot be excluded. It is possible that the freezing and thawing
processes may act as a natural stress test with only the fittest frozen embryos surviving, thus
resulting in pregnancies with reduced adverse outcomes. However, the higher proportion of
multiple pregnancies in fresh embryo transfer cycles, despite transfer of fewer embryos,
would argue that the fittest embryos were probably transferred in the fresh cycles. Moreover,
if the decreased risk of low birth weight was associated with a natural selection process due
to the freezing and thawing of embryos, one would have expected to observe the association
of transfer type in donor oocyte recipients as well. In fact, we demonstrated no association
of perinatal morbidity and, specifically, low birth weight with transfer type (fresh vs. frozen)
in recipients of embryos generated from donor oocytes. It is noteworthy, however, that the
incidence of overall low birth weight in singleton infants after frozen embryo transfer in
donor oocyte recipients was higher than that in autologous IVF cycles. This increase was
predominantly due to a relative increase in preterm low birth weight, perhaps reflective of
the reported increase in the incidence of antepartum complications in this older group of
patients (39).

Finally, we were unable to assess for the impact of prolonged embryo culture on outcome, as
number of days in embryo culture prior to cryopreservation was not recorded in the
database. In addition, we were not able to assess the impact of embryo quality or
morphology on subsequent outcome. Unfortunately, a prospective study of appropriate
power to definitively answer this question via randomization of women to a fresh or frozen
transfer cycle after IVF, in a trial of similar size, is not feasible.

Multiple pregnancy remains the strongest determinant of perinatal morbidity and should not
be overlooked (40). In the present study, over 80% of singletons were delivered full term
compared to only 23% of twins. Additionally, low birth weight complicated approximately
7-10% of singleton pregnancies compared to 60-70% of twin pregnancies. Continued
adoption of more conservative embryo transfer guidelines, including elective single embryo
transfer (eSET) in selected patients will decrease multiple births and increase the number of
subsequent frozen embryo transfer cycles (41, 42, 43). In both instances perinatal morbidity
associated with IVF will likely be reduced.

Prevention of low birth weight is important as it has been linked to adult disease, including
diabetes and cardiovascular disease (36,37,38). We consistently demonstrated that a fresh
embryo transfer is associated with low birth weight in singleton and twins born preterm or at
term, but is not associated with preterm delivery. The complementary analyses strongly
suggest that the mechanism for this association may be the potentially modifiable
supraphysiologic hormonal maternal environment resulting from ovarian stimulation and
multifollicular development during a fresh IVF cycle.

Acknowledgments
The authors thank Judy Stern, PhD and members of the SART research committee for their review and suggestions
during the preparation of the manuscript

Supported in part by NIH grants RO1 HD-048730 (Christos Coutifaris) and K24 HD-060687 (Kurt T. Barnhart)

References
1. [February 8, 2010] Assisted Reproductive Technology Report: Home. http://www.cdc.gov/ART/

Kalra et al. Page 7

Obstet Gynecol. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.cdc.gov/ART/


2. Schieve LA, Meikle SF, Ferre C, Peterson HB, Jeng G, Wilcox LS. Low and very low birth weight
in infants conceived with the use of assisted reproductive technology. N Engl J Med. 2002; 346(10):
731–737. [PubMed: 11882728]

3. Klemetti R, Gissler M, Hemminki E. Comparison of perinatal health of children born from IVF in
Finland in the early and late 1990s. Hum Reprod. 2002; 17(8):2192–2198. [PubMed: 12151458]

4. Hansen M, Kurinczuk JJ, Bower C, Webb S. The risk of major birth defects after intracytoplasmic
sperm injection and in-vitro fertilization. N Engl J Med. 2002; 346(10):725–730. [PubMed:
11882727]

5. Ericson A, Kallen B. Congenital Malformations in infants born after IVF: a population-based study.
Hum Reprod. 2001; 16(3):504–509. [PubMed: 11228220]

6. Jackson R, Gibson KA, Wu YW, Croughan MS. Perinatal outcomes in singletons following In Vitro
Fertilization: A meta-analysis. Obstet Gynecol. 2004; 130(2):551–563. [PubMed: 14990421]

7. Schieve LA, Ferre C, Peterson HB, Macaluso M, Reynolds MA, Wright VC. Perinatal outcome
among singleton infants conceived through assisted reproductive technology in the United States.
Obstet Gynecol. 2004; 103(6):1144–1153. [PubMed: 15172846]

8. Shevell T, Malone FD, Vidaver J, Porter TF, Luthy DA, Comstock CH, Hankins GD, Eddleman K,
Dolan S, Dugoff L, et al. Assisted reproductive technology and pregnancy outcome. Obstet
Gynecol. 2005; 106(5):1039–45. [PubMed: 16260523]

9. Chung K, Coutifaris C, Chalian R, Lin K, Ratcliffe SJ, Castelbaum AJ, Freedman MF, Barnhart KT.
Factors influencing adverse perinatal outcomes in pregnancies achieved through use of assisted
reproductive technology. Fertil Steril. 2006; 86(6):1634–1641. [PubMed: 17074345]

10. Wang YA, Sullivan EA, Black D, Dean J, Bryant J, Chapman M. Preterm birth and low birth
weight after assisted reproductive technology-related pregnancy in Australia between 1996 and
2000. Fertil Steril. 2005; 83(6):1650–1658. [PubMed: 15950632]

11. Kansal Kalra S, Molinaro T. The Association of In Vitro Fertilization and Perinatal Morbidity.
Semin Reprod Med. 2008; 26(5):423–435. [PubMed: 18825610]

12. Basso O, Baird DD. Infertility and preterm delivery, birthweight, and caesarean section: a study
within the Danish national Birth Cohort. Hum Reprod. 2003; 18(11):2478–84. [PubMed:
14585905]

13. Joffe M, Li Z. Association of time to pregnancy and the outcome of pregnancy. Fertil Steril. 1994;
62(1):71–75. [PubMed: 8005307]

14. Joo BS, Park SH, An BM, Kim KS, Moon SE, Moon HS. Serum estradiol levels during controlled
ovarian hyperstimulation influence the pregnancy outcome of in vitro fertilization in a
concentration-dependent manner. Fertil Steril. 2010; 93(2):442–446. [PubMed: 19394001]

15. El-Talatini MR, Taylor AH, Konje JC. Fluctuation in anandamide levels from ovulation to early
pregnancy in in-vitro fertilization-embryo transfer women, and its hormonal regulation. Hum
Reprod. 2009; 24(8):1989–1998. [PubMed: 19363040]

16. Speroff, L.; Glass, RH.; Kase, NG., et al., editors. Clinical Gynecologic Endocrinology and
Infertility. 6. Philadelphia, PA: Lippincott Williams & Wilkins; 1999. Regulation of the Menstrual
Cycle; p. 203-246.

17. Ghobara T, Vandekerckhove P. Cycle regimens for frozen-thawed embryo transfer. Cochrane
Database Syst Rev. 2008; 23(1):1–35.

18. Luke B, Brown MB, Grainger DA, Stern JE, Klein N, Cedars MI. The effect of early fetal losses
on singleton assisted-conception pregnancy outcomes. Fertil Steril. 2009; 91(6):2578–2585.
[PubMed: 18565521]

19. Luke B, Brown MB, Grainger DA, Stern JE, Klein N, Cedars MI. The effect of early fetal losses
on twin assisted-conception pregnancy outcomes. Fertil Steril. 2009; 91(6):2686–2592.

20. Shih W, Rushford KK, Bourne H, Garrett C, McBain JC, Healy DL, Baker HWG. Factors
affecting low birthweight after assisted reproduction technology: difference between transfer of
fresh and cryopreserved embryos suggest an adverse effect of oocyte collection. Hum Reprod.
2008; 23(7):1644–1653. [PubMed: 18442997]

21. Greisinger F, Kolibianakis EM, Diedrich K, Ludwig M. Ovarian stimulation for IVF has no
quantitative association with birthweight: a registry study. Hum Reprod. 2008; 23(11):2549–2554.
[PubMed: 18684734]

Kalra et al. Page 8

Obstet Gynecol. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



22. Belva F, Henriet S, Van den Abbeel E, Camus M, Devroey P, Van der Elst J, et al. Neonatal
outcome of 937 children born after transfer of cryopreserved embryos obtained by ICSI and IVF
and comparison with outcome data of fresh ICSI and IVF cycles. Hum Reprod. 2008; 23(10):
2227–2238. [PubMed: 18628260]

23. Pinborg A, Loft A, Henningsen AK, Rasmussen S, Andersen AN. Infant outcome of 957
singletons born after frozen embryo replacement: The Danish National Cohort Study 1995-2006.
Fertil Steril. 2010; 94(4):1320–1327. [PubMed: 19647236]

24. Henningsen AK, Pinborg A, Lidegaard O, Vestergaard, Forman J, Andersen AN. Perinatal
outcome of singleton siblings born after assisted reproductive technology and spontaneous
conception: Danish national sibling-cohort study. Fertil Steril. Epub ahead of print.

25. Pelkonen S, Koivunen R, Gissler M, Nuojua-Huttunen S, Suikkari AM, Hyden-Granskog C, et al.
Perinatal outcome of children born after frozen and fresh embryo transfer: the Finnish cohort study
1995-2006. Hum Reprod. 2010; 25(4):914–923. [PubMed: 20124395]

26. Norwitz ER, Schust DJ, Fisher SJ. Implantation and the Survival of Early Pregnancy. N Engl J
Med. 2001; 345(19):1400–1408. [PubMed: 11794174]

27. Cullinan EB, Abbondanzo SJ, Anderson PS, Pollard JW, Lessey BA, Stewart CL. Leukemia
inhibitory factor (LIF) and LIF receptor expression in human endometrium suggests a potential
autocrine/paracrine function in regulating embryo implantation. Proc Natl Acad Sci USA. 1996;
93(7):3115–3120. [PubMed: 8610178]

28. Simón C, Mercader A, Frances A, Gimeno MJ, Polan ML, Remohí J, Pellicer A. Hormonal
regulation of serum and endometrial IL-1 alpha, IL-1 beta and IL-1ra: IL-1 endometrial
microenvironment of the human embryo at the apposition phase under physiological and
supraphysiological steroid level conditions. J Reprod Immunol. 1996; 31(3):165–184. [PubMed:
8905550]

29. Giudice LC, Irwin JC. Roles of the insulin-like growth factor family in nonpregnant human
endometrium and at the decidual: trophoblast interface. Semin Reprod Endocrinol. 1999; 17(1):
13–21. [PubMed: 10406071]

30. Slowey MJ, Verhage HG, Fazleabas AT. Epidermal growth factor, transforming growth factor-
alpha, and epidermal growth factor receptor localization in the baboon (Papio anubis) uterus
during the menstrual cycle and early pregnancy. J Soc Gynecol Investig. 1994; 1(4):277–284.

31. Godkin JD, Dore JJ. Transforming growth factor beta and the endometrium. Rev Reprod. 1998;
3(1):1–6. [PubMed: 9509983]

32. Athanassiades A, Hamilton GS, Lala PK. Vascular endothelial growth factor stimulates
proliferation but not migration or invasiveness in human extravillous trophoblast. Biol Reprod.
1998; 59(3):643–654. [PubMed: 9716565]

33. Dominguez F, Remohi J, Pellicer A, Simon C. Human endometrial receptivity: a genomic
approach. Reprod Biomed Online. 2003; 6(3):332–338. [PubMed: 12735869]

34. Simon C, Oberye J, Bellver J, Vidal C, Bosch E, Horcajadas JA, et al. Similar endometrial
development in oocyte donors treated with either high- or standard-dose GnRH antagonist
compared to treatment with a GnRH agonist or in natural cycles. Hum Reprod. 2005; 20(12):
3318–3327. [PubMed: 16085660]

35. Horcajadas JA, Riesewijk A, Polman J, van Os R, Pellicer A, Mosselman S, Simon C. Effect of
controlled ovarian hyperstimulation in IVF on endometrial gene expression profiles. Mol Hum
Reprod. 2005; 11(3):195–205. [PubMed: 15695772]

36. Veshakari VM. Prenatal programming of kidney disease. Curr Opin Pediatr. 2010 epub ahead of
print.

37. Godfrey KM, Barker DJP. Fetal Nutrition and adult disease. Am J Clin Nutr. 2000; 71(5):1344S–
1352S. [PubMed: 10799412]

38. Godfrey KM. Maternal Regulation of fetal development and health in adult life. Eur J Obstet
Gynecol Reprod Biol. 1998; 78(2):141–50. [PubMed: 9622311]

39. Klatsky PC, Delaney SS, Caughey AB, Tran ND, Schattman GL, Rosenwaks Z. The role of
embryonic origin in preeclampsia: a comparison of autologous in vitro fertilization and ovum
donor pregnancies. Obstet Gynecol. 2010; 116(6):1387–92. [PubMed: 21099607]

Kalra et al. Page 9

Obstet Gynecol. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



40. Pinborg A, Loft A, Nyboe Anderson A. Neonatal outcome in a Danish national cohort of 8602
children born after in vitro fertilization or intracytoplasmic sperm injection: the role of twin
pregnancy. Acta Obstet Gynecol Scand. 2004; 83(11):1071–1078. [PubMed: 15488125]

41. Fauque P, Jouannet P, Davy C, Guibert J, Viallon V, Epelboin S, Kunstmann JM, Patrat C.
Cumulative results including obstetrical and neonatal outcome of fresh and frozen-thawed cycles
in elective single versus double fresh embryo transfers. Fertil Steril. 2010; 94(3):927–935.
[PubMed: 19446806]

42. Gelbaya T, Tsoumpou I, Nardo L. The likelihood of live birth and multiple birth after single versus
double embryo transfer at the cleavage stage: a systematic review and meta-analysis. Fertil Steril.
2010; 94(3):936–945. [PubMed: 19446809]

43. Veleva Z, Karinen P, Tomas C, Tapanainen JS, Martikainen H. Elective single embryo transfer
with cryopreservation improves the outcome and diminishes the costs of IVF/ICSI. Hum Reprod.
2009; 24(7):1632–163. [PubMed: 19318704]

Kalra et al. Page 10

Obstet Gynecol. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kalra et al. Page 11

Table 1

Demographic Information of Patients with Live Birth Following Fresh versus Frozen Embryo Transfer
(N=56,792)

Variable Fresh Embryo Transfer
N=38,626

Frozen Embryo Transfer
N=18,166

P-value

Maternal age 33.4 +/- 3.9 34.4 +/- 4.1 <0.001

Prior gravidity 0.96 +/- 1.3 1.30 +/- 1.3 <0.001

Prior full term birth 48.5% 61.7% <0.001

Number of prior ART cycles 0.51 +/- 0.9 1.38 +/- 1.0 <0.001

Number of embryos transferred 2.4 +/- 0.8 2.6 +/- 1.0 <0.001

Implantation rate 62.6% 51.3% <0.001

Infertility Diagnosis

 Male factor 39.4 37.4 <0.001

 Endometriosis 13.6 13.3 NS

 Polycystic Ovarian Syndrome 19.0 20.6 <0.001

 Diminished Ovarian Reserve 5.8 6.3 0.033

 Tubal factor 20.2 20.5 NS

 Unexplained 14.2 12.1 <0.001

 Other 11.5 11.8 NS

Pregnancy Plurality

 Singleton 63.2% 76.3%

 Twin 34.4% 21.9% OR 1.93 (1.85 – 2.02) <0.001

 HOMP (≥ triplet) 2.4% 1.8% OR 1.59 (1.39 – 1.83) <0.001

Gender of singleton infant p=0.709

 Male 49.6% 49.8% NS

 Female 48.8% 48.6% NS

 Unknown 1.7% 1.5% NS
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Table 2

Preterm Delivery and Low Birthweight in Singleton Live Births Following Fresh vs. Frozen Embryo Transfer

Preterm Delivery N=32,065 Fresh Embryo Transfer Frozen Embryo Transfer OR (95% CI) AOR (95% CI)*

Fullterm 81.1% (17,099/21,083) 81.5% (8,947/10,982) Reference Reference

Preterm Delivery (32 – 37
weeks)

16.0% (3,377/21,083) 15.8% (1,737/10,982) 1.01 (0.95-1.08) p=0.65 1.06 (0.98 - 1.14)
P=0.16

Very Preterm (<32 weeks) 2.9% (607/21,083) 2.7% (298/10,982) 1.05 (0.91-1.21) p=0.46 **

Low Birthweight N=31,822 Fresh Embryo Transfer Frozen Embryo Transfer OR (95% CI) AOR (95% CI)*

Overall LBW (<2500 grams) 10.0% (2,094/20,916) 7.2% (782/10,906) 1.44 (1.33-1.57) p<0.001 1.35 (1.20 – 1.51)
p<0.001

Term LBWˆ (≥ 37 weeks,
<2500 gms)

2.5% (422/16,962) 1.2% (107/8,877) 2.10 (1.69-2.60) p<0.001 1.73 (1.31 - 2.29)
p=0.001

Preterm LBWˆ (<37 weeks,
<2500 gm)

34.1% (1,138/3,341) 23.8% (407/1,714) 1.66 (1.45 – 1.89)
p<0.001

1.49 (1.24 – 1.78)
p<0.001

*
Adjusted for reporting year, patient age, parity, infertility diagnosis, number of embryos transferred, number of prior ART cycles, prior

miscarriage, reduction in fetal heart, multiple pregnancy, implantation rate, and infant gender

**
For adjusted analysis, preterm and very preterm delivery combined

ˆ
Only subjects with recorded data for both gestational age and birthweight were included in analysis.
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Table 3

Preterm Delivery and Low Birthweight in Twin Live Births Following Fresh vs. Frozen Embryo Transfer

Preterm Delivery (n=14,598) Fresh Embryo Transfer Frozen Embryo Transfer OR (95% CI) AOR (95% CI)*

Fullterm 23.5% (2,689/11,454) 23.7% (745/3,144) Reference Reference

Preterm Delivery (32 - 37 wks) 62.8% (7,196/11,454) 63.3% (1,989/3,144) 1.00 (0.91 - 1.10)
p=0.96

1.03 (0.91 - 1.16)
p=0.64

Very Preterm (<32 weeks) 13.7% (1,569/11,454) 13.0% (410/3,144) 1.06 (0.93 - 1.21)
p=0.40

**

Low Birthweight N=14,450 Fresh Embryo Transfer Frozen Embryo Transfer OR (95% CI) AOR (95% CI)*

Overall LBW (<2500 grams) 69.9% (7,924/11,339) 61.5% (1,912/3,111) 1.46 (1.34 - 1.58)
p<0.001

1.36 (1.22 – 1.52)
p<0.001

Term LBWˆ (≥ 37 weeks, <2500
gms)

32.7% (873/2,670) 26.1% (192/737) 1.38 (1.15 - 1.66) p
= 0.001

1.35 (1.10 - 1.64)
p=0.004

Preterm LBWˆ (< 37 weeks, <2500
gms)

77.6% (5,536/7,132) 67.2% (1,324/1,971) 1.69 (1.52 – 1.89)
p<0.001

1.59 (1.38 – 1.84)
p<0.001

*
Adjusted for reporting year, patient age, parity, infertility diagnosis, number of embryos transferred, number of prior ART cycles, prior

miscarriage, reduction in fetal heart, multiple pregnancy, implantation rate

**
For adjusted analysis, preterm and very preterm delivery combined

ˆ
Only subjects with recorded data for both gestational age and birthweight were included in analysis.
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Table 4

Preterm Delivery and Low Birthweight in Singleton Live Births Following Fresh vs. Frozen Embryo Transfer
in Same Patient at Different Times: Paired Cycle Analysis

N= 1,356 Fresh Embryo
Transfer n= 680

Frozen Embryo
Transfer n=676

OR (95% CI) AOR* (95% CI)

Fullterm 81.1% (550/678) 82.2% (555/675) Reference Reference

Preterm Delivery (32 - 37
wks)

14.9% (101/678) 15.9% (107/675) 1.03 (0.73 - 1.46) p=0.49 1.86 (0.73 – 4.71) p=0.19

Very Preterm (<32 weeks) 4.0% (27/678) 1.9% (13/675) 2.44 (1.14-5.20) p=0.02 **

Overall LBW (<2500
grams)

11.5% (78/680) 5.6% (38/676) 2.52 (1.59 - 4.00) p<0.001 4.66 (1.18 – 18.38) p = 0.03

Term LBWˆ (≥ 37 weeks,
<2500 gms)

2.4% (13/550) 1.1% (6/555) 3.33 (0.92 – 12.11) p=0.07 N/A ¥

Preterm LBWˆ (<37 weeks,
<2500 gm)

50.8% (65/128) 26.7% (32/120) 1.86 (0.74 - 4.65) p=0.19 N/A ¥

*
Adjusted for reporting year, patient age, parity, infertility diagnosis, number of embryos transferred, number of prior ART cycles, prior

miscarriage, reduction in fetal heart, multiple pregnancy, implantation rate

**
For adjusted analysis, preterm and very preterm delivery combined

ˆ
Only subjects with recorded data for both gestational age and birthweight were included in analysis.

¥
AOR for term LBW not applicable due to it being an extremely rare event.

AOR for preterm LBW not applicable due to insufficient power to adjust for important covariates.

Obstet Gynecol. Author manuscript; available in PMC 2012 October 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kalra et al. Page 15

Table 5

Preterm Delivery and Low Birthweight in Singleton Live Births Following Fresh vs. Frozen Embryo Transfer
in Oocyte Donor Recipients

Singletons N=8,768 Fresh Embryo Transfer Frozen Embryo Transfer OR (95% CI) AOR (95% CI)*

Fullterm 76.6% (4,328/5,648) 75.7% (2,361/3,120) Reference Reference

Preterm Delivery (32 - 37
wks)

19.3% (1,091/5,648) 20.7% (646/3,120) 0.93 (0.83 - 1.03)
p=0.16

0.96 (0.84 - 1.09) p=0.50

Very Preterm (<32 weeks) 4.1% (229/5,648) 3.6% (113/3,120) 1.08 (0.86 - 1.36)
p=0.48

**

Overall LBW 11.5% (644/5,595) 11.3% (346/3,072) 1.03 (0.90 - 1.18)
p=0.65

0.99 (0-82 - 1.18)
p=0.87

Term LBWˆ (≥ 37 weeks,
<2500 gms)

2.2% (93/4,286) 1.7% (39/2,325) 1.30 (0.89 - 1.89)
p=0.17

1.41 (0.82 - 2.42) p=0.22

Preterm LBWˆ (<37 weeks,
<2500 gm)

32.7% (352/1,078) 33.1% (211/638) 0.98 (0.80 - 1.21)
p=0.87

0.94 (0.71 - 1.24) p=0.67

*
Adjusted for reporting year, patient age, parity, infertility diagnosis, number of embryos transferred, number of prior ART cycles, prior

miscarriage, reduction in fetal heart, multiple pregnancy, implantation rate

**
For adjusted analysis, preterm and very preterm delivery combined

ˆ
Only subjects with recorded data for both gestational age and birthweight were included in analysis.
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