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Objective: To determine how a shift in clinical practice along with laboratory changes has impacted singleton perinatal outcomes after
autologous in vitro fertilization (IVF) cycles.

Design: Retrospective cohort.

Setting: Single academic fertility clinic.

Patient(s): Singleton live births resulting from all IVF cycles (n = 14,424) from August 1, 1995 to October 31, 2019.
Intervention(s): None.

Main Outcome Measure(s): Live birth weight, large for gestational age (GA), small for GA, and preterm birth.

Result(s): The entire cohort consisted of 9,280 fresh and 5,144 frozen IVF cycles. Maternal age, parity, body mass index, neonatal sex,
and GA at delivery were similar in both groups. There was a decrease in adjusted birth weight per year over the study period for the entire
cohort of IVF cycles (—4.42g, 95% confidence interval [CI]: —6.63g to —2.22g). Rates of large for GA newborns decreased by 1.7% (95%
CI: 2.9% to 0.6%) annually across the entire cohort of IVF cycles. Furthermore, there was a decrease in annual rates of preterm birth
before 32 weeks by 3.2% (95% CI: 5.9% to 0.5%) across the entire cohort of IVF cycles. Trends were also seen in annual reduction
of rates of preterm birth before 37 and 28 weeks.

Conclusion(s): With the gradual evolution of clinical and IVF laboratory practices, there has been a decrease in birth weight over 24
years for the entire cohort of IVF cycles. Concurrently, noteworthy practice changes have resulted in an improvement in IVF outcomes
with decreased rates of large for GA newborns and preterm birth before 32 weeks for the entire cohort of IVF cycles. (Fertil Steril®
2021;:H-M. ©2021 by American Society for Reproductive Medicine.)
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ince the first successful in vitro
S fertilization (IVF) live birth in

1978 (1), IVF has become a domi-
nant mode of treatment for infertility
globally. Numerous clinical and labo-
ratory innovations have led to signifi-
cant improvements in infertility
treatment efficacy and efficiency.

In recent years, markers of infer-
tility treatment success have shifted
from clinical pregnancy rates to focus
on live birth rates that include perinatal
outcomes. The Barker hypothesis (2)
emphasizes the importance of the intra-
uterine milieu over the external envi-
ronment on the long-term health of
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the offspring. Therefore, attention has
been focused on birth weight (BW) as
an important neonatal outcome param-
eter. Understanding how IVF affects
perinatal outcomes, specifically live
BW, has been of interest, but it is com-
plex owing to the many variables in
fertility treatment and pregnancy that
can affect BW (3). Irrespective of these
limitations, BW continues to be widely
used as a metric for fetal health and a
marker for obstetrical and neonatal
outcomes. In addition, BW has been
used as a validated marker for assessing
IVF optimization (4-8).

Significant changes have occurred
within the IVF laboratory over the last
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24 years, including improvements in culture media, cryopres-
ervation methods, incubators, and other laboratory equip-
ment (9-11). Clinically, changes in stimulation protocols
(12), medications, cycle monitoring, day of embryo transfer
(ET), and most importantly, the number of embryos being
transferred (13) have played an important role in the
improvement of IVF outcomes.

The utilization of frozen ETs has drastically increased in
the past decade because of improvements in cryopreservation
methods with the adoption of vitrification (14). In fact, the
number of frozen ETs performed has now surpassed that of
fresh ETs in a number of countries, including the United
States (15, 16). Frozen ETs have been shown to have some
improved perinatal outcomes compared with those of fresh
ETs (17) but have possibly increased rates of large for gesta-
tional age (LGA) neonates (18, 19). However, the live BWs re-
sulting from frozen ETs were comparable to those resulting
from spontaneously conceived pregnancies (7). When
comparing singleton live births from IVF to those from natu-
ral conception, studies have shown an increased risk of low
BW (LBW), very LBW, prematurity, and extreme prematurity
(20, 21). It is thought that these poor perinatal outcomes may
be related to the patients’ underlying infertility rather than the
IVF treatment itself (20, 21).

Our institution, a single large academic fertility clinic in
the United States, has previously demonstrated stable BWs
in newborns after IVF treatment from 1996 to 2013 when
comparing the mean BW for each 6-month period between
fresh and frozen cycles (22). In contrast, Castillo et al. (23) re-
ported that live BW associated with fresh and frozen IVF cy-
cles had gradually increased during the period from 1991 to
2015 in the United Kingdom. Differences in laboratory and
clinical practices as well as the demographics of the patient
population may have influenced these trends in BW. The
assessment of this data over a longer term also provides
clinics with some key quality assurance parameters.

In light of continued advancements in IVF, in particular
the recent increase in frozen ET use, understanding the
continued impact on perinatal outcomes provides critical
and relevant information. The purpose of this study was to
characterize the singleton perinatal outcomes of autologous
fresh and frozen IVF cycles over an extended period of time
during which a significant increase in frozen ET use occurred.

MATERIALS AND METHODS

This retrospective cohort study consisted of singleton live
births from autologous fresh and frozen IVF cycles at a sin-
gle large academic fertility clinic from August 1, 1995 to
October 31, 2019. Institutional Review Board approval
(2019D000895) was obtained from the Committee on Clin-
ical Investigations at Beth Israel Deaconess Medical Center.
Exclusion criteria consisted of gestational carriers (n = 234),
reciprocal IVF cycles (n = 52), donated embryos (n = 11), or
gamete intrafallopian transfers (n = 155). Patients were
included if they had >1 fetal sac and a singleton delivery.

Baseline maternal and neonatal characteristics including
age, body mass index (BMI), gravidity, parity, neonatal sex,
gestational age (GA) at delivery, and live BW were collected

for both groups. Clinical characteristics, such as number of
oocytes retrieved, mode of fertilization, number of embryos
transferred, and day of ET, were included. Perinatal outcomes
of small for gestational age (SGA), LGA, and preterm birth
(PTB) rates were calculated for all patients (24). At our insti-
tution, outcome data of any IVF cycle and live birth data
are documented and reported to the Society for Assisted
Reproductive Technology and Center for Disease Control
and Prevention (CDC).

Several protocol changes for the laboratory and clinical
aspects of IVF have occurred over the past 24 years and
have been closely documented (Supplemental Table 1, avail-
able online). During this time, our institution has had 3 labo-
ratory location changes. There has been a steady increase in
patient volume, with currently >6,000 fresh and frozen autol-
ogous IVF cycles per year. Clinical changes evolved from the
initial use of urinary gonadotropins to recombinant forms,
increased use of leuprolide acetate triggers, change in luteal
support protocols, and more blastocyst transfers. In the labo-
ratory, the cryopreservation technique has changed from slow
cooling at both the cleavage and blastocyst stages to vitrifica-
tion of blastocysts alone. Furthermore, embryo culture media
has progressed from the use of human tubal fluid (25) to com-
plex sequential media (26, 27) to a single-step embryo culture
medium that is currently in use (28). Protein sources in em-
bryo culture media changed from patient serum to various
forms of purified albumin. Other laboratory changes included
different incubators and the gas phase used for embryo cul-
ture. Our institution has been certified by the International
Organization for Standardization since 2008.

Statistical analysis was performed with descriptive statis-
tics for the study population. A one-way analysis of variance
was performed to compare the differences in live BW for cycle
type, method of fertilization, day of transfer, and neonatal
sex. A P value <.05 was considered statistically significant.
The primary outcome was adjusted BW (maternal parity, GA
at delivery, and neonatal sex) (29) with secondary outcomes
of PTB before 37, 32, and 28 weeks; SGA (BW <10th %)
and LGA (BW >90th %). The effects of the year of delivery
on several perinatal outcomes were tested by linear or logistic
regression. In the multivariate analysis, adjustment was per-
formed for the following covariates: maternal age at cycle
start; BMI at cycle start (imputation performed in 6,911 pa-
tients by linear regression with age as a predictor and using
residuals for estimation adjustment with randomness of the
missing values checked by Little’s test); maternal parity; day
of ET; fresh versus frozen IVF; and number of embryos
transferred.

Additionally, a time series analysis was performed by
aggregating data by the quarter of the year from 1995 Q4 to
2019 Q3. Mean and median values for quantitative outcomes
and proportions for categorical outcomes were calculated
within each quarter. The time series data were assumed to
have no seasonality. To investigate for possible key changes
across the timeline, exogenous break points were also tested
by the Chow test when new technologies replaced older
ones and included: vitrification at the blastocyst stage (in
August 2011), benchtop incubators (June 2012), and single-
step embryo culture medium (October 2013). The Chow test
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evaluates if a single regression line or 2 separate regression
lines fit the data best (30).

RESULTS

A total of 14,424 singleton live births resulted from fresh (n =
9,280) and frozen (n = 5,144) IVF cycles. Patient demo-
graphics, treatment factors, and clinical outcomes are shown
in Table 1. Maternal age, BMI, GA at delivery, and neonatal
sex were similar between the fresh and frozen IVF cycles
groups. Preimplantation genetic testing was performed in
31.5% of frozen ET cycles with normal results. Figure 1 shows
the number of deliveries and mean live BWs resulting from

TABLE 1

Fertility and Sterility®

fresh and frozen IVF cycles over 24 years. Figure 1B demon-
strates the increase in frozen ET use since 2015 at our institu-
tion. The mean (& SD) live BWs for fresh and frozen ETs were
3,275 g (+ 605) and 3,430¢g (+ 579), respectively; the BWs of
singletons from fresh ETs were 155 g less than those of frozen
ETs (P<.001). When comparing neonatal sex by cycle type
(female fresh vs. female frozen ET and male fresh vs. male
frozen ET), there was a statistically significant difference of
151 g for females and 161 g for males (P<.001). Eighty-five
percent of fresh and 89% of frozen IVF cycles had term deliv-
eries with 91% of fresh and 95% of frozen IVF cycles having a
live BW >2,500 g. No significant differences were seen in
mean BW when comparing day of ET (cleavage stage versus

Patient and treatment factors in outcomes of fresh and frozen in vitro fertilization cycles.

Patient and treatment factors Fresh ET Frozen ET
Singletons 9,280 5,144
Patient factors
Patient age (y) 35 (4.1) [20.7-45.7] 35.2 (3.8) [22.2-46.8]
Body mass index (kg/mz)a 26.1(5.5) [16.3-48.3] 25.8 (5.5) [15.8-50.3]
Maternal parity
0 6,471 (69.7) 3,219 (62.6)
1 2,364 (25.5) 1,644 (32)
2 366 (3.9) 233 (4.5)
3+ 79(0.9) 48 (0.9)
Primary infertility diagnosis
Endometriosis/uterine 551 (6.0) 212 (4.1)
Male factor 2,009 (21.6) 1,107 (21.5)
Ovarian/ovulatory 1,266 (13.6) 835 (16.2)
Recurrent pregnancy loss 19(0.2) 102 (2)
Tubal 881 (9.5) 290 (5.6)
Unexplained 2,737 (29.5) 1,026 (19.9)
More than 1 reason 892 (9.6) 541 (10.5)
Other/unknown 925 (10.0) 1,031 (20.1)
Total oocytes collected 11.9 (6.7) [1-49] —
Total number of 2 pronuclei 7.4 (4.7) [1-35] —
Treatment factors
Any preimplantation genetic testing 8(0.1) 1,622 (31.5)
Intracytoplasmic sperm injection 3,320 (35.8) —
Type of embryo transfer
Cleavage (day 1-3) 6,582 (70.9) 879 (17.1)
Blastocyst (day 5-7) 2,698 (29.1) 4,265 (82.9)
Total embryos transferred
1 2,601 (28) 3,834 (74.5)
2 3,681 (39.7) 937 (18.2)
3 1,818 (19.6) 278 (5.4)
4+ 1,180 (12.7) 95 (1.8)
Outcomes
Unadjusted BW (g) 3,275 (605) [380-5,812] 3,430 (579) [468-5,670]
Adjusted BW® (g) 3,363 (587) [640-6,703] 3,514 (568) [738-5,859]
Gestatlonal age (wk) 38.4(2.1)[22.1-42.9] 38.8(1.9) [23.4-43.1]
Preterm birth
<37 wk 1,450 (15.6) 617 (12)
<32 wk 173 (1.9) 60 (1.2)
<28 wk 51(0.5) 23(0.4)
Number of male neonates® 4,725 (51.3) 2,612 (51)
Number of female neonates® 4,493 (48.7) 2,511 (49)
Small for gestational age <10% 678 (7.3) 259 (5)
Large for gestational age >90% 976 (10.5) 836 (16.3)
Spontaneous fetal reduction 671 (7.2) 132 (2.6)

Note: Continuous variables are presented as mean (SD) [range] and categorical variables as row total (%). BW = birth weight; ET = embryo transfer.

2 Body mass index was not listed for 6,911 patients.
b Adjusted for parity, gestational age at delivery, and neonatal sex.
© Neonatal sex was not listed for 62 fresh and 21 frozen births.
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FIGURE 1
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TABLE 2

Fertility and Sterility®

Linear regression estimated annual trends in outcome measures for the entire cohort of in vitro fertilization cycles (n = 14,424).

Univariate

Patient and treatment factors

Gestational age (wk)
Unadjusted birth weight (g)
Adjusted birth weight (g)
Preterm birth <37 wk

Preterm birth <32 wk

Preterm birth <28 wk

Small for gestational age <10%
Large for gestational age >90%
Spontaneous fetal reduction

0.01 (0.005, 0.015)°
3.38 (1.94, 4.82)°
2.46 (1.05, 3.88)°
0.988 (0.981, 0.995)°
0.968 (0.941, 0.975)°
0.959 (0.929, 0.99)¢
0.996 (0.987, 1.006)
1.03 (0.996, 1.011)
0.931 (0.921, 0.94)°

Multivariate®
Coefficient/Odds ratio (95% confidence interval)

0.001 (—0.007, 0.008)
—1.7 (=3.99, 0.52)
—4.42 (—6.63, -2.22)°¢
0.992 (0.981, 1.002)
0.968 (0.941, 0.995)°
0.971 (0.925, 1.02)
1.011 (0.996, 1.026)
0.983 (0.971, 0.994)°
1.013 (0.998, 1.028)

2 Adjusted for age at cycle start, body mass index (imputed in 6,911 patients by linear regression), parity (0 vs. 1, 2, 3+), day of embryo transfer (cleavage vs. blastocyst), fresh vs. frozen embryo

transfer, number of transferred embryos (1 vs. 2, 3, 4+).
b Statistically significant values are bolded with P<.001.

¢ Adjusted for the same covariates except for parity (as the dependent variable is already adjusted for it).

9 Statistically significant values are bolded with P<.02.
€ Statistically significant values are bolded with P< .005.

Shah. Perinatal outcomes after IVF cycles. Fertil Steril 2021.

blastocyst) in both fresh (P=.31) and frozen (P=.20) groups
and when comparing IVF versus intracytoplasmic sperm in-
jection in fresh IVF cycles (P=.23).

Table 2 shows a multivariate analysis estimating annual
trends of different perinatal outcomes by linear regression.
The adjusted BW decreased over the entire study period for
the entire cohort of IVF cycles (—4.42g, 95% confidence inter-
val [CI]: —6.63g to —2.22¢g; P<.001). Similarly, when
analyzing by cycle type separately, there was a decrease in
adjusted BW per year over the study period for fresh
(—3.51g, 95% CI: —5.98¢g to —1.05g; P=.005) and frozen
(—8.64g, 95% CI: —14.05g to —3.24¢g; P=.002) IVF cycles.
There was a 1.7% decrease annually in rates of LGA newborns
(P=.004) for the entire cohort of IVF cycles. Furthermore, the
rate of PTBs before 32 weeks decreased 3.2% annually
(P=.02) for the entire cohort of IVF cycles.

The effects of delivery year and reproductive parameters
on BW, LGA, and PTB before 32 weeks were tested by linear
or logistic regression for the entire cohort of IVF cycles
(Supplemental Table 2, available online). A parity of 1 or 2
was significantly correlated with a larger BW (P<.001) and
fresh versus frozen ET was significantly correlated with a
smaller BW (P<.001). Increasing parity was significantly
associated with an increasing rate of LGA. Significant lower
rates of LGA were noted in fresh compared with frozen IVF
cycles. None of the parameters significantly affected the
rate of PTB before 32 weeks.

Exogenous break points for the 3 major changes in our
laboratory were also tested for temporal associations in our
entire cohort of IVF cycles (Table 3). The 3 changes in the lab-
oratory were significant break points for LGA and GA at de-
livery. Furthermore, vitrification at the blastocyst stage and

TABLE 3

Testing of exogenous break points over the timeline of 1995 to 2019 for the entire cohort of in vitro fertilization cycles (n = 14,424)

August 2011

Vitrification at blastocyst

Date and change stage

Perinatal outcomes F-test values®

Gestational age at delivery 12.3°
Birth weight 3.16¢
PTB <37 wk 2.71
PTB <32 wk 0.08
PTB <28 wk 1.73
Small for gestational age 6.09¢
<10%
Large for gestational age 5.38¢
>90%

Note: PTB = preterm birth.

¢ Chow test evaluates if a single regression line or 2 separate regression lines fit the data best.
P Statistically significant values are bolded with P<.001.

© Statistically significant values are bolded with P<.05.

9 Statistically significant values are bolded with P value < .007.

Shah. Perinatal outcomes after IVF cycles. Fertil Steril 2021.

June 2012 October 2013

Single-step embryo culture

Benchtop incubators media
7.87° 4.28°
2.94 2.81
1.39 0.54
0.23 0.05
0.5 0.07
4.13¢ 1.43
5.61¢ 4.8
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introduction of benchtop incubators were significant break
points for SGA, with just vitrification at the blastocyst stage
a significant break point for BW. PTB was not significantly
affected by the aforementioned laboratory changes.

DISCUSSION

In this large retrospective cohort study, we noted a significant
annual decrease in rates of LGA newborns and PTB before 32
weeks for the entire cohort of IVF cycles over the course of 24
years. This is clinically relevant because both LGA (31) and
PTB (32) have direct perinatal consequences and delayed ef-
fects into infancy through adulthood. The improved outcomes
were observed over the study period in which numerous clin-
ical and laboratory changes were made, but in which the
adjusted BW decreased by a few grams every year for the
entire cohort of IVF cycles.

Consistent with previous research (7, 17, 33-37), our
study, over 24 years, showed singletons born from fresh ETs
were on average 155 g lighter than those from frozen ETs, a
difference of just under 5% of mean total BW. Qur previous
study showed a difference of 173 g (22). The precise cause
of the fetal weight difference is unknown but speculation
includes the impact of supraphysiologic hormone levels,
caused by ovarian stimulation in fresh IVF cycles, on the
uterine environment (38).

Evaluating changes in the laboratory and how these
affect perinatal outcomes can be difficult given the many fac-
tors that are involved. We identified key time points in our
study period when new technologies replaced older ones.
The change from slow cooling of cleavage stage embryos to
vitrification of blastocysts and the introduction of solid state,
triple gas-controlled benchtop incubators and single-step em-
bryo culture media are examples.

The method of embryo cryopreservation has been scruti-
nized because of the increasing role that cryopreserved em-
bryos play in fertility treatment worldwide. Ernstad et al.
(39) compared perinatal outcomes of vitrified blastocysts
with those of slow-cooled cleavage stage embryos and re-
ported a higher risk of PTB for vitrified blastocysts but no dif-
ferences in LBW newborns, SGA newborns, fetal macrosomia,
or LGA newborns. In contrast, Gu et al. (40) reported no dif-
ference in PTB when comparing vitrification with slow cool-
ing of cleavage stage embryos while affirming no difference
in LBW, SGA, LGA, or macrosomia. In our study, replacing
slow cooling with vitrification appears to have contributed
to the reduction in LGA while also reducing SGA births and
had a positive impact on BW and GA at delivery for the entire
cohort of IVF cycles.

A number of papers have investigated the impact of the
embryo culture media on BW with no conclusive results
(10, 41-47). However, changing to a single-step embryo cul-
ture media and introducing high-performance benchtop in-
cubators may have also played a role in the decrease in LGA.

Although adoption of vitrification in lieu of slow cooling,
introduction of benchtop incubators, and single-step embryo
culture media impacted certain perinatal outcomes, they did
not seem to impact PTB. The etiology of the decrease in PTB
before 32 weeks in our study is unclear.

Our results are concordant with 2 meta-analyses (48, 49)
comparing fresh and frozen IVF cycles in demonstrating that
frozen ETs result in a decreased risk of SGA, LBW, and PTB
but our findings differ with respect to the risk of LGA. In
contrast, our study showed a rate of 1.7% annual reduction
in LGA for both fresh and frozen IVF cycles. Our study has
the advantage of a longer study period than previously pub-
lished work and a robust sample size of frozen ETs because of
a large increase in the use of frozen embryos over the past 5
years at our center. Whereas other studies have shown a
decrease in PTB only for frozen ET cycles, we showed a signif-
icant annual decrease in PTB before 32 weeks with decreasing
trends for PTB before 37 and 28 weeks for the entire cohort of
IVF cycles.

Maternal parity is an independent determinant of BW
(50). Our study was consistent with previous reports (29, 51)
showing heavier newborns at birth with increasing parity.
This also supported the postulate that LGA is correlated
with parity. In our study, 8.7% of newborns from fresh and
14% from frozen ETs were macrosomic (>4,000 g). In
contrast, the CDC (52) reported in 2018 a 7.9% incidence of
macrosomia in infants born nationally to women aged 20—
44 years. The significant decline in our LGA incidence over
the study period suggests that the different incidence of mac-
rosomia in our study population compared with national data
may reflect delivery at later GAs among our patients.

We reported fewer cases of LBW newborns after frozen ET
(5.3%) than after fresh ET (9.1%), which is comparable to CDC
national data (8.7%) (52). Finally, the percentage of term de-
liveries for fresh (85%) and frozen (89%) IVF cycles mirrored
the CDC national average (89%) for women 20-44 years
old (52).

We reported a mean decrease of 4.4 g in BW per year over
the 24-year study period using a multivariate analysis for the
entire cohort of IVF cycles. In contrast, a cross sectional study
from 1991 to 2015 in the United Kingdom by Castillo et al.
(23) included 2,780 singleton live births after autologous
IVF cycles and reported a 7.4 g increase in BW per year. The
different findings may stem from varied patient populations
and practice patterns. The decrease in adjusted BW correlates
with the decreased rate of LGA in our entire cohort. Future
analysis may allow us to discern if recent laboratory, clinical,
or demographic changes can explain these trends.

Our study has several notable strengths. Our large cohort
represents a reliable dataset from a single institution with a
well-documented timetable of changes in the clinic and lab-
oratory over the 24-year study period. To our knowledge,
this is the first and largest study to show a decrease in rates
of LGA newborns and PTB before 32 weeks for all autologous
IVF cycles, fresh and frozen. Having carefully documented
key changes in our laboratory including adoption of vitrifica-
tion of blastocysts in lieu of slow cooling of cleavage stage
embryos; extended culture of embryos in a single-step culture
medium; and use of high-performance benchtop incubators,
we were able to perform a detailed analysis to test for tempo-
ral associations that may hint at causality for some of our sig-
nificant findings. Given certain patients may have had more
than one newborn in our cohort, linear regression of BW
was performed with maternal parity to avoid confounding
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error. Furthermore, we were able to validate previous docu-
mented findings of BW differences in neonatal sex, cycle
type, and as a function of maternal parity.

Several limitations, however, need to be acknowledged.
As a retrospective study, there remains the possibility of un-
known confounders limiting conclusions about cause and ef-
fect. Changes in obstetrical management could not be
accounted for; however, the incidence in PTB before 37 and
34 weeks stayed consistent per the national CDC data for all
deliveries from 2010 to 2017 (52). Imputation of BMI was per-
formed for the patients with missing data by linear regression
with randomness checked by Little’s test. This is relevant as
maternal BMI is a known risk factor for LGA newborns.
When examining for significant break points in the time se-
ries analysis, a limitation is that the exact reason, clinical or
laboratory related, may not be truly apparent despite differ-
ences in time points being indicated. The data were from a
single institution in the northeast of the United States and
may not be fully generalizable to all geographic locations
and patient populations.

CONCLUSION

In conclusion, our study showed annual reductions in the
rates of LGA newborns and PTB before 32 weeks for the entire
cohort of IVF cycles over a 24-year period. Both findings were
important positive surrogate markers of neonatal health. We
also demonstrated a small decrease in live BW per year despite
the many clinical and laboratory changes. These data pro-
vided reassurance that changes in IVF over many years
have positively impacted perinatal outcomes. Further
research is needed to study the effects of IVF on perinatal out-
comes in other patient populations and investigate how spe-
cific changes in clinical or laboratory management may
individually impact perinatal outcomes with the goal of
continued improvement.
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