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Abstract

Objective—To determine if very early serum hCG, a marker of trophoblast differentiation, is
associated with adverse perinatal outcomes in singleton pregnancies.

Design—Retrospective cohort study
Setting—University fertility program
Patients—360 singleton I\VVF live births

Interventions—Serial hCG measurements were used to determine the within-woman slope for
hCG (hCG rise).

Main Outcomes Measures—Primary outcomes included birth weight and gestational age at
delivery. Statistical comparisons utilized t-test, chi-square test, and linear and logistic regression as
appropriate.

Results—hCG rise was positively associated with birth weight but not gestational age at delivery.
Infant gender, gestational age, and type of embryo transfer (“fresh" vs. frozen/thawed) were
significantly associated with birth weight and confounded the associations of interest. hCG rise
was slower among subjects delivering an infant with low birth weight (slope: 0.386 +£0.05 vs.
0.407 £0.06,) or small for gestational age (slope: 0.371 £0.07 vs. 0.406 +0.06,). Analysis of hCG
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rise by quartile showed that, when compared to the first quartile (slowest), subjects with a rate of
hCG rise in the fourth quartile (fastest) had a significantly decreased risk of delivering an infant of
low birth weight [OR = 0.32, 95% CI (0.11-0.92)]. No relationship was noted between hCG rise
and hypertensive disorders of pregnancy.

Conclusions—Slower, very early first trimester hCG rise is associated with low birth weight but
not gestational age at delivery among singleton IVF conceptions. The rate of increase in serum
hCG may reflect early trophoblast differentiation and placentation and, possibly, predict
subsequent development.

Keywords

human chorionic gonadotropin; hCG; low birth weight; adverse pregnancy outcomes; in vitro
fertilization

Introduction

Adverse pregnancy outcomes may result, in part, from an underlying defect in early
placentation (1). This period of pregnancy is difficult to study because most women do not
routinely present for obstetric care until later in the first trimester. However, women who
conceive following in vitro fertilization (IVF) are monitored frequently and early in
pregnancy with serial hormone measurements and thus represent a unique population ideal
for study of early placentation events.

Placental trophoblast invasion begins soon after embryo attachment and continues through
the first trimester. It is hypothesized that assessment of serial hormone levels, such as of
human chorionic gonadotropin (hCG) at this early stage of pregnancy may be useful in
predicting early placental development and possibly perinatal outcome. Serum hCG, a
hormone secreted by placental syncytiotrophoblasts and detectable in the serum as early as
6-12 days after ovulation (2), rises rapidly during early pregnancy, peaks around the 10—
11t week of gestation, and is routinely measured in women undergoing IVF following
embryo transfer (ET).

While the expected rate of increase in hCG has been defined for an ongoing intrauterine
gestation in both the assisted reproductive and medically unassisted pregnancy populations
(3, 4), the association between rise in serial hCG and pregnancy outcome, in particular
adverse outcome at the time of delivery, remains unclear. Previous studies have shown that
low initial serum hCG levels following ET are negatively associated with pregnancy
viability (5, 6) and that initial level and rise of hCG may predict live delivery rate (7).
However, data demonstrating the association between the rate of early hCG increase and
pregnancy outcomes at delivery is lacking.

Therefore, the goal of this study was to interrogate the association between the rate of
increase in hCG in the early first trimester and adverse pregnancy outcomes related to birth
weight and gestational age at the time of delivery in a cohort of women who conceived with
IVF and subsequently delivered a singleton live born infant. We hypothesized that the rate of
increase in serial hCG levels may serve as a surrogate marker for trophoblast differentiation,
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and hence placentation, and that extremes in the rates of increase may identify women at risk
for adverse pregnancy outcomes.

Materials and Methods

This retrospective cohort study assessed singleton live births conceived with the assistance
of IVF from 2005-2009 at the Hospital of the University of Pennsylvania (HUP). We chose
these years for analysis because, during that time period, the same laboratory protocols were
used for all cases, including culture media (LifeGlobal) and oxygen tension (95% air / 5%
COy). Included patients had only one gestational sac at the time of a 6-week ultrasound and
two or more serial hCG serum concentrations. Conceptions after both "fresh” and frozen/
thawed ETs were included. Baseline patient demographics and characteristics were obtained
from medical records and serum hCG levels following ET were abstracted from the
electronic database. Donor egg cycles and twin and triplet pregnancies were excluded from
analysis. This study was approved by the University of Pennsylvania Institutional Review
Board (protocol number 813313).

Primary outcomes included birth weight (grams) and gestational age (days) at delivery.
Secondary pregnancy outcomes included specific adverse events including delivery of an
infant with: low birth weight (LBW, <2,5009), preterm delivery (<37 weeks), small for
gestational age (SGA, <10t percentile) (8), gestational hypertension, and preeclampsia as
defined by internationally accepted diagnostic criteria (9). Infant NICU admission was
collected as a surrogate marker of infant health, although infant follow-up after hospital
discharge was unavailable.

Infant birth weight, date of delivery, and gender were reported by the patient as part of
routine post-treatment follow-up for reporting to the Society for Assisted Reproductive
Technologies (SART) and were confirmed with delivery records, when available. The
outcomes of gestational hypertension, preeclampsia, and NICU admission were available for
a subset of patients who received care and delivered at the primary institution (Hospital of
the University of Pennsylvania, HUP).

Exposure was defined as the increase in hCG over time, or slope. Our focus was the rise of
hCG within the first six weeks of gestation, when the natural log-transformed hCG is
considered linear (4). Values of hCG greater than 10,000 mIU/mL or values obtained from
women of a gestational age greater than six weeks, or more than 28 days from egg retrieval,
were excluded.

hCG values were transformed using natural log to better meet the assumptions of regression
modeling and reduce the influence of large values. For each woman, a slope, or rate of rise
in log-transformed hCG levels was determined using simple linear regression for her data
only and also using linear mixed-effects (LME) regression for the entire sample which
allows for within- and between-subject variation in the rate of hCG rise (10). Both estimates
of rise were evaluated as a predictor of adverse pregnancy outcome and ultimately, LME
regression estimates were used. While the two estimates are highly correlated with one
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another (Pearson correlation coefficient = 0.910, p<0.001), slope estimate using LME
utilizes within- and between-subject data to enhance precision in slope estimates.

For this analysis, hCG rise is presented as a one-day change on the natural log scale along
with corresponding two-day percentage increases in hCG (normal scale).

Serum hCG concentrations were measured with either the Abbott AXSYM (Abbott
Laboratories, Abbott Park, IL) or DPC Immulite (Diagnostic Products Corporation, Los
Angeles, CA) total immunoassay systems. Both the interassay and intraassay coefficients of
variation were below 10%. Results are expressed as milli- International Units per milliliter
(mIU/mL), using the third international reference hCG standard (3 1S).

The association between the rate of increase in hCG, or hCG rise, and pregnancy outcomes
was assessed using t-test, chi-square test, and linear and logistic regression where
appropriate. hCG rise was explored as a continuous variable and categorized into quartiles.
Multivariable linear or logistic regression was used to explore the effect of potential
confounders using backwards selection. For each hypothesized confounder, effect
modification, or interaction with the primary exposure variable (hCG rise) was first
examined and included if significant. Variables with =15% change in the regression
coefficient were identified as confounders and included in final multivariable modeling.

The statistical software packages SAS 9.2 (SAS Institute Inc., Cary, NC) and Stata 11.2
(Statacorp LP, College Station, TX) were used for statistical analysis.

Three-hundred-sixty IVF cycles resulting in a singleton live birth met inclusion criteria.
From an original cohort of 687 live births, IVF cycles were excluded for the following
reasons: twin (n=180) or triplet (n=7) gestations, donor egg cycles (n=68), >1 gestational sac
seen at 6-week ultrasound (i.e. no "vanishing twins" were included; n=22], or incomplete or
missing serial hCG data (n=50). Subjects had, on average, 2.44 £0.9 (mean £SD) embryos
transferred and 3.1 £0.98 serial hCG measurements beginning 15.9 +1.7 days after egg
retrieval. Sixty-nine of 360 (19.2%) of the study population conceived following frozen ET.

Baseline characteristics for the included study population are displayed in supplemental
table 1. The majority of patients were Caucasian and non-Hispanic. The mean initial hCG
level was 287+231 mlU/L. The median slope was 0.407, which corresponds to a two-day
increase in hCG of 126% and the mean + SD slope was 0.405 +0.06. Among the entire study
population, 90/360 (25%) contributed two hCG values, 202/360 (56.1%) contributed three
hCG values, and 68/360 (18.9%) contributed four or more hCG values.

We first examined the association between hCG rise and the two primary outcomes, birth
weight (grams) and gestational age (days) at delivery. Unadjusted linear regression
demonstrated that hCG rise was significantly positively associated with birth weight
(p=0.002). For a one quartile change in slope of hCG rise (or 0.039), birth weight increased
by 62.0 grams.

Fertil Steril. Author manuscript; available in PMC 2017 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Morse et al.

Page 5

The effect of age, race, ethnicity, parity, type of ET ("fresh" vs. frozen/thawed), number of
embryos transferred, infant gender, number of serial hCGs, initial hCG level, and gestational
age on this association was assessed using multivariable linear regression. Infant gender,
type of ET, gestational age, and race confounded the association between hCG rise and birth
weight. Independently, and as expected, gestational age had a significant positive effect on
birth weight. For each one-day increase in gestational age, birth weight increased by 27.5
grams (p<0.001). Female infants had a significantly lower predicted birth weight (-193.3
grams compared to males, p<0.001) and infants born following a frozen/thawed ET had a
significantly higher predicted birth weight (+150.9 grams compared to fresh, p=0.012). The
association between hCG rise and birth weight, stratified by infant gender (Figure 1) and by
"fresh" versus frozen/thawed ET (Figure 2) are shown. We examined whether the association
was different in the fresh versus frozen transfers. Details of this evaluation are found in
Supplemental Figure 2. A statistical test for effect modification due to type of transfer (fresh
vs frozen) did not achieve statistically significance, p=0.263.

In a multivariable linear model the effect of race on this association was no longer
significant and removed from the model. The final model of the association between hCG
rise and birth weight included gestational age, ET type (“fresh" vs. frozen/thawed), and
infant gender. After adjusting for infant gender and type of transfer, it was demonstrated that
a one SD increase in hCG rise resulted in a 50.7 gram increase in birth weight (p=0.033).

Similarly, the association between the rate of hCG rise and gestational age at delivery was
determined. No association was noted between hCG rise and gestational age (p= 0.178).
Analysis of potential confounders did not change this finding.

The mean rate of hCG increase was then compared between subjects with and without
specific adverse clinical outcomes (Table 1) using two-sample t-tests. Subjects who
delivered a LBW infant had a significantly slower hCG rise (p=0.035) compared to those
who did not. Similarly, subjects delivering a SGA infant also showed a significantly slower
hCG rise (p=0.038). There was no statistically significant difference in mean hCG rise
among subjects with preterm delivery compared to subjects without, although a trend was
noted (p=0.096). Among those with delivery records available for review (n=170), there was
no association between mean hCG rise and gestational hypertension (p=0.908),
preeclampsia (p=0.849), or infant NICU admission (p=0.222).

For ease of interpretation, hCG rise was stratified into quartiles. The association with
adverse pregnancy outcome is presented in Table 2. The first (slowest) quartile served as the
reference quartile. Unadjusted odds ratios (OR) for adverse outcomes showed that the risk of
delivering an infant of low birth weight, when compared to the first quartile, decreased as
rate of hCG rise increased (p=0.018 for overall trend). When individual quartiles of hCG rise
were assessed, this association between hCG rise and risk of adverse outcome was
significantly decreased among individuals in the fourth quartile (OR = 0.32, 95%CI (0.11-
0.92)). After adjustment for previously identified covariates (gestational age, infant gender,
and embryo transfer type) the association between the fastest rate of hCG rise (fourth
quartile) and a lower risk for low birth weight persisted (OR = 0.13, 95%CI (0.02-0.70)).
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A similar, although non-significant, trend was noted for delivery of a SGA infant and
preterm delivery for women in the upper quartiles of hCG rise. We found no association
between the quartile of hCG rise and hypertensive disorders nor for NICU admission.

Given reported differences in perinatal outcomes among "fresh™ versus frozen/thawed ETs
(11-15), we further investigated the difference in hCG rise among these two groups in our
population. We compared the rate of increase in hCG levels among "fresh™ and frozen/
thawed embryo transfer cycles assessing curves stratified by absolute hCG value, and days
from gestation, allowing to isolate the earliest portion of the curve generated by serial hCG
values (Supplemental Figure 1). Rise in hCG following frozen/thawed ET was significantly
higher than "fresh" ET regardless of absolute hCG value or gestational age.

Discussion

The primary goal of the present study was to assess the association between the rate of hCG
rise in the early first trimester and adverse perinatal outcomes, hypothesizing that hCG rise
may be a marker of trophoblast differentiation and, thus, invasion and placentation. We
assessed the association of slope of hCG rise and perinatal outcomes in three ways: a) the
correlation of the slope based on the rise of serial hCG serum concentrations with birth
weight and gestational age, b) a comparison of the slope of hCG in those with and without a
specific adverse perinatal outcome, and c¢) the odds of adverse perinatal outcome depending
on the quartile of the hCG slope. These data demonstrated that early first trimester maternal
serum hCG is associated with pregnancy outcomes beyond the first trimester. These findings
suggest that events occurring in the periimplantation period may have long-term impact on
fetal heath, possibly related to trophoblast differentiation and early placentation.

Using linear regression of log-transformed hCG values, we were able to approximate the
overall rate of hCG increase for each subject starting approximately 15-16 days from egg
retrieval (or about 4 weeks gestation). The median rate of two-day increase in hCG was
126%, consistent with our prior work reporting a two-day increase of 124% (4). The
association between hCG rise and birth weight was confounded by three important factors,
infant gender, type of embryo transfer ("“fresh" vs. frozen/thawed), and gestational age at
delivery. For a given rate of hCG rise, male infants, infants conceived following a frozen
embryo transfer, and infants who were delivered at a later gestational age had, on average, a
greater birth weight. However, even after controlling for these factors we demonstrate a
positive association of early hCG rise and birth weight, while no association was noted
between hCG rise and gestational age (Figure 1). When comparing the slope of early hCG
rise in those who did or did not have an adverse perinatal outcome, we observed similar
findings: the average slope was slower for infants delivered of low birth weight or small for
gestational age (Table 1). There was a non-significant trend towards a slower slope for
infants delivered preterm. Of note, there was no apparent difference in hCG slope for women
who developed gestational hypertension or preeclampsia. Although we had limited power to
detect differences amongst these relatively low prevalence outcomes, this observation may
suggest that the second wave of invasion occurring in the late first and early second trimester
of pregnancy, a time of different hCG dynamics and not studied in the present investigation,
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may be responsible for the pathologic placentation associated with gestational hypertensive
disorders.

Dividing hCG rise into quartiles allowed us to assess the ‘dose-response’ relationship
between exposure and outcome. The odds ratio for having a LBW infant decreased as the
quartile of hCG rise increased, ultimately becoming significantly reduced for subjects in the
fourth (fastest) quartile. A test for trend showed that each quartile increase in slope was
significantly negatively associated with LBW in unadjusted and adjusted analyses (Table 2).
There were non-significant trends for greater odds of preterm delivery and small for
gestational age infant, but no association with hCG slope and gestational hypertension or
preeclampsia. There was no association with the odds of neonatal intensive care unit
admission and hCG rise.

Several authors have noted elevated second trimester hCG levels following frozen ET when
compared to fresh ET (16-18), however these studies did not specifically assess rates of first
trimester increase. We found that the association of hCG level and type of conception was
constant even when we stratified our analysis based on gestational age and absolute hCG
concentration, suggesting the difference in hCG rise is already apparent as early as 15 days
post-1VF retrieval (and remains unaltered) (Supplemental Figure 1).

It has been hypothesized that the non-physiologic maternal environment during a “fresh ET”
may affect early trophoblast differentiation and placentation and help explain the association
of lower perinatal morbidity following frozen ET when compared to fresh ET in both single-
center and population based studies (11-15). However, this mechanism may be independent
of early hCG rise over time as we noted an association with low birth weight and slow hCG
rise after both fresh and frozen transfers. The association with obstetrical outcome and hCG
rise was in the same direction, with a similar strength of association, when data are stratified
by fresh vs frozen conception (data not shown). Moreover, the slope of hCG rise in
conceptions after fresh or frozen embryo transfer was not different in this cohort
(Supplemental figure 2).

Currently, there is no definitive explanation for the cellular mechanisms underlying our
observations and to explain how early hCG rise correlates with placental health and fetal
growth. Nevertheless, it can be hypothesized that variations in trophaoblast differentiation
towards the invasive/extravillous phenotype versus the hCG-producing/villous phenotype are
at the center of these findings (19). This remains to be elucidated.

Our study differs from previous studies that have assessed maternal serum markers and
adverse pregnancy outcomes. We capture an earlier period of gestation and assess a maternal
serum marker of placentation as it changes over time. Previous authors have assessed
maternal serum markers collected as part of aneuploidy screening and correlation with
preeclampsia, low birth weight, still birth, and preterm delivery (19-23). However, the use of
hCG alone has not been shown to have meaningful clinical utility to predict adverse
pregnhancy outcomes and is best when used in combination with other screening measures
(24, 25). Findings have been inconsistent including that late first trimester hCG levels in
women who develop preeclampsia or growth restriction, are only slightly reduced, if at all,
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and that in the second trimester, hCG levels may in fact be elevated in those with adverse
outcomes (26). This finding may be attributable to a “hypoperfusion-leakage’ phenomenon
occurring after the failure of an adequate second wave of trophoblast invasion in the late first
and early second trimester (27). Although a low hCG level as early as 12 days after
cleavage-stage ET has been recently associated with a higher risk of pre-eclampsia (28), we
did not observe such an association. This may be due to the limited pre-eclampsia events in
our cohort to allow us to adequately assess the relationship between hCG and preeclampsia.
It is plausible that low hCG levels with compensatory faster rise may reflect dysfunctional
placentation and be a marker of adverse outcomes in this population later in pregnancy. The
assessment of serial hCG in the early first trimester has primarily been used to assess
viability, with slower rise associated with miscarriage and faster rise with live birth (6, 7).

Limitations of our study include its retrospective nature. While we ascertained hCG curves
and demographic information on the majority of subjects that met our inclusion criteria,
missing data, such as smoking status, BMI and past history of preterm delivery/low birth
weight were not available. Nevertheless, smoking is low in this patient population and is
only a theoretical possibility that a history of a poor obstetrical outcome would affect the
hCG rise in a subsequent pregnancy. We also did not analyze the impact of the pre
conception hormonal milieu (i.e. estrogen or progesterone levels). The effect of these
potential confounding factors would be an important future direction of this line of research.
We attempted to reduce any effect that ‘vanishing twins’ may have on hCG curves, and on
perinatal outcomes, by limiting our study to only pregnancies with one gestational sac at six-
week ultrasound. However, it was not feasible to limit our analysis to only cycles with a
single ET due to limited number of single ETs (29/360, 8.1%) in our cohort during the
period of this study. However we are confident that any confounding based on a potential
biochemical vanishing twin would be minimal.

Our study was conducted on a convenience sample specifically chosen to minimize potential
confounding based on laboratory techniques and media. A post hoc power calculation
determined that given our sample size, we had >90% power to detect a one-half SD
difference in the outcome of LBW in this purposeful homogenous population. Estimating
hCG rise for each individual with regression models introduced random error and may have
reduced our precision, biasing results towards the null. To address this, we reduced potential
modeling error using LME regression to more accurately account for within- and between-
subject variation in hCG rise. Future study will be needed to address the effects of different
media, oxygen tension or culture conditions.

We believe that our study has several strengths. First, we proposed a novel hypothesis, that
events very early in pregnancy have an association with ultimate pregnancy outcome. We
studied this association with respect to clinically meaningful endpoints that occur at the time
of delivery and did not limit our analysis to first trimester endpoints such as the diagnosis of
a viable pregnancy. Furthermore, we restricted our study population to single gestational sac
early in the first trimester resulting in singleton live births, in an attempt to reduce the effect
that multiple pregnancies (even “vanishing twins”) have on hCG curves and pregnancy
outcomes.
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In conclusion, we found that among a cohort of women who conceived after IVF and
delivered a singleton live born infant, a faster rate of hCG rise in the first few weeks of early
gestation was associated with a reduced risk of delivering a LBW infant, but not preterm
delivery nor hypertensive disorders of pregnancy. This novel finding suggests that events of
early pregnancy, such as trophoblast differentiation, implantation and early placental
development, may play a crucial role in the health of the developing embryo and impact
infant health. While our findings are intriguing, much work remains before the cellular
mechanism of this clinical observation is elucidated and before this information can be
applied clinically.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Linear regression of hCG rise versus birth weight in male infants (navy filled circles) and

females (pink crosses). There is a significant positive association between hCG rise and birth
weight (p=0.002), n=360.
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Figure 2.
Linear regression of hCG rise versus birth weight of singleton pregnancies following "fresh"

embryo transfer cycles (maroon filled circles) or following frozen/thawed embryo transfer
cycles (navy crosses). There is a significant positive association between hCG rise and birth
weight (p=0.002), n=360.
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