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A B S T R A C T

The aim of this study is to compare the serum b-hCG values post transfer of a cleavage stage embryo
versus a blastocyst stage embryo at equal time intervals post oocyte retrieval (OR) in clinically pregnant
patients, and to ascertain a b-hCG value to predict pregnancy outcomes. This is a retrospective cohort
study of 560 women with clinical pregnancy who underwent an embryo transfer performed at either the
cleavage stage or the blastocyst stage of embryo development between January 2003 and June 2014 at the
Center for Assisted Reproduction (CARE), Singapore General Hospital. The serum b-hCG level was
measured on day 17 post OR. The b-hCG values were not signiﬁcantly different in the cleavage stage
versus the blastocyst stage embryos (mean  SD: 387  486 IU/L D3 vs. 352  268 IU/L D5, p = 0.96,
median value 297 in both groups). Our study suggests that the initial maternal serum b-hCG values were
not affected by the day of transfer of the embryos since assessing the b-hCG at equivalent points after
transfer should not lead to a signiﬁcant difference assuming the progress and development of the
embryos occurred as expected.
© 2017 Elsevier B.V. All rights reserved.

Introduction
Human chorionic gonadotropin is an early marker of implantation which appears in the maternal serum 6–8 days post
fertilization [1–3]. It is secreted by the syncitio-trophoblast and
is a dimer consisting of alpha and beta subunits. Its transcription
can be detected as early as the two cell stage embryo [4,5]. The
primary role of b-hCG is maintenance of the corpus luteum, and
progesterone production in the early stages of pregnancy to aid in
establishment of implantation. It is universally agreed that b-hCG
levels in early pregnancy are predictive of pregnancy outcomes;
higher levels correlate with improved outcomes and greater
chances of live births [6,7]. However, in spite of this, there is only
limited data on the predictability of b-hCG values in IVF cycles.
Current literature correlates b-hCG values to certain variables like
demographics and the day of embryo transfer (ET) [8,9]. In current
practice, embryos from IVF cycles are usually transferred into the
uterus 2–3 days post fertilization (as a cleavage stage embryo, D3)
or 5 days post fertilization (as a blastocyst stage embryo, D5). Initial
prediction of the viability of the day 2–3 and day 5 embryos prior to
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transfer to a recipient is still challenging and based on
morphological parameters and rate of cleavage. Results of studies
comparing the b-hCG levels based on day of transfer are
conﬂicting, with some studies reporting higher b-hCG levels after
cleavage stage embryo transfers [10], whereas others reporting
higher levels after blastocyst transfers [11,12]. The primary
objective of our study was to compare the b-hCG levels in
cleavage stage vs. blastocyst stage transfers in fresh IVF cycles and
to establish b-hCG cut-offs for the prediction of live birth,
separately for the cleavage stage and blastocyst stage transfers
in fresh IVF cycles, using ROC analysis. The secondary aim of this
study is to ﬁnd out the correlation of the b-hCG levels with various
pregnancy outcomes like miscarriage, ectopic, live birth and
stillbirth and to ﬁnd maternal characteristics and cycle parameters
predictive of b-hCG. The b-hCG values under these circumstances
would be particularly useful for counseling patients early on in the
pregnancy.
Materials and methods
The electronic medical records of patients who underwent IVF
between 2003 and June 2014 at the Centre for Assisted
Reproduction (CARE) at Singapore General Hospital were reviewed
retrospectively. The study was approved by the Institutional
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Review Board. There were 1897 patients who underwent fresh
embryo transfer between 2003 and June 2014. Out of these, 560
patients were clinically pregnant, deﬁned by the presence of a
gestational sac on transvaginal ultrasound scan at 6–8 weeks.
Inclusion criteria for the study were: a day 2/3 (cleavage stage) or
day 5 (blastocyst stage) embryo transfer during this period, b-hCG
levels 17 days post oocyte retrieval, clinical pregnancy and
available information on the pregnancy outcome. All patients
entered into the ART program were included regardless of age.
Exclusion criteria included: cycle cancelation, embryo transfer on
days other than day 2, 3 or day 5, and donor oocytes and frozen
embryo transfers. All patients underwent IVF and ET according to
conventional protocols. They were assigned to either the Long
Agonist, Short Flare or Antagonist protocols. Embryos were
evaluated by the embryologist for a day 2 or day 3, or day 5
transfer. Gardner blastocyst grading system [13] was used for
grading the blastocysts and an in-house embryo grading system
was used to grade the cleavage stage embryos. Depending on the
laboratory embryo scores, number of high grade day 2 or 3
embryos and clinical considerations, patients were offered a day 2
or day 3, or day 5 transfer. If on day 2, there were more than 5
embryos at the 4 cell stage with minimal or no fragmentation, the
transfer was delayed to day 5. The patients were grouped into:
group 1 (cleavage stage) who underwent ET on day 2 or day 3, and
group 2 (blastocyst stage) who underwent ET on day 5.
Confounding variables between the two groups were age, etiology,
protocol used, number of oocytes retrieved and number of
embryos transferred. In our study, the two groups were not
signiﬁcantly different in terms of these variables except for
maternal age and number of oocytes. A sample of the venous blood
was collected 17 days after the oocyte retrieval (OR) in all the cases
to analyze the serum b-hCG levels. Pregnancy was indicated by an
initial serum b-hCG level > 7 mIU/mL. Additional b-hCG levels
were measured to establish the presence of a viable pregnancy, a
biochemical pregnancy, or an ectopic pregnancy. Trans-vaginal
ultrasound was performed 2 weeks after the initial b-hCG
measurement to evaluate the location of pregnancy. The ﬁnal
outcome results of the pregnancy were analyzed as: miscarriage,
ectopic, still birth or a live birth.
Laboratory analysis
Serum b-hCG levels were analyzed using an electrochemiluminescence assay (Cobase module, Roche Diagnostics). The
functional sensitivity of the assay was 0.6 mIU/mL and the
detection range was 0.6–10,000 mIU/mL. The inter- and intraassay coefﬁcients of variation were 5% and 4% respectively.
Statistical analysis
The Statistical Package for the Social Sciences (version 21.0) and
STATA version 13 were used for statistical analyses. The patients
were divided into two groups depending on the day of embryo
transfer group 1: cleavage stage embryos (day 2 or 3) and group 2:
blastocyst stage (day 5). To assess the differences between the two
groups, parametric and non-parametric analyses were conducted
after determining whether the variables met the normality
assumptions. The distribution of data was checked for normality
using the normal probability plot and Kolmogorov–Smirnov test.
Basic descriptions of parameters were presented either as mean
and standard deviation (SD) for normally distributed data or
median and range for data distribution that were skewed and,
count and percentage for categorical data. Student t test or Mann–
Whitney U test were conducted to compare continuous and
discrete ordinal variables between group 1 and group 2 and
categorical data were analyzed with Chi Square tests or Fisher's

exact test as appropriate. Next, a multiple linear regression
analysis was conducted to assess the factors that signiﬁcantly
predicted higher serum b-hCG. Factors entered in the model were
those that were found to be statistically signiﬁcant in the
univariate analysis. The confounding factors were maternal age
and number of oocytes. Receiver operating characteristic (ROC)
curve analysis was performed for determination of predictive
accuracy (area under curve, AUC) of b-hCG values for live birth for
each embryo transfer group. ROC curves were performed using a
nonparametric distribution method. Receiver operating characteristic curves are a graphic representation of sensitivity (or true
positive rate) vs. 1 minus speciﬁcity (or false positive rate). The
discrimination threshold was chosen on the basis of optimal
sensitivity and speciﬁcity. The area under the curve (AUC) and its
95% conﬁdence interval were generated for each ROC curve and the
AUCs were compared statistically using the method of DeLong
(DeLong and Clarke-Pearson, 1988). Additionally, diagnostic
accuracy statistics of b-hCG for live birth prediction at different
b-hCG values between 90 and 400 IU/L were also presented for
comparison purpose.
Results
Overall outcome
We analyzed all the fresh embryo transfers done from 2003 to
June 2014. Of the 1897 cycles that were analyzed, 560 resulted in
clinical pregnancy. Out of these, 500 patients had a cleavage stage
embryo transfer (day 2 or day 3; group 1) and 60 patients had
blastocyst transfer (day 5; group 2). The mean (SD) age in group 1
was 33.6  3.6 years and group 2 was 35  3.7 years. The b-hCG
value in the 2 groups was similar: median (range); group 1: 297 IU/
L (18, 8437), group 2: 297.5 IU/L (12.9, 1359). The difference
between the two groups was not statistically signiﬁcant (p = 0.960).
A post hoc power analysis at 2-sided a = 0.05 showed that the
power of our study was 83% to detect either a 40% increase or
decrease of 120 IU/L in blastocyst stage as compared to cleavage
stage arm that had a median b-hCG = 297 IU/L. Overall SD for the
two arms =300 IU/L and the ratio of sample sizes in our study,
used for calculation was 60 blastocyst stage cases to 480 cleavage
stage cases, i.e. a ratio of 1:8. To detect a difference of 30%, i.e.
delta = 90 IU/L, the power was 59%. Out of the 560 patients, 307/
500 patients (61.4%) had singleton pregnancy in group 1 as
compared to 32/60 (53.3%) in group 2. In group 1, 106/500 patients
(21.2%) had twins and 4/500 had triplets (0.8%) as compared to
group 2 where 11/60 had twins (18.3%) and 2/60 had triplets (3.3%).
The b-hCG levels were correlated with the ultrasound at 6 weeks.
The twin pregnancies in our study were followed up till delivery
and there were no vanishing twins. However, the presence or
absence of two viable fetus between 4 and 6 weeks and a
subsequent subclinical loss of one of them is difﬁcult to estimate
and beyond the scope of our study.
On an average, the embryos transferred were of at least grade 2.
Gardner blastocyst grading system [13] was used to grade day 5/6
blastocysts. As for cleavage stage embryos, our in-house grading
system was used to help us determine which embryos are suitable
for transfer and freezing (Table 1).

b-hCG of singletons, twins and triplets
The difference in the b-hCG resulting in singleton pregnancy in
group 1 vs. group 2 was not statistically signiﬁcant (p = 0.841).
Similarly, comparison in the b-hCG values resulting in twin
gestation for group 1 vs. group 2 (p = 0.313) and that resulting in
triplets for group 1 vs. group 2 (p = 0.533) was not statistically
signiﬁcant (Table 2). In addition, within each group b-hCG values
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Table 1
The demographic characteristics and cycle parameters of patients with cleavage or blastocyst transfer.
Demographics and cycle parameters

Cleavage stage (n = 500)

Blastocyst stage (n = 60)

Age, mean (years)
Etiology, n (%)

33.6
370 (74%)
31 (6.2%)
38 (7.6%)
26 (5.2%)
35 (7%)
161 (32.2%)
40 (8%)
299 (59.8%)
12 (1, 59)
19 (3.8%)
379 (75.8%)
101 (20.2%)
1 (0.2%)
297 (18.3, 8437)

35
49 (81.7%)
3 (5%)
3 (5%)
2 (3.3%)
3 (5%)
17 (28.3%)
1 (1.7%)
42 (70%)
17 (7, 40)
1 (1.7%)
55 (91.7%)
4 (6.7%)
0 (0%)
297.5 (12.9, 1359)

Male factor
Tubal
Endometriosis
PCO
Unexplained
Long
Short
Antagonist

Protocol, n (%)

Number of oocytes retrieved, median (range)
Number of embryos transferred, n (%)

b-hCG, median (range) in IU/L

1
2
3
4

p value
0.785

0.129

<0.001
0.051

0.960

Table 2
Distribution of b-hCG for various number of LB in cleavage stage and blastocyst stage transfer.
Number of LB

Cleavage stage (total n = 500),
No. (%), median (range) b-hCG

Blastocyst stage (total n = 60),
No. (%), median (range) b-hCG

p-Value

No live birth (0)
Singleton (1)
Twins (2)
Triplets (3)

n = 70 (14%), 189 (26.5, 8437)
n = 320 (64%), 252 (18.3–1499)
n = 106 (21.2%), 450 (21.2–2018)
n = 4 (0.8%), 809.5 (520–2209)

n = 11 (18.3%), 117 (12.9, 471)
n = 36 (60%), 270 (43.40–641)
n = 11 (18.3%), 656 (120–1359)
n = 2 (3.3%), 431.5 (182–681)

0.629
0.841
0.313
0.533

LB: live birth

of singleton pregnancies were lower than the values of multiple
pregnancies. The minimum b-hCG value resulting in a live birth
was 18.3 IU/L in cleavage stage transfer and 43.4 IU/L in blastocyst
transfer.

b-hCG of various pregnancy outcomes
All four categories of pregnancy outcome (miscarriage, ectopic,
live birth and still birth) were compared between group 1 and
group 2 (Table 3). There was no signiﬁcant difference in
distribution of the various pregnancy outcomes between the
cleavage and blastocyst transfer (p = 0.390). Table 3 shows the
comparison of the b-hCG values in the various pregnancy outcome
groups across group 1 and group 2. The median b-hCG in patients
who had live births in group 1 was 314 IU/L as compared with
364 IU/L in group 2 (p = 0.481). For both cleavage stage and
blastocyst stage transfers, the median b-hCG values in cases of
spontaneous miscarriage were lower than in cases of live birth (in
cleavage stage: p = 0.014, in blastocyst stage: p = 0.010). Multiple
linear regression of b-hCG shows that b-hCG values are not
affected by the transfer day after adjusting for the confounding
variables namely age and number of retrieved oocytes (Table 4).
ROC curve was plotted for cleavage stage and blastocyst transfer in

order to determine optimal b-hCG cut-offs for the 2 groups. The
area under the ROC curve (AUC) for each group showed that b-hCG
is a predictor for LB (AUC (95% CI)): cleavage stage 0.62 (0.54, 0.69),
blastocyst stage 0.75 (0.59, 0.90). AUC was not signiﬁcantly
different between the 2 groups (p = 0.140, Fig. 1) Table 5 compares
the sensitivity, speciﬁcity and positive predictive value at different
b-hCG cut-offs for the 2 groups. Thus, it can be seen that for
cleavage stage transfer a b-hCG of 199 IU/L had optimal sensitivity
of 69.5% and speciﬁcity of 50% for predicting live birth. For
blastocyst transfer, b-hCG of 253 IU/L had optimal 61.2% sensitivity
and 63.6% speciﬁcity of predicting live birth. At these optimal cutoff points, the positive predictive values (i.e. likelihood of LB) were
89.5% and 88.2% for group 1 and group 2 respectively.
Discussion
Early embryonic development is a precise multistep programmed biologic process. The concentration of b-hCG grows
steadily during early stages of pregnancy. Our study shows that
when measured at equivalent points after embryo transfer, b-hCG
levels are not affected by the day of transfer of embryo. In our study
done on 560 clinically pregnant patients, the b-hCG levels
measured 17 days post oocyte retrieval were not signiﬁcantly

Table 3
Distribution of b-hCG in various pregnancy outcomes for cleavage stage and blastocyst stage.
Pregnancy outcome

Cleavage stage,
No. (%) pregnancy outcome, median (range) b-hCG

Blastocyst stage,
No (%) pregnancy outcome, median (range) b-hCG

Abortion
Ectopic
Live birth
Still birth
Total pregnancies

n = 60 (12%), 210 (27–8437)
n = 8 (1.6%), 61 (29–853)
n = 430 (86%), 314 (18–2209)
n = 2 (0.4%), 650 (144–1156)
500

n = 11 (18.3%), 117 (13–471)
NA
n = 49 (81.7%), 364 (43–1359)
NA
60

NA: not applicable because of zero cases.
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Table 4
Multiple linear regression analysis to determine the association of potential factors with maternal serum b-hCG level of clinical pregnancies.
Variable

Co-efﬁcient estimate, b

Cleavage transfer (blastocyst as reference)
Age
No. of oocytes
No. of embryos
1
2
3 or 4

45.8
0.5
0.6

95% CI for b

Reference
107.4
70.9

Fig. 1. ROC curves of b-hCG for the prediction of live birth for the cleavage stage and
the blastocyst stage.

different in the cleavage stage vs. the blastocyst stage embryo
(mean  SD: 387  486 IU/L D3 vs. 352  268 IU/L D5, p = 0.96,
median value 297 in both groups). This can be explained by the fact
that the transfer involved only reasonably good quality embryos
and that the b-hCG was measured at equal time intervals post
oocyte retrieval in both the groups. A literature review of studies
comparing b-hCG levels on day 3 vs. day 5 embryo transfer reveals
conﬂicting results. Published studies have varied between no
difference [14], higher day 3 b-hCG levels [10], or higher day 5
levels [11,12]. There has been published data on serum HCG as a
predictor of pregnancy outcome from the western countries. We
present our data from the Asian population. Papageorgiou et al.
[14] concluded that comparisons of mean values between the day 3
and day 5 embryo transfer groups did not suggest discriminatory
values (D3 – 403 mIU/mL vs. D5 – 362 mIU/mL, p value 0.25). Zhang
et al. [10] showed that across their analysis of 918 embryo transfers
observed that the day 3 b-hCG value was greater than the day 5
b-hCG value D3 (155  76 IU/mL) vs. D5 (102  51 IU/mL) p < 0.001
by about 50%. Using evidence from the literature that serum

p value

86.0 to 177.8
11.1 to 11.0
5.3 to 6.5

0.495
0.993
0.835

Reference
107.5 to 322.1
154.9 to 296.7

Reference
0.327
0.538

concentrations are shown to be lower in IVF ET pregnancies when
compared to those resulting from natural conception [15], they
postulated that embryo development or implantation may be
impaired by the additional two days in culture, a difference in the
rate of early sub-clinical losses; or a gender bias resulting from
delay in transfer to day 5. However, in contrast to these results later
studies showed that the b-hCG was signiﬁcantly higher in D5
embryo transfers as compared with D3 embryo transfers [11,12].
The reasons given for this observation were several including
signiﬁcant improvements in the technique of blastocyst culture
and the large trophoblastic cell mass in a day 5 embryo
contributing to the higher b-hCG production.
In our study the initial maternal serum b-hCG values were not
affected by the day of transfer of the embryos. This can be
explained by the fact that assessing the b-hCG at equivalent points
after transfer should not lead to a signiﬁcant difference in the two
groups assuming the progress and development of the embryos
occurred as expected.
Further comparisons were made in our study by subdividing
each of the 2 groups into singleton, twins and triplets. It was
observed that b-hCG of day 3 transfer was not signiﬁcantly
different from those of day 5 transfer for each of these subgroups.
This further reinforces our hypothesis that at similar stages of
embryonic development, the b-hCG produced would be comparable and would not be affected by the initial day of transfer of
embryos into the womb. Numerous studies have correlated initial
b-hCG levels with the pregnancy outcome [15–21]. For predicting
a live birth, we have a cut-off of 199 IU/L for a day 2/3 embryo
(sensitivity 69.5%, speciﬁcity 50%) and 253 IU/L for a day 5 embryo
(sensitivity 58% speciﬁcity 63.6%). Kathiresan et al. [11] evaluated
the optimal threshold for predicting ongoing pregnancy to be
78 IU/L and 160 IU/L for day 3 and day 5, live births to be 94 IU/L and
160 IU/L and multiple gestations to be 250 IU/L and 316 IU/L
respectively. In the study by Oron et al. [12], the b-hCG was
302  158 IU/L for predicting live births in day 2/3 and
345  191 IU/L for predicting live births in day 5 embryos. The
b-hCG has been assessed on varying days after the oocyte retrieval:
day 14 post OR by Papageorgiou et al. [14], day 13 post OR by Zhang
et al. [10], day 15 post OR by Kathiresan et al. [11], day 16 post OR by
Oron et al. [12] which may be one of the factors contributing to the
difference in the cut-off values. Latest studies show that b-hCG is

Table 5
Prediction of live birth by b-hCG at cleavage stage and blastocyst stage.
Cut-off for b-hCG (IU/L)

Cleavage stage
Sensitivity (%)

Speciﬁcity (%)

PV (+) (%)

Sensitivity (%)

Speciﬁcity (%)

PV (+) (%)

90.5
140
199
253
346
410

90
81.6
69.5
58.1
43.6
32.6

21.4
37.1
50
61.4
72.9
77.1

87.6
88.9
89.5
90.3
90.9
89.7

91.8
79.6
69.4
61.2
53.1
42.9

36.4
54.6
63.6
63.6
81.9
90.9

86.5
88.6
89.5
88.2
92.9
95.5

Blastocyst stage
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produced in the culture media as early as the 2 cell stage [4,5]. This
is in contrast to earlier ﬁndings that human embryos can produce
b-hCG as early as 8 days after fertilization [22]. Varying amounts of
b-hCG isoforms are present in the serum [23]. The assay system
employed in our study can equally recognize most b-hCG isoforms.
It is possible that the conﬂicting results in various studies are due
to altered production of various isoforms but this possibility is
remote. Our ﬁndings are limited by the retrospective design of the
study and also by the relatively small number of cases in group 2
(60). Our study was further limited by the fact that the number of
twins (n = 11) in the blastocyst group and triplets in group 1 (n = 4)
and group 2 (n = 2) were too small to draw any inference.
In conclusion, our study suggests that the day of embryo
transfer does not affect the initial serum b-hCG values even after
adjusting for confounding variables. Additionally, by comparing
the conﬂicting results of other studies on this topic, we attempt to
decipher the reasons behind varying cut-off values for ongoing
pregnancy prediction. We are hopeful that our study contributes to
the effort to determine the usefulness of b-hCG values for doctors
when they interpret these results while counseling anxious group
of patients.
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