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Abstract
Purpose: Human chorionic gonadotropin (hCG) correlates with the number of chorionic sacs and the pregnancy prognosis, wherein researchers
have speculated it could distinguish between a viable pregnancy (singleton, twin, triplet) and a non-viable pregnancy (aborted, biochemical, ectopic).
This study investigated the predictability of serum β-hCG on Embryonic Day 14 for pregnancy outcomes.
Methods: Patients charts were retrospectively assessed for patients that underwent 2-3 embryo transfers. Area and volume under a receiveroperating characteristic curve was used to determine the predictability between 2-classes (AUC) and 3-classes (VUS).

Results: β-hCG ranged between 10 and 799 mIU/mL for 663 IVF cycles. Non-viable results clustered towards lower values, whereas viable
pregnancies clustered towards higher levels, which significant differences between the singleton, twin, triplet, and non-viable outcomes were
observed (p<0.05). There was no effect on the results when stratified by ova source, transfer protocol, or number of embryos transferred. β-hCG
was highly predictable for viable pregnancies (AUC=0.939, 95%CI: 0.916-0.961, p<0.001) with a cutoff of 126 mIU/mL. Using data from 2-embryo
transfers, β-hCG’s predictability for 3 classes (non-viable, singleton, twin pregnancies) was highly selective (VUS=0.644, 95%CI: 0.559-0.690,
p<0.001). Cutoffs were 74 and 245 mIU/mL using VUS, 121 and 265 mIU/mL using the Youden Index, respectively. Using all viable pregnancies,
β-hCG was highly predictive for viable outcomes (VUS=0.479, 95%CI: 0.391-0.576, p<0.001). Thresholds were 171 and 427 mIU/mL using VUS and
266 and 399 mIU/mL using the Youden Index, for singleton-twin and twin-triplet pregnancies, respectively.
Conclusion: Embryonic Day 14 serum β-hCG sufficiently distinguish between non-viable, singleton, twin, and triplet pregnancies.
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Introduction
Numerous advancements have been made to improve the outcomes of assisted reproductive technologies (ART), such as in-vitro
fertilization (IVF), the use of donor embryos, assisted hatching, vitrification of the embryo, increasing the number of embryos transferred, endometrial preparation, and pre-implantation genetic testing [1-4]. During this stressful process, many patients and clinicians
opt to assess the viability of the pregnancy and the need for potential interventions, such as prenatal care or embryo reduction for
high-risk multifetal pregnancies. One of the initial time points for
this assessment is within 10 days of embryo implantation. Typically, human chorionic gonadotropin (hCG) is measured.

hCG, secreted by syncytiotrophoblast cells, can initially be detected in maternal blood 6 to 8 days after fertilization [5]; however,
most ART clinics evaluate the viability of the pregnancy from either
Embryonic Day 11 to 16. Interestingly, the prognosis of the pregnancy can be determined using serum β-hCG, which is correlated
with the number and size of the gestational sacs [6,7]. For example,
Lawler et al. demonstrated that serum β-hCG values >80 mIU/ml
can predict an ongoing pregnancy [8]. However, when considering
certain factors—the number of amniotic sacs per chorionic sac, the
patients’ age, weight, ethnicity, and lifestyle (diet, exercise, and drug
use) [7,9,10] as well as polycystic ovary syndrome (PCOS) [11], diabetes [12], and certain cancers [13,14]—the value for β-hCG can
range for a specific pregnancy. A study by Qui et al. recently demonstrated an age-dependent inverse relationship with β-hCG values
measured on Day 10 after blastocyst transfer for clinical pregnancy
[15]. In comparison, Yuan et al. demonstrated on Day 7 the potential of distinguishing between a singleton and twin pregnancy using
serum β-hCG [16]. However, the inconsistencies between the day
for measuring β-hCG and the differences in critical components
of the cohorts (the number of embryos transferred, frozen/thaw
versus fresh embryos) allow different interpretations of the association between β-hCG values and IVF outcomes. Moreover, due to
the overlap between β-hCG values for each IVF outcome, comparing
β-hCG values with IVF outcomes and determining proposed cutoffs
leads to potential flaws.

The purpose of the study was to evaluate the effect of 3 key
factors [ova source (donor versus patient), type of embryo transfer
(fresh versus frozen), and the number of embryos transferred (2
versus 3)] on β-hCG values in determining viable and non-viable
pregnancies. Moreover, cutoffs between non-viable, singleton, twin,
and triplet pregnancies were determined using volume under the
receiver operating characteristic (ROC) curve (VUS).

Materials and Methods

Study design and participants
Potential patients’ charts were reviewed from January 2015 to
December 2016. The cohort pool consisted of patients who attended the Ingenes Institute in Mexico. They had to fulfill the following
inclusion criteria: 1) age >18 years, 2) had history of male factor, 3)
had a normal endometrial cavity as determined by hysteroscopy or
hysterosonography, 4) good quality embryo available for embryo
transfer, 5) only 2 or 3 embryos were transferred, and 6) singletons,
twins, and triplet pregnancies were only mono-, di- and trichorionic, respectively. In addition, the patients were excluded if it was doc-
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umented or suspected that 1) the patient suffered from an autoimmune disease, thrombophilia, hematologic disorders, uncontrolled
endocrine disorders or other medical conditions, 2) congenital and
untreated acquired uterine abnormalities, 3) couple with genetic
and chromosomal abnormalities, or 4) only produced poor-quality embryos. Once the potential records were identified, data were
appropriately anonymized, and informed consent was obtained at
the time of original data collection. Ethics Committee approval was
not needed. Moreover, the study was conducted according to the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines [17].

IVF and Embryo Transfer

All patients underwent controlled ovarian stimulation for 10
to 14 days with gonadotrophin-releasing hormone agonists and
antagonists. First, the ovarian response was assessed by measuring serum estradiol levels, and ultrasound examination evaluated
follicular development. Then, oocyte retrieval was conducted 36
hours after hCG administration. At the same time, the partner’s semen was prepared by density gradient centrifugation. The oocytes
were all inseminated by intracytoplasmic sperm injection, and fertilization was judged by forming two pronuclei 19 hours after insemination. Embryos were cultured in Global Total for Fertilization
media (Cat # LGGT-30, Life Global) and incubated at 37 °C in 8%
CO2, 5% O2, and 87% N2. An embryologist monitored and recorded all information about the antral follicle count, fertilization rates,
embryo development, and embryo morphology for each oocyte.

Embryos were either transferred during a natural (fresh transfer) or the following cycle (frozen embryo transfer). Fresh transfers
took place on Day 5. The resulting blastocysts were cryopreserved
by vitrification for frozen embryo transfer and thawed later. The
uterine transfer occurred during a controlled endometrial development cycle for frozen embryos, free of gonadotropin stimulation.
Embryo implantation was confirmed on Day 14 by serum β-hCG
concentrations (>10 mUI/ml). All the patient’s demographics, IVF
cycle information, implantation rate, and IVF outcomes (pregnancies and miscarriages) were recorded by the Physician. Clinical decisions about which cycle and the number of embryos to transfer
were determined by the Physician with the patient’s approval.
Statistical analysis

All analyses were carried out with the Statistical Package for
the Social Sciences software (SPSS, v. 22.0, Chicago, IL USA) or with
the R software [18]. The cohort was stratified based on the patient’s
cycle outcome as either: 1) biochemical (β-hCG >10 mUI/ml on Day
14 but an absence of a fetal heartbeat at 6 weeks); 2) aborted (β-hCG
>10 mUI/ml on Day 14 and the presence of a fetal heartbeat at 6
weeks, but the pregnancy terminated before 30 weeks or the delivery resulted in a non-viable offspring); 3) ectopic (β-hCG >10 mUI/
ml on Day 14 but the gestational sac located outside of the womb);
4) singleton (β-hCG >10 mUI/ml on Day 14 and the pregnancy resulted in the delivery of 1 baby); 5) twin (β-hCG >10 mUI/ml on Day
14 and the pregnancy resulted in the delivery of 2 babies); and 6)
triplet (β-hCG >10 mUI/ml on Day 14 and the pregnancy resulted in
the delivery of 3 babies). The normality of continuous variables was
determined using the Kolmogorov-Smirnov test. Levene’s test was
used to examine the difference in the variances of continuous vari-
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ables. For parametric data, differences between groups were determined by the ANOVA with a post hoc Dunnett T3 or Bonferroni
test. For non-parametric data, differences between groups were
determined with the Kruskal-Wallis test with a post hoc Dunn’s
test. Associations were determined by calculating Spearman coefficient rho (ρ) [19]. ROC analysis was used to determine specificity
and sensitivity between β-hCG and pregnancy outcomes. The area
under the ROC curve (AUC) was calculated using the method described by Hanley and McNeil [20]. Youden’s index (sensitivity +
specificity – 1) was calculated using the sensitivity and specificity parameters, and the highest score was considered the optimal
cutoff value. Analogous to AUC for a 2-class system, where a value
of 0.5 indicates classification by chance, VUS and extended Youden
index were used for a 3-class system. Here, the VUS value can vary
from 1/6 (classifying by chance) to 1 (perfect classification) [21].
The DiagTest3grp package and the bcROC surface package for R
were used to calculate VUS and the extended Youden Index as well
Table 1: Characteristics of included patients.

to determine the optimal cutoff points [22,23]. Data are represented as the mean ± standard deviation unless stated otherwise. P-values <0.05 (two-tailed) were considered statistically significant.

Results

During the period in which potential patient charts were reviewed, 8918 charts were available. However, only 30% were seen
for specifically male factor. Of these, 695 cycles were considered for
review. Ten had β-hCG values which were outliers; 1 had a pregnancy with unexplained chronicity, 13 had single embryo transfer,
6 had more than 3 embryos transferred, whereas 2 had the β-hCG
value not recorded. Thus, 663 IVF cycles from 635 patients were included. The characteristics of the cohort are shown in Table 1. Most
of the cohort was normal weight or overweight, with most women’s
age ranging between 30 and 40 years. To note, the patient’s bodymass index nor their age had any effect on the results. The most
common reason for attending IVF was advanced age, low response,
tubal factor, polycystic ovary syndrome, and endometriosis.

Category

Value

Number of patients (n)

635

Age (years)

38.0 ± 5.9

30-40 (%)

47.3

Body-mass index (kg/m2)

25.9 ± 4.0

Normal weight (%)

47

Number of cycles (n)

663

18-30 (%)

8.8

≥40 (%)

43.9

Underweight (%)

0.8

Overweight (%)

37.8

Morbid obese (%)

0.6

Obese (%)

13.8

Antral follicle count (n)

12.1 ± 8.6

Fertilization rate (%)

77.2 ± 17.9

Ova collected (n)
Advanced age

13.2 ± 7.6

Causes of infertility (%)

Anovulation

Endometriosis

Recurrent pregnancy lost

31.2
2.1
8.4
2

No fertilization

0.9

Low-quality oocytes

2.1

Insemination failure

1.4

Low response

14.2

Unknown primary infertility

3.9

Polycystic ovary syndrome

Unknown secondary infertility
Tubal factor

Values are either frequency, percent, or mean ± standard deviation.

9.8
2

11.8
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For the cohort, the β-hCG values ranged between 10 and 799
mIU/mL; however, it was observed that non-viable results, such
as biochemical (min: 10 mIU/mL; max: 176 mIU/mL) and ectopic pregnancy (min: 19 mIU/mL; max: 178 mIU/mL), clustered
towards lower values of β-hCG, whereas viable pregnancies, such
as singletons (min: 22 mIU/mL; max: 603 mIU/mL), twins (min:
63 mIU/mL; max: 784 mIU/mL), and triplets (min: 53 mIU/mL;
max: 799 mIU/mL), clustered towards higher levels of β-hCG (Figure 1A). Interestingly, the aborted group (min: 17 mIU/mL; max:
506 mIU/mL) had similar values as the singleton group. When the
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groups were compared, it was confirmed that there were significant differences between the singleton, twin, triplet, and non-viable
outcomes, except for the aborted group (Table 2). When the cohort
was stratified by the source of the ova (patient versus donor), the
transfer protocol (fresh versus frozen), and the number of embryos
transferred (2 versus 3), there was no effect on the result, as indicated by the interaction p-value. Since the reason for miscarriages/
abortions are numerous and are associated with external factors,
this group was removed for future analyses. The density map shows
that each group’s distributions are spaced significantly (Figure 1B).

Figure 1: Serum human chorionic gonadotropin (hCG) concentrations by pregnancy outcome. A) A histogram was constructed using data
from 663 in vitro fertilization cycles that was plotted against the outcome of the cycle as non-viable (pink; biochemical and ectopic), singleton
(green), twin (blue), and triplet (purple). B) Based on the histogram results, a density plot was constructed in which the vertical dotted lines
correspond to the mean value for non-viable (pink; biochemical and ectopic), singleton (green), twin (blue), and triplet (purple) pregnancies.
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Table 2: The effects of IVF outcomes on β-hCG levels.
Non-viable outcomes

Viable outcomes

Group

Biochemical

Overall

48.4±39.0

166.9±109.5

Patient

52.4±38.4b,d,e,f
42.0±39.9

164.7±104.5a,e,f

170.4±118.7

59.0±26.6

Fresh

47.1±41.8b,d,e,f

157.0±106.1a,e,f

78.1±56.5d,e,f

sample

81

Donor

b,d,e,f

b,d,e,f

Frozen

51.9±31.0b,d,e,f

2 embryos

Aborted
74

a,c,e,f

195.7±117.0a,c,e,f

56.7±43.2

b,d,e

3 embryos

a,c,e,f

40.7±33.4b,d,e,f

152.0±102.9

a,e

177.2±113.9a,e,f

Ectopic

Singleton

79.3±49.3

171.5±104.4

9

b,d,e,f

265

Ova source Patient

95.5±59.9e,f

b,d,e,f

83.5±16.1b,d,e,f
89.2±35.0

e

74.3±57.5e,f

Twin
a,c,e,f

159.2±99.4a,e,f

183.0±107.9

Transfer

a,c,e,f

168.8±96.4a,c,e,f

202

Triplet

303.8±153.0

a,b,c,d,f

425.9±182.6

469.8±179.1a,b,c,d

0.361

296.9±149.0a,b,c,d

393.7±190.5a,b,c,d

0.302

Not applicable

0.779

313.0±147.5

a,b,c,d

336.8±168.9a,b,c,d,f

179.0±105.8a,e

306.8±140.3a,b,d

162.5±102.4a,e,f

N/A

a,b,c,d,e

291.1±160.2a,b,c,d

180.8±128.8a,c,e,f

# Embryos

32

p- valueg

301.0±164.5a,b,c,d,f

Values are mean ± standard deviation. Differences between groups were determined using 1-way ANOVA.

399.6±184.1

a,b,c,d

522.5±118.9a,b,c,d,e
425.9±182.6a,b,c,d,e

a

vs. the biochemical group (p<0.05).

b

vs. the aborted group (p<0.05).

C

vs. the ectopic pregnancy group (p<0.05).

d

vs. the singleton group (p<0.05).

e

vs. the twin group (p<0.05).

f

vs. the triplet group (p<0.05).

g

Two-way ANOVA was used to determine if the ova source, the transfer method, or the number of embryos transferred affected the results. The p-

value reported is for the interaction between the results and the variables mentioned above.

A ROC curve was constructed to assess the predictability of
β-hCG for viable pregnancies. β-hCG was highly predictive of a viable pregnancy (AUC=0.939, 95%CI: 0.916-0.961, p<0.001, Figure
2A). This result was minimally affected if the aborted pregnancy
group was included (AUC=0.807, 95%CI: 0.767-0.848, p<0.001,
data not shown). Using the highest Youden index, the optimal cutoff
of β -hCG was determined to be 126 mIU/mL (Youden index=0.483;
sensitivity=0.752; specificity=0.732). Next, using 2-embryo transferred data, the predictability of β-hCG for a non-viable, singleton,
and twin pregnancies was assessed; however, instead of using traditional ROC analysis, either one-versus-all or one-versus-one, VUS

was utilized. For distinguishing between these 3 classes, β-hCG was
highly selective (VUS=0.644, 95%CI: 0.559-0.690, p<0.001, Figure
2B). Using VUS, a cutoff of 74 and 245 mIU/mL was observed for
determining between non-viable, singleton, and twins, respectively
(Table 3). However, using the Youden index, the cutoffs were 121
(similar to the ROC results) and 265 mIU/mL, respectively. Nevertheless, the correct classification probability of singletons for VUS
(0.68) was superior to the Youden index (0.50). To note, the sample
size used (n=284) does exceed the minimal sample size required
for VUS (n=172) and the Youden Index (n=109).

Table 3: Using data from 2-embryo transfers (n=284) to determine β-hCG cutoff values for non-viable, singleton, and twin births based on VUS and
Youden index
Category

VUS

Youden Index

Effect size (95% confidence intervals)

0.644 (0.559-0.690)

0.521 (0.466-0.576)

Cutoff between non-viable and singleton
Cutoff between singleton and twins

74

245

121
265

Specificity

0.7143

0.9258

Correct classification probability of singletons

0.6828

0.4978

Sensitivity

Minimally sample size

0.6392
172

0.6138
109

Abbreviations: β-hCG: β-human chorionic gonadotropin, VUS: volume under the three-class receiver-operating characteristic surface.
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To predict viable pregnancy outcomes (singleton, twin, and
triplets), all data from viable pregnancies (2- and 3-embryo transfers) were used. Here, β-hCG was highly predictive for viable pregnancy outcome (VUS=0.479, 95%CI: 0.391-0.576, p<0.001, Figure
2C). Cutoffs, which are shown in Table 4, are highly variable; how-
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ever, the correct classification probability of twins suggests that
the results for VUS (0.65) are more accurate than the Youden index
(0.33). Again, the sample size used (n=499) does exceed the minimal sample size required for VUS (n=167) and the Youden Index
(n=117).

Figure 2: Serum human chorionic gonadotropin (hCG) concentrations can distinguish between pregnancy outcomes. A) Using all data, a
receiver operating characteristic (ROC) curve was constructed to determine the predictability between serum β-hCG and pregnancy viability
as measure by the area under a ROC curve (AUC=0.939, 95%CI: 0.916-0.961, p<0.001). The diagonal line represents AUC=0.500 (no
predictability). B) Using only 2-embryo transfers, a ROC surface was constructed to assess the predictability of serum β-hCG for non-viable,
singleton and twin pregnancies, where the 3-axes represent the True Class Fractions (TCFs) for each class. Predictability assessed using
volumes under a ROC surface (VUS=0.644, 95%CI: 0.559-0.690, p<0.001). A VUS<0.167 indicates no predictability. The ellipsoid corresponds
to the confidence region for TCFs. C) Using all viable data (2- and 3-embyro transfers), a ROC surface was constructed to assess the
predictability of serum β-hCG for singleton, twin, and triplet pregnancies (VUS=0.479, 95%CI: 0.391-0.576, p<0.001).

Table 4: Using data from 2-embryo and 3-embryo transfers (n=499) to determine β-hCG cutoff values for singleton, twins, and triplet births based on
VUS and Youden index.
Category

VUS

Youden Index

Effect size (95% confidence intervals)

0.479 (0.391-0.576)

0.353 (0.281-0.426)

Cutoff between singleton and twin
Cutoff between twin and triplet

170.5
427

266.3
398

Specificity

0.6038

0.8181

Correct classification probability of twins

0.6485

0.3274

Sensitivity

Minimally sample size

0.5625
167

0.5612
117

Abbreviations: β-hCG: β-human chorionic gonadotropin, VUS: volume under the three-class receiver-operating characteristic surface.
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Discussion
This study aimed to determine the predictability of β-hCG for
a viable pregnancy and determine if Embryonic Day 14 serum
β-hCG concentrations could distinguish between a singleton, twin,
or triplet pregnancy. Indeed, β-hCG was able to determine a viable
pregnancy with specificity for the singleton, twin, and triplet pregnancies.

β-hCG is secreted by the trophoblastic cells, suggesting that its
detection could be attained within 1 week after fertilization. Yuan et
al. were able to confirm β-hCG’s predictability between a biochemical pregnancy versus an ongoing pregnancy (4.34 U/L threshold,
AUC=0.852) and an ongoing twin pregnancy with a single ongoing pregnancy (17.95 U/L threshold, AUC=0.903) [16]; however,
the potential procedural differences could significantly affect the
variability of serum β-hCG. In a study conducted by Kathiresan
et al. they demonstrated that β-hCG’s predictability is dependent
on the embryo transfer day (D3 versus D5), where the threshold
value to determine an ongoing pregnancy was 78 IU/L and 160
IU/L, respectively [24]. In addition, β-hCG’s serum concentration
depends on the number and the activity of the trophoblastic cells
[25]. Therefore, it is more likely that procedural characteristics
could affect serum β-hCG concentrations. Here, serum β-hCG was
assessed on Embryonic Day 14, and, independently, if 2 or 3 embryos were transferred, serum β-hCG concentrations were similar for
each pregnancy outcome. This is most likely due to the outcome of
the pregnancy and not the initial number of embryos transferred.
Only high-quality embryos were transferred at our facilities as
determined by the criteria established by the Istanbul Consensus
Workshop on Embryo Assessment [26]. The embryo quality was
similar between the donor and patient ova groups, which ranged
between AA and BC, and the ova source did not affect the results.
Interestingly, this result was expected. Women who typically produced poor-quality embryos in previous cycles could have access
to high-quality embryos using donor ova. The effect embryo quality
has on serum β-hCG has minimally been investigated. Kuspinar et al.
demonstrated a correlation between serum β-hCG and blastocyst
quality scores [27]. However, Steiner, et al. stated that there is no
association between the blastocyst morphology and serum β-hCG
levels; even though a very weak association was observed between
Gardner’s blastocyst grade and serum β-hCG levels on Day 16 [28].
Nevertheless, due to the causes of variability of serum β-hCG, this
factor must be considered in a future study when assessing the predictability of β-hCG for a viable pregnancy, especially when discriminating between a singleton, twin, and triplet pregnancy.
When considering the transfer of frozen/thawed embryos versus fresh embryos, the transfer protocol did not affect serum β-hCG
concentrations for each pregnancy outcome. This disagrees with
the studies conducted by Zhao et al. and Keane et al. Zhao et al.
indicated a significantly higher level of β-hCG, measured 12 days
after transfer, for clinical pregnancy, early abortions, and live births
for frozen embryo transfers; however, fresh embryo transfers were
better predictors for clinical pregnancies and live births [29]. Similar results were observed by Keane et al. when β-hCG was measured 14 to 15 days after transfer for Day 3 embryos and 12 to 13
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days after transfer for Day 5 embryos [30]. However, Reljic et al.
determined that using fresh or frozen embryos did not affect serum
β-hCG when measured 13 days after blastocyst transfer [31], which
is similar to our results. Therefore, the effect of the type of embryo
used during IVF remains inconclusive.

During the early stages of pregnancy, β-hCG linear increases,
peaking between weeks 8 to 10 [25]. Since the serum concentration of β-hCG is dependent on the number of trophoblastic cells,
it would be reasonable to assume serum β-hCG could predict the
outcome of IVF and any timepoint after 7 days could be assessed.
However, the ideal time point would need to occur when non-viable, singleton, twin, and triplet pregnancies could be determined
with sufficient separation of serum β-hCG concentrations. We decided on using Embryonic Day 14, as this is a commonly used timepoint during IVF. Indeed, β-hCG was highly predictive of these IVF
outcomes, in which the thresholds are, using VUS, 74, 171-245, and
427 mIU/mL to determine a non-viable, singleton, twin, and triplet
pregnancy, or using the Youden Index, 121, 265, and 398 mIU/mL,
respectively. The cutoffs reported here are similar to other reported studies, in which the cutoffs ranged between 111 to 213 mIU/
mL and up to 400 mIU/ml for frozen/thawed embryo transfers
[15,6,32,29,33,34]. Concerning viable pregnancy outcomes, there is
a paucity of information. Nevertheless, Olgan et al. reported a cutoff
between singleton and twin pregnancies of 175 mIU/ml measured
14 days after oocyte retrieval [35], which is close to our estimate.
However, Wang et al. report much higher β-hCG cutoffs-values,
measured 14 days after embryo transfer, for the singleton-twin
threshold (987 mIU/mL) and for the twin-triplet threshold (2207
mIU/mL), which is significantly higher than our estimates. Furthermore, they also reported a cutoff value of 213 mIU/mL for clinical pregnancies, which exceeded our estimate. This points out the
importance of comparing data to an established event during IVF.
To improve the comparability of these studies, we suggest using
the number of days post-fertilization. Nevertheless, these studies
support the sequential increasing values proposed here as cutoff
values to determine the IVF outcomes.

One strength of our study is using VUS. Many reports have
demonstrated that β-hCG can be used to evaluate a pregnancy;
however, most of these studies that used ROCs for their analysis fail
to address the complexity of a multi-class outcome [36-38,21,39].
One concern is that the predictability for a biomarker is overestimating the effect due to the one-versus-one comparison. Here, we
demonstrate that there is much overlap between each pregnancy
category (Figure 1), and as shown above, the 2-class comparisons
do give superior AUCs. However, using VUS for 3-class analysis for
2- embryo transfers, we see β-hCG’s predictability is not as ideal
(VUS=0.644).
Our study has a few limitations. First, the retrospective design of the study. A good prospective study should be designed to
improve the quality of the results in which the same patients are
assayed from multiple rounds of IVF to minimize certain biases.
Second, even though the sample size of the study was large, we did
not perform any adjustments to the effect sizes due to age, weight,
or drug treatment. These factors are shown to affect β-hCG levels
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[40-43]. Third, we exclude pregnancies that resulted in early or late
abortions from determining cutoff values. The causes of an early
pregnancy loss are numerous and can range from factors associated with the embryos, which could be determined with β-hCG, to
factors associated with the mother, which could include insulin resistance, autoimmune disorders, and metabolic disorders, to name
a few. Nevertheless, removing this group had minimal effect on the
results. Fourth, the IVF cycles were categorized based on the outcome, not the number of gestational sacs. These factors could lead
to some of the β-hCG’s value-changing groups based on the vanishing twin syndrome. The rate of occurrence of this syndrome can be
as high as 10% in ART [44].

Conclusion

Here, we confirm the predictability of serum β-hCG for determining a viable pregnancy on Embryonic Day 14 with an optimal
cutoff of 126 mIU/mL. These results were independent of the ova
source, if frozen/thawed or fresh embryos were used, or the number of embryos transferred. Moreover, serum β-hCG levels could selectively predict singleton, twin, and triplet pregnancies with cutoff
values of 171-245 and 427 mIU/mL as determined using VUS or
265 and 398 mIU/mL as determined using the Youden Index, respectively.
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