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Introduction

During in vitro fertilization and embryo transfer (IVF-ET) cycles, 
clinicians and infertile couples are eager to know pregnancy 
outcomes as accurately and quickly as possible [1]. In most 
infertility clinics, the initial establishment of pregnancy after 
ET is assessed by measurement of the serum level of human 
chorionic gonadotropin (HCG). A single serum HCG assay 
after ET is predictive of pregnancy outcomes and assists in the 
planning of subsequent follow-up [2-4]. These studies dem-
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onstrated that a single HCG measurement after embryo trans-
fer could predict a viable pregnancy with good sensitivity and 
specificity. However, by simply measuring HCG, it is difficult 
to distinguish viable pregnancy from biochemical pregnancy, 
miscarriage, and ectopic pregnancy [5].

Nomograms are considered useful for physicians during 
their decision-making processes [6]. In the past, only the cut-
off value could be presented. On the other hand, using a 
nomogram, clinicians can determine the numerical value of 
probability according to each result. In our previous study, we 
reported for the first time a nomogram for predicting ongo-
ing pregnancy after IVF-ET using patient age and serum HCG 
and progesterone levels at 14 days after oocyte pick-up (OPU) 
[7]. We established our nomogram using a modeling dataset 
that consisted of 103 infertile women who underwent IVF-
ET cycles between April 2011 and December 2012. However, 
the number of women included in our previous study to de-
velop the nomogram was relatively small. Moreover, we also 
understood that in many infertility centers, the serum level of 
progesterone at 14 days post-OPU is not routinely measured. 
Therefore, the nomogram we previously developed was not 
widely adopted.

Hence, to reinforce our nomogram, we attempted another 
analysis of more patients while reevaluating the necessity 
of serum progesterone measurements for predicting ongo-
ing pregnancy. The main aim of this study was to develop 
a more accurate and convenient nomogram for predicting 
ongoing pregnancy after IVF-ET using patient age and serum 
biomarkers.

Materials and methods

1. Study subjects and design
We analyzed a database of clinical and laboratory information 
of 284 women who underwent IVF-ET between April 2011 
and April 2016. The basic IVF protocol of the present study 
was similar to that of our previous study [7]. All participants 
received progesterone (50 mg/day intramuscularly; Watson 
Pharmaceuticals, Morristown, NJ, USA) from the day of OPU 
to the 6th or 7th week of gestation as luteal support. In all 
cases, embryos were transferred on day 3. Serum HCG and 
progesterone levels were measured at the time of the preg-
nancy test (exactly 14 days post-OPU), and pregnancy out-
comes were followed. This study was approved by the Institu-

tional Review Board of the Seoul National University Bundang 
Hospital (B-1707-408-101).

2. Hormone assays 
Serum HCG levels were measured using a chemiluminescent 
microparticle immunoassay (Architect i2000; Abbott Labo-
ratories, Abbott Park, IL, USA) that detects nicked and non-
nicked HCG and a free beta subunit. The serum HCG levels 
were 0–15,000 mIU/mL. The samples with a serum HCG 
level >15,000 mIU/mL were diluted using normal saline and 
multiplied by the dilution factor. The intra- and inter-assay 
coefficients of variation (CVs) were 1.2–4.7% and 1.6–4.9%, 
respectively. The serum progesterone level was measured 
using an electrochemiluminescence immunoassay (Elecsys 
Progesterone II; Hitachi High-technologies, Tokyo, Japan). The 
serum progesterone levels were 0.03–60 ng/mL. The samples 
with a serum progesterone level >60 ng/mL were diluted (1:10) 
using Elecsys Diluent Estradiol/Progesterone and multiplied 
by the dilution factor. The intra- and inter-assay CVs were 
1.5–2.7% and 4.1–5.5%, respectively. 

3. Pregnancy outcomes
The classifications of pregnancy outcomes were as follows: 
biochemical pregnancy, defined as an HCG level >5 IU/L at 
the time of pregnancy test without any clinical signs of preg-
nancy; clinical pregnancy, defined as the presence of a gesta-
tional sac with or without a fetal heartbeat on ultrasound ex-
amination; and clinical abortion, defined as pregnancy failure 
after visual confirmation of the intrauterine gestational sac. 
Ongoing pregnancy was defined as progression beyond 12 
weeks’ gestation.

4. Statistical analysis and nomogram construction
All statistical analyses were performed using SPSS version 18 
(SPSS, Chicago, IL, USA) and R software version 2.14.2 (Vi-
enna, Austria; http://www.rproject.org). Statistical significance 
was set at P-values <0.05. A one-way analysis of variance 
was used to compare continuous variables between groups. 
Univariate and multiple logistic regression analyses were per-
formed to assess the association between ongoing pregnancy 
and age and serum HCG and progesterone levels, as well as 
to assess the joint effect of the variables. We fitted the re-
stricted cubic splines to each continuous variable to help relax 
the assumption of a linear association between the variable 
and predicted outcomes. Pearson’s correlation coefficient was 
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used to measure the strength of the association between the 
two variables. To assess the predictive accuracy and estimate 
the sensitivity and specificity of each variable and combina-
tion of variables, receiver operating characteristic curves were 

generated. We used McFadden R2 and Hosmer-Lemeshow 
tests to compare the degree of fitness for each model and 
determine the best model. In general, a McFadden R2 of 0.5 
represents a high degree of fitness.

Results 

The basic clinical characteristics of our participants are shown 
in Table 1. The mean age was 36.3±4.4 years (range, 24–46 
years), while the mean number of transferred embryos was 
2.0±0.8. Rates of clinical pregnancy per ET and ongoing preg-
nancy per ET were 29.9% and 23.6%, respectively.

As shown in Table 2, the initial serum HCG titer was elevat-
ed in 97 women. Among them, 12 ultimately had a chemical 
pregnancy, while 18 experienced a clinical abortion. The mean 
patient age in the ongoing pregnancy group was significantly 
lower than those of other groups. The serum HCG and pro-
gesterone levels in the clinical pregnancy group were signifi-
cantly higher than those in the chemical pregnancy group.

Patient age, serum HCG level, and serum progesterone level 
were used as predictive variables, and ongoing pregnancy 
was used as the dependent variable. The results of a univari-
ate logistic regression demonstrated that all predictive vari-
ables were significantly correlated with ongoing pregnancy. 

Table 2. Demographic variables according to pregnancy outcomes

Variables
Non-pregnancy 

(n=187)
Chemical pregnancy 

(n=12)
Clinical abortion 

(n=18)
Ongoing pregnancy 

(n=67)
P-value

Age (yr) 36 (33–41) 37 (34–38.8) 37 (35–38.8) 34 (33–36) 0.001

Progesterone (ng/mL) 21.9 (16.6–28.5) 27.4 (13.8–29.5) 63.0 (44.3–81.1) 60.0 (35–97.2) <0.001

HCG (IU/L) 1.2 (1.2–1.2) 28.9 (11.4–61.1) 146 (102.9–201.2) 234.2 (122.2–321.2) <0.001

Values are presented as median (interquatile range).
HCG, human chorionic gonadotropin.

Table 3. Comparison of performance among prediction models

Variables Cut-off AUC (95% CI)
Model fitness 1 Mc-

Fadden R2
Model fitness 2 Hosmer-
Lemeshow Test (P-value)

Age (yr) 36.5 0.666 (0.599–0.733) 0.06476128 0.05086

Progesterone (ng/mL) 29.8 0.882 (0.840–0.925) 0.2720570 0.002136

HCG (IU/L) 67.8 0.971 (0.954–0.988) 0.5869664 <0.000

Age+progesterone NA 0.888 (0.802–0.907) 0.3364037 0.1928

Age+HCG NA 0.975 (0.954–0.988) 0.6076166 0.01249

Age+progesterone+HCG NA 0.977 (0.954–0.987) 0.6234894 <0.000

AUC, area under the curve; CI, confidence interval; HCG, human chorionic gonadotropin; NA, not applicable.

Table 1. Demographic variables for cohort of patients used to 
construct nomogram predicting ongoing pregnancy

Variables Values

Age of women (yr) 36.3±4.4

Age of husband (yr) 39.3±5.0

BMI (kg/m2) 22.4±3.4

Type of infertility

Primary infertility 80.3% (228/284)

Secondary infertility 19.7% (56/284)

No. of living child 0.3±0.7

Basal serum AMH (ng/mL) 2.6±2.4

Basal serum FSH (IU/L) 6.7±3.5

No. of retrieved total oocytes 6.0±4.6

No. of transferred embryos 2.0±0.8

Clinical pregnancy per embryo transfer 29.9% (85/284)

O ngoing pregnancy (>12 weeks GA) per 
embryo transfer

23.6% (67/284)

Values are presented as mean±standard deviation.
BMI, body mass index; AMH, anti-Müllerian hormone; FSH, follicle 
stimulating hormone; GA, gestational age.
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The odds ratio (OR) and 95% confidence interval (CI) were 
0.86 (0.79–0.92) for age; 1.02 (1.02–1.03) for HCG; and 1.05 
(1.03–1.06) for progesterone. 

As shown in Table 3, patient age and the serum HCG and 
progesterone levels at 14 days post-OPU were all good pre-
dictors of ongoing pregnancy. The cut-off value and area 

under the curve (AUC) (95% CI) were 36.5 years and 0.666 
(0.599–0.733), respectively, for patient age; 67.8 mIU/mL and 
0.969 (0.951–0.987) for serum HCG; and 29.8 ng/mL and 
0.883 (0.840–0.925) for serum progesterone. Among the 3 
variables, the serum HCG level was the most reliable marker 
for predicting ongoing pregnancy, a finding that was consis-
tent with our previous study [7].

When the prediction model was constructed using all 
three variables – patient age, serum HCG and progester-
one levels — the AUC was 0.975 for patient age and HCG 
(R2=0.6076166). Addition of serum progesterone level to the 
prediction model did not increase the overall predictability. 
Furthermore, a high linear co-relationship (r=0.65) was found 
between the serum HCG and progesterone levels (Fig. 1). 
Therefore, it is reasonable to exclude serum progesterone 
level to develop a new nomogram.

The newly developed nomogram for predicting ongoing 
pregnancy after IVF-ET cycles using patient age and serum 
HCG level is demonstrated in Fig. 2. Each point is first as-
signed by a vertical extension (to top points bar) of patient 
age and serum HCG level. The total point is obtained by 
adding up the points identified on the point scale for each 
variable. The total points projected on the bottom scale indi-
cates the probability of ongoing pregnancy. The nomogram 
indicates that the probability of ongoing pregnancy increases 

Fig. 1. Linear regression relation between serum human chorionic 
gonadotropin and progesterone levels. HCG, human chorionic go-
nadotropin.
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Fig. 2. Nomogram for patient age and serum human chorionic gonadotropin level at 14 days post–oocyte pick-up to predict ongoing preg-
nancy after in vitro fertilization and embryo transfer treatment. HCG, human chorionic gonadotropin.
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with increasing serum HCG level; conversely, older age is as-
sociated with a reduced chance of ongoing pregnancy. The 
equation of the nomogram is as follows. 

The probability of ongoing pregnancy=K/(1+K)
K=exp(2.06−0.15×age+0.02×HCG)

Table 4 shows the probability (%) of ongoing pregnancy 
calculated by our newly reinforced nomogram.

Discussion

In previous studies, HCG level was measured to predict preg-
nancy outcomes within the range of seven to fourteen days 
post-embryo transfer [2-4]. During early pregnancy, the serum 
HCG and progesterone levels change rapidly and consistently 
[8]. Therefore, it is essential to take measurements at a fixed 
point in time. In the present study, serum HCG and progester-
one levels were measured at the time of the pregnancy test 
(exactly 14 days post-OPU).

It is well known that female age is one of the most impor-
tant independent factors strongly related to implantation 
rate [9]. However, most studies conducted to date have only 
analyzed HCG levels without considering age. The present 
study demonstrated that mean patient age in the ongoing 
pregnancy group was significantly lower than those in the 
other groups. The predictive power for ongoing pregnancy 
was relatively low compared to serum HCG or progesterone 
levels, but the predictive power was significant (AUC, 0.666; 
95% CI, 0.599–0.733). Therefore, patient age should be con-
sidered for predicting pregnancy outcomes.

Progesterone plays a crucial role in maintaining pregnancy 
by its endocrine and immunological effects [10]. Hence, we 
initially expected that the serum progesterone level would 

influence the discrimination of clinical abortion in women 
with intrauterine pregnancy. However, contrary to our initial 
expectation, serum progesterone level did not differ between 
the clinical abortion and ongoing pregnancy groups. When 
constructing the prediction model, adding serum progester-
one level did not improve overall predictability. A recent study 
[3] also showed that the AUC of HCG only for biochemical 
pregnancy is not increased by the addition of progesterone 
measurement (0.936 and 0.937, respectively). Furthermore, 
the linear relationship between HCG and progesterone was 
high, suggesting that multi-co-linearity is present in the 
model. Thus, we decided to exclude serum progesterone level 
in the new model. Hence, the newly developed nomogram 
presented in this paper used only patient age and serum HCG 
level and omits serum progesterone level. We believe that this 
new nomogram offers greater benefits because fewer vari-
ables in a nomogram generally indicate greater convenience. 
Moreover, with respect to cost, the need for fewer laboratory 
tests decreases the burden for both physicians and patients.

Only one nomogram to predict pregnancy outcomes after 
IVF-ET has been published by our research team to date [7]. 
However, the number of women included in the study was 
relatively small (n=103). The present study was conducted 
with large data sets (n=284). The newly developed nomo-
gram presented in this paper showed a much higher accuracy 
for predicting ongoing pregnancy than our previous version 
of the nomogram, in which a combination of three variables 
(patient age, serum HCG level, serum progesterone level) 
showed an AUC of 0.912 (95% CI, 0.815–1.000), sensitiv-
ity of 89.3%, specificity of 80.0%, positive predictive value 
of 89.3%, and negative predictive value of 80.0%. In the 
present study, a combination of two variables (patient age 
and serum HCG titer) showed a higher AUC of 0.975 (95% 
CI, 0.954–0.988), sensitivity of 98.5%, specificity of 90.8%, 

Table 4. Estimates for the probability of ongoing pregnancy (%) according to specific woman's age and serum human chorionic gonado-
tropin level calculated by our nomogram

HCG (mIU/mL)
Woman's age (yr)

30 35 38 40 42

50 19.2 10.1 6.7 5.0 3.8

100 39.2 23.3 16.2 12.6 9.6

150 63.6 45.3 34.5 28.1 22.4

200 82.6 69.2 58.9 51.5 44.0

250 92.8 85.9 79.6 74.3 68.1

HCG, human chorionic gonadotropin.
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positive predictive value of 0.5%, negative predictive value of 
23.3%, and the highest McFadden R2 value (0.6076166). We 
identified an average AUC increase of 0.004 compared with 
HCG alone.

In conclusion, we developed a novel nomogram that could 
be used to estimate the individualized probability of ongoing 
pregnancy using patient age and serum HCG level measured 
at 14 days post-OPU. This could better help clinicians and 
patients forecast ongoing pregnancy after IVF-ET if the serum 
HCG level is ≥5 IU/L at 14 days post-OPU.
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