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Challenges in analyzing time to live birth
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Live birth is recommended as the primary clinical out-
come in studies of infertility. Although it is commonly
treated as a dichotomous response, namely live birth or not,
time to live birth is also of important clinical interest. In
this call-for-attention essay, we present the subtlety in char-
acterizing the time to live birth, but not to offer a solution.

The Practice Committee of American Society for Re-
productive Medicine operationally defines infertility as the
inability to conceive within 1 year of unprotected inter-
course [1]. It is estimated to affect between 8 and 12% of
reproductive-aged couples or 186 million people worldwide
[2]. Infertility is of both public health and social significance.
Efforts have been devoted to standardize the reporting of
clinical studies that are designed to evaluate treatment ef-
fectiveness for infertility, especially in selecting the primary
outcome. In fact, there is a consensus in that live birth is the
most desirable endpoint [3], although some authors believe
the duration of delivering a live birth make it disadvanta-
geous as the primary outcome in a clinical study as com-
pared to the use of ongoing pregnancy [4]. However, this
ongoing debate is not the topic of this essay. Instead, given
the clinical interest in live birth as the primary endpoint,
we present the issues in statistical analysis of live birth that
rarely have been discussed and yet have major consequences
in the interpretation of the data.

If we treat live birth as a dichotomous response (yes or
no), the definition of this response is clear cut; however, time
to live birth is also of great interest [5–10]. Without offering
our preference or a solution, we present some options and
encourage readers to assess those and perhaps other options.

When a live birth is delivered, the end date is determined
from when the baby(ies) is born. In order to calculate the
time to live birth, we still need to define the starting date. In
clinical trials, the starting date is typically the day when the
treatment(s) is provided. If we follow this definition of the
starting date, it is a common knowledge that women have
menstrual cycles, and in general, they ovulate once in about
a month. A pregnancy occurs only after ovulation. Conse-
quently, if a woman fails to get pregnant in a menstrual
cycle, she has to wait until the next cycle to have another
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chance. Thus, two women can end up with the same time to
live birth but with totally different paths and implications.
One woman can get pregnant in the first cycle following the
treatment and deliver a live birth after a 9-month pregnancy,
giving rise to a total of, say, 10 months for the time to live
birth. Another woman can get pregnant in the second cy-
cle following the treatment and deliver a live birth after an
8-month pregnancy, also giving rise to a total of 10 months
for the time to live birth.

A reasonable solution to avoid this complication is to
start the time from when a pregnancy is detected. This elim-
inates part of the complications, but complications remain.
First, we cannot ignore what happened prior to the preg-
nancy. In fact, there is a well-established literature on how to
model time-to-pregnancy, which we will discuss briefly. Sec-
ond, we still need to deal with whatever complications that
we face from pregnancy to live birth. For example, unlike
time to death where a longer survival time is the desirable
outcome, time to live birth is ideal only when the pregnancy
is carried for about 40 weeks. Much shorter or longer is not
ideal. Therefore, a shorter or longer time to live birth is not
necessarily better, depending on how it occurs.

Fully non-parametric, parametric, and semi-parametric
models are available for analysis of time-to-pregnancy data
[11]. By a nonparametric approach, we can examine the cu-
mulative success probability for the first k cycles by mul-
tiplying the probability of being pregnant at a given cycle
conditional on not successful in prior cycles. This is essen-
tially equivalent to the computation of Kaplan-Meier curves
in survival analysis as illustrated in Figure 1. The paramet-
ric, beta-geometric model assumes that each couple has an
inherent fecundability, which refer to the ability of conceiv-
ing a pregnancy per menstrual cycle. Then, for each couple,
the time to pregnancy is geometrically distributed. These
approaches treat each cycle as a separate experiment for a
given couple [12]. A model based on a day-specific prob-
ability of pregnancy is proposed in [13]. This probability
depends on a few factors. The first one is a cycle viability
parameter, say A, that measures the biologic capacity for
conception in a cycle and irrelevant to the timing of inter-
course. The second one is the number, say k, of days relative
to the day of ovulation, which is counted as negative before
the ovulation and positive after the ovulation. The last one
is the event of intercourse. Then, the probability of concep-
tion for a couple in cycle j is A(1−

∏
k(1− pk)

Xjk), where
pk is the probability of conception on the k-th day relative
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Figure 1. Kaplan-Meier curves based on two approaches of
defining the censoring time. Method 1 censors all unobserved
times to the end of study, and method 2 censors at the last
observed times. The x-axis is the number of days to live birth

(ttd).

to the day of ovulation in the cycle, and Xjk is the indicator
for whether intercourse(s) occurs on the specific day.

Having presented complications and different approaches
to modeling time to live birth, we now illustrate the con-
sequences of different choices in a synthetic example. The
data are not real but were generated based on real data.
As displayed in Figure 1, seemingly reasonable but different
methods of defining censoring time may have a profound im-
pact in the resulting Kaplan-Meier curves. This impact can
also lead to different conclusions and interpretation of the
data. For example, a group difference in time to live birth
between two arms may or may not be statistically significant
(p ≤ 0.05) depending on how the censoring time is defined
(Figure 2).

In summary, time to live birth is an important endpoint
in infertility studies, this essay is to point out that mod-
eling time to live birth involves complexities and is under-
developed.
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