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Abstract

Background: There are many mobile phone apps aimed at helping women map their ovulation and menstrual cycles and
facilitating successful conception (or avoiding pregnancy). These apps usually ask users to input various biological features and
have accumulated the menstrual cycle data of a vast number of women.

Objective: The purpose of our study was to clarify how the data obtained from a self-tracking health app for female mobile
phone users can be used to improve the accuracy of prediction of the date of next ovulation.

Methods: Using the data of 7043 women who had reliable menstrual and ovulation records out of 8,000,000 users of a mobile
phone app of a health care service, we analyzed the relationship between the menstrual cycle length, follicular phase length, and
luteal phase length. Then we fitted a linear function to the relationship between the length of the menstrual cycle and timing of
ovulation and compared it with the existing calendar-based methods.

Results: The correlation between the length of the menstrual cycle and the length of the follicular phase was stronger than the
correlation between the length of the menstrual cycle and the length of the luteal phase, and there was a positive correlation
between the lengths of past and future menstrual cycles. A strong positive correlation was also found between the mean length
of past cycles and the length of the follicular phase. The correlation between the mean cycle length and the luteal phase length
was also statistically significant. In most of the subjects, our method (ie, the calendar-based method based on the optimized
function) outperformed the Ogino method of predicting the next ovulation date. Our method also outperformed the ovulation
date prediction method that assumes the middle day of a mean menstrual cycle as the date of the next ovulation.

Conclusions: The large number of subjects allowed us to capture the relationships between the lengths of the menstrual cycle,
follicular phase, and luteal phase in more detail than previous studies. We then demonstrated how the present calendar methods
could be improved by the better grouping of women. This study suggested that even without integrating various biological metrics,
the dataset collected by a self-tracking app can be used to develop formulas that predict the ovulation day when the data are
aggregated. Because the method that we developed requires data only on the first day of menstruation, it would be the best option
for couples during the early stages of their attempt to have a baby or for those who want to avoid the cost associated with other
methods. Moreover, the result will be the baseline for more advanced methods that integrate other biological metrics.

(J Med Internet Res 2017;19(11):e391) doi: 10.2196/jmir.7468
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Introduction

Awareness of one’s own fertility is considered important in
helping women become pregnant in a shorter period of time
[1-3]. Fertility depends on the menstrual (ovarian) cycle, and
in each cycle there is a “fertile window” during which women
can conceive [14,5]. Studies on standard menstrual cycles
suggest that the fertile window starts 5 days prior to ovulation
and ends on the day of ovulation [4]. This is essentially
consistent with the results of statistical studies [1,5] that
estimated the day-specific pregnancy rates; the pregnancy rate
starts to increase 8 days prior to ovulation, peaks after 6 days
(2 days prior to ovulation), and reaches almost 0 at 2-3 days
after ovulation. Hence, in order to be aware of the fertility
window, it is important for a woman to be able to predict the
next ovulation date in the course of her menstrual cycles.

The “calendar method” of predicting the next ovulation date
was developed based on the recognition of cycles in the
menstrual period and fertility, in which women record their
menstrual cycles for family planning [6]. It may have been one
of the most widely recorded personal health information details
before the spread of mobile phones and computers. On the other
hand, the recent popularity of self-tracking tools realized by
ubiquitous and wearable technologies has led people to gather
various kinds of self-information ranging from financial
behaviors to physical activities [7.8]. These technologies are
used to “help people collect personally relevant information for
the purpose of self-reflection and gaining self-knowledge” and
are referred to as personal informatics systems [9]. Currently,
the classical calendar method of predicting the next ovulation
date is integrated into personal informatics systems. There are
many mobile phone apps aimed at helping women map their
ovulation and menstrual cycles and facilitating successful
conception (or avoiding pregnancy) [10,11]. Apps available for
these purposes include Ovia Fertility (Ovuline), Glow,
OvuView, Ovulation Calendar, Fertility Calendar, My Days,
Period Diary, Period Tracker, Maybe Baby, and Fertility Friend
[12]. As Lupton [12] mentioned, while these apps are grounded
on traditional gynecological knowledge, the advantage that
some of them claim is a data analytic approach that can provide
greater accuracy than more traditional forms of self-tracking.
These apps usually ask users to input various biological features
(eg, ovulation, sexual intercourse, basal body temperature, state
of cervical mucus, body weight, and the timing of menstrual
bleeding).

However, it is not known how to process these features
numerically to improve the ovulation prediction error. A mixture
of knowledge on biological mechanisms and a statistical
approach using the newly enabled biological metrics is
promising [13,14], although it is still an open problem. Instead
of pursuing the usage of various biological metrics, we believe
that more attention should be paid to other aspects of this
dataset, that is, its massiveness. It is a remarkable achievement
that mobile phone apps have been able to accumulate menstrual
cycle data of a vast number of women. Currently, records of
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more than 10,000 individuals can be a target of statistical
analysis. In this study, we start from calendar-based methods
that require only the recording of menstruation to predict the
ovulation date [15-17]. For many couples, the calendar-based
methods are the simplest options of determining the timing of
the menstrual cycle [2]. Even within the simple prediction
framework, a large amount of data potentially allows us to figure
out individual differences better than in traditional understanding
[18,19].

This study aims to clarify the above points using data obtained
from a commercial women’s health care service provided as a
mobile phone app in Japan. We extracted approximately 0.1%
of all users of the app, resulting in 7043 subjects after data
screening. This paper reports on the progressive health data
ecosystem in which commercial health care mobile apps
generate massive amounts of data. The results of the data
analysis give feedback to the app and can be used to improve
public health as well.

Methods

Data

We screened 150,000 users who wanted to conceive out of a
total of 8,000,000 users of a mobile phone app from a
commercial women’s health care service, Luna Luna. We used
the data of 7043 women who had each recorded at least one
menstrual cycle with ovulation date, suggesting that about 5%
of women utilize ovulation tests to support their conception.
The ovulation date had been determined by one of the methods
described in the next paragraph. The total number of cycles was
135,666, and there were 12,731 cycles with an ovulation date.
Any cycles in the record that were less than 20 days or greater
than 45 days were removed to rule out unnatural cycle length
that is due to erroneous or defective input. About 57% (7285)
of the cycles had more than 8 records of past menstrual cycles
after the screening, which allowed us to analyze the relationship
between past and future menstrual cycles. The age distribution
of the 7043 women ranged from 20-45 years with a mean of
32.94 years (95% C1 32.04-33.85), which is slightly higher than
the mean maternal age of Japanese women at the time of first
birth (which was 30.1 years in 2010).

Each user’s personal records consisted of the dates when they
recognized menstrual bleeding (onset of menstruation) and the
dates when they detected ovulation. In the log file, an identifier
is attached to each ovulation record to distinguish its basis
(clinical diagnosis/ovulation test kit/other reliable method). In
our analysis, only clinical diagnosis based (31%) and ovulation
test kit based (54%) ovulation records were used. Luna Luna
does not ask women to record which clinical diagnostic test
they used to determine the ovulation date. However, it is noted
that the ovulation day in Japan is commonly determined by
ultrasound scanning and occasionally with testing of blood
luteinizing hormone or estrogen level.
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