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Abstract

Objective: The aim of the study was to compare the effect of previously used contraceptive
methods on women’s short- and long-term fecundity. Use of hormonal contraception (HC) was
compared with use of a contraceptive mobile application (app).

Methods: This real-life prospective observational study comprised 2874 women who were
attempting to become pregnant using the Natural Cycles mobile app to monitor their fertility. The
women registered to use the app between August 2014 and June 2016 with the intention of
planning a pregnancy, and had previously either used the same app to prevent pregnancy or had
recently discontinued HC use. We calculated the average time to pregnancy (TTP) for all women
who became pregnant during the study, and performed Kaplan—Meier life-table analysis to
examine the cumulative probabilities of pregnancy for all women in the study.
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Results: The average TTP was 2.3 (95% confidence interval [CI] 2.1, 2.4) and 3.7 (95% CI 3.4,
3.9) cycles for women who had previously used Natural Cycles and HC, respectively. The time to
reach 30% pregnancy probability for women previously on HC was 1.6 (95% CI 1.5, 1.8) times
longer than for women previously using Natural Cycles. There was no significant difference in 13
cycle cumulated pregnancy probability between the two groups.

Conclusion: The results show that fertility awareness-based methods of contraception increase
short-term pregnancy rates relative to HC, but have no effect on long-term pregnancy rates.
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Introduction

The probability of conception, the time to conceive and the factors that affect these
quantities are of great interest in measuring human fertility and improving the management
of infertility. Prospective studies have analysed attempts to become pregnant among
different populations [1-7], retrospective studies have focused on women’s post-conception
estimates of time to pregnancy (TTP) [8-14], and theoretical studies have reported methods
[8-10] and statistical models [11] for describing fertility and conception. Various factors
such as age [12-14], body mass index (BMI) [5,15-18], menstrual cycle characteristics
[19,20] and lifestyle factors such as smoking [21] and alcohol consumption [22] have all
been shown to affect female fertility.

Particular interest has focused on the possible impact of previous use of hormonal
contraception (HC) on conception rates and TTP. Several studies [3,23-28] show that HC
negatively affects conception rates in the initial cycles after discontinuation. Many studies,
however, indicate that HC use does not affect 1 year pregnancy rates [28,29]. Recent
research into the side effects of HC [30-33], along with the known delay of conception,
constitutes strong motivation for research into how other contraceptives compare in this
regard.

A few studies have investigated the effect of using fertility awareness-based (FAB) methods
to improve fertility [34], so far mainly focusing on symptothermal or Billings-type methods
[4,35,36] in which women through fairly simple self-diagnosis of menstruation days and
cervical mucus quality are able to predict their ovulation date and fertile days. Pregnancy
rates have been shown to be significantly higher when couples time intercourse for the days
of highest predicted fertility [36], which is especially helpful for couples who cannot or do
not want to follow the proposal of Wilcox et al. [37] to have intercourse two to three times
per week. A recent study showed that the conception rates for couples with known
subfertility could be significantly improved through dedicated use of FAB methods [38].

The aim of this study was to investigate the conception rates of women who discontinued
contraception just prior to attempting pregnancy. In particular, we aimed to compare the
pregnancy probability of women who used HC to that of women who used a FAB method
for contraception. Specifically, we analysed data from users of the fertility monitoring
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device Natural Cycles. The great advantage of prospectively studying such user data is that it
presents an opportunity to gain insight into the reproductive behaviour of women in a real-
life environment, independently of potential bias arising from clinical settings or interactions
with health care professionals.

Digital fertility monitor

This study was conducted among users of the mobile application (app) Natural Cycles
(NaturalCycles Nordic, Stockholm, Sweden). The app requires user input of basal body
temperature recordings and dates of menstruation. Optionally, users may also enter urinary
luteinising hormone (LH) test results. The fertility-related data are entered into devices such
as smartphones, tablets or laptops.

The underlying technology is a statistical algorithm [39] that calculates a fertility status for
each day depending on the estimated probability of conception on that day. Peak fertility is
normally given on the day before estimated ovulation [40], and the other days on which
fertility is indicated belong to the fertile window associated with the days immediately
preceding this day, as well as the ovulation day itself [37,41]. The algorithm can identify the
ovulation day with a precision comparable to that of clinical methods of ovulation detection
such as ultrasound [42]. In addition to ovulation day, the algorithm computes the following
variables and their uncertainties: luteal phase length, follicular phase length and cycle
length, as well as average body temperature during the different phases. The app also
calculates the rate of anovulatory cycles. Women indicate in their profile setting whether
they are using the app to prevent or to plan a pregnancy. A study conducted in 2016 showed
that the typical use failure rate of the Natural Cycles app when used as a contraceptive is 7.0
pregnancies per 100 woman-years [43].

The algorithm improves its predictions using previously recorded cycles from the same
woman and can provide predictions of the fertility status, ovulation and menstruation days
for up to five cycles in advance. In addition to menstruation, basal body temperature and LH
test results, the user may enter information about pregnancy test results and sexual activity
as well as personal notes. The user is encouraged to take a pregnancy test and register the
results in the app if the data indicate a possible pregnancy.

Study design

This prospective observational analysis studied women aged 20 years and older from an
international population, the majority (~90%) of whom were from Sweden. The general
sociodemographic characteristics of the participants are presented in Table 1. There were no
significant differences between the HC and Natural Cycles groups with respect to age, BMI
or country of residence. Recruitment was performed by means of conventional end-
consumer marketing techniques. Every user who registered for the app agreed to share data
anonymously for subsequent research. Women included in the study registered with the
Natural Cycles app for the purpose of planning a pregnancy at the earliest on 1 August 2014
and at the latest 90 days before the conclusion of the study on 5 September 2016.
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Participants had to enter data for at least 10 days in total, of which at least 1 day included
basal body temperature. Each daily data point could be any combination of menstruation,
basal body temperature or LH test results, pregnancy test result, sexual activity or a personal
note for a specific date. All cycles entered in the pregnancy planning mode, including
anovulatory cycles, were considered in the study. At registration, users were asked questions
related to their individual cycle, previous contraception and date of birth, as well as self-
reported height and weight before starting to use the fertility monitor. The study protocol
was reviewed and approved on 1 December 2016 by the Stockholm regional ethics
committee (no. 2016/2037-31/2). All participants provided informed consent through the
online app.

Previous contraception

Users were considered for this study only if they fulfilled either of the following criteria: (1)
they had previously used HC and had discontinued use less than 2 months prior to signing
up for Natural Cycles; (2) they had used Natural Cycles in the ‘prevent pregnancies’ mode
prior to deciding to become pregnant. To be considered for this category the user was
required to have added at least 60 days of data while using Natural Cycles for pregnancy
prevention.

Data analysis

In addition to determining the TTP for users who became pregnant, life-table analysis was
used to calculate the cumulative probability of pregnancy. This analysis included users who
did not achieve pregnancy, thus yielding a better measure of the fecundity of the entire
investigated sample. The Kaplan—Meier estimate [44] is useful for studies where a high
dropout rate is expected, since it prevents artificially overestimating fertility because of early
dropout of women who did not conceive [4].

Two particularities of our sample meant standard methods based on the assumption of
proportional hazards (e.g. Cox regression [45]) were not appropriate for comparing the two
categories: (1) we expected the women who had previously used HC to experience a shorter
period of hormone-induced lowered fertility, which would subside with time; and (2) the
expected fertility increase [36] resulting from the app itself was likely to affect the two
categories differently, as one group had already used it for some time.

To compare the cumulative probability of pregnancy of the two categories of women, we
calculated the time at which a group of women exposed to a certain risk factor reached a
given cumulative probability of pregnancy, divided by the comparable time for a control
subset. We denoted this ratio as the Kaplan—-Meier ratio (KMR). The threshold for the study
was 30%, as this was low enough to ensure good statistical accuracy while at the same time
high enough not to introduce uncertainties related to interpolation. In order to understand the
long-term effects on fecundity, we also compared the 13 cycle pregnancy probabilities.

Results are presented with their associated 95% confidence intervals (Cls); a two-sided p-
value represents the probability that the ratio is consistent with 1. A p-value of 0.05 or lower
was considered statistically significant.
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A total of 2934 women were included in the study. The total number of cycles observed was
10,409. The 13 cycle pregnancy probability for the entire group was 78.6% (95% CI 68.3%,
88.9%). A total of 1656 participants registered a positive pregnancy test on the app. The
average time from beginning to use the app for planning a pregnancy until entering the first
positive pregnancy test was 120 days. As the participants could start using the app at any
point in their cycle, the starting cycle is denoted as cycle 0 to distinguish it from subsequent
full cycles. Using this definition, conception occurred on average in cycle 3.02+3.07 (1
standard deviation [SD]). Hereafter, and in the abstract, for simplicity we report the average
TTP as x cycles instead of in cycle x. The maximum number of observations was 24 cycles,
and the last cycle with a pregnancy occurrence was cycle 20. Figure 1 shows in which cycle
pregnancy occurred for women who became pregnant in the first 15 cycles, along with the
pregnancy probability (including women who did not become pregnant in these cycles) and
dropout rate in that cycle. Many users pay their usage fees annually, leading to an expected
peak in the discontinuation rate at around 12 months (cycles 11-12 in Figure 1). The
cumulative probability of pregnancy and 95% Cls are shown in Figure 1. The results
presented in this section are summarised in Table 2.

A total of 1590 women had self-reported previous use of HC during the last 2 months of
starting to try to conceive, while 1284 women had logged at least 60 days using Natural
Cycles to prevent pregnancy prior to switching to the pregnancy planning mode. Women
who had previously used Natural Cycles had an average TTP of 2.25 (95% ClI 2.07, 2.43)
cycles, and women who had previously used HC had an average TTP of 3.65 (95% CI 3.43,
3.87) cycles. Women who had previously used HC took on average 146 days to become
pregnant after starting to use the app, while women who had previously used Natural Cycles
to prevent pregnancy took on average 85 days to become pregnant. The KMR when using
the women on HC as the control group was 1.62 (95% CI 1.45, 1.78), which showed
significantly lower conception rates for women who had recently used HC. Figure 2 shows
the survival curves for the two groups. The figure also illustrates that after five cycles there
was no longer a significant difference between the total pregnancy probabilities of the two
groups. The rate of anovulatory cycles was 3.5%, with no significant difference between the
two groups.

We further stratified the participants according to their age at the start of the measurements:
20-24, 25-29, 30-34 and 35-39 years. The KMR was calculated separately for these four
age categories. The results are presented in Figure 2. For all of the three younger age
categories, in women with previous use of Natural Cycles to prevent pregnancy the time to
reach the 30% pregnancy probability was significantly shorter compared with the HC group.

Discussion

Findings and interpretation

We analysed 1656 women who used the Natural Cycles app to become pregnant and found
an average TTP of 3.02 cycles, with a 95% CI between 2.90 and 3.14 cycles. The total 1
year pregnancy rate was 78.6%, which is lower than the pregnancy rate (79-94%) reported
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by similar studies [4,27,46]. We believe this may be attributable in part to fertile early
dropouts, including women leaving the study after conceiving without reporting the
pregnancy. Furthermore our life-table analysis, including all 2934 women in the study,
showed that previous use of HC yielded lower early conception rates when compared with
previous use of Natural Cycles prevent pregnancy.

On average, women who had used HC required more TTP compared with women who had
previously used Natural Cycles to prevent pregnancy, but after cycle 4 the per-cycle
pregnancy probability for the HC group became higher. As we found the ovulation rates of
the two groups to be comparable, this finding did not appear to be due to inhibition of
ovulation in the HC group. As mentioned in the introduction, previous studies [3,23-28]
have shown that HC affects conception rates in the first cycles after stopping, but has no
effect on 1 year pregnancy rates [28,29]. Our results confirm both these findings. It should
be noted that the conclusions of the study regarding HC are valid only for the comparison
with women who had previously used Natural Cycles to prevent pregnancy. The lack of
knowledge in this study regarding concomitant medication is, however, a possible bias when
assessing the effect of HC. For some women, previous use of HC might have masked
underlying conditions that affect fecundity.

Our study also showed that knowledge and experience of an FAB method as a contraceptive
may help women conceive faster. The results indicate that women timing intercourse to their
known fertile window increased their conception rates, which is consistent with previous
findings [34-36].

Typical use contraceptive efficacy with combined oral contraceptives reported in recent
reviews [47, 48] is comparable to that with use of the Natural Cycles app, as well as for
other comparable modern FAB methods [43,49-51]. Thus, the results presented in this paper
provide useful information for women who are seeking a contraceptive method, yet plan to
become pregnant in the near future.

Strengths and weaknesses of the study

This prospective observational study comprised a large set of real-life data. Analysing data
that users enter directly into the app on a daily basis allows an insight into their fertility
without affecting their everyday behaviour.

The number of women studied and the amount of data logged made this study larger than
many similar previous studies, producing more precise estimates. However, the low
threshold for entering and leaving the study led to a higher dropout rate and lower logging
frequency and thus introduced a higher risk of bias compared with comparable prospective
studies [1-7]. Right censoring due to dropouts may lower the reported cumulative possibility
of pregnancy, but as long as dropouts do not correlate with any specific covariate, the
comparisons of different sub-cohorts should not be affected.

While the result in this study is relevant in its own right, additional research is needed to
establish the magnitude of the effect of using FAB methods for contraception on subsequent
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conception rates when compared with women who recently used other non-hormonal forms
of contraception.

Finally, we note that the study population only comprised women who had decided to use an
app for fertility monitoring, which may lead to a selection bias compared with the average
population.

Conclusion

We have shown that the previous use of contraception has a significant impact on short-term
conception rates, and that women who had previously used HC had a significantly lower
probability of conceiving early compared with women who had previously used the Natural
Cycles app to prevent pregnancy. Long-term conception rates were not, however, affected.

The result should not be seen as unique to this specific app and is likely widely applicable to
women who use FAB methods prior to planning a pregnancy. It highlights the benefits to
women of knowing their ovulation day when planning a pregnancy. The results presented in
this study may be of interest to women who plan to become pregnant in the near future as
well as to health care professionals counselling women on contraception and fertility.
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Figurel.

(A) Conceptions per cycle (bars, left axis), pregnancy rates per cycle (red) and dropout rate
per cycle (blue). Error bars indicate one standard deviation. (B) Kaplan-Meier estimate of
cumulative pregnancy rate and 95% Confidence Interval per cycle. The observed peak in
dropout rates around cycle 11-12 corresponds to the 1-year renewal of subscriptions.
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(A) Kaplan-Meier pregnancy probabilities for previous use of HC (red line) and NC prevent
(blue dashed line). In this figure linear interpolation is performed between the cycle
estimates. A dotted line indicating 30% cumulative pregnancy probability is added for
reference.

The KMR when using the women on HC as the control group was 1.62 (95% CI 1.45, 1.78),
which showed significantly lower conception rates for women who had recently used HC.
(p<0.05)

(B) The time to reach 30% pregnancy probability for different age groups. For all of the
three younger age categories, in women with previous use of Natural Cycles to prevent
pregnancy the time to reach the 30% pregnancy probability was significantly shorter
compared with the HC group. (p<0.05)
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Sociodemographic characteristics of all women in the study and subdivided into the two cohorts.

Table 1.

Characteristic NC, prevent mode HC All users
No. of users 1284 1590 2874
Age,ayears 28.4+3.7 27.8+4.0 28.1+3.9
BMI,b kg/m? 23.5%3.9 23.8+4.3 23.7+4.2
Country of residence, %

Sweden 84.1 87.9 86.2

Norway 5.0 3.8 43

USA 4.2 2.0 3.0

Other 6.7 6.3 6.5

Values for age and BMI are given as means + 1 SD.

The three largest nationalities (Sweden, Norway and the USA) were the largest groups in both cohorts.

a . .
Age at which the user started attempting to become pregnant.

b . . . .
For 213 women information about height was lacking, and BMI could thus not be calculated.

NC, Natural Cycles.
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Table 2.

Summary of results of all women in the study and subdivided into the two cohorts.

Variable NC, prevent mode HC All users

No. of users 1284 1590 2874

No. of pregnancies 738 918 1656

Average P2 2.25(2.07, 2.43) 3.65(3.43,3.87) 3.02(2.90, 3.14)

Time to 30% pregnancy probability? 11 (1:05,1.25) 1.81(1.77,1.95)  1.48 (1.46, 1.60)

a . - . . .
Average TTP and time to 30% pregnancy probability are given as no. of cycles with 95% Cls in parentheses.

NC, Natural Cycles.
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