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ABSTRACT

Objective: The accuracy of prediction of ovulation by cycle apps and published calendar methods was

determined by comparing to true probability of ovulation.
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Methods: A total of 949 volunteers collected urine samples for one entire menstrual cycle. Luteinizing
hormone was measured to assign surge day, enabling probability of ovulation to be determined across
different cycle lengths. Cycle-tracking apps were downloaded. As none provided their methodology,
four published calendar-based methods were also examined: standard days, rhythm, alternative rhythm
and simple calendar method. The volunteer ovulation data was applied to the app/calendar methods
to determine their accuracy.

Results: Mean cycle length was 28 days (range: 23-35); 34% of women believed they had a 28-day
cycle, but only 15% did. No LH surge was seen for 99 women. Most likely day of ovulation for a 28-
day cycle was day 16 (21%). Accuracy of ovulation prediction was no better than 21% by the apps.
The standard days and rhythm methods were most likely to predict ovulation (70% and 89%, respect-
ively) but had very low accuracy.

Conclusions: Ovulation day varies considerably for any given menstrual cycle length, thus it is not pos-
sible for calendar/app methods that use cycle-length information alone to accurately predict the day

KEYWORDS
Ovulation prediction; apps;
menstrual cycle; fertility

of ovulation.

National Clinical Trial Code: NCT01577147. Registry website: www.clinicaltrials.gov.

Introduction

The demographic of women seeking to conceive has
changed greatly over the past few decades, with women in
more developed countries increasingly delaying pregnancy.
Busier lifestyle commitments often coincide with less fre-
quent sexual intercourse so timed intercourse is often used
to assist with conception'?. Women planning pregnancy
expect to conceive quickly, “within 3-6 months”, leading to
anxiety if they fail to do so’. The fertile window is the time
in a woman'’s cycle where unprotected intercourse can lead
to pregnancy, and typically lasts 6 days ending on the day
of ovulation®, but does vary between women®. So correct
timing of intercourse is important, with it being especially
important to engage in intercourse prior to ovulation.
Evidence also suggests that women who are aware of their
ovulatory pattern are more likely to conceive over 12
months®’. The majority of women actively trying to conceive,
however, have significant knowledge gaps with regard to
pregnancy and fertility®®.

Although the average length of a woman’s menstrual
cycle is 28 days, there is considerable intra- and inter-individ-
ual variation in cycle length, as well as changes in length
with time'®'". It has been demonstrated that cycle length

varies by >7 days in more than 46% of women aged 18-40
years, and by >14 days in 20% of women in the same age
range'%. Similarly, the length and timing of the fertile win-
dow is variable between women®.

There is also both inter- and intra-individual variation in the
day of ovulation'®. Measurement of urinary luteinizing hor-
mone (LH) is an excellent way to determine ovulation day, but
it is of great importance to select the appropriate assay. Intact
LH surges prior to ovulation and is excreted quickly, whereas
assays measuring beta LH also detect LH breakdown products
that are excreted more slowly. Therefore, beta LH assays can
often provide profiles with more than one surge and have
peak levels occurring at a considerable time after ovula-
tion'*"8, As peak levels can occur post ovulation, even with
an intact LH assay, it is more appropriate to measure the LH
surge: there are a wide variety of methods for determining
the surge'®, with the most accurate method providing 1-day
prediction of ovulation with maximal error of +1day'*">.

There is a growing number of fertility applications (apps),
although few of them disclose the algorithms that they
use??°, Most predictions of the fertile window given by fertil-
ity apps are generated from user data, such as date of last
menstrual period and cycle length?', or the assumption of a
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28-day cycle, with ovulation on day 14?2, Owing to the vari-
ability of menstrual cycle length, doubt has been cast over
the reliability of calendar-based fertility apps'?. This study
explored the variability in the timing of ovulation, via meas-
urement of the LH surge, during women’s cycles and used
this information to assess prediction accuracy of calendar
apps and calendar-based methods for women seeking to
become pregnant.

Methods

This study consisted of three separate strands: a cohort study
to determine actual ovulation day for any given cycle length
in women trying to conceive, an assessment of the accuracy
of apps, in comparison to actual ovulation day, and an

assessment of calendar-based methods in comparison to
actual ovulation day. An outline of the study flow is shown
in Figure 1.

This home-based observational study (NCT01577147)
involved 949 volunteers aged 18 years or older, who were
seeking to conceive naturally. The study was approved by the
SPD Ethics Committee and all procedures were conducted in
accordance with relevant regulations and guidelines.

Participants were recruited from across the UK via Internet
advertising. In order to recruit a study cohort which repre-
sents the population of women using apps, there was no
restriction on the length of time participants had been trying
to conceive prior to study entry. Those who were eligible
were enrolled onto the study once they had provided written
consent to the inclusion of information pertaining to

Determine range of
ovulation days for any
given cycle length

Daily urines from
1 complete menstrual
cycle for
949 volunteers

Ovulation
Probability Map for
any given cycle length

Figure 1. Flow diagram of study aims and conduct.
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themselves. Demographic data was self-reported and partici-
pants acknowledged that their data would be fully anony-
mized within the final manuscript.

Volunteers collected a daily early morning urine sample for an
entire menstrual cycle into labeled pots containing sodium azide
preservative. Samples were posted to the laboratory in batches,
and analyte stability has previously been validated under these
conditions?. Volunteers also completed a menstrual cycle diary.
Menstrual cycle length was defined as the time between the day
on which bleeding commenced to the day before bleeding
within the next cycle commenced. Spotting was recorded separ-
ately in the menstrual cycle diary. Samples were stored under
previously validated conditions; 4 °C until analysis or at —80°C if
the analysis could not be performed within 2 weeks of receipt®*.
Urinary LH was measured using an AutoDELFIA™ (Perkin Elmer,
Waltham, MA, USA) assay with in-house antibodies for intact LH,
which has been validated against ultrasound methods and been
shown to predict ovulation by 1day (+1day)'*'>. Human chori-
onic gonadotropin (hCG) (AutoDELFIA™) was also measured to
exclude volunteers already pregnant from participating in the
study. Volunteers who became pregnant during the study were
not included as they did not have a cycle length. Missing urine
samples were only significant if they occurred at LH surge onset,
and no cycles were omitted because surge samples were missing.

All cycle-tracking calendar apps (iOS and Android) avail-
able during the period 4"-13" October 2017 were down-
loaded and examined to determine whether information was
provided on how the apps calculate the fertile phase and on
their accuracy. As none of the apps published their method
of calculation, a simulated cycle was inputted to examine
accuracy. The data inputted were: last menstrual period, 1
October 2017; period length, 5 days; cycle length, 28 days;
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luteal phase, 14 days; regular cycle; no hormonal contracep-
tion (not all apps required all the information).

As the method of fertile-phase calculation by the examined
apps was not available, methods published in the literature
that use calendar information alone were examined. These
predictive methods were: the standard days method, which
predicts days 8-19 of the cycle as fertile days®’; the rhythm
method, which predicts fertile days using a formula and is
based on data from the menstrual records of the past six
cycles (the fertile period is predicted as starting on day
[x — 18] and ending on day [y — 11], where x is the shortest
and y is the longest number of days in a woman’s menstrual
cycle record)'??®; the alternative rhythm method, which pre-
dicts fertile days from menstrual records using a different for-
mula (the fertile days start on day (/x — 5) and last for
(y—x+8) days, where x is the shortest and y is the longest
number of days in a woman’s menstrual cycle record®’; and
the simple calendar method, which subtracts 14 and 15 days
from the last cycle length to give the peak fertility days®.

For statistical analyses, a probability table (Table 1) and
probability curve (Figure 2) were created to record the likeli-
hood of ovulation on any given day for the range of cycle
lengths, based on percentage of the population observed to
ovulate on any given day. Statistical analyses were performed
using the SAS 9.3 software by a qualified statistician.

The accuracy of calendar apps was determined by compari-
son of the prediction provided following input of standard
data with the probability of ovulation obtained from examin-
ation of the volunteers’ cycles. Where a single day is predicted
by the app, accuracy is the probability of ovulation on that
day. Where several days are predicted by the app, accuracy is
the cumulative probability of the ovulation day being

Table 1. Probability of ovulation on any given day of the cycle according to cycle length.

Actual Probability of ovulating on this day

Cycle MeanSD N

Length 7 8 9 10 11 12 13 14 15 16
23 1315241 13 1% 2% 4% 7% ..

24 13.161.99 37 0% 1% 2% 6% ..

25 13.721.81 69 0% 0% 1% 3%

26 142215183 0% 0% 0% 1%

27 15.141.71 118 0% 0% 0% 0% 1% 4%

28 15.761.91 119 0% 0% 0% 0% 1% 3%

29 16.771.61 74 0% 0% 0% 0% 0% 0% 2%

30 17.561.7573 0% 0% 0% 0% 0% 0% 1%

31 18.872.26 61 0% 0% 0% 0% 0% 0% 1% 2% 4%

32 19.2315031 0% 0% 0% 0% 0% 0% 0% 0% 1% 3%
33 20.552.0238 0% 0% 0% 0% 0% 0% 0% 0% 0% 2%
34 21.601.6335 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
35 218225117 0% 0% 0% 0% 0% 0% 0% 0% 0% 1%

..8% 5% 2% 1% 0% 0% 0% 0%

7% 3% 1% 0% 0% 0% 0% 0%

17 18 19 20 21 22 23 24

25 26 27 28 29 30

0% [l

1]
o%o%

n
1% 0% 0% 0% 0% 0% 0% O
1% 0% 0% 0% 0% 0% 0%
2% 0% 0% 0% 0% 0% 0% 0%
2% 0% 0% 0% 0% 0% 0%
3% 1% 0% 0% 0% 0% 0%
9% 3% 1% 0% 0% 0% 0% 0% 0% 0% 0%
11% 7% 3% 1% 0% 0% 0% 0% 0% 0%
1% 0% 0% 0% 0% 0% 0% 0%

4% . .9% 5% 2% 1% 0% 0% 0% 0%

0% 2% 7% ...8% 3% 1% 0% 0% 0% 0%
2% 5% 8% ....7% 4% 2% 1% 0% 0%

Ovulation day =day of LH surge +1 day.

Abbreviations. N/A, not available; SD, standard deviation. Shading represents likelihood of ovulation on each day. Darker shading represents a
higher probability of ovulation on the given day. No shading represents a 0% probability of ovulating on the given day.
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contained within this window. The accuracy assessment does
not adjust for incorrect predictions (because there are no clin-
ical repercussions for an incorrect result), so the analysis repre-
sents best-case scenario. Accuracy of the calendar-based
methods was determined retrospectively also as “best-case
scenario”, in that the calculation used the pertinent cycle char-
acteristics supplied in the baseline demographics.

Data availability

Raw data were generated at SPD Development Company Ltd.
Derived data supporting the findings of this study are avail-
able from the corresponding author S.J. on request.
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Figure 2. Probability curve of the likelihood of ovulation on any given day of a
28-day cycle based on the percentage of the population observed to ovulate on
any given day, where ovulation is day of LH surge +1 day.

Results

Participants had a mean age of 32 years (range: 18-50),
and a mean body mass index (BMI) of 26.67 kg/m? (range:
14.8-63.8). On average, the participants had been trying to
conceive for 15 months (range: 1-162), the number of previ-
ous live births was one (range: 0-10), and the number of
reported miscarriages or stillbirths was one. Of the total num-
ber of participants, 3% (n=23) had self-reported endometri-
osis and 6.8% (n=52) had self-reported polycystic ovary
syndrome. Women reported a median of 3 days’ difference
between their shortest and longest cycle lengths for the last
6 months (range 0-56 days), with 27.4% reporting a differ-
ence of five or more days and 11.2% reporting 0 days’ differ-
ence between their shortest and longest cycles.

For the final study population (n=768), a number of par-
ticipants were excluded due to menstrual cycle lengths being
shorter than 23 days or longer that 35 days (n=81); in add-
ition, one volunteer was excluded due to hCG being present
at low levels (0.5-5 mIU/ml) for the entire cycle, which is indi-
cative of perimenopause?®. A further 99 volunteers were not
included in the analysis due to having no LH surge in the
cycle. The mean menstrual cycle length was 28 days (range:
17-35), with 15% of volunteers having a 28-day cycle and
more than 70% having a cycle length of 25-30 days.
Interestingly, self-reported menstrual cycle characteristics
prior to study start indicated that 34% of the participants
thought that their cycle length was 28 days (range 20-47).

Age 18 to 29

Age 30 to 32

0.3 -

0.1

Age 33 to 36

Age 37 to 50

Proportion
=)
(=]

0.2 [ FS
0.1 \
0.0 T T 1 T T T
5 10 15 20: 5 10 15 20
Length of Luteal Phase
Normal

Figure 3. Length of luteal phase (time from ovulation day (LH surge +1day) to end of cycle) was determined for participants in the age ranges: 18-29, 30-32,
33-36, and 37-50 years. Bars indicate the proportion of participants with a luteal phase of a given length. Lines indicate the normal length of luteal phase.
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Figure 4. Length of luteal phase (time from ovulation day (LH surge +1 day) to end of cycle) was determined for participants who had been trying to conceive for:
1-4 months, 5-8 months, 9-18 months, and 19-162 months. Bars indicate the proportion of participants with a luteal phase of a given length. Lines indicate the

normal length of luteal phase.

Surprisingly, we found that the most likely day of ovula-
tion, defined as the day following the LH surge, was day 16
(21%) for a 28-day cycle. Day 14, which is typically estimated
to be the most likely day of ovulation for a woman with a
28-day cycle using the simple calendar method®* was associ-
ated with a 14% likelihood of ovulation (Figure 2; Table 1).
The probability of ovulating was spread across a range of
11-20 days in a 28-day cycle (Figure 2; Table 1). A similar
broad spread of probable ovulation days was observed in
cycle lengths that were either shorter or longer than 28 days
(Table 1). This means that, to include the day of ovulation,
an app/calendar method using cycle length alone would
have to identify at least 10 potentially fertile days. For a 90%
probability of providing a window that includes the ovulation
day, an 8-day window is required.

Spread of day of ovulation across age quartiles and quar-
tiles of time trying to conceive were examined to see whether
luteal phase length varied by age or length of time trying.
This analysis revealed that the luteal phase length was not
associated with the age of the participants (Figure 3) or with
the time trying to conceive (Figure 4).

Of the 73 calendar apps downloaded for cycle tracking
(10 i0OS and Android, 37 iOS only, 26 Android only;
Supplemental Appendix), none provided any information on

how they were able to predict the day of ovulation. Only
one app provided information on the accuracy of prediction,
indicating it was 60%. A prediction of day of ovulation was
provided by 55 apps using input information of cycle length,
cycle variability and last menstrual period. When a simulated
28-day cycle was inputted into the apps, the majority
reported day 15 to be the day of ovulation (Table 2), which
has a 19% probability of being the true day of ovulation for
a 28-day cycle. The highest probability possible for the pre-
diction of day 16 was 21%. This analysis assumed that the
user’s next cycle would be 28 days when, in reality, it is not
possible to predict future cycle length and there is consider-
able intra-individual variation in cycle length. Therefore, these
results represent optimal performance.

Most apps (n =64, Table 3) provided the user with a win-
dow for their fertile days. These estimates varied considerably
between apps, varying from 4 to 12 days in length. The most
commonly generated fertile window was 10-16 days (n=16),
which had a 65% probability of including the day of ovula-
tion for a 28-day cycle. Those with high probabilities of pre-
diction provided users with the longest window.

As none of the apps published their method for fertile-
phase prediction, published methods were examined for accur-
acy. A high degree of variation in prediction accuracy of the
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Table 2. Prediction of day of ovulation by apps.

Ovulation days predicted by app Number of apps providing

Number of ovulation days predicted

Probability of ovulation day occurring

that prediction by the apps on day(s) predicted by app (accuracy)
12 1 1 3%
14 1 1 14%
15 32 1 19%
16 4 1 21%
17 1 1 17%
11-13 1 3 11%
12-15 2 4 43%
13-14 1 2 21%
13-15 1 3 40%
14-15 1 2 33%
Did not state 18 NA NA

Table 3. Prediction of the fertile window by apps.

Fertile window predicted by app Number of apps providing

Number of fertile days predicted Probability of ovulation day occurring

that prediction by app within the fertile window
predicted (accuracy)

6-16 1 1 65%
7-16 1 10 65%
8-13 1 6 11%
8-18 1 1 93%
8-19 2 12 98%
9-14 2 6 25%
9-15 2 7 44%
9-17 3 8 83%
10-14 1 5 25%
10-15 4 6 44%
10-16 16 7 65%
10-17 1 8 82%
10-19 1 10 98%
10-20 1 1 100%
10-21 1 12 100%
11-14 3 4 25%
11-15 1 5 44%
11-16 5 6 65%
1-17 1 7 82%
12-15 1 4 43%
12-16 3 5 64%
12-17 3 6 81%
13-17 3 5 78%
14-23 1 8 89%
15-19 1 5 72%
16-21 1 6 55%
8-14 girl, 15-17 boy* 1 NA NA

11-13 girl, 15 boy* 1 NA NA

11-14 girl, 15-18 boy* 1 NA NA

Did not state 6 NA NA

Required more information to 3 NA NA

provide prediction

*Three apps provided two separate fertile window predictions which each corresponded with an increased likelihood of conceiving a male or female

child when intercourse occurred within that timeframe.

Ovulation day included

mFertile window included

Proportion detected (%)

Simple
Calendar
Method

Rhythm  Altemative
Method Rhythm
Method

Standarc-l ’

Days
Method
Figure 5. Graphical representation of the proportion of published calendar
methods that identify ovulation day or fertile window on any given day.
Proportion of calendar methods that correctly identified the day of ovulation is
indicated by light grey bars. Proportion of calendar methods that correctly iden-
tified any day in the fertile window is indicated by dark grey bars.

fertile window and day of ovulation between different predict-
ive methods was observed, with the alternative rhythm and
simple calendar method having the poorest predictive value
(Figure 5) as they included fertile days in their predictions less
than 52% and 70% of the time, respectively.

All four methods had an ovulation-day prediction accuracy
lower than 90% (Figure 5). The standard days method and the
rhythm method showed the highest predictive ability for ovula-
tion day, although 30% and 11% of the participants, respect-
ively, had menstrual cycle characteristics outside the permitted
range to enable calculation. Both the alternative rhythm method
and the simple calendar method showed poor predictive ability.
The simple calendar method included day of ovulation in its
prediction less than 22% of the time, whereas the alternative



rhythm method included ovulation day less than 17% of the
time. However, the more accurate methods were only able to
provide better prediction because they provided the user with a
broad fertile window in which to target intercourse: rhythm
method, 11 days (range 8-64); standard days method, always
12 days; alternative rhythm method, 4 days (range 0-63 days);
simple calendar method, always 2 days.

Discussion

In the current study, a high degree of variability was
detected among participants with respect to both menstrual
cycle length and day of ovulation for any given cycle length
(Table 1). Even in participants with 28-day cycles'®"", there
was a wide spread of ovulation days, with the modal value
being at day 16 (Figure 2; Table 1). This is later than seen in
other studies, and may be related to the definition of “first
day of menstrual cycle” used within this study, i.e. the day
on which bleeding commences. This definition was chosen
as it makes it directly comparable to apps, which also apply
this definition. Researchers defining day 1 as the first full day
of bleeding would likely ascertain ovulation day to be up to
1day earlier, which would still be later than the textbook
definition. The spread is also greater than that observed in
other studies, probably because this study investigated a
seeking-to-conceive population rather than a population of
healthy fertile women. Thus, this dataset is much more rele-
vant to examine the performance of methods that are used
to predict the fertile phase when trying to achieve preg-
nancy, especially given that women usually turn to methods
which assist with timed intercourse following several months
of unsuccessful conception?®,

Although calendar apps designed to define optimal fertil-
ity are becoming an increasingly popular method for timing
sexual intercourse, as found in this study, they do not pro-
vide information on how the predictions are calculated or on
the accuracy of those predictions.

Most calendar apps attempted to provide users with their
day of ovulation, but maximal probability of this being correct
was 21%. Therefore, it appears that predictions are based on
the assumption that ovulation occurs on a set day of the men-
strual cycle, for any given cycle length.

Intercourse before ovulation is important, and therefore
predicting the day of ovulation in advance is of utility to those
trying to conceive. This can be achieved by identifying the
wider fertile window. Nearly all calendar apps provided a fer-
tile window to users. Apps that showed extremely long fertile
windows had a high likelihood of including day of ovulation,
e.g. for the 12-day fertile window, days 10-21 had 100% prob-
ability of including the day of ovulation. However, providing
such a long fertile window is of little benefit to women trying
to conceive as it does not enable the targeting of acts of sex-
ual intercourse. The window that provided the most realistic
number of days to users included days 15-19, which had a
72% probability of being correct and included the day of ovu-
lation. The analysis reported here provides best-case results
because it assumed that the next cycle would be 28 days
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long, whereas in reality it is not possible to predict future
cycle length owing to intra-individual cycle variability'>.

The calendar-based methods successfully predicted the
fertile window in 53-98% of cases, and successfully predicted
the day of ovulation in 16-89% of cases. Indeed, it would
only be possible to predict ovulation accurately by giving
users an 8-10-day window in which to time sexual inter-
course, which provides users with poor accuracy and is simi-
lar to the recommended advice of intercourse every 2 days,
which practitioners of this advice have reported to be diffi-
cult to follow and unrealistic®*.

Our findings regarding accuracy of apps/calendar methods
are in agreement with both Setton et al?', who found less than
8% of various websites and Android/iOS apps to accurately pre-
dict precise fertile windows, and Moglia et al*°, who found
only 19% of English iOS apps which assumed ovulation to
occur 13-15 days before the next cycle to accurately detect
optimal fertility periods>?'; however, these studies were based
on textbook menstrual cycle definitions, rather than contempor-
ary cycle data. Our study goes a step further, in that it applies
the true variability of day of ovulation that is seen in a seeking-
to-conceive population.

One limitation of the current study is that only one cycle
was investigated, thus the variation in ovulation days
between menstrual cycles in individual women could not be
determined. Only 27.4% of women in this study varied by 5
days or more, which is substantially less variability than
observed in large cohort studies where around half of
women have cycles that vary by 7 days or more'*'3, indicat-
ing that even women seeking to conceive have poor appreci-
ation of their menstrual cycle characteristics. Predictions of
next period date by app-based methods may improve over
time, if using an adaptive algorithm, which would not be
demonstrated during the investigation of just one cycle.
However, improvements in the accuracy of cycle length pre-
dictions would not correspond with greater accuracy in pre-
dicting the day of ovulation. This is because, as our data
shows, it is not possible to predict ovulation day accurately,
even if true cycle length is known; a method of external val-
idation is needed.

Conclusions

In conclusion, the true day of ovulation varies considerably
for any given cycle length; therefore, calendar/app methods
are not able to provide women with an accurate prediction
of the day of ovulation. Women should be advised not to
rely on such methods to enable the optimal timing of sexual
intercourse to achieve pregnancy.
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