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Abstract

Background: Daysy is a fertility monitor that uses the fertility awareness method by tracking and analyzing the
individual menstrual cycle. In addition, Daysy can be connected to the application DaysyView to transfer stored
personal data from Daysy to a smartphone or tablet (IOS, Android). This combination is interesting because as it is
shown in various studies, the use of apps is increasing patients´ focus on their disease or their health behavior. The
aim of this study was to investigate if by the additional use of an App and thereby improved usability of the
medical device, it is possible to enhance the typical-use related as well as the method-related pregnancy rates.

Result: In the resultant group of 125 women (2076 cycles in total), 2 women indicated that they had been
unintentionally pregnant during the use of the device, giving a typical-use related Pearl-Index of 1.3. Counting only
the pregnancies which occurred as a result of unprotected intercourse during the infertile (green) phase, we found
1 pregnancy, giving a method-related Pearl-Index of 0.6. Calculating the pregnancy rate resulting from continuous
use and unprotected intercourse exclusively on green days, gives a perfect-use Pearl-Index of 0.8.

Conclusion: It seems that combining a specific biosensor-embedded device (Daysy), which gives the method a
very high repeatable accuracy, and a mobile application (DaysyView) which leads to higher user engagement,
results in higher overall usability of the method.

Keywords: Female contraception, Fertility monitor, Mobile application, Body basal temperature, Fertility awareness
based method, FABM

Plain English summary
The menstrual cycle is one of the characteristic physio-
logical processes of the female body and it is a central
indicator of overall health in women of reproductive age.
Continuous fluctuations of hormones result in commen-
surable physiological changes throughout the menstrual
cycle. In the last decade, specific biosensor-embedded
devices have been developed to assist women in moni-
toring, measuring and representing these aspects of their

body. For such devices, the typical-use related pregnancy
rate is still low but was significantly worse than the
method-related pregnancy rate. This implies that usabil-
ity and understanding of a method plays a major role in
a fertility monitoring device and its safe effective use. It
is reported, that trough the additional use of a mobile
application the interest and motivation of a patient’s
health behavior increases significantly. The contraceptive
effectiveness of the fertility monitor (Daysy) has already
been demonstrated in an independent trial. The result of
the method related Pearl-Index calculation obtained in
the present study (0,6) differs only a little from what is
reported by Freundl and colleges (0,7). However, if the
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focus is on the typical-use related Pearl-Index, it has
significantly improved from 3,8 to 1,3. Independently,
the perfect-use efficacy (0,8) of Daysy was calculated in
this study.
We conclude, that it is possible through the present

technology of Daysy and the additional, optional use of
DaysyView to improve usability and enhance the typical-
, method- and perfect -use pregnancy rates.

Background
The menstrual cycle is one of the characteristic physio-
logical processes of the female body and it is a central
indicator of overall health in women of reproductive age.
Continuous fluctuations of hormones result in commen-
surable physiological changes throughout the menstrual
cycle [1]. These include fluctuation in urine luteinizing
hormone (LH), cervical mucus and body basal
temperature (BBT). Women have been engaging in
monitoring these physiological changes as signs of their
fertility for many years. In the past, they have charted
different signs of their menstrual cycle (temperature rise,
cervical mucus changes) to determine the onset as well
as the end of the fertile phase by pencil and paper
(Symptothermal Method) [2]. In the last decade, specific
biosensor-embedded devices have been developed to as-
sist women in monitoring, measuring and representing
these aspects of their body.
Most of these devices use a combination of BBT meas-

urement and sophisticated statistical methods in
addition to a comprehensive on-board database to iden-
tify the fertile and infertile phase of the menstrual cycle
[3]. Other devices use the correlation between pulse rate
and the menstrual phases to determine the individual
fertile window [4]. The medical device Daysy (Valley
Electronics AG, Zurich, Switzerland) is an electronic de-
vice that also exploits the described relationship between
the menstrual cycle and fluctuations in body
temperature by measuring and recording the BBT as an
aid in ovulation prediction for planning and preventing
pregnancy by identifying the fertile and infertile phase of
the menstrual cycle. Since the advent of fertility moni-
tors, the reliability and safety of such devices has been
tested in different clinical trials [2, 3, 5, 6]. For example,
in their retrospective clinical trial, Freundl, et al., con-
cluded that the fertility monitors Babycomp and Lady-
comp achieved a method-related Pearl-Index (PI) of 0.7
and a typical-use related PI of 3.8 over 12 months, pla-
cing in a similar safety range as the natural family plan-
ning method (NFP) [5].
Since Daysy is based on the fertility algorithm of

Babycomp and Ladycomp from Valley Electronics
GmbH, it was claimed that Daysy has a similar PI to
these products that are ultimately bounded by the fer-
tility awareness-based method (FABM) itself.

For some contraceptive methods, such as sterilization
or copper intrauterine devices (IUD), the inherent effi-
cacy is extremely high and proper that extreme low
pregnancy rates are found in all studies (Table 1).
For the remaining methods, the typical-use related

pregnancy rate is still low but was significantly worse
than the perfect-use related pregnancy rate (Table 1).
This implies that usability and understanding of a
method plays a major role in a fertility monitoring de-
vice and its safe effective use. It is reported that through
the additional use of a mobile application (app), the
interest and motivation of a patient’s health behavior in-
creases significantly [7]. One reason is that people have
the tendency to interact with, or check, their mobile de-
vices regularly; this repeated reviewing is reinforced by
immediate visible information [8].
Tracking of menstrual cycles via app has been an-

nounced to be a common form of self-monitoring to ei-
ther avoid or achieve pregnancy. In the United States
about 80% of 18–49 year olds own a smart phone and
approximately 28% are using mobile healthcare apps. Of
90.088 healthcare apps in the Apple iTunes store, 7%
(6300) are for women’s health and pregnancy (Institute
for Healthcare Informatics). Mobile fertility apps gain
support, but the majority are lacking clinical evidence
[9]. A current study reported by Setton and colleagues,
concluded that apps used to predict the fertile window
and dates of ovulation are generally inaccurate [10]. One
reason is that there is a wide variation in each menstrual
cycle. Even in women with a “perfect” 28-day cycle, the
fertile window varies from cycle to cycle [11]. However,
until the present time, no study has been reported con-
sidering the contraceptive effectiveness of a fertility
monitor (Daysy) optionally connected with an App
(DaysyView). This combination is interesting because as
described above, it is shown in various studies that the
use of apps is increasing patients´ focus on their disease
or their health behavior. Mobile displays were effective
in encouraging users to maintain activity level, and re-
minder notifications aimed at goal achievement were de-
sirable features [12–16].

Table 1 % of woman experiencing an unintended pregnancy

Method Typical-use related
pregnancy rates %
(Usage Safety)

Perfect-use pregnancy
rates %
(Method Safety)

Vasectomy [29] 0.15 0.10

IUD with Copper [29] 0.8 0.6

Oral Contraceptive/Pill [29] 9 0.3

Fertility App [25] 8.3 n/a

Natural Family Planning [2] 1.8 0.4

Male Condom [29] 18 2

Diaphragm [29] 12 6
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In this study, we presented that through the additional
use of an App and thereby improved usability of the
medical device, it is possible to enhance the typical-use
as well as the method-related pregnancy rates.

Methods
Digital fertility monitor
Daysy is developed and manufactured by Valley Elec-
tronics AG, and it is sold worldwide. The core technol-
ogy for Daysy is based upon that of LadyComp and
BabyComp and Pearly as developed by Valley Electronics
GmbH. The function of the portable medical device is
based on the thermal method, where BBT is measured
orally in 30–60s at rest and immediately after waking
up.
Daysy has an embedded temperature sensor that mea-

sures the temperature at a rate of 1/100 of a degree pre-
cision. In the first three cycles, Daysy “learns” to identify
fertile days by an algorithm that had been created on the
basis of validation group. The algorithm is created from
a combination of two elements - tracking and learning
new data (the daily basal body temperature, menstru-
ation start and end date, accumulated historical cycle
data) and statistical methods (eg. the temperature rise
after ovulation), calculated from the database of real
menstrual cycle data. A sustained increase of at least
0.2 °C at the expected time of ovulation is necessary to
determine a temperature shift by the algorithm.
Further, this algorithm uses statistical methods based

on the previous cycles to provide a prognosis of the ovu-
lation data upon which the users can act. It then com-
pares the predicted date to the calculated ovulation date
at the end of a cycle to update its model. Therefore,
these devices can provide relevant data to be used for
improving the chances of successful conception. Daysy
is a tool of the so-called fertility awareness-based
method. These types of tools do not control contracep-
tion, but rather use quantitative data and statistical
models based on this data to advise the users to be
aware of the fertile days. During these days, one must
use an alternative form of contraceptive such as a barrier
method (condom, diaphragm, etc.) to avoid pregnancy
or abstain from sexual intercourse, as practiced by the
NFP method, to avoid pregnancy.
In Europe, Daysy is classified as a class I medical de-

vice according to the council directive 93/42/EEC of
June 1993 according to Rule 5 of Annex IX. According
to EN ISO 62304:2006, the software in Daysy is classified
as class A: No injury or damage to health is possible.
The user interface for Daysy is designed to be simple
and easy to use. It consists of an embedded temperature
sensor for taking measurements orally, a single button, a
buzzer, a communication jack, and a series of colored
LEDs. The fertility status and device state are displayed

to the user through the LEDs. Daysy does not display
the user’s temperature.
Depending if the user wants to conceive or prevent a

pregnancy, the color LED on Daysy can be acted upon
different ways: a green LED indicates “infertile”, a red
LED indicates “fertile” and a yellow LED indicates
“unsure.”

The app DaysyView
DaysyView is a free mobile app that augments the Daysy
fertility monitor.
With the app, users can choose to transfer their stored

data from Daysy to a smartphone or tablet (IOS, An-
droid). This information can then be viewed graphically
by the user in a more convenient form.
DaysyView is a program for displaying data related to

a woman’s menstrual cycle to aid in ovulation prediction.
It can be used stand-alone to log and display a graphical
representation of this data, or in conjunction with Daysy
to display the fertility status as well.
When paired with Daysy, DaysyView shows the previ-

ous, current and estimated fertility status of the user
once the data has been synchronized. Further, Daysy-
View enables a detailed overview of a woman’s individual
menstrual cycle, temperature curves and numerous sta-
tistics. The app offers the opinion to share cycle infor-
mation with medical or internal professionals to give the
user individual advice or support.

Aim of the study
Methods of fertility awareness are often described as
unsecure and scientifically not sufficiently evaluated.
The aim of this study was to evaluate feasability, satisfac-
tion and failure rate of the described FAB-method. By
investigating the (unplanned) pregnancy rate and add-
itional used contraceptive methods, the PI is calculated
by standard approach concerning the safety of the
method (perfect- and method-related pregnancy rates)
and concerning the individual woman (typical-use re-
lated pregnancy rate). Anamnestic factors i.e. weight,
height and cycle length/ regularity of patients are taken
into account to detect possible weaknesses of this FAB-
method.

Study design
All Daysy international purchasers which are already
registered and having a DaysyView account, received an
invitation via email. The invitation included a hyperlink
to an online questionnaire (Additional file 1) as well as
information about the content of the trial. A “reminder”
to participate was sent out in the middle of the study
period.
Study participants had to finish the questionnaire

completely and in a true manner. The study was
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conducted between November 1st and December 31st
2016. In this period 6278 surveys were sent to eligible
participants.
Every participant agreed to share her data anonym-

ously for this research performed by the company and
external researchers. The data was stored by the com-
pany under the serial number of Daysy. Only the princi-
pal scientists and medical professionals of the University
Medicine Erlangen, University Medicine Mainz, and re-
search staff of Valley Electronic AG had access to the
stored personal data. The survey did not include any
personal data except date of birth, height and weight.
Among others, the survey included questions related to
the individual cycle, means of contraception, occurrence
of pregnancy and the additional use of the app.
The study protocol was reviewed and authorized by the

regional ethics committee (FAU/ Erlangen/ 276_16B).

Statistical analysis
Pearl index
Evaluation of the fertility monitor effectiveness was
based on the PI calculation.
It reflects the number of unintended pregnancies

among all the cumulative years of exposure to unin-
tended pregnancy [17]. The PI represents the number of
failures per 100 woman-years exposure. According to lit-
erature, there are two methods to calculate the PI:

(i) The number of pregnancies is divided by the total
number of months of exposure from the start of the
method until the completion of the study. The
quotient is multiplied by 1200 if the denominator is
reported in months.

(ii)The number of pregnancies is divided by the total
number of cycles of the users of a given method.
The quotient is multiplied by 1300 if the
denominator is reported in cycles.

In the present study, the second method, based on cy-
cles, was used to calculate the PI due to the fact that the
participants supplied information on the number of
cycles.
The perfect-use as well as the method and typical-use

related pregnancy rate (PI) was calculated separately.

Kaplan-Meier
One major problem of the PI is that it does not account
for duration of exposure; the PI is reasonably reflective
of contraception failure if duration of use is short (i.e. 6
to 12 months) and most users use the method for about
the period of time [18]. In a life-table analysis or (in this
case equivalently) the Kaplan-Meier approach, a separate
failure rate is calculated for each month of use such that
varying durations of use are not problematic. The result

at observation cycle 13 can roughly be compared to the
PI. The Kaplan-Meier approach was used to calculate
the overall effectiveness rates. Pregnancy due to both
typical-usage safety as well as the method failure were
included in the calculation [19, 20].

Pregnancy classification
As the basis for the calculation of the perfect-use related
PI we used a modified model of Trussel and Grummer-
Strawn for the calculation [21]. Thus, only women who
have indicated that they were sexual active (> 13 cycles)
but had no unprotected intercourse on a fertile “red” or
“yellow” days shown by the fertility monitor were consid-
ered. Pregnancy rates during perfect use show how effect-
ive the fertility monitor can be, where perfect use is
defined as following the direction of the fertility monitor.
Due to the retrospective character of this study, it was not
mandatory for participants to log whether and when they
had protected/unprotected intercourse or the pregnancy
intention before each cycle.
Unplanned pregnancies that are included to calculate

the typical-use related PI have to be a result of a user
error, namely having unprotected sexual intercourse on
a “red” or “yellow” day, regardless of whether the user
resorts to an additional contraceptive method. Preg-
nancy rates during typical-use shows how effective the
fertility monitor is during actual use (including incon-
sistent or incorrect use).
Unplanned pregnancies that are included to calculate

the method-related PI have to be a result of an absolute
method error, or more exactly: An unplanned pregnancy
has to be the result of unprotected intercourse on a
“green day” shown by the fertility monitor (independent
of inconsistent or incorrect use).
A general rule was: If a participant has indicated that

she has become unintentionally pregnant, it was verified
directly from the user’s dataset. The definition of a preg-
nancy was an elevated temperature of longer than
18 days, or if the user stopped using the device within
the luteal phase.

Results
Within the study 6278 contacted women, 1969 (31%)
followed the invitation and 798 (13%) completed the sur-
vey. The total number of recorded cycles was 4738. The
average age of participants was 29 years (Fig. 1a),
whereby the fertility monitor was mainly used to avoid
pregnancy (74.68% see Fig. 1b). Because the size and
weight of the participants were queried, it was possible
to determine the body mass index (BMI; kg/m [2]),
which was 23.02 on average (Fig. 1c). Women over
25 years had a significantly elevated BMI compared to
women between 20 and 25 years (Fig. 1c) in this study.
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From 798 participating women, 524 (64%) indicated an
additional contraceptive use (Fig. 2a). Out of the 493 re-
spondents using additional precaution methods, 73%
(358 out of 493) used the method during the fertile (red)
phase, 22% (109 out of 493) used the method during the
fertile and the infertile (green) phase of the menstrual
cycle and 6% (27 out of 493) stated to use the additional
method inconsistently (Fig. 2b). The analysis of the data
showed that the male condom (93%) was the most

common additional contraceptive (Fig. 2c). Among the
493 women using an additional contraceptive method,
110 (22%) preferred several forms of contraception.
From a total number of 798 women using the fertility

monitor for family planning, contraception or both, a
total of 4750 cycles were identified. Through the internal
database, all cycle data were double checked for their
correctness. In five cases, the correctness (due to the
lack of the serial number of the device) of the data could

Fig. 1 General Information about age, BMI, cycle distribution and usage of the devise. a, Average age of participants. b, Primary usage of Daysy.
c, BMI distribution among all participants (****t-test p = 0.0001). d, Cycle distribution among all participants

Fig. 2 Distribution and frequency use of additional contraceptives by participating women. a, Distribution of additional contraceptives. b,
Frequency of additional contraceptive use. c, Prior contraceptive use
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not be confirmed, these participants were excluded from
the study.
668 respondents (2674 cycles in total) declared they had

been using the fertility monitor for < 13 cycles (Fig. 1d).
Their data was not taken into account when calculating
the PI. Furthermore, 125 respondents (2076 cycles in
total) reported they had been using the fertility monitor
for > 13 cycles (Fig.1d). Among these 125 women, 2
women indicated that they had been unintentionally preg-
nant during the use of the device. Therefore, the total
pregnancy- or typical-use related pregnancy rate is 2 ×
1300 / 2076, which equals a PI of 1.252.
Counting only the pregnancies which occurred as a re-

sult of unprotected intercourse during the infertile
(green) phase, we found 1 pregnancy, giving a method-
related pregnancy rate of 0.626 according to the PI. To
further calculate the perfect-use related pregnancy rate
we calculate all cycles (1725 in total) in which the user
was sexually active but stated to have had no unpro-
tected intercourse on red (fertile) days for > 13 cycles.
Therefore, the perfect-use pregnancy rate is 1 × 1300 /
1725, which equals a PI of 0.753.
The life-table shows for each month what the prob-

ability is that a woman becomes pregnant, as well as the
typical-use related pregnancies by cycle (Table 2). The
overall pregnancy-rates and its 95% confidence interval
(CI) were calculated according to the Kaplan-Meier ap-
proach [19, 20]. The analysis shows that after 13 cycles
of exposure, the typical-use related probability of an un-
intended pregnancy was 2.707% (Fig. 3 blue line). Focus-
ing on women who claimed to have always had
protected intercourse (independent of the fertility sta-
tus), the probability of an unintended pregnancy de-
creases (n/s) to 1.92% after 13 cycles (Fig. 3 black line).
The same value increases significantly to 10.82% prob-
ability if a woman is considered to have had unprotected
intercourse on red (fertile) as well as on green (infertile)
days (Fig. 3 imperfect use). If a woman had unprotected
intercourse exclusively on green days (perfect-use related
pregnancy rate), the probability of an unintended preg-
nancy was 2.19% (Fig. 3 perfect-use).

The average cycle length of all participants was 28.9 (±
3.52 SD) days. A closer analysis of the different age
groups shows a significant difference in the cycle lengths
(Fig. 4a). Thus, the length of the cycle decreases with in-
creasing duration. The same trend is evident when
women were asked for irregular cycles. When a fluctu-
ation of 3–4 days is considered to be normal, 195 re-
spondents (24.24%) reported to have irregular cycles.
When women under 20 years are focused, the percent-
age of irregular cycles increases (41.18%). Because of the
small number of participants under 20 (n = 17), the re-
sult is not significant (Fig. 4b). We found that when fo-
cusing all participants (n = 798) that 94.7% have a
menstruation between 2 and 7 days. The result differs
somewhat when only woman over 40 (n = 22) are con-
sidered. In this fraction of women, 10% (n = 2) have indi-
cated that their menstruation lasts less than two days
(Fig. 4c).
In the third section of the survey, women were asked

if they used Daysy to get pregnant. Out of the whole co-
hort of 798 women, 69 (9.01%) answered the question
with –yes-. Because according to the manufacturer, at
least 3 cycles are required to precisely determine the fer-
tile window, only woman with ≥ 3 (51 out of 69) cycles
were considered for further evaluation. Among the 46
woman having sexual intercourse specifically on fertile
(red) days, 18 (39.%) pregnancies were reported. In all
cases, it took less than 1 year until the user conceived.
For those who have not been pregnant while using
Daysy, 6 (21.42%) already tried to conceive unsuccess-
fully before using the fertility monitor. A surprising ob-
servation was that of the women that wanted to become
pregnant with the fertility monitor, 21.42% already had
experience with NFP. Focusing all users, 40 out of 798
(5.01%) already had experience with NFP.
Regardless of for what the device was used, 90 out of

798 (11.2%) women reported to have experienced an
abortion or miscarriage.
789 out of 798 (99%) of the questioned users would

recommend the device to their friends. Surprisingly even
the women who became unintentionally pregnant while

Table 2 Rate of unplanned pregnancies

Cycle # Woman exposed Cumulative Pregnancy Cumulative pregnancy
probability (%)

CI, lower Limit (%) CI, upper Limit (%)

1 696 4 0.57 1.57 0.18

3 518 5 0.77 1.84 0.29

4 442 6 0.99 2.14 0.43

9 206 8 1.47 2.76 0.76

10 173 9 2.04 3.47 1.17

11 147 10 2,71 4.28 1.68

13 125 10 2,71 4.28 1.68
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using the fertility monitor would recommend the device
to a friend.
One of the main hypotheses of this study was that

through the additional use of an App, and thereby im-
proved usability of the medical device, it is possible to
enhance the usage safety as well as the method safety
rate. For this we asked the participating women about
the frequency as well as the apprehension effect of the
app. We found, that 516 out of 798 (64.66%) use the
additional app DaysyView in a daily, 239 (29.24%) weekly
and 44 (5.51%) monthly manner (Fig. 5). On closer in-
spection, it is noticeable that the usage decreases with
the number of cycles. Thus, after 4 cycles, 74% of the
women spent time daily by using the app, this frequency
drops by 20% to 51% after 13 or more cycles. In return,
the weekly and monthly usage increases (Fig. 5).
In addition, 84% of the participants indicated that they

achieved a better understanding of themselves and their
cycle through the additional use of the app DaysyView.
Because sharing data is a key opinion of apps, we also

ask if DaysyView users use this option. Interestingly, 506
out of 798 (63.2%) woman stated that they shared per-
sonal cycle data with their partner, friends or healthcare
professionals.

1 year after the study was started (November 1st,
2016) the status of 776 (98%) DaysyView accounts is
“Ready”, therefore DaysyView and the fertility monitor
Daysy are still in use. 20 (2%) accounts and the corre-
sponding serial numbers of the fertility monitor have
been deleted from the server. Of the 778 remaining ac-
counts, 618 (79%) were synchronized with the fertility
monitor after June 1st 2017.

Discussion
The contraceptive effectiveness of fertility monitors has
already been demonstrated in different trials [3]. Since
the Daysy algorithm is identical to the fertility algorithm
of Babycomp and Ladycomp from Valley Electronics
GmbH it was claimed that Daysy has a similar method
as well as typical-use related PI to these products (The
perfect-use related PI was not part of the previous
study). The result of the method-related PI calculation
obtained in the present study (0.63) is comparable to
that advertised by the manufacturer and differs only a
little from what is reported by Freundl and colleges (0.7)
[5]. However, if the focus is on the typical-use related
PI, it has improved from 3.8 to 1.25. There are three

Fig. 3 Rate of unplanned pregnancies (Kaplan-Meier), measured in ordinal cycle number. Annotation: after 13 cycles we cut the analysis; i.e. 2
unintended pregnancies after this time

Fig. 4 General Cycle statistics correlated to users age. a, Cycle length on average (****t-test p = 0.0001; * t-test p = 0.0228). b, Distribution of irregular
cycles. c, Length of menstruation
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reasons for the enhanced effectiveness of the fertility
monitor Daysy. (1) It has been over 20 years since the
research of Freundl et al. was published. The software,
as well as the shape of the device, has improved and the
amount of historical data has increased. (2) The sociode-
mographic characteristic of the users has changed. In
1997 Freundl reported, that 69% of the participants are
between 19 and 29 years old. In the current study, this
fraction decreases by 11% while the fraction of 30–
39 years-old increases by 10% to 37%. As it is already
shown across all methods, contraceptive failures were
significantly higher among younger woman (those youn-
ger than 25) than among older peers [22] (3). The calcu-
lated value for the cycle computers Babycomp and
Ladycomp means they are highly effective in recognizing
the different phases of the menstrual cycle and their
usage is connected with the risk similar to that of other
known contraceptive methods.
The perfect-use related PI was 0.8. Considering the

life-table analysis it was 2.19%. This results in the possi-
bility to compare the effectiveness of the fertility moni-
tor Daysy with current other study results focusing on
fertility awareness-based methods. Compared to other
methods based on FABM, the Daysy fertility monitor po-
sitions itself at the upper end [23, 24]. However, for the
remaining methods, the typical-use related pregnancy
rate is worse than the perfect-use related pregnancy rate.
Looking at the fertility monitor examined here, one no-
tices that the typical- and perfect-use related pregnancy
rates are much closer together. Basically, there are two
possible explanations for improved result. (1) Most of
the fertility awareness based methods require that female
users observe or measure their signs of fertility and
transmit them accordingly for evaluation. This can lead
to interpretation or rounding errors which are reflected
in the typical-use of the method. With a perfect-use

related PI of 1 the algorithm used by an contraceptive
mobile app has a very high safety [25]. If the typical-use
related PI of 6.9 is considered, it becomes clear that the
user in itself represents the greatest risk (which is our
main hypothesis). The Fertility Monitor Daysy avoids
this risk, women measure their basal temperature, which
is stored on the device and automatically transmitted if
necessary. This excludes rounding or interpretation er-
rors. (2) The usability and understanding of a method
plays a major role in a fertility monitoring device and its
safe effective use. In the present study, users had the op-
portunity to use the additional app DaysyView as a dis-
play of their cycle data and thereby improve the usability
of the medical device. Applications have the advantage
of being available throughout the day, and they have the
further ability to visualize complex cycle data in a sim-
plified form. In the current study, the app DaysyView
was used by 65% of the participants daily. Further, 84%
of the participants indicated that they achieved a better
understanding of themselves and their cycle through the
additional use of the app DaysyView. The disadvantage
of the app is that there is a kind of “wear-effect”. Thus,
after 13 cycles, the daily use drops down to 51%. One
reason could be that users are better acquainted with
the method and they do not need a daily observation of
their cycle any longer. Another reason could be that fe-
male users have a greater confidence in the fertility
monitor, so that a visual check of the fertility status is no
longer considered necessary.
One year after the survey started, 98% of the partici-

pants’ accounts were still active. If only the accounts that
continue to be synchronized with the fertility monitor
after 1st June 2017 are considered, it is still 79%. One
way of explaining this discrepancy is, like already dis-
cussed above, that female users continue to use the fer-
tility monitor, but no longer synchronize with the app.
Another possibility is that, for pregnancy reasons, users
do not use the fertility monitor during this time, and
therefore do not synchronize further. Since participants
only agreed during the period of the study (November
1st and December 31st 2016) that scientists had access
to their data, this hypothesis could not be verified and
will be part of further research.
The main reason for failure was unprotected (54%) as

well as protected (46%) intercourse during the fertile
phase (red days). As it is shown in Fig. 3 (inperfect-use)
for the risk-taking women who had unprotected inter-
course during the fertile time, the pregnancy probability
increases significantly up to 10.82% after 13 cycles. This
result is roughly comparable with the result that was
found investigating the symptothermal method in 2007.
It was reported that for this fraction who had unpro-
tected intercourse during the fertile time, the pregnancy
probability increases up to 7.5% per year [2].

Fig. 5 General use of the app DaysyView correlated with the
amount of cycles
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In the current study, only 2 women indicated that they
had unprotected intercourse during the infertile (green)
phase and received an unintentional pregnancy. The
probability of an unwanted pregnancy in this fraction is
2.2% which is slightly higher (n/s) than the incidence of
women who have always used an additional contracep-
tive method (1.92%).
As already described: Through the digital analysis of

temperature data, fertility monitors can reduce the risk
of inaccurate or misinterpretation (as it is done by a
computer) of fertility indicators and they can remind the
user that a pregnancy risk exists on fertile (red) days but
they cannot reduce the risk of the additional contracep-
tive methods or unprotected intercourse. It must be
noted, that unwanted pregnancy is not a harm arising
from the application of the device. It is a risk of FABM
per se. Using fertility awareness-based methods means
accepting this risk.
As discussed in the late 1970s, traditional BBT is not

very effective in predicting the ovulation window to aid
in conception [26]. This is because the method is only
able to estimate the ovulation date after the fact. The
software in Daysy uses statistical methods based on the
previous cycles to provide a prognosis of the ovulation
data upon which the users can act. It then compares the
predicted date to the calculated ovulation date at the
end of a cycle to update its model.
Daysy was used to achieve pregnancy in 9% of the par-

ticipants. In 38% of cases there was a pregnancy within
one year. Daysy was used on average for 8.5 months
until the user conceived. Two studies showed that the
fertility rates are perhaps higher than what we found in
the current study. In the report published by Wang and
colleagues, the authors found that − 50% became clinic-
ally pregnant in the first 2 cycles and > 90% in the first
6 cycles [27]. Another study analyzes the time to con-
ception using FAB methods, and finds that for a fertile
woman using FABM, the estimated cumulative probabil-
ity of conception at 1, 3, 6, and 12 cycles was 38, 68, 81,
and 92% [28].
The reason that our findings differ from the other re-

sults is that the largest share (70%) used Daysy for both,
family planning as well as avoiding pregnancy (Fig. 1b).
Thus, we don’t exactly know when they “start” family
planning.
Obviously, many women are convinced by this tech-

nology: 99% would recommend the device to their
friends. Even all of the women who became unintention-
ally pregnant while using the fertility monitor would still
recommend the device.

Limitations of the study
The retrospective design is a very time efficient and elegant
way of answering new questions with existing data. The

primary disadvantage of the retrospective study design is
the limited control the researchers have over the data col-
lection. The information provided by the participants may
be inaccurate or biased by the fact that participants already
know the device. To counter incorrect information, the
data provided by the participants were double checked for
their correctness from comparison with the internal data-
base. With this measure, it could be further ensured that
no doubts had taken part in the survey.
Another limitation of the study was that the fertility

monitor Daysy is short time on the market, since the
middle of 2014. By default, the majority of participants
used the device less then 13 cycles (686 out of 798 or
2674 cycles in total). However, 125 respondents (2076 cy-
cles in total) reported that they had been using the fertil-
ity monitor for more than 13 cycles. Thus, the typical-
use and method-related PI could be calculated cor-
rectly. Due to the retrospective nature of the study, it
was not possible to determine when and how often
users had sexual intercourse on basis of each cycle.
Thus, the calculation of the perfect-use pregnancy
rate could only be calculated by analyzing all cycles
in which the fertility monitor was correctly used. Ac-
cording to Trussel and Grummer-Strawn this could
lead to a downwarded bias [21].

Conclusions
We conclude that it is possible through the present
technology of Daysy and the additional, optional use
of DaysyView, to improve usability and enhance the
usage safety as well as the method safety rate. There-
fore, it seems that combining a specific biosensor-
embedded device, which gives the method a very high
repeatable accuracy, and a mobile application which
leads to higher user engagement results in higher
overall usability of the method.

Additional file

Additional file 1: The questionnaire. (DOCX 61 kb)
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