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Abstract

Objective: To show the effectiveness of cycle applications in both areas of application—contraception and
intended pregnancy.

Methods: A systematic review based on the PubMed and Google Scholar databases, with the addition of a
hand search, was conducted from May 11, 2023, through April 11, 2024, to objectively answer this
question. Of 1539 sources with matching search terms, 19 sources remained after checking for inclusion
criteria according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses scheme.
These were analyzed according to an evaluation scale regarding their quality in various areas. The average
quality ratings and pregnancy probabilities of the studies were compared.

Results: Comparability within and between the subquestions was hardly possible owing to different pre-
sentation of results, bias risks, and mostly uncontrolled study designs. Applications for those wishing to
become pregnant provided better quality ratings in some cases. There were indications that cycle applica-
tions shorten the time to achieving a desired pregnancy in cases of reduced fertility. In addition, some seem
to have a similar contraceptive safety as the contraceptive pill but require significantly more compliance.
Conclusion: Independent, controlled studies with a diverse clientele of test subjects are necessary for a
scientific classification. In addition, social, structural, and political adjustments are needed to enable
individuals to make informed decisions about the use of cycle and fertility applications.
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he compatibility of contraceptives is

becoming increasingly important,

especially for young people.’ In the
German health care system, these informed
and empowered individuals with a desire for
alternatives to hormonal contraception often
encounter practitioners who are fundamen-
tally sceptical about information obtained
from the internet and who attach great impor-
tance to contraceptive safety, which is why
concerns about possible side effects tend to
be met with a placatory response.”” Conse-
quently, patients frequently look for alterna-
tive, self-determined contraceptive methods,
just as couples with an unfulfilled desire to
have children look for support. Fertility appli-
cations for determining the fertile period are
attracting customers for both areas of applica-
tion. However, to the best of our knowledge,
there is no legal classification in Germany
that is safe for users.” The Association of the

Medical Societies in Germany has established
a guideline addressing nonhormonal contra-
ception, which was published in 2024.” The
varying effectiveness of various methods of
natural family planning were mentioned, as
well as the lack of sufficient evidence support-
ing the effectiveness of contraception applica-
tions, regardless of their symptothermal
basis. It is not uncommon for users to be
misled by the false sense of security that is
created by relying on the known certifications
of the applications in question.” However, ac-
cording to Frank-Herrmann et al,” an approval
of some contraceptive applications by Confor-
mité Européenne (European Conformity) clas-
sification, Technische Uberwachungsverein
(Technical Inspection Association) seal, or
US Food and Drug Administration is not a
guarantee of their safety of use. This is because
these organizations do not test their effective-
ness in their own studies; instead, they rely
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on the information and documents provided
by the manufacturers. Furthermore, numerous
applications are not designed for contraceptive
purposes but are used for this function based
on the stated fertile period.”

Natural Family Planning

The term natural contraception is not always
unambiguous for users and professionals alike.”
According to the latest guideline,” in order to
achieve a high level of contraceptive effective-
ness, only symptothermal methods with a
high level of effectiveness should be recom-
mended. One evidence-based method is mar-
keted under the brand name Sensiplan.” The
beginning and end of the fertile phase can be
determined by observing the hormonally trig-
gered, ovulation-related rise in basal body tem-
perature and the consistency and color of the
cervical mucus (or the consistency and position
of the cervix), through a double check.'” How-
ever, it should be noted that other measure-
ment times or types, alcohol, illnesses,
physical activity, traveling, heat, or hypother-
mia can influence this."' Other factors that
may influence the menstrual cycle include
physiological cycle fluctuations'” and the
impact of age, body mass index (BMI), and
ethnicity on the cycle.'” Most users express a
preference for evidence-based contraceptive ap-
plications.'*'” However, although many appli-
cations claim to predict fertile days and thus be
usable as a safe contraceptive method,'® only a
few are based on evidence.' """

Possible Ineffectiveness

Cycle applications provide users with a high
degree of empowerment. However, users
frequently lack the requisite health literacy to
reliably categorize the information they
receive, for example, the reliability of the spec-
ified fertile period, which can result in unin-
tended pregnancies.'’ Furthermore,
numerous cycle applications lack substantial
medical sources and are not developed by
medical professionals,'” and the prediction is
often inaccurate.'”*"

Objective and Research Question
To show the effectiveness of cycle applications
in both areas of application, the research

question was as follows: “How reliable is the
prediction of the fertile window by menstrual
cycle applications for users who are planning a
pregnancy by using such an application, and
how reliable is the prediction of the fertile
window by menstrual cycle applications for
users who are using such an application for
contraception?”

METHODS

The method of the systematic review was
selected to ensure the greatest possible objec-
tivity in answering the research question.”
This systematic review was conducted from
May 11, 2023, through April 11, 2024. This
was achieved by minimizing potential bias
through a meticulous, preplanned procedure
in accordance with the Cochrane Handbook
for Systematic Reviews of Interventions. To guar-
antee a systematic and reproducible search for
pertinent sources, the literature search was
meticulously aligned with the criteria set forth
in the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses)
statement.””

As inclusion criteria, we searched for
studies that dealt with smartphone cycle appli-
cations that support users based on the cycle
information entered and the fertile time calcu-
lated from it, either for contraception or in the
event of pregnancy. Because both achieving
pregnancy and contraception based on cycle
monitoring are closely linked to determining
the correct time of ovulation, the broader
concept of the time of ovulation was also
included in the inclusion criteria.

The exclusion criteria were related areas
with a different focus as follows:

e Studies on animals, microorganisms, plants,
or fungi

e Applications that record the measurement of
luteinizing hormone in urine, for example,
as the main measurement parameter

e Stand-alone cycle computers without
applications

e Applications for preconception care

e Applications for pure knowledge transfer
without cycle evaluation

e Applications that provide information on
pregnancy (eg, visualization of growth)

e Cycle monitoring only in relation with
certain diseases (eg, sexually transmitted
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diseases, premenstrual syndrome and pre-
menstrual dysphoric disorder, polycystic
ovary syndrome, diabetes, and tumors)

e Cycle monitoring only in relation with
certain medications

e Applications specifically for people under-
going fertility treatment

e Applications that are explicitly aimed at peo-
ple in menopause or puberty

e Studies that summarize applications and do
not break them down individually by name

e (Partial) publications that refer to a study
that has already been included

e Studies that examined applications purely
technically on hypothetical cycles

Based on these defined inclusion and
exclusion criteria, the first database search
was conducted in PubMed (May 12, 2023)
and Google Scholar (June 9, 2023), supple-
mented by a hand search and repeated search
until the end of the study. The search terms
included the keywords cycle application and
contraception, as well as cycle application and
desire to have children (and the German trans-
lations thereof). The languages selected for
the search were German and English. As the
term cycle tracking applications only emerged
in 2015, no temporal constraints were
imposed on the search. The databases
searched and the respective result figures are
shown in Supplemental Appendix 2 for refer-
ence (available online at https://www.mcp
digitalhealth.org/). Supplemental Appendix 3
(available online at https://www.mcpdigital
health.org/) presents the search generation
process for PubMed search.

This was followed by duplicate removal
and screening by title and abstract according
to the inclusion and exclusion criteria in
accordance with the PRISMA statement
as shown in the PRISMA Checklist in
Supplemental Appendix 1. Full texts were
searched for the remaining studies, and these
were also screened individually by both au-
thors (Figure 1).%? The included publications
identified in this way were analyzed in a data
extraction table Figure 2 **~" using previ-
ously defined quality characteristics and
then evaluated in tables on the topics con-
traception, pregnancy, and time of ovula-
tion according to a defined quality
assessment key. The resulting average quality

scores and pregnancy probabilities were then
compared.

Included Publications

The categories delineated in the columns are
based on the Cochrane PICOS (population,
intervention, comparison, outcomes, study)
scheme. The population section includes the
columns “No. of cycles at start/No. of cycles
after 3 mo/J included cycles,” “Participant se-
lection,” and “Participant requirements.” The
columns “Application,” “Technology,” and “Pa-
rameters analyzed by application,” on the con-
trary, pertain to intervention. The column
designated “Control group” is categorized at
comparison. The outcome is delineated in the
“Study outcome” column. The study type is
described in the column “Study design.” Abbre-
viations used in the tables in Figures 2 to 4 "~ *
are explained in the list of abbreviations in
Supplemental Appendix 4 (available online at
https://www.mcpdigitalhealth.org/). The data
extraction table can be found in Figure 2. The
assessments in Figure 4 were performed accord-
ing to the legend in Figure 3

General Issues Encountered During the
Course of the Evaluation

Owing to the lack of randomized controlled
trials and the heterogeneity of the included
studies in terms of methods, calculation
methods, follow-up conditions, and lost-to-
follow-up rates, as well as the inadequate sam-
ple sizes and considerable risk of bias, the
quality of most of the included studies was
found to be inadequate. That is why, most
studies (with the exception of 3) found defi-
ciencies in internal and/or external validity,
resulting in the inability to attain objective
comparison. As a result, the results of 16 of
the 19 included and evaluated studies could
not be considered valid because of various po-
tential biases or limitations in generalizability
and were excluded (Figure 4 “Results not
included due to poor quality”).

It is also important to note that of the 19
included studies, 8 studies addressed the appli-
cation Natural Cycles, 5 studies assessed the
contraceptive effectiveness, and 3 assessed the
topic of pregnancy. Although not all of them
are written by the same authors, these studies
appear at least similar and low in quality owing
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Database search
c PLibMed Manual search
o n=1407 n=46
§ Google Scholar
= n=149
c
Q
=

\ﬁ—l

Duplicate removal

n=1539 remaining

Duplicates excluded
n=63

v

Screening by title and abstract
according to exclusion criteria

PubMed n=13 remaining
Google Scholar n=1 remaining
Hand search n=26 remaining

Screening

Excluded from title and abstract
screening and duplicates not
automatically recognised before
n=1499

v

Search for full texts
PubMed n=1I| remaining

Google Scholar n=0 remaining
Manual search n=23 remaining

Excluded because full texts cannot
be found
n=6

v

Full texts assessed for suitability
PubMed n=8 remaining

Google Scholar n=0 remaining
Manual search n=1| remaining

v

Full text of studies included in the
scoping review Earle et al. (2021) and
did not appear in the database search

before:

* Lietal (2021): no full text, no
contact to author, adding the full
text not possible

* Bretschneider (2015): Full text
found, but did not meet the
inclusion criteria, therefore
excluded

v

|9 publications included in systematic

Eligibility

c
.2
)
=
©
=

review

Full texts excluded: n=15
Reasons:

* Evaluations of the apps without use on human test
subjects: Duane et al. (2016), Freis et al. (2018),
Hutcherson et al. (2020), Moglia et al. (2016)

* No breakdown of individual apps with app names:
Johnson et al. (2018)

* No evaluation of app effectiveness: Wark et al.
(2015), Simmons et al. (2017), Mangone et al.
(2016), Huhn et al. (2022), Fox and Epstein (2020),
Ford et al. (2022)

* Full text refers to source already included:
Reference to retraction Koch et al. (2018):

Koch et al. (2019)

Reference to Berglund Scherwitzl et al. (2017):
Schimmoeller and Creinin (2018)

Source is subsection of Jennings, Haile, Simmons,
Spieler and Shattuck (2019): Jennings, Haile, Simmons,
Fultz and Shattuck (2019)

Analyses) scheme according to Ziegler et al.”

FIGURE 1. Flow chart based on PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-

to strong risks of bias because of manufacturer
funding, several conflicts of interests, and devi-
ating methods of calculations.

Two studies’ ™" were identified with
adequate  quality. These studies were
controlled and not funded by producers,
addressing the topic of pregnancy. However,
given that both were part of the Pregnancy

Study Online, a cohort study from North

America, it is not reasonable to compare
them. A third study”" also reported good qual-
ity, but a direct comparison was not possible
owing to a lack of data regarding pregnancy
rates. Instead, the discussion centred on the
potential of a bracelet that measures body tem-
perature to predict ovulation.

Nevertheless, it is important to articulate
these limitations because they are not always
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Reasons for

Compari-

Tech-

Parame-

Study Outcome

Other Potential Bias / Confounding

Dropout son Param- nology ters Ana-
etersin lysed by
Study the App
Insufficient HM App+  Mens, Determination OV: in 82% of Funding: Swiss Commission for Technol-
compliance, Wear Temp. cycles 2 temp phases were de-  ogy and Innovation CTI
anovulatory cy- able Peri- tected, nadir of skin temp did not  Conflict of interest : none declared
cle pheral show robust prospective predic-  Detection bias: use of the same LH test
tion of OV, retrospective determi- kits for comparison with OV displayed by
Exclusion of nation of OV showed 2 temp app
186 cycles with phases in 86 % of cycles Performance bias: not recognisable
less than 80% Confounding age: ECO, @ 33.66 years,
daily recording Confounding hormonal C: NoECO
between fertile Adjusted models: yes (late eating, BMI,
window and coffee, sport, sex, alcohol, age, spotting)
early luteal Further confoundings: sex, late eating,
phase alcohol, BMI @ 22.97
Q App  Mens. Satisfaction: after 3 months of ~ Funding: US Agency for Intemational De-
use: 60% of respondents would  velopment
definitely recommend the app to ~ Conflict of interest: LT Haile and HM
others, 22% would probably rec-  Fultz work for Institute for Reproductive
ommend it to others Health, Georgetown University (owns pa-
tent for CycleBeads)
Detection bias: none
Performance bias: none
Confounding age: noECO, @ 20-34
Confounding hormonal C: noECO, hor-
monal C last 3 months Ghana (21.3%),
Kenya (28.29%), Egypt (22.2%), India
(8.4%) Nigeria (8.6%), Jordan (14.2%),
Rwanda (8.6%)
Adjusted models: none
Further i none
Reasons for ~ Compari- Tech- Parame- Study Outcome Other Potential Bias / Confounding
Dropout son Param- nology ters Ana-
eters in lysed by
Study the App
Dropout on re- IN App Mens. Contraceptive effect: | un- Funding: Bill and Melinda Gates Founda-
quest P (espe- planned pregnancy when trying to tion
cially with conceive (due to cycle beingtoo  Conflict of interest: Victoria Jennings de-
higher educa- short) veloper CycleBeads, Georgetown Univer-
tion level) Health literacy: P know when ity owns Patent
fertile days: Baseline 88.4%, Detection bias: interviews of P by em-
Ifthe cycle is Midiine 100%, P know minimum  ployees of the Institute for Reproductive
too short, refer required cycle length (26 days): Health or the manufacturer's app, also ex-
to the dot app is Midline 97.5% planation of standard daily method and use
displayed in the Abstinence or condom use (last  of app, | 1% explanations baseline, mid-
app 45 days): midiine 59%, endline line 6%, endline 3%
632% Performance bias: high number who un-
38% Dropout Satisfaction: 70% BL, 93% ML,  derstood the method well (due to explana-
97% EL (probably dropout, who  tions in IN?)
is dissatisfied) Confounding age: noECO, @ 25
Confounding hormonal C: noECO, low
proportion, not clear when before (but ex-
planation in app regarding handiing)
Adjusted models: none
Further confoundings: many students
(45%) and university graduates (50%),
very high level of education
Complete Case Prg, App+ BT daily Fertility monitor Daysy can be  Funding: Manufacturer of Daysy
Analysis: 84% Q Daysy (oral used individually or linked to Conflict of interest: One author works for|
excluded from thermo- the DaysyView app. Here only  the manufacturer
Pl calculation meter) use of Daysy and DaysyView Detection bias: Due to retrospective ob-

(because of less
than I3 cycles),
possibly ex-
cludes those
with <13 cycles
due to uninten-
tional Prg
Kaplan -Meier
Analysis: 10
cumulative Prg

Author App Re-  Country Dura- Study Participant
(year) search tionof Design Selection
Ques- Study
tion
Shilaih etal.  Ava OV Switzer- nla Prospective from Uni-
(2018) Fertility land study versity Hos-
pital Zurich
Haile et al Cyde C Egypt, 6 Prospective Social
(2018) Beads Ghana,  Cycles market test media
India, advertising
Jordan,
Kenya,
Nigeria,
Rwanda
Author App Re-  Country Dura- Study Participant
(year) search tionof Design Selection
Ques- Study
tion
Shelusetal. Cyde C Kena 3 Prospective NGOs,
(2017) Beads Months  study with Social Me-
quantitative dia, Word-
and of-Mouth-
qualitative Marketing,
IN ‘Willingness
to partici-
pate via app
itself by P
(Kochetal, Daysy C nfa 13 Retrospec- Mail to al-
2018) View Cycles  tive ready regis-
Study with- efficiency tered users
drawn (see study of Day-
also (Koch et syView
al. 2019; Po-
lis, 2018)

after 13 cycles) ,
Cf: 2 Prg in Pl
typical use, |
Prgin Pl Per-
fect Use (Polis,
2018)

Dropout: n/a

Contraceptive effect: Typical
Use Pl 1.3, Perfect Use PI 0.8
(unprotected Sl only on green
days with continuous App use)
Kaplan -Meier -Analysis: 2.19%
Perfect Use, 2.71% Typical Use
probability of pregnancy after 13
cycles

Method Failure: Pl 0.6 (Preg-
nancy due to Sl on falsely la-
belled infertie day)

Cycle variation: 24% had irreg-
ular cycles (more than 3-4 days
variation)

Satisfaction: 99% would recom-
mend the app to others (even in
case of unintentional Prg), 65%
use the app daily, 29% weekly,
44% monthly, frequency of use

decreased with time of se, but
Daysy can also be used without
DaysyView

servation unclear when and how often SI
occurred in the individual cycles, instead
Perfect Use Prg rate was calculated by in-
cluding all cycles in which the fertility
monitor was used correctly, although it is
unclear whether S| occurred
Performance bias: 64% of P. use addi-
tional C, of which 22% on fertile and in-
fertile days

Confounding age: NoECO, @ 29
Confounding hormonal C: NoEco
Adjusted models: none

Further confounding: BMI @ 23, cycle
length @ 289 days, 90 of the 798 had ex-
perience of abortion or miscarriage. Un-
clear whether in study or before. Unclear
how this influence s the study, if during.

70% used Daysy for C and planning of a
Prg and it is unclear when intention
changed

FIGURE 2. Data Extraction Table (Sorted by App Name).

immediately obvious on initial inspection of
the studies’ documentation available on the
internet. Our quality rating is displayed in
the following sections and in Figures 3 and
4. At this point, it is important to acknowledge
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sis

Author App Re-  Country Dura- Study De- Participant Reasons for ~ Compari- Tech- Parame- Study Outcome Other Potential Bias / Confounding
(year) search tion of  sign Selection Dropout son Param- nology ters Ana-
Ques- Study etersin lysed by
tion Study the App
Jennings et al. Dot C USA 13 Prospective Selection Insufficient Prg App  Mens Contraceptive effect: Perfect Funding: U.S. Agency for International
(2019) Cycles  efficiency from new compliance, Use failure 19, Typical Use fail- Development
study Dot users dropout at the ure 5.8% Conflict of interest: 2 lead authors em-
(reaction to request of P, Worst Case: if possible Prgare  ployed by Institute for Reproductive
pop-up cycle length counted for dropouts: Worst Case Health, Georgetown University, Washing-
message in >40 days, <20 Typical Use 12.8% ton, DC, USA, family member university
app) days, variability director owns Cycle Technologies (manu-
<9 days, tech- facturer Dot)
nical problems Detection bias: Various methods of preg-
of P nancy measurement (doctor, urine test or
indication by P herself), Sensitivity analy-
Exclusion of sis (probably pregnant if Sl in fertile win-
cycles in which dow and stop of use after OV; probably
no Sl took not pregnant if no Sl in fertile window or
place stop of use before OV)
Performance bias: Not detectable
Dropouts after Confounding age: Eco, @ 29
12 months Confounding hormonal C: NoEco, but
53% no hormonal contraception in the last 3 cy-
cles (inclusion criteria)
Adjusted models: none
Further confoundings: possibly higher
compliance than normal users due to the
fact that P report themselves for the study
via the app,
55% light-skinned,
Dot was the first app to disclose its algo-
rithm
Earle et al. Scoping Funding: School of Life and others.
(2021) Review Conflict of interest: none
Detection bias: n/a
Performance bias: n/a
Confounding age: n/a
Confounding hormonal C: n/a
Adjusted models: n/a
Further i n/a
Li et al. Dot C USA nfa Retrospec- nla nla App unclear No full text, abstract in PubMed  Funding: Cycle Technologies ( manufac-
(2016) tive analysis differs from analysis Earle etal. turer Dot App)
mentioned in simulation (2021) Not analysable, as little  Conflict of interest: Author works for
Earle etal. study information available manufacturers
(2021), Benefit possibly overrated, as itis  Detection bias: n/a
no full text, assumed that no unprotected Sl on Performance Bias: n/a
not analysable fertile days (Earle et al. (2021))  Confounding age: n/a
Confounding hormonal C: n/a
adjusted models: n/a
Further confoundings: young, white,
well-educated P
Author App Re-  Country Dura- Study De- Participant Reasons for ~ Compari- Tech- Parame- Study Outcome Other Potential Bias / Confounding
(year) search tion of  sign Selection Dropout son Param- nology ters Ana-
Ques- Study eters in lysed by
tion Study the App
Wise etal  Fertiity Prg  USA, 12 Parallel By Prg, >6 months Prg App or Mens, Does random distribution of  Funding: partly from charitable funds, do-
(2023) Friend Canada  months non-blinded PRESTO since last pe- App+ BT dally, free premium membership Fer- nations in kind from FertilityFriend.com
(FF) randomised riod, trying to Ther-  (cervical tilityFriend.com (50% of P) and Kindara.com
control get pregnant for mome- mucus), shorten TTP? (use of anappvs.  Conflict of interest: Lead author Consult-
study em- >6 months, Ex- ter (cervical no use of an app) ing income from AbbVie.com
bedded in clusion of P position) Intervention group 64% Probabil-  Detection bias: Various measurement
Pregnancy who were not (LH), (S1) ity of Prg in 12 Cycles, in control methods for Prg (urine test, ultrasound,
Study pregnant after group 63%, both 70% in the first  blood test, test by doctor)
Online 12 months, ini- cydle, Performance Bias: not recognisable
(PRESTO) tiation of fertil- FR=1.06 Intervention group vs. Confounding Age: ECO, @299
ity treatment, control group, without first cycle  Confounding hormonal C: ECO 39.6%
termination of FR=099, hormonal C before
attempt to be- Stronger differences in the proba- adjusted models: yes (eg. age, births, ed-
come pregnant bility of pregnancy with age <25 ucation)
(FR=1.29), longer tryingto get  Further confoundings: high level of edu-
pregnant before the start of the  cation, high income, predominantly white
study (FR=1.15), with <I2 years  population (80.6%), 70% college degree,
of schooling (FR=1.32), non-use  89% married, <10% previously reported
of hormonal C in the last 3 infertility, 32 % had children, 76% took
months before the start of the multivitamins, folic acid or prenatal vita-
study (FR=1.10) mins, 43% BMI under 25, @ 2.1 months
trying to get pregnant at the start of the
study, 52% of days were documented by
active P in the intervention group (97% of
which were menses times, 81% S| data,
72% cervical mucus, 52% BT, 44% LH,
17% cervical texture), 81.3% participated
in the follow-up
Sohdaetal Luna OV  Japan 8 Retrospec- Data rec- nfa App  Mens. + Comparison of the "Optimised  Funding: Producer paid salary for 2 of the
(2017) Luna Cycles tive study — ords of the OV day Method" Luna Luna app calcu-  authors
secondary app on detected lation with Ogino Method and Conflict of interest: Luna Luna data be-
data analy- server by P Half -Cycle Method calculations  longs to MIT Ltd, 2 of the 3 authors are

Optimised method: best predic-
tion of OV

Correlation between cycle length
and follicular phase length
stronger than correlation between
cycle length and luteal phase,
Correlation between length of
past cycles and length of future
cycles,

strong correlation between length
of past cycles and length of follic-
ular phase,

significant correlation between
length of past cycles and length of
luteal phase

employees of MIT Ltd. and have applied
for a patent

Detection bias: OV detected by clin. Ex-
amination (usually ultrasound or blood
test) or LH urine test: However, methods
vary in accuracy

Performance bias: not recognisable
Confounding age: NoEco, @ 32.94,
higher than @age of first -time mothers in
Japan (30.1 years)

Confounding hormonal C: NoEco
Adjusted models: no

Further confoundings: none mentioned

FIGURE 2. Continued
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Berglund Natural C Sweden 5

Retrospec-

PR, online

Ques- Study
tion

tered users
of NC

FIGURE 2. Continued

crease of 4% when entering
OVtest

OV day: First positive LH-OVtest
@19 days before BT-based OV
displayed in the app

Cycle phase length: Luteal phase
varies in @ 1.25 days per P

Author App Re-  Country Dura- Study De- Participant Reasons for ~ Compari- Tech- Parame- Study Outcome Other Potential Bias / Confounding
(year) search tion of sign Selection Dropout son Param- nology ters Ana-
Ques- Study etersin lysed by
tion Study the App
Berglund Natural C Switze- Not  Retrospec- Online and notatleast 30 Prg App+  Mens, Comparison of 161 cycles with  Funding: n/a
Scherwitzl et Cycles OV land, clear  tive study offline ad- days temp Ther- BT daily, LH measurement vs. OV pro- Conflict of interest: main author and one
. 2015 (NO) Sweden vertising, measurement, mome- LH- vided by app author are founders and shareholders NC
1501 co-opera- other Con ter Measure- C-effect: no Prg with unprotected Detection bias: unclear which LH tests
cycles tion with green (infertile) ment, (SI) Sl only on green (infertile) days, ~ were used by users and whether they were
(lel birth con- days one Prg with unprotected Slon  used correctly, not sure how reliable the
with trol clinics red day information on pregnancies is (no ques-
LH 161 cycles with Method Failure: only 005% of  tioning of P)
meas- LH measure- fertile days labelled as infertile Performance bias: not recognisable
ure- ment of 1501 Proportion of infertile days in Confounding age: noECO, 30.!
ment)/ cycles app: first cycle 44%, with previ-  Confounding hormonal C: ECO, 22% of
317 P/ ous use of hormonal C 32 %, after P have discontinued hormonal Cin the last
4.74 3 months of use 55% (51 % after 2 months
cycles hormonal C), with >70% days Adjusted models: none
per P with BT measurements 61%, in-  Further confoundings: diseases, medica-

tion, No restrictions on P with regard to
BMI, smoking, cycle length, cycle regular-
ity, ilnesses

Insufficient HM App + Mens,

Contraceptive effect: 0.5 Pl Per-

Funding: NC

etersin lysed by
Study the App

Scherwitzl et Cycles Months tive study & offine Ther- BT dally, fect Use (unprotected Sl only on ~ Conflict of interest: main author and one
al. (2016) advertising mome- (LH- green days), 7.0 Pl Typical Use, author are shareholders of NC, another au-
regarding ter  measure- Kaplan-Meier: 7.5% probability ~thor is an employee of NC
natural C ment), of Prgin | year Detection bias: Use of the same basal
Dropout 34 % ©h) Worst Case: ifall Pwho have  thermometer specified, but Prg was only
Mail to al- (but short stopped app use and who have un- recorded by P, thus unclear method of
ready regis- study) clear pregnancy status are counted pregnancy detection
tered users as pregnant, then 9.8 Pl with typi- Performance bias: not recognisable
of NC cal use Confounding age: NoECO, 92% der P
Proportion of infertile days in 20-35 Jahre
app: 41% at the beginning, after ~ Confounding hormonal C: NoECO
leaming period and with BT input ~ Adjusted models: none
for regular cycles @ 58% green Further confoundings: none
day (5% more with LH measure-
ment) information on Sl was only entered on 8%
Satisfaction: 83% more satisfied  of the days, making it difficult to calculate
than before, 88% recommenda-  perfect use and typical use, therefore per-
tion, fect use Pl determined by when algorithm
incorrectly indicated non-fertile (green)
days, although these were fertile (red) and
Prg occurred (regardless of whether P pro-
tocol was followed or not)
Author App Re-  Country Dura- Study De- Participant Reasons for ~ Compari- Tech- Parame- Study Outcome Other Potential Bias / Confounding
(year) search tionof sign Selection Dropout son Param- nology ters Ana-

cantly lower probabilty of be-
coming pregnant after hormonal
C, values equalise after about 10
months

1656 P pregnant, test after @ 120
days

Berglund Natural C  37Coun- 18 Prospective End user Indication of  Prg App + Mens, Contraceptive effect: Perfect  Funding: NC
Scherwitzl et Cycles tries,  Cycles observa- marketing desire of preg- Ther- BT dally, Use P 1.0 (only 9.6% Perfect Conflict of interest: lead author and one
al. (2017) 79% tional study techniques nancy despite mome- (LH- Use Cycles), author are founders and shareholders of
Sweden using the app ter  measure- Typical Use Pl 69 in 100 Women NC, one co-author works for NC, 3 co-au-
Mail to al- for C ment), years, (6.8 in 12 months), failure  thors receive fees for e, presentations by
ready regis- (sl rate Typical Use to 13 cycles 8.3% NC
tered users 549 Dropout Detection bias: study discontinuation be-
of NC after 12 months. Worst Case: (all women with un-  tween menses and OV -> counted as prob-
known pregnancy status counted  ably not pregnant (thus possible downward
as pregnant) PI 9.0 after | year  bias of results)
and 9.3 after |3 cycles Performance bias: not recognisable
Method Failure: Prg rate of - Confounding age: noECO, & 29.2
cles where App displays days in-  Confounding hormonal C: NoECO
correctly as infertile: 0.5 per 100 Adjusted models: none
woman-years Further confoundings: none
possibly intention to get pregnant without
changing this before Prg in App, seen as
Failure in Typical Use (Typical Use PI
possibly higher than actual)
Berglund Natural Prg  86% 14 Prospective End user n/a Prg App+  Mens, TTP : for previous users of NC  Funding: NC
Scherwitzl et Cycles Sweden, Cycles observa- marketing Ther- BT daily, 284) 2.3 cycles vs. 3.7 cycles  Conflict of interest: main author and one
2. (2019) 43% tional study techniques mome- (LH- with previous use of hormonal C  author are founders and shareholders of
Norway, ter  measure- (n=1590), no difference between NC, 4 of the 8 authors are employed by
30% Mail to al- ment), the two groups over a period of 13 NC, 3 co-authors receive fees for eg, lec-
USA ready regis- (sh) tures from NC

Detection bias: Input of positive preg-
nancy test by user

Performance bias: not recognisable
Confounding age: ECO, @ 28.1
Confounding hormonal C: ECO, in one
of the comparison groups

Adjusted models: yes (age)

Further confoundings: @ BMI 237

differently, are subjects to various limitations,
including limitations in generalizability and
potential biases. Therefore, a comparison was
not possible, and the effectiveness described

shortcomings and biases we found in this
study. It is also important to emphasize that
the effectiveness of the studies outlined in
the following sections, being calculated
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Author App Re-  Country Dura- Study De- Participant Reasons for ~ Compari- Tech- Parame- Study Outcome Other Potential Bias / Confounding
(year) search tion of sign Selection Dropout son Param- nology ters Ana-
Ques- Study eters in lysed by
tion Study the App
Bull, Row- Natural C Sweden 13 Prospective End user Dropout on re- Prg, Appt+  Mens, C effect depending on previous ~ Funding: NC
land, Cycles Cycles  observa- marketing quest P, Prg Q Ther- BT daily, used C (< 2 months before) Conflict of interest: main author and 4
Lundberg et tional study techniques mome- (LH- Best: Condom PI 35 other authors work for NC (including 2
al. (2019) 207 (1.3%) ter measure- Worst: Pill Pl 8.1 founders and shareholders), | co-author re-|
Mail to al- Dropout ment), Whole cohort: Pl 6.1 ceives fees for e.g. lectures from NC
ready regis- ) Previously hormonal C: 7.6 Detection bias: Input by P, not recognisa-
tered users Previously non-hormonal C: 48 ble if additional Q
of NC Difference partly explained by Performance bias: not mentioned
more frequent unprotected Sl fer- Confounding age: noECO, @ 30.0
tile days (compliance better with  Confounding hormon al C: ECO, 41%
e.g. condom use before) hormonal C <2 months before
Adjusted models: none
Further i none
Bull, Row- Natural OV Sweden, At least Retrospec- End user <6 Cyclesin  nla Appt  Mens, Length of cycle phases: mean  Funding: NC
land, Berg-  Cycles UsA, 6 tive study marketing App, Prg, Cycle Ther- BT dally, length of the follicular phase 169 Conflict of interest: lead author and 3
lund Scher- UK Cycles techniques length outside mome- (LH days, of the luteal phase 124 days ~ other authors work at NC (including 2
witzl et al. 10-90 days, BT ter measure- Change in cycle by age: mean founders and shareholders), one other au-
(2019) User data of <50% of days, ment), cycle length shortened by 0.18  thor received salary from NC
app users sl days per year between the ages of Detection bias: OV determined by app
on server with 56% ex- 25 and 45, the follicular phase by ~ was not compared with any measured pa-
clusion of indi- 0.19 days rameter
vidual cycles, Change due to BMI: 0.4 days or  Performance bias: not mentioned
as in some 14% higher cycle variability in P Confounding age: ECO, @ 30.3
cases no OV with BMI over 35 compared to P Confounding hormonal C: NoECO, but
day can be de- with BMI between 185 and 25 exclusion of PB with hormonal C in the
termined due to last 12 months
missing BT, if Adjusted models: yes (age, BMI)
only cycles Further confoundings: BMI @ 23.6
with LH meas- (Rage 18-45), only 8% obese compared to
urement + BT 15% in the population
are considered:
96.4% exclu- 80% of P had target C, 20% Prg
sion of cycles
Author App Re-  Country Dura- Study De- Participant Reasons for ~ Compari- Tech- Parame- Study Outcome Other Potential Bias / Confounding
(year) search tion of sign Selection Dropout son Param- nology ters Ana-
Ques- Study eters in lysed by
tion Study the App
Favaro etal.  Natural Prg Sweden, max.  Prospective End user Insufficient Prg, Appt  Mens, During 13 cycles 84.7% preg- Funding: NC
(2021) Cycles UK, 14 observa- marketing compliance, Q Ther- BT daily nant Conflict of interest: 9 authors: Lead au-
USA  Cycles tional study techniques dropout at P's mome- (LH- Pregnancy rate after 6 months  thor, 7 other authors work at NC (includ-
request, exclu- ter measure- 61%, after 12 months 74%, TTP  ing shareholders and the 2 founders and
Mail to al- sion of all cy- ment), @ 4 cycles shareholders), | co-author receive honorar-
ready regis- cles in P who ) Factors influencing TTP: high-  ium from NC
tered users switched back est probability (6 months: 88%, Detection bias: cycles counted as attempts
of NC 0 Cmode of 12 months 95%, TTP @ 2 cycles) 1o get pregnant where P s in the planning
the app during ith: Age under 35 years, varia-  mode of the app on the 4th day of the cyclel
the study, re- bility cycle length <5 days, Slon  at the latest (as NC assumes fertile window
gardless of >20% of days, in the first cycle from the first day after the
whether preg- lowest probability: older than 35 end of menses and @ menses of P lasts 4
nant or not years (after 6 months 54%, after  days) -> a a resuft, TTP might be included
12 months 75%), irregular cycles  one cycle shorter than actual, input Prg di-
Dropout30.5% ((after 6 months 58%, after 12 rectly by P
months 79%), Performance bias: none
only 3.3% of P in group with Confounding age: ECO, @ 31.8
worst probability Confounding hormonal C: NoEco, but 2
months C mode before study (lead-time
bias)
Adjusted models: BM|, age
Further confounding: higher education
and lower BMI (BMI @ 233) than total
population, in @ 6 months NC before
Pearsonetal Natural C UK 13Cy- Prospective End user Insufficient Prg, App+  Mens, C effect: Perfect Use P 20, Typ-  Funding: not recognisable
(2021) Cycles cles  observa- marketing compliance,  Q Thermo BT daily , ical Use P 6.1, probability of Conflict of interest: 8 authors: Lead au-
tional study techniques dropout on re- -meter (LH- pregnancy at 13 months 7.1%,  thor and 4 other authors work at NC (in-
quest Pb. measure- probability of pregnancy atage  cluding the 2 founders and shareholders)
Mail to al- ment), 19-34 8.9%, 34-45 years 50%  Detection bias: Indication of pregnancy
ready regis- 35.7% deliv- ©l) Worst Case: PI 7.6 (incl. Pwho by P by entering a pregnancy or by perma-
tered users ered 13 cycles, were assessed as probably preg-  nently increased BT after OV detected by
of NC 41.9% were nant, as discontinuation of use in  app. If no confirmation or refutation and P
still using the Iuteal phase) stopped app usein the follicular phase or
app at the end Proportion of infertile days in later in the cycle (without OV being de-
of the study app: for P with 50-70% indica- tected) classified as probably not pregnant
tion of BT 34.1%, in cycle 13 (included in effectiveness analysis).
Cycles without even 46.5%, with over 70% indi-  Stop of app use during fertile window or in
data were dis- cation of BT 368%in the first  luteal phase, categorised as possibly preg-
carded cycle and 54.5% in the 13th cycle  nant (included in Worst Case Scenario).
Performance bias: not recognisable
Dropout at the Confounding age: ECO, @ 30.3
end 58.1% Confounding hormonal contraception:
NoECO, 56% had hormonal C (in the last
12 months)
Adjusted models: yes, age
Further confoundings: @ BMI 234 (12 -
55), 83.2% in stable partnership, 83%
university degree, 84.5% had not yet had
children

FIGURE 2. Continued

in these studies might not be transferable to
the heterogeneity and diversity of potential
users. In the following sections, we outline

these values and

studies.

the limitations of these

Summary of Evaluations on Contraception

The average quality ratings were formed based
on the evaluations. The lowest quality rating
was evaluated at the study done by Shelus
et al.”® Primary factors contributing to this
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Reasons for
Dropout

Compari-

Tech-

son Param- nology

etersin
Study

Parame-
ters Ana-
lysed by
the App

Study Outcome

Other Potential Bias / Confounding

Insufficient

compliance,
dropout on re-
quest P,

only P consid-
ered who also
reported Prg in
max. 12 months

Prg,

Q

App

Mens., TTP: @ 3.94 months

(S Relationship between cycle
characteristics and TTP: P un-
der 25-26 days cycle length short-
est TTP with imegular cycles,
otherwise: P with normal cycle
length (27-29 days) pregnant
faster than with other cycle
lengths,

with normal cycle variability (<9
days) faster than with more varia-
bility,

Longest TTP with very long cy-
cles over 34 days

Smokers had shorter TTPs than
non-smokers (however, only P
Who became pregnant were ana-
lysed in the study)

Funding: Ovia Health

Conflict of interest: Lead author works
for manufacturers

Detection bias: report Prg by P
Performance bias: not recognisable
Confounding age: ECO, @ 30.8
Confounding hormonal C: NoECO
adjusted models: yes, 8835 P (age, smok-
ing, prg)

Further confoundings: BMI was asked
directly (not calculated in app from height
and weight), 17% did not know what BMI
means, therefore BMI was excluded from
final analysis, 38% had previously given
birth, 15% smokers, 41% had cycle of 27-
29 days, 86% P cycle variability of less
than 9 days

Inasibco- Appt Mens,

TTP. 379 months usage (Me-

Funding: n/a

hort: Ovula BT every dian), 67.7% TTP 3 months Conflict of interest: Main author works
HM Ring 5 minutes Detection OV: 96.31% (96.5%  for a company (Exeltis West Europe &
us retrospective and 88.5% prospec-  Germany), which has had a sales coopera-
tive) ‘tion with the manufacturer OvulaRing
Accuracy of fertile window (3 since 2017
days before OV, OV day. 3 days  Detection bias: Type of pregnancy detec-
after OV): after 3 months leam-  tion not recognisable, ovulation in part of
ing phase 88.8% prospective the P compared with ultrasound examina-
tion and LH measurement
Performance bias: not recognisable
Confounding age: NoECO
Confounding hormonal C: NoECO
Adjusted models: no
Further confoundings: BMI (@ 22.2),
PCOS
(indication of TTP in the median, also
BMl in the median)
Reasons for ~ Compari- Tech- Parame- Study Outcome Other Potential Bias / Confounding
Dropout son Param- nology ters Ana-
etersin lysed by
Study the App

no / implausible
data last men-
ses, >6 months
since last men-
ses,

Distortions pos-
sible due to
loss-to-follow-

Prg

App or
Appt+
Ther-
mome-
ter

Mens. or Probability of conception when

(Mens. + u: a corresponding app vs.
BT daily) without: 20% higher probability
or (Mens of conception per cycle when us-
+eg ing an app, little difference be-
cervical tween the apps

mucus, Influence of apps with fertility
cervical indicators vs. without: with fer-
position) tility indicators (BT, cervical mu-
or cus, cervical position and/or LH
(Mens+ in urine) higher fertility per cycle
LH- than without fertility indicators
measure-

ment),

)

Funding: Eunice Kennedy Shriver Na-
tional Institute of Child Health and Human
Development, USA.

Conflict of interest: one author worked
for AbbVie.com (pharmaceutical manufac-
‘turer) received in-kind donations from
Sandstone Diagnostics, Swiss Precision
Diagnostics, FertilityFriend.com and Kin-
dara.com, another received salary from
Swiss Precision Diagnostics, outside of
this study

Detection bias: frequency of Sl recorded,
but no time when in the cycle, usage be-
haviour was not directly checked (when
which values were entered in the app)
Performance bias: partial use of several
apps, discontinuation of use of one app,
change which apps are used 23-35%, half
of the P received free premium member-
ship of the FertiityFriend app, increase in
use of FertilityFriend from baseline 14%
to 21 % over the course of the study
Confounding age: ECO, @299
Confounding hormonal C: ECO, 38%
used hormonal C as their last form of C
Adjusted models: yes (including folic acid
intake, smoking behaviour, BMI)

Further confoundings: most P have a col-
lege degree (70%), height, relationship
status, (many confounding factors ana-
ysed)

randomised allocation of the Fertili-
tyFriend premium membership to people
who had not yet used FF (cf. Wise et al.
(2023)), this group categorisation was used
in Stanford et al. (2020) not considered in
the final evaluation (which app was used)

1.36

107

121

113

129

128

Author App Re-  Country Dura- Study De- Participant
(year) search tion of sign Selection
Ques- Study
tion
Bradley etal. Ovia Prg USA 12 Prospective User data of
(2021) Fertiity Months observa- app users
tional study on server
Regidoretal Owula Prg  Germany 15 Prospective
(2018) Ring OV Months non-ran-
domised
clinical
study
Author App Re-  Country Dura- Study De-
(year) search tion of sign
Ques- Study
tion
Stanford et al. Pg  USA, | Year Prospective
(2020) Canada cohort study
Clue
Fertility Friend
Glow
Kindara
Ovia
Flo
My Days
Period Tracker
FIGURE 2. Continued

1.09

were potential bias resulting from the use of
CycleBeads being explained to study partici-
pants during interviews and only 37% of the

185 participants used CycleBeads for contra-
ception, as well as the short study duration
of 3 months.
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Legend for the evaluation

Results.
Duration of ~ Study Parameters not included due to
study design P selection Attrition bias analysed by the app poor quality Other possible bias/ distortion
Duration of  Prospectiveor ~ +  selection by uni- Attrition bias C or + Mens, BT, X Results not Funding
study Cor retrospective versity clinic, insti- cervical mucus, included
ov study tute or as part of HM, (+51) + o third-party funding or funding by donors independent of the manufacturer
other large studies + no abnormalities or 0 o N
(eg, PRESTO) exclusion of indi- low price funding (eg. premium app memberships)
+ atleast + prospective vidual cycles due to | O Mens, BT (+S)
3o study o o b missing data —  study funded by the manufacturer
cti
(5eer oo ~ Mens,only Conflict of interest
12 . expression of inter-
ths  IEAIsE <t by potential P 0 dropout over 50% (+S0)
months nisable - rezpz:;”u‘):d_ after one year or +  no recognisable conflict of interest
0 atlests _ roiospecive Z;‘“‘sgglgg so- ﬁf:j? Z‘; ‘aef:r 6 0 minor conflicts of interest
|
e Study ~ main authors have a financial relationship with manufacturers or are co-owners
selection from al- ~ Complete Case Detection bias Prg or C
_ lessthan ready registered Study
6 oycles app users +  standardised detection of the results
o WKL) 0 several methods for detecting the resuits
months  + randomised Attrition bias Prg 8
controlled ~ strong possibility of influencing the result through the type of result detection
trial
+ no abnormalities, or Detection bias OV.
exclusion of indi-
0 non-random- vidual cycles due to +  comparison of ovulation displayed by the app with ovulation day from hormone
ised con- missing data measurement, blood test or ultrasound
trolled study ) ‘
0 exclusion of all - ~ o comparison, only ovulation displayed by the app
- non-random- cles when P Performance bias
ised, non- switched to contra-
controlled ceptive mode in the + o treatment deviating from the basic intervention can be recognised
study app

~ exclusion of all cy-
cles if P did not be-
come pregnant
within the study pe-
riod

0 additional treatment is possible

— directly described (and thus planned) additional treatment

Confounding age

+  influence of confounding age on outcome reported

—  noinfluence of confounding age on outcome reported

Confounding hormonal contraception

+  influence of confounding previous hormonal contraception on outcome reported
0 exclusion of users who have used hormonal contraception during the last 2 months
—  noinfluence of confounding prior hormonal contraception on outcome reported
Customised models

+  models adjusted for confounding exist

~  models adjusted for confounding do not exist

FIGURE 3. Legend for Tabular Analysis of the Topics Contraception, Pregnancy and Ovulation Time.

10

The second lowest quality rating was
found in the study by Koch et al,”” which
was retracted.”” A further 4 studies reported
mixed ratings with more negative ones. Of
the 8 studies included in this article that
address the application Natural Cycles, 5
studies assessed the contraceptive effectiveness
of this application. A mere 3 studies yielded
positive averages, led by Pearson et al,* but
as already mentioned, the quality was still
poor (see General issues encountered during
the course of the evaluation section). A com-
parison of the values described as the contra-
ceptive effect was only possible for 5 sources
with Pearl Index (PI) information. The 4 sour-
ces referring to Natural Cycles’™"""** re-
ported similar typical-use PI between 7.0 and
6.1, with different quality scores ranging
from 0.35 to 0.24. The study by Koch et al*’
with the typical-use Pl of 1.3 (which differs
greatly from the other 4 studies) was with-
drawn by the editor-in-chief of Reproductive

Health owing to suspected selection bias and
retrospective self-reporting by the participants
as to whether pregnancy was intended.”” This
study found even more limitations: the low
response rate (only 13%) and the fact that
this was a complete case study, which
excluded women who participated for less
than 13 cycles (potentially resulting in the
exclusion of their pregnancies).

Bull et al’” compared the typical-use PI of
7.6 after previous hormonal contraception (2
months before the start of the study) with pre-
vious nonhormonal contraception (P1=4.8).
The entire cohort resulted in a PI of 6.1. For
the comparison, the typical-use PI of all test
subjects was considered. The lowest PI (of
3.5) was found after previous condom use,
the highest after use of the pill (PI=8.1). Ac-
cording to the authors, this could be due to
the fact that condoms, similar to natural
contraception, require better compliance
compared with hormonal contraception. The
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Analysis contraception
Author App Study  Study Attrition  Parameters Study outcome Other possible bias/distortion Results Short summarised evaluation
(year) dura-  design szlectlon bias analysed by notin-
tion the app cluded
due to
poor
quality
Haile et al. Cycle 0 + nla = Satisfaction: after 3 months, 60% of respondents would ~ Funding: X Average quality rating: —0.18
(2018) Beads - definitely recommend the app to others, 22% would Cnnﬂlcl oflnleresl 0 Outcome: Satisfaction
probably recommend it to others Detection bias: +
Performance bias: +
Confounding age: —
Confounding hormonal contraception: —
Adjusted models: —
Shelus et Cycle - = C effect: | unplanned pregnancy due to cycle beingtoo  Funding: + X Average quality rating: —0.54
al. (2017) Beads = short Conflict of interest: 0 Outcome: health literacy, satisfac-
Health Literacy: know when fertile days: Detection bias: — tion, no PI, | unplanned pregnancy
Baseline 88.4%, Midline 100%, Performance bias: — (cycle fell into exclusion criteria)
know minimum cycle length(26 days): Midline 97.5% Confounding age:
Satisfaction: 70% BL, 93% ML, 97 % EL Confounding hormonal contraception:
- Adjusted models: —
Jlennings, Dot + + = C effect: Perfect Use failure 1%, Typical Use failure 58%  Funding: + X Average quality rating: —0.12.
Haile, Sim- Conflict of interest: 0 Outcome: Perfect Use 1% Prg, Typ-
mons, Worst Case: Typical Use 12.8% Detection bias: 0 ical Use 5.8%, Worst Case 12.8%
Spieler and Performance bias: +
Shattuck Confounding Age: +
(2019) Confounding hormonal contraception: 0
Adjusted models: —
Earle et al. Funding: + See below
(2021) Conflict of interest: +
Detection bias: n/a
Performance bias: n/a
Confounding age: n/a
Confounding hormonal contraception: n/a.
Adjusted models: n/a
Li et al, Dot nfa - nfa Not assessable, see data extraction table Funding: — X (due  Average quality rating: not assessa-
(2016) = Conflict of interest: — tothe ble
mentioned Detection bias: n/a fact, that Outcome: not assessable
in Performance bias: n/a no full
Farle et Confounding Age: n/a text)
al. 2021), Confounding hormonal contraceptions/a
no full Adjusted models: n/a
text, not
analysable
Author  App Study  Study Attrition _ Parameters _ Study outcome Other possible bias/distortion ResultsShort summarised evaluation
(year) dura-  design selecnon bias analysed by notin-
tion the app cluded
due to
poor
quality
Koch et al. Daysy + - - 0 C effect: Perfect Use Pl 0.8, Typical Use PI 1.3 X Average quality rating: 047
(2018)  View = Kaplan -Meier analysis: 2.19% perfect use, 2.71% typi- f = Outcome: (study withdrawn) Satis-
Study cal use probability aﬁer 13 cycles, Detection blas O faction, PI Perfect Use 0.8, PI Typical
withdrawn Method Failure: PI 0. Performance bi Use 1.3, PI Method Failure 0.6
(Koch et Satisfaction: 99% recommendanon (even in the case of ~ Confounding age:
al, 2019; unintentional pregnancy) Confounding hormonal contraception:
Polis, Adjusted models: —
2018)
Bergund  Natural 0 = ) also + + C effect: no pregnancy because of unprotected inte-  Funding: n/a X Average quality rating: +0.06
Scherwitzl - Cycles = advemslng course only on green (infertile) days, one pregnancy with  Conflict of interest: — Outcome: 0 Prg Perfect Use, | Prg
et al. unprotected intercourse on red days Detection bias: 0 Typical Use, Method Failure 0.05%
(2015) Method Failure: 0.05% Performance bias: +
Confounding age: —
Confounding hormonal contraception: +
Adjusted models: —
Bergund  Natural  — = 0 + Ceffect: 0.5 PI wwth Perfect Use, 7.0 Pl Typical Use Funding: — X Average quality rating: ~035
Scherwitzl - Cycles = - 75% Prgin | year Conflict of interest: — Outcome: Satisfaction, Pl Perfect
et al. 8 PI Typical Use Detection bias: 0 Use 0.5, PI Typical Use 7.0, PI
(2016) Satisfaction: 83% more satisfied than before, 88 % rec-  Performance bias: + Worst Case Typical Use 9.8
ommendation Confounding age: —
Confounding hormonal contraception: —
Adjusted models: —
Berglund  Natural  + 0 + C effect: Perfect Use Pl 1.0, Typical Use Pl 6.9 Funding: — X Average quality rating: -0.18
[Scherwitzl  Cycles - Worst case scenario PI 9.0 Conflict of interest: — Outcome: Pl Typical Use 6.9, Pl Per-
et al Method Failure: Pl 0.5 Detection bias: 0 fect Use 1.0, PI Worst Case 9.0, PI
(2017) Performance bias: + Method Failure: 0.5
Confounding age: —
Confounding hormonal contraception: - Ad-
justed models: —
Bull, Row-  Natural + + + C effect: Funding: — X Average quality rating: +0.12
land, Cycles = Best: Condom Pl 35 Conflict of interest: — Outcome:: Typical Use Pl 6.1
Lundberg ‘Waorst: Pill P 8.1 Detection bias: 0 previously hormonal C: Pl 7.6
et al. ‘Whole cohort: Pl 6.1 Performance bias: + previously non-hormonal C: Pl 4.8
(2019) Before hormonal C: 7.6 Confounding age: —
Previously non-hormonal C: 4. 8 Confounding hormonal contraception: +
Adjusted models: —
Pearson et Natural  + + 0 + Ceffect: Perfect Use Pl 2.0, Typical Use Pl 6.1, Funding: n/a X Average quality rating: +0.24
al. (2021) Cycles Worst case: PI 7.6 Conflict of interest: — Outcome: Pl Perfect Use 2.0, PI
Detection bias: 0 Typical Use 6.1, Pl Worst Case 7.6
Performance bias:
Confounding Age: +
Confounding hormonal contraception: —
Adjusted models: +
FIGURE 4. Tabular Evaluation of the Topics Contraception, Pregnancy and Ovulation Time

more frequent unprotected sexual intercourse
on potentially fertile days after hormonal
contraception speaks in favor of this.

No PI data were available for 4 studies, so

a comparison was not possible. Haile et a
reported user satisfaction as an outcome,
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Analysis pregnancy
Author  App Study P Attrition ~ Parameters  Study outcome Other possible bias/distortion Results  Short summarised evaluation
(year) design selection bias analysed by notin-
the app cluded
due to
poor
quality
Wise et | Fertiity + + - + Use of an app vs. no use of an app Funding: 0 Average quality rating: +063
al. Friendcom  + ~ intervention group 64% probability of pregnancy in Conflict of interest: 0 Outcome: FR intervention group
2023) 12 cycles, in control group 63%, in the first cycle both  Detection bias: 0 vs. control group 1.06, without first
70% Performance bias: + cycle FR=099
- FR intervention group vs. control group 1.06, without  Confounding Age: +
first cycle FR=0.99, stronger differences in the probabil-  Confounding hormonal contraception: +
ity of pregnancy with age <25 (FR=129), longer at- Adjusted models: +
tempt, before the start of the study (FR=1.15), with <12
years of education (FR=1.32), non -use of hormonal C in
the last 3 months before the start of the study (FR=1.10)
Sohda et 'Lumaluna - - nla +) Optimised method provides better prediction of the OV Funding: — X Average quality rating: —031
al. - time compared to half cycle method and Ogino method  Conflict of interest: — Outcome: Optimised method pro-|
(2017) Detection bias: 0 vides better prediction of the time of
Performance Bias + ovulation compared to half cycle
Confounding age: — method and Ogino method
Confounding hormonal contraception: —
Adjusted models: —
Berglund | Natural Gy~ + - na + TTP: previous users of NC 2.3 cycles vs. 3.7 cycles after  Funding: — X ‘Average quality rating: +0.19
Scher- ces (NC) - previous use of hormonal C, no difference between the Conflict of interest: — Outcome: TTP after C with NC: 2.3
witzl et wo groups after a period of |3 cycles Detection bias: 0 cycles, TTP after hormonal C 3.7 oy~
al. Performance bias: + cles
(2019) Confounding Age: +
Confounding hormonal contraception: +
Adjusted models: +
Favaro et 'Natural Cy- + - 0 + TTP: @ after 4 cycles, Funding: — X Average quality rating: +0.13
al. cles - Highest probability of TTP @ 2 cycles with: Age under  Conflict of interest: — Outcome: TTP @ 4 cycles
(2021) 35 years, variability cycle length <5 days, Sl on >20% Detection bias: 0
of days Performance bias: +
Lowest probability: older than 35 years, iregular cycles  Confounding Age: +
Confounding hormonal contraception: 0
Adjusted models: +
Author  App Study Attrition ~ Parameters  Study outcome Other possible bias/distortion Results  Short summarised evaluation
(year) design bias. analysed by notin-
the app cluded
due to
poor
quality
Bradley | Ovia + = TIP: @ 394 months Funding: — X Average quality rating: 0
etal. Fertility - Relationship between cycle characteristics and TTP:  Conflict of interest: — Outcome: TTP: @ 394 months
(021) P under 25 days or 25-26 days cycle length shortest TTP  Detection bias: 0
with imegular cycles, Performance bias: +
otherwise: P with normal cycle length (27-29 days) preg-  Confounding Age: +
nant faster than with other cycle lengths, with normal ¢y~ Confounding hormonal contraception: —
cle variability (<9 days) faster than with more variability, Adjusted models: +
longest TTP with very long cycles over 34 days
Smokers had shorter TTPs than non-smokers (however,
the study only analysed people who became pregnant)
Regidor  OwulaRing  + nla 0 TIP: 3.79 months of use (median) Funding: n/a X Average quality rating: ~0.19
etal. = Conflict of interest: — Outcome: TTP 379 months (me-
(2018) Detection bias: 0 dian)
Performance bias: +
Confounding age: — (Median may be incorrect, average
Confounding hormonal contraception: — may be meant)
Adjusted models: —
Stanford + + Probability of pregnancy with use of app vs. without: ~ Funding: + Average quality rating: +0.56
etal with use of app 20% higher probability of pregnancy per  Conflict of interest: 0 Outcome: 20% higher probability
(2020) cycle, lttle difference between the apps Detection bias: 0 of pregnancy per cycle with app use
Influence of apps with fertility indicators vs. without:  Performance bias: 0 (especially with fertility indicators)
with fertiity indicators (BT, cervical mucus, cervical po-  Confounding Age: +
sition and/or LH in urine) higher fertility per cycle than  Confounding hormonal contraception: +
without Adjusted models: +
136
1.07
121
1.1
1.13
1.29
128
1.09

FIGURE 4. Continued

1.26
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which was also mentioned by Shelus et a
However, the topic of user satisfaction was
not included in the research question. Further-
more, user satisfaction can be biased by influ-
encing of the participants answers
(intentionally or not) or simply by social desir-
ability. Shelus et al”® recorded an improve-
ment in health literacy over the course of the
study, although this could be due to the way
the results were recorded in interviews. As

with the other studies with poor quality, the
results had to be excluded because only 37%
of the 185 participants used CycleBeads for
contraception and the duration of this study
was only 3 months. Jennings et al’’ described
the perfect-use failure rate (ie, the proportion
of probands with unplanned pregnancies) as
1%, whereas in typical use, it was 5.8%. How-
ever, only 24% of the cycles were reported as
perfect-use cycles. This lacks generalizability
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Analysis ovulation time
Author App Study  Study N Start/ PB Selection bias Attrition ~ Parameters  Other possible bias/distortion Results  Short summarised evaluation
(year) dura-  design N after 3 months/ | selection bias analysed by notin-
tion @ included cycles the app cluded
due to
poor
quality
Shilaih et Ava nla + 194/ + Language: n/a + 0) Funding: + Average quality rating: +0.35
al. (2018)  Fertility - 136/ Lead-time bias: + Conflict of interest: + Outcome:
321 Cydes Age: — Detection Bias: + Determination of OV in 82% of cycles detection
Cycle: — Performance Bias: + of 2 temp phases, nadir of skin temp did not show
Confounding Age: + robust prospective prediction of OV,
Confounding hormonal contraception: — retrospective determination of OV in 86% of cy-
Adjusted models: + cles where 2 temp phases were detected,
Sohdaetal. Lunaluna O - 7043/ - Language: n/a n/a (+) Funding: — X Average quality rating: 035
(2017) - nlal Lead-time bias: + Conflict of interest: — Outcome:
nla Age: Detection bias: + Correlation between length of cycle and length of
Cycle: — Performance bias: + follicular phase stronger than correlation between
Confounding age: — cycle length and luteal phase,
Confounding hormonal contraception: — Correlation between length of past cycles and
Adjusted models: — length of future cycles,
Strong correlation between length of past cycles
and length of follicular phase,
Significant correlation between length of past cy-
cles and length of luteal phase
Berglund Natural 0 = 317/ +) Language: n/a + + Funding: n/a X Average quality rating: 0
Scherwitzl  Cycles 317/ Lead-time bias: + Conflict of interest: — Qutcome: OV day: First positive LH ovulation
etal. (2015) 474 cycles Age: — Detection bias: — test in @ 1.9 days before temp based OV displayed
Cycle: + Performance bias: + in app
Confounding age: — Cycle phase length: Luteal phase varies in @ .25
Confounding hormonal contraception: + days per P
Adjusted models: —
Bull, Natural 0 - 124648 (1.4 mil-  — Language: n/a 0 i Funding: — X Average quality rating: —0.06
Rowland,  Cycles - lion cycles)/ Lead-time bias: + Conflict of interest: — Outcome: Length of cycle phases: mean length
Berglund 6,12,613 cycles, Age: + Detection bias: — of follicular phase 16.9 days, luteal phase 12.4
Scherwitzl cycles with BT Cycle: — Performance bias: + days
etal (2019) and LH: 50270/ Confounding Age: + Change in cycle with age: mean cycle length
nfa Confounding hormonal contraception: O shortened by 0.18 days per year between the ages
Adjusted models: + of 25 and 45, the follicular phase by 0.19 days
Change with BMI: 0.4 days or 14% higher cycle
variability with BMI >35 compared to BMI 18.5-25
Regidoret | OwulaRing  + ; 158/ nla Language: n/a n/a 0 Funding: n/a X Average quality rating: 006
al. (2018) = nlal Lead-time bias: n/a Conflict of interest: — Outcome: Detection of OV: 9631% (965 % ret-
nla Age: + Detection bias: + rospectively and 88.5 % prospectively)
Cycle: — Performance bias: + Accuracy of fertile window: after 3 months learn-
Confounding age: — ing phase (3 days before OV, OV day, 3 days after
Confounding hormonal contraception: — OV) 88.8% prospective,
Adjusted models: —
FIGURE 4. Continued

and reports the low inherent effectiveness of
these methods of contraception because the
discrepancy between typical and perfect use
is obvious owing to possible errors in use.
The low percentage of perfect-use cycles docu-
mented in the included studies indicates that
there is a significant degree of compliance
necessary to ensure the proper utilization of
these methods. Berglund Scherwitzl et al’” re-
ported no pregnancy (n=0) in participants
who practiced unprotected sexual intercourse
only on green (infertile) days and 1 pregnancy
in unprotected sexual intercourse on days
labeled as fertile.

As a worst-case scenario, that is, typical-
use including test participants with unclear
pregnancy status at dropout assigned as part
of the sensitivity analysis, Jennings et al™’
described the probability of unintended preg-
nancies at 12.8%, Berglund Scherwitzl et al’’
at a PI of 9.0, and Pearson et al™* at a PI of
7.6. However, the sensitivity analyses were
not comparable with each other (similar
most of the other reported results of the

included studies). As method failure, that is,
pregnancies due to fertile days incorrectly
labeled as infertile by the application, Koch
et al’” described a PI of 0.6, Berglund Scher-
witzl et al’” a pregnancy probability of
0.05% and Berglund Scherwitzl et al’’ a PI
of 0.5. Unfortunately, there was no informa-
tion in the other studies on method failure.

Summary of Evaluations on Pregnancy

Because results of both studies that were not
excluded addressed the topic of pregnancy,
the overall average quality ratings for contra-
ception were clearly lagging behind (Figure
5). A direct comparison of the time to preg-
nancy (TTP) was not possible because only
the results of the 2 studies by Wise et al’’
and Stanford et al”” were not excluded. Only
4 of 7 excluded studies lined out TTP data.
Two of the values were recorded in months,
and 2 were recorded in cycles. This makes a
comparison of the TTP values impossible
because of the natural variations in cycle
length. Bradley et al”’ reported 3.94 months
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Average quality rating pregnancy
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FIGURE 5. Average quality rating for pregnancy.

and Regidor et al™ 3.79 months, whereas
Favaro et al*' reported 4.0 cycles and Ber-
glund Scherwitzl et al™® reported 3.7 cycles af-
ter previous hormonal contraception and 2.3
cycles after previous contraception with Natu-
ral Cycles. The Kaplan-Meier analysis in the
study by Berglund Scherwitzl et al’® found a
significantly lower probability of becoming
pregnant after hormonal contraception, which
approached the values without hormonal
contraception after around 10 months.
Although the study by Berglund Scherwitzl
et al’™® seem to provide important evidence
on the influence of previous hormonal contra-
ception on TTP, the risk of lead-time bias due
to previous use of Natural Cycles must be
taken into account. There was no comparison
group that had not previously used hormonal
contraception and was not familiar with the
application or natural contraception.
Although Sohda et al”* focused on the
topic of pregnancy, they compared different
calculation methods in relation to the time of
ovulation without specifying a concrete TTP
or fertility rate (FR). This study had the lowest
average quality rating of the included studies
on pregnancy applications, followed by Regi-
dor et al.** Favaro et al’' reported a lower
TTP due to application use in people younger
than 35 years of age, low cycle variability, and
frequent sexual intercourse. The study by

Bradley et al’” also seems to support the link
between a higher probability of pregnancy
and lower cycle variability. However, in the
study by Bradley et al,”’ participants with
short cycles of less than 25 to 26 days and
with irregular cycles had a higher probability
of pregnancy. This could be because shorter
cycles have more potential ovulations per
year. The fact that Bradley et al”’ found a
lower TTP with application use for shorter cy-
cles with greater variability than that for
shorter cycles with less variability could be
because in case of short, regular cycles, an
erroneous standard 28-day cycle of the appli-
cation algorithm resulted in the ovulation
time being persistently misrepresented. For
participants with short but highly variable cy-
cles, the estimated ovulation time point may
have been correct, at least in some cycles
that happened to last 28 days.”’ Similarly,
Bradley et al”” were not conclusive as to why
smokers had a shorter TTP. However, this
study included in the analysis only partici-
pants who became pregnant by the end of
the study. So, this complete case study
excluded all participants who did not become
pregnant.

It was necessary to exclude the results of
these studies owing to their poor quality.
Consequently, 2 sources remained for this sys-
tematic review, "’ which had the best
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average quality scores compared with that of
the other studies in this systematic review.
However, they did not give specific TTP
values, but the FR, that is, when a certain sub-
cohort (eg, with application use) achieved
pregnancy compared with nonuse. Wise
et al”’ described a very small advantage of
the application although it was unclear
whether and which fertility indicators pro-
vided an advantage. Not only people with a
reduced chance of getting pregnant (older
than 25 years of age or already trying to
become pregnant for a longer period) but
also people without hormonal contraception
in the past 3 months and with less than 12
years of education found a higher FR through
application use.”” This influence of school ed-
ucation may indicate an increase in the chan-
ces of pregnancy through improved health
literacy. Stanford et al™” described a 20%
higher FR with application use, especially
when entering fertility indicators.

Summary of Evaluations on Ovulation Day
Of the 5 studies included on the additional
topic of ovulation day, 1 also described the
contraceptive effect’” and 2 the effect on par-
ticipants with the desire to become preg-
nant.”""" Shilaih et al** reported the highest
average quality score and Sohda et al’* the
lowest. The outcomes relating to this topic
are not comparable with the topics of preg-
nancy and contraception but provide inter-
esting background information on the
menstrual cycle, which was included in the
discussion.

DISCUSSION

Summarized Evaluation Regarding the
Research Question

The findings of this study indicate that a high
level of e-Health literacy and compliance is
essential for the safe use of fertility applica-
tions. Otherwise, users can be misled into a
false sense of security regarding the applica-
tion’s effectiveness. Despite the exclusion of
most results, the average of the average quality
ratings of the 10 included studies on contra-
ception was 0.16 (SD, 0.25) and for the 7
studies on pregnancy intention was 0.14
(SD, 0.33). In terms of quality rating (despite
the exclusion of results), the studies on

pregnancy intention predominantly reported
better values, which was mainly due to 2
nonproducer-funded, controlled studies.””*’
Because the values can only range
between +1 and —1 and there are high SDs,
the picture is mixed. In addition, no compara-
bility was possible with regard to the outcome,
meaning that the question of whether fertility
applications are more suitable for people
who want to use contraception or who want
to get pregnant cannot be answered conclu-
sively in this study.

Effectiveness in Persons With a Current
Desire to Have Children
Although reproduction is a natural process,
reduced fertility can be caused by the
increasing age of first-time mothers in industri-
alized countries and stress.”” The average TTP
given by the 4 studies on the topic of the desire
to get pregnant was just under 4 months and
could not be calculated more precisely because
2 studies stated it in months and 2 in cycles,
and these results are not evident owing to
poor quality of the studies. In addition, the 2
high-quality studies’ ™"’ described inconsis-
tently whether the applications for pregnancy
planning generally led to a faster pregnancy.
The constant presence of the topic through
the application can lead to anxiety and stress,
especially among application users who are
currently trying to conceive,*' with negative ef-
fects on the probability of pregnancy.”®
Although controlled studies are qualita-
tively preferable,”’ a comparison with other
studies is impossible without information on
TTP. According to Hong et al,*® the TTP
described in the literature without supporting
methods (such as determining the fertile
period) varies and is influenced by biological,
sociological and demographic factors as well
as the study design (eg, prospective or retro-
spective). Eisenberg et al®™ described the
average TTP in the United States in 2020 as
5.4 months, compared with 3 months in
2002. However, only people older than 30
years or those who had previously given birth
to at least 1 child reported an increase in
TTP." However, owing to the increasing age
of first-time mothers in industrialized na-
tions,”” the proportion of individuals aged
30 years and older who express a desire to
become pregnant is also on the rise.
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Effectiveness in Individuals With a Contra-
ceptive Intention

Most contraceptive methods have a lower
probability of unwanted pregnancies if used
correctly and without interruption.””  For
example, the Standard Days Method on which
the Dot and CycleBeads applications are
based, in which unprotected sex is avoided
from the 8th to 19th day of the cycle, reported
a perfect-use PI of 4.75 for regular cycles.”'
This number is likely to be considered a
high probability of pregnancy by many users.
However, the typical-use Pl was even much
higher at a PT of 11.96.”" According to Trussel
and Grummer-Strawn,”* only the influence of
imperfect use on the contraceptive effect
shows the forgiveness of usage errors by the
method without unintended pregnancies
occurring. The typical-use values of methods
with little room for maneuver for the user
(eg, copper or hormone intrauterine devices
and hormone implants) are significantly closer
to the perfect-use values because there is a
high inherent effectiveness owing to the reduc-
tion of error factors. In contrast, natural con-
traceptive methods sometimes show large
differences in this aspect.’”

Even if we disregard the questionable qual-
ity of these studies, the difference between the
typical-use and perfect-use PI values of these
publications ranged between 4.1 and 6.5 and
between 9.3 and 5.6 when considering the
worst-case typical-use PI. This indicates a
lower inherent effectiveness of the methods.
This could be because there are more possible
sources of error due to the users themselves,
for example, when measuring basal body tem-
perature or determining the quality of cervical
mucus. Lifestyle also influences cycle vari-
ability,"” which can affect the accuracy of
determining the fertile period.

Moreover, if the quality of the included
studies had been high enough to produce results
of stronger evidence, the influence of imperfect
use on the number of unintended pregnancies
would be roughly comparable with the values
described by Trussel™” for hormonal contracep-
tive methods that must be used regularly by the
users themselves, for example, contraceptive pill
or NuvaRing (perfect-use PI of 0.3 vs typical-use
PI of 8.0). In contrast, the inherent effectiveness
is higher for the usage of hormonal or copper

intrauterine devices because of the reduced like-
lihood of application errors, that is, less user
compliance is required to ensure safe use.””
The high rate of dropouts and the low percent-
ages of perfect-use cycles (eg, only 9.6% of the
cycles in Berglund Scherwitzl et al’’) appear to
support this.

Influences on the Generalizability of Study
Results

Methodologically, there is often a lack of
randomization in the available studies, which
reduces the transferability of the study re-
sults.” The different study durations also
greatly reduce comparability as the probability
of pregnancy per cycle decreases: the greatest
chance (30%) is present in the first cycle,
compared with 1% to 3% per cycle after
more than 3 years."’

The data on user satisfaction of the contra-
ception applications were not objective, but it
is important to state that these data seemed
very high at 60% to 99% but were very prone
to bias (whether intentional or unintentional).
These high values are not consistent with the
sometimes very high dropout rates. These facts
should be kept in mind for individuals inter-
ested in natural contraception and tend to
rely in advertisements or studies of poor qual-
ity. In addition, the question arises as to
whether participants have sufficient digital
health literacy (e-Health literacy) and compli-
ance’” to be able to adequately understand op-
portunities and risks and use the methods
correctly in the long term.”” In the context
of attrition bias, dropouts can lead to the effect
of the intervention being overestimated or
underestimated because dropouts can be
related to the method used itself.

The number of participants varied from 55
to over 1,000,000. Nevertheless, the inclusion
of a considerable number of participants does
not inherently ensure comprehensive diversifi-
cation of the overall cohort. It must be
acknowledged that the results may not be
considered representative of the broader vari-
ability observed in the population.

Only 1 study excluded potential partici-
pants for whom pregnancy would pose a risk
to mother or child.”® Health consequences of
unplanned pregnancies should be assessed
anamnestically by medical study staff before
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the start of the study and communicated to
participants in an understandable way, as their
e-Health literacy cannot be assumed across the
board.”””” Because the participants in most of
the studies (n=11) were selected from already
registered application users, the clientele was
limited to technologically savvy people with
basic knowledge of the application in the sense
of self-selection (and a risk of lead-time bias).
Only 2 sources used clinics to recruit partici-
pants,”"”” whereas 1 study used nongovern-
mental organizations as multipliers.”® In
contrast to the potential lead-time bias
mentioned earlier, 40% of the participants in
the study conducted in Kenya by Shelus
et al”® had never used contraception before.
Whether this was due to structural, religious,
or financial reasons is unclear; a lack of educa-
tion on contraceptive issues in some emerging
and developing countries could also be a
reason.

Education, social status, and cycle vari-
ability also appear to be correlated. A lower so-
cial status is often associated with a lower level
of education’” and more cycle variability™
with negative effects on the contraceptive ef-
fect. In addition, Shelus et al*® described
higher dropout rates with a higher level of ed-
ucation. The underrepresentation of ethnic
groups’” is also evident in this systematic re-
view because most of the studies were con-
ducted in industrialized countries. Only 2
studies were conducted in emerging or devel-
oping countries.””*® This may limit generaliz-
ability because the PI and dropout rates of
natural contraceptive methods may differ
from country to country.””

Physiologically, cycle fluctuations of up to
14 days are possible even in menstruating per-
sons who assume a regular cycle.'” As many as
9 of the included studies had no participation
restrictions regarding cycle length and vari-
ability, whereas 7 had restrictions. Although
the age of the participants was only slightly
restricted in 11 studies (18-45 years) and
only 5 prescribed tighter restrictions, both
younger users younger than the age of 18
years and older users older than 45 years
were not included in the study results. Because
irregular cycles are to be expected in these age
groups in particular owing to puberty and the
onset of menopause, respectively,'” age-

adjusted proof of efficacy is particularly
important for these user groups. With regard
to the desire to have children, the probability
of pregnancy is significantly reduced at an
older age.”” With regard to contraceptive
intent, unplanned pregnancy is also associated
with increased risks for the pregnant individ-
ual and the child, particularly in people
younger than 20 years of age”' and in people
aged 35 and older.””

People with a higher BMI can also experi-
ence greater cycle fluctuations, ™’ which can
have an impact on the likelihood of preg-
nancy. The generalizability of study results
may therefore be reduced depending on the
BMI. This topic was inadequately mapped in
the studies. Moreover, the effect of previous
hormonal contraception on effectiveness was
not stated in 10 studies, and 3 sources avoided
this by excluding users who had used hor-
monal contraception in the previous months.
It is therefore difficult to transfer and compare
the results, especially because the duration in
which previous hormonal contraception influ-
ences the probability of pregnancy is pre-
sented differently in the literature and can be
up to 42 months.”*%*

Methodologically, the measured parame-
ters of the cycle applications are one of the
most important indicators of their effective-
ness, but only if these parameters are also
included in the calculations of the fertile
time of the current cycle.” Unfortunately, in
4 studies, the parameters recorded by the ap-
plications consisted solely of the start of men-
strual bleeding and the (optional provided)
time of intercourse. These applications are
mostly based on calendar methods such as
the Standard Days Method and, according to
Frank-Herrmann et al,” are very inaccurate
owing to cycle variability. Unfortunately, how-
ever, it is unclear to what extent these param-
eters were used to calculate the fertile period.
Only 1 study disclosed the algorithm,” but
this used the Standard Days Method.

Three applications required a special
measuring device: these included a tempera-
ture measuring arm band,”" an intravaginally
worn temperature measuring ring,44 and a
thermometer, which can also be used indepen-
dently as a cycle computer.”” The remaining
16 studies did not describe any specific
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measuring device required but enabled the
input of basal temperature measurements
(eg, oral, vaginal, or rectal) or luteinizing hor-
mone measurements. The study situation on
peripheral  temperature measurement is
currently still contradictory.”®’

In terms of study funding, 10 studies were
funded by the manufacturers, which can be
associated with increased interest in rapid
approval and marketing and in study results
with high effectiveness.”” Conflicts of interest
were visible in 13 studies because at least 1
of the main authors worked for the application
manufacturers. Although 5 studies appeared at
first glance to have a lower risk of conflict of
interest, 3 of them reported how researchers
from different studies had professional rela-
tionships with (at first glance) different
applications.””**"

Limitations

Because of different requirements for search
strings in PubMed and Google Scholar, the se-
lection of search terms was difficult. The study
types were also very inconsistent. Originally,
clinical trials (ideally randomized controlled
trials) were to be searched for in order to
obtain higher quality results. However, it
turned out that the sources contained different
types of studies, particularly on the topic of
contraception, and that there were hardly
any randomized controlled trials. The selec-
tion of study types was therefore expanded
to obtain a sufficient number of results, but
this made the sources difficult to compare
and, in some cases, brought with it a consider-
able risk of bias, resulting in only 2 studies of
19 meeting the quality standards.

CONCLUSION

A comparison of the studies was not feasible,
precluding a definitive conclusion regarding
the applications’ capacity to assist users. The
inconsistency in application naming further
complicates the decision-making process for
potential users and practitioners alike. Conse-
quently, the health care system, its stake-
holders, and politicians are confronted with
the increasing challenge of responding more
effectively and equitably to the desires and
concerns of individuals seeking hormone-free
contraception and support in achieving

pregnancy. This is because younger genera-
tions are seeking contraception and child-
bearing  support  options  that  are
straightforward and align with their personal
needs. An authoritarian approach and pater-
nalism, as evidenced by legislation and the ac-
tions of gynaecologists, coupled with the
unclear legal classification of applications and
the methodological shortcomings of studies
examining many contraceptive methods, will
not impede this development.
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