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Abstract
Purpose of Review We reviewed published studies on menstrual cycle tracking applications (MCTAs) in order to describe the
potential of MCTAs for epidemiologic research.
Recent Findings A search of PubMed, Web of Science, and Scopus for MCTA literature yielded 150 articles. After exclusions,
there were 49 articles that addressed the primary interest areas: 1) characteristics of MCTA users in research, 2) reasons women
use or continue using MCTAs, 3) accuracy of identifying ovulation and utility at promoting and preventing pregnancy, and 4)
quality assessments of MCTAs across several domains.
Summary MCTAs are an important tool for the advancement of epidemiologic research on menstruation. MCTA studies should
describe the characteristics of their user base and missing data patterns. Describing the motivation for usingMCTAs throughout a
user’s life and validating the data collected should be prioritized in future research.
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Introduction

Digital health applications, or “apps,” have become a popular
method of tracking important health indicators for clinical and
personal use [1]. Apps can be useful tools for tracking and
accomplishing health goals [1, 2]. A segment of these health
apps is used to trackmenstrual cycles. Menstrual cycle tacking
apps (MCTAs) assist users in observing their menstrual cycle
and related signs and symptoms, as well as managing their
fertility [3]. MCTAs give users more control over their own
personal health [3]. MCTAs have features that can increase
users’ knowledge about the menstrual cycle in general, and
the act of tracking cycles can help users learn the patterns of

their own bodies [4]. This makes a sample of women using an
MCTA a useful source of data for menstrual cycle research.

MCTAs are a valuable potential tool for epidemiologic
research [1]. With MCTAs, menstrual cycle study samples
can expand from hundreds of participants to thousands or
more. For some MCTAs, all users agree to share their data
anonymously, which avoids the need for study “recruitment”
and may decrease volunteer bias [5–9]. Some MCTAs facili-
tate tracking of ovulation, providing researchers with access to
population-level data on ovulation timing, which is not easily
accessible. The use of apps is increasing as mobile users
switch from web browsing to app use and smart phone use
continues to grow worldwide. Three quarters of smartphone
subscription growth came from Africa and Asia in the first
quarter of 2015 [10]. This suggests that apps are globally
available, increasing the feasibility of including a diverse
group of users in menstrual cycle research [10]. Use of data
from MCTAs could improve our understanding of the men-
strual cycle [11].

While the promise ofMCTAs for epidemiologic research is
exciting, there are potential limitations to these data. As of yet,
it is not clear how representative or accurate MCTAs are, or
how susceptible they are to missing data and loss to follow-up.
The purpose of this literature review was to synthesize
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published literature on MCTAs with respect to their utility for
epidemiologic research. For this review, we examined all pub-
lished studies that includedMCTA-collected data and extract-
ed from those studies information related to several primary
areas of interest, chosen for their relevance for epidemiologic
research. These areas were 1) selection: who usesMCTAs and
why, 2) misclassification: is MCTA-collected data accurate,
and 3) overall, what is the potential for using MCTAs in ep-
idemiologic research.

Methods

PubMed, Web of Science, and Scopus were searched for lit-
erature on the topic of MCTAs. Search terms used were
phrases about menstruation (menstrual cycle, menses, men-
strual), contraception (natural family planning methods, fertil-
ization, fertility, fertile, conception, conceiving, ovarian cycle,
endometrial cycle, family planning, time-to-pregnancy), and
applications (smartphone, mobile application, app(s), portable
software, portable electronic, app-based). References from re-
trieved papers were also examined for additional literature.
One additional article was included after reviewing these ref-
erences. These searches yielded a total of 150 articles as of
September 2020.

Articles were screened to identify those that address the
epidemiologic characteristics of app data; in broad categories,
these were 1) accuracy of identifying ovulation or measuring
time to pregnancy; 2) demographic or behavioral characteris-
tics of users of MCTAs and reported reasons for using apps,
which may further describe population characteristics; and 3)
degree of missingness and loss to follow-up in app data.
Articles were initially screened on their title and abstract.
Publications were excluded either if they did not contain orig-
inal data or if the purpose of the described apps was solely
clinical decision-making or patient education. The remaining
81 articles were subject to a full-text review. The same criteria
were applied along with these additional exclusions: meeting
or poster abstracts, articles not in English, and studies focusing
only on a wearable device. This left 49 articles.

While we had established broad categories of interest prior
to the full-text review, we modified these categories, if for
example no studies addressed them, or to accommodate cate-
gories we had not considered. After reviewing these full-text
articles, the specific domains for this review were 1) charac-
teristics of MCTA users in research on menstrual cycles, fer-
tility, and contraception; 2) reasons users use or continue
usingMCTAs; 3) accuracy of identifying ovulation and utility
at promoting and preventing pregnancy; and 4) previously
published quality assessments of MCTAs. Table 1 summa-
rizes the domains chosen for this review and the primary ob-
jectives of each of the papers included within that domain.We
aim to review these specific domains in the published

literature, not make direct comparisons across apps. Our re-
view synthesizes the literature within each of these domains
independent of the research objective of each paper.

Results

Characteristics of MCTA Users in Research

This section focuses on published scientific papers that used
MCTA data, and as such, the samples of users described in our
review are those who volunteered or provided enough data to
be included in those publications. Some MCTAs consent
women separately for research studies, a separate recruitment
step, while others obtain consent from all users when the
MCTA is first downloaded. Thus, MCTAs have a population
of users, and the published data from any one MCTAmay not
be representative of all users of that MCTA; however, we do
not have any means of describing the characteristics of all
users of a given MCTA. Recruitment techniques may help
to diversify study participants recruited from an MCTA. For
example, a US study of users of the app Dot (Dynamic
Optimal Timing) found that self-guided enrollment was pre-
ferred, and that the percentage of Black and Hispanic partici-
pants increased when recruitment changed from enrollment
with a study representative to a self-guided process [12•].

Understanding the demographic characteristics of MCTA
users is important for several reasons. First, it may help re-
searchers select which app they want to use for their research,
for example, an app primarily used by teenagers, or an app
primarily used by those trying to conceive. Second, describing
MCTA users will help to determine the generalizability of any
analytic results derived from their recorded data. Third, it
would help to describe the potential for selection bias when
addressing a specific research question. For instance, in a
study looking at the behavior of users of two different apps,
Kindara users mainly resided in the USA and used the app to
promote pregnancy, while Sympto users were mainly
European and used the app to prevent pregnancy [46•]. This
section highlights the demographic data of papers from the
literature review in which the primary research objective was
menstrual cycles, fertility, or contraception. Table 2 summa-
rizes MCTAs discussed in this paper.

MCTA Users in Menstrual Cycle ResearchWe found ten studies
that describe menstrual cycle research using MCTAs. Six
were descriptive studies of menstrual cycle length or ovula-
tion, and the remaining four will be described individually.
One study addressed menstrual bleeding intensity and was
focused on adolescents [13]. This study required a history of
regular menstrual cycles (21 to 45 days long) and menses
lasting less than 8 days [13]. Since teens are more likely to
have irregular cycles, and the time since menarche influences
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Table 1 Primary objective of each paper included in this review and the section(s) in which it is cited

Primary objective Publication MCTAs included in these
papers

Characteristics of MCTA users in menstrual cycle research
To highlight decision points during the recruitment–enrollment process and the effect of modifications on
enrollment numbers and demographics in a contraceptive efficacy study of an MCTA.

[12•] Dot

To assess MCTA use for women or girls with heavy menstrual disorders. [13] Not named
To track premenstrual symptoms and sexually transmitted infections. [14] Clue
To examine an acupressure intervention on dysmenorrhea. [15] AKUD
To evaluate whether an MCTA was associated with reduced depression and dysmenorrhea. [16] Karada-no-kimochi
To assess the efficacy of an MCTA at pregnancy prevention. [17] Dot
To compare self-reported fertility data generated by an MCTA cohort in comparison with existing data. [18] Ovia
To explore variations of menstrual cycle length and ovulation day in women seeking to conceive. [19] Clearblue Connected Ovulation

System
To clarify how MCTA data can be used to improve the ovulation prediction accuracy. [20] LunaLuna
To describe menstrual cycle characteristics observed with an MCTA and investigate associations of menstrual
cycle characteristics with cycle length, age, and body mass index (BMI).

[21•] Natural Cycles

Characteristics of MCTA users in fertility research
To compare self-reported fertility data generated by an MCTA cohort in comparison with existing data. [18] Ovia
To evaluate the association between menstrual cycle characteristics and time to pregnancy. [22] Ovia
To evaluate the difference in conception rates between women trying to conceive using an MCTA ovulation
test system, versus those trying without ovulation testing.

[23] Clearblue Connected Ovulation
Test System

To predict a woman’s probability of becoming pregnant using data from an MCTA. [24] Clue
To examine the extent to which MCTAs influence fecundability in women trying to conceive. [25] Multiple

Characteristics of MCTA users of contraceptive apps
To retrospectively evaluate the effectiveness of a fertility awareness–based MCTA to prevent unwanted
pregnancies.

[8] Natural Cycles

To assess whether women in a variety of settings were interested in and able to use a fertility app, learn the
profile of women who chose to use an app and their purpose for using it, assess what their prior experience
with family planning was, and determine how satisfied they were with the app.

[26••] CycleBeads

To assess whether the CycleBeads app brings new users to family planning, to understand the experience of its
users in Kenya, and to determine how user experience varies by the channel through which women learned
about the app.

[27] CycleBeads

Reasons users choose or continue using a particular MCTA
To propose an approach for a period tracking app with an adaptive user interface that takes the users goal and
context into account.

[28] Multiple

To assess whether the CycleBeads app brings new users to family planning, to understand the experience of its
users in Kenya, and to determine how user experience varies by the channel through which women learned
about the app.

[27] CycleBeads

To investigate how people engaging in period tracking use and experience these apps through qualitative
research.

[29] Multiple

To explore women’s uses of and relationships with MCTAs. [30] Multiple
To determine ovulation prediction accuracy ofMCTAs and published calendar methods compared with the LH
surge.

[31] Multiple

To retrospectively evaluate the effectiveness of a fertility awareness–based MCTA to prevent unwanted
pregnancies.

[8] Natural Cycles

Among women with dysmenorrhea and premenstrual syndrome: can MCTAs selected based on users’ needs
lead to changes in health-related factors?

[32] Multiple

To identify women who currently use or intend to use an MCTA to prevent pregnancy, and explore their
preferences and perceptions about MCTAs for this purpose.

[33] Multiple

To develop an evidence-based evaluative framework to support a systematic examination of menstrual health
concepts, and to evaluate MCTA features and functions in terms of these menstrual health concepts.

[34] Multiple

To consider why and how women track their menstrual cycles, examining their experiences to uncover design
opportunities and extend the field’s understanding of personal informatics tools.

[35••] Multiple

To examine how MCTAs targeted at female reproductive health are offering novel forms and practices of
knowledge production about reproductive bodies and processes.

[36] Multiple

To explore how health consumers use apps for health monitoring, their perceived benefits from use of health
apps, and suggestions for improvement of health apps.

[37] MCTAs were one type of
included health app

To develop an MCTA for monitoring the menstrual cycle for clinical treatment planning. [38] Infertility Handling
Accuracy of ovulation and fertile window prediction
To identify, describe, and evaluate mobile phone apps that purport to help users prevent unintended pregnancy. [39] Multiple
To identify smartphone MCTAs and evaluate their accuracy, features, and functionality. [40] Multiple
To review and appraise Apple Store MCTAs for ovulation prediction, and other topics related to fertility or the
management of infertility.

[41] Multiple

To determine ovulation prediction accuracy ofMCTAs and published calendar methods compared with the LH
surge.

[31] Multiple

[42] DOT
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their regularity, this study selected for girls who are further
from menarche or achieved regularity quickly [51]. The study
found that teenagers prefer an MCTA to paper cycle tracking,
but this may only be applicable to teens with regular cycles
[13]. One MCTA study reported an association between sex-
ually transmitted infection and increased premenstrual symp-
toms (headache, cramps, and sadness) in younger users (me-
dian age: 26) [14]. Another study used an app to deliver an
acupressure intervention to German users with dysmenorrhea
aged 18–34 and reported a reduction in menstrual pain over
six menstrual cycles [15]. Finally, in a randomized controlled
trial of workers in Japan aged 20–45, use of an MCTA was
associated with reduced depression and dysmenorrhea after
3 months of use [16].

The populations from the remaining six studies are from the
USA [17, 18], the UK and the USA [19], Japan [20], or a
combination of the USA, UK, and Sweden [21•]. In the sixth
study, the full user base includes 150 countries, 5 continents, and
8 languages, yet most users reside in the USA and Europe [46•].
These app studies primarily represent the USA and Europe. In
one of these studies, most participants reported their race as
White (78%) [18]. However, four menstrual cycle studies do
not present other race/ethnicity data outside of country of resi-
dence [19, 20, 21•, 46•]. In total, it appears that most studies
include populations of European descent or do not present
race/ethnicity data at all.

Three of the menstrual cycle studies had a mean age of 30
or higher [20, 21•, 46•] and one study reported that 70% of

Table 1 (continued)

Primary objective Publication MCTAs included in these
papers

To develop a new, personalized approach of estimating a woman’s most fertile days that only requires
recording the first day of menses in an MCTA.

To clarify how MCTA data can be used to improve the ovulation prediction accuracy. [20] LunaLuna
To assess whether the CycleBeads app brings new users to family planning, to understand the experience of its
users in Kenya, and to determine how user experience varies by the channel through which women learned
about the app.

[27] CycleBeads

To examine the extent to which MCTAs influence fecundability in women trying to conceive. [25] Multiple
To evaluate the difference in conception rates between women trying to conceive using an MCTA ovulation
test system, versus those trying without ovulation testing.

[23] Clearblue Connected Ovulation
Test System

To provide the first theoretical review and evaluation of BBT-based ovulation detection. [43] Not focused on one app, but on
BBT in general

To retrospectively evaluate the effectiveness of a fertility awareness–based MCTA to prevent unwanted
pregnancies.

[8] Natural Cycles

To investigate the contraceptive efficacy of Natural Cycles through the perfect- and typical-use Pearl Index. [9] Natural Cycles
To evaluate the ability of a novel web and mobile application to identify a woman’s ovulation day and fertile
window, in order to use it as a method of natural birth control.

[7] Natural Cycles

To compare self-reported fertility data generated by an MCTA cohort in comparison with existing data. [18] Ovia
To develop a tool to evaluate and rate fertility apps specifically designed to help couples avoid pregnancy. [44] Multiple
To explore differences in the use of CycleProGo between those exposed to it as a part of natural family planning
(NFP) instruction versus those who find it on their own.

[45] CycleProGo

Missing data and accuracy
To compare the accuracy of fertile window identification with the contraceptive app Natural Cycles against the
Rhythm Method and Standard Days Method (SDM).

[6] Natural Cycles

To examine user tracking behaviors. [46•] Sympto, Kindara
To predict a woman’s probability of becoming pregnant using data from an MCTA. [24] Clue
To describe menstrual cycle characteristics observed with an MCTA and investigate associations of menstrual
cycle characteristics with cycle length, age, and BMI.

[21] Natural Cycles

To propose an approach for a period tracking app with an adaptive user interface that takes the users goal and
context into account.

[28] Multiple

To investigate how people engaging in period tracking use and experience these apps through qualitative
research.

[29] Multiple

To examine how MCTAs targeted at female reproductive health are offering novel forms and practices of
knowledge production about reproductive bodies and processes.

[36] Multiple

To explore women’s uses of and relationships with MCTAs. [30] Multiple
To consider why and how women track their menstrual cycles, examining their experiences to uncover design
opportunities and extend the field’s understanding of personal informatics tools.

[35••] Multiple

To investigate the MCTA DOT’s effectiveness, calculating perfect- and typical-use failure rates. [47] DOT
Quality assessments of MCTAs
To identify smartphone MCTAs and evaluate their accuracy, features, and functionality. [40] Multiple
To develop a tool to evaluate and rate fertility apps specifically designed to help couples avoid pregnancy. [44] Multiple
To develop a scoring system for rating available apps for determining the fertile window and to pilot test 12
apps currently available in both German and English.

[48] Multiple

To identify and evaluate apps intended to aid women in conception. [49•] Multiple
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users were aged 25–34 [18]. One study did not provide any
demographic data [19]. While the literature is small, most
MCTA menstrual cycle studies included older users with ad-
olescents and young adults less well-represented. In one
study, users tended to have a college degree or higher educa-
tion (71%) [18]. Many studies did not report the education
level of their participants [19, 20, 21•, 46•].

Bodymass indexwas centered on the normal range for two of
the studies (mean BMI = 23) [21•, 46•], while one included 31%
overweight or obese users [18]. In the latter study, 30% of users
were missing BMI information [18]. Some studies did not report
the BMI distribution [19, 20]. In total, MCTA menstrual cycle
research shows varying distributions of BMI although other
MCTA studies did not report BMI data at all.

MCTA studies sometimes impose limits on the average
cycle length or regularity of the participants in their analyses.
For example, one study observed cycles of 23–67 days but
excluded those that were 1.5 times longer or shorter than the
user’s reported cycle length (approximately 70% of partici-
pants reported a cycle length of 25 to 30 days) [19]. Some
studies have included a wide range of cycle lengths: 19 to
60 days [18], 10 to 90 days [21•], 20 to 45 days [20].
Another study based on fertility awareness methods did not
have strict exclusion criteria based on length, but did require

that cycles > 40 days did not have any mid-cycle bleeding and
that the total cycle length was 4 days longer than the number
of bleeding days reported [46•]. Overall, menstrual cycle re-
search using MCTAs has incorporated a wide range of aver-
age cycle lengths.

In conclusion, MCTA menstrual cycle studies focus on
users of White race or European residence, although some
studies did not describe their study sample. MCTA menstrual
cycle studies tend to include older users, and researchers in-
terested in younger populations may need to seek out an app
that targets that population. MCTA-based studies include a
wide range of BMI and cycle lengths. Exclusions of cycle
lengths should be carefully considered with regard to how this
may balance misclassification and generalizability. MCTA
studies have an opportunity through their large user base to
describe menstrual cycle characteristics across a diverse sam-
ple. Without the careful reporting of demographic character-
istics, it is a challenge to ascertain if samples are representative
of the MCTA user population, or of wider country or even
global populations. We suggest that publications using
MCTA data for menstrual cycle research thoroughly describe
their sample’s demographic characteristics, and the peer-
review process should request this. This is fundamental for
understanding generalizability and potential for selection bias.

Table 2 Summary of the most commonly mentioned MCTAs in this review

MCTA Primary motivation
for use

Location of users in
publications

Data availability/privacy Additional information of note for
research

Clue Track cycles [14, 24] USA [14] Authors were employed at company that
produced Clue, so they had access to
data [24].

Is gender inclusive [14, 35••], has a lot of
features for tracking behavior [14, 24,
40]. Most users do not log pregnancy
test or other biomarker test predictive
of pregnancy [24].

CycleBeads Prevent pregnancy
[26••], observe
cycle [27]

Egypt, Ghana, India,
Jordan, Kenya,
Nigeria, and
Rwanda [26••]
Kenya [27]

Signing up for the app allows for
de-identified user data to be utilized for
research for these specific researchers
[26••]. Requires in-app recruitment for
research [27]

DOT Prevent pregnancy
[47]

USA [47] Requires in-app recruitment for research
[47]. A written consent for was required
after enrollment [31].

Effective for women with longer and
shorter than average cycle lengths [42]

Kindara Promote pregnancy
[46•]

Mostly USA [46•] N/A

LunaLuna Plan pregnancy [20] Japan [20] Authors were employed at company that
produced LunaLuna, so they had access
to data [20].

Natural Cycles Prevent pregnancy
[5–9, 21, 44]

Sweden and
Switzerland [7];
UK, USA, and
Sweden [6, 21];
Sweden [5, 8, 9]

Signing up for the app allows for
de-identified user data to be utilized for
research [8].

Certified in Europe [43] and the USA
[50] as a form of contraception

Ovia Plan pregnancy [18,
22]

USA [18, 22] Signing up for the app allows for
de-identified user data to be utilized for
research [18, 22].

More representative of a subfertile
population [18]

Sympto Prevent pregnancy
[46•]

Mostly Europe [46•] N/A
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MCTA Users in Fertility Research Two of the apps that were
previously described as contributing to menstrual cycle re-
search [18, 19] also conduct research on the probability of
conception; these include the Clearblue Connected
Ovulation Test System (a combination of app and ovulation
tests) [23] and Ovia Fertility [22]. One additional study using
data from the Clue app has also been used to develop a model
for conception; however demographics of the user base were
not described [24]. The two studies with demographic infor-
mation were based in either the UK [23] or the USA [22], and
both samples had a mean age of 30 and a wide range of BMI
(mean = 26 and SD = 5 [23] or 43% overweight or obese
[22]). MCTAs have the potential to over-select for people
who are subfertile, for example, women who know they are
subfertile are more likely to use an app to help them time their
intercourse or track their cycles to facilitate conception.
However, data to evaluate this issue are limited. Lower con-
ception rates and a higher rate of endometriosis than those of
the general population were found in one MCTA study [18].
In a cohort study of women attempting to conceive, the
prevalence of subfertility was not higher in MCTA users
[25]. However, users of “selected” MCTAs and “other”
MCTAs were more likely to take folic acid than non-
users (83.3% and 73.7% vs 66.8%) and were less likely
to have recently used contraceptive hormones (37.4% and
34.6% vs 44.0%) [25]. The fertility profile of MCTA users
should be further investigated especially when the research
objective is fertility related because this is important for
generalizing the results.

MCTA Users of Contraceptive Apps MCTAs can be used to
prevent pregnancy, and some of the previously described apps
used for fertility research or menstrual cycle research can also
be used by women who wish to avoid pregnancy. The char-
acteristics of women who use an app for contraception may
differ from those who choose to use the same app to aid
conception, so we focus on describing users studied in
MCTA contraception research in this section. The app with
the most published research, the Natural Cycles contraceptive
app, is FDA-approved as a contraceptive [50] and provided
data in the previous section onmenstrual cycle research. Users
of the app were for the most part young (aged 20–35), of a
healthy BMI, and from Sweden [8]. The remaining two stud-
ies that specifically address contraceptive research focused on
low-income countries [26••, 27] and used the Cycle Beads
contraceptive app. The Cycle Beads users were young
(69.7% are 18–25), 45.4% were students, 27% were in a rela-
tionship but not married, and 49.7% attended/completed uni-
versity/postgraduate school [26••]. One important observation
from the Cycle Beads studies was that a third of the users were
not previously using another form of contraceptive, suggest-
ing that MCTAs could fill an unmet need for contraception
[26••].

Reasons Users Choose or Continue Using a Particular
MCTA

A person may select a specific MCTA for a variety of reasons,
including accuracy, a referral from a friend, inclusiveness, and
tracking features. MCTA users continue to engagewith an app
if they are satisfied with their experience. One important con-
sideration for choosing and continuing an MCTA is its per-
ceived accuracy. Those planning to use an app for contracep-
tion rated accurate ovulation prediction as highly important
(90.7%). Users lose trust in an MCTA [28] and discontinue
use whenmenstrual cycle milestones are miscalculated, which
can be due to the method of calculation or to user character-
istics, such as irregular cycles [27, 29, 30]. For contraceptive
MCTAs, the more accurate methods include a wider fertile
window [31], yet discontinuation is also more likely with a
wide fertile window as it allows for fewer days with unpro-
tected intercourse [8]. This highlights users’ desire for an
MCTA that accurately identifies the exact fertile window
which allows for more days of unprotected intercourse.
Research using MCTAs should consider that the sample is
selected for users who have been satisfied with the accuracy
of the app.

Users refer their friends to a well-likedMCTA [27, 32, 33].
Fifty percent of Cycle Bead’s users were referred by a friend
[27]. Furthermore, 68.4% of 1000 survey respondents report-
ed that word of mouth was a somewhat or very important
reason for choosing an app [33]. This suggests that the users
of a given app may be clustered in meaningful ways for epi-
demiologic research.

Using MCTAs can be discouraging for users whose iden-
tities are not represented by the app. There is a tendency for
MCTAs to focus on fertility, and users who are outside of the
gender binary, are infertile, are newmenstruators, are celibate,
or are not heterosexual, may feel excluded [29, 34].My Period
Tracker and Glow have received feedback for being gendered,
and therefore are more likely to select for cis-gendered users
[35••]. Users describe Clue as gender neutral and not focused
on pregnancy, despite imagery suggesting a male partner
[35••].

MCTAs are used to observe cycles independent of fertility.
In two online surveys, most respondents usedMCTAs to track
their cycle [28, 30]. Likewise, in two qualitative studies,
themes of cycle observation for health purposes emerged, re-
gardless of fertility goals [29, 35••]. Another qualitative study
found that people trying to conceive reported learning more
about personal fertility patterns from using MCTAs [36]. This
suggests that app users who track their cycles are interested in
learning about their health, and apps that address this motiva-
tion may better retain users. Furthermore, capitalizing on this
interest may lead to more complete data in MCTA datasets.
Users with irregular cycles find it beneficial and report better
control of their condition when using anMCTA [37]. Keeping
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track of symptoms could be useful for both providers and
patients for managing menstrual disorders [38]. However, in
a study with 72 participants who had dysmenorrhea and pre-
menstrual syndrome (PMS), only 24% said it helped them
understand PMS patterns [32]. This points to an area in which
MCTAs can grow and potentially retain a group of women
who otherwise may not continue with an app.

Accuracy of Ovulation and Fertile Window Prediction

Here, we review the published literature that has evaluated the
accuracy of fertile window and ovulation prediction of
MCTAs. Many MCTAs are based on fertility awareness
methods and some are marketed for pregnancy prevention
[39]. For some MCTAs, it is unclear whether health profes-
sionals or the published scientific literature have contributed
to their development [40, 41]. A calendar method refers to
tracking a menstrual cycle on a calendar, and different
MCTAs have different variations of this method. Apps that
used one of four calendar methods all had an ovulation day
prediction accuracy of lower than 90%, ranging from 17 to
89% [31]. The wider the estimated fertile window, the more
likely the app was to identify the true fertile days [31].
However, a wider fertile window has implications for user
adherence, as less days with unprotected intercourse will be
allowed. In a different study, the MCTA Dot was found to be
more effective than other calendar-based MCTAs for users
with non-average cycle lengths because of the app’s ability
to change predictions based on an individual’s data [42]. Still,
the authors note that Dot is most effective for people with
regular cycles [42]. Similarly, the LunaLuna app was com-
pared with existing calendar-based methods (Ogina and
HCL) and was found to be more accurate at predicting ovula-
tion, particularly as the number of menstrual cycles per user
increased, and at the extremes of cycle length [20]. The stan-
dard day method, a method used for the app Cycle Beads, was
only effective for users with cycles between 26 and 32 days
and does not adjust predictions over time [27, 42]. The stan-
dard day method, a type of calendar method, is traditionally
used with a color-coded strand of beads that is representative
of a menstrual cycle and identifies days 8 through 19 as fertile
[27].

Ovulation testing in combination with an MCTA may im-
prove accurate identification of the fertile window leading to
increased conception rates. In a prospective cohort study of
women trying to become pregnant (the Pregnancy Study
Online or PRESTO), women who used an MCTA had a
higher probability of conceiving and the associations were
stronger when used with fertility indicators such as basal body
temperature, ovulations tests, and cervical fluid [25].
Similarly, in another study, using ovulation tests in combina-
tion with a study app was associated with twice the odds of
conception compared with only using the app [23]. On its

own, basal body temperature methods are sensitive to misclas-
sification due to multiple temperature peaks in a cycle (not
necessarily due to multiple ovulations) and fever [43]. The
Natural Cycles contraceptive app incorporates basal body
temperature measurements into the algorithm that predicts
the fertile window. In two studies of the accuracy of the
Natural Cycles app (over 4000 users), the Pearl Index
typical-use score (the number of contraceptive failures per
100 person-years of exposure) was 7.0 [8, 9, 52], which was
a conservative estimate [7–9], and was still an improvement
on other fertility awareness–based methods which have a
typical-use Pearl Index of 24 [8].

The Ovia Fertility app allows users to input self-detected
ovulation information, and the resulting data have been com-
pared with published studies of ovulation timing to determine
their consistency [18]. For example, the probability of preg-
nancy was highest on the 5 days before and on the day of
ovulation, which is consistent with previously published
biomarker-based studies of the fertile window [18].
Symptoms of ovulation such as cervical fluid changes also
changed around the estimated ovulation day. Taken together,
the authors suggest that the Ovia Fertility app contains accu-
rate ovulation and fertile window data. While ovulation test-
ingmay improve the accuracy of fertile window identification,
it does increase user burden and may decrease user engage-
ment or lead to discontinuation.

The accuracy of MCTAs may also be improved by incor-
porating an educational or training component [44]. A study
on the app CycleProGo found fewer missing data and in-
creased long-term use when users took a natural family plan-
ning course [45]. Researchers should determine whether an
app they are considering employing includes a training com-
ponent, and the implications of that training for accuracy and
user burden.

Missing Data and Accuracy Missing data can affect MCTA
prediction accuracy [6]. MCTA studies acknowledge that
missing data are a problem [46•], but do not always fully
describe the frequency of missingness or the implications of
missing data for interpretation [24]. Of 1.4 million eligible
menstrual cycles, ovulation could not be assigned in the
Natural Cycles app in 665,603 cycles, which may have been
largely due to missing temperatures: 75% of the cycles with-
out a day of ovulation were missing temperatures for at least
half of the cycle [21•]. Users who record more intercourse
track more data in the Kindara and Sympto apps; these users
are also trying to conceive (40% of cycles had recordings
every single day when the user was trying to conceive)
[46•]. This suggests that a goal of conception encourages users
to record data. MCTAs are designed to reduce missingness by
incorporating reminders, which users report as helpful [53],
but also annoying [53] and patronizing [36]. Users have a
clear preference for making reminders optional [30, 35••].
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MCTAs with a low burden for users could promote data entry
and improve app accuracy [47]. However, even with innova-
tions designed to target simplicity, over half of 196 MCTA
users in an online survey cited app complexity as a reason for
switching, and 22% reported having switched apps before
[28]. Future research and innovation will be necessary to ad-
dress missingness in MCTA data. Moreover, innovations
must balance the decrease in missingness with the increase
in user annoyance that may lead to app switching. For epide-
miologists, a longitudinal cohort might not be feasible if many
users switch apps.

Quality Assessments of MCTAs

Previous studies have evaluated MCTAs on disparate mea-
sures of “quality.” While accuracy of identifying the fertile
window and scientific quality are typically included [40, 44,
48, 49•], other criteria include access to technical support [40,
44], password protection [40], privacy policy clarity [54],
third party advertising [40], cost [44], and ease of use [44,
49•]. However, perception of quality may differ based on
intended use of the app, and studies comparing quality have
been inconsistent in their scoring criteria [44, 48]. For exam-
ple, one study developed ten criteria applicable to apps in
general (other than accuracy), and another developed eight
criteria related to fertility specifically [44, 48]. Thus, quality
assessments of apps are difficult to compare, having been
based on different criteria. Efforts have been made to develop
a standardized method of evaluating quality for MCTAs.
Moglia et al. adapted the APPLICATIONS Scoring System,
which is used to evaluate mobile apps in general, for use with
MCTAs; one additional study followed suit [40, 49•]. None of
the reviewed apps was considered perfect by the applied scor-
ing system in either study. Although these two studies applied
similar criteria, they did not review the same applications so
direct comparisons cannot be made [40, 49•]. One of these
two studies reported the highest score for Ovia Fertility
Period Tracker with 13/15 points and the lowest to
Pregnancy Tracker Baby Center with 9/15 points [49•], while
in the second of these studies, Clue received the highest score
with 13/15 points and Free Girl Cal received the lowest score
with 6/15 points [40]. Reasons for lower scores included an
unclear link to published scientific research, and a potential
lack of health professional involvement in their design [49•].
Both Clue and Ovia received high scores for addressing all
reviewed areas except “involvement of a health professional”
[40, 49•]. Ovia scored particularly well in comprehensiveness,
which was a measure of the diversity of tracking features and
educational information [49•]. Clue included “other” features
that set it apart including having a medical disclaimer and
health education material, data security features like a backup
and the ability to export data, availability in Spanish, custom
reminders, the ability to track many menstrual characteristics,

and alerts for the next menses and the fertile window [40].
These assessments show that “quality” can include many
facets of apps beyond scientific accuracy and will therefore
depend somewhat on the priorities of the user or the research-
er. Furthermore, if a user shifts their goals, for example, from
wanting to avoid pregnancy to trying to achieve it, the relative
quality of the app they are using may change, which the
adapted APPLICATIONS Scoring System does not account
for [49•].

Discussion

The objective of this review was to provide an epidemiologic
perspective on the current MCTA literature.We found that the
existing literature fell into four relevant categories which are
described in our “Results” section: characteristics of MCTA
users, reasons women use or continue using MCTAs, accura-
cy of identifying ovulation or the fertile window, and compar-
isons ofMCTAs across differing measures of “quality.” These
four categories inform our understanding of the potential for
selection bias and misclassification when using MCTA data
independent of the research goals of the currently published
literature. We included 48 studies in this review—a small but
burgeoning literature. Regarding the first category, we found a
tendency for published MCTA menstrual cycle studies to in-
clude users of White race or European residence, while most
included a wide range of BMI and cycle lengths. Several stud-
ies did not report the demographic information of their users at
all. MCTA-based studies of fertility should investigate the
prevalence of subfertility in their user base to determine if
MCTAs designed to aid conception are used predominantly
by those with fertility concerns. Fewer studies exist describing
characteristics of individuals who use MCTAs for contracep-
tion, despite there being some evidence that MCTAs can fill
unmet contraceptive needs.

We found that the reasons that people useMCTAs vary and
can change over time which is consistent with one other re-
view article [55•]. Users who feel anMCTAmeets their needs
are more likely to continue to use it and to recommend it to
others. MCTAs that employ non-binary or non-gendered en-
vironments will appeal to these underrepresented groups.
Additionally, cycle tracking, independent of pregnancy plan-
ning, is an important motivation for using MCTAs. Features
that appeal toMCTA users who are not planning a pregnancy,
such as a focus on tracking symptoms rather than ovulation,
may improve their satisfaction with the app, and therefore
their data completeness.

The accuracy of apps depends upon the algorithm used,
and apps may benefit from the inclusion of biological moni-
toring rather than just calendar methods. Missing data can
contribute to inaccuracy of the MCTA’s prediction algorithm,
as well as selection or generalizability issues; however, few
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MCTA-based studies have described the potential impact of
missing data on their results, and this is likely to be an impor-
tant area of future research.

Several reviews have already been conducted that have
identified MCTAs that are of higher quality based on both
scientific and non-scientific criteria. These assessments show
that “quality” can include many facets of apps beyond scien-
tific accuracy and will therefore depend somewhat on the pri-
orities of the user or the researcher. Without a standardized
method to evaluate quality, users, providers, and researchers
will need to make their own decisions about an app on an
individual basis.

The literature on incorporating MCTAs into research is
currently small, but the availability of large datasets (hundreds
of thousands of menstrual cycles) and rich data collection
(daily diaries, questionnaires, geolocation data) will lead to
increasing interest from researchers. Our recommendations
for future research using MCTAs include describing the di-
versity of the user base and assessing how the MCTA ad-
dresses the needs of its users. Different strategies have been
applied to promote user engagement, which is important for
reducing missing data and maintaining longitudinal cohorts.
Furthermore, MCTA studies should thoroughly describe their
sample’s demographic and behavioral characteristics and pre-
vious fertility experience, and the peer-review process should
request this. This is fundamental for understanding generaliz-
ability and the potential for selection bias. Finally, the choice
of MCTA for research will depend on the research question
and the ability of the MCTA to address the population, expo-
sure, or health condition of interest.

Limitations

A limitation of this review is the inability to directly compare
MCTAs because studies used different validation methods to
evaluate accuracy. Furthermore, not all of the literature
disclosed the name of the particular app being studied.
Literature is still focusing on evaluating the algorithms and
methods that an MCTA uses, and most apps do not share their
method. This compounds the difficulty of direct app
comparisons.

Conclusion

MCTAs are an important tool for the advancement of epide-
miologic research on menstruation. MCTA studies should de-
scribe the demographic and behavioral characteristics of their
user base and the patterns of missing data. Describing the
motivation for usingMCTAs over time and validating the data
collected should be prioritized in future research. The ubiquity
of MCTAs provides an opportunity for epidemiologic re-
search that is demographically diverse. At the same time,

MCTA data could also be leveraged to address an underrep-
resented health condition or exposure.
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