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Abstract

Objective: The market for smartphone apps tracking menstrual cycles has expanded in recent years. These apps market
themselves as empowering users to achieve their reproductive goals and maximize the chance of pregnancy. This paper
presents the first open-access quantification of menstrual tracking app downloads globally, covering both the Global
North and South. We also explore macro and micro-level reasons for app usage, testing national associations with down-
loads and analyzing user reviews.

Methods: We use data on app installations, reviews, and ratings from the Google Play Store and Apple App Store to estimate
global app downloads using a Bayesian model. We perform regressions to test for national predictors of use, and multilin-
gual topic models to analyze/cluster reviews left by users to understand individual reasons for use.

Results: We find that the majority of downloads are for three apps: Clue, Flo, and Period Tracker. Higher modern contra-
ceptive prevalence and internet access are associated with more downloads, while low-income countries tend to have fewer.
In low-income countries, a higher unmet need for family planning and total fertility rate are associated with more down-
loads. Individual reviews reveal the most common reasons for use are menstrual cycle tracking, achieving a pregnancy, com-
munity engagement, and avoiding pregnancy.

Conclusion: Existing research on menstrual tracking apps is largely confined to the Global North, but our study finds the use
of these apps to be as prevalent throughout the Global South. Future research needs to urgently understand the implications
these apps could have in a diversity of contexts.
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Introduction
Smartphone apps that track menstrual period cycles are
part of the rapidly growing, multi-billion dollar Femtech
and mHealth markets. There are over 100 of these apps,
such as Clue or Flo, which are thought to have more
than 200 million downloads.1 These apps collect user-
inputted data on the timing of menstrual bleeding, as
well as other biodata such as basal body temperature, cer-
vical secretions, height, and weight. Using these data, the
app algorithm estimates a date of ovulation, the next
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menstrual period, and a probable fertile window when the
user is most likely to conceive. Broadly, the apps use two
different methods for predicting fertile windows: those
that use information from previous menstrual cycles
such as the length of the previous cycle (calendar-based
apps) and temperature rise across previous cycles (calcu-
lothermal apps), and those that use symptothermal mea-
surements from the current cycle (fertility awareness-
based apps). A limited number of menstrual tracking
apps explicitly advertise themselves as a contraceptive
method (e.g. natural cycles), however, most focus their
branding on achieving pregnancy or improving self-
awareness of menstrual cycle health. In particular, these
apps adopt a narrative of empowerment through self-
tracking, enabling the user to enact personal choice
through an affordable and accessible platform.2–5

Public health researchers are increasingly interested
in how these apps can help inform public health
policy. For example, whether these apps can be used
to improve user understanding of factors affecting fer-
tility like maternal age,6 how well the apps predict
and assess the fertile window,7–11 and how effective
the apps are at helping users avoid12 or achieve a preg-
nancy.13 There has also been interest in accessing the
data from these apps to explore associations between
fertility/sexual behavior and factors like cycle charac-
teristics, age, and body mass index,14–17 predictors of
menstrual and reproductive health outcomes18,19 and
to explore what unmet need these apps fill for
users.20–23

Understanding who uses these apps and why should
also be of interest to demographers and social scientists.
The function of menstrual tracking apps aligns well
with demographic research about the role of informa-
tion spread in changing fertility behavior,24,25 including
the role of technology. In Malawi, for example, child-
bearing is associated with mobile phone use, as it pro-
vides better access to information and influences
preference changes. Exploring the global spread of
app usage could help demographers understand which
normative expectations about childbearing are spread-
ing, where they are spreading, and where more access-
ible information on achieving or avoiding pregnancy is
needed.26 For example, in a global context of childbear-
ing postponement to older ages,27 apps which guide the
user to understand their chances of conception could
counter the age-related decline in chances of having a
child. Knowing this guidance is available could affect
the likelihood that an individual may want children,
change when they start trying to have biological chil-
dren, or alter when they choose to give up on intentions
to have children.

These public health and demographic research ques-
tions also feed into bigger-picture policy areas such as
UN sustainable development goals (SDGs) regarding

women’s reproductive health and well-being,a as well
as women’s access to technology, resources, and
information.b,c Mobile phones and their apps are
increasingly popular modalities for public health inter-
ventions, particularly for sexual health care.28 For
example, UNICEF launched their Oky period-tracker
app in December 2019 to improve information on men-
strual health for young women in Indonesia and
Mongolia.29 These menstrual tracking apps fill a
similar need, especially when seeking professional
medical advice may be, or seem, difficult.

This study aims to provide a global overview of the
prevalence of menstrual tracking apps by analyzing
download data from the Google Play Store and Apple
App Store. This is vital given that most prior research
about these apps is based on small-scale qualitative
studies,30 is almost exclusively confined to the Global
North,20 and tends to focus on specific apps rather
than across the market as a whole. In this study, we
create a dataset of period-tracker app installations,
describe the global patterns of downloads, and test
whether various macro-level indicators (e.g. indicators
of economic development, technological spread, and
contraceptive use) are associated with downloads on a
national level. We do this to understand whether the
popularity of these apps is driven by the general socio-
economic change that encourages the use of technology
(e.g. economic development and ownership of smart-
phones) or whether there are more specific factors
(like contraceptive access) that may encourage the use
of menstrual tracking apps. We then focus more pre-
cisely on individual reasons through a topic model of
app reviews left by users. This analysis allows us to
better understand the appeal of these apps and therefore
what potential impact these apps may have on repro-
ductive behavior. The global focus of this article will
also help establish whether messaging about reproduct-
ive health and women`s empowerment, developed by
app-makers from high-income settings, is spreading to
other global regions, and open a discussion about the
appropriateness of this.

Data and methods
The data are collected from the Google Play Store and the
Apple App Store. Both of these markets are available in
the majority of countries (133), however, there are some
countries where only the App Store (40 countries) or the
Play Store (12 countries) are available. We selected 25
menstrual tracking apps that were available in both
markets; we found that these apps were downloaded in
112 countries (see page 2 of the Supplemental Material
for a full list). Data were downloaded between April and
December 2021.d
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We started with 10 popular apps known to the authors:
Clue Period Tracker, Flo Period Tracker, Glow Cycle and
Fertility Tracker, Fertility Friend FF App, Ovia Fertility
and Cycle Tracker, Natural Cycles—Birth Control,
Kindara: Fertility Tracker, Period Tracker by GP Apps,
and Bellabeat Period Diary. Using the API, we then iden-
tified over 100 similar apps in terms of category (e.g.,
health and medical, fitness, or lifestyle) and selected 25
that had enough installations, reviews, and ratings (with
at least 3000 installations, 10 reviews, and 60 ratings
on the Google Play Store) and appeared in both the
Google Play Store and the Apple App Store.e The date
reviews were left ranged from October 2009 to
December 2021.

The Bayesian model described in this paper aims to esti-
mate the number of app downloads and analyze menstrual
tracking app usage across different countries. Since the
two markets, Google Play Store and Apple App Store,
provide different data, the model integrates various pieces
of information: the number of app installations from
Google Play and the country-specific reviews and ratings
from the Apple App Store. Using a hierarchical Bayesian
approach, the model first estimates the number of down-
loads by correlating reviews and ratings to downloads. It
then extrapolates this to estimate country-specific down-
loads, assuming a proportional relationship between
reviews and downloads across countries. This comprehen-
sive approach allows the model to fill in gaps where data
is missing and make robust predictions about app usage
patterns.

In the “Estimating number of downloads” section, we
explain the methodology for estimating the number of
downloads using the hierarchical Bayesian model. We
discuss how the model uses reviews and ratings as
proxies for downloads in countries where direct download
data is not available. The “Explaining rates of menstrual
tracking app usage across countries” section covers how
we model the association between various country-level
factors (such as internet access, contraceptive prevalence,
and income) and the rate of menstrual tracking app usage
among women.

In the “Multi-lingual topic models” section, we describe
the process of performing a text analysis using contextua-
lized topic models to identify reasons for app usage from
reviews. This approach uses neural network models to
understand the context of words in multiple languages,
helping to predict topics in non-English reviews and
uncover user motivations.

Estimating the number of downloads

The two markets have different information available about
their apps for public download. Both markets allow the
download of the apps’ reviews and ratings. However,
only the Google Play Store releases information about the

number of app installations, and only the Apple App
Store has information available about the country that
reviews/ratings were made from. We, therefore, modeled
the number of downloads Di,j of menstrual tracking apps i
from the store j as a function of the number of reviews
and ratings, and then applied this model to infer downloads
from the App Store (j = 2) based on the relationships fit to
data from Google Play Store (j = 1).

Di,j ∼ Poisson(λi,j)
log(λi,j)= α0 + α1log(reviewsi,j)+ α2log(ratingsi,j)

Data were not available to quantify downloads per country
directly, but we were able to obtain counts of ratings and
reviews posted to the Apple App Store from individual
countries for each app. We used this information as a
proxy for the proportion of downloads from each country
and derived the total number of menstrual tracking app
downloads Fk,j from each store j for country k by
summing across apps i.

Fk,j =
∑I

i=1

Di,jπi,k (1)

where πi,k is the proportion of all ratings plus reviews for
app i on the Apple App Store that originated from
country k. This estimation approach assumes proportional-
ity between the number of reviews and ratings by country
on the two markets. This assumption holds well provided
that there is a linear correlation between ratings and
reviews from the Google Play Store and the Apple App
Store, which we find evidence for (see Supplemental
Figure 1) and in other sensitivity checks.

Figure 1 provides a graphical representation of the
Bayesian model used for estimating the number of down-
loads and elucidating rates of menstrual tracking app
usage across countries.

Explaining rates of menstrual tracking app usage
across countries

Our ultimate aim for the mapping exercise was to estimate
the association between country-level covariates on rates of
menstrual tracking app usage among women of reproduct-
ive age. To estimate these rates θk, we used the observed
number of menstrual tracking app downloads from the
Google Play Store Fk,j=1 in country k as the response vari-
able:

Fk,j=1 ∼ Poisson(Wkθk − Fk,j=2) (2)

whereWk is the number of women of reproductive age, and
the menstrual tracking app downloads from the Apple App
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Store Fk,j=2 is estimated from equations (1) and (2) above.
The quantityWkθk is the total number of menstrual tracking
app downloads in country k across both stores.

We then estimated the association between βm of
country-level covariates xm,k and menstrual tracking app
download rates θk using a log-normal regression:

θk ∼ LogNormal(μk, σ)

μk = β0 +
∑M

m=1

βmxm,k

where μk is the expected value for rates of menstrual track-
ing app downloads and σ is unexplained residual variation.
Priors used throughout the model were designed to be min-
imally informative:

σ ∼ Uniform(0, 5)

α, β ∼ Normal(0, 10)

We included three sets of national-level predictors xm,k
collected by the UN in the model. Firstly, given the

relevance of these apps to fertility self-knowledge, we
included indicators related to contraception and childbear-
ing: (1) contraceptive prevalence of modern contraception
(CPMC, which includes in the UN classification female
and male sterilization, intra-uterine device (IUD), implants,
injectables, oral contraceptive pills, male and female
condoms, vaginal barrier methods (including the diaphragm,
cervical cap and spermicidal foam, jelly, cream and sponge),
the lactational amenorrhea method (LAM), emergency contra-
ception, and other modern methods not reported separately
(e.g. the contraceptive patch or the vaginal ring); (2) contra-
ceptive prevalence of traditional contraception (CPTC,
which includes rhythmmethods (e.g. fertility awareness-based
methods, periodic abstinence), withdrawal and other trad-
itional methods not reported separately); (3) unmet need for
family planning (defined as the proportion of women who
want to stop or delay childbearing but are not using any
method of contraceptionf); and (4) total fertility rate (TFR).

Secondly, we incorporated variables related to techno-
logical spread and prevalence, given the apps are
accessed via smartphones: percentage of individuals
using the internet and mobile-cellular subscriptions per
100 people. Lastly, we incorporated an indicator of
national income through grouping countries into high,

Figure 1. Directed acyclic graph illustrating relationships between data and parameters in the multi-level Bayesian model. Squares are
data and circles are parameters. Solid lines are stochastic relationships and dashed lines are deterministic. Note that Fk,j=1 is transformed
data (dashed lines) that is also used as the response variable for a stochastic regression model (solid lines).
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upper-middle, lower-middle, and low-income economies
using World Bank definitions (see page 2 of the
Supplemental Material). We included interactions
between the country income groups and the contracep-
tion/childbearing and technological-spread related cov-
ariates. Table 1 provides a summary of the variables
included in the models.

Some of our country-level covariates (i.e. prevalence of
modern and traditional contraception, unmet need for
family planning, total fertility rate, and rates of internet
access) contained missing data, so we used model-based
imputation to fill in the most likely values given the
model and the other data:

xm,k ∼ Normal(0, 1)

The mean of zero and standard deviation of one were appro-
priate because covariates were centered and scaled prior to
analysis. The imputation needed for this analysis is limited:
data is missing for eight countries across various variables:
Cyprus for the prevalence of modern and traditional contra-
ception, and unmet need for family planning; Iceland,
Luxembourg, and Macau for the prevalence of modern
and traditional contraception, and unmet need for family

planning; Ecuador, Nigeria, Taiwan, and Antigua and
Barbuda for rates of internet access; and Ecuador for the
total fertility rate. Supplemental Figure 3 and Table 2
present the results of a 10-fold cross-validation model
diagnostics.

Multi-lingual topic models

After web scraping the reviews from the Google Play Store
and Apple App Store, we ran contextualized topic models to
see whether reasons for using the apps would be evident.
Contextualized topic models are neural network models that
use pre-trained representations of language based on word
embeddings. This approach to topic models builds on the
standard bag-of-words approach by allowing the model to
incorporate the meaning of a word or group of words by
understanding the context. As the reviews are in many lan-
guages, we use the ZeroShot model31 with cross-lingual con-
textualized word representations and zero-shot learning to
predict the topics from previously unseen documents in
non-English languages (for more details on the model
choice, see page 8 of the Supplemental Material).

We ran our reference corpus (the English reviews)
with different numbers of topics from five to 80. We

Table 1. National-level predictors included in the model. The table provides the source for each variable, the variable name, and a
description. All variables are for the year 2021.

Category and source Predictor Description

Contraception and Childbearing
United Nations Population
Division

Contraceptive prevalence of
modern contraception (CPMC)

Includes methods such as sterilization, IUD, implants,
injectables, oral pills, condoms, and other modern methods

Contraceptive prevalence of
traditional contraception
(CPTC)

Includes rhythm methods, withdrawal, and other traditional
methods

Unmet need for family planning
(UNMP)

Proportion of women wanting to stop or delay childbearing but
not using any contraception.

Total fertility rate (TFR) Average number of children a woman would have during her
lifetime

Technological Spread and
Prevalence
International
Telecommunication Union
(ITU)

Percentage of individuals using
the Internet (ITU internet)

Proportion of the population with internet access

Mobile-cellular subscriptions per
100 people (ITU mobile)

Number of mobile-cellular subscriptions per 100 individuals

National Income
World Bank

Income group Categorized as high (HIC), upper-middle (MIC), lower-middle
(LMIC), or low-income (LIC) economies according to World
Bank definitions. The reference category is HIC
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used fit metrics to assist model validation, based on the
coherence of topics, which measures how similar the
words and contexts within a topic are to each other.32

According to our coherence measure, the ideal
number of topics is 19 (see Supplemental Table 3).
We also examined the results for models with the
second-highest coherence (29 topics), and the results
did not differ substantially—neither when using the ref-
erence corpus as Spanish or as Portuguese (see
Supplemental Tables 4 and 5).

These topics require human evaluation, and we
carried out the final annotation manually based on inter-
pretations of the meaning of the topic by reading the top
20 words per topic and by reading the top 10 reviews
that have the highest probability of belonging to the
topic (see Supplemental Material for further explan-
ation). Because we are interested in the reasons indivi-
duals use the apps, when calculating the representations
of reasons for use, we removed the seven topics that we
classified as relating to user experience.

Results

Global installations

The estimations of app installations revealed that the market
for these apps is dominated by three apps: Flo, Clue, and
Period Tracker (Figure 2).

We found that the highest concentrations of downloads are
in the Global North, particularly in North America, the UK,
France, Sweden, Australia, and New Zealand (Figure 3).
However, downloads of these apps are not solely confined
to these regions, with downloads throughout the Global
South. In particular, installations in South America are com-
parable to the levels in Central and Eastern Europe. Of the
countries included in the analysis, the lowest number of
downloads globally is observed in Western Africa and
South Asia. Estimates are largely missing for most of
Sub-Saharan Africa, the Middle East, and China.

We found minimal differences in whether individual
apps represented smaller or larger shares of total downloads
in different world regions (see Supplemental Table 1). The

Figure 2. Number of installations for the 25 apps selected in the study. The numbers for the Google Play Store are downloaded,
and they are used to predict the number of installations for the Apple App Store. For the Apple App Store, the median estimate is
shown.
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only noticeable finding was that Flo was more prevalent
than any other app on the African continent (see
Supplemental Figure 2).

Macro-level predictors of downloads
Using the estimated installations by country, we then
explored associations between these and (1) indicators of
childbearing behavior, (2) indicators of technological
spread (ITU), and (3) the income classification of the
country. These explanatory variable groups were intro-
duced stepwise into the model (Figure 4). We found that
the national prevalence of modern contraceptive methods
was consistently associated with more installations across
all models. The prevalence of traditional contraceptive
methods and the unmet need for family planning were not
significantly associated. A lower TFR was predictive of a
higher number of installations (model 1); however, this
result was confounded when the prevalence of internet
and mobile phone use was added to the model (model 2),
the former of which was positively associated with
number of installations. Relative to the reference category
of high-income countries (as defined by the World Bank),
low-income countries were significantly associated with
fewer downloads (model 3).

We also tested interactions between socio-demographic
country groupings and the childbearing/contraception and

internet access predictors. Relative to high-income coun-
tries, a higher unmet need for family planning and a
higher TFR were associated with a higher probability of
downloads in low-income countries (models 5 and 6),
whereas reduced internet access was associated with
fewer downloads (model 7).

As sensitivity tests, we ran out-of-sample and in-sample
validations. For the estimation of the apps’ values, the
out-of-sample fit shows an R2 of 0.98 for the apps and
0.81 for the countries, while the in-sample fit shows an
R2 of 0.99 for the apps and 0.87 for the countries. A
higher R2 value indicates a better fit of the model to the
data, with 1.0 representing a perfect fit. Thus, these high
R2 values suggest that our models perform well in both
in-sample and out-of-sample scenarios. These model diag-
nostics are included in the Supplemental Material (see
pages 5–7).

Micro-level reasons for use

To understand the reasons for using these apps, such as for
conception or contraceptive purposes, we analyzed the user
reviews for the apps from the two markets. We used topic
models, which are automated content analysis techniques
used to generate underlying themes from collections of
text. The models do this by clustering words in a machine
learning technique, with topics reflecting sets of patterns

Figure 3. Geographic distribution of the decile distributions of the number of installations of the apps divided by the number of women of
reproductive age in each country (sample 112). The darker colors towards blue indicate lower installations of menstrual tracker apps, while
the brighter colors towards yellow indicate higher installations of menstrual tracker apps.
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in the data. These types of models offer the advantage of
relatively little input, where we discover rather than create
the latent topics in the texts. This results in relatively
generic topics that we can then interpret into reasons for
app use.

Across the 12 topics generated from the user reviews,
we identified four groupings indicating reasons for use:
those related to general menstruation tracking and pre-
diction; using the apps to achieve pregnancy; access to
community and education; and use as a way to avoid
pregnancy. We identified a further split within the men-
struation tracking and prediction group: those who only
refer to tracking/predicting in relation to menstrual
period timing, and those who refer to tracking/predicting
to also monitor symptoms across the menstrual cycle.

We, therefore, split this broad group into two separate
themes: (1) tracking symptoms over the menstrual
cycle (as shown in Figure 5) as symptoms & tracker &
prediction); and (2) predicting menstrual period timing
(as shown in Figure 5) as track & prediction). When
grouped, this broader theme relates to those who are
aiming to understand their body’s processes, without a
specific aim for achieving/avoiding pregnancy. These
four reasons for use came from combining individual
latent topics shown in Figure 5). We did so by reading
the top 10 reviews that had the highest probability of
belonging to each individual topic, and then grouping
them based on their themes as we interpret them. Box
1 shows some full-text examples from these four
reasons for use.

Figure 4. Coefficient estimates from a Poisson log-normal regression. Model 1 includes data from the UN family planning indicators like
the contraceptive prevalence of modern contraceptives (CPMCs), contraceptive prevalence of traditional contraceptives (CPTC), unmet need
for family planning (UNMP), and total fertility rate (TFR). Model 2 includes ITU internet and ITU mobile. Model 3 adds regional dummy
variables: high-income countries (HICs) as the reference category, medium-income countries (MICs), lower-middle-income countries
(LMICs), and low-income countries. Models 4–7 attempt different interactions with regions. Model 4 interacts regions with CPMC, model 5
with UNMP, model 6 with TFR, and model 7 with ITU internet.
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Box 1. Conceptualization of different topic groups: Each entry includes examples of reviews with the highest probability of belonging
to each theme, along with the app used and the date of the review.

We found that the majority of the reviews pointed to
these apps being used generally as a menstruation predictor
and tracker (61% of review content when grouped), with

about half indicating they are mainly tracking menstrual
period timing and half specifically mentioning symptoms
tracking. However, explicit mention of aiming to achieve

Theme Review

Menstruation tracker (symptoms & track
& prediction—34%)

Finally, something that makes it easy to track all of my symptoms and anything I have
going on that may be related to my monthly cycle! App: Clue, date: January 2015

Great for tracking your cycle and what day of your cycle. Also helpful with the
customization of emotions and symptoms. App: Period Tracker Lite, date: April 2013

Menstruation tracker (track & prediction
—27%)

This is literally the best period tracker, I’ve had it for almost a year now and it’s been a
great help. It’s really accurate and if not it’s usually 1 day off. App: Clue, date: January
2019

I highly recommend it to any girl who needs help keeping track of their period. It is very
accurate with the start and ending of your period… App: Eve Period Tracker, date:
May 2016

Achieving pregnancy (22%) Highly recommend for those considering charting fertility signs. Great technology
alternative to paper charts. App: Kindara, date: December 2014

Most in-depth fertility app I know of. Really insightful. I’m on a free trial but I will
upgrade to paid when my trial is finished. Worth it… UPDATE: I’m pregnant! App:
Fertility Friend, date: January 2018

I was struggling for two years to get pregnant my first time around, and within 4
months of using this app, I was pregnant with my first baby. Now I’m on my second
pregnancy… App: Ovia, date: January 2020

Community/education (9%) I love how in the community everyone shares everything and I love to see how people
react and have similar experiences about things, so I know how other people deal
with things… App: GLOW, date: November 2015

I love that there are so many groups/people to ask or give advice as well as to share
real-life experiences and stories. Women elevating women from all over the world!!
App: GLOW, date: January 2019

I love Eve. I love how I can log everything, keep track of my crazy periods, and find out
my fertile days. I love the community where I can comment and ask questions… App:
Eve Period Tracker, date: January 2017

Avoiding pregnancy (8%) I’ve been using Natural Cycles for a little over a year and I absolutely love it. I hated
taking the pill because it changed so much about me… App: Natural Cycles, date:
February 2019

Natural Cycles has been so helpful in helping me to knowmy body so much better. After
5 years on the pill, I had to come off of it for medical reasons… App: Natural Cycles,
date: August 2019

After being on the pill for over 15 years I started looking for natural alternatives for birth
control and came across this app and methodology… App: Kindara, date: December
2016

Rampazzo et al. 9



(22%) and avoid pregnancy (8%) was also evident in the
themes (as shown in green and mauve in Figure 5). Nine
percent of reviews across users are associated with commu-
nity and education (as shown in blue in Figure 5).

The language of the review shows different popularity in
the reasons for use. Norwegian, Finnish, Danish, and particu-
larly Swedish reviews have above-average representation of
the use of “avoiding pregnancy” (see Supplemental
Figure 5). The proportion of those using the apps to achieve
pregnancy varies little by language. The reasons for use
split by the app for which the reviews were intended shows
the leading apps (Flo and Clue) have varied reasons for use
but the most common is still menstruation tracking, while
the less-downloaded apps show clearer leading reasons for
use (see Supplemental Figure 4). For instance, Nurx and
Natural Cycles are mainly used for reasons related to avoiding
pregnancy, while Ovia, Kindara, and Fertility Friend are
mainly used for the purpose of achieving a pregnancy.

Discussion
This paper offers the first comprehensive quantification of
menstrual tracking app use globally, moving beyond the
existing literature which focuses heavily on high-income
contexts.20 We use this global map to understand potential
national-level drivers for use such as economic develop-
ment or an unmet need for family planning. We

complemented this global picture with an analysis of indi-
vidual reasons for use to pinpoint the gap these apps fill,
and how these apps may be altering reproductive decision-
making and behavior.

Our first finding was that installations are not confined
only to the Global North, and that usage across South
American countries is as high as in parts of Europe. The
spread of these apps beyond the Global North is in some
ways positive for public health strategies seeking to use
app-based interventions in a variety of settings. However,
our findings support concerns raised by existing research
about the quality and type of information being spread by
private corporations, and the inequalities these apps could
perpetuate in a diverse set of contexts.22 This is particularly
important given that we found that the app market is domi-
nated by only three apps, meaning the information and nar-
rative that these apps choose to distribute needs to be
accurate and appropriate for a diversity of users. The use
of these apps outside of the Global North raises questions
and concerns about the perpetuation of Western concep-
tions about reproductive health and “women’s empower-
ment” in other contexts. For example, women outside of
Western contexts may lack the agency to fulfill fertility
goals and desire to reduce their family size.33,34 This is of
particular concern given that existing research has found
app content to contain many assumptions, such as that
users are women, heterosexual, and monogamous, as well

Figure 5. Five main reasons were identified in the reviews of 25 menstruation tracking apps: symptom tracking and prediction,
menstruation tracking and prediction, achieving pregnancy, community, and education, and avoiding pregnancy (in order). In the left
column, each topic is identified with the top 10 words, while in the right column, the percentages for each of the five topics are presented.
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as assumptions about what should be considered a “normal”
menstrual cycle.35 Other research has also questioned the
informational accuracy of menstrual tracking apps for
improving menstrual health.36,37 Problematic assumptions
and inaccurate information provision are concerning for
users from all world regions, particularly given that these
apps are not regulated and that the individual-level data
held by companies from around the world is monetized.
Our paper does not provide answers for policy-makers to
address these issues, but it does highlight that it is timely
to address them given the global popularity of these apps.

While we found good data coverage for these apps in
South America, it is noteworthy that there is missing data
for many Sub-Saharan countries and countries across
Central Asia. In some cases, this is because there are differ-
ent app markets in these countries (e.g. China), but in
others, it is difficult to know whether missing data implies
there are no app downloads, or whether data is not collected
and monitored. Understanding more about menstrual track-
ing app use in these settings may need localized data collec-
tions or partnerships with the app providers. Other related
limitations of this mapping exercise include that we used
inference methods to estimate the installations from the
two app markets, and used downloads to infer use. This
means we cannot know exactly whether download patterns
are an exact measure for use as, for example, apps could be
downloaded more than once in different countries and
downloads do not necessarily mean regular use.
Nonetheless, this work still highlights menstrual tracking
app use beyond the Global North, and has produced the
first global data set of menstrual tracking app use.

In terms of why these apps are so pervasive globally, we
examined both macro-level factors that could explain global
spread, as well as individual reasoning for use. We explored
whether app downloads in our global map were associated
with socio-economic factors (which should be predictive of
app use generally) or whether there were associations with
childbearing-related variables which could explain a need in
particular world regions (e.g. fertility rate and contraceptive
access).We found that the prevalence of modern contraceptive
technologies and internet prevalence were most predictive of
downloads globally. One could hypothesize that if these
apps fill a contraceptive need, higher prevalence and accessi-
bility of modern contraceptive technologies should be nega-
tively associated with downloads. The fact the opposite is
observed suggests that, in this instance, modern contraception
prevalence acts more as a marker of a country’s economic
status, with countries with a higher GDP being more likely
to havemodern contraception programs. This aligns with inter-
net prevalence being associated with use, which is also a
marker of a country’s economic status. Given this, it appears
that the use of menstrual tracking apps is predominantly
driven by the accessibility of these apps through economic
development. We would expect to see these associations
with other non-menstrual-related apps on the market.

However, we also observed that when we added an inter-
action effect between countries’ socioeconomic status and
the other explanatory variables, countries classified as low-
income tended to have higher usage if they also had a higher
unmet need for family planning and TFR. This effect was
not present for high-income countries and mirrors macro
and micro-level studies which find that poorer countries
and women in LMICs tend to have reduced contraceptive
use.38,39 While being cautious to not overinterpret these
associations, this could indicate differing reasons for app
usage in different global regions. In particular, the associ-
ation with unmet needs could align with emerging findings
that these apps are popular where there is reduced accessi-
bility to, and acceptability of, reproductive health services
and contraception.40 This supports calls in the public
health literature that the measurement and conceptualiza-
tion of unmet need for family planning need to incorporate
satisfaction with contraceptive methods,41,42 as these apps
are seen as attractive alternatives to hormonal methods
which carry side-effect risks.22,40 This same reasoning
could also explain the global association between modern
contraceptive technologies and downloads, as a growing
number of individuals seek contraception options with
fewer side effects.

Using the apps to help avoid a pregnancy was also found
as a reason for use in the reviews (7% of reviews), as has
been found in earlier qualitative work.43–46 Indeed, it
could be even higher than estimated by our linguistic
model, as some reasons given do not have a clear
purpose. For example, do those who use the apps for “men-
struation tracking” do so to improve their menstrual health
or also to adjust their sexual behavior to reduce the chances
of pregnancy? Furthermore, while the quotes within the
“achieve pregnancy” and “avoid pregnancy” groups of
our topic model uniquely identify the purpose of tracking
fertile windows (i.e. the review says they’re doing it for
one or other purpose), it is possible others do this with
less clear cut or changing purpose. This ambiguity about
the purposes of tracking is supported by qualitative findings
in New Zealand where women did not classify using these
apps as their contraceptive method, even though they
described how they used them to avoid pregnancy during
their interviews.30,47 The popularity of apps as a means of
avoiding pregnancy warrants further attention by public
health researchers interested in understanding how these
apps can modify sexual behavior and how this may
impact outcomes like unplanned pregnancies. We also
found using the apps as a way to avoid pregnancy was
more common among reviews left in Scandinavian lan-
guages. This is likely a reflection of natural cycles (which
markets itself with a contraception focus) being a
Swedish-owned company that is wellknown in the region.
It is interesting that we did not find any other marked differ-
ences by language, which mirrored the minimal country dif-
ferences in the macro-level analysis. This suggests that
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reasons for use are fairly homogeneous across global
regions, despite differences in contraceptive access,
average family size, and socio-economic context.

Our analysis of the app reviews suggests, however, that
the majority of menstrual tracking apps are used for improv-
ing menstrual health (both in terms of menstrual period pre-
diction and symptoms tracking) and achieving pregnancy.
These have also been identified as the most common
reasons for use in existing high-income43,44 and low-
income country studies.45 The ability to find community
also came across as an important reason for why these
apps appeal to their users. This mirrors qualitative findings
from Denmark that the privacy for women to explore and
engage with their menstrual cycle and body in a shame-free
space was a key motivator for use.21

The opportunity these apps provide for women to learn
more about their bodies, enact their health goals, and
better understand how to maximize chances of conceiving
may be important lessons for existing family planning pro-
grams, which have typically failed to recognize that
contraceptive choice is not made purely to restrict births
but also to prepare for pregnancy (e.g. to allow appropriate
birth spacing and quick reversal to being able to conceive
when circumstances are more favorable).8,48 These apps
also both brand themselves49 and act (e.g. as evidenced
in our reviews but also as found by others4) as important
informational resources for improving menstrual health
literacy. Eschler et al.36 defined menstrual health literacy
as the baseline ability to understand and care for a men-
struating body. For example, previous studies have high-
lighted the potential for these apps to improve user
understanding and management of premenstrual symp-
toms,4,18 which is an issue that can be very debilitating
but has typically been poorly researched and understood
by healthcare providers.50,51 There is also evidence that
these apps are not only used to understand and improve
menstrual health, but also overall health.52 The apps
have the potential to give early signs of health issues
such as thyroid disease, sexually transmitted infections,
or polycystic ovary syndrome by identifying atypical pat-
terns in cycle length and other cyclical symptoms.36,53,54 It
can be validating for users to feel like they have gained an
understanding of their symptoms and have been “listened
to” because of real or perceived barriers to healthcare pro-
fessionals seriously addressing concerns with pain and
discomfort. The popularity of these apps demonstrates a
clear need for healthcare providers to better address the
informational support needs of people who menstruate in
their practice, particularly given that evidence is not con-
clusive on how comprehensive and effective the health
information provided by menstrual tracking apps is.36,37

The finding that most users are motivated by improving
their chances of conceiving should also be of interest to
sexual and reproductive health researchers. For example,
if this is a primary reason for use then could these apps

help counter age-related declines in fecundity within the
context of first birth postponement? It would also be
useful to understand whether individuals who use the
apps to help achieve a pregnancy, rather than for avoiding
a pregnancy, differ in their characteristics as this could
have policy implications. For example, whether age or
socio-economic status is associated with the likelihood of
using these apps for different purposes and whether this
shows particular kinds of unmet need within different
groups. This is a limitation of our work as the anonymized
nature of the reviews meant we could not understand more
about the individuals who left them. Exploring these ques-
tions would only be possible through data sharing agree-
ments with the app-makers, or by adding questions about
app use into existing fertility surveys.

Conclusion
In conclusion, in the context of a rapidly growing digital
health market, apps which track menstrual cycles have the
potential to both improve or disadvantage reproductive
health. Our paper provides the first fully open-access evi-
dence that these apps are globally pervasive, and we
suggest there is an urgent need to understand the implica-
tions of these apps outside of the Global North where
most existing research is conducted. The popularity of
these apps implies important perceived or real barriers to
the holistic treatment of menstrual health, and we note
this has potential learnings for more local-level clinical
practice with the aid of more localized research. On this
basis, we hope this work inspires researchers from social
science, medical, demographic, and health disciplines to
consider how these apps may be changing reproductive
decision-making and behavior, and to consider conducting
similar analyses with the wealth of anonymized and pub-
licly available information available from these apps.
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Notes
a. Target 3.7: “Ensure universal access to sexual and reproductive

health-care services, including for family planning, information
and education”measured by the proportion of women of repro-
ductive age who “have their family planning needs satisfied
with modern contraception methods.’’

b. Target 5.6: “Ensure universal access to sexual and reproductive
health and reproductive rights” measured by the proportion of
women who “make their own informed decisions regarding
sexual relations, contraceptive use and reproductive health care.”

c. Target 5.b: “Enhance the use of enabling technology, in par-
ticular information and communications technology, to
promote the empowerment of women measured by the propor-
tion of women with a mobile phone.”

d. After December 2021, Google Play Store changed their user esti-
mate reporting, rounding and clustering app download numbers
into broad categories like 50k users, 150k users, etc. This intro-
duces challenges for our models due to the imprecision of these
estimates. Initial investigations indicate that Google ranks apps
by downloads and assigns a rounded average number.

e. We did not examine the iPhone menstrual tracker included in
the Health app on iOS, which is a pre-installed feature rather
than a standalone app available for installation. This tracker
was introduced starting in 2019 with iOS 13 and watchOS 6
for certain iOS models, but was not fully extended to iPhones
until 2021 which is after the data collection of this article.

f. https://www.un.org/development/desa/pd/sites/www.un.org.
development.desa.pd/files/undesa_pd_2021_wcu_fp-indicators_
documentation.pdf.
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