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Abstract

Background: Despite its importance to women’s reproductive health and its impact on women’s daily lives, the menstrual
cycle, its regulation, and its impact on health remain poorly understood. As conventional clinical trials rely on infrequent in-person
assessments, digital studies with wearable devices enable the collection of longitudinal subjective and objective measures.

Objective: The study aims to explore the technical feasibility of collecting combined wearable and digital questionnaire data
and its potential for gaining biological insights into the menstrual cycle.

Methods: This prospective observational cohort study was conducted online over 12 weeks. A total of 42 cisgender women
were recruited by their local gynecologist in Berlin, Germany, and given a Fitbit Inspire 2 device and access to a study app with
digital questionnaires. Statistical analysis included descriptive statistics on user behavior and retention, as well as a comparative
analysis of symptoms from the digital questionnaires with metrics from the sensor devices at different phases of the menstrual
cycle.

Results: The average time spent in the study was 63.3 (SD 33.0) days with 9 of the 42 individuals dropping out within 2 weeks
of the start of the study. We collected partial data from 114 ovulatory cycles, encompassing 33 participants, and obtained complete
data from a total of 50 cycles. Participants reported a total of 2468 symptoms in the daily questionnaires administered during the
luteal phase and menses. Despite difficulties with data completeness, the combined questionnaire and sensor data collection was
technically feasible and provided interesting biological insights. We observed an increased heart rate in the mid and end luteal
phase compared with menses and participants with severe premenstrual syndrome walked substantially fewer steps (average daily
steps 10,283, SD 6277) during the luteal phase and menses compared with participants with no or low premenstrual syndrome
(mean 11,694, SD 6458).

Conclusions: We demonstrate the feasibility of using an app-based approach to collect combined wearable device and
questionnaire data on menstrual cycles. Dropouts in the early weeks of the study indicated that engagement efforts would need
to be improved for larger studies. Despite the challenges of collecting wearable data on consecutive days, the data collected
provided valuable biological insights, suggesting that the use of questionnaires in conjunction with wearable data may provide
a more complete understanding of the menstrual cycle and its impact on daily life. The biological findings should motivate further
research into understanding the relationship between the menstrual cycle and objective physiological measurements from sensor
devices.

(JMIR Mhealth Uhealth 2024;12:e50135) doi: 10.2196/50135
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Introduction

An estimated 56% to 93% of women across the world
experience recurrent painful periods [1-5]. Menstrual pain is
debilitating for many women and has a major impact on their
health-related quality of life [6-11]. One condition that can cause
painful menstruation is endometriosis, which affects 10% to
15% of women of reproductive age [12]. In addition to severe
pain, intermenstrual bleeding, painful periods (dysmenorrhea),
painful intercourse (dyspareunia), painful bowel movements
(dyschezia), and painful urination (dysuria), endometriosis can
cause infertility, increase psychological distress, and can affect
sexuality and relationships [12,13]. Despite its debilitating
nature, it still takes around 6 to 8 years from symptom onset to
diagnosis [14,15]. The gold standard for diagnosis is still
laparoscopy, which is not only risky but also expensive. With
the rise of gender equality movements, clinical research into
menstrual health has slowly gained more attention in recent
years, with researchers emphasizing the importance of timely
diagnosis and treatment of menstrual cycle–related concerns
and disorders [16]. Each individual has a different baseline of
subjective pain experience and the availability of sufficient
baseline data can enable a shift toward precision medicine in
menstrual health [17]. Frequent and continuous data collection
can provide an understanding of symptom variability, which is
likely to be an important contributor to variability in treatment
response [17]. However, traditional clinical trials to date have
relied on infrequent in-person assessments and subjective
retrospective data, failing to capture the daily changes in
physical and mental well-being that occur over the course of
the menstrual cycle [18,19]. In this regard, commercially
available menstrual tracker apps offer new opportunities for
research. Women can continuously track their menstrual health
in digital diaries, with self-learning algorithms continuously
improving predictions and educational content empowering
users to increase their knowledge about menstrual health
[20-22]. As a complement to subjective digital questionnaires,
commercially available wearable technology can provide an
easy way to collect continuous and objective real-world health
data for women’s health research purposes. In the example of
endometriosis, the combined collection of subjective data from
digital diaries and objective wearable devices could help
distinguish between “normal” menstrual pain and pain associated
with endometriosis, potentially speeding up the diagnosis
process and avoiding unnecessary invasive tests.

Previous research, albeit with small sample sizes, has already
shown that the collection of sensor data such as step count, heart
rate, and sleep duration combined with self-reported menstrual
cycle data can uncover interesting correlations and advance
knowledge about menstrual health [23-26]. For example,
wearables are already increasingly being used to evaluate
alternative contraceptive methods and to predict the fertility
window [26-29]. Interesting findings from previous research
using wearables include an observed lower distal skin
temperature (as measured with an Oura ring) during ovulation,
as well as higher heart rate in the ovulatory, mid, and late luteal
phases [24,25]. While previous studies show a potential effect
of physical activity on the menstrual cycle and vice versa

[30-32], none of them used wearable devices for daily activity
tracking during the menstrual cycle. Similarly, there is a lack
of studies using wearable data to analyze sleep behavior during
the menstrual cycle. Current scientific knowledge on changes
in sleep behavior across the menstrual cycle is conflicting, with
some studies finding a decrease in subjective and objective sleep
quality during the premenstrual phase and menses [33-36], while
other studies did not find such correlations [24,37]. The ongoing
Apple Women’s Health Study [27], a mobile app–based
longitudinal cohort study that includes both survey and
sensor-based data, has not yet published results related to sensor
data.

Combining subjective data from women’s health questionnaires
with objective sensor data from wearables can not only facilitate
cycle tracking for the everyday consumer but also allow
researchers and participants alike, to gain a deeper insight into
the clinical changes during the menstrual cycle. Commercially
available wrist-worn sensor devices, such as the Fitbit Inspire
2 device, are thereby not only much more affordable than
research-grade sensor devices, but can be nearly as accurate
[38,39]. However, real-world data collection studies conducted
exclusively in the home can present difficulties in terms of
retention and adherence to the study protocol [19,40]. To explore
the feasibility of consistently collecting wearable and
questionnaire data across multiple menstrual cycles, we
conducted a 12-week feasibility study with 42 participants.
Using the Fitbit Inspire 2 device and digital questionnaires
within the Data4Life study app, our primary objective was to
refine methods for collecting authentic menstrual cycle data in
a real-world setting. This included assessing participant retention
rates and gathering usability feedback on their engagement with
wearable devices and digital questionnaires. In addition, our
study explored potential clinical correlations between wearable
and questionnaire data, with the aim of uncovering potential
correlations with key parameters of the menstrual cycle.

Methods

Study Design
This digital prospective cohort study was conducted mainly
online with enrollment between December 2021 and April 2022.
This study was called the Feasibility Study of Menstrual Cycles
With Fitbit Device (FEMFIT). Participants were recruited by
their local gynecologist at a practice in Berlin, Germany. The
owner of the practice, who is also a coauthor of this study (MH),
received financial incentives for recruiting participants. During
recruitment, participants received a token to access the FEMFIT
study in the study app. During account creation, participants
provided digital informed consent to share their data for
research. All participants received a free Fitbit Inspire 2 (Fitbit
International Limited) as an incentive after completing the study.
Participants were asked to wear the device at all times
throughout the study period of 3 menstrual cycles or 12 weeks.
Dropout was defined as individuals who did not provide data
for more than 14 days. This cut-off was deliberately set to
manage participant dropout while ensuring the inclusion of data
from individuals with shorter menstrual cycles.
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The primary outcome variables of this study centered on
assessing the feasibility of continuous menstrual cycle data
collection using the Fitbit Inspire 2 device and digital
questionnaires. Specifically, we focused on participant retention
rates and usability feedback regarding engagement with these
tools. In addition, secondary outcome variables included
exploring potential clinical correlations between the collected
wearable and questionnaire data and key menstrual cycle
parameters.

Data Collection: Digital Questionnaires and Wearable
Data
Prior to enrollment, participants completed a paper questionnaire
to assess their digital literacy [41] (Multimedia Appendix 1).

Digital questionnaires (Multimedia Appendix 1; Figure S2 in
Multimedia Appendix 2) were accessible within the app at
varying intervals, with email notifications reminding participants
of new questions. Email notifications reminded participants of
newly available questions. At enrollment, participants provided
demographic information and were asked for clinical
information with a focus on women’s health, including
preexisting conditions, use of hormonal contraception, cycle
regularity, and the first day of the last menses (Multimedia
Appendix 1). After enrollment, weekly questionnaires focused
on monitoring the duration of wearable device use duration and
assessing mental and physical well-being (Multimedia Appendix
1). Notably, the specific results of the mental and physical
well-being assessments are not presented in this publication.
Triggered by the first day of their last menstrual cycle, from
day 13 to day 5 of their menstrual cycle, participants were asked
about the 12 typical symptoms of premenstrual syndrome
(PMS): seclusion, irritability, swelling, anger, weight gain, joint
pain, headache, confusion, dejection, bloating, anxiety, and
tenderness [42]; participants were also asked about the severity
of their bleeding. If a new menstrual cycle had begun, the first
day of bleeding triggered the new cadence for all future
questionnaires. Data from these daily questionnaires were used
for correlation with the wearable data collected simultaneously.

In addition to the digital questionnaires, the Fitbit device
recorded 3 parameters daily: average resting heart rate, total
steps, and total sleep time. For this study, average resting heart
rate was rounded to the nearest 5 beats per minute, sleep time
was rounded to the nearest 10 minutes, and step count was
rounded to the nearest 100 steps. This generalization was made
to protect the anonymity of participants when analyzing
deidentified donation records in this small feasibility study.

Definitions
The relevant phases of the menstrual cycle were defined as
follows: the menses phase (MP; days 1 to 5), the ovulation day
(OD; day 1 of the next MP minus 14) [43], the follicular phase
(day 1 of MP to OD minus 1), the luteal phase (OD plus 1 to
the menses), and the midluteal phase (OD plus 3 to OD plus 9).

In our analysis of PMS, only PMS symptoms from the days
after OD to the end of MP were considered. Severe PMS was
defined as a symptom severity rating of 3, equivalent to severe,
on the visual analog scale. Participants were included in the
severe PMS group if they reported severe PMS symptoms in at

least 2 cycles. Participants were included in the no or low PMS
group if they never reported PMS symptom severity higher than
1 on a severity scale from 0 to 3.

Data Storage and Wearable Data Integration
The nonprofit organization Data4Life provided the research
infrastructure (study application, data storage, and analysis
platform) for this study. All research data was stored in
Data4Life’s secure research environment on servers in Germany.
Data4Life is certified by the German Federal Office for
Information Security (BSI). For participants who allowed the
use of cookies, we were able to analyze user behavior using the
General Data Protection Regulation–compliant business
analytics tool Matomo (Matomo; data stored in Europe only).
In the web app, after entering their study token and providing
digital study consent, participants were asked to connect to
Fitbit to allow access to their wearable data via the Fitbit web
application programming interface (API) [44]. After completing
the OAuth 2.0 Authorization Code Grant Flow [45], the API
refresh token was stored in end-to-end encrypted form for
subsequent use for the duration of their participation in the study
or until they withdrew their consent. This allowed the study’s
wearable parameters to be retrieved client-side via the respective
activity and sleep endpoints, and stored in end-to-end encrypted
form as Fast Healthcare Interoperability Resources Standard
for Trial Use, version 3, [46] observation records each time
participants logged into the web app to complete their
questionnaires. As the API returns time series data over a few
days, data gaps between donations were filled by comparing
previously stored records with the data points returned by the
API.

Statistical Analysis
All analyses were performed on the Data4Life analytics platform
on a jupyterhub notebook running Python (version 3.10.4), using
pandas (version 1.4.2), matplotlib (version 3.5.2), seaborn
(version 0.11.2), and numpy (version 1.22.4). Descriptive
statistics were used to report details of the study cohort,
retention, and adherence measures. Continuous values were
reported as mean with SD or median with IQR; categorical
values were reported as numbers with percentages. For
comparative analyses of clinical outcomes, we used the
Mann-Whitney test [47] for nonnormally distributed data and
the 2-tailed t test [48] for normally distributed data.

Ethical Considerations
The study was approved by the ethics committee of the Berlin
Chamber of Physicians (Eth-11/22). Registration was open for
people aged 18 years and older. All participants provided digital
informed consent for study participation. Participation was
voluntary. Participants were allowed to keep the Fitbit Inspire
2 device after the study ended. Email and password were
required to log in to the study app as well as two-factor
authentication via phone. Participants could access all study
content through a web app on both desktop and mobile devices.
All study data was end-to-end encrypted and pseudonymized.
Only authorized researchers were provided access to the data
on the Data4Life analytics platform. Data was stored exclusively
on Data4Life data centers in Germany. Based on IT-Grundschutz
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(ISO 27001), Data4Life is certified by the German Federal
Office for Information Security (BSI).

Results

Study Setting and Participants
This feasibility study of combined wearable and questionnaire
data collection on the menstrual cycle was conducted online
with self-reporting of questionnaire data in a study app
accompanied by the collection of wrist-worn sensor data from
Fitbit Inspire 2 devices. A total of 42 cisgender women were
recruited from December 2021 to April 2022 at a gynecological
practice in Berlin and agreed to provide menstrual cycle data
for 12 weeks (Figure 1).

One participant never requested a wearable device and therefore
dropped out of the study before creating an account in the study

app. Three participants never donated any questionnaire or
wearable data (Figure S1 in Multimedia Appendix 2), leaving
data from 38 participants who started to donate data in the study
app. Of these, a total of 5 participants withdrew from the study
within the first 2 weeks of study entry, 3 of whom never donated
any wearable data, leaving valuable data from 33 participants
for further analysis. Active participants (n=33) were on average
24.2 (SD 3.0) years old and predominantly identified as female,
with 1 individual identifying as diverse (Table 1). Five
participants (15.1%) reported preexisting mental health problems
(Table 1). In terms of women’s health issues, 2 (6.1%)
participants reported a history of chlamydia infection and 1
person (3%) reported a history of human papillomavirus
infection. At enrollment, the median time since the last
menstruation was 17 (IQR 12-26) days.

Figure 1. Feasibility Study of Menstrual Cycles With Fitbit Device (FEMFIT) study concept. The FEMFIT study on collecting combined wearable
and questionnaire data on the menstrual cycle was carried out online. Self-reporting of questionnaire data in a study app was accompanied by the
collection of wrist-worn sensor data from Fitbit Inspire 2 devices. Weekly questionnaires asked about physical and mental well-being. From day 13 to
day 5 of the menstrual cycle, participants answered daily questionnaires on bleeding severity and PMS symptoms. PMS: premenstrual syndrome.
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Table 1. Details on study participants (n=33).

ValuesDemographics of active study participants

24.2 (3.0)Age (years), mean (SD)

Gender, n (%)

32 (97)Female

1 (3)Diverse

Preexisting health condition, n (%)

2 (6.1)Chlamydia

1 (3)HPVa

5 (15.1)Mental health

1 (3)Hypothyroidism

1 (3)Hyperthyroidism

Cycle regularity, n (%)

2 (6.1)Irregular

Hormonal contraception, n (%)

4 (12.1)Yes

17 (12-26)Days since last period, median (IQR)

aHPV: human papillomavirus.

High Degree of Digital Literacy of Study Participants
Of the 42 people initially recruited, 25 (59.5%) people reported
that they had never worn a wearable device before. Of those
who had experience wearing a sensor device, 5 had worn an
Apple Watch, and other devices worn included Fitbit (n=2),
Garmin (n=1), Samsung (n=1), and Denver (n=1). The majority
of participants (26/42, 61.9%) regularly used apps on their
smartphones to track their food intake, physical activity, or
menstrual cycle. The most commonly used menstrual cycle
tracking apps were Flo (9/26, 34.6%) and Clue (4/26, 15.3%).
At the start of the study, a standardized digital literacy
questionnaire [41] showed that the participants were highly
digitally literate with an average score of 37.1 (SD 3.1) out of
48.

Increased User Engagement After Early Dropouts
Across all 41 participants who enrolled in the study and logged
into the study app, the mean time spent in the study (measured
from enrollment to last weekly or daily questionnaire delivery)
was 63.3 (SD 33.0) days The reported reasons for not
completing the study were too great a time commitment (n=1),
a high technical barrier (n=2), and technical difficulties that
made it impossible to complete the study (n=3).

Among participants who remained in the study for more than
14 days (n=33), questionnaire completion rates were high. The
weekly physical and mental well-being questionnaires were
completed on average 10.2 times (SD 2.6) out of 12, while

69.7% (n=23) of active participants completed at least 11 of the
12 weekly questionnaires. An average of 65.8% (SD 24.1%) of
all questionnaires on menstrual bleeding and PMS symptoms,
which were asked daily from day 13 to day 5 of the menstrual
cycle, were completed (Figure 2A). Overall, 66.7% (n=22) of
participants reported starting dates of at least 3 menstrual cycles,
with a median cycle length of 28.0 days (IQR 24-31), and we
collected data from a total of 50 complete ovulatory cycles. In
general, logins to our study app occurred mostly after email
notifications (Figure S3 in Multimedia Appendix 2), suggesting
that frequent study reminders may increase retention.

The average number of days wearable data were provided was
65.2 (SD 17.0) days for step count, 64.2 (SD 17.1) days for
heart rate, and 60.5 (SD 17.8) days for sleep time (Figure 2B).
There were difficulties in collecting continuous wearable data
over the entire study period, particularly for sleep time. None
of the 33 active participants provided consecutive wearable data
over the entire study period. The average number of consecutive
days of data donation was 36.4 (SD 25.6) days for sleep time,
38.6 (SD 31.4) days for heart rate, and 52.6 (SD 28.3) days for
step count. Wearable data was provided consecutively for at
least 50 days by 11 participants and for more than 70 days by
3 participants. In the weekly study questionnaire, participants
reported that they were wearing the device continuously for an
average of 9 (SD 2.9) weeks out of 12. When participants
reported that they did not wear the device continuously,
off-times were stated to be longer than 3 hours per day.
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Figure 2. Participant engagement. (A) Questionnaire completion rates of weekly and daily questionnaires. Questionnaires on physical and mental
well-being were filled out once per week, whereas questions on premenstrual symptoms and bleeding severity were filled out daily from day 13 to day
5 of the menstrual cycle. The box plots show the median and IQR, with whiskers reflecting minimum and maximum values for outliers. Dots represent
all data points. (B) Bar plot visualizing the total days of wearable data donation during the study period per participant. Bars are color-coded by the
parameter assessed using the Fitbit Inspire 2 wearable device.

Fitbit Device and Study App Supported Subjective
Health Monitoring
At the end of the study, 22 participants completed questions
about their study experience. Most participants reported that
the Fitbit device was very easy to use (n=22; mean rating 1.6,
SD 0.6; 1=very easy, 5=very challenging) and did not interfere
with their daily life (n=22; mean rating 1.2, SD 2; 1=very
comfortable, 5=very disturbing). One person found wearing the
Fitbit device at night very uncomfortable, whereas overall it
was not perceived to be bothersome at night (n=22; mean rating
2.2, SD 1).

The majority of participants completing the end-of-study
questionnaire (13/22, 59%) stated that wearing the device
increased their physical activity over the study period. Step
count data from all participants over the study period thereby
showed an average step count of 9987 (SD 3856) steps per day
in the last 2 weeks of study participation compared with an
average of 9301 (SD 4076) steps per day in the first 2 weeks of
study participation, but this observation was not significant.
Overall, participants did not feel that the sensor tracking changed
their sleep behavior (13/22, 59%). Five participants reported
that wearing the device and answering the questionnaires made
them feel stressed, while 9 participants reported that wearing
the Fitbit device made them feel more in control. For 15
participants (67.9%), the study helped them to better associate
symptoms such as mood swings, headaches, and pelvic pain
with a particular phase of their menstrual cycle. Overall, the
study seemed to improve participants’ health awareness, and
21 of the 22 participants who completed the final questionnaire
said they would take part in a similar study again.

Digital Symptom Questionnaires Revealed Patterns of
PMS Symptoms Across the Menstrual Cycle
PMS-related symptoms and their severity on a scale of 0 to 3
were only assessed on potential PMS days during the luteal

phase and menses. The majority of participants (22/33, 66.7%)
reported severe PMS symptoms on at least 1 day of the
menstrual cycle for at least 2 cycles. Severe PMS was reported
by 18.2% (n=6) of participants in at most one of the cycles
recorded in our study, and only 15.2% (n=5) did not experience
any severe PMS symptoms during the study period.

In terms of mental health, dejection (average score 0.5, SD 0.9)
and seclusion (average score 0.3, SD 0.7) were among the most
commonly reported symptoms during the menses. The data
suggested a notable impact on participants’mental health during
the menses, with higher severity of seclusion (Mann-Whitney
P=.03), dejection (Mann-Whitney P=.02), and irritability
(Mann-Whitney P=.01) reported during the menses compared
with the luteal phase (Figure S4 in Multimedia Appendix 2).
Reported levels of anxiety, confusion, anger, and tenderness
did not differ substantially between the luteal phase and menses
(Figure S4 in Multimedia Appendix 2). In contrast to mental
health symptoms, reported physical symptoms during menses
were more severe. Participants experienced a significantly higher
severity of bloating during the menses (mean 0.7, SD 1.1)
compared with the luteal phase (mean 0.3, SD 0.7;
Mann-Whitney P<.001; Figure 3). Similarly, the swelling was
reported to be more severe during the menses (mean 0.3, SD
0.8; luteal phase: mean 0.1, SD 0.5; Mann-Whitney P<.001).
In addition, participants reported more severe headaches during
the menses compared with the luteal phase (mean 0.38, SD 0.7;
luteal phase: mean 0.2, SD 0.67; Mann-Whitney P=.005) and
more bothersome joint pain during the menses (mean 0.3, SD
0.8; luteal phase: mean 0.2, SD 0.5; Mann-Whitney P<.001).
In terms of reported weight gain, there was a trend toward
increased weight gain during the menses, although this increase
did not reach statistical significance (Figure S4 in Multimedia
Appendix 2).
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Figure 3. Symptom severity over the menstrual cycle. Bar plots show the mean rating for symptom severity on a scale from 0 to 3 (0=no symptoms
to 3=very strong symptom severity). Error bars are the SE. Mann-Whitney P values comparing groups are shown for each plot.

Combined Questionnaire and Wearable Data Delivered
Interesting Insights Into the Menstrual Cycle
Participants provided a total of 23,424 symptom reports, with
a total of 2468 symptoms reported in the daily questionnaires,
which were administered during the luteal phase and menses.
Heart rate sensor data was collected on a total of 2118 days,
step count on 2153 days, and sleep time on 1996 days.

The average resting heart rate over the entire study period was
66.7 (SD 6.7). Participants slept an average of 7.3 (SD 1.6)
hours while wearing the Fitbit device. With an average of 10,184
(SD 6120) steps per day, the FEMFIT cohort was quite
physically active, with some participants walking >20,000 steps
per day (153 days from 21 participants recorded with >20,000
steps; Figure S5 in Multimedia Appendix 2). When examining
correlations between sensor data and questionnaire data on the
menstrual cycle, we observed that mean resting heart rate
appeared to be highest in the mid and late luteal phases relative
to the time between menses and ovulation (Mann-Whitney
P<.001; Figure 4, Figure S6 in Multimedia Appendix 2). We
did not observe any significant differences in the change in step

count (Mann-Whitney P=.72) or sleep time (Mann-Whitney
P=.58) between the follicular and luteal phases (Figure 4).

In an exploratory analysis of the wearable data across
participants with different PMS severity, participants with severe
PMS (n=22) walked significantly fewer steps (mean daily
steps10,283, SD 6277) during the luteal phase and menses
compared with participants with no or low PMS (n=5; mean
11,694, SD 6458; Mann-Whitney P<.001). There was no
significant difference in sleep duration (Mann-Whitney P=.18)
or heart rate with PMS severity (Mann-Whitney P=.72).

To investigate whether hormonal contraception had an effect
on step count, sleep time, or heart rate, we compared 4
participants using hormonal contraception with 29 participants
not using hormonal contraception. Participants on hormonal
contraception appeared to be less active (mean step count 7400,
SD 4433; no hormonal contraception: mean 9800, SD 6203;
Mann-Whitney P<.001). The average daily resting heart rate
was significantly higher in the hormonal contraceptive group
(mean 68.2, SD 7.7 vs mean 66.6, SD 6.6; Mann-Whitney
P<.001). There was no difference in sleep behavior between
the 2 groups.

JMIR Mhealth Uhealth 2024 | vol. 12 | e50135 | p. 7https://mhealth.jmir.org/2024/1/e50135
(page number not for citation purposes)

Lang et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 4. Physical parameters measured by wearable devices over the menstrual cycle. Progression of daily average resting heart rate, step count, and
sleep time over the menstrual cycle across all active study participants. Only cycles with a maximum length of 35 days were included. The dark lines
show the mean and the shadowed lines show the 95% CI. The average resting heart rate was highest in the mid and late luteal phase relative to the time
from menses to ovulation (Mann-Whitney P<.001); no significant difference was seen for sleep time or step count.

Discussion

Principal Findings
To date, only a few studies have assessed the menstrual cycle
using both objective wearable and subjective questionnaire data
[23,27,29,49,50]. Previous research has demonstrated potential
effects of physical activity on the menstrual cycle and vice versa
[30-32]. However, none of these studies used wearable devices
to monitor daily activity levels, and there is a gap in studies
using wearable data to examine sleep patterns across the
menstrual cycle. Recognizing that participant retention is a
significant challenge in digital cohort studies [19,40], our
feasibility study was designed to primarily assess the
effectiveness of study participation and adherence to the study
protocol, highlighting challenges and opportunities for future
large-scale studies in women’s health. Secondarily, we focused
on potential biological outcomes.

Our cohort was a group of young, mostly digitally literate,
cisgender women with regular cycle lengths. Overall, retention
was good among participants who remained in the study beyond
the second week. The observed dropout rate of 21.4% (n=9)
within the first 2 weeks of the study is consistent with rates
reported in other digital cohort studies [51,52], and the overall
median retention of 81.0 days was remarkably high [52].
Nevertheless, these dropouts may have introduced selection
bias. Among the 5 dropouts who provided demographic data,
we did not identify any discernible demographic patterns in
relation to retention. The mean age of the dropouts was 24.8
(SD 3.2) years, which was not significantly different from the
rest of the cohort. None of the dropouts had preexisting medical
conditions and only 1 reported menstrual irregularity. In future
large-scale studies, it would be advisable to collect demographic
information directly at recruitment (in our case when the
wearable device was distributed) to ensure comprehensive data
on dropouts. This may contribute to a better understanding of

the potential retention patterns and help to address selection
bias. Among those who dropped out early, technical barriers
were the most commonly reported problem. Although our study
team provided access to technical support, future studies could
potentially reduce dropout rates by further reducing barriers to
accessing technical support or by conducting active outreach.
The young age of participants, such as our cohort, is also known
to be associated with lower retention [19,52]. Targeted
engagement strategies such as increased outreach and
communication with younger participants could counteract this
[19]. For large-scale studies, continuous monitoring of data
donations in an ongoing study can facilitate real-time strategies
such as increased outreach to engage inactive participants,
reduce dropouts, and ensure data completeness [19]. In 2 similar
studies using sensor devices to investigate physiology
surrounding the menstrual cycle [23,25], retention was generally
not an issue, but retention efforts were not further highlighted
in the publications.

In addition to the potential bias introduced by study dropouts,
ensuring high data completeness is critical for investigating
temporal patterns in menstrual cycles. Similar to our study,
Maijala et al [23] reported issues with continuous data
contribution across consecutive days. In particular, issues related
to participant retention and data completeness could potentially
undermine the integrity of the results. In our study, this was
particularly challenging for sleep data. To mitigate these
concerns, several strategies can be considered for future
research. The comfort of wearable devices should be a priority
in study design, as some participants in our study found the
devices too uncomfortable. Data completeness may be further
increased if a clear purpose for data collection is visible to
participants, for example, having the clinical condition of
interest in the study [52,53]. As this was a feasibility study
without a specific disease focus, we expect retention and data
completeness to be higher when applying a similar study setting
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to a clinical condition with a high disease burden, such as
endometriosis [54]. Recruitment strategies should also be
tailored to improve data completeness. Although participants
in our study were highly digitally literate, the vast majority had
never worn a wearable device before. Recruiting participants
who already have a sensor device and are accustomed to wearing
it on a daily basis may increase data completeness. However,
such targeted recruitment would introduce additional bias, as
sensor devices are mostly owned by individuals from
high-income households [55]. Although some participants in
our study felt stressed by wearing the sensor devices, positive
prior experience with wearing sensor devices as a selection
criterion for study participation may further increase data
completeness. In our study, participants received the wearable
device as a free gift at the start of the study, and the incentive
was not dependent on their questionnaire completion rate or the
duration of wearing the device. Future studies may benefit from
offering incentives upon successful completion of the entire
study, thereby encouraging full participation [52,56]. Increasing
compensation beyond just the Fitbit device could further
improve retention [52]. In terms of questionnaire data
completeness, it may be beneficial to reduce the number of daily
questions. In our study, completion rates for daily questionnaires
were lower than for weekly questionnaires, and 1 of the 9 people
who dropped out within the first 2 weeks reported that the study
was too time-consuming. These strategies can potentially help
to improve participant retention and ensure more comprehensive
and reliable data.

Despite challenges related to data completeness, our study
successfully demonstrated the technical feasibility and value of
combining wearable and questionnaire data. The information
derived from the digital questionnaires helped to map the sensor
data to the respective day of the menstrual cycle and to correlate
the objective physiological data with the subjectively reported
symptom data from the study app, leading to interesting
biological insights. The average resting heart rate measured by
wrist-worn wearable sensors changed over the course of the
menstrual cycle, with an increase in the mid and late luteal
phases compared with the menses. This observation supports
the findings of a larger study by Shilaih et al [25], where the
pulse rate measured using laboratory standard
photoplethysmography technology showed a peak in the
midluteal phase. Another study with a smaller sample size
similarly found increased heart rate (measured during sleep) in
the mid and late luteal phases compared with menses and
ovulation [24]. In our feasibility study, we also found that people
with more severe PMS symptoms had lower daily step counts.
Due to the observational nature of our study, we cannot establish
causality. This finding may suggest that individuals with more
severe PMS symptoms may exercise less due to the impact of
the symptoms on their physical activity. Alternatively, this
finding may be consistent with the existing literature, where
increased physical activity has been found to reduce PMS
symptoms [57-62]. In attempting to fill the research gap
regarding sleep patterns across the menstrual cycle, we did not
make any notable discoveries when comparing sleep duration
between different phases of the menstrual cycle, across PMS
severity, or when comparing individuals using hormonal
contraception with those who did not. It is worth noting that

there were more issues with data completeness for sleep data
compared with daytime data, highlighting the need for improved
retention strategies to motivate participants to wear the devices
consistently at night. Although of very small sample size, the
observed differences in heart rate and physical activity in
participants using hormonal contraception (n=4) also provided
an interesting starting point for future investigation. These
observations show that sensor devices may offer a great
opportunity to study physical changes over the menstrual cycle
and suggest that further investigation on a larger scale may be
valuable. Overall, it is important to interpret the biological
findings of this feasibility study with caution, given the
limitations of the small sample size and issues with data
completeness.

Limitations
Apart from the interesting results of this feasibility study, this
study has several limitations that should be taken into account
when interpreting the findings.

First, the study was conducted as a feasibility study with a small
sample size. Any biological interpretations made from such a
small sample size must be taken with caution and merely
represent an interesting starting point for future large-scale
research. Our cohort was also not representative, recruited from
only 1 recruitment site, and lacked ethnic diversity.

We further had limitations in data accuracy. The amount of
wearable data we collected was limited to 3 aggregated
parameters, which severely limited our ability for quality
filtering. As we did not collect continuous wearable data
throughout the day, but rather one aggregated data point for
each measurement of interest, we had no objective insight into
how long the device was worn each day and relied only on
subjective reporting of wear time in the weekly questionnaires.
Not wearing the device consistently or correctly could have
resulted in inaccurate data.

Furthermore, the study relied on self-reported questionnaire
data, which may introduce reporting bias and errors in data
collection. In addition, the wrist-worn wearable device used in
our study may not be as accurate as research-grade devices in
tracking changes in physiological parameters related to the
menstrual cycle. One must consider potential confounding
factors that may affect the measurement accuracy of the sensor
devices such as body sweat and unusual movements [63].

Regarding the medical accuracy of possible correlations between
wearable data and specific phases of the menstrual cycle, the
design of our study only allowed the day of ovulation to be
estimated based on the total cycle length. In future studies,
additional at-home ovulation tests could ensure greater accuracy
in assessing the different phases of the menstrual cycle [25].

Conclusions
In conclusion, this study demonstrated that an app-based
approach to collecting combined wearable and questionnaire
data on the menstrual cycle is technically feasible and provides
interesting biological insights. Study participants had a high
level of digital literacy, which may have supported adherence
to the study protocol. With 9 of 42 participants dropping out
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within the first 2 weeks, engagement efforts at baseline would
need to be improved in future, larger studies to ensure long-term
adherence to the study protocol. To further improve the quality
and applicability of such large-scale studies, challenges with
data completeness need to be addressed. This could include
using more frequent reminders for study participation, using
more user-friendly wearable technology, or providing incentives
to encourage participants to maintain consistent data

contributions over the entire study. Although the sample size
was small, we discovered an increase in average resting heart
rate over the menstrual cycle and found differences in step count
by PMS symptom severity in our cohort. Ultimately, using
digital studies to research the menstrual cycle can be feasible
and has the potential to improve our understanding of women’s
health and inform the development of personalized health care
approaches.
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