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Objective. The use of health apps is increasingworldwide, with a common feature being

daily symptom tracking. However, symptom tracking has been shown to increase

symptom reporting. This study investigated whether using a menstrual-monitoring app

with a symptom-tracking feature increases symptom reporting compared to an app

without this feature or no app at all.

Design. Experimental study.

Methods. Ninety-one participants were randomly allocated to use either a menstrual-

monitoring app with a symptom tracker or a simple calendar app, or to a no app control

group. The number of period-related symptoms as well as general symptom reporting

was assessed at baseline prior to group allocation and then 1 and 4 months later. The

change in the proportion of people classified as high symptom reporters was also

examined.

Results. We found that the symptom-tracking app group reported significantly more

period-related symptoms at 4 months than the calendar app group (mean difference =
1.16 symptoms, p = .010). At the 4-month time point, significantly more participants in

the symptom-tracking group were now classified as high period symptom reporters

(baseline 50%, 4 months 70%, p = .031), while the other two groups did not change from

baseline. There were no differences in general symptom reporting across the three

groups.

Conclusion. A period-monitoring app with a symptom tracker may increase the

reporting of period symptoms. This effect does not appear to generalize to broader

symptom reporting. Further research is needed to support these findings and to examine

the impact of symptom-tracking apps on daily functioning and health anxiety.

Statement of contribution

What is already known on this subject?
� The experience of transient symptoms is common in day-to-day life. These symptoms often do not

have an underlying cause or are a sign of illness.

� Actively tracking symptoms has been shown to result in greater symptom reporting, symptom

severity, and slower recovery from injury.

� The use of health apps is increasing, with a common feature being symptom tracking. Menstrual-

monitoring apps, in particular, frequently require users to track symptoms.
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What does this study add?
� Using a menstrual-monitoring app with a symptom tracker for 4 months increases the number of

period-specific symptoms reported compared a basic calendar app.

� A greater proportion of people were now classified as high period symptom reporters after using

the symptom-tracking app.

� These effects do not seem to generalize to broader non-specific symptom reporting.

It is common to experience benign, transient symptoms in everyday life (Petrie, Faasse,

Crichton, & Grey, 2014), and these symptoms often do not have an underlying cause or

reflect significant physiological changes (Pennebaker, 1981; Petrie & Broadbent, 2019).
Symptomperception theory states that situational andpsychological factors can influence

symptom reporting (Leventhal, 1986; Pennebaker, 1982) and previous research,

summarized by the symptom perception model, suggests that a high degree of internal

attention is necessary to make symptoms more salient (van Wijk & Kolk, 1997).

A factor that has been shown to influence attention and therefore symptom reporting

is the act of tracking symptoms. In a study of healthy participants, those randomly

assigned to track their symptoms for 2 weeks using a daily diary reported twice as many

symptoms and rated themmore severely than those who did not monitor their symptoms

(Ferrari & Russell, 2010). In a sample of people with low back injuries, of those who

tracked their pain experience only 52% recovered 3 months post-injury, while 79% of the

control group had recovered (Ferrari, 2015). Tracking symptoms encourages people to
attend to their physical sensations, which in turn leads to greater symptom awareness and

reporting (Barsky, 1992).

With technology, the tracking of symptoms is easy and prevalent. Twenty per cent of

American adults without a chronic health condition actively track symptoms or other

health indicators, and one in five use technology to do so (Fox & Duggan, 2013). Health

apps are one of the fastest growing app categories with over 318,000 available (Iqvia

Institute, 2017), and almost 60% of smartphone users have downloaded at least one

health-related app (Krebs & Duncan, 2015). A common feature of health apps is a tracker
that requires individuals to monitor and record various health aspects such as activity,

lifestyle habits, or symptoms (Mendiola, Kalnicki, & Lindenauer, 2015). However, an

unintended ‘side-effect’ of symptom-tracking apps is that they may exacerbate symptom

reporting.

One subcategory of health apps that require users to monitor their symptoms is

menstrual cycle tracking apps. In a review of 20 period-monitoring apps, 70% had a

symptom-tracking feature (Moglia, Nguyen, Chyjek, Chen, & Castaño, 2016). The

rationale for tracking and recording daily symptoms is so the app can analyse patterns and
provide more accurate period predictions, but this may also lead to increased focus on

physical sensations and therefore greater symptom reporting.

The aim of this study was to investigate whether a menstrual-monitoring app with a

symptom tracker influenced symptom reporting. It was hypothesized that participants

using an app with a symptom-tracking feature would report a greater number of period-

specific symptoms than those using a basic calendar-style app or no app. We also

investigated the effect of the symptom-tracking app on the reporting of general non-

period-related symptoms. The study also examinedwhether using an appwith a symptom
tracker increases the proportion of people categorized as high symptom reporters.
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Method

Study design
This study used an experimental, active control and control group to examine the specific

effect of a symptom-tracking feature in a menstrual app. Participants were actually

informed that the study was examining the usefulness of period-tracking apps for

monitoring and understanding the menstrual cycle. At the baseline study session after

written informed consentwas obtained, participants completed a questionnaire assessing

menstrual health, usual period symptoms, general health, symptoms experienced in the

past week, and demographics.

Participants were then randomly allocated to one of three groups: the experimental
group, active control, or control group, using a 1:1:1 allocation ratio. Simple

randomization was conducted by a research associate not affiliated with the study

using a computerized random number generator, and group allocation was provided in

sealed opaque sequentially numbered envelopes. The experimental group downloaded

a period-monitoring app that has a daily symptom-tracking feature (Flo by OWHealth

Inc., Wilmington, DE, USA). This app provides users with a list of 12 symptoms (e.g.,

cramps headache, cravings) and 14 mood states (e.g., happy, irritated, mood swings)

and requires them to select the sensations or moods they have experienced each day.
The active control group received a calendar-style app that only predicts the start date

of the user’s next period and does not track symptoms (Next Period by Pokus Labs,

Berlin, Germany). The two app groups were given a demonstration of their app, a

leaflet with the same information and were asked to use their allocated app regularly for

the next 4 months. The control group did not receive an app and was asked to continue

with their usual method of menstrual cycle monitoring for the same duration of time.

One month and four months after their baseline session, participants were emailed a

link to an online follow-up questionnaire. The primary variables of interest assessed in
these questionnaires were the number of symptoms experienced in the participant’s last

period and general symptoms experienced in the past week. In keeping with the cover

story, participants also evaluated their allocated method of period tracking. By way of

thanks for taking part in the study, participants went into the draw towin one of five $200
shopping vouchers. Following the completion of the study, participants received a

written debriefing form detailing the aims of the study and were given an opportunity to

withdraw their data, which no participant did. The study was approved by the University

of Auckland Human Participants Ethics Committee.

Participants

To be included in the study, participants had to be between 18 and 35 years old, able to

read and write in English, experience regular periods (defined as at least one every two

months), have an iPhone smartphone (since the active control app was not available for

Android phones), and not have used a period-tracking app before. Study recruitment

took place from March to November 2018, with data collection for the 4-month follow-
up continuing to March 2019. Study advertisements were placed around three

universities in Auckland, and notices were sent to university email lists. The study

was also promoted on social media through posts on New Zealand-based health/female-

related Facebook pages and university student groups. People interested in participating

emailed the researcher (KM) who screened for eligibility and enrolled participants into

the study. The baseline study session took place either in person with the researcher at
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the University of Auckland or through FaceTime/Skype, depending on the participant’s

location.

As there has been little research investigating the effect of symptom trackers let alone

health apps on symptom reporting, estimating sample size was challenging. Ferrari and
Russell (2010) found a large effect size for the frequency of symptom reporting after using

a daily symptom diary for 2 weeks compared to no diary. While there are some

methodological differences in these studies, using this proxy effect size, 80% power and a

.05 significance level, it was estimated that a minimum of 51 participants was required for

this study.

Measures

Period-specific symptoms

The number of symptoms participants experienced during their last period was assessed

at baseline and in the 1- and 4-month follow-up questionnaires. Participants were given a
list of 12 common menstrual symptoms based on the symptoms in the Flo app (cramps,

bloating, headaches, food cravings, muscle aches, mood swings, breast tenderness, acne,

fatigue, backache, nausea, sleeping problems) and were asked to indicate the symptoms

they usually experience during their period. The number of symptoms was summed to

create a total period-specific symptom score.

General symptoms

General symptom reporting was measured using a modified version of the General

Assessment of Side Effects Scale (Rief et al., 2011). This symptom list was supplemented

with an additional 10 symptoms that were frequently reported in a representative New

Zealand survey sample (Petrie et al., 2014). The final scale comprised of 46 symptoms,

which participants were asked to rate on a 4-point scale ranging from 0 ‘not present’ to 3

‘severe’. A total symptom score was calculated by summing the number of symptoms

reported.

Demographics

Demographic information assessed in the baseline questionnaire included age, ethnicity,

current or highest education level, and employment status.

Statistical analysis

Data were analysed using IBM SPSS version 25.0 (IBM, Armonk, NY, USA), and an alpha
level of .05 was considered significant. Baseline differences between the three groups

were examined using analyses of variance (ANOVAs) for continuous variables and chi-

square tests for categorical variables. To investigate the effect of group on symptom

reporting, two linear mixed models for repeated-measures analyses were conducted

using the intention-to-treat principle so that all participants with baseline data were

included in the analysis. A compound symmetry covariance matrix was used, and time

(baseline, 1 month, 4 months), group (control, active control, experimental), and the

interaction between time and group were included in the model. The dependent
variable for the first analysis was change in number of period symptoms from baseline
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to the 1-month and 4-month follow-up. The second analysis was conducted with

change in the number of general symptoms as the dependent variable. The relevant

baseline symptom total was used as a covariate in both analyses. As post-hoc tests are

valid irrespective of whether the overall model is significant (Hsu, 1996), Bonferroni
adjusted pairwise comparisons were used to investigate any differences within and

between the three groups.

To investigate whether there were any differences from baseline to 4 months in the

proportion of participants categorized as high versus low period symptom and general

symptom reporters, a McNemar chi-square test was conducted. The median of the

relevant baseline symptom total was used as the threshold to divide participants into low

and high symptom reporting groups. For period symptom reporting, symptom totals of

0–5 were classified as low reporting and 6–12 high reporting. For general symptom
reporting, totals of 0–13 were classified as low reporting and 14 onwards was high

symptom reporting.

Results

Participant characteristics
A diagram of participant flow for this study is shown in Figure 1. A total of 91 participants

were recruited, 30 of which were randomized to the experimental app group, 31 to the

active control app, and 30 to the no app control. Two participants were lost to the 1-

month follow-up – one each from the experimental and active control groups. Three

different participants did not complete the 4-month follow-up – one from the

experimental group and two from the active control. The demographic characteristics

and baseline period and general symptom reporting for the total sample and three groups

are shown in Table 1.

Period-specific symptoms

At baseline, the sample reported an average of 5.35 symptoms during their last period.

Overall, there was a significant increase in the number of period symptoms from baseline

to 4 months, F(2, 173.80) = 5.15, p = .007, η2p = .06, 95% confidence interval (CI) =
0.01, 0.13. The group by time interaction was not significant, F(4, 173.78) = 1.77,

p = .138, η2p = .04, 95% CI = 0.00, 0.09, but Bonferroni adjusted pairwise comparisons
revealed that the experimental group who received the symptom-tracking app experi-

enced a significant increase in period-specific symptoms from baseline to the 4-month

follow-up (p = .007), while the active control calendar app group did not change

(p = 1.000). At the 4-month follow-up, therewas a significant difference in the number of

period symptoms between the two app groups (p = .010), as shown in Figure 2. The no

app control group reported significantlymore period symptoms at the 1-month follow-up

compared to baseline (p = .042) but not 4 months (p = .228) and was not significantly

different to either app group at any time point (p > .144). See Table 2 for means and
standard errors.

Regarding the percentage of people classified as high versus low period symptom

reporters, at baseline there were no significant differences across the three groups,

X2(2) = 1.38, p = .502. However, at the 4-month time point, there was a significant

increase in the percentage of the experimental group now classified as high symptom

reporters, McNemar X2(1) = 6.00, p = .031, OR = 2.29, 95% CI = 0.80, 6.90; see
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Figure 3 and Table 3 for exact percentages. The proportion of the active control app and

no appcontrol group categorized as high symptomreporters did not change frombaseline

to 4 months (p = 1.00, p = .727, respectively).

General symptoms

At baseline, participants experienced 13.11 symptoms during the previous week. The

analysis found no significant effect of time on general symptom reporting, F(2,
173.80) = 1.38, p = .255, η2p = .02, 95% CI = 0.00, 0.06, and the time by group

interaction was not significant, F(4, 173.79) = 2.20, p = .071, η2p = .05, 95% CI = 0.00,

0.10. Pairwise comparisons showed that at the 4-month time point, therewas a significant

difference between the active control and control groups (p = .018) due to the active

control group experiencing a significant reduction in symptoms between the 1- and 4-

Figure 1. Diagram of participant flow through the study.
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month follow-ups (p = .012) (see Table 2). The control and experimental group did not

change significantly over time (all ps > .804).

At baseline, there was no significant difference between the three groups in the

percentage of participants classified as high versus low general symptom reporters,

X2(2) = 2.27, p = .321. There were also no significant differences in proportions at the

4-month follow-up, X2(2) = 3.05, p = .218 (see Table 3).

Discussion

This is the first study to investigate whether using an app to track menstrual symptoms

increases symptom reporting over time. The results indicate that using a period-

monitoring app with a symptom tracker may increase the reporting of period-specific

Table 1. Demographic characteristics and baseline variable values for the total sample and three groups

Variable

Total Experimental Active control Control

N (%) N (%) N (%) N (%)

Ethnicity

European 47 (51.6) 16 (53.3) 15 (48.4) 16 (53.3)

Asian 24 (26.4) 8 (26.7) 7 (22.6) 9 (30.0)

Māori/Pacific Islander 14 (15.4) 3 (10.0) 7 (22.6) 4 (13.3)

Other 6 (6.6) 3 (10.0) 2 (6.5) 1 (3.3)

M (SD) M (SD) M (SD) M (SD)

Age 24.03 (5.08) 24.00 (4.75) 23.82 (4.69) 24.30 (5.89)

Period symptoms 5.35 (2.34) 5.63 (2.76) 4.97 (2.14) 5.47 (2.10)

General symptoms 13.11 (7.01) 13.97 (7.05) 11.90 (6.80) 13.50 (7.25)

Figure 2. Mean change in the number of period symptoms from baseline to the 4-month follow-up.

Error bars indicate standard error. Experimental and active control groups are significantly different at

4 months.
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symptoms after 4 months compared to an app without a symptom tracker. Using the

symptom tracker app for 4 months was associated with a significant increase in the

proportion of people classified as high period symptom reporters, whereas there was no

change in the groups using a basic calendar app or no app.

Surprisingly, the group who did not receive an app experienced an increase in period
symptoms at the 1-month time point. This could have been due to simply participating in

such as study, which may have made the control group’s menstrual symptoms more

salient to them, at least in the short-term 1-month follow-up. Since the other two groups

Figure 3. Change in percentage of each group classified as high versus low period symptom reporters

from baseline to 4-month follow-up. *p < .05.

Table 3. Percentage of participants classified as high symptom reporters from baseline to the 4-month

follow-up

Experimental Active control Control

Baseline 4 months Baseline 4 months Baseline 4 months

High period symptom reporters 50.0% 70.0% 35.5% 32.3% 40.0% 46.7%

High general symptom reporters 56.7% 43.3% 41.9% 38.7% 60.0% 60.0%

Table 2. Mean change (standard error) from baseline for period-specific symptoms and general

symptoms across each group

Experimental Active control Control

1 month 4 months 1 month 4 months 1 month 4 months

Period

symptoms

0.79 (0.277) 1.05 (0.277) 0.07 (0.272) −0.11 (0.277) 0.83 (0.272) 0.60 (0.272)

General

symptoms

0.66 (0.869) −0.41 (0.869) 0.59 (0.855) −2.51 (0.869) −0.29 (0.854) 0.89 (0.854)

Note. Estimated marginal means reported.
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received an app, theymay have been initially pre-occupiedwith evaluating the features of

the app, as per the study cover story. In line with the competition of cues hypothesis

(Pennebaker, 1982), the novel external information provided by the app may have acted

as a distraction from physical sensations. The symptom-tracking app group may not have
readily noticed their symptoms until the novelty of the app decreased, sincewe found that

using the symptom-tracking feature corresponded with greater period symptom

reporting later at the 4-month time point.

The study found no differences in the number of general symptoms reported across

the three groups nor a change in the proportion of people classified as high symptom

reporters. The effect seen with period-related symptoms does not appear to generalize to

broader symptom reporting. These findings are supported by symptom perception

theory, which states that people selectively attend to physical sensations rather than
passively receive information (van Wijk & Kolk, 1997). This suggests that study

participants’ attentionwas drawn to the symptoms that the app specifically tracks and not

to other physical sensations they might also be experiencing.

The results of this study are supported by past research showing that completing a

daily symptom diary resulted in a greater frequency of symptom reporting in healthy

participants (Ferrari & Russell, 2010). Providing people with a comprehensive list of

symptoms has been shown to cause greater symptom reporting compared to spontaneous

reporting of physical sensations. Patients asked to recall their concussion symptoms
during an interview reported approximately three symptoms but when given a symptom

checklist the total increased to nine (Iverson, Brooks, Ashton, & Lange, 2010). A review of

46 randomized controlled trials found that structured reporting of adverse events, such as

with a checklist, leads to a significant increase in the reporting rate of symptoms (Rief

et al., 2009). Symptom-tracking apps act in a similar way by providing users with a list of

commonly experienced symptoms, resulting in increased daily attention to one’s body

and symptoms.

There are some limitations to the current study. The active control app was not
available on Android phones so participants were all iPhone users. This may limit the

generalizability of the findings, although it seems unlikely that Android and iPhone users

would respond differently to period-monitoring apps and symptom trackers. Additionally,

the control group was not homogenous in their method of menstrual-monitoring. These

participants did not receive an app and instead were asked to carry on with their usual

method of monitoring. The majority used a paper calendar or diary, while others did not

use any particular tracking method and relied on their memory. This variation may have

also been responsible for the results seen in this group and it may have been beneficial to
ensure this group all used the same method such as a paper calendar.

As there is a paucity of research discussing what constitutes high period symptom

reporting or even the average number of menstrual symptoms women experience, we

categorized study participants into high versus low period symptom reporters based on

the sample median. As a result, the increase in proportion of the symptom-tracking group

classified as high period symptom reporters could have been due to a small change in the

actual number of symptom reported. While the effect size seen in this study may have

been small, individuals can still feel distress regardless of the number, intensity, or
frequency of symptoms (Armstrong, 2003).

A strength of this study was the randomized controlled design. Instead of comparing

groups who were currently using period-monitoring apps or not, participants who had

never used a period-monitoring app were randomly allocated to a symptom-tracking

group or not. A further strength was the use of an active control group who received a
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simple calendar-style app that only predicted the next period start date and did not track

symptoms. This allowed us to isolate whether any effects seen were to do with the

symptom-tracking feature and not just the use of a smartphone app.

The findings from this study have implications for future research. Health-related
Internet use has been shown to be associated with greater health anxiety (McMullan,

Berle, Arnáez, & Starcevic, 2019; Petrie et al., 2019) as has using a medical app to

diagnose symptoms (Jungmann, Brand, Kolb, & Witthöft, 2020). Previous research has

shown a close relationship between anxiety and symptom reporting (Howren & Suls,

2011; Petrie, Moss-Morris, Grey, & Shaw, 2004; Watson & Pennebaker, 1989);

however, the extent to which symptom-tracking apps specifically increase health

anxiety is unknown. It may be that they only influence concern about the primary

symptoms they are tracking but this does not generalize to a wider somatic focus in
normal population groups. While symptom-tracking apps may bring about greater

awareness of specific monitored symptoms, future research should focus on whether

this corresponds to impaired functioning or how it may impact on people’s daily life

and health care use.

These results also have implications from a clinical practice perceptive. The

perception of symptoms is associated with greater health care seeking behaviour (Martin

& Leventhal, 2004). With the use of health apps increasing, there is the potential for

seemingly healthy people to notice and report more symptoms. If symptoms are
interpreted as something serious even though they do not have any underlying cause, this

may motivate people to unnecessarily seek health care. However, further research is

needed to understand people’s appraisal of app-induced symptoms and the process that

leads them to seek medical attention.

In conclusion, using a period-monitoring appwith a symptom trackermay increase the

reporting of period-specific symptoms and increases the likelihood that an individual

becomes a high period symptom reporter. This effect does not seem to generalize to the

reporting of other unrelated physical sensations. As this is the first study to investigate the
effect of health apps on symptom experience, further research is needed to support the

findings and to examine the influence of symptom-tracking apps on health anxiety and

functioning.
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