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ABSTRACT

Objective: Most healthcare providers are reluctant to use health apps for healthcare because there is no rigor-

ous way of choosing the best app for their patient or consumer. Accordingly, we developed a new method of

app selection that fully considers target users’ needs. This study verified whether health apps selected based on

target users’ needs can influence health-related factors.

Materials and Methods: We conducted a randomized control trial of women with dysmenorrhea and premen-

strual syndrome using App A (the best app selected using the new method) and App B (the app with the highest

number of users worldwide). The intervention was performed over 4 months to include at least 3 menstrual

cycles.

Results: Sixty-one app users completed the 16-week intervention. While users rated both apps as higher in

quality than previously used menstrual apps, only App A users showed significant improvements in overall sat-

isfaction, app outcome expectancy, the number of days with records, app social influence, intent to recom-

mend, and the possibility of behavioral or cognitive changes in their symptom management. The number of

menus used increased over time. While the app self-efficacy and the number of relief methods did not signifi-

cantly differ between groups, they still showed an increase in App A users.

Conclusions: When a menstrual app reflected users’ needs, they recorded their symptoms more often and

reported higher app quality, satisfaction, and intention to recommend. This study can not only benefit the selec-

tion of menstrual apps, but also confirm that mobile health apps can improve health-related factors.
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INTRODUCTION

In 2018, the Android Market and Apple’s App Store had 2.1 million

and 2 million mobile apps, respectively; by 2020, this will reach 6.1

billion users.1,2 The latest report shows that 318 000 of the 6 million

apps available for download from the App Store are mobile

health (mHealth) apps.3 However, even popular mHealth apps with

positive user reviews and high ratings are often inaccurate, and

attempts at regulating medical apps have largely failed.4 Thus, health-

care providers must be prepared to answer patient questions about

health management using mHealth apps and whether to use these

apps.5 Moreover, by approaching mHealth app integration using an

intentional method, healthcare providers can explore other opportuni-

ties to use technology in education, practice, and research.6 Accord-

ingly, we developed an app selection method based on user needs
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(Method of App Selection based on User’s Needs [MASUN]) (Figure 1;

see the Supplementary Appendix for the MASUN guidelines).7

For this study, we selected participants suffering from dysmen-

orrhea and premenstrual syndrome (PMS) because 45%-97% of

women of reproductive age suffer from dysmenorrhea, which can

significantly lower quality of life and sleep quality during the

menstruation period.8,9 PMS is also common among young wom-

en and shares the common risk factors with dysmenorrhea.10,11

As many available menstrual apps have not been reviewed by

experts, these apps should be evaluated for their usefulness and

quality.12

The significance of this study is that it will help verify our de-

veloped method of app selection. This will, in turn, be valuable

for healthcare providers and researchers, providing them with not

only a concrete method of choosing the best app for each patient

or consumer based on their needs, but also an understanding of

how these apps influence changes in consumers’ health-related

factors.

OBJECTIVES

The purpose of this study is to verify the following research question

via a randomized control trial of women with dysmenorrhea and

premenstrual syndrome: can menstrual health mobile apps selected

based on users’ needs lead to changes in health-related factors?

MATERIALS AND METHODS

Study design
This study was a double-blind, pretest-posttest parallel design. In

this study, the researcher was not blinded during the intervention;

however, random allocation was conducted in a 1:1 manner (inter-

vention group and control group) by a medical informatics expert

not involved in this study. Furthermore, cluster and stratified ran-

domization were considered a realistic choice to maximize the num-

ber of participants while minimizing bias.13 In forming the clusters,

acquaintanceship was considered: when several persons already fa-

miliar with each other wanted to participate, they were considered

as one cluster and randomly assigned to the experimental or control

group together. Moreover, menstrual app experience and used app

were also considered: when several persons had similar levels of ex-

perience in using the same menstrual app, they were divided into 2

groups and randomly assigned.

Participants
The study design, similar literature, and realistic possibilities should

be considered when estimating sample size.14 Accordingly, a sample

of 72 individuals was thought best (considering dropout rate). The

inclusion criteria were women in their 20s and 30s who used an

iPhone (iOS) and reported having dysmenorrhea or PMS. We did

not account for dysmenorrhea or PMS severity in recruiting partici-

pants because the pain and symptoms for both conditions are highly

subjective. Exclusion criteria were taking or planning to take an oral

contraceptive during the intervention, having childbirth experience,

and having a past diagnosis of pelvic inflammatory disease, endome-

triosis, or severe emotional or psychiatric illness.

Intervention design
Our intervention was designed using Bandura’s social cognitive the-

ory. Bandura presented a theory of the interaction between personal,

behavior, and environmental determinants.15,16 This theory has been

used as a framework for various methodologies in the areas of health

promotion and reinforcement because it integrates different factors

that determine behavior and can explain behavior change.17,18

The experiment group used the best app chosen through MASUN

(Supplementary Appendix) and the control group used an app with

the largest number of downloads and reviews among menstrual app

categories for 16 weeks.19 In the first month, we provided app users

with online educational materials and telephone explanations (Fig-

ure 2). During these phone explanations (which they did using ear-

phones at our request, as they would need to view the educational

materials on their smartphones), the researcher introduced the app to

participants and explored the app menus in detail for 10-15 minutes.

To check their app usage, we asked users to send screenshots of spe-

cific menus each month. Both groups of users had to send screenshots

of a calendar containing participants’ records of menstrual or PMS

symptoms. The experimental group also needed to send pictures of the

following menus from App A: logins, backups, personal alarms, sharing

user age information, and evidence-based information about women’s

health. The control group needed to send pictures of App B’s logins,

backups, personal alarms, UI selections, and women’s health online

forums. As a reward for participating in the intervention, we donated a

pair of sanitary napkins to low-income girls in participant’s name.

Questionnaires
The questionnaire was created online to help researchers save money

and time.20,21 The questionnaire consisted of the following sections.

Figure 1. Method of App Selection based on Users’ Needs.
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• General characteristics (5 items): Age, occupation, type of smart-

phone, whether they were experiencing dysmenorrhea or PMS or not
• Dysmenorrhea-related items (11 items): Dysmenorrhea was mea-

sured using the visual analog scales used by Kim.22 Two items

measured pain in the first and second days of the menstrual pe-

riod. The remaining 9 items corresponded to various menstrual

problems and dysmenorrhea relief methods, which had been

extracted, corrected, and supplemented from previous studies.23

• PMS-related items (10 items): We used the shortened Premen-

strual Assessment Form to measure PMS symptoms,24 which is

based on the longer Premenstrual Assessment Form.25 The tool

comprises 3 parts: emotion (4 items), water congestion (4 items),

and pain (2 items). The changes that participants experience a

week before menstruation is rated on a 6-point Likert-type scale

with responses ranging from 1 (“not at all”) to 6 (“very severe

change”). The higher the score is, the more severe the symptoms

of PMS are.
• Social-cognitive factors (11 items):

• App self-efficacy: Self-efficacy is an important personal factor

determining behavior, referring to one’s belief that one can

accomplish something successfully.16 We defined app self-

efficacy as the belief that one can use an app to successfully

manage health problems, including dysmenorrhea and PMS.

Four items developed by Jang26 were used. All items use a 7-

point Likert-type scale with responses ranging from 1

(“strongly disagree”) to 7 (“strongly agree”), with higher

Figure 2. Educational materials in the first month in the experimental and control groups.
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scores indicating higher app self-efficacy. The reliability

Jang26 was good (Cronbach’s a¼0.82).26

• App outcome expectancy: Outcome expectancy relates to per-

formance expectations, and is related to actual task perfor-

mance.27 It also refers to the expected benefits of health

habits.28 We defined “app outcome expectancy” as the expec-

tation that using mHealth apps (eg, menstrual apps) will pro-

duce positive results. We partially modified Lim’s29 3-item

tool, and items are rated on a 5-point Likert-type scale with

responses ranging from 1 (“strongly disagree”) to 5

(“strongly agree”), with higher scores indicating higher app

outcome expectancy.29 The reliability of the tool (Cronbach’s

a) in Lim’s29 study was 0.99.
• App social influence: Social influence predicts individuals’ accep-

tance of information technology.30 We defined app social influ-

ence as the individuals’ perception that significant others believe

that the individual should use health apps. The 4 items developed

by Shim31 were partially modified to meet the study objectives.

This tool utilizes a 5-point Likert-type scale with responses rang-

ing from 1 (“strongly disagree”) to 5 (“strongly agree”), with

higher scores indicating greater app social influence. In Shim’s31

study, the Cronbach’s a was 0.86.
• Menstrual app experience (7 items): In the prequestionnaire, par-

ticipants reported whether they used menstrual apps or not; if

users had such experience, they completed 5 items on use fre-

quency, menus used, and app influence. In the postquestionnaire,

all users completed 2 items about used menus and influence.
• App quality assessment (32 items): All apps were evaluated using

the User Version of the Mobile Application Rating Scale, which

was validated in previous studies.32,33 The app quality rating

comprises 4 sections: engagement, functionality, aesthetics, and

information. There are also 4 items on app subjective quality (in-

tent to recommend, stimulates repeated use, intention to pay,

and overall satisfaction rating), and 6 items assessing the per-

ceived impact of the app in changing the target health behavior.

The target health behaviors in this study were menstruation and

PMS management behaviors (thus, a total of 12 items were

used). The original author authorized use of this tool.

Statistical analyses
The intervention effects were analyzed using t test, chi-square tests,

analysis of variance (ANOVA), and correlation. If the sample size is

large enough (>30), the sample distribution tends to be normal re-

gardless of the data type and violations of the normality assumption

do not have severe consequences.34,35 Therefore, our analyses were

conducted assuming data normality. All analyses used SPSS Statis-

tics 24.0. Two-sided P values of <.05 were statistically significant.

Ethical consideration
This study was preapproved by Seoul National University Institutional

Review Board (1702/001-011). We collected only minimal personal

information for this study and kept all collected data securely in a sep-

arate location. When the study is published, all data will be destroyed.

RESULTS

Dysmenorrhea and PMS-related characteristics and

menstrual app usage at prequestionnaire
Table 1 shows the characteristics of the 72 users that completed the

prequestionnaire. The mean dysmenorrhea pain score of users who

reported having dysmenorrhea was significantly higher (differ-

ence¼2.37 points) than was that among users without dysmenor-

rhea (t ¼ 2.322, P ¼ .023, df ¼ 70; dysmenorrhea group:

5.20 6 1.68, n¼69; nondysmenorrhea group: 2.83 6 2.84, n¼3).

The mean score for dysmenorrhea relief method was 2.71. Partici-

pants’ mean PMS score was 29.57 6 9.88. Those who reported

PMS experience had significantly higher PMS scores (F ¼ 6.818,

P ¼ .002, df ¼ 71) than did participants who did not report PMS.

PMS experience was significantly related to experience of using apps

to manage symptoms (v2 ¼ 8.147, P ¼ .132).

Fifty-three (73.6%) participants had experience in using men-

strual apps. Among them, 8 (15.1%) used apps to check the irregu-

larity of menstruation or PMS. As for how menstrual apps

influenced them, 50 (90.3%) users reported that their app only

helped them understand their menstrual cycle, while 13 (24.5%)

said it helped them understand PMS patterns. Only 1 (1.9%) re-

spondent reported learning about dysmenorrhea or PMS man-

agement (Table 1).

Among the 72 app users who answered the prequestionnaire, 63

app users completed the 16-week intervention. Two app users in the

experimental group were excluded from the analysis because they

did not respond to the survey more than once. Thus, 30 (83.3%) ex-

perimental group users and 31 (86.1%) control users were included

in the analysis (Figure 3).

Changes in personal outcomes
An ANOVA was conducted to examine the influence of the 2 inde-

pendent variables (app and time) on app self-efficacy. There were

nonsignificant main effects of app (F ¼ 1.028, P > .05) and time,

and a nonsignificant interaction. However, control group’s app self-

efficacy score decreased by 0.64 points after 16 weeks of using App

B, whereas the experimental group’s score did not change at all after

using App A. For the app quality rating, at baseline, we had partici-

pants assess the app quality of menstrual apps they had used before

participating in the intervention. The results yielded a significant

main effect of app (F ¼ 16.323, P < .01). That is, App A users

showed a significantly higher app quality rating than did App B

users. For the experimental group, the average app quality rating in-

creased by 5.6 points over the intervention, while the control

group’s rating increased by only 3.14 points. A paired t test was

used to compare app quality rating between the previously used

apps and participants’ assigned apps. A significant difference was

observed in the scores between previously used apps (n¼21,

mean¼58.00 6 6.66) and App A (n¼21, mean¼65.05 6 5.88) in

the experimental group (t ¼ –3.829, P < .01). In the control group,

there was also a significant difference in scores between

previously used apps (n¼22, mean¼54.27 6 7.45) and App B

(n¼22, mean¼61.32 6 11.45; t ¼ –2.876, P < .01). There was a

significant main effect of app for overall satisfaction (F ¼ 8.999, P

< .01) (Table 2).

Changes in behavioral outcomes
We used an ANOVA to examine the influence of the 2 independent

variables (app and time) on app outcome expectancy. The main ef-

fect of app was significant (F ¼ 4.749, P < .05). Regarding the num-

ber of menus used, there was only a significant main effect of time

(F ¼ 12.588, P < .01). Post hoc tests revealed that there were signifi-

cant differences in the number of menus used between previously

used apps and the assigned apps (experimental group: t ¼ –3.0747,

P < .01; control group: t ¼ –7.081, P < .01). Furthermore, in the ex-
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perimental group, the number of menus used increased significantly

by the 16th week (n¼30, mean¼3.27 6 1.34) compared with the

fourth week (n¼30, mean¼2.53 6 1.28; t ¼ –3.063, P < .01).

However, there was no significant increase in the control group (t ¼
0.122, P > .05). The most frequently used menu was the that used

to check one’s menstrual cycle. Regardless of group, all users

reported using their apps across all 16 weeks to check their men-

strual cycle (n¼61, 100%). There were statistically significant dif-

ferences in the number of recording days per month between the

groups (F ¼ 16.686, P < .01), with a significant increase in the num-

ber of recording days between the fourth week and the 16th week in

the experimental group. However, there was a decrease in the con-

trol group (Table 2).

Changes in environmental outcomes
An ANOVA was conducted to examine how app and time influ-

enced app social influences. There was a significant main effect of

app (F ¼ 4.242, P < .05). Post hoc tests revealed a significant in-

crease in app social influence between the fourth week (mean-

¼11.30 6 3.40) and the 16th week (mean¼12.90 6 3.34) only in

the experimental group (t ¼ –2.398, P < .05). Additionally, an

ANOVA was conducted to examine how the app and time factors

influenced intent to recommend. There was a significant main effect

of app (F ¼ 10.974, P < .01) (Table 2).

Changes in dysmenorrhea and PMS-related outcomes
An ANOVA was conducted to examine how app and time influ-

enced dysmenorrhea scores. No significant main effects for either

app or time, or a significant interaction effect, were found. The pain

reduction was greater for dysmenorrhea score on the second day, de-

creasing by 1.27 points over the 16-week period in the experimental

group and 0.55 points in the control group. Significant differences

in the possibility of behavioral/cognitive changes in dysmenorrhea

management were also found, with a main effect of app (F ¼ 5.330,

P < .05): in the experimental group, there was a significant increase

between the fourth week and the 16th week after using App A (t ¼ –

2.772, P < .05). However, there was no significant increase in the

control group (t ¼ –1.450, P > .05). Moreover, a repeated-measures

ANOVA was performed using scores from the fourth, eighth, 12th,

and 16th weeks to examine the time effect in more detail. We ob-

served a significant main effect of time (F ¼ 3.294, P < .05) in the

experimental group, but not in the control group (F ¼ 3.047, P >

.05). The number of dysmenorrhea relief methods used increased in

both groups; there was no significant difference between the groups

(F ¼ 2.352, P > .05). In the experimental group, the number signifi-

cantly increased between the fourth week and the 16th week after

using App A (t ¼ –2.191, P < .05). However, there was no signifi-

cant increase in the control group (t ¼ 0.441, P > .05) (Table 2).

The principal component analysis of the 14 variables in this study

extracted 3 significant components, which together explained 54.87%

of the overall variance. Component 1 was related to the menstrual app

itself and participants’ satisfaction, and was primarily contributed to by

app quality rating, overall satisfaction, intent to recommend, and used

menu. Component 2 was related to social-cognitive and behavioral fac-

tors, and was mainly contributed to by app self-efficacy, app social in-

fluence, app outcome expectancy, possibility of behavioral and

cognitive changes in dysmenorrhea and PMS management, PMS score,

and the number of days with records. Finally, component 3 was related

to dysmenorrhea pain and relief method, and was mainly contributed

to by the first and second day of menstruation and the number of dys-

menorrhea relief methods (Table 3; Figure 4).

DISCUSSION

Dysmenorrhea and PMS-related characteristics
In several studies, primary dysmenorrhea was defined as having a

pain score of 3-4 on a 10-item visual analog scale.36 The app users

in this study had mean dysmenorrhea pain scores of 5.65 (first day

of period) and 4.54 (second day of period) of 10, indicating that

many exceeded this diagnostic cutoff. In the present study, the short-

ened Premenstrual Assessment Form was used to measure PMS and

Table 1. Descriptive statistics for app users’ characteristics and dys-

menorrhea and PMS-related variables (N ¼ 72)

Age, y 26.96 6 4.303

Occupation

Undergraduate student 17

Graduate student 15

White-collar worker 15

Professional worker 25

Experience of dysmenorrhea

Yes 69

No 3

Unsure 0

Dysmenorrhea pain score

First day of period 5.65 6 2.050

Second day of period 4.54 6 2.276

Experience of PMS

Yes 59

No 1

Unsure 13

Mean PMS score

Yes 31.34

No 11.00

Unsure 21.54

Dysmenorrhea relief method

Enduring 21 (29.2)

Resting 36 (50.0)

Applying hot pack on abdomen 28 (38.9)

Taking an analgesic 61 (84.7)

Abdomen massage 4 (5.6)

Visiting women’s health clinic 1 (1.4)

Menstrual app usage experience

Have experience 53 (73.6)

Used menus

Menstruation tracking 52 (98.1)

Ovulation cycle checking 22 (41.5)

Symptom recording 8 (15.1)

Alarm for symptoms 5 (9.4)

Collecting information 0 (0)

Other (eg, intercourse record) 1 (1.9)

Influence

Understanding the menstruation cycle 50 (90.3)

Getting to know methods for dysmenorrhea relief 1 (1.9)

Understanding the PMS pattern 13 (24.5)

Getting to know method of PMS relief 1 (1.9)

Other (eg, sexual intercourse record) 2 (3.8)

Menstrual app usage experience for

managing user’s dysmenorrhea and/or PMS

Have experience 8 (11.1)

No experience 64 (88.9)

Values are mean 6 SD or n (%), unless otherwise indicated.

PMS: premenstrual syndrome.
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users’ mean PMS score was 29.57. Premenstrual dysphoric disorder

can be diagnosed according to a cutoff score of 27 on this scale.24

Users who reported having PMS had a higher PMS score

(mean¼31.34). Overall, our results indicate that app users had high

scores for both dysmenorrhea and PMS, possibly because these con-

ditions not only influence each other, but also have common

influencing factors like poor quality of life.10,37,38

Interestingly, we found no statistically significant differences in

dysmenorrhea pain scores; however, experimental group users’ PMS

score increased after 16 weeks. This might be because these partici-

pants obtained greater awareness and understanding of PMS, lead-

ing to greater PMS scores. This interpretation is supported by a past

study indicating a significant correlation between knowledge of

PMS and perception of its severity.39

Findings about menstrual app usage
In the pre-experimental questionnaire, 90.3% of users reported that

menstrual apps were helpful for checking period cycles, while

24.5% of users found it helpful for identifying PMS patterns. Only

1.9% of users said that apps helped them learn about dysmenorrhea

or PMS management. These results coincide with those of a previous

study showing that menstrual app users simply used menstrual apps

to track their menstrual cycle.40 After 16 weeks, all app users

(100%) used the menstrual cycle tracking menu. Compared with a

previous study, this proportion was quite high40 and suggests that

users were more interested in their menstrual cycle because they

were already suffering from rather high dysmenorrhea. Additionally,

the number of menus used significantly increased over time in both

groups. While users did utilize the menstrual apps for recording their

menstrual cycles and found it helpful, these apps might be aban-

doned if predictions about menstrual cycles are inaccurate.41 Alto-

gether, the menstrual cycle tracking menu seems essential for users’

continuing use of the app, as it not only makes users use app but

also increases their opportunities to use other menus.

Both groups reported significantly higher app quality ratings for

the study apps than for apps used before the study. Thus, both the

MASUN-selected best app and the most popular app worldwide

Figure 3. Flow diagram: recruitment and eligibility screening, randomization, follow-up, and analysis.
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were better than others.19 However, the groups showed significant

differences in app quality ratings: App A had a higher rating than

did App B. Interestingly, over the 16-week period, App A’s rating in-

creased but App B’s rating decreased. Additionally, App A had sig-

nificantly higher overall satisfaction scores than did App B. The

means of the number of menus used and recording days both in-

creased significantly by the 16th week, but only in the experimental

group. Specifically, they recorded their symptoms around 3-4 days

more than did control group users. It is exceedingly important that

apps provide information on users’ symptoms or promote treatment

adherence via reminders and notifications.42 Moreover, previous

studies have shown that app social influence is positively related to

continued app usage intention, and has a direct positive impact on

perceived app usefulness.43 Women’s continuance decisions were es-

pecially impacted by social influences.44 App social influence and in-

tention to recommend to other persons significantly differed by app,

with the experimental group having higher mean scores for both

variables than the control group. In other words, our findings sug-

gest that if app users are satisfied with an app selected with consider-

ation of their needs, they not only rate the app as higher in quality

but also use the app for longer and spread it to other users.

Interestingly, there was a large gap in the number of recording

days within the same group: Some users recorded on fewer than 3

days/month (9 users in the experimental group, 12 users in the con-

trol group), while others recorded approximately every day (more

than 20 days; 3 users in the experimental group, 1 user in the control

group). These results closely agree with those of a study examining

apps for reporting users’ pain.45 In the future, researchers should ex-

amine the factors that prevent users from recording.

Changes in personal, behavioral, and environmental

outcomes
Electronic health tools such as mHealth apps for tracking users’

symptoms can have a positive effect on self-efficacy.46 We found

that although the number of recording days increased significantly

in the experimental group, app self-efficacy did not. This is possibly

because it is difficult to elevate self-efficacy significantly using

mobile technology–related healthcare interventions.47 However, fea-

tures that stimulate self-efficacy can still help promote continuous

mHealth app usage and enact changes in health behavior.48–51 These

results coincide well with those found in our study. There was a

slight increase in app self-efficacy score, and significant correlations

were observed between component 3 and app self-efficacy, possibil-

ity of behavioral and cognitive changes in dysmenorrhea and PMS

management, and the number of days with records. Particularly, in

Table 2. Results for personal, behavioral, environmental outcomes, dysmenorrhea, and PMS-related variables

Experimental Group (n¼ 30) Control Group (n¼ 31)

Baseline 4 wk 8 wk 12 wk 16 wk Baseline 4 wk 8 wk 12 wk 16 wk App

Effect

Time

Effect

Interaction Effect

(App � Time)

App self-efficacy 20.13 19.57 18.63 20.20 20.13 20.16 19.10 18.52 18.97 19.52 1.028 0.738 0.136

(.311) (.567) (.969)

App quality rating 58.38 64.67 — — 65.70 54.27 60.78 — — 58.84 16.232 10.070 0.663

(n ¼ 21) (n ¼ 22) (<.01a) (<.01a) (.517)

Overall satisfaction 3.43 3.97 3.93 3.87 3.93 3.41 3.58 3.68 3.42 3.68 8.999 2.263 0.575

(n ¼ 21) (n ¼ 22) (.003a) (.063) (.681)

App outcome expectancy 11.17 10.93 11.03 11.23 11.80 10.74 10.61 10.35 10.74 10.94 4.749 0.838 0.144

(.030a) (.502) (.966)

Used menu 1.86 2.53 2.93 3.17 3.33 1.36 2.74 2.94 3.10 2.90 1.145 12.588 0.807

(n ¼ 21) (n ¼ 22) (.286) (<.01*) (.522)

Number of days with records — 5.67 7.13 7.27 7.10 — 3.58 3.81 3.87 3.35 16.686 0.305 0.223

(<.01a) (.822) (.881)

App social influence 11.43 11.30 12.03 12.83 12.90 10.55 11.06 11.48 12.06 11.29 4.242 1.930 0.338

(.040a) (.105) (.825)

Intent to recommend 2.81 3.47 3.27 3.47 3.50 2.86 3.06 2.94 2.74 3.03 10.974 1.682 1.104

(<.01a) (.154) (.355)

First day of menstruation 5.53 5.50 5.33 5.57 5.77 5.74 5.51 5.83 5.71 5.45 0.233 0.043 0.334

(.629) (.996) (.855)

Second day of menstruation 4.90 5.20 4.60 4.63 4.50 4.55 4.68 4.45 5.06 4.90 0.022 0.300 0.578

(.883) (.878) (.679)

Possibility of behavioral and

cognitive changes in

Dysmenorrhea management

15.67 20.60 21.57 22.10 22.43 15.41 20.23 20.06 19.61 21.19 5.330 15.782 0.642

(n ¼ 21) (n ¼ 22) (.022a) (<.01a) (.633)

Number of dysmenorrhea relief

methods

2.20 2.27 2.47 2.53 2.80 2.06 2.41 2.25 2.13 2.45 2.352 1.631 0.632

(.126) (.166) (.640)

PMS score 30.40 32.27 31.83 32.93 32.40 30.39 30.16 29.84 30.13 30.71 2.405 0.156 0.171

(.122) (.960) (.953)

Possibility of behavioral

and cognitive changes

in PMS management

15.90 21.73 22.60 22.97 23.10 13.72 20.83 19.97 19.94 21.13 14.680 19.090 0.454

(n ¼ 21) (n ¼ 22) (<.01a) (<.01a) (.769)

P values are presented in parentheses.

PMS: premenstrual syndrome.
aP< .05.

Journal of the American Medical Informatics Association, 2019, Vol. 26, No. 7 661



Figure 4. Variables contained in the 3 principal component dimensions with the variance in the rotation sums of squared loadings.

Table 3. Principal component analysis of all variables

Variable Factor Loading

Component 1 Component 2 Component 3

App quality rating .907a

Overall satisfaction .884a

Intent to recommend .756a

Used menu .416a .406

App social influence .770a

App outcome expectancy .421 .662a

Possibility of behavioral and cognitive changes in PMS management .584 .595a

PMS score .580a .419

Possibility of behavioral and cognitive changes in dysmenorrhea management .534 .556a

App self-efficacy .347 .500a .311

The number of days with records .420a

Second day of menstruation .650a

First day of menstruation .621a

The number of dysmenorrhea relief methods .528a

Eigenvalue 3.36 2.63 1.69

Variance, % 24.02 18.80 12.05

Cumulative variance, % 24.02 42.82 54.87

aVariable contained in the component.

PMS: premenstrual syndrome.
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the experimental group, significant changes after 16 weeks were

found in the possibility of both types of change (behavioral and cog-

nitive changes in dysmenorrhea and PMS management). The poten-

tial reason is that apps with features that target both internal factors

(eg, self-efficacy, app outcome expectancy) and external factors (eg,

disease information, social networking, and user compatibility) tend

to encourage greater behavioral change.51 Unlike App B (used by

the control group), App A (used by the experimental group) pro-

vided information on dysmenorrhea and PMS, as well as had a so-

cial networking function enabling users to exchange information on

their menstrual cycle with other users.

In a previous study, outcome expectancy did not positively influ-

ence young users’ behavioral intention to use educational computing

technology.52 However, significant increases in app outcome expec-

tancy were also observed in the experimental group and significant

correlations were observed between app outcome expectancy and

the possibility of behavioral and cognitive change in dysmenorrhea

and PMS management. This suggests that as users expect an

mHealth app to have positive outcomes, they tend to be more moti-

vated to perform the related health behavior.48

Furthermore, mHealth apps ideally help users manage symptoms

and improve the health outcomes of people with chronic symp-

toms.53 Indeed, component 3 in the principal component analysis

grouped pain of dysmenorrhea and pain relief method variables into

a single component. Interestingly, the number of dysmenorrhea re-

lief methods in the experimental group increased significantly. This

suggests that mHealth apps with effective menus for managing

symptoms that match users’ needs could help these users engage in

more health relief methods.

Strengths of user needs consideration
Given the increased interest in mHealth apps, it is necessary to

optimize the process by healthcare providers choose and utilize

such apps for referrals.54 Boudreaux et al’s54 study revealed 7

strategies for choosing mHealth apps: (1) review of scientific lit-

erature; (2) search app clearinghouse websites; (3) search app

stores; (4) check app descriptions, ratings, and reviews; (5) con-

sult the clinical experts and patient networks on social media; (6)

pilot the apps; and (7) get feedback from patients. The MASUN

is consistent with steps 3, 4, 6, and 7. Furthermore, in both our

and Boudreaux et al’s54 studies, researchers and users were

recruited using social network services. By integrating mHealth

apps into clinical practices and interventions, healthcare pro-

viders and researchers can successfully improve client and con-

sumer outcomes, particularly satisfaction.6 This is why, when

selecting the best app for target users, it is necessary to consider

not only user’s needs, but also app and clinical experts’ opinions.

MASUN provides a useful way of integrating expert opinions

with the needs of various users through stages 2-4 (Figure 1 and

Supplementary Appendix; also, a simpler version of MASUN is

available upon request from JL).

CONCLUSION

This study is significant because it helped verify a new method of

app selection based on users’ needs via a randomized controlled tri-

al. When using the app that best reflected their needs, users recorded

their symptoms more often and reported higher app social influence,

intent to recommend to others, app quality rating, and overall satis-

faction. The results not only benefit the selection of menstrual apps,

but also confirm how mHealth apps can benefit health behavior (as

evidenced by the fact that the app selected using MASUN promoted

users’ reported possibility of behavioral and cognitive changes in

dysmenorrhea and PMS management). Taken together, our findings

indicate that healthcare providers or researchers should fully con-

sider the target app users’ needs.

Based on the results of this study, 2 follow-up studies are under-

way. In the first, we aim to simplify and standardize a new method

to more easily select the best app for users with other health prob-

lems. We are reviewing the MASUN using the Delphi technique

with a multidisciplinary team of experts. We also intend to adapt

the MASUN into an online format so that this new method can be

utilized internationally. In the second study, we are designing a men-

strual app user interface that reflects the needs of particular users.

This could be used by developers or researchers who want to de-

velop apps that enable effective menstrual management, including

dysmenorrhea and PMS.
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APPENDIX. MASUN guidelines

Tasks Descriptions Stakeholders Estimated Time

Stage 1. TARGETING

1. Targeting Determine the [target disease and/or symptom] Researcher who participated in the cur-

rent study

Stage 2. CHECK LIST CREATION

2. Brainstorming and

Mind Mapping

Conducting group brainstorming sessions on

the [target disease and/or symptom] and designing mind

map about brainstorming

Individual (healthcare provider or re-

searcher) who had experience/majored

in informatics (eg, medical informatics,

nursing informatics)

(�2 groups, group �2 individuals)

1 hour

3. Persona and Sce-

nario

Design a potential user (persona) who uses an app to man-

age

the [target disease and/or symptom] (�2 personas)

Create a scenario for each persona who uses an app to man-

age the [target disease and/or symptom] (�2 scenarios)

*The same groups as the previous stage 3 hours

4. User Needs List of user’s needs (requirements) derived from each sce-

nario of each persona who uses an app to manage the

[target disease and/or symptom], Write the list followed

by order of priority

*The same groups as the previous stage 1 hour

5. Developing Check-

list

Draft version of checklist by table format: Compile all of

the user’s needs (requirements) included in the scenario

into a checklist

*Same individual can do this stage with

stage 1

Researcher who participated in the cur-

rent study

1 hour

Modifying checklist: Select items (user’s needs, require-

ments) based on a content validity index of >0.75.

† Different individual with all previous

stages

Individual (Healthcare provider or re-

searcher) who had experience/majored

in informatics (eg, medical informatics,

nursing informatics)

(�3 individuals) [55]

1 day

Final version of checklist: Allocate partial score for each

item.

If the user’s needs are “recording the pain in the app,” allo-

cate 0 points to the item in the checklist if there is no pain

recording menu, 1 point if there is a pain recording menu

with a dichotomous (Yes/No) scale, and 2 points if there

is a pain recording menu with Likert or score recording

system.

*Same individual can do this stage with

previous stage (second version of

checklist)

Individual who majored in medical in-

formatics

or nursing informatics (�3)

1 day

Stage 3. APP SELECTION

6. App Searching Search terms:

Found synonyms for

[target disease and/or symptom].

If a researcher wants to search for menstrual apps, he/she

needs to search using terms such as menstruation, period,

and menstrual cycle.

Same individual can do this stage with

stage 1 or 6

Researcher who participated in the cur-

rent study

2–3 hours

App search: Searched for apps in 1 or more app stores using

the derived search terms.

*Same individual can do this stage with

stage 1 or 6 or 8

Researcher (�2)

1 day for 1 search

term

(continued)
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*Appendix. continued

Tasks Descriptions Stakeholders Estimated Time

7. App Screening Deduplication: Compared the lists of the searched apps and

compiled them into a single list. If the app name and de-

veloper were the same, they are considered the same app.

*Same individual as the previous stage

Researcher (�2)

1-2 days

Remove all apps unrelated to the [target disease and/or

symptom] based on the app name or description.

*Same individual as the previous stage

Researcher (�2)

1-2 days

8. App Scoring Score the apps using the checklist after using app at least 10

mins (Independently).

*Same individual as the previous stage

Researcher (�2)

1 day for 30 apps

Crosscheck: Compare the scores of the top 100 apps given

by each researcher. If the total scores of the app or the

scores given for a specific item in the checklist differ be-

tween the researchers, the researchers should review the

app and discuss it to reach a consensus on the score.

*Same individual as the previous stage

Researcher (�2)

1-2 days

9. App Selecting Check a review user’s needs (the app rating and the number

of reviews) for each app in app store with the top 5

checklist scores. A given checklist score might include

multiple apps.

*Same individual as the previous stage

Researcher

1 hour

When multiple apps receive the same score, the app with

the highest rating should be selected.

*The same person as the previous stage

Researcher

1 hour

When multiple apps receive the same score and app rating,

the app with the highest number of reviews should be se-

lected.

*The same person as the previous stage

Researcher

1 hour

Stage 4. APP EVALUATION

10. App Evaluation Evaluate the candidate apps using an assessment tool like

MARS (Mobile Application Rating Scale) after using

each app for at least 10 mins.

†App expert with experience in develop-

ing and/or designing a health-related

app (�5 individual)

1 day

Evaluate the candidate apps using an assessment tool like

the user-MARS after using each app for at least 10 mins.

†Clinical expert with experience in the

treatment of and/or research on [tar-

get disease and/or symptom] patients/

consumers (�5 individual)

1 day

Evaluate the candidate app through focus group interviews

(real users). The interview questions should be structured

around an assessment tool like the user-MARS. An eval-

uation (preferred app or not) should be conducted after

using each app for at least 10 mins.

†Person who has experienced

the [target disease and/or symptom]

(�3 groups, group �2 individual)

1 day for 1 group

11. Determining the

Best App

Among the preferred apps, the app with the highest score

given by the app and clinical experts is selected as the

best app.

Same individual can do this stage with

stage 1 or 6 or 8

Researcher who participated in the cur-

rent study

1 day

Stage 5. APP VERIFICATION

12. Randomized Con-

trolled Trial

Randomized controlled trial is conducted. An intervention

group use the best app selected in the previous stage.

† Person who has experienced the

[target disease and/or symptom] (�2

groups)

*Person who participated in previous stage can participate in this step.
†

Person who participated in the previous stage cannot participate in this step. In other words, a new participant/researcher should perform this step.
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