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Abstract: Background: Polycystic ovarian syndrome (PCOS) is an endocrine disorder that is connected
to a range of gynecological symptoms. The disorder has both physical and mental health outcomes.

While the physical symptoms are often expressed and diagnosed, the mental health outcomes are ignored
and undiagnosed. To the best of our knowledge, in Bangladesh, although women are affected by the

disease, research exploring the impact of digital health interventions on the mental healthburden is scarce.
Emerging evidence suggests that smartphone-based health education interventions could be helpful in
alleviating the psychological burden associated with PCOS by improving awareness and self-
management among patients. Objective: The aim of the study is to explore the impact of digital health
education on the stress, anxiety, and depressionlevels among PCOS patients in Bangladesh. Methods: A
single blinded, randomized controlled trial was being conducted at the Enayetpur of Sirajgan;j district at
Khwaja Yunus Ali Medical College and Hospital. Atotal of 212 participants were randomly assigned to
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either the intervention group or the control group in the study. The intervention group received PCOS
related health education via a mobile application reinforced with app notifications and bi-monthly phone
calls from the researcher. Baseline Data collection was completedin April 2025. Endline data collection
started in November 2025. The intervention was a six-month intervention that ran from May to October.
The primary outcome, depression, stress and anxiety was measured using the DASS21 questionnaire.
The secondary outcomes were serum hormone levels (cortisol and testosterone), body mass index (BMI),
and knowledge about PCOS. Results: The baseline data collection was completed in April 2025. A total
of212 patient provided their consent to participate in the study. The participants were divided into groups
of 106 individuals for the control and intervention groups. Trial registration. Japan Registry of Clinical
Trials (jJRCT2062240073), https://jrct.mhlw.go.jp/en-latest-detail/JRCT2062240073 and North South
University Institutional Review Board approved this study (#2024/0RNSU/IRBII 002).
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1. Introduction

Polycystic ovarian syndrome (PCOS) is an endocrine disorder with reproductive outcomes that
has a global prevalence of 5%—20% among women [1,2]. Patients who have PCOS suffer from
irregular menstruation, acne, excessive body and facial hair, infertility, metabolic disorder, diabetes,
heart disease and emotional instability. All these symptoms cause stress in patients, which
subsequently leads to depression and anxiety [3]. Moreover, stress leads to a rise in cortisol level,
which adversely affects the metabolism and cognitive functions [4,5]. Additionally, the levels of
testosterone and prolactin hormones are often increased considered to be closely related to the
condition of PCOS. Increased testosterone causes hirsutism, acne, and male pattern hair loss, while
increased prolactin causes decreased ovulation [6,7].

Among these symptoms, infertility has a strong impact on the quality of life of the patients.
Decreased ovulation and increased testosterone are related to infertility of patients with PCOS [8].
Infertility itself comes with immense stress, both psychologically and socially. Having PCOS along with
infertility is a double disease burden that affects a woman’s overall physical and mental health [9].
Although patients receive PCOS related symptomatic treatments from gynecologists, lifestyle
modifications and behavior changes are equally important for the patients [10].

Currently, treatments of PCOS are limited to symptom specific treatments. The main treatment
options are lifestyle modification, diet, and weight management [11,12]. Albeit many harmful health
impacts, the disease is being ignored in terms of awareness among the patients who are suffering every
day [13]. This leads to compromised health conditions and immense psychological adverse outcomes,
which lead to a poor quality of life [14].

In Bangladesh, women and girls of reproductive age with the condition are unaware of the disease
and are leftundiagnosed [ 15]. Women and girls receive medical treatments solely based on medications
but not on lifestyle modifications [16]. Even though the body and mind are not separate entity, when
it comes to patients’ health, physical health tends to receive attention and priority, whereas mental
health is mostly left undiagnosed or even unnoticed [17].
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With the advancement of technology, many healthcare facilities and healthcare options are
accessible to people. A diverse range of social media platforms provides an abundance of information.
However, misinformation is not uncommon [17-19]. It is important to receive information that is
structured, scientifically proven, and professionally approved [20]. This study aims to elucidate the
effectiveness of digital health information on a patient’s health, both physical and mental. The
combined approach of lifestyle modification and traditional medical treatments may also help health
professionals to utilize digital technologies to manage and educate patients.

The secondary outcome of this study, serum cortisol and testosterone levels, are commonly
associated with psychological stress, which is the primary outcome of this study [21]. While studies
showed that cortisol promotes abdominal fat accumulation and slows down weight loss, elevated
testosterone contributes to male pattern baldness, hirsutism, and adversely affects a woman’s
appearance [22,23]. Body image concerns play a vital role in increased psychological distress [24].

We hypothesize that health education through a smartphone-based application intervention will
significantly reduce the levels of stress, anxiety, and depression among PCOS patients compared to
usual treatments.

Additionally, our study hypothesizes that digital health education interventions will encourage
lifestyle related behaviors that may reduce the testosterone and cortisol levels and eventually improve
the depression, anxiety, and stress related to PCOS.

2. Materials and methods

2.1. Design

This is a hospital-based intervention study that is prospective in nature and has two arms (1:1).
This is a single blinded, single centered study where the participants were divided into either an
intervention group or a control group. The participants were recruited from a rural private hospital of
Bangladesh. The randomized controlled trial design strictly adheres to Consolidated Standards of
Reporting Trial (CONSORT) [25] guidelines along with the Standard Protocol Items:
Recommendations for Interventional Trial (SPIRIT) [26] guidelines. A schematic overview is shown
in Figure 1.
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Assessed for eligibility n = 232
Inclusion criteria include being
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Figure 1. Participant recruitment flowchart.
2.2. Study setting and eligibility criteria

The study participants were selected from Enayetpur, which is under the administrative and
demographic surveillance jurisdiction of Belkuchi Upazila in the Sirajganj District, within the Rajshahi
Division of Bangladesh. To be eligible, the participants had to be women aged 18 or older who were
diagnosed with PCOS based on the Rotterdam criteria, which includes oligo/anovulation,
hyperandrogenism, and polycystic ovaries. Additional requirements included having access to a
smartphone, the ability to read and write in Bengali,and provided informed consent for their participation
in the study.
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The exclusion criteria included having a serious medical condition, any previous history of
psychiatric illness, participants who took psychiatric medications, participants with extremely severe
Dass21 scores, participants who were pregnant, or participants with a history of chronic diseases such
as heart, kidney, or respiratory illnesses.

2.3. Randomization

A simple randomization technique was performed where a computer-generated random number
sequence was used for randomization and numbering. Randomization table preparation, where the
study ID was placed along with the assigned intervention to sequentially numbered and sealed
envelopes, was performed by an independent statistician who was not involved in the study.
Additionally, the statistician made the randomization schedule. These envelopes were matched with
the serial number of the PCOS participants and securely stored in an office locker. Group assignments
of the control and intervention were concealed in identical and sealed envelopes. The envelops were
opened at the time of participant enrollment, which occurred after the patient provided informed verbal
consent and was assigned a study ID.

2.4. Study activities and content

To measure the stress, anxiety, and depression levels, baseline data collection was performed with
the DASS21 questionnaire, which was developed by Lovibond and Lovibond (1995) [27]. The
DASS21 questionnaire is a measurement scale for depression, anxiety, and stress, and is comprised of
21 questions. Studies tested DASS21 for reliability and validity with Cronbach’s alpha reliability test
for both clinical and non-clinical samples. The original version consisted of 42 items (DASS) and the
short version consists of 21 items (DASS-21). The Bangla version of DASS21 was validated after
using the translated questionnaire among medical students of Bangladesh [28]. DASS21 uses a self-
reported scale of three sets of 7 items each, and is designed to measure the depression anxiety and
stress. The depression scale evaluates dysphoria, hopelessness, devaluation of life, self-
deprecation, lack of interest, anhedonia, and inertia. The anxiety scale measures autonomic arousal,
muscle effects, situational anxiety, and anxious affect. The stress scale gauges chronic nonspecific
arousal, difficulty relaxing, nervous arousal, and tendencies to be easily upset, agitated, irritable,
over-reactive, and impatient [29,30].

The patient’s cortisol level, testosterone hormone level, and BMI were checked at baseline and at
endline. The knowledge level of PCOS was evaluated in baseline and at the endline follow up using a
validated knowledge questionnaire used in previous studies [20]. The endline data was collected after
six months following the intervention.

The questionnaire was translated into Bangla and back-translated to English by the researcher.
Then, the developed questionnaire was pretested among diagnosed PCOS participants selected from
the gynecology department to check the feasibility, reliability, and validity of the questionnaire as a
pilot. This was performed by the researcher and two research assistants. After resolving all issues, the
finalized questionnaire was used to collect the data of the randomly recruited participants.

Testosterone (TT), Cortisol, BMI, and waist circumference were measured both in baseline and
endline, which is 6 months after the baseline measurement.

The data is collected for both the intervention and control groups.
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Two research assistants who were trained by the researcher, collected the data.

From the intervention group, a total of 20 participants were purposively selected to participate in
the qualitative component of the study. These participants were chosen from those who completed the
full 6-month intervention.

The purpose of the qualitative interviews is to explore barriers and facilitators to using the app
and engaging with the intervention along with the contextual factors influencing app usage. An one-
on-one; in-depth interview will be conducted with the selected participants via an audio call. All
interviews will be audio-recorded using a call recording application, with the participants’ consent, to
ensure accurate data capture for the subsequent analysis.

Table 1 shows the intervention and control group process for 6 months.

Table 1. Study process throughout 6 months.

Schedule Intervention group Control group

Baseline sessions  Interview Interview
Administered questionnaire Administered questionnaire
Laboratory test (cortisol and testosterone) Laboratory test (cortisol and
Smartphone app education testosterone)
Following up phone call from researcher for 6
months

Final session Interview Interview
Administered questionnaire Administered questionnaire
Laboratory test (cortisol and testosterone) Laboratory test (cortisol and

testosterone)

2.5. Training of the research assistants

Two research assistants were responsible for obtaining informed consent, conducting physical
examinations, interviewing the participants, installing the app on the phones of those in the intervention
group, and guiding them on how to navigate the lessons and understand the PCOS-related health
education content. The principal investigator provided comprehensive training for theresearch assistants,
thereby covering both the general and role-specific aspects of the study. General training included the
study background, contact details, study structure, and use of technology, while role-specific training
focused on recruitment, consent procedures, data collection, electronic data entry in the KOBO toolbox
(Kobo toolbox is an app for data collection from fields), storing and having paper forms that can be used
as back up, and checking the data and self-evaluation forms for complete datasubmission. After training,
they were evaluated through practice sessions and role-playing in a private setting. The research
assistants were both intern doctors at the same hospital and received support from the gynecologist for
the participant’sreferral, selection, and recruitment. Additionally, they were responsible for showing the
study participants how to use the app and explaining the contents of the lesson.

2.6. Intervention group

A smartphone app (mHealth) that contained 11 lessons, in which two of these featured videos,
one presented a storytelling approach to explain PCOS, and the other demonstrated simple home
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exercises, was installed in the intervention group patients’ phones for PCOS related health education.
The lesson topics, which focused on PCOS knowledge, are attached as a supplementary file. All app
content, including the videos, were delivered in Bengali to ensure accessibility and better
understanding for the participants.

The digital health education app contents were completed based on the current evidence and
clinical guidelines for PCOS management. Together, the lead researcher, one gynecologist, one
nutritionist, two research assistants, supervisors, authors, and co-authors reviewed the contents for
cultural appropriateness, medical accuracy, and clarity.

2.7. Adherence to intervention

The study maintained monthly follow-ups, during which the lead researcher contacted the participants
in the intervention group. This regular engagement supported the participant’s adherence to the intervention.
Additionally,ifa participant missed a scheduled reminder call from the researcher, the research assistants
followed up with supplementary calls to ensure continued participation and compliance.

2.8. Control group

The control group received usual medical treatments from the gynecologist and were followed up
with 6 months after the study period for the endline measurements.

2.9. Sample size and power

The sample size was calculated using G* power (version 3.1) for a repeated-measures analysis of
variance (ANOVA) with a within-between interaction (F tests). The following parameters were used:
two groups, two measurements, non-sphericity correction € = 1.0, o = 0.05 (Type I error), and power
=0.80 (Type II error = 0.20).

The effect size f=0.2319 was derived based on prior literature and our study design. Specifically,
a previous study reported a Cohen’s d of 0.44 [31] for similar outcomes. In our two-group repeated-
measures design, the corresponding unadjusted effect size was calculated as follows:

f=d/2=0.44/2=0.22.

We planned to adjust for baseline covariates in the analysis. Assuming that covariates explain
10% of the variance in the outcome (p? = 0.10), the adjusted effect size is as follows:

foqi=0.22/N1-0.10 = 0.2319.

Using these parameters in G*Power (F tests, repeated-measures ANOVA, within—between
interaction), the calculated total sample sizerequired to detect the prespecified effect size with 80% [ 32]
power at a = 0.05 was 148 participants. To account for an expected 20% [33] attrition rate, the sample
size was inflated as follows:

Nadjusted = 148/1-0.20 = 185.
Thus, the final recruitment target was 185 participants (93 in the intervention group and 92 in the

control group) to ensure sufficient power for the primary analysis.
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2.10.  Blinding

The participants were blinded to the intervention, while the researchers were aware of the group
assignments, including enrollment into the intervention and control groups.

The intervention group received the smartphone application and bi-monthly follow-up calls,
while the control group continued their usual care. Because the participants did not know whether they
belonged to the intervention or control group, blinding at the participant level was maintained.

2.11. Outcomes

The primary outcome of this study is the improvement of depression, anxiety, and stress scores,
as assessed by the DASS-21 questionnaire.

The secondary outcomes include the following:

* Reduction in serum cortisol and testosterone levels;

* Improved BMI; and

* Enhanced knowledge about PCOS, measured using a structured questionnaire from a previously
published study.

3. Ethical considerations

Ethical approval was received from the Institutional Review Board of North South University
(Approval No. 2024/0RNSU/IRBII 002) and is registered with the Japan Registry of Clinical Trials
under the ID jRCT2062240073, https://jrct.mhlw.go.jp/en-latest-detail/jRCT2062240073. The
research was conducted in accordance with the principles of the Declaration of Helsinki. Prior to
enrollment, all participants were thoroughly informed about the study’s purpose, potential risks and
benefits, and their rights. Voluntary participation and informed consent were obtained from each
participant. Strict confidentiality was maintained for all the study participants throughout the study.

All qualitative and quantitative data was securely stored with restricted access. The participants
were informed of their rights, including the voluntary nature of their participation and their ability to
withdraw at any time without consequence.

4. Quantitative analysis

All data analyses will be performed using the IBM SPSS software (version 26.0, IBM Corp.,
Armonk, NY, USA). Prior to inferential testing, continuous variables will be evaluated for
normality using the Shapiro-Wilk test and inspection of Q-Q plots. When data violate normality
assumptions, appropriate transformations (e.g., log or square root) will be applied. If
transformation fails to achieve normality, then non-parametric alternatives such as the Wilcoxon
signed-rank test (within-group comparisons) and Mann—Whitney U test (between-group
comparisons) will be used.

DASS-21 subscales (Depression, Anxiety, Stress) will be separately analyzed as
secondary/exploratory using appropriate tests based on normality. A Bonferroni correction will be
applied to account for multiple comparisons.
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Missing data for primary and secondary outcomes will be handled using multiple imputations,
incorporating baseline covariates such as age, BMI, baseline DASS-21 scores, and group assignments
to generate plausible values under the assumption of missing at random (MAR). This approach reduces
bias and maintains statistical power compared with single-imputation methods such as the last
observation carried forward (LOCF). To evaluate the robustness of the findings, sensitivity analyses
will be performed under different missing-data assumptions (MCAR and MAR).

All quantitative analyses will be conducted according to the intention-to-treat (ITT) principle,
including all randomized participants in their originally assigned groups regardless of adherence to the
intervention. The study adopts a two-arm parallel design (intervention and control) with a single primary
outcome: participants demonstrating improvement from baseline to the endline score of DASS21.
Continuous secondary outcomes, including testosterone and cortisol levels, knowledge scores, and BMI,
will be analyzed using a two-way analysis of covariance (ANCOVA) with repeated measures, with the
group (intervention and control) as a between-subject factor and time (pre- and post-intervention), and
the group X time interaction testing whether the effect of time differs by the group. Potential confounding
factors will be adjusted for, and a Bonferroni correction will be applied to account for multiple
comparisons. Additionally, exploratory subgroup analyses will be conductedto assess the potential effect
modification by age, baseline BMI, and baseline symptom severity. All statistical tests will be two-tailed,
with the level of significance set at a = 0.05, unless otherwise specified.

This analytical strategy ensures methodological rigor by addressing statistical assumptions,
minimizing false-positive findings, and providing a comprehensive assessment of the digital health
education intervention’s impact on the mental health and physiological outcomes of women with PCOS.

5. Qualitative analysis

Qualitative data will be obtained through semi-structured in-depth interviews conducted post-
intervention to explore the participants’experiences, perceptions, and behavioral changes in response
to the digital health education platform. The purpose of this component is to gain deeper insight into
how women with PCOS engaged with the intervention, perceived its usefulness, and navigated lifestyle
and mental health behaviors during and after app usage.

All interviews will be audio-recorded (with participant consent) and transcribed verbatim. Field
notes and observational memos will be maintained throughout data collection to capture contextual
details. Transcripts will be anonymized by removing all personal identifiers to ensure confidentiality
and ethical integrity.

The data will be organized and managed using NVivo or Atlas.ti software. A thematic analysis
will be performed following the six-phase framework outlined by Braun and Clarke (2006), which
includes familiarization with data, generation of initial codes, theme development, reviewing and
refining themes, defining and naming themes, and producing the final report. Two independent
researchers will separately code the data, and intercoder reliability will be assessed. Any discrepancies
will be discussed until consensus is achieved, thus ensuring analytical reliability and validity.

The coding framework will be iteratively developed, thereby integrating both inductive (data-
driven) and deductive (theory-driven) approaches to capture the breadth and depth of the participants’
experiences. This process will allow for triangulation between quantitative outcomes and qualitative
insights, thereby enhancing the overall interpretation and understanding of the intervention’s
effectiveness and acceptability.
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6. Attrition and post randomization bias

Both groups continued to receive routine gynecological care from their attending physicians
throughout the study period. The intervention group received additional support through the smartphone-
based digital health education program and bi-monthly follow-up calls. The control group only received
standard gynecological management but was counselled by research assistants to return for follow-up
after 6 months. Although the frequency of physician follow-up in the control group varied, both groups
maintained regular contact within the healthcare system to reduce differential attrition.

The frequency of gynecological follow-up in the control group was not standardized and may
have varied among participants, which could influence the adherence or outcome assessments.
However, efforts were made to reduce attrition bias by counselling all the control group participants
to attend a 6-month follow-up and by maintaining an intention-to-treat analysis in data interpretation.

Although an intention-to-treat analysis and data imputation will be employed to minimize
attrition-related bias, differences in dropout rates between the intervention and control groups may still
introduce post-randomization bias. Future studies could reduce this risk by incorporating balanced
engagement strategies for both groups.

7. Adverse effect reporting harm

The intervention consists of an app that reports no harm on the study participants. Blood
withdrawn for serum cortisol and testosterone are routine procedures for PCOS patients and considered
low risk.

8. Missing data

Efforts to minimize missing data will include thorough training of the study’s personnel, regular
data monitoring, and timely follow-ups with the participants to ensure complete and accurate data
collection. Missing data for primary and secondary outcomes will be handled using multiple
imputation methods, thereby incorporating baseline covariates (e.g., age, BMI, baseline DASS-21
scores, and group assignment) to generate plausible values under the assumption of missing at random
(MAR). This approach minimizes bias and preserves statistical power compared with singl e imputation
techniques such as last observation carried forward (LOCF). Sensitivity analyses will be conducted
under alternative assumptions of MCAR and MAR to evaluate the robustness of the findings. The
DASS-21 will be administered only at baseline and at the endline assessment, and no repeated
measures will be collected during the intervention period.

9. Discussion

The publication of this research protocol is expected to significantly contribute to the overall
impact of the study. This study explores the effect of a mobile application-based health education
intervention, combined with researcher-led follow-up, on reducing depression, anxiety, and stress in
patients with PCOS. Prior research has demonstrated the effectiveness of mobile health (mHealth)

AIMS Public Health Volume 13, Issue 1, 105-120.



115

interventions in mitigating mental health issues such as depression, stress, and anxiety. Additionally,
evidence supports the positive influence of smartphone-based programs and telephonic counseling in
improving the patients’ mental health outcomes [34].

This study uniquely integrates mobile app-based education with personalized counseling, thus
aiming to evaluate their combined effect on psychological well-being among women with PCOS.
Despite increasing awareness, mental health aspects, particularly depression, anxiety, and stress, remain
under-discussed, especially in low- and middle-income countries such as Bangladesh [35]. In such
contexts, stress and emotional distress are often normalized, thus leaving many individuals unsupported.

Furthermore, awareness of PCOS itself remains limited, even in many developed nations [3 6]. As
a result, opportunities to share knowledge or promote patient education are often missed. Lifestyle
modifications tailored to individual needs have been identified as a key approach in effectively
managing PCOS [37]. Our study seeks to assess how patients respond to a blended digital and
counseling-based intervention to address their mental health challenges.

In Bangladesh, there is no intervention study that has investigated the effects of digital health
education on stress, anxiety, and depression among women with PCOS. Our study addresses the
research gap by evaluating how a digital education approach influences psychological outcome among
Bangladeshi women with PCOS.

Additionally, this study explores the mind-body connection utilizing serum cortisol and
testosterone levels as a biological marker measurement together with psychological measures. While
Shefin et al. (2024) [38] focused on biochemical parameters, their study lack exploration on how
physiological changes relate to emotional or psychological wellbeing.

Current research diverges from previous app development-based interventions guided by the
Transtheoretical Model (TTM) [2], which was implemented in other contexts. Our research aims at
education-based digital interventions through an app which was tailored to improve awareness, self-
efficacy, and mental wellbeing of patients. Thus, this study is a contextually novel relevant approach
within Bangladeshi setting where both digital health research and PCOS-related mental health
interventions are still emerging.

To the best of our knowledge, this is the first study in Bangladesh to evaluate the impact of a
digital health education intervention that specifically targets stress, anxiety, and depression among
women with PCOS.

The findings of this study may serve as a valuable reference for clinicians and public health
professionals in guiding the future use of digital health education strategies. Specifically, the results
can inform decisions regarding the effectiveness, limitations, and advantages of app-based educational
interventions, as well as their potential integration into broader healthcare practices. Therefore, this
work contributes both contextual innovation and practical insight into scalable, technology-driven
mental health support for women with PCOS.

10. Results

The baseline data collection was completed in April 2025. Endline data collection began in
November 2025. To date, the data analysis has not started. A total of 212 patients were enrolled, with
106 in the control group and 106 in the intervention group.
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11. Strengths

Using culturally appropriate tools and language is a significant strength of the study. The digital
health education intervention was developed in Bangla, the participants’native language, thus ensuring
better comprehension even among those with limited digital literacy. A gynecologist and the lead
researcher supervised the educational content, while trained research assistants guided the participants
in navigating the app and understanding the materials. In addition, the study employed an unbiased
sampling method for participant recruitment and used a standardized laboratory to measure the cortisol
and testosterone levels, thus enhancing the reliability of the findings.

12. Limitations

Despite its strengths, the study has several limitations. The participants were recruited from a
single hospital in the Sirajganj district, thus limiting the generalizability of findings to the broader rural
PCOS population. Additionally, there was a potential risk of information “spillover” to the control
group through patient interactions, although verbal agreements were secured from the participants to
minimize this effect. The study explored digital health education delivered via a smartphone app in a
rural region of Bangladesh, where most women did not personally own smartphones. This presented a
challenge, as low levels of digital literacy slowed the recruitment process. To address this limitation,
the researcher conducted monthly follow-up calls to the participants as part of the intervention.
Moreover, due to financial and time constraints, the six-month follow-up may not capture the complete
long-term effects of the intervention.

Furthermore, since DASS21 is a self-reported measure, it introduces the possibility of response
and recall bias, as the participants may underreport or overreport their psychological symptoms based
on perceived expectations or social desirability. Although cortisol and testosterone biomarkers partially
mitigate this limitation, future studies should consider clinician-rated, ecological momentary
assessment tools to strengthen the validity.

Future research should include multi-site randomized controlled trials to improve the
generalizability and assess scalability across diverse populations. Incorporating a cost-effectiveness
analysis would provide important insights for policymakers and healthcare planners regarding the
economic feasibility of implementing digital health education programs for women with PCOS.
Moreover, longitudinal designs which assess sustained behavioral and psychological changes beyond
the intervention period are warranted.

13. Conclusions

The study outcome will help to understand the broader implementation of a dedicated PCOS
health app and personalized counseling services to enhance health literacy, encourage proactive health
behaviors, and ultimately improve the physical, mental health, and quality of life of PCOS patients.

Use of Al tools declaration

The authors declare they have not used Artificial Intelligence (Al) tools in the creation of this article.

AIMS Public Health Volume 13, Issue 1, 105-120.



117

Acknowledgments

We extend our sincere appreciation to all participating patients for their cooperation. The authors
are deeply grateful to the gynecologist, research assistants, hospital staff and laboratory employees for
their unwavering help and support. The lead researcher also acknowledges Khawaja Yunus Ali Medical
College and hospital and Hiroshima University for their ongoing institutional and infrastructural support.

The study secured its funding from the Satake Memorial Fund and the SMASO-X Challenge
Researcher Grant. Authors were not involved in funding body and any other funding authority for this
study. Funding body authority had no role in design of the study, analysis or reporting of trial.

The trial is monitored by the principal investigator and all the co-authors of the paper. The
principal investigator routinely checked and ensured data collection.

Authors’ contributions

SA, YS, MR, SC, SK, SD together designed the study. FM, SA performed the field monitoring,
regulatory approval, ensured data accurately submission, helped with protocol design finalization
providing realistic field scenario. DH helped with ethical considerations and regulatory approval. SC
YS contributed to statistical planning and sample size calculation. All authors reviewed and approved
the final version of the protocol.

Conflict of interest

The authors declare no conflict of interest.

References

1. Sadeghi HM, Adeli I, Calina D, et al. (2022) Polycystic Ovary Syndrome: A Comprehensive
Review of Pathogenesis, Management, and Drug Repurposing. Int J Mol Sci 23: 583.
https://doi.org/10.3390/1jms23020583

2. Wang L, Liu Y, Tan H, et al. (2022) Transtheoretical model-based mobile health application for
PCOS. Reprod Health 19: 117. https://doi.org/10.1186/s12978-022-01422-w

3. Dybciak P, Raczkiewicz D, Humeniuk E, et al. (2023) Depression in Polycystic Ovary Syndrome:
A Systematic  Review and  Meta-Analysis. J  Clin  Med  12: 6446.
https://doi.org/10.3390/jcm 12206446

4. Gold PW, Drevets WC, Charney DS (2002) New insights into the role of cortisol and the
glucocorticoid receptor in severe depression. Biol Psychiatry 52: 381-385.
https://doi.org/10.1016/S0006-3223(02)01480-4

5. Lightman SL, Birnie MT, Conway-Campbell BL (2020) Dynamics of ACTH and Cortisol Secretion
and Implications for Disease. Endocr Rev 41: bnaa002. https://doi.org/10.1210/endrev/bnaa002

6. Davoudi Z, Araghi F, Vahedi M, et al. (2021) Prolactin Level in Polycystic Ovary Syndrome (PCOS):
An approach to the diagnosis and management. Acta Biomed 92: €2021291.
https://doi.org/10.23750/abm.v9215.9866

AIMS Public Health Volume 13, Issue 1, 105-120.



118

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Alhassan S, Elmugadam A, Elfadil GA, et al. (2023) Diagnostic Performance of Anti-Miillerian
Hormone, Luteinizing Hormone to Follicle-Stimulating Hormone Ratio, Testosterone, and
Prolactin to Predict Polycystic Ovary Syndrome Among Sudanese Women. Int J Womens Health
15: 837-843. https://doi.org/10.2147/1JWH.S403347

YousafJ, Khadija S, Arshad N, et al. (2022) The chances of infertility in a patient presenting with
PCOS in childbearing age. Saudi J Med 7: 15-21. https://doi.org/10.36348/sjm.2022.v07i01.003
Li SJ, Zhou DN, Li W, et al. (2017) Mental health status assessment in polycystic ovarian
syndrome infertility patients: A pilot study. J Huazhong Univ Sci Technolog Med Sci 37: 750-754.
https://doi.org/10.1007/s11596-017-1799-4

Sedighi S, Amir Ali Akbari S, Afrakhteh M, et al. (2014) Comparison of lifestyle in women with
polycystic ovary syndrome and healthy women. Glob J Health Sci 7: 228-234.
https://doi.org/10.5539/gjhs.v7n1p228

Rashid R, Mir SA, Kareem O, et al. (2022) Polycystic ovarian syndrome-current pharmacotherapy
and clinical implications. Taiwan J Obstet Gynecol 61: 40-50.
https://doi.org/10.1016/j.tjog.2021.11.009

Cowan S, Lim S, Alycia C, et al. (2023) Lifestyle management in polycystic ovary syndrome -
beyond diet and physical activity. BMC Endocr Disord 23: 14. https://doi.org/10.1186/s12902-
022-01208-y

Ahmed Z, Mahmud S, Acet DH (2022) Circular economy model for developing countries:
evidence from Bangladesh. Heliyon 8: €09530. https://doi.org/10.1016/j.heliyon.2022.e09530
Cooney LG, Dokras A (2017) Depression and Anxiety in Polycystic Ovary Syndrome: Etiology
and Treatment. Curr Psychiatry Rep 19: 83. https://doi.org/10.1007/s11920-017-0834-2

Hasan M, Sultana S, Sohan M, et al. (2022) Prevalence and associated risk factors for mental
health problems among patients with polycystic ovary syndrome in Bangladesh: A nationwide
cross-Sectional study. PLoS One 17: €0270102. https://doi.org/10.1371/journal.pone.0270102
Ilic M, Reinecke J, Bohner G, et al. (2013) Belittled, avoided, ignored, denied: Assessing forms
and consequences of stigma experiences of people with mental illness. Basic Appl Soc Psychol
35: 31-40. https://doi.org/10.1080/01973533.2012.746619

Chowdhury SR, Sunna TC, Ahmed S (2021) Telemedicine is an important aspect of healthcare
services amid COVID-19 outbreak: Its barriers in Bangladesh and strategies to overcome. Int J
Health Plann Manage 36: 4—12. https://doi.org/10.1002/hpm.3064

Aziz A, Islam MM, Zakaria M (2020) COVID-19 exposes digital divide, social stigma, and
information crisis in Bangladesh. Media Asia 47: 144-151.
https://doi.org/10.1080/01296612.2020.1843219

Cui K, Zou W, Ji X, et al. (2024) Does digital technology make people healthier: the impact of
digital use on the lifestyle of Chinese older adults. BMC Geriatr 24: 85.
https://doi.org/10.1186/s12877-023-04651-1

Abu-Taha M, Daghash A, Daghash R, et al. (2020) Evaluation of women knowledge and
perception about polycystic ovary syndrome and its management in Jordan: A survey-based study.
Int J Clin Pract 74: €13552. https://doi.org/10.1111/ijcp.13552

Benjamin JJ, MaheshKumar K, Radha V, et al. (2023) Stress and polycystic ovarian syndrome-a
case control study among Indian women. Clin Epidemiol Glob Health 22: 101326.
https://doi.org/10.1016/j.cegh.2023.101326

AIMS Public Health Volume 13, Issue 1, 105-120.


https://doi.org/10.1080/01973533.2012.746619
https://doi.org/10.1080/01296612.2020.1843219
https://doi.org/10.1016/j.cegh.2023.101326

119

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Basu BR, Chowdhury O, Saha SK (2018) Possible Link Between Stress-related Factors and
Altered Body Composition in Women with Polycystic Ovarian Syndrome. J Hum Reprod Sci 11:
10-18. https://doi.org/10.4103/jhrs. JHRS 78 17

Darjani A, Alizadeh N, Gharaei Nejad K, et al. (2023) Testosterone or dihydrotestosterone: what
should be evaluated in hirsutism? Ir J Med Sci 192: 2823-2827. https://doi.org/10.1007/s11845-
023-03366-x

Hofmann K, Decrinis C, Bitterlich N, et al. (2025) Body image and mental health in women with
polycystic ovary syndrome-a cross-sectional study. Arch Gynecol Obstet 312: 177-190.
https://doi.org/10.1007/s00404-024-07913-4

Merkow RP, Kaji AH, Itani KMF (2021) The CONSORT Framework. JAMA Surg 156: 877-878.
https://doi.org/10.1001/jamasurg.2021.0549

Chan AW, Boutron I, Hopewell S, et al. (2025) SPIRIT 2025 statement: updated guideline for
protocols of randomised trials. BMJ 389: e081477. https://doi.org/10.1136/bm;j-2024-081477
Lovibond PF, Lovibond SH (1995) The structure of negative emotional states: comparison of the
Depression Anxiety Stress Scales (DASS) with the Beck Depression and Anxiety Inventories.
Behav Res Ther 33: 335-343. https://doi.org/10.1016/0005-7967(94)00075-u.

Alim SMAHM, Kibria SME, Uddin MZ, et al. (2014) Translation of DASS 21 into Bangla and
validation among medical students. Bangladesh J  Psychiatry 28: 67-70.
https://doi.org/10.3329/bjpsy.v28i2.32740

GomezR (2013) Depression Anxiety Stress Scales: Factor structure and differential item functioning
across women and men. Pers Individ Differ 54: 687—-691. https://doi.org/10.1016/j.paid.2012.11.025
Gomez F (2016) A guide to the depression, anxiety and stress scale (DASS 21). [cited
2025 November 13]. Available from: https://d1wqtxts1xzle7.cloudfront.net/45493280/Dass2
1-libre.pdf?1462841918=&response-content-disposition=inline%3B+filename%3DA Guide to
_the Depression_Anxiety and St.pdf&Expires=1766116174&Signature=NIxsSSU7J9T79nx;f
SRxAmuK5H1qKgQeo0i04Z59ULstTHOWE;)qig3CG-aByTyDbv7qPSuqrrjgb1Z6T8eAoqvLOx
5ICyZpGFVRZedQ-2~tcyq6LNAD1JVYD5DWO0Ac5S BvKKvUdIKAPdwpvDGkDNIJxIRWGSo
9Xnwk9MNQj2viuDrsOZQ~ko~kgNmw5sJ8VQZTT1G2W6B2NPKd~46cPaMD~kBpVEgxUe
N5XJKbPfesnNC4WwdfwCOopkMI-kp4uJHabAbLBC2gVceCvw9q0hHYrGi~NXXvVxOQ3Tx
FayRpmAxVApVASKI1~sL1jiyXR-qv7HYt339iEh7TabkhfdQCWshlw__&Key-Pair-ld=APKA
JLOHF5GGSLRBV4ZA.

de Manincor M, Bensoussan A, Smith CA, et al. (2016) Individualized Yoga For Reducing
Depression And Anxiety, And Improving Well-Being: A Randomized Controlled Trial. Depress
Anxiety 33: 816—-828. https://doi.org/10.1002/da.22502

Linardon J, Cuijpers P, Carlbring P, et al. (2019) The efficacy of app-supported smartphone
interventions for mental health problems: a meta-analysis of randomized controlled trials. World
Psychiatry 18: 325-336. https://doi.org/10.1002/wps.20673.

Islam SM, Lechner A, Ferrari U, et al. (2014) Mobile phone intervention for increasing adherence
to treatment for type 2 diabetes in an urban area of Bangladesh: protocol for a randomized
controlled trial. BMC Health Serv Res 14: 586. https://doi.org/10.1186/s12913-014-0586-1
Zaheer S, Garofalo V, Rodie D, et al. (2018) Computer-Aided Telephone Support for Primary
Care Patients with Common Mental Health Conditions: Randomized Controlled Trial. JMIR Ment
Health 5: €10224. https://doi.org/10.2196/10224

AIMS Public Health Volume 13, Issue 1, 105-120.


https://doi.org/10.1016/0005-7967(94)00075-u
https://doi.org/10.1016/j.paid.2012.11.025
https://d1wqtxts1xzle7.cloudfront.net/45493280/Dass21-libre.pdf?1462841918=&response-content-disposition=inline%3B+filename%3DA_Guide_to_the_Depression_Anxiety_and_St.pdf&Expires=1766116174&Signature=NIxsSSU7J9T79nxjfSRxAmuK5H1qKgQeoio4Z59ULstTHOWEjqig3CG-aByTyDbv7qPSuqrrjgb1Z6T8eAoqvLOx5ICyZpGFVRZedQ-2~tcyq6LNAD1JVYD5DW0Ac5BvKKvUdlKAPdwpvDGkDNJxlRWGSo9Xnwk9MNqj2viuDrsOZQ~ko~kgNmw5sJ8VQZTT1G2W6B2NPKd~46cPaMD~kBpVEgxUeN5XJKbPfcsnNC4WwdfwC0opkMl-kp4uJHabAbLBC2gVcCvw9q0hHYrGi~NXXvVxOQ3TxFayRpmAxVApVASK1~sL1jiyXR-qv7HYt339iEh7TabkhfdQCWshJw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/45493280/Dass21-libre.pdf?1462841918=&response-content-disposition=inline%3B+filename%3DA_Guide_to_the_Depression_Anxiety_and_St.pdf&Expires=1766116174&Signature=NIxsSSU7J9T79nxjfSRxAmuK5H1qKgQeoio4Z59ULstTHOWEjqig3CG-aByTyDbv7qPSuqrrjgb1Z6T8eAoqvLOx5ICyZpGFVRZedQ-2~tcyq6LNAD1JVYD5DW0Ac5BvKKvUdlKAPdwpvDGkDNJxlRWGSo9Xnwk9MNqj2viuDrsOZQ~ko~kgNmw5sJ8VQZTT1G2W6B2NPKd~46cPaMD~kBpVEgxUeN5XJKbPfcsnNC4WwdfwC0opkMl-kp4uJHabAbLBC2gVcCvw9q0hHYrGi~NXXvVxOQ3TxFayRpmAxVApVASK1~sL1jiyXR-qv7HYt339iEh7TabkhfdQCWshJw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/45493280/Dass21-libre.pdf?1462841918=&response-content-disposition=inline%3B+filename%3DA_Guide_to_the_Depression_Anxiety_and_St.pdf&Expires=1766116174&Signature=NIxsSSU7J9T79nxjfSRxAmuK5H1qKgQeoio4Z59ULstTHOWEjqig3CG-aByTyDbv7qPSuqrrjgb1Z6T8eAoqvLOx5ICyZpGFVRZedQ-2~tcyq6LNAD1JVYD5DW0Ac5BvKKvUdlKAPdwpvDGkDNJxlRWGSo9Xnwk9MNqj2viuDrsOZQ~ko~kgNmw5sJ8VQZTT1G2W6B2NPKd~46cPaMD~kBpVEgxUeN5XJKbPfcsnNC4WwdfwC0opkMl-kp4uJHabAbLBC2gVcCvw9q0hHYrGi~NXXvVxOQ3TxFayRpmAxVApVASK1~sL1jiyXR-qv7HYt339iEh7TabkhfdQCWshJw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/45493280/Dass21-libre.pdf?1462841918=&response-content-disposition=inline%3B+filename%3DA_Guide_to_the_Depression_Anxiety_and_St.pdf&Expires=1766116174&Signature=NIxsSSU7J9T79nxjfSRxAmuK5H1qKgQeoio4Z59ULstTHOWEjqig3CG-aByTyDbv7qPSuqrrjgb1Z6T8eAoqvLOx5ICyZpGFVRZedQ-2~tcyq6LNAD1JVYD5DW0Ac5BvKKvUdlKAPdwpvDGkDNJxlRWGSo9Xnwk9MNqj2viuDrsOZQ~ko~kgNmw5sJ8VQZTT1G2W6B2NPKd~46cPaMD~kBpVEgxUeN5XJKbPfcsnNC4WwdfwC0opkMl-kp4uJHabAbLBC2gVcCvw9q0hHYrGi~NXXvVxOQ3TxFayRpmAxVApVASK1~sL1jiyXR-qv7HYt339iEh7TabkhfdQCWshJw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/45493280/Dass21-libre.pdf?1462841918=&response-content-disposition=inline%3B+filename%3DA_Guide_to_the_Depression_Anxiety_and_St.pdf&Expires=1766116174&Signature=NIxsSSU7J9T79nxjfSRxAmuK5H1qKgQeoio4Z59ULstTHOWEjqig3CG-aByTyDbv7qPSuqrrjgb1Z6T8eAoqvLOx5ICyZpGFVRZedQ-2~tcyq6LNAD1JVYD5DW0Ac5BvKKvUdlKAPdwpvDGkDNJxlRWGSo9Xnwk9MNqj2viuDrsOZQ~ko~kgNmw5sJ8VQZTT1G2W6B2NPKd~46cPaMD~kBpVEgxUeN5XJKbPfcsnNC4WwdfwC0opkMl-kp4uJHabAbLBC2gVcCvw9q0hHYrGi~NXXvVxOQ3TxFayRpmAxVApVASK1~sL1jiyXR-qv7HYt339iEh7TabkhfdQCWshJw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/45493280/Dass21-libre.pdf?1462841918=&response-content-disposition=inline%3B+filename%3DA_Guide_to_the_Depression_Anxiety_and_St.pdf&Expires=1766116174&Signature=NIxsSSU7J9T79nxjfSRxAmuK5H1qKgQeoio4Z59ULstTHOWEjqig3CG-aByTyDbv7qPSuqrrjgb1Z6T8eAoqvLOx5ICyZpGFVRZedQ-2~tcyq6LNAD1JVYD5DW0Ac5BvKKvUdlKAPdwpvDGkDNJxlRWGSo9Xnwk9MNqj2viuDrsOZQ~ko~kgNmw5sJ8VQZTT1G2W6B2NPKd~46cPaMD~kBpVEgxUeN5XJKbPfcsnNC4WwdfwC0opkMl-kp4uJHabAbLBC2gVcCvw9q0hHYrGi~NXXvVxOQ3TxFayRpmAxVApVASK1~sL1jiyXR-qv7HYt339iEh7TabkhfdQCWshJw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/45493280/Dass21-libre.pdf?1462841918=&response-content-disposition=inline%3B+filename%3DA_Guide_to_the_Depression_Anxiety_and_St.pdf&Expires=1766116174&Signature=NIxsSSU7J9T79nxjfSRxAmuK5H1qKgQeoio4Z59ULstTHOWEjqig3CG-aByTyDbv7qPSuqrrjgb1Z6T8eAoqvLOx5ICyZpGFVRZedQ-2~tcyq6LNAD1JVYD5DW0Ac5BvKKvUdlKAPdwpvDGkDNJxlRWGSo9Xnwk9MNqj2viuDrsOZQ~ko~kgNmw5sJ8VQZTT1G2W6B2NPKd~46cPaMD~kBpVEgxUeN5XJKbPfcsnNC4WwdfwC0opkMl-kp4uJHabAbLBC2gVcCvw9q0hHYrGi~NXXvVxOQ3TxFayRpmAxVApVASK1~sL1jiyXR-qv7HYt339iEh7TabkhfdQCWshJw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/45493280/Dass21-libre.pdf?1462841918=&response-content-disposition=inline%3B+filename%3DA_Guide_to_the_Depression_Anxiety_and_St.pdf&Expires=1766116174&Signature=NIxsSSU7J9T79nxjfSRxAmuK5H1qKgQeoio4Z59ULstTHOWEjqig3CG-aByTyDbv7qPSuqrrjgb1Z6T8eAoqvLOx5ICyZpGFVRZedQ-2~tcyq6LNAD1JVYD5DW0Ac5BvKKvUdlKAPdwpvDGkDNJxlRWGSo9Xnwk9MNqj2viuDrsOZQ~ko~kgNmw5sJ8VQZTT1G2W6B2NPKd~46cPaMD~kBpVEgxUeN5XJKbPfcsnNC4WwdfwC0opkMl-kp4uJHabAbLBC2gVcCvw9q0hHYrGi~NXXvVxOQ3TxFayRpmAxVApVASK1~sL1jiyXR-qv7HYt339iEh7TabkhfdQCWshJw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/45493280/Dass21-libre.pdf?1462841918=&response-content-disposition=inline%3B+filename%3DA_Guide_to_the_Depression_Anxiety_and_St.pdf&Expires=1766116174&Signature=NIxsSSU7J9T79nxjfSRxAmuK5H1qKgQeoio4Z59ULstTHOWEjqig3CG-aByTyDbv7qPSuqrrjgb1Z6T8eAoqvLOx5ICyZpGFVRZedQ-2~tcyq6LNAD1JVYD5DW0Ac5BvKKvUdlKAPdwpvDGkDNJxlRWGSo9Xnwk9MNqj2viuDrsOZQ~ko~kgNmw5sJ8VQZTT1G2W6B2NPKd~46cPaMD~kBpVEgxUeN5XJKbPfcsnNC4WwdfwC0opkMl-kp4uJHabAbLBC2gVcCvw9q0hHYrGi~NXXvVxOQ3TxFayRpmAxVApVASK1~sL1jiyXR-qv7HYt339iEh7TabkhfdQCWshJw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1186/s12913-014-0586-1
https://doi.org/10.2196/10224

120

35.

36.

37.

38.

Raza S, Banik R, Noor STA, et al. (2025) Anxiety and depression among reproductive-aged
women in Bangladesh: burden, determinants, and care-seeking practices based on a nationally
representative demographic and health survey. Arch Womens Ment Health 28: 1125-1141.
https://doi.org/10.1007/s00737-025-01564-3

Piltonen TT, Ruokojiarvi M, Karro H, et al. (2019) Awareness of polycystic ovary syndrome
among obstetrician-gynecologists and endocrinologists in Northern Europe. PLoS One 14:
€0226074. https://doi.org/10.1371/journal.pone.0226074

Teede HJ, Tay CT, Laven JJE, et al. (2023) Recommendations from the 2023 international
evidence-based guideline for the assessment and management of polycystic ovary syndrome. Eur
J Endocrinol 189: G43—G64. https://doi.org/10.1093/ejendo/1vad096

Shefin SM, Sobhan R, Qureshi NK (2024) Metabolic and hormonal parameters in polycystic
ovary syndrome: A cross-sectional, multicenter study in Bangladesh. Bangladesh J Endocrinol
Metab 3: 102-106. https://doi.org/10.4103/bjem.bjem 11 24

© 2026 the Author(s), licensee AIMS Press. This is an open access
MS AJMS Press article distributed under the terms of the Creative Commons

@ Attribution License (http://creativecommons.org/licenses/by/4.0)

AIMS Public Health Volume 13, Issue 1, 105-120.



