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Background: Human papillomavirus (HPV) infection is the primary cause of
cervical cancer, and HPV self-sampling has emerged as a novel screening
method with the potential to increase screening coverage and early detection
of cervical cancer. However, the implementation of HPV self-sampling in China
faces several challenges, including sociocultural factors, economic burdens, and
low feedback rates. This study will aim to improve the feedback rate of HPV self-
sampling results through a Pay-It-Forward approach and explore its impact on
HPV positivity rates and subsequent treatment compliance.

Methods: This study employs a randomized controlled trial (RCT) design,
enrolling women aged 24 and older who have not received the HPV vaccine
and have not undergone HPV self-sampling or cervical cancer screening in the
past 12 months. Participants will be randomly divided into a control group (free
distribution of HPV self-sampling kits) and an intervention group (pay up front for
HPV self-sampling). The prepayment amount is 20 RMB, which is fully refunded
upon completion of the self-sampling and feedback of results. The primary
outcome measure is the feedback rate of HPV self-sampling results. The study is
conducted at maternal and child health care and family planning service centers
in Hohhot, Inner Mongolia Autonomous Region, with an expected enrollment of
108 participants.

Discussion: The Pay-It-Forward approach is expected to significantly improve
the feedback rate of HPV self-sampling results by enhancing participants’
psychological commitment and sense of responsibility. Additionally, this
strategy may positively affect HPV positivity rates and subsequent treatment
compliance. The innovation of this study lies in the first application of the Pay-It-
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Forward method to HPV self-sampling and the comprehensive analysis of urban-
rural differences. The results of this study will provide a scientific basis for
improving women'’s cervical health awareness and optimizing HPV self-
sampling intervention strategies, thereby promoting the widespread application
of HPV self-sampling in cervical cancer screening.

Trial registration: This study registered at ClinicalTrials.gov (ChiCTR2500095770)

on January 13, 2025.

KEYWORDS

HPV-based self-sampling, pay-it-forward, feedback rate, randomized controlled trail,
ethnic minority regions

1 Global status of HPV infection

Human papillomavirus (HPV) is a common sexually
transmitted virus. In 2007, an estimated 291 million women
worldwide were infected with HPV (1, 2). The infection is
particularly prevalent among sexually active women, especially
those under 25, with the highest infection rate, which decreases
with age (3). Studies show a positive correlation between HPV
infection rates and the severity of cervical lesions (4). Additionally,
HPV-related diseases impose substantial economic burdens on
healthcare systems, with direct costs ranging from 47.16 million
to 1.8 billion yuan (5).

In China, HPV epidemiology mirrors global trends but has
unique aspects. Studies indicate an overall HPV infection rate of
13.1% - 18.8% in the general population, with high-risk HPV at
12.95% - 17.1% and low-risk HPV at about 3.28% (6). HPV is a
major cause of cervical cancer (7).

2 The importance of HPV screening in
cervical cancer prevention

Cervical cancer is preventable and controllable. In 2020, the
World Health Assembly adopted the Global Strategy to Accelerate
the Elimination of Cervical Cancer, setting the 90-70-90 goals for
2030: 90% of girls vaccinated against HPV by 15, 70% of women
screened at least once by 35-45, and 90% of diagnosed women
treated (8, 9). In China, these measures could prevent 7.509 million
new cases and 2.529 million deaths between 2021 and 2100 (10).

Despite HPV vaccines’ effectiveness, regular screening remains
vital. HPV screening detects infections and cervical intraepithelial
neoplasia (CIN) early, enabling timely intervention (11). Regular
screening significantly improves early cervical cancer detection and
reduces advanced cancer incidence (12). Early identification of
high-risk HPV infections allows for timely management, as these
individuals are more likely to develop precancerous lesions or
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invasive cancer (13). Thus, regular HPV screening is key to
reducing cervical cancer incidence and mortality (14).

3 Introduction and challenges of HPV-
based self-sampling

HPV-Based Self-Sampling is an emerging method allowing
women to collect samples at home for HPV testing, aiming to
improve screening coverage in areas with limited resources or low
compliance. It typically involves using specially designed tools to
collect vaginal or cervical swabs, sent to labs for testing (15).

HPV-Based Self-Sampling offers several advantages. It provides
privacy, allowing women to comfortably, reducing awkwardness
and discomfort (16). Self-sampling is often painless and less
expensive than traditional methods, increasing women’s
willingness to participate (17). Studies show self-testing results are
highly consistent with traditional clinical sampling, indicating it can
effectively replace conventional screening, especially in enhancing
coverage and early HPV detection (18).

However, challenges remain. The accuracy of self-sampling
technology needs attention, as issues like insufficient sample
collection or improper operation may affect results (19).
Participant acceptance is also key; some women may be
unfamiliar with or lack confidence in self-sampling methods,
affecting participation rates (20). Ensuring timely sample
submission and efficient lab processing during self-examination is
crucial for result validity (21).

4 Current situation and challenges of
HPV-based self-sampling in China

In China, HPV-Based Self-Sampling aims to improve screening
coverage and early cervical cancer detection but faces multiple
challenges. The Chinese government and health departments
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recognize the importance of HPV screening in cervical cancer
prevention and have promoted this method. HPV testing is
included in cervical cancer screening programs, with free or
subsidized screening launched in some areas (22). These measures
have improved women’s screening coverage, but the overall self-
examination rate is still low, partly due to insufficient publicity,
inconvenient transportation, and economic burdens (23). Despite
subsidies, HPV-Based Self-Sampling’s nationwide coverage is far
below that of many developed countries (24).

In Inner Mongolia, a region characterized by complex
geography and a dispersed population, HPV-based self-sampling
has shown significant potential in enhancing screening coverage.
Studies have demonstrated that self-sampling is highly acceptable
and effective in resource-limited settings, particularly in rural and
remote areas where traditional screening methods face
implementation challenges (25). This approach offers privacy,
convenience, and cost-effectiveness, making it a promising
strategy to overcome geographical and resource barriers in
cervical cancer screening (25).

5 Factors affecting the feedback rate
of HPV-based self-sampling results

Unique socio-cultural factors in China significantly influence
the acceptance and feedback rate of HPV-Based Self-Sampling.
Traditional beliefs and attitudes towards sexual health can create
cognitive barriers and lead to low acceptance among women (26).
Some women lack confidence in self-examination or awareness of
HPV risks, affecting their compliance (27). Insufficient resource
allocation in rural areas is also a major challenge, reducing rural
women’s opportunities for HPV screening and subsequent
treatment (28). Differences in HPV testing quality between
regions and institutions, and a lack of unified quality control
standards, may affect test accuracy and reliability (29). Socio-
economic factors, such as income level and occupation type,
significantly impact women’s willingness and ability to access and
provide feedback on HPV screening services (30). Cultural and
educational factors also play a role, in conservative cultures, women
may feel ashamed about self-examination involving private parts,
and less educated women may lack relevant health knowledge,
leading to lower participation (26, 31). Healthcare system factors,
including uneven medical resource distribution and varying
screening service quality, further constrain women’s access to
HPYV screening services (32, 33).

6 Current intervention measures and
limitations for improving the self-
sampling feedback rate of female HPV

The refundable deposit mechanism, grounded in behavioral
science and behavioral economics, leverages the sunk cost effect and
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present bias to enhance participant engagement (34). By requiring
participants to pre-pay a fee that is refunded upon completing self-
sampling and feedback, this strategy increases psychological
commitment and motivation to complete the process. This
approach not only reduces economic barriers but also promotes
timely sample submission and feedback, thereby improving
screening outcomes and participant compliance. Studies have
shown that such mechanisms can significantly enhance adherence
to health screening programs by creating a sense of responsibility
and investment among participants (35).

Health education and publicity interventions, based on the
Health Belief Model and Social Cognitive Theory, aim to improve
the self-sampling feedback rate of female HPV. These interventions
have been shown to increase self-sampling rates, particularly among
low-income women through community health education
programs and among young women via social media (36).
However, their effectiveness is limited by information
dissemination channels and audience health awareness levels (37),
and their impact is often short-term, lacking mechanisms for long-
term tracking and sustained intervention (38). Economic incentive
measures, such as providing free self-sampling reagents or cash
rewards, have significant short-term effects based on behavioral
economics theory (39). These measures increase the feedback rate of
self-sampling by reducing participants’ economic burden (38), but
their long-term effects and fairness still need further exploration
(40). Interventions to improve self-sampling reagents and
techniques, based on the Technology Acceptance Model and User
Experience Theory, aim to enhance user experience. However, their
promotion and popularization still require time and resources,
potentially leading to uneven coverage among different
populations (37). Community support and mobilization, based on
Social Capital Theory and Community Mobilization Theory, have
played an important role in improving the feedback rate of HPV
self-sampling. However, the effectiveness of this intervention
depends on the adequacy of community resources and the ability
to mobilize personnel, and in communities with limited resources,
the implementation effect may be constrained (41).

However, the prepaid strategy, based on the Sunk Cost Effect and
Present Bias, emphasizes the impact of economic input on behavioral
persistence (42). Prepaid interventions have been shown to
significantly improve the feedback rate of HPV self-sampling (37).
This strategy enhances participants’ psychological commitment to
self-sampling behavior and increases their motivation to complete it
(43). It further incentivizes participants to complete self-sampling by
promoting the recovery of paid fees, improving the feedback rate and
increasing attention to the detection process (44).

This study will focus on women in the high-risk age group for
cervical cancer, especially those who have never undergone HPV-
Based Self-Sampling or cervical cancer screening. We will use a
randomized controlled trial (RCT) design to improve the feedback
rate of HPV self-sampling results through prepaid intervention and
explore the feasibility and effectiveness of HPV-Based Self-
Sampling in cervical cancer screening. The impact of prepaid
intervention on HPV positivity rates and subsequent diagnosis
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Exclusion :

1) Women with a prior history of
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intraepithelial neoplasia.
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3) Women participating in other HPV-
related clinical studies.
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FIGURE 1
Flowchart.

and treatment compliance will also be investigated. Further research
is needed on factors influencing the improvement of feedback rates
through new prepaid interventions, such as participants’ age,
education level, and income level. Additionally, evaluating
participants’ satisfaction with the entire HPV self-test
intervention process can provide insights into the acceptance of
the measures during implementation, further enhancing women’s
awareness of cervical health and promoting the application of HPV-
Based Self-Sampling in female cervical cancer screening, providing
a scientific basis.

7 Methods
7.1 Objective

The primary objective of this study is to evaluate the
effectiveness of a Pay-It-Forward approach compared to free
distribution of HPV self-sampling kits in improving the feedback
rate of HPV self-testing among women in China. We hypothesize
that the Pay-It-Forward intervention group will achieve a
significantly higher HPV self-testing feedback rate than the free
distribution control group. Additionally, we aim to assess whether
the Pay-It-Forward intervention leads to higher HPV positivity
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Evaluating differences in return of sampling
results, HPV screening positivity, and satisfaction
with the I¢] for HPV self: i
results between the two modalities

rates and better adherence to subsequent diagnostic and treatment
procedures compared to the control group.

7.2 Trial design

This study adopts a randomized controlled trial design and is
conducted at the Inner Mongolia Maternal and Child Health Care
Hospital, Inner Mongolia Autonomous Region, China. The
intervention involves implementing a Pay-It-Forward deposit
system for women undergoing HPV self-sampling. A total of 108
participants are enrolled and randomly assigned into two groups:
the intervention group with 54 participants receiving HPV self-
sampling kits through prepayment of a deposit, and the control
group with 54 participants receiving HPV self-sampling kits for
free. Figure 1 presents the detailed flowchart of this study. The
details of the research process are shown in Figure 1.

7.3 Recruitment
Participants will be recruited at the Maternal and Child Health

Family Planning Service Centers in four urban districts (Xincheng
District, Saihan District, Huimin District, and Yuquan District) and
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five counties (Wuchuan County, Qing Shui He County, Helin
County, Tuoketuo County, and Tuo Zuo Banner) of Hohhot City,
Inner Mongolia Autonomous Region, China, starting from January
20, 2025.A multi-channel recruitment approach will be employed,
including online WeChat public accounts, hospital outpatient
clinics, and community health service centers. After identifying
eligible and interested individuals, physicians at each Maternal and
Child Health Care and Family Planning Service Center further
explained the study objectives and procedures. Subsequently,
eligible women were screened and selected based on predefined
criteria. Each participant received a detailed informed consent form
((refer to Appendix), which outlined the study’s objectives,
procedures, and potential implications. Women who reached
mutual agreement and signed the informed consent form
constituted the recruited cohort. Participants will be then
randomly assigned to either the intervention group (“Pay-It-
Forward” group) or the control group (“free”group).

7.4 Eligibility criteria

The inclusion criteria for this perinatal maternity study include:
(1) Women aged 24 years or older; (2) Hold Chinese nationality and
have resided in Hohhot for at least six months; (3) Have not
undergone HPV self-sampling or cervical cancer screening in the
past 12 months; (4) Have not received the HPV vaccine; (5) Possess
a mobile phone number and are able to use a smartphone; (6) Are
capable of understanding and signing the informed consent form;
(7) Without any severe physical or mental illnesses and are able to
complete the entire study process. Exclusion criteria are: (1)
Women with a history of cervical cancer or cervical intraepithelial
neoplasia (CIN); (2) Pregnant women; (3) In other clinical studies
related to HPV.

7.5 Sample size

The primary outcome is the feedback rate of HPV self-
sampling. According to the results of previous studies (9), we
hypothesize that the “Pay-It-Forward” intervention will increase
the feedback rate to 90%, the feedback rate of HPV self-sampling
results in the control group is 61.7%. Using the PASS 15.0 software
and applying a two-sided test with o = 0.05 and a power of the test
(1 - B) = 0.80, the required sample size per group was calculated to
be 86 participants. Considering a potential dropout rate of 20%, we
ultimately determined that 54 participants should be recruited per
group, resulting in a total sample size of 108 participants.

7.6 Randomization

After completing the baseline study visit, participants were
randomly allocated to one of the two study groups using a 1:1
ratio. The randomization procedure utilized a random number
table approach. The detailed steps are as follows:
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1. Random Number Generation: A basic randomization
technique was employed. The study designer created
a sequence of random numbers using the RANDBETWEEN
function in Excel.

2. Sealed Envelopes: These random number sequences were
placed in identical, sealed, opaque envelopes that
were sequentially numbered. Both the participants
and the interveners are unaware of the participants’
group assignments.

3. Enrollment Process: Upon enrollment of each participant,
the researcher sequentially opened the envelopes in
accordance with a predefined procedure.

4. Assignment: Based on the number revealed in the opened
envelope, the participant was assigned to the corresponding
study group, and the researcher documented the
assignment outcome.

7.7 Interventions

Compared with the control group, the intervention frequency is
only once. That is, when distributing the HPV self-sampling kit, the
intervention group needs to prepay to obtain the kit, while the
control group can receive the HPV self-sampling kit without
payment. Considering that the market price of an HPV self-
sampling kit is around 20 RMB, we set the prepayment fee at 20
RMB. This can well simulate the real situation when the participants
purchase the kit by themselves in daily life. Moreover, a proper
deposit can avoid the problems caused by a high deposit: ®
exceeding the participants’ affordability and thus reducing their
willingness to participate; @ increasing the participants’
psychological pressure and causing unnecessary worries, which
may affect the accuracy of the study results. On the other hand, a
proper deposit can also avoid the problems caused by a low deposit:
lack of effective constraints, leading to participants not taking the
trial seriously and thus causing unstandardized sampling operations
and other problems that may affect the trial results. We use the
deposit as an incentive to encourage participants to actively provide
feedback on the results of HPV self-sampling and to increase the
feedback rate of HPV self-sampling results. The intervention flow
chart is shown in Figure 2. To enhance participants’ psychological
commitment and ensure active participation, the full prepayment
amount will be refunded upon completion and feedback of the self-
sampling results. Participants can choose from various convenient
payment methods, including cash, bank transfer, or third-party
payment platforms, to minimize payment costs and barriers. After
self-sampling, participants in the intervention group can return the
sampling kit to the corresponding Maternal and Child Health Care
and Family Planning Service Center, which will then forward it to
the Genetic and Eugenics Office of the Inner Mongolia Maternal
and Child Health Care Hospital. A dedicated hotline will be
established to facilitate timely feedback from participants. For
those with positive HPV results, free follow-up medical services,
including physician consultations and examination appointments,
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Women aged 24 and above who meet the inclusion criteria

pay-it-forward group (N=54)

Educational brochure HPV self-sampling
kit and payment of deposit

Timely feedback of test results and
refund of deposit

FIGURE 2
The intervention flow chart.

will be provided to ensure they receive proper treatment.
Additionally, ongoing monitoring of participants’ adherence to
treatment will be conducted.

7.8 "Pay-it-forward” collection process

Participants in the intervention group will pay a 20 RMB
deposit before receiving the HPV self-sampling kit. This deposit
serves as an economic incentive to complete the self-sampling and
provide feedback. Staff will be trained on the collection process,
record-keeping, and privacy protection. Payments will be accepted
via WeChat and Alipay using QR code transfers. Each transaction
will be recorded with participant details and verified daily against
the number of participants and total amount received. Deposits will

Frontiers in Psychiatry

Standard-of-care group (N=54)

Timely feedback of test results

be held in a dedicated account, managed by a financial officer who
will provide regular reports. Electronic receipts will be issued to
participants. A supervisory committee will conduct regular checks
to ensure transparency and compliance. In emergencies, collection
will be paused, and funds will be securely stored for future refund.

7.9 “Pay-it-forward” refund process

Participants will receive a full refund of their deposit after
completing the HPV self-sampling and providing feedback. The
project team will verify the feedback before initiating the refund
process. Once approved, the refund will be processed by the
financial officer and returned to the participant via the original
payment method. Refund details will be meticulously recorded and
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verified by financial staff. Electronic refund certificates will be
provided to participants. The supervisory committee will oversee
the refund process to ensure transparency and compliance. In
emergencies, refunds will be paused, and any unreturned funds
will be refunded within one month after the study concludes.

7.10 Control group

Participants will receive HPV self-sampling kits free of charge.
Staft will provide a detailed explanation of the self-sampling
procedure and precautions on-site and offer user manuals as well
as video or illustrated guides to ensure that participants understand
the correct self-sampling method. After completing the self-
sampling, participants are required to send the samples to a
designated laboratory for HPV testing. The study will cover all
costs associated with sample transportation and testing, with no
expenses incurred by the participants. Test results will be promptly
communicated to participants via phone or text message. For those
with positive HPV results, the study will provide information on
follow-up diagnosis and treatment and referral channels to assist
them in completing further medical examinations and treatment.

7.11 Outcomes evaluation

7.11.1 Primary outcome

The primary outcome of this study is the feedback rate of HPV-
based self-sampling. It refers to the percentage of participants who
mail back the tested HPV sampling kits to us within 1 month after
receiving the HPV self-sampling Kits, relative to the total number of
HPV self-sampling kits distributed. If the feedback is not received
within 1 month after distribution, it is considered as no feedback
by default.

7.11.2 Secondary outcomes
7.11.2.1 HPV positivity rate and subsequent treatment
adherence

The HPV positivity rate, defined as the proportion of
participants testing positive for HPV through self-sampling, will
be calculated based on laboratory-confirmed results using
standardized PCR techniques. Data will be collected from certified
laboratories, with a subset of samples retested for validation.
Subsequent treatment adherence will be assessed by tracking
participants’ attendance at recommended follow-up appointments
and receipt of appropriate treatments following a positive HPV
result. This will be monitored through electronic medical records
and phone follow-ups at 1 and 3 months post-notification.
Adherence will be recorded as a binary outcome and expressed as
a percentage of participants who follow through with
recommended care.

7.11.2.2 Willingness to accept HPV self-sampling
Types of self-sampling tools participants are familiar with,
whether they have previously used self-sampling methods for
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health monitoring, acceptance of the self-sampling intervention
concept, and self-assessed ability to perform the self-sampling
process. This aspect aims to understand factors hindering women
from using self-sampling kits for HPV testing. Factors may include
concerns about the accuracy of self-sampling, discomfort or lack of
confidence in performing the sampling process, and reluctance to
engage in self-sampling due to cultural or personal preferences.
Additionally, barriers such as limited access to follow-up healthcare
services, lack of awareness about the importance of HPV screening,
and logistical challenges in returning the samples to the laboratory
will also be explored.

Wu Xueqin’s self-administered questionnaire: Cervical Cancer
Knowledge Questionnaire was used to investigate the subjects’
knowledge of cervical cancer, which consisted of 15 questions, all
of which were single-choice questions, of which the first question
was a jumping question, and if you chose “no”, you did not need to
answer the second to fifteenth questions.1 point was scored for
correctly answering questions 2-15, and 0 point for wrongly
choosing or not knowing, out of 14 points. Questions 2-15 were
scored as “1” if they were correctly selected, and “0” if they were
incorrectly selected or not known, with a full score of 14. A score of
=8 was defined as knowledge of cervical cancer according to the cut-
off of 60% of the total score (10*60% = 8.4 points, rounded up to 8
points), with the rate of knowledge = number of people who were
aware of the knowledge/number of people who responded to the
questions*100%.Wu Xueqin’s self-administered questionnaire:
Cervical Cancer Screening and HPV Vaccination Attitude Scale
was used to investigate subjects’ attitudes toward cervical cancer
screening and HPV vaccination, which was measured using a 5-
point Likert scale, with scores of 5, 4, 3, 2, and 1 corresponding to

» % « o«

, Agree “,

“Strongly Agree Can’t say”, “Disagree”, and “Strongly
Disagree”, respectively; negative scoring was applied to the barrier

perception dimension, i.e. scores 1, 2, 3, 4, and 5 correspond to

» o«

“strongly agree”,
disagree”, respectively. The higher the score, the more positive the

» o«

agree”, “can’t say”, “disagree”, and “strongly
attitude towards screening or vaccination. Screening rate = number
of people screened/number of people in the group participating in
the survey*100%, and the same for vaccination rate.

7.11.2.3 Psychological and behavioral health

To assess the severity of anxiety symptoms experienced by
participants over the past two weeks, the Generalized Anxiety
Disorder-3 (GAD-3) scale will be utilized. This is a shortened
version of the GAD-7, comprising three items rated on a four-
point scale (0 = “not at all”, 1 = “several days”,2 = “more than half
the days”, 3 =“nearly every day”). Total scores range from 0 to 9,
with higher scores indicating greater anxiety levels (0-2 = no
significant anxiety, 3-5 = mild anxiety, 6-7 = moderate anxiety, 8-
9 = severe anxiety).

The Perceived Stress Scale (PSS) will evaluate the degree of
perceived stress in participants’ lives, particularly in situations they
find unpredictable, uncontrollable, or overloaded. The scale
includes four items, each rated on a five-point Likert scale (0 =
“never” to 4 = “very often”). Two items are scored as forward
scoring questions (1, 4), and two as reverse scoring questions (2, 3).
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Higher scores reflect higher perceived stress, with a Cronbach’s
alpha coefficient of 0.754.

The Family Health Scale Short-Form (FHS-SF) will measure
maternal family health functioning across four dimensions: family/
social/emotional health processes, family healthy lifestyle, family
health resources, and external social support. The scale consists of
10 items, each scored on a five-point scale (1 = “strongly disagree”
to 5 = “strongly agree”), with items 6, 9, and 10 reverse scored.
Higher total scores indicate better maternal family health, with a
Cronbach’s alpha coefficient of 0.846.

Health literacy will be assessed using the Health Literacy Scale
(HIS), a four-item multiple-choice questionnaire divided into three
dimensions: health care, disease prevention, and health promotion.
Responses are categorized as very easy, easy, difficult, or
very difficult.

The New General Self-Efficacy Scale (NGSES-SF) will measure
psychological dimensions across three aspects: level or degree,
intensity, and prevalence, with response options ranging from
strongly disagree to strongly agree.

Social support levels will be evaluated using the Perceived Social
Support Scale-Short Form (PSSS-SF), a three-item version of the
original PSSS. This scale assesses overall perceived social support
from family, friends, and significant others on a 7-point Likert scale
(1 = “not at all compatible” to 7 = “fully compatible”). Total scores
range from 3 to 21, with higher scores indicating greater perceived
social support (3-9 = low support, 10-17 = moderate support, 18-21
= high support).

Personality traits will be assessed using the Chinese Big Five
Personality Inventory Brief Version (CBF-PI-B), which evaluates
five dimensions: neuroticism, extraversion, openness,
agreeableness, and conscientiousness. Each dimension is
represented by a single item rated on a 6-point scale (1 = “not at
all” to 6 = “fully”), providing a quick assessment of key
personality traits.

Depression severity will be measured using the Patient Health
Questionnaire-9 (PHQ-9), a nine-item tool corresponding to DSM-
5 criteria for major depressive disorder. Each item assesses the
frequency of depressive symptoms over the past two weeks on a 4-
point scale (0 = “not at all” to 3 = “nearly every day”). Total scores
range from 0 to 27, with higher scores indicating greater depression
severity (0-4 = minimal depression, 5-9 = mild depression, 10-14 =
moderate depression, 15-19 = moderately severe depression, 20-27
= severe depression).

7.12 Follow-up

This is a six-month study and the intervention will be
implemented during the first four weeks of subject enrollment.
All subjects participating (both the “Pay-It-Forward” group and
control group) are required to finish electronic questionnaires at
two time points, including baseline and post intervention. The
content of the follow-up visits varied across time points, with
sociodemographic information and baseline health data collected
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only at baseline. Behavioral information, HPV self-sampling results,
and participant satisfaction data will be collected at the 4-week post-
intervention follow-up point. The specific follow-up and related
data collection schedule is shown in Table 1.

7.13 Statistical methods

Upon completion of the trial, all collected case data and
questionnaire responses will be collated and summarized. Data
storage will be managed using Microsoft Office 2017, while
statistical analysis will be conducted using SPSS Statistics 27.0
software. Count data will be presented as the number of cases (N)
and percentage (%). The distribution of continuous data will be
assessed for normality; normally distributed data will be expressed
as mean + standard deviation, whereas non-normally distributed
data will be presented as median (interquartile range) and quartile
spacing (P25-P75). Baseline characteristics between the
intervention and control groups will be compared using
appropriate statistical tests, such as the independent samples t-
test, Mann-Whitney U-test, and chi-square test, depending on the
data type. Longitudinal analysis of follow-up data will be conducted
using Generalized Estimating Equations (GEE) to compare
differences in outcomes between the two groups. A two-sided test
will be used, with statistical significance set at p < 0.05. In cases of
missing data, multiple imputation techniques will be applied, given
the random nature of the missing data. Multiple imputation
involves generating multiple complete datasets by replacing
missing values with plausible estimates derived from observed
data and imputation models. This method preserves dataset
variability and enhances result reliability compared to single
imputation methods. Multiple imputation will be implemented
using established statistical software like SPSS or R. Sensitivity
analyses will also be conducted to assess the robustness of the
results under various assumptions about missing data. This
comprehensive approach ensures the validity and reliability of the
study findings, accounting for missing data while maintaining
statistical integrity throughout the analysis.

7.14 Collection and archiving of data

During the trial, we will use the Questionnaire Star platform to
collect survey data from all participants at baseline and during
follow-up visits. These questionnaires can be accessed and
completed online via a QR code, and they will collect information
from participants, including sociodemographic and behavioral data.
After the study concludes, the researchers will systematically
organize and store all study-related data and documents,
including exported questionnaires, group allocation records,
follow-up information, laboratory test results, informed consent
forms, and so on, into a database designated for this study. All raw
data and documents will be archived in accordance with relevant
laws and regulations after the trial ends.
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TABLE 1 Variables and measures collected at every time points.
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Variables Date source Study Period Baseline Post-inter-
(TO) vention (T1)
timepoint Ow + 1w 4w + 1w
Intervention preparation \ \ Informed consent v \
\ \ Random grouping v \
\ \ Online consulting service v v
Covariates Individual Baseline questionnaire Sociodemographic information v \
Individual Baseline questionnaire and Behavioral information v v
Follow-up questionnaire
Primary outcome Feedback rate of HPV Laboratory records Percentage of participants who return \ 4
self-sampling the HPV self-sampling kit within
1 month
HPYV infection status HPV positivity rate Laboratory records Proportion of participants with lab- \ v
(Secondary Outcome) confirmed HPV-positive results
(PCR testing)
HPV self-sampling HPV Self- Follow-up questionnaire HPV Self-Sampling \ v
cognition and acceptance Sampling Awareness Awareness Questionnaire
(Secondary Outcome)
HPV self- Follow-up questionnaire HPV self-sampling \ 4
sampling Satisfaction Satisfaction Questionnaire
HPV Self- Follow-up questionnaire HPV Self-Sampling Acceptance Scale \ v
Sampling Acceptance
Cervical cancer health Cervical Cancer- Baseline questionnaire Cervical Cancer-related 4 \
literacy and attitudes related Knowledge Knowledge Scale
(Secondary Outcome)
Cervical Cancer Baseline questionnaire Cervical Cancer Screening and HPV 4 \
Screening and HPV Vaccination Attitude Scale
Vaccination Attitude
Psychology status depressed Baseline questionnaire PHQ-9 v \
(Secondary Outcomes)
Anxiety Baseline questionnaire GAD-3 v \
Stress Baseline questionnaire PSS-4 v \
Family health Baseline questionnaire FHS-SF 4 \
Social support Baseline questionnaire PSSS-SF v \
personalities Baseline questionnaire BFI v \
Health status health awareness Baseline questionnaire HLS 4 \
(Secondary Outcomes)

The full name of PHQ-9 is Patient Health Questionnaire-9 Scale; The full name of GAD-3 is Generalized Anxiety Disorder scale; The full name of PPS-4 is Perceived Stress Scale; The full name of
FHS-SF is The Family Health Scale short-form; The full name is HLS is Health Literacy Scale; The full name of PSSS-SF is Perceived Social Support Scale; The full name of BFI is The big

five inventory.

7.15 Investigator responsibilities

In this study, the primary responsibilities of the researchers
include ensuring the scientific validity and rationality of the study
design, protecting the rights of participants, ensuring the
authenticity of data, and supervising the implementation of the
study according to the research protocol. Prior to the
commencement of the trial, researchers will train team members
to ensure their familiarity with the study protocol and data
collection procedures. During the study, regular supervision of
team members’ fieldwork and documentation will be conducted.
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Additionally, researchers will closely monitor and document any
adverse events (AEs) experienced by participants during the
intervention period, including psychological reactions, mood
changes, behavioral alterations, and difficulties in using technology.
Documentation will include the severity of the event, time of
occurrence, duration, interventions taken, and final outcomes. Any
serious adverse events (SAEs) identified will be reported in accordance
with the regulations and timelines set by the Medical Ethics Committee
of the Inner Mongolia Maternal and Child Health Hospital. For urgent
SAEs, the study team will immediately implement necessary medical
measures and promptly notify the ethics committee and sponsor.
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7.16 Data monitoring

A Data Monitoring Committee (DMC) will be established for this
study, comprising at least two members from the Medical Ethics
Committee of the Inner Mongolia Maternal and Child Health
Hospital. Operating independently of the study team, the DMC
will regularly assess trial progress and safety data according to the
established Data Monitoring Plan (DMP). The scope of monitoring
will cover questionnaire data, monitoring results, and records of
deposits and refunds. The primary responsibilities of the DMC are to
ensure data integrity, evaluate participant safety, and protect
participant rights. All monitoring activities will be conducted in a
blinded manner to ensure data objectivity and the reliability of trial
results. The DMC has the authority to immediately suspend or
terminate the study if any non-compliance with the approved
protocol or unauthorized changes in study procedures are detected.
The Principal Investigator, Co-Investigators, and designated
personnel from the Sponsor’s organization will have access to the
final trial dataset. Additionally, external auditors, in addition to the
Data Monitoring Committee, may also be granted access.

8 Discussion

HPV-based self-sampling has emerged as a promising approach
to increase cervical cancer screening coverage, especially in hard-to-
reach populations (1). However, a critical challenge remains: the
low feedback rate of self-sampling results, which undermines the
effectiveness of screening programs (2). Enhancing the feedback
rate of HPV self-sampling results is crucial for ensuring that women
receive timely diagnosis and treatment, thus improving the overall
efficacy of cervical cancer screening (3, 45). Pay-It-Forward
interventions have shown potential in improving screening
effectiveness by leveraging the psychological effect of commitment
(4, 45). This study will explore the application of a Pay-It-Forward
approach to increase the feedback rate of HPV self-sampling results,
aiming to fill the gap in current screening strategies (1).

This study pioneers the application of the Pay-It-Forward
method, a novel economic incentive approach, to improve the
feedback rate of HPV self-sampling results. By requiring
participants to pre-pay a certain fee, which is refunded upon
completion of self-sampling and feedback of results, this model is
expected to enhance participants’ motivation and sense of
responsibility (46). This psychological commitment effect may
lead to a higher feedback rate compared to traditional screening
interventions (10, 47). Another innovation of this study lies in its
extensive geographical representation and in-depth urban-rural
disparity analysis. By covering all urban districts and surrounding
counties of the city and equally recruiting participants from each
region, we ensure the generalizability and fairness of the study
results (15, 48). This design not only reduces selection bias but also
promotes health equity by providing equal health intervention
opportunities for women in different areas (16).

The Pay-It-Forward intervention is expected to be a feasible and
innovative approach to improve screening participation and
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feedback rates. This approach may have a significant impact on
cervical cancer screening-related public health policies by
increasing the number of women who complete the screening
process. The study also highlights the importance of addressing
health inequalities by promoting more effective screening strategies
that are accessible to women in ethnic minority regions. In the
global effort to eliminate cervical cancer, this study seeks to
contribute to international guidelines and strategies for HPV self-
sampling screening. By providing evidence on the effectiveness of
economic incentives in improving screening outcomes, it may
inform the development of culturally-appropriate and effective
screening programs worldwide.

A potential limitation of this study is the relatively small sample
size, which may affect the statistical power and generalizability of
the findings. Future research should consider larger sample sizes to
validate the results and ensure broader applicability. Additionally,
we acknowledge a potential selection bias in participant recruitment
that may limit the generalizability of our findings to populations
with lower health consciousness.

Future studies should explore different prepayment amounts
and methods to determine the optimal approach for maximizing
the feedback rate. Additionally, research on the cost-effectiveness of
implementing Pay-It-Forward interventions in resource-limited
settings is needed to inform practical applications. Based on the
expected results, specific recommendations for culturally-adapted
interventions and community engagement should be provided.
These recommendations can guide the development of targeted
screening programs that are sensitive to the needs and contexts of
ethnic minority women. The potential application of similar
economic incentive models to other health screening programs
should also be discussed. This may include exploring how such
models can be adapted to address other health issues and promote
screening participation in diverse populations.

The findings of this study will highlight the potential of
innovative economic incentives, such as the Pay-It-Forward
approach, in enhancing the feedback rate of HPV self-sampling
and improving overall screening effectiveness. These results will
underscore the critical role of community engagement and
culturally tailored interventions in addressing health disparities
among ethnic minority populations. We advocate for the
continued exploration of novel strategies in cervical cancer
screening to ensure equitable access and improved health
outcomes. Ultimately, this study supports the broader application
of evidence-based interventions to drive meaningful progress in
public health initiatives.

Ethics statement

This study adheres to the ethical principles outlined in the GCP
and the current revised Declaration of Helsinki. It complies with all
relevant legal and regulatory requirements of the trial location.
Approval has been obtained from the Ethics Committee of the
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(ChiCTR2500095770) as of January 13, 2025. Any protocol
modifications requiring formal approval will be communicated to
the Ethics Committee. The committee will be notified of the trial’s
completion. Informed consent will be obtained from all participants
prior to their involvement, with clear documentation through
signed consent forms. For participants unable to sign, witnessed
oral consent will be accepted, ensuring they fully understand the
trial’s nature and implications.
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