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Abstract

Background: Women in low-resource regions face a higher risk of breast cancer. Implementing a breast health initiative that
promotes breast self-examination practice could aid in the early detection and prevention of breast cancer complications.

Objective: This study aimed to explore and comprehend the experiences of high-risk women, focusing on their breast
self-examination practice and the factors that influence their effectiveness in managing breast health.

Methods: This research used a qualitative approach to perform semistructured interviews with 11 high-risk women who had a
family history of breast cancer recruited from the oncology department of a hospital using purposive and theoretical sampling
during the period from August 2024 to April 2025. The analysis of the data was conducted using the grounded theory approach
by Strauss and Corbin to formulate a theoretical model for breast self-examination practices.

Results: This study highlighted breast health education as a motivator of and the core category for breast self-examination
practice. This study found perceptual, attitudinal, and familial support drivers of breast self-examination practice for early diagnosis
of breast cancer and better living.

Conclusions: This study enhances the body of knowledge regarding the experiences of high-risk women. Health care providers
play a significant role in using this framework to steer innovative educational interventions that promote breast health in
culture-bound communities.

(Asian Pac Isl Nurs J 2026;10:e83520)   doi:10.2196/83520
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Introduction

Worldwide, 2.3 million women were diagnosed and 760,000
died of breast cancer (BC) in 2022 [1]. BC is the second most
common type of cancer and among the major causes of
pathological complications [2]. Approximately 15% to 20% of
women diagnosed with BC have a family member who has also
been diagnosed with the disease [3]. A family history of BC
elevates the likelihood of developing the illness, particularly
among close blood relatives who have had BC. Women with a
first-degree relative (sister, daughter, or mother) diagnosed with
BC face nearly double the risk. If a woman has 2 first-degree
relatives diagnosed with BC, her risk increases by roughly 3
times [4].

In Asia, Pakistan records the highest rate of BC incidence at
23.1% [5]. Additionally, 23.8% of women in Pakistan have a
family history of BC. The average age of family members
diagnosed with BC has been found to be 49.2 years [6].

Moreover, 95.2% of these individuals have at least one family
member who was affected. The most common relative diagnosed
with BC is the mother, accounting for 47.6% [7]. The World
Health Organization–recognized tools for BC screening are
mammography, clinical breast examination, and breast
self-examination (BSE) [1]. Although mammography has proven
to be a reliable and valid BC screening method, awareness of
this tool and its accessibility and affordability to women have
been low in poor-resource countries [8]. BSE and clinical breast
examination come in handy in such countries. BSE practice is
a more acceptable method due to cultural issues, and evidence
has proved that 40% of diagnosed BCs are detected through
BSE [9], thus validating the usefulness of the procedure in BC
screening [3].

Among high-risk Pakistani women with a family history of BC,
merely 15% are knowledgeable about the disease, and only
4.18% use BSE as a screening measure for BC [10]. Just 1%
regularly practices BSE, whereas 3.6% do so occasionally [11].
Furthermore, late-stage presentation of BC (stages III or IV) is
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prevalent throughout the country, with nearly 35.2% of delayed
cases occurring among high-risk Pakistani women [12]. It has
been demonstrated that 40% of diagnosed BCs are identified
through BSE [13].

In Pakistani culture, the concept of the “breast” is more
associated with sexuality than with health, making discussions
about it taboo due to conservative societal norms [14]. Cultural
influences significantly affect breast health awareness among
Pakistani women, with many refraining from performing BSE
due to the stigma surrounding self-examination and
embarrassment over discussing private body parts or undergoing
medical assessment [15,16]. Misunderstandings, societal
expectations, and false beliefs hinder the BSE practice and lead
to delays in seeking help among women. The influence of
culture has resulted in women not being motivated to carry out
BSE or being taught how to [17].

Despite the significance of cultural values, there is a lack of
research on the implementation of BSE practice measures among
women at high risk. To improve this situation, it is essential to
investigate the BSE practice viewpoints of high-risk women.
This study used a grounded theory approach to create a
conceptual understanding based on participants’ lived
experiences, aiming to formulate a conceptual model or theory
rooted in participants’ perspectives.

The purpose of this study was to explore and comprehend the
experiences of high-risk women, focusing on their BSE practice
and the factors that influence their effectiveness in managing
breast health.

Methods

Study Design
This study used the grounded theory approach by Strauss and
Corbin [18] and adhered to the COREQ (Consolidated Criteria

for Reporting Qualitative Research) checklist to ensure rigor
[19]. Grounded theory is a qualitative research method aimed
at developing a theory that is firmly based on data that are
collected and analyzed systematically. This approach is
especially effective for examining intricate social processes,
such as BSE practice, as it seeks to understand how people
develop and sustain behaviors about a specific health issue.

Participant Selection
The data were gathered between August 2024 and April 2025.
The researchers applied both purposive and theoretical sampling
to select data sources and participants. Oncology nurses asked
11 high-risk women to participate in the study, and no one
declined to take part in the interviews. The timing and date were
arranged based on the availability of the participants, and the
researchers provided thorough explanations about the study. At
first, purposive sampling was used to identify participants who
met certain eligibility criteria: (1) female participants with
mothers diagnosed with BC, (2) proficiency in the Urdu
language, and (3) willingness to take part. When the
investigation advanced, theoretical sampling was used to
enhance evolving theory. Theoretical sampling is an iterative
process in which data collection and analysis are conducted
simultaneously, using the emerging analysis to guide the
selection of subsequent data to collect. Collected data were
coded and analyzed to form initial concepts, categories, and
themes. The selection of new participants was based on their
marital status (unmarried, married, or widowed) and level of
education (primary school, middle school, tenth grade, or higher)
to understand the concepts, fill the gaps, refine categories, and
expand the theory. Theoretical sampling persisted until data
saturation was reached, when no further relevant data or insights
were produced. The aforementioned 11 high-risk participants
from diverse communities took part in the study (Table 1).

Table . Participant characteristics.

RegionEducational levelMarital statusAge (y)Participant ID

UrbanTenth gradeMarried21HRW1a

UrbanTenth gradeMarried24HRW2

UrbanPrimary schoolMarried22HRW3

RuralTenth gradeUnmarried21HRW4

UrbanGraduation (16 years of edu-
cation)

Married26HRW5

RuralPrimary schoolMarried24HRW6

RuralPrimary schoolMarried22HRW7

UrbanTenth gradeMarried27HRW8

SemiurbanPrimary schoolWidowed24HRW9

RuralMiddle schoolMarried25HRW10

SemiurbanTwelfth gradeUnmarried23HRW11

aHRW: high-risk women.

Asian Pac Isl Nurs J 2026 | vol. 10 | e83520 | p.3https://apinj.jmir.org/2026/1/e83520
(page number not for citation purposes)

Naz et alASIAN/PACIFIC ISLAND NURSING JOURNAL

XSL•FO
RenderX

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


Ethical Considerations
The Research Ethics Committee of the Institute of Allied Health
Sciences associated with the hospital provided ethics approval
for this study, with reference IAHS/WMC/786/008-02. All
participants provided informed consent, and information was
provided on their right to leave the study at any point without
facing repercussions. Participant data were anonymized to
ensure confidentiality, and all research materials were securely
stored. Participants were not provided any compensation for
their participation.

Data Collection
Data were gathered through semistructured interviews (Table
2). These interviews were conducted in person, with audio

recordings made of participants, along with observations and
verbatim transcriptions. Each interview lasted approximately
35 to 50 minutes. Field notes were kept providing contextual
details. Several participants were interviewed more than once,
with 81.8% (9/11) taking part in a second interview to enhance
the data and facilitate clarification, deeper exploration, and a
richer understanding of emerging themes. Data were gathered
until data saturation was achieved, which is defined as the point
at which no new themes or insights arise. Due to logistical
constraints and participant preferences, transcripts were not
returned to participants for member verification. Nonetheless,
to maintain ethical standards and ensure the accuracy of the
transcriptions, a method of double transcription and validation
was used [20,21].

Table . Interview guideline.

QuestionsCategory

Opening questions • “Do you think that you should take care of your breast health? Or do
you think that breast health is important for women health?”

• “What do you know about breast health as you are at risk of breast
cancer or what do you know about breast cancer as your mother is
suffering from the same condition?”

• “Do you know how to do breast self-examinations practice or what
are the methods of breast self-examination practice?”

• “Do you examine your breast? Or do you think that you should do
breast self-examination practice?”

Probing questions • “Do you have the ability or confidence to do your breast self-exami-
nation practice?”

• “What changes do you observe during breast examination?”
• “Can you explain the change or discuss the changes with anyone, or

do you think that change should be discussed?”
• “What will you do to manage changes in your breasts to maintain

your breast health?”
• “Do you think that you need support or assistance, and how did you

receive such support?”

Closing question • “Is there anything you would like to share or add?”

Analysis
Analysis of the data was conducted following the grounded
theory approach by Strauss and Corbin [18], which involved
open, axial, and selective coding (Figure 1).

Figure 1. Coding process.
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Coding of interview transcripts was done using verbatim data.
Conceptual sensitivity to achieve reflexivity and analytic
consensus was maintained by using multiple coders in
discussion, where codes were reached through ongoing
discussions and adjustments to the coding framework. The
coding tree (Table 3) shows that the initial codes were organized
into 5 subcategories under a single main category and were
subsequently combined to create the final thematic model.
Constant comparative analysis was used for the development

of themes, in which new data were continually assessed against
existing codes and categories. This approach allowed for the
refinement of the emerging theory and affirmed its applicability
across diverse participant experiences [22,23], directed at
identifying repeated patterns and connections within the data
[20,24,25]. The process resulted in the documentation of the
key themes: the desire for breast health awareness, family
support, change in perceptions and attitude, and early diagnosis
of BC (Figure 2).
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Table . Coding process for the category of breast health education as a motivator.

Participant codeCode or categoryLevel of coding

Open coding •• “I know that I AM at risk of breast cancer
because my mother is suffering from this
and I saw my mother’s condition.” [Partici-
pant 1]

Realization of health issues related to BCa.
• Awareness of BC symptoms. Motivation to

seek information about BC.
• Cultural issues related to delay in health-

seeking behavior. • “My mother discusses her problems with
me, and I feel her pain.” [Participant 5]• Family support from mother

• “My mother is suffering from pain, stress,
hair loss, and many other problems.” [Par-
ticipant 3]

• Change of perceptions
• Breast health awareness
• Change in attitude

• “My mother told me that my condition was
better if she know about breast cancer and
she wish for me to have all information
about breast cancer, and I also want to know
about this.” [Participants HRW 5]

• “My mother hides her problem from all
family and when she can’t bear her problem
than she disclosed to her mother-in-law and
she agreed to visit the doctor.” [Participants
HRW 7]

• “I saw my mother’s condition, and I was
worried. My mother guided me to touch the
breast is not wrong it’s our body part; we
can discuss our problems with lady doctor
because she is also women like us. She can
understand us.” [Participants HRW 4]

• “I did breast examinations to feel any
change in my breast like pain, swelling for
early identification of cancer.” [Participants
HRW 11]

Axial coding •• Open codes: “I can do breast examination
by touch and observation.” [Participant
HRW 4]

Category: BSEb practice (subcategory 1:
breast health maintenance; subcategory 2:
symptoms awareness)

• Open code: “I know the symptoms like pain
in breast, swelling in breast, discharge.”
[Participant HRW 6]

• Category: influential factors (subcategory
1: change in perception of BC and BSE;
subcategory 2: change in attitude; subcate-
gory 3: family support) • Open code: “My mother told me that breasts

are like other body parts, breast problems
are like other problems of body, breast
touch is not wrong.” [Participant HRW 9]

• Open code: “Realizing the importance of
early diagnosis, performing Breast examina-
tion.” [Participant HRW 11]

• Open code: “I can understand breast health
issues and have support from mothers in
early health seeking behavior such as to
visit doctor for my problem.” [Participant
HRW 9]

Selective coding •• Realization of breast health issues, and need
for BSE practice for identification of any
breast change, and that leads to early BC
diagnosis for healthy living

Category: breast health education as motiva-
tor

aBC: breast cancer.
bBSE: breast self-examination.

Asian Pac Isl Nurs J 2026 | vol. 10 | e83520 | p.6https://apinj.jmir.org/2026/1/e83520
(page number not for citation purposes)

Naz et alASIAN/PACIFIC ISLAND NURSING JOURNAL

XSL•FO
RenderX

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


Figure 2. The theory of breast health education as a motivator among high-risk women for breast self-examination practice.

Credibility and Trustworthiness
The reliability and credibility of this study were maintained
through implementation of several approaches as suggested by
recognized qualitative research guidelines [26]. These included
(1) member checking, in which initial interpretations and
findings were shared with high-risk participants to check the
accuracy and authenticity; (2) triangulation, which involved
comparing various data sources—such as interview transcripts
and field notes—to enhance the validity of the results; (3)
investigator triangulation through ongoing team discussions
during the data analysis phase to confirm consistency and
individual bias reduction; and (4) an audit trail by keeping
thorough documentation, such as coding decisions, to facilitate
external review and transparency.

Results

The core category of the study was breast health education as
a motivator, emphasizing the vital role that awareness and
understanding of one’s breast health plays in promoting BSE
practice for BC screening (Figure 2).

Contributing Conditions: Need for Breast Health
Maintenance
Understanding the mother’s BC situation and being aware of
BC symptoms such as pain or hair loss, fear of rejection from
society, and stress creates the need for breast health maintenance
and can inspire participants to take part in screening activities
such as BSEs for early detection and instill hope for improved
health. Family support, especially support from mothers who
realized their own situation and understood their daughters’
need for breast health, motivated participants to change their
perceptions of health care choices and the way in which they
sought health services and build a positive attitude to engage
in health-seeking behaviors such as BSE practice.

Intervention Conditions: Key Factors Influencing BSE
Practice

Change in Perceptions
Cultural factors significantly influence health care choices and
the way in which individuals seek health services. The
participants recognized that being aware of breast health is a
key aspect of women’s health. They adjusted their views
regarding breast health and, through family support, appeared
motivated to pursue health-seeking behaviors.

Change in Attitude
Cultural values shape women’s attitudes, leading to feelings of
anxiety surrounding BC diagnoses and embarrassment when
discussing the topic. Participants acknowledged the significance
of early detection for improving quality of life and demonstrated
motivation for maintaining breast health.

Family Support
In Pakistani culture, family support, particularly from mothers,
plays an essential role in influencing their daughters’perceptions
regarding health care choices. The encouragement from mothers
has a significant impact on promoting their daughters’ health.

Outcome: Early Detection of BC for Better Living
The objective of BSE practice is to facilitate the early
identification of BC through health education, thereby enhancing
quality of life and promoting better living. Early diagnosis of
BC significantly increases the likelihood of survival for patients.

This core category emerged in various driving themes, such as
the realization of breast health issues, the change in participants’
perceptions and attitude, and participants’need for BSE practice
for identification of any breast change that would lead to early
BC diagnosis (Table 4).
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Table . Major themes with participant quotes.

Participant quoteTheme

Need for breast health maintenance • “I am aware that I have a higher risk of developing breast cancer be-
cause my mother is currently facing this illness, and I have witnessed
her suffering from pain, stress, hair loss, and various other chal-
lenges.” [Participant HRW 3]

Change in perceptions • “I observed my mother’s situation, and it concerned me. My mother
taught me that examining our breasts is natural; it’s a part of our
bodies, and we can talk about our issues with a female doctor because
she is also a woman like us. She can realize our experiences.” [Par-
ticipant HRW 4]

Change in attitude • “I possess knowledge about breast self-examination and various
methods, like using my fingers to feel any changes in the breast, such
as discomfort or swelling, and I can also monitor any change between
both breasts.” [Participant HRW 11]

Family support • “My mother shares her issues with me; I empathize with her struggles.
She mentioned that her situation could have improved if she had been
informed about breast cancer, and she hopes I have all the knowledge
regarding it, which I also wish to acquire.” [Participant HRW 5]

• “My mother reminds my sister and me to conduct monthly breast
checks, always assuring us that she is by our side.” [Participant HRW
9]

Early detection of breast cancer for better living • “I perform breast examinations every month because I am aware of
my mother’s situation; she was diagnosed very late. The doctors in-
formed us that if she had been diagnosed sooner, her condition would
be in a better state than it is now. Therefore, I have hope that I will
not endure the same fate as my mother. I am determined to lead a
healthier life.” [Participant HRW 1]

• “I perform breast self-examination regularly with a hope that I will
live a healthy life.” [Participant HRW 8]

Discussion

Principal Findings
The results of this research highlight the importance of health
education in encouraging BSE practice among Pakistani
high-risk women. This research adds to the grounded theory
concerning BSE practice by demonstrating how health education
influences various elements of preventive and promotional
health care, such as perceptual change, attitudinal change, and
familial support for BSE. The primary theme, breast health
education as a motivator, emerged as a key factor influencing
behaviors related to BSE practice. This observation is consistent
with the health belief model, which suggests that people are
likely to engage in health-promoting behavior when they
recognize a significant degree of susceptibility to a health issue
[27]. The findings of this study on BC symptoms served as a
trigger for embracing BSE practice, underpinning the idea that
awareness of potential health risks fosters change in behavior
[28].

This research emphasizes that educating individuals about breast
health plays a critical role in encouraging them to perform BSE.
Those with greater knowledge about BC were found to be more
motivated to engage in practices that promote breast health.
This highlights the significance of educational programs aimed
at improving people’s understanding of BC, the misperceptions

about it and its associated risks, and the advantages of different
screening strategies [29].

Knowledge affects an individual’s views and interpretations of
sociocultural contexts, as well as their ability to foresee results
and make choices. Greater awareness and a favorable change
in perceptions of BC and the taboos of BSEs can greatly enhance
BSE practice [30]. This aligns with the principles of social
cognitive theory. According to social cognitive theory,
knowledge affects perception by influencing how people decode
social situations and anticipate outcomes [31].

Education about breast health can alleviate feelings of
embarrassment and fear, resulting in a more favorable outlook
on BSEs and the pursuit of medical consultations due to cultural
impact [32]. These conclusions correspond with the change
theory and the stages of change model by Lewin [33], which
can be used to foster more constructive attitudes toward change.
Individuals and groups adjust to new circumstances, handle
resistance, and reinforce new behaviors [33].

Cultural context affects behavior change. The PEN-3 cultural
model has also already demonstrated how cultural context
matters in interventions, such as those for cancer awareness and
screening [34]. Naturally occurring support from family
members has been shown to increase healthy lifestyle behaviors
such as BC screening measures (eg, BSE) through providing
information and role-modeling. Family members have an impact
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on women’s decisions and actions throughout their BC journey,
such as (1) confirming breast changes, (2) managing personal
emotions, (3) seeking the information, (4) seeking alternative
forms of treatment, and (5) advocating for conventional
treatment [35]. Family support, especially from mothers, acts
as a significant environmental factor that plays an important
role in influencing BSE practice. Respectable family support
increases a woman’s awareness of and interest in undergoing
early cancer screening. If a woman receives good emotional
support, then she is more likely to behave well for her health
[36].

The influence of culture on perception, attitude, and family
support, especially from mothers, regarding BSE practice is a
core observation of this study. The participants’ ability to adopt
cultural practices such as family support and change in
perception of and attitude toward women’s breast health in
response to health needs determines the importance of culturally
sensitive interventions [37]. This study highlighted the need for
BSE practices that are culturally and contextually relevant, such
as breast health education targeting participant negative cultural
beliefs related to BC and BSE (eg, the taboo of touching oneself)
by fostering positive perceptions of this body part, such as the
fact that it is a woman’s body part, which means that it is also
a part of health and not only a part of sexuality, and fostering

a positive attitude about BC and its screening measures (eg,
BSE) by encouraging women to talk about BC with their family
members (eg, with their mothers). Family support motivates
women regarding the fact that BSE is not a wrong concept. The
breast is a part of their body, which they have a responsibility
to be aware of. All these efforts will lead toward behavior
change and the promotion of preventive behaviors.

Limitations
This study was carried out at a single hospital, representing a
limited group of high-risk women in the area. Grounded theory
seeks to create theories based on contexts and data, which might
restrict the applicability of the results to different populations.

Conclusions
This study offers convincing evidence underscoring the vital
role of breast health education in promoting BSE practices
among high-risk women in Punjab, Pakistan. The findings
provide essential insights into how improved breast health
education can bring about positive changes in attitudes,
perceptions, and the involvement of family support systems.
This research marks the first effort to develop a grounded theory
that presents a new conceptual model to understand the
processes related to effective breast health management in
similar culture-bound communities.
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Abstract

Background: The current body of work has not yet addressed the potential racial differences in the relationship between systemic
inflammation and knee osteoarthritis (OA) symptoms, including pain and physical function.

Objective: This pilot study aimed to investigate this association specifically among non-Hispanic Whites and Asian Americans.

Methods: We cross-sectionally analyzed 40 community-dwelling participants aged 50‐70 years with self-reported knee OA
pain, including 20 non-Hispanic Whites and 20 Asian Americans. Knee OA symptoms were assessed using the Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC) pain and physical function subscales. The serum levels of C-reactive
protein (CRP), tumor necrosis factor-alpha (TNF-α), and interleukin-10, as systemic inflammatory markers, were measured.
Univariate and multivariable analyses, using stepwise linear regression models, were conducted to examine the correlation between
these inflammatory markers and OA symptoms, with systematic adjustment for age.

Results: In non-Hispanic Whites, the above inflammatory markers did not correlate with knee pain or physical function. In
Asian Americans, bivariate analyses revealed that CRP and TNF-α levels were associated with worse WOMAC pain scores
(r=1.325, P=.041; and r=2.418, P=.036, respectively), and CRP levels were also linked to worse WOMAC physical function
scores (r=4.950, P=.035). Multivariate analyses confirmed the association of CRP levels with both worse WOMAC pain (β=1.328,
P=.046) and physical function (β=4.974, P=.034) scores in Asian Americans.

Conclusions: CRP may be a clinically relevant marker for knee OA symptoms, specifically in Asian Americans; however,
caution is warranted owing to the exploratory nature of this study. Future research is set to benefit from leveraging a larger sample,
incorporating additional inflammatory markers, and including racially diverse samples to validate and augment these findings.

Trial Registration: Clinicaltrials.gov NCT02512393; https://www.clinicaltrials.gov/study/NCT02512393

(Asian Pac Isl Nurs J 2026;10:e75086)   doi:10.2196/75086

KEYWORDS

Asian Americans; inflammation; knee osteoarthritis; pain; physical function

Introduction

Background
Knee osteoarthritis (OA) is one of the leading causes of pain,
daily living impairments, and disability in people aged ≥45
years. Although local inflammation aggravates OA joint
pathologies, systemic inflammatory markers are also elevated
in OA, especially in the presence of symptoms such as pain and
reduced physical function [1,2]. Notwithstanding, the evidence
remains controversial. The pooled results of a meta-analysis
indicated a weak correlation between serum C-reactive protein
(CRP) levels and knee OA pain [1]. Other studies have identified
no significant association between serum CRP levels and knee
OA pain or physical function [3,4]. A recent systematic review

also reported conflicting associations of other markers, such as
interleukin (IL)-6, with pain scores in patients with knee OA
[5].

Several researchers argue that inconsistent evidence regarding
the relationship between inflammation and knee OA symptoms
is attributable to sex-specific differences [6-8]. However,
considerably less attention has been focused on the possibility
of racial/ethnic disparities in these relationships. Racial/ethnic
minority groups, owing to systemic inequities and environmental
challenges, may develop a different inflammatory fingerprint
than their non-Hispanic White counterparts (ie, epigenetics)
[9]. They are also disproportionately susceptible to chronic knee
OA pain [10-12]. Nonetheless, most studies on inflammation
and knee OA symptoms have failed to specify the racial
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composition of their samples, predominantly included
non-Hispanic White participants, or adopted typical approaches
that report average effects from race/ethnicity-adjusted analyses,
possibly obscuring crucial dissimilarities. Overlooking such
differences potentially hinders the development of personalized
approaches to analgesic care and interventions that improve
physical function, ultimately impeding efforts to reduce pain
inequities across groups.

To our knowledge, no study has elucidated the potential
racial/ethnic differences in the relationship between systemic
inflammatory markers and knee OA symptoms. Only recently,
Overstreet et al [13] found that the expressions/profiles of
biomarkers underlying inflammation associated with chronic
low back pain-related outcomes (ie, pain interference, pain at
rest, and movement-evoked pain) differed between non-Hispanic
Whites and non-Hispanic Blacks.

Study Aim
This pilot study investigated the relationship between
inflammation and knee OA symptoms (ie, pain and physical
function) by race. Specifically, we compared non-Hispanic
Whites to Asian Americans. Asian Americans constitute a
rapidly growing minority yet have been underrepresented in
knee OA research, despite emerging evidence indicating that
they experience greater knee OA symptoms than non-Hispanic
Whites [10,11]. This underscores the critical importance of
studying this population.

Methods

Study Design and Participants
This cross-sectional analysis used baseline data from a
randomized controlled trial (RCT) registered at clinicaltrials.gov
(NCT02512393) to assess the efficacy of transcranial direct
current stimulation (tDCS) in mitigating knee OA pain. The
parent trial employed a double-blind, sham-controlled,
parallel-group design, in which participants were randomly
assigned to receive either active tDCS (n=20) or sham tDCS
(n=20). Participants underwent daily 20-minute stimulation
sessions for 5 consecutive days. Additional details regarding
the design and procedures of the parent RCT are reported
elsewhere [14,15]. At baseline, a total of 40 individuals with
self-reported knee OA pain (20 non-Hispanic Whites and 20
Asian Americans) were recruited in North Central Florida
between September 2015 and August 2016. Prior to the
intervention, participants completed comprehensive baseline
assessments, including demographic characteristics, clinical
measures, knee OA pain severity, physical function, and relevant
biological factors. The breadth and depth of these baseline data
provided a robust foundation for the present cross-sectional
analyses.

Recruitment was conducted through a combination of posted
flyers, email advertisements, and community-based outreach
efforts at local clinics, hospital-based outpatient services, and
community centers. Flyers and electronic announcements
described the study purpose, eligibility criteria, and contact
information for the research team. Interested individuals
contacted the study staff and were provided with additional

information about the study. Some participants were recruited
via direct referral from treating clinicians in outpatient settings.
Potential participants then underwent a standardized screening
process, which included an initial telephone screening followed
by an in-person eligibility assessment to confirm the inclusion
and exclusion criteria prior to enrollment.

Because the present analyses were conducted using baseline
data from a parent RCT, the eligibility criteria reflected those
of the parent trial rather than being tailored specifically for the
current secondary analysis. Participants were eligible if they
were aged 50‐70 years; reported unilateral or bilateral knee
OA pain according to the American College of Rheumatology
criteria [16,17]; were able to speak and read English; were
willing to be randomly assigned to either the intervention or
control group; were available to complete five consecutive daily
tDCS sessions and weekly follow-up phone assessments for 3
weeks; had no plans to change pain-related medication regimens
during the study period; had no contraindications identified
through the tDCS safety screening questionnaire (eg, epilepsy)
[18]; and were willing and able to provide written informed
consent prior to enrollment. Exclusion criteria ensured that
participants did not have concurrent medical conditions that
could confound OA-related outcomes or coexisting diseases
that could hinder protocol completion. Thus, the following were
the exclusion criteria: (1) having undergone prosthetic knee
replacement or non-arthroscopic surgery on the affected knee,
(2) a serious medical illness, such as uncontrolled hypertension,
heart failure, or a recent history of acute myocardial infarction,
(3) peripheral neuropathy, (4) systemic rheumatic disorders,
such as rheumatoid arthritis, systemic lupus erythematosus, and
fibromyalgia, (5) alcohol or substance abuse, (6) cognitive
impairment, defined as a Mini-Mental Status Exam score of 23
or lower, (7) a history of brain surgery, tumor, seizure, stroke,
or intracranial metal implantation, (8) pregnancy or lactation,
and (9) hospitalization for a psychiatric illness within the past
year.

Measurement
The collected basic characteristics included age, sex (male vs
female), marital status (partnered vs unpartnered), BMI (kg/m²),
and Kellgren–Lawrence (KL) radiographic grade (0‐1 vs
2‐4), pain catastrophizing, and negative affect. The study
assessed pain catastrophizing using the pain catastrophizing
scale (PCS), a 13-item measure designed to evaluate catastrophic
thinking related to pain across three dimensions: rumination,
magnification, and helplessness [19,20]. Each item was scored
on a 5-point Likert scale ranging from “not at all” (0) to “all
the time” (4). The PCS demonstrated adequate internal
consistency, with subscale alphas ranging from 0.66 to 0.87 (α
for all items=0.87) [19], and its sensitivity to psychosocial
interventions for chronic pain has been well established [21].
Negative affect was assessed using the 10-item negative affect
subscale of the Positive and Negative Affect Schedule
(PANAS-NA) [22]. Respondents are asked to rate on a 5-point
scale (1 = “very slightly or not at all”; 5 = “extremely”) their
agreement with 10 descriptors of negative affect (afraid,
ashamed, distressed, guilty, hostile, irritable, jittery, nervous,
scared, and upset). The PANAS has been validated and
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demonstrates reliability, with an alpha coefficient range of .84
to .87 for negative affect [23].

Knee OA Symptoms: Knee OA Pain and Physical
Function
Knee OA pain and physical function were measured using the
Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) pain and physical function subscales, where higher
scores indicate greater pain and physical functional disability
[24]. The pain subscale includes 5 items on a 5-point Likert
scale (0 being none to 4 being extreme) measuring the pain
severity during walking, climbing stairs, sleeping, resting, and
standing. The participants’ responses to the pain questions were
summed up to derive an aggregated score of pain intensity
(range 0‐20). The physical function subscale asks patients to
rate the degree of difficulty in accomplishing 17 activities of
daily living on a 5-point scale (0 being none to 4 being extreme).
The participants’ responses were aggregated to produce a
composite score of functional disability (range 0‐68). The
subscales in WOMAC demonstrate reliability and validity in
evaluating knee OA in patients [24,25].

Inflammatory Markers
In this study, we also gathered data regarding the following
inflammatory markers: CRP, tumor necrosis factor-alpha
(TNF-α), IL-1β, IL-6, and IL-10. Owing to substantial missing
data (45.0%‐80.0%), we excluded IL-1β and IL-6 from the
current analysis. In the original study [15], blood samples were
obtained prior to treatment initiation (ie, tDCS) on day 1 and
after completing the fifth treatment on day 5. For our analysis,
we utilized pre-treatment data acquired on day 1. Blood was
drawn into ethylenediaminetetraacetic acid plasma tubes.
Samples were inverted five times and stored on ice until further
processing. Within 30 min of being collected, samples were
centrifuged at 1600×g and 4°C for 15 min, aliquoted, and
immediately stored in a −80°C freezer.

The plasma samples underwent solid-phase extraction using an
Oasis™ Hydrophilic–Lipophilic-Balanced (30 mg) 96-well
plate along with a vacuum manifold (Waters Corp.), according
to the manufacturer’s protocol. Briefly, the plate was
conditioned with acetonitrile and equilibrated twice with 0.1%
trifluoroacetic acid (TFA) in high-performance liquid
chromatography (HPLC)-grade water. Samples were acidified
with 1% TFA (1:1) and loaded onto the plate. The plate was
washed thrice with 0.1% TFA in HPLC-grade water. The
samples were eluted in 60% acetonitrile/40% HPLC-grade
water/0.1% TFA and dried in a Savant AES1010 Automatic
Environmental SpeedVAC® w/VaporNet Radiant Cover
(Thermo Fisher Scientific). Thereafter, they were reconstituted
using the original sample volume in assay buffer.

Plasma CRP levels were measured in duplicate using
enzyme-linked immunosorbent assays, following the
manufacturers’ instructions (cat# DCRP00, R&D Systems,
Minneapolis, MN; cat# ADI-900‐071, Enzo Life Sciences,
Inc., Farmingdale, NY, respectively). For CRP, the average
intra- and interassay CV values were <10.0% and <7.0%,
respectively. TNF-α and IL-10 plasma levels were measured
in triplicate using a commercial multiplex immunoassay kit

(cat# HCYTMAG-60Kl; MilliporeSigma, Burlington, MA) and
analyzed using the MILLIPLEX® Analyzer 3.1 xPONENT®
System (Luminex Corporation) . Data acquisition was
accomplished using the same system and data analysis
performed via MILLIPLEX® Analyst Software. Intra- and
interassay CVs were <19.0% for all markers.

Statistical Analysis
Descriptive and comparative statistics were employed to
determine sample characteristics. As the inflammatory markers
were not normally distributed, log transformation was applied
to mitigate skewness. When missing data were present (CRP,
n=4), listwise deletion was performed, resulting in a streamlined
dataset for analysis. Race-stratified analyses were conducted
owing to an observed interaction between race and certain
inflammatory markers, such as CRP (data not shown). We
examined the relationships between BMI and each inflammatory
marker, aiming to circumvent possible collinearity (since
adiposity proves to be significantly associated with systemic
inflammation), and specifically investigated their associations
with knee OA symptoms. Multivariable linear regression models
were used in the main analysis of each outcome.

Explanatory variables included age, sex, marital status, BMI,
and KL radiographic grade, all of which potentially affect both
inflammation and knee OA symptoms [26,27]. Pain
catastrophizing and negative affect were also considered because
of their relation to knee OA symptoms [28-30]. Candidate
variables comprised those with P<.200 in bivariate analyses:
single-factor analysis of variance in cases of variance equality,
the Kruskal–Wallis test for qualitative variables, and the simple
linear regression test for quantitative variables. Multivariable
analysis based on stepwise selection at an alpha value of .05
was conducted to preserve the most relevant variables in the
model and distinguish those independently associated with the
outcomes. In all multivariable models, systematic adjustment
for age was performed. Finally, we conducted diagnostic tests
to ensure that the multivariable models satisfied linear regression
model assumptions. All statistical analysis was carried out using
R Studio (version 4.0.2; R Foundation for Statistical Computing)
[31].

Ethical Considerations
The Institutional Review Board (IRB) of the University of
Arizona considers investigators engaged in research if (1) they
interact with participants for research purposes; (2) they have
access to identifying study information; (3) they obtain informed
consent from research participants; or (4) the University of
Arizona directly receives part of federal funds for the study (ie,
the University of Arizona is the prime awardee). If none of the
above are true, then the researchers would not require IRB
approval. Thus, this secondary analysis of deidentified data
from an existing RCT was determined to be exempt from IRB
review. Informed written consent was obtained from all
participants in the parent trial, and participants were
compensated for their time and participation.
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Results

Table 1 presents the characteristics of the participants by race.
The groups differed in terms of age, BMI, KL radiographic
grade, and pain catastrophizing. Asian American participants
were significantly younger than non-Hispanic White participants
(mean [SD] 54.80 [7.74] vs 65.10 [7.41] years; P=.001) and
had a lower BMI (mean [SD] 25.02 [3.59] vs 27.98 [3.28] kg/m²;

P=.001). A greater proportion of Asian Americans had lower
KL radiographic grades (0‐1) compared with non-Hispanic
Whites (80% vs 25%; P=.001). Asian American participants
also reported higher pain catastrophizing scores than
non-Hispanic White participants (mean [SD] 1.33 [1.25] vs.
0.31 [0.74]; P=.004). There were no significant differences
between the groups in the levels of CRP, TNF-α, and IL-10, or
in any WOMAC subscales (P>.05).

Table . Comparison of basic characteristics, inflammatory markers, and WOMACa subscale scores between non-Hispanic Whites and Asian Americans
(n=40).

P valueAsian Americans (n=20)Non-Hispanic Whites (n=20)Variables

.001b54.80 (7.74)65.10 (7.41)Age (years), mean (SD)

.205Sex, n (%)

7 (35)12 (60)    Male

13 (65)8 (40)    Female

.127cMarital status

18 (90)13 (65)    Married/partnered

2 (10)7 (35)    Nonmarried/unpartnered

.001b25.02 (3.59)27.98 (3.28)Body mass index, kg/m2, mean (SD)

.001c,bKellgren-Lawrence radiographic
grade (grade 0‐1)

16 (80)5 (25)    Grade 0‐1

4 (20)15 (75)    Grade 2‐4

.004b1.33 (1.25)0.31 (0.74)Pain catastrophizing scale score,
range: 0‐6; mean (SD)

.16520.15 (9.02)14.00 (4.29)Negative affect scale score, range:
10‐50, mean (SD)

Inflammatory markers, mean (SD)

.1141001.12 (898.91)2295.27 (3002.13)    C-reactive protein, ng/nl

.0677.51 (3.67)10.33 (5.56)    Tumor necrosis factor-α, pg/ml

.2736.78 (3.69)8.38 (5.27)    Interleukin-10, pg/ml

Clinical pain measures, mean (SD)

.5594.40 (2.74)4.90 (2.61)    WOMAC pain, range: 0‐20

.36113.6 (9.95)16.50 (9.86)    WOMAC physical function,
range: 0‐68

aWOMAC: Western Ontario and McMaster Universities Osteoarthritis.
bSignificant results.
cFischer exact test.

Table 2 presents the relationships between BMI and
inflammatory markers by race. Pearson correlation analyses
showed no statistically significant associations between BMI
and log-transformed CRP, TNF-α, or IL-10 in either
non-Hispanic Whites or Asian Americans (all P>.05). Similarly,
ANOVA analyses revealed no significant differences in

inflammatory marker levels across BMI categories in either
group. These findings indicate that BMI was not strongly
correlated with inflammatory markers in this sample and did
not raise major concerns about multicollinearity in subsequent
analyses, as shown in Table 2.
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Table . Relationships between BMI and inflammatory markers by race (n=40).

Asian Americans (n=20)Non-Hispanic Whites (n=20)

log(IL-10), pg/mllog(TNF-α), pg/mllog(CRP), ng/nllog(IL-10)c, pg/mllog(TNF-α)b,
pg/ml

log(CRP)a, ng/nl

0.2180.2920.364−0.190−0.0790.179Pearson correlation
coefficient

.356.212.115.421.740.507P value

1.74 (0.64)1.79 (0.62)6.13 (0.91)2.01 (0.71)2.22 (0.59)7.49 (1.53)18.5≤BMI<25d,
mean (SD)

1.74 (0.33)1.97 (0.38)7.11 (0.79)1.97 (0.71)2.20 (0.33)6.75 (0.54)25≤BMI<30e,
mean (SD)

2.11 (0.67)2.22 (0.57)6.71 (1.07)1.87 (0.82)2.26 (0.64)7.73 (0.73)BMI≥30f, mean
(SD)

—g.551.096.929.971.194ANOVA P value

aCRP: C-reactive protein.
bTNF-α: tumor necrosis factor-alpha.
cIL-10: interleukin-10.
dNon-Hispanic Whites (n=5), Asian Americans (n=11).
eNon-Hispanic Whites (n=9), Asian Americans (n=7).
fNon-Hispanic Whites (n=6), Asian Americans (n=2).
gnot applicable.

Table 3 presents the results of bivariate and multivariable
analyses in both non-Hispanic Whites and Asian Americans.
In non-Hispanic Whites, both analyses indicated that only pain
catastrophizing was associated with worse WOMAC pain score
and WOMAC physical function score (P<.050). In Asian
Americans, bivariate analysis indicated that CRP and TNF-α
levels were associated with a worse WOMAC pain score
(r=1.325, P=.041; r=2.418, P=.036, respectively), while the
CRP level was also related to a worse WOMAC physical

function score (r=4.950, P=.035). In multivariable analysis
adjusting for age, only the CRP level was associated with a
worse WOMAC pain score (β=1.328, P=.046) and a WOMAC
physical function score (β=4.974, P=.034) in Asian Americans.
Of note, the IL-10 level was not significantly associated with
WOMAC pain or physical function scores in either non-Hispanic
White or Asian American participants in bivariate or
multivariable analyses.
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Table . Bivariate and multivariable analyses (n=40).

Asian Americans (n=20)Non-Hispanic Whites (n=20)

WOMAC physical functionWOMAC painWOMAC physical functionWOMACa pain

Multivariable
analysis

Bivariate analy-
sis

Multivariable
analysis

Bivariate analy-
sis

Multivariable
analysis

Bivariate analy-
sis

Multivariable
analysis

Bivariate analy-
sis

P val-
ue

β (SE)P val-
ue

rP val-
ue

β (SE)P val-
ue

rP val-
ue

β (SE)P val-
ue

rP val-
ue

β
(SE)b

P val-
ue

r

.300.284

(0.266)

.3600.278.683.032

(0.076)

.7240.030.868.048

(0.283)

.592−0.170.304−.062
(0.058)

.101−0.133Age

——.9210.001——.4880.027——.1570.108——c.3780.043Sex

——.9310.000——.6370.013——.8020.004——.4140.037Mari-
tal sta-
tus

——.828−0.144——.8720.029——.3350.682——.2590.211BMI

——.8970.001——.7540.006——.8600.002——.2070.087KLd

radio-
graph-
ic
grade

——.4491.395——.3450.478.018e7.252

(2.764)
.013e7.115.001e2.370

(0.572)
<.001e2.548Pain

catas-
tro-
phiz-
ing

——.2690.279——.0530.130——.167−0.720——.631−0.068Nega-
tive af-
fect

.034e4.974

(2.157)
.035e4.950.046e1.328

(0.616)
.041e1.325——.283−2.789——.157−1.035log(CRP)f,

ng/nl

——.1186.716——.036e2.418——.596−2.613——.930−0.115log(TNF-

α)g,
pg/ml

——.6042.297——.3491.134——.273−4.158——.395−0.861log(IL-

10)h,
pg/ml

a WOMAC: Western Ontario and McMaster Universities Osteoarthritis.
bSE: standard error.
cnot applicable.
dKL: Kellgren-Lawrence.
eSignificant results.
fCRP: C-reactive protein.
gTNF-α: tumor necrosis factor-alpha.
hIL-10: interleukin-10.

Discussion

Principal Findings and Comparison With Previous
Works
This pilot study investigated whether differences in the
relationship between inflammation and knee OA symptoms
(pain and physical function) exist between non-Hispanic Whites
and Asian Americans. Our adjusted analyses indicated that the
CRP level persists as a clinically relevant marker for both knee
OA pain and functional disability in Asian Americans. The

findings emphasize that inflammatory underpinnings of knee
OA symptoms potentially vary among specific racial groups,
echoing the results of Overstreet et al [13], which focused on
patients with chronic low back pain.

However, interpretation needs caution. The proportion of
individuals with early-stage knee OA (KL radiographic grade
0‐1) significantly differed between the two groups, with 25%
and 80% of non-Hispanic Whites and Asian Americans falling
into this category, respectively. Evidence suggests that in
early-stage knee OA, inflammation is a major reason why
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patients seek medical assistance in outpatient departments, and
anti-inflammatory treatment may be more effective during this
stage; in contrast, in late-stage knee OA, pain may not primarily
originate from inflammation but rather from other sources that
require further investigation [32], a phenomenon corroborated
by our study. Furthermore, in the current study, men constituted
60% and 35% of the non-Hispanic White and Asian American
samples, respectively. Although this sex composition was not
statistically significant, a previous study has reported
sex-specific relationships exhibiting weaker associations of
CRP and TNF-α with knee pain among men [7]; this possibly,
in part, explains our insignificant findings for non-Hispanic
Whites.

The findings wherein no relationships were established between
inflammatory markers and knee OA symptoms among
non-Hispanic Whites aligns with an earlier study predominantly
based on non-Hispanic White samples [3]. However, it contrasts
with results reported by Zhu et al [33], who found serum CRP
to be cross-sectionally and longitudinally associated with knee
pain in patients with knee OA, as well as with other research
reporting significant associations between knee OA pain and
TNF-α [7,34,35]. Nonetheless, direct comparisons are
challenging owing to the unknown racial composition of these
studies, our pilot study’s cross-sectional nature characterized
by small sample sizes, varying socioeconomic and clinical
characteristics across the study populations, and the
multidimensional nature of pain assessed using various tools
across the studies.

Notably, the IL-10 level was not associated with knee OA
symptoms in either non-Hispanic White or Asian American
participants. IL-10 is an anti-inflammatory cytokine that
regulates immune homeostasis and may slow the progression
of knee OA [36]. Several studies in knee OA have reported null
or negative associations between IL-10 levels and clinical pain
and function [7,37,38]. Imamura et al [37] found no relationship
between serum IL-10 levels and WOMAC pain scores in
individuals with painful knee OA and sensitization. Perruccio
et al [7] reported that higher serum IL-10 levels were associated
with lower WOMAC pain scores, regardless of sex. Similarly,
Zhu et al [38] examined longitudinal associations between
inflammatory and metabolic markers and WOMAC outcomes
and found that an IL-10–related component, characterized by
predominantly anti-inflammatory markers, was negatively
associated with WOMAC pain and function scores. Yet, none
of the aforementioned studies examined racial differences in
the associations between IL-10 and knee OA symptoms, limiting
comparisons with the present findings and underscoring the
need for future research that explicitly considers race.

As health care practices in the United States shift toward
precision and targeted medicine, considering demographic
factors that potentially influence mechanistic processes is
imperative [13]. We acknowledge that our pilot investigation
may not have immediate clinical implications. However, our
race-specific findings may inform health care providers that
treatments chiefly developed based on data from non-Hispanic
Whites may not provide optimal analgesic care for Asian

Americans and suggest that the future development of novel
OA treatment approaches may ultimately vary according to
race, depending on the therapeutic target.

Based on our findings, future studies involving larger samples
are required to validate our results and facilitate more advanced
modeling (eg, with mediators/moderators) to augment current
knowledge. In addition, future studies may substantially benefit
from leveraging a larger pool of biomarkers that could be
analyzed as possible correlational factors for knee OA
symptoms. Simultaneously, several studies [5,39], including
our own, have relied on a single marker as a measure of
inflammatory status; however, recognizing that the inflammatory
system is complex and involves multiple feedback mechanisms
is indispensable. For example, a study by Zhu et al [38]
attempted to address these issues by examining the patterns of
19 different inflammatory markers and adipokines derived from
principal component analysis and subsequently exploring their
association with knee OA symptoms. Future studies should
ascertain whether these associations differ across racial/ethnic
groups and also include individuals from other racial/ethnic
minority groups, such as non-Hispanic Blacks and Hispanics.

Limitations
This pilot study has certain limitations. First, as this study
represents a secondary, cross-sectional analysis of baseline data
from a parent RCT, both the study design and the measures
available for analysis were determined by the objectives of the
parent trial rather than the specific aims of the current study. In
addition, the sample size was defined by the feasibility-oriented
goals of the parent pilot trial, rather than by statistical power
considerations for the present secondary analysis. As such, the
findings should be interpreted as exploratory. These design
features may also introduce potential sources of bias, including
selection bias related to the original eligibility criteria and
measurement bias due to reliance on pre-specified baseline
assessments. Second, the findings may not be generalizable as
they are based on an extremely small convenience sample from
a specific region. Furthermore, owing to the small sample size,
we could not account for or control heterogeneity within racial
groups (ethnicity). Third, the presence of unknown or
unmeasured confounding factors, such as the use of nonsteroidal
anti-inflammatory drugs, comorbid conditions, psychosocial
factors like depression or anxiety, and synovial inflammation,
cannot be ruled out. Fourth, the cross-sectional design hindered
our ability to determine the directionality of the relationships
between variables. Finally, our study was limited by the number
of biomarkers assayed.

Conclusions
This pilot study provides pioneering evidence of race-specific
relationships between inflammatory markers and knee OA
symptoms among non-Hispanic Whites and Asian Americans.
Based on our findings, racial/ethnic differences in this context
warrant further exploration, with potential implications for the
formulation of personalized strategies for managing knee OA
symptoms.
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Abstract

Background: Adolescents’ mental health problems significantly affect their long-term psychological and physical health.
Although peer influence grows during adolescence, parental influence remains critical. Parental smoking is associated with
behavioral problems in adolescents.

Objective: This study aimed to investigate the association between parental smoking, particularly maternal smoking, and
adolescents’ mental health outcomes in South Korea, as research in this area is limited.

Methods: We analyzed data from the nationwide Korea National Health and Nutrition Examination Survey from 2012 to 2017.
A total of 2761 adolescents were included in the final analysis after excluding those with missing data. We used ANOVA and
chi-square tests to compare adolescents’ and parents’ baseline characteristics and mental health. In addition, multiple logistic
regression analyses were conducted to examine the association between parental smoking status and adolescents’ mental health.

Results: Our logistic regression analyses revealed that mothers’ current smoking habits were significantly associated with their
adolescents’ cognitive stress (odds ratio [OR] 1.65, 95% CI 1.06‐2.56), experiences of melancholy (OR 2.09, 95% CI 1.20‐3.65),
and suicidal ideation (OR 2.39, 95% CI 1.17‐4.88). Furthermore, adolescents whose mothers were current smokers and had
cognitive stress demonstrated higher cognitive stress (OR 2.09, 95% CI 1.12‐3.90), melancholy (OR 2.27, 95% CI 1.10‐4.71),
and suicidal ideation (OR 2.74, 95% CI 1.21‐6.23) than those whose mothers were not smokers and had no cognitive stress.

Conclusions: Efforts to improve adolescents’ mental health require considering their mothers’ smoking status and stress levels.
This highlights the need to develop programs to enhance adolescent mental health, manage maternal stress, and promote smoking
cessation.

(Asian Pac Isl Nurs J 2026;10:e73588)   doi:10.2196/73588

KEYWORDS

parental smoking; adolescent mental health; suicidal ideation; melancholy; cognitive stress

Introduction

Adolescence is a critical period for the development and
maintenance of social and emotional habits that are important
for mental health [1]. Mental health issues during adolescence
have considerable long-term impacts on one’s physical and
psychological status, with parental behaviors playing a critical
role in this developmental stage [2], including in school
connectedness [3,4], emotional and physical health [5],
substance misuse [6], and suicide-related injury risk [7,8].
Therefore, prevention and early intervention are essential for
effective mental health management and improved social
outcomes [9].

Several variables affect the mental health of children and
adolescents, including school-, peer-, and family-related factors
[10]. However, there is renewed interest in family-related factors

that affect children’s mental health. In particular, the relationship
between parental and children’s mental health requires further
verification and support [11].

Researchers have identified several parental health-risk
behaviors as predictors of poor mental health in children.
Parental smoking, particularly maternal smoking, is associated
with internalizing and externalizing behavioral problems in
children [12-14]. Maternal smoking has been linked to mental
health issues in children, including symptoms of melancholy,
anxiety, and suicidal ideation [15]. Parental smoking is
associated with the initiation and regular use of smoking among
children and adolescents [16]. The direct effects of smoking on
children and adolescents may be attributed to an induced
biological vulnerability to the addictive properties of nicotine,
whereas the indirect effects may be driven by nicotine-induced
behavioral problems in childhood [17].
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A systematic review and meta-analysis showed that compared
with smoking cessation, continued smoking was associated with
increased depression, stress, and poor overall mental health
[18]. However, to our knowledge, no studies have examined
the association between parental smoking (as reported by
parents) and adolescents’ mental health in Asian cultures.
Furthermore, as Asian cultures are more receptive to men
engaging in smoking than women, societal acceptance of female
smoking remains low despite increasing smoking rates in women
[19]. In South Korea, the prevalence of depression among
adolescents reached 20.3% in 2021, and smoking remains a
significant public health concern, with 4.5% of high school
students reporting current use [20]. These high rates of mental
health issues and smoking highlight the urgent need to
understand the family-related factors influencing adolescent
well-being in this cultural context.

We expected that parents’ sex and smoking status would have
differential effects on the mental health outcomes of adolescents.
This study examined the association between parental smoking,
with a particular focus on maternal smoking, and adolescent
mental health in the South Korean cultural context. The current

findings will contribute to a more nuanced understanding of
these relationships.

Methods

Study Design and Population
This study analyzed data from the Korea National Health and
Nutrition Examination Survey (KNHANES), a cross-sectional,
nationally representative survey conducted by the Korea Centers
for Disease Control and Prevention from 2012 to 2017. The
survey used a stratified multistage probability sampling design
to draw a sample representative of the entire South Korean
population. The KNHANES included health interviews, health
behavior surveys, nutrition surveys, and health examinations.

Of the 47,283 participants enrolled in the KNHANES between
2012 and 2017, we included those aged 12‐18 years (n=3702).
Participants with missing parental (n=252), mental health
(n=320), or parental smoking (n=369) variables were excluded.
Finally, we examined the data of 2761 adolescents enrolled in
the KNHANES (Figure 1).

Figure 1. Schematic depicting the study population. KNHANES: Korea National Health and Nutrition Examination Survey.

Research Variables

Baseline Characteristics
We recorded the following baseline characteristics of
adolescents: age, sex, household and personal income levels,
smoking status, and alcohol consumption. In addition, we
recorded the following baseline parental characteristics: age,
education level, current economic activity, BMI, waist
circumference, smoking status, and alcohol consumption.

We classified household and personal income based on
equivalent income,

average monthly household incomenumber of family members,

designating values reflecting the lowest 25% as the first quartile,
and the subsequent 3 levels (25% each) as the second, third,
and fourth quartiles. We categorized parental education levels
as “below university graduation” and “university graduate or
higher.” We organized current economic activity as “yes” or
“no” to represent whether parents were currently employed or
unemployed. We classified smoking status according to whether
participants currently smoked. We considered participants who
consumed more than 30 mL of alcohol per day as heavy
drinkers.

Well-trained examiners performed anthropometric
measurements during the study period. We acquired
measurements for height and waist circumference to the nearest
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0.1 cm using a portable stadiometer (Seca 225, Seca) and a
calibrated ruler (Seca 200, Seca) after exhalation and from the
narrowest point between the lower borders of the ribcage and
the iliac crest. We measured weight to the nearest 0.1 kg using
a calibrated balance-beam scale (GL-6000‐20; G-tech). All
instruments were calibrated regularly to ensure measurement
accuracy, and inter-rater reliability tests were conducted
periodically to minimize measurement bias. We calculated BMI

as weight divided by height squared (kg/m2).

Smoking Status
Smoking status was assessed using the question, “Are you
currently smoking?” Participants could respond with “I smoke
every day,” “I smoke sometimes,” “I smoked in the past, but I
don’t smoke currently,” or “not applicable.” We classified
participants’ smoking status as “current smoker,” “ex-smoker,”
or “never smoked,” with “current smoker” including “every day
or occasional smoking.”

Mental Health
The mental health variables included cognitive stress,
experiences of melancholy, and suicidal ideation. The following
questions were developed and reviewed by a panel of experts
for epidemiological research, ensuring their validity as
single-item questions. For cognitive stress, we classified the
responses of “I feel very stressed,” “I feel stressed a lot,” and
“I feel a little stressed” as “yes” and the response of “I hardly
feel stressed” as “no.” We determined whether participants
experienced melancholy based on the question, “Have you felt
sad or depressed for at least 2 consecutive weeks within the last
year to the extent that it disturbed your daily life?” To this,
participants could answer “yes” or “no.” We assessed suicidal
ideation using the question, “Have you thought of committing
suicide in the last year?” The possible responses included “yes”
and “no.”

We did not measure “experiences of melancholy” as a parental
mental health variable in this study; however, we measured the
difference in adolescents’ mental health based on whether their
parents were diagnosed with depression. We defined participants

as being diagnosed with depression if they responded “yes” to
the question, “Have you ever been diagnosed with depression
by a doctor?”

Statistical Analysis
We used the SAS survey procedure (version 9.3; SAS Institute
Inc) to run a complex sample design and analyze the survey
data. Mean and SE values were used to represent continuous
variables, and mean percentage and SE values were used to
represent categorical variables. We used an ANOVA and the
chi-square test to compare the baseline characteristics and
mental health variables of adolescents and parents.
Subsequently, we performed multiple logistic regression
analyses to evaluate the association between adolescents’mental
health variables and differences in parental smoking status. We
examined the odds ratios (ORs) and 95% CIs after adjusting
for age, sex, smoking status, alcohol consumption, and
household income. In addition, we examined the ORs and 95%
CIs in the association between adolescents’ mental health and
mothers’ current smoking status and cognitive stress.

Ethical Considerations
The original data for the KNHANES were collected after being
approved by the institutional review board of the Korea Centers
for Disease Control and Prevention. Written informed consent
was obtained from all participants prior to the original data
collection. As this study is a secondary analysis using publicly
available and deidentified data, it was determined to be exempt
from a separate institutional review board review (number
1041078-202106-HRSB-172-01). No compensation was
provided to participants for this specific analysis.

Results

Adolescents’Mental Health According to Adolescents’
and Parents’ Baseline Characteristics
Table 1 shows adolescents’ mental health according to their
baseline characteristics and mental health variables, along with
those of their parents.
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Table . Adolescents’ mental health according to adolescents’ and their parents’ baseline characteristics (N=2761).

Suicidal ideationExperience of melancholyCognitive stressVariables

P valueYes (n=161)No (n=2600)P valueYes (n=225)No (n=2536)P valueYes (n=702)No (n=2059)

Adolescents

.7315.1 (0.16)15.15 (0.04).00715.52 (0.14)15.12 (0.04).0215.31 (0.08)15.1 (0.05)    Age
(years),

mean (SE)a

<.00137.24 (4.51)53.47 (1.06)<.00138.69 (3.85)53.78 (1.07).00547.32 (2.10)54.28 (1.19)    Sex
(male), mean

% (SE)b

.0914.89 (4.01)9.32 (0.81).2712.03 (2.52)9.43 (0.85).3410.76 (1.40)9.27 (0.95)    House-
hold income
(lowest Q1),
mean %
(SE)

.00325.84 (4.41)14.98 (0.85).00124.31 (3.35)14.83 (0.86)<.00121.70 (1.91)13.55 (0.90)    Current
smoker
(yes), mean
% (SE)

<.00149.83 (4.28)33.38 (1.17)<.00153.36 (4.19)32.61 (1.18)<.00141.48 (2.19)31.93 (1.28)    Heavy
drinker
(yes), mean
% (SE)

Mothers

.7544.41 (0.47)44.26 (0.11).5244.48 (0.35)44.25 (0.12).0344.62 (0.19)44.15 (0.13)    Age
(years),
mean (SE)

.0229.27 (4.10)40 (1.44).3936.32 (3.64)39.62 (1.47).7738.81 (2.32)39.53 (1.55)    Education
(≥ universi-
ty), mean %
(SE)

.9865.15 (4.68)65.29 (1.33).1259.68 (3.99)65.79 (1.34).2663.2 (2.25)66 (1.47)    Current
economic ac-
tivity (yes),
mean %
(SE)

.4223.61 (0.38)23.3 (0.09).3523.58 (0.3)23.29 (0.09).1023.54 (0.17)23.24 (0.09)    BMI

(kg/m2),
mean (SE)

.7777.66 (0.94)77.38 (0.24).5677.81 (0.76)77.36 (0.24).1177.99 (0.46)77.2 (0.25)    Waist cir-
cumference
(cm), mean
(SE)

.0210.32 (3.24)4.69 (0.56).0099.16 (2.20)4.66 (0.57).0067.5 (1.24)4.19 (0.61)    Current
smoker
(yes), mean
% (SE)

.397.93 (2.65)5.88 (0.66).099.24 (2.42)5.71 (0.66).366.91 (1.27)5.69 (0.71)    Heavy
drinker
(yes), mean
% (SE)

.00240.64 (4.80)26.69 (1.18)<.00139.78 (3.59)26.42 (1.22).00133.95 (2.16)25.34 (1.41)    Cognitive
stress (yes),
mean %
(SE)
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Suicidal ideationExperience of melancholyCognitive stressVariables

P valueYes (n=161)No (n=2600)P valueYes (n=225)No (n=2536)P valueYes (n=702)No (n=2059)

.276.25 (2.30)4.1 (0.48).235.94 (1.79)4.07 (0.48).165.21 (0.93)3.89 (0.52)    Diagnosis
of depres-
sion (yes),
mean %
(SE)

Fathers

.5446.82 (0.53)47.16 (0.14).4947.41 (0.42)47.11 (0.14).0447.54 (0.23)47.01 (0.15)    Age
(years),
mean (SE)

.2943.87 (5.69)49.89 (1.78).3845.76 (4.69)49.87 (1.81).1045.87 (2.90)50.72 (1.89)    Education
(≥ universi-
ty), mean %
(SE)

.2490.93 (4.25)94.88 (0.77).8894.39 (1.76)94.67 (0.83).6695.07 (1.15)94.51 (0.88)    Current
economic ac-
tivity (yes),
mean %
(SE)

.6724.99 (0.35)24.84 (0.10).9024.88 (0.26)24.84 (0.10).2824.70 (0.16)24.89 (0.11)    BMI

(kg/m2),
mean (SE)

.4586.85 (0.97)86.09 (0.26).8486.26 (0.65)86.13 (0.27).8886.19 (0.45)86.12 (0.28)    Waist cir-
cumference
(cm), mean
(SE)

.2437.34 (5.62)44.11 (1.53).5841.35 (4.40)43.93 (1.59).3046.15 (2.79)42.95 (1.69)    Current
smoker
(yes), mean
% (SE)

.04618.17 (3.77)26.78 (1.34).7127.68 (4.01)26.16 (1.36).1728.86 (2.37)25.46 (1.42)    Heavy
drinker
(yes), mean
% (SE)

.6032.3 (5.15)29.6 (1.43).6528.03 (3.87)29.90 (1.44).2732 (2.48)29.03 (1.56)    Cognitive
stress (yes),
mean %
(SE)

.340.68 (0.68)1.73 (0.42).811.92 (1.15)1.65 (0.41).010.42 (0.30)2.07 (0.50)    Diagnosis
of depres-
sion (yes),
mean %
(SE)

aMean (SE) values represent continuous variables.
bMean percentage (SE) values represent categorical variables.
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Table . Adolescents’ mental health and maternal smoking status (N=2761).

Suicidal ideationExperience of melancholyCognitive stressMaternal
smoking sta-
tus

Model 2c,
OR (95%
CI)

Model 1a,
OR (95%
CI)

% Mean
(SE)

Model 2c,
OR (95%
CI)

Model 1a,
OR (95%
CI)

Mean %
(SE)

Model 2c,
OR (95%
CI)

Model 1a,

ORb (95%
CI)

Mean %
(SE)

1 (ref)1 (ref)5.53 (0.53)1 (ref)1 (ref)7.82 (0.63)1 (ref)1 (refd)24.33 (1)Never
smoked

1.74 (0.80-
3.78)

1.97 (0.93-
4.18)

10.23 (3.20)1.32 (0.68-
2.55)

1.45 (0.74-
2.85)

10.52 (3.07)1.63 (1.04-
2.59)

1.72 (1.08-
2.75)

35.19 (5.17)Ex-smoker

1.72 (0.88-
3.38)

2.39 (1.17-
4.88)

12.39 (3.84)1.64 (0.93-
2.89)

2.09 (1.20-
3.65)

15.07 (3.71)1.65 (1.06-
2.56)

1.88 (1.20-
2.95)

37.83 (5.19)Current
smoker

aModel 1: adjusted for adolescents’ age and sex.
bOR: odds ratio.
cModel 2: adjusted for adolescents’ age, sex, household income, current smoking status, and heavy drinking status.
dref: reference.

Regarding adolescents’ cognitive stress, we found significant
differences according to their age (P=.02), sex (P=.005), current
smoking status (P<.001), and heavy drinking status (P<.001);
maternal age (P=.03), current smoking status (P=.006), and
cognitive stress (P=.001); and paternal age (P=.04) and
diagnosis of depression (P=.01).

For adolescents’ experiences of melancholy, we observed
significant differences according to their age (P=.007), sex
(P<.001), current smoking status (P=.001), and heavy drinking
status (P<.001), as well as maternal current smoking status
(P=.009) and cognitive stress (P<.001). No significant
associations were found for the paternal variables.

Suicidal ideation showed significant differences according to
adolescents’ sex (P<.001), current smoking status (P=.003),
and heavy drinking status (P<.001); maternal education level
(P=.02), current smoking status (P=.02), and cognitive stress
(P=.002); and paternal heavy drinking status (P=.046).

Association Between Adolescents’ Mental Health and
Parental Smoking Status
Table 2 presents the association between adolescents’ mental
health and maternal smoking status. In Model 1 of the logistic
regression analysis, we adjusted for adolescent age and sex. In
Model 2, we adjusted for adolescent age, sex, smoking status,
alcohol consumption, and household income. The analysis
revealed that maternal smoking status was significantly
associated with adolescents’ cognitive stress and melancholy
(P=.03). The ORs for adolescents’ cognitive stress were 1.72
(95% CI 1.08‐2.75) and 1.63 (95% CI 1.04‐2.59) in Models
1 and 2, respectively, in the group with mothers who were
ex-smokers; the ORs were 1.88 (95% CI 1.20‐2.95) and 1.65

(95% CI 1.06‐2.56) in Models 1 and 2, respectively, in the
group with mothers who were current smokers. The OR for
adolescents’ experience of melancholy was significant in Model
1 at 2.09 (95% CI 1.20‐3.65) only in the group with mothers
who were current smokers. In addition, the OR for adolescents’
suicidal ideation was significant in Model 1 at 2.39 (95% CI
1.17‐4.88) only in the group with mothers who were current
smokers. Paternal smoking was not significantly associated with
adolescents’ mental health.

Association Between Adolescents’ Mental Health and
Mothers’Current Smoking Status and Cognitive Stress
Figure 2 shows the association between adolescents’ mental
health and mothers’ current smoking status and cognitive stress.
We classified mothers into 4 groups depending on their current
smoking status and cognitive stress: Group A (reference group)
for mothers who were “not current smokers and without
cognitive stress,” Group B for mothers who were “not current
smokers but with cognitive stress,” Group C for mothers who
were “current smokers but without cognitive stress,” and Group
D for mothers who were “current smokers with cognitive stress.”
The significant ORs were 1.36 (95% CI 1.06‐1.75) in Group
B and 2.09 (95% CI 1.12‐3.90) in Group D for adolescents’
cognitive stress, and 1.59 (95% CI 1.11‐2.27) in Group B and
2.27 (95% CI 1.10‐4.71) in Group D for adolescents’
experiences of melancholy.

However, adolescents’ suicidal ideation was significant for only
Group D (OR 2.74, 95% CI 1.21‐6.23). Figure 2 shows that
adolescents’ mental health ORs in Group D (current smokers
with cognitive stress) were higher than those in Group A
(reference group).
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Figure 2. Association between adolescents’ mental health and mothers’ current smoking status and cognitive stress (N=2761). OR: odds ratio.

Discussion

Principal Findings
This study examined the association between parental smoking
status and the mental health of their adolescents in South Korea,
specifically focusing on cognitive stress, melancholy, and
suicidal ideation. Furthermore, we analyzed these factors
separately for mothers and fathers to identify any differences
in the effects.

We observed a significant relationship between adolescents’
cognitive stress and their parents’ age and current smoking
status. As parents age and their physical aging progresses, their
employment stability may decrease; in addition, they often have
to care for their own older parents. This can expose their
children to various stressful situations [21]. In addition, mental
health problems such as parental depression can negatively
affect children’s cognitive health. However, strengthening
protective factors across various areas of adolescents’ lives may
help prevent psychological health problems among adolescents
[22]. Therefore, researchers should use multiple approaches to
improve parental mental health and reduce perceived stress
among adolescents.

Mothers’current smoking status and cognitive stress influenced
their adolescents’ experiences of melancholy, whereas fathers’
smoking status had no such significant effect. Parent–child
communication is related to adolescents’ life satisfaction, with
their relationships with mothers having a particularly strong
influence on girls [23]. In contrast, adolescent aggression and
depressive symptoms were associated with increased
mother-adolescent conflict [24]. In South Korean culture, the
mother-child relationship is notably close [25], which may
explain why mothers have a stronger influence on their
adolescents’ mental health than fathers. The observed effects
of maternal smoking could also be influenced by prevailing
social norms. In many Asian cultures, women who smoke may
be perceived as violating traditional norms, leading to moral

judgments (eg, viewed as less respectable, lacking self-control,
or not family-oriented). This social stigma can indirectly affect
adolescents’ mental health through social pressure, family
reputation concerns, or community gossip.

Reiss et al [26] analyzed data from the German National Health
Interview and Examination Survey for children and adolescents,
revealing that children of parents with higher education levels
had fewer mental health problems in response to stressful life
situations than their peers. Moreover, Guerrero et al [27]
reported that the children of parents with lower education levels
required interventions to address their risk of developing mental
health problems due to stressful situations. These results echo
those of our study, as parents’ level of education can create high
expectations for their children to study or go to school. In
addition, the expression of conflict can be attributed to
differences in one’s future goals.

Maternal smoking and cognitive stress consistently had
significant effects on adolescents’ mental health, as mothers’
smoking status was associated with their adolescents’ cognitive
stress, melancholy, and suicidal ideation. Adolescents whose
mothers were current smokers and experienced stress exhibited
higher cognitive stress, melancholy, and suicidal ideation than
those whose mothers did not smoke or experience stress.
Amrock and Weitzman [28] analyzed data from the National
Health Interview Surveys in the United States to examine the
mental health of children aged 4‐17 years and identified a
negative effect of parental mental health and sex on adolescent
mental health. However, our study found that only maternal
cognitive stress significantly affected adolescents’ cognitive
stress, melancholy, and suicidal ideation. This could be because
in South Korea, mothers are primarily responsible for raising
their children; thus, their mental health may have a more
significant influence on their children than that of their fathers.
Moreover, in a study comparing mothers’ child-rearing stress
in the United States and South Korea, South Korean mothers
showed substantially higher stress levels than did American
mothers [29].
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Lee et al [30] found that adolescents’ mental health was
significantly associated with maternal mental health and
smoking status but not with paternal mental health. This
difference may be because fathers often display cooperative
and constructive problem-solving behaviors that adolescents
tend to emulate. However, their focus on problem-solving may
reduce emotional engagement, making interactions feel less
supportive than the warmth typically provided by mothers [31].
Moreover, maternal depression can impair mother-child
attachment and elevate maternal stress, leading to diminished
nurturing behaviors. This creates a stressful home environment,
potentially resulting in developmental challenges and emotional
difficulties for adolescents [32]. Children may develop
psychological symptoms as a result of receiving insufficient
support during challenging moments, thereby necessitating the
consideration of parental mental health [33]. By addressing
parents’ needs through family support programs, health
professionals can improve the mental and behavioral health of
adolescents as well as the happiness and nurturing nature of
parents. Such family support programs can be a part of treatment
and prevention [34].

Stress is a significant risk factor for smoking, as individuals
often smoke to reduce stress [35]. In South Korea, the negative
perception of women smoking likely means that the actual
number of female smokers is substantially higher than the
officially reported smoking rates [36]. Therefore, women may
be more likely to smoke in personal spaces, such as their homes,
than in public areas; therefore, children may be more likely to
be exposed to their mothers’ smoking.

Our findings provide valuable evidence supporting the influence
of parental smoking on adolescents’ mental health. However,
this study has some limitations. First, our cross-sectional design
limits causal interpretation. We analyzed data from the
nationwide KNHANES; therefore, the results are associative
rather than causative, restricting our ability to confirm causal
relationships between parental smoking and adolescent mental

health outcomes. Second, this study focused exclusively on
South Korean adolescents and parents; therefore, the results
may not apply to populations in different cultural or social
environments, and their generalizability may be limited. Finally,
the accuracy of self-reported parental smoking status remains
a potential issue. The cultural stigma surrounding women
engaging in smoking in South Korea may lead to the
underreporting of mothers’ smoking behaviors. Future research
should consider a wider range of variables and interaction effects
to provide a more comprehensive analysis of the factors
affecting adolescent mental health and strengthen the
understanding of these relationships across cultural contexts.
In addition, future studies should incorporate longitudinal data
to better understand the causality of these variables.

Limitations and Recommendations
The cross-sectional design of our study limits the ability to
establish causality, while the self-reported nature of data presents
a risk of underreporting, especially for maternal smoking due
to cultural stigma. We recommend that future research use
longitudinal data to better understand the causal relationships
between variables. In addition, we suggest incorporating diverse
measurement methods and standardized mental health scales
to overcome the limitations of single-item, self-reported data.

Conclusions
We examined the relationship between parental smoking status
and the mental health of adolescents in South Korea and found
a significant association between adolescents’ mental health
and mothers’current smoking status. Moreover, maternal stress
has a substantial association with their adolescents’ well-being.
We recommend programs to support mothers in managing their
stress without having to rely on smoking and to quit smoking,
as this can lead to improvements in their children’s mental
health. Therefore, systematic support at the national and
domestic levels is required. Future research should explore
additional factors affecting both parents’and adolescents’mental
health.
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