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Background: This study aimed to investigate the knowledge, attitude, and practice (KAP) of postmenopausal women toward
postmenopausal osteoporosis (PMOP).

Methods: A cross-sectional study was conducted between March and July 2024 at the First Affiliated Hospital of Anhui Medical
University among postmenopausal women, using a self-administered questionnaire. KAP scores >70% were defined as adequate levels
based on previous literature. Structural equation modeling (SEM) was constructed based on the KAP theoretical framework to examine
the relationships among knowledge, attitude, and practice.

Results: A total of 466 valid questionnaires were analyzed, with a validity rate of 97.69%. The mean knowledge, attitude, and practice
scores were 14.08 + 7.90 (range: 0-30), 24.45 £+ 2.43 (range: 7-35), and 16.42 + 3.96 (range: 5-25), respectively. Multivariate logistic
regression analysis revealed that knowledge was negatively associated with practice (OR = 0.936, 95% CI: [0.910-0.962], P < 0.001).
Additionally, education level (OR = 1.752, 95% CI: [1.110-2.766], P = 0.016) and marital status (OR = 0.392, 95% CI: [0.167-0.917],
P = 0.031) were independently associated with better practice. The structural equation model results indicated that knowledge was
significantly associated with attitude (f = 0.481, 95% CI: 0.402—0.570, P = 0.009), and was negatively associated with practice ( =
—0.324, 95% CI: —0.460-0.199, P = 0.011).

Conclusion: Postmenopausal women showed poor PMOP knowledge and prevention practices, with a notable knowledge—practice
gap. Higher knowledge levels were associated with poorer preventive practices, suggesting that knowledge alone may not translate
into appropriate health behaviors. Targeted interventions addressing both awareness and behavioral barriers are needed.
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Introduction

Osteoporosis (OP) is an osteometabolic disorder and silent killer characterized by impaired bone matrix mineralization,
leading to a decrease in bone mass, micro-architectural deterioration of bone tissue, and predisposition to fracture.! OP is
a disease of aging. In countries with serious aging society, such as China, its prevalence is gradually increasing. A 2019
survey2 analyzed data from 75,321 adults in seven research centers in Northeast, North, East, and Southwest China. The
study found that the age-standardized prevalence of OP in men and women aged 50 and above was 6.46% and 29.13%
respectively. It is estimated that there are currently 10.9 million men and 49.3 million women in China suffering from OP.
By 2050, it’s predicted that OP will affect 7.46% of Chinese men and 39.19% of women aged 50 and above.’
Osteoporotic fracture leads to increased mortality and disability rates, consuming huge medical expenses and resources,
and causing great burden on families and society. Therefore, it has become a serious chronic disease that threatens the

health of Chinese citizens.*
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Among the common causes of OP, postmenopausal OP (PMOP) caused by estrogen deficiency has the highest
incidence rate.” Despite its high incidence and significant hazards, most women are only familiar with the disease’s name
and lack an understanding of the dangers it poses as well as the importance of early diagnosis and treatment. Therefore,
most PMOP patients often delay the treatment opportunity, resulting in increased risk of fracture and significantly
reduced quality of life.

The Knowledge, Attitude, and Practice (KAP) survey serves as a valuable diagnostic research tool, shedding light on
a group’s understanding, beliefs, and behaviors concerning a specific subject. In the context of health literacy, it is
grounded in the premise that knowledge is a catalyst for shaping attitudes, which in turn influence behaviors.®® Despite
the well-documented health implications of OP, it becomes apparent that postmenopausal women may exhibit deficien-
cies in their awareness, attitudes, and practices related to this condition. This gap in knowledge and understanding could
result in a lack of timely preventive actions, such as maintaining appropriate nutrition, engaging in moderate exercise,
and seeking essential medical guidance. While previous KAP studies have explored healthcare workers and men,”'°
there is a conspicuous absence of KAP studies concerning postmenopausal women. In addition, existing studies on
postmenopausal women are often limited by small or region-specific samples and variability in measurement tools, which
may affect the comparability and generalizability of findings. Additionally, the existing research on PMOP and bone
health in postmenopausal women remains limited in scope and comprehensiveness.!' Although the KAP framework is
widely used to assess health-related behaviors, its traditional linear assumption that knowledge leads to attitudes and
subsequently to behavior has been increasingly questioned. In this study, we adopted the KAP framework as a guiding
structure while further exploring the relationships among its components using structural equation modeling to capture
more complex pathways. Therefore, this study aimed to investigate the KAP of postmenopausal women toward PMOP
and to examine the relationships among knowledge, attitude, and practice using structural equation modeling. We
hypothesized that knowledge would influence practice both directly and indirectly through attitude, thereby providing
a more comprehensive understanding of the pathways underlying preventive behaviors.

Materials And Methods

Study Design and Participants

This cross-sectional study was conducted between March 2024 and July 2024 at the First Affiliated Hospital of Anhui
Medical University. The participants were postmenopausal women primarily recruited from the hospital’s health
examination center and nearby community health centers. To ensure broad participation, flyers were posted in multiple
community health centers to invite eligible individuals who were interested in joining the study. Inclusion criteria
were: 1) Age > 40 years and a minimum of 12 months since the occurrence of natural menopause; 2) Demonstrated
literacy skills sufficient to independently complete the questionnaire; 3) Willing participation, as confirmed by the
provision of signed informed consent. Exclusion criteria were: 1) Individuals with a personal history of mental illness or
a documented family history of mental illness. The study received ethical approval from the Committee on Medical
Ethics of the First Affiliated Hospital of Anhui Medical University (Approval No. 2024-01-67), and informed consent
was obtained from the participants.

Questionnaire Introduction
The questionnaire design was informed by the consensus of leading Chinese experts specializing in the prevention and
treatment of OP in perimenopausal and postmenopausal women, along with insights from relevant research articles.!! 13
Following the initial design, the questionnaire underwent two rounds of expert consultation. In the first round, it was
reviewed and modified by two endocrinology experts, each boasting over 30 years of experience. The second round
involved feedback from one endocrinology expert with over 30 years of experience and one epidemiology expert with
over 20 years of experience. To ensure the questionnaire’s reliability, a random sample of 99 individuals was selected for
testing, resulting in a Cronbach’s a coefficient of 0.895, indicating a commendable level of internal consistency.

The final questionnaire comprised four sections: demographic information, knowledge dimension, attitude dimension,

and practice dimension. The knowledge dimension encompassed 15 questions, with scores of 2, 1, and 0 allocated for
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complete understanding, partial understanding, and lack of clarity, respectively, resulting in a possible score range of 0—
30 points. This scoring approach was adopted to capture varying levels of understanding beyond a simple correct/
incorrect dichotomy, allowing for more nuanced assessment of participants’ knowledge. “Partial understanding” was
defined as recognizing the general concept but lacking complete or accurate details. The attitude dimension encompassed
7 questions, employing a five-point Likert scale. Positive attitude questions were rated from 5 points (strongly agree) to 1
point (strongly disagree), while negative attitude questions (1st, 3rd, and 6th questions) were reverse-scored, yielding
a score range of 7-35 points. The practice dimension evaluated the frequency of various preventive measures in daily
life. There are a total of 11 questions in the practice dimension. Among them, 5 questions adopt a 5-point Likert scale,
ranging from “never” (1 point) to “every day” (5 points), with a total score ranging from 5 to 25. These items were
included in the composite practice score as they reflect the frequency of core preventive behaviors. The remaining 6
questions (eg, exercise type, duration of exercise, duration of sun exposure, and information sources) were analyzed
descriptively because they represent qualitative or contextual aspects of behavior that are not directly comparable on
a unified frequency scale. KAP scores exceeding 70% were considered indicative of sufficient knowledge and positive
attitudes and practices, based on previously published KAP studies using similar cut-off criteria 14. Although this
threshold has been widely applied across different health-related KAP studies, its applicability to osteoporosis-related
populations should be interpreted with caution.'*

The questionnaire was developed using the Questionnaire Star platform (https://www.wjx.cn), with an electronic QR

code generated for distribution. It was disseminated through popular social media platforms (eg, Weibo, WeChat) and
posted at the entrances of participating health examination centers and community health centers. Additionally, paper-
based questionnaires were administered by on-site staff to broaden participation and minimize selection bias.
Participants were recruited through random sampling during their visits to these centers. Trained research assistants
explained the study purpose and procedures to voluntary participants. For electronic responses, participants accessed the
questionnaire by scanning the QR code and were required to log in via a social media account (one response per unique
ID). All questions were mandatory to ensure completeness, and submissions with missing items were prohibited. Paper
questionnaires were distributed in person, with research assistants verifying responses for duplicates or errors.

Quality Control

To uphold data reliability, a dedicated team of physicians and healthcare professionals provided assistance during
questionnaire completion. Two trained research assistants independently evaluated the integrity, internal consistency,
and validity of all responses. Questionnaires completed in less than 120 seconds or containing logical inconsistencies (eg,
conflicting answers) were excluded. Prior to analysis, cross-checks between electronic and paper submissions were
performed to identify and remove duplicate entries.

Sample Size Calculation

Drawing from prior literature, the awareness rate of OP in postmenopausal women stands at 51%,'> accompanied by
a 95% confidence interval and a permissible error of 5%. Consequently, the calculated sample size was determined to be
384. To account for potential participant attrition, a 10% dropout rate was considered, leading to a finalized minimum
sample size of 422. In addition, considering the requirements of structural equation modeling, the sample size was
deemed adequate based on the commonly recommended criterion of at least 10-20 participants per observed variable,
ensuring sufficient statistical power and model stability.

Statistical Analysis

Statistical analysis was conducted using SPSS 22.0 (IBM Corp., Armonk, N.Y., USA). Continuous variables were
described using mean + standard deviation (SD), and between-group comparisons were performed using t-tests or
analysis of variance (ANOVA). Categorical data were expressed as n (%) and analyzed using the chi-square test.
Pearson correlation analysis was employed to assess the correlations between knowledge, attitude, and practice scores.
Univariate variables with P<0.05 were enrolled in multivariate regression. In regression analyses, knowledge, attitude,
and practice scores were treated as continuous variables when included as independent variables. For logistic regression
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analysis, knowledge, attitude, and practice scores were dichotomized using the 70% threshold, with scores >70% defined
as adequate/positive and scores <70% defined as inadequate/negative. The relationships among knowledge, attitude, and
practice were assessed using a path analysis model (structural equation model, SEM). The hypothesized paths were
constructed based on the KAP theoretical framework and relevant literature, with knowledge specified to be associated
with attitude and practice, while attitude was modeled as a potential mediator between knowledge and practice. Model fit
was evaluated using root mean square error of approximation (RMSEA), incremental fit index (IFT), Tucker-Lewis index
(TLI), and comparative fit index (CFI). Two-sided p<0.05 were considered statistically significant in this study.

Results

Demographic Characteristics

Initially, 477 questionnaires were collected for this study. After excluding 4 cases with response times less than
120 seconds, 2 cases with disagreements regarding informed consent, and 4 cases with logical errors, 466 valid responses
remained, resulting in a validity rate of 97.69%. Among these participants, 254 (54.51%) were under the age of 60, 212
(45.49%) were aged 60 years and above, 390 (83.69%) resided in urban areas, 76 (16.31%) resided in rural or suburban
areas, 291 (62.45%) were retired, and 168 (36.05%) had been in menopause for five years and above. 148 (31.76%) had
been in menopause for 5-10 years, and 150 (32.19%) had been in menopause for more than 10 years. Additionally, 95
(20.39%) had been diagnosed with osteoporosis, 398 (85.41%) had no history of osteoporotic fractures, 30 (6.44%) had
a history of osteoporotic fractures, and 406 (87.12%) had not undergone PMOP treatment (Table 1).

Table | Demographic Characteristic and Knowledge, Attitude, Practice Scores

Variables N (%) Knowledge Attitude Practice
Score P Score P Score P

Total Score 466 14.08+7.90 24.45+2.43 16.42+3.96
Age 0.251 0.018 0.167
<60 years 254 (54.51) | 13.69+7.90 24.69+2.44 16.66+£3.91
60 years and above 212 (45.49) | 14.54+7.88 24.16£2.39 16.13+4.01
Residence <0.001 0.238 0.575
Rural + Suburban 76 (16.31) | 9.01+7.92 24.14+2.60 16.13+4.09
Urban 390 (83.69) | 15.06%7.51 24.51+2.40 16.47+£3.94
Education <0.001 0.039 0.111
High school and below 255 (54.72) | 11.60£7.58 24.24+2.54 16.15+4.09
College and above 211 (45.28) | 17.07+7.22 24.70+2.27 16.75£3.79
Marital Status 0.386 0.357 0.028
Married 438 (93.99) | 14.16x7.97 24.47+2.42 16.33+£3.97
Unmarried/Divorced/Widowed 28 (6.01) 12.82+6.73 24.04+2.65 17.79£3.66
Monthly Per Capita Income <0.001 0.023 0.238
<5000 (<2000 yuan + 2000—4999 yuan) 258 (55.36) | 12.15%7.70 24.22+2.53 16.22+4.06
25000 (5000-9999 yuan + 210000 yuan) 208 (44.64) | 16.47+7.49 24.73+2.28 16.66+3.84
Employment Status <0.001 0.154 0.001
Employed 105 (22.53) | 15.21+843 24.55+2.64 17.68+3.07
Retired 291 (62.45) | 15.03+7.30 24.53+2.31 16.10£4.17
Unemployed and Other (eg, homemaker) 70 (15.02) 8.40+7.11 23.93+2.58 15.87+3.90
Smoking 0.567 0.101 0.005
Yes 11 (2.36) 12.734£7.72 25.64+3.07 19.734£3.77
No 455 (97.64) | 14.11£7.91 24.42+2.41 16.34£3.94
Excessive Alcohol Consumption 0.451 0.270 0.041
Yes 9 (1.93) 12.11£9.66 25.33%3.77 19.00£2.35
No 457 (98.07) | 14.12+7.87 24.43+2.40 16.374£3.97

(Continued)
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Table | (Continued).

Variables N (%) Knowledge Attitude Practice
Score P Score P Score P

Years Since Menopause 0.812 0.003 0.279
<5 years 168 (36.05) | 13.76+8.06 24.81+2.51 16.76+3.97

5-10 years 148 (31.76) | 14.25£7.49 24.59+2.25 16.35+3.93

>10 years 150 (32.19) | 14.26%8.15 23.90+2.44 16.10+3.98
Osteoporosis <0.001 0.012 0.053
Yes 95 (20.39) 16.16+7.85 24.72+2.69 16.07+4.05

No 143 (30.69) | 15.83£7.98 24.81+2.26 15.83+4.49
Uncertain 228 (48.93) | 12.11£7.40 24.11£2.38 16.93+3.50
History of Osteoporotic Fracture <0.001 0.046 0.150
Yes 30 (6.44) 14.40+7.74 25.23+3.14 15.77+4.32

No 398 (85.41) | 14.58+7.83 24.45+2.32 16.36+3.97
Uncertain 38 (8.15) 8.53+6.64 23.76+2.77 17.50+3.49
Osteoporosis Medication Treatment <0.001 0.015 0313
Yes 46 (9.87) 18.43+7.77 25.00+2.78 15.65+4.23

No 406 (87.12) | 13.84+7.65 24.44+2.32 16.49+3.93
Uncertain 14 (3.00) 6.64+8.50 22.86+3.63 16.93+4.08

Ever had a bone mineral density examination <0.001 0.008 0.152
Yes 227 (48.71) | 16.84+7.26 24.81+2.58 16.12+4.23

No 239 (51.29) | 11.45+7.58 24.10£2.23 16.70+3.67

Knowledge, Attitude and Practice Dimensions

The mean knowledge, attitude and practice scores were 14.08 + 7.90 (possible range: 0-30), 24.45 + 2.43 (possible
range: 7-35) and 16.42+3.96 (possible range: 5-25). Knowledge, attitude, and practice scores varied among postmeno-
pausal women with different education levels (P < 0.001 and P = 0.039), monthly per capita income (P < 0.001 and P =
0.023), history of osteoporotic fractures (P < 0.001 and P = 0.046), and whether they had undergone osteoporosis
medication treatment (P < 0.001 and P = 0.015). Furthermore, differences in residence (P < 0.001) and employment
status (P < 0.001 and P = 0.001) were associated with significant differences in knowledge, attitude, and practice scores
among postmenopausal women. Finally, variations in age (P = 0.018) and the duration of menopause (P = 0.003) were
linked to differing attitude scores (Table 1).

The distribution of knowledge dimensions revealed that the three questions with the highest number of participants
choosing the “Understand” option were “Do you understand that regular outdoor sunlight exposure can help prevent
osteoporosis?” (K7) with 62.23%, “Do you understand that supplementing calcium and vitamin D can help prevent
osteoporosis?” (K8) with 56.44%, and “Do you understand that moderate exercise can help prevent osteoporosis?” (K9)
with 53.65%. On the contrary, the three questions with the highest number of participants choosing the “Unclear” option
were “Do you understand the adverse effects associated with estrogen therapy?” (K12) with 65.45%, “Do you understand
that women within 10 years of menopause can use estrogen therapy to prevent postmenopausal osteoporosis?” (K11) with
63.09%, and “Do you understand that smoking may lead to osteoporosis?”’ (K6) with 58.58% (Supplementary Table 1).

A significant majority of respondents (76.61%) expressed concern about the potential development of postmenopau-
sal osteoporosis and osteoporotic fractures (Al), with 25.75% strongly agreeing and 50.86% agreeing. Additionally,
a substantial percentage (71.67%) believed that BMD examination should be conducted regularly after the age of 40,
regardless of menopausal status (A2), with 16.31% strongly agreeing and 55.36% agreeing. In contrast, a noteworthy
proportion (42.70%) of participants believed that postmenopausal osteoporosis would not pose a threat to their life (A3),
with 3.86% strongly agreeing and 38.84% agreeing. On the topic of comorbidities, a notable majority (77.89%) agreed
that having other chronic conditions, such as diabetes and rheumatoid arthritis, can contribute to or exacerbate
osteoporosis (A4), with 10.94% strongly agreeing and 66.95% agreeing. The majority of respondents (89.05%) believed
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that postmenopausal osteoporosis is both preventable and treatable (AS), with 13.73% strongly agreeing and 75.32%
agreeing. Additionally, a significant proportion (74.25%) felt that one should not wait until a fracture occurs to undergo
osteoporosis screening (A6), with 13.73% strongly agreeing and 60.52% agreeing. Finally, a substantial majority
(84.34%) emphasized the importance of proactively educating themselves about postmenopausal osteoporosis (A7),
with 19.96% strongly agreeing and 64.38% agreeing (Supplementary Table 2).

Postmenopausal women have diverse practices. 17.38% never drink milk, while 30.90% consume it 1-2 days per week
(P1), and 23.39% drink it every day. 56.44% of respondents never consume strong tea or coffee (P2), while 19.96% drink it
1-2 days per week, and 12.45% drink it every day. In terms of supplementation, 50.64% never take calcium supplements
(P9), while 21.89% take them 1-2 days per week, and 13.30% take them every day. 68.03% never take vitamin D (P10), and
13.52% take it 1-2 days per week. On the topic of exercise, 13.52% never exercise (P4), while 29.18% engage in exercise 3—
4 days per week, and 24.25% exercise every day. 48.28% of participants exercise for 30 minutes to 1 hour each time (P5).
Additionally, 13.95% never sunbathe (P6), 35.62% get sun exposure 1-2 days per week, and 63.52% spend less than
30 minutes in the sun each time (P7). As for the sources of osteoporosis-related knowledge, 65.24% of participants receive
education from healthcare professionals (P10), 45.06% obtain information from the internet and social media, and 38.20%
acquire it from television, newspapers, and other media (Supplementary Table 3).

Multivariate Logistic Regression Analysis

Multivariate logistic regression analysis revealed that having an education level of college or above (OR =1.978, 95% CI:
[1.147-3.410], P=0.014) and receiving osteoporosis medication treatment (OR =2.597, 95% CI: [1.161-5.810], P =0.020)
were independently associated with knowledge. Additionally, lacking awareness of their PMOP condition (OR = 0.455,
95% CI: [0.261-0.795], P = 0.006) was found to be negatively associated with knowledge. Lacking awareness of their
PMOP condition (OR =0.573, 95% CI: [0.368-0.893], P = 0.014) was independently associated with attitude. Knowledge
was independently and negatively associated with practice (OR = 0.936, 95% CI: [0.910-0.962], P < 0.001), while
education level (college and above) (OR = 1.752, 95% CI: [1.110-2.766], P = 0.016), marital status (married) (OR =
0.392,95% CI: [0.167-0.917], P=0.031), and employment status (retired) (OR = 0.582, 95% CI: [0.361-0.939], P =0.027)
or unemployed/other (OR = 0.442, 95% CI: [0.217-0.900], P = 0.024) were independently associated with practice
(Tables 2—4). Attitude was not included in the multivariate model for practice due to its non-significant association in
univariate analysis (P = 0.861).

Table 2 Univariate and Multivariate Logistic Regression Analysis of Knowledge

Variables Knowledge

Univariate Multivariate

OR (95% CI) P OR (95% CI) P
Knowledge / / / /
Attitude / / / /
Age
<60 years Ref.
60 years and above 1.131 (0.721-1.773) 0.593
Residence
Rural or Suburban Ref. Ref.
Urban 2915 (1.293-6.569) 0.010 1.201 (0.453-3.180) | 0.713
Education
High school and below Ref. Ref.
College and above 3.034 (1.891-4.867) <0.001 | 1.978 (1.147-3.410) | 0.014
Marital Status
Married 3.552 (0.828-15.238) | 0.088
Unmarried/Divorced/Widowed Ref.

(Continued)
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Table 2 (Continued).

Variables Knowledge
Univariate Multivariate
OR (95% CI) P OR (95% CI) P

Monthly Per Capita Income
<5000 Ref. Ref.
25000 2.500 (1.574-3.970) <0.001 | 1.481 (0.877-2.502) | 0.142
Employment Status
Employed Ref. Ref.
Retired 0.677 (0.404-1.125) | 0.132 0.711 (0.412-1.228) | 0.221
Unemployed and Other (eg, homemaker) | 0.152 (0.051-0.453) 0.001 0.317 (0.090-1.113) | 0.073
Smoking
Yes 0.379 (0.048-2.997) | 0.358
No Ref.
Excessive Alcohol Consumption
Yes 1.103 (0.226-5.398) | 0.903
No Ref.
Years Since Menopause
<5 years Ref.
5-10 years 0.920 (0.527-1.606) | 0.768
>10 years 1.155 (0.676—1.975) | 0.598
Osteoporosis
Yes 1.259 (0.708-2.237) | 0.433 0.852 (0.419-1.730) | 0.657
No Ref. Ref.
Uncertain 0.434 (0.254-0.742) | 0.002 0.455 (0.261-0.795) | 0.006
History of Osteoporotic Fracture
Yes 1.104 (0.458-2.660) | 0.825
No Ref.
Uncertain 0.311 (0.093-1.036) 0.057
Osteoporosis Medication Treatment
Yes 3.106 (1.641-5.879) | 0.001 2.597 (1.161-5.810) | 0.020
No Ref. Ref.
Uncertain 0.736 (0.161-3.356) | 0.692 1.393 (0.264-7.351) | 0.696
Table 3 Univariate and Multivariate Logistic Regression Analysis of Attitude

Variables Attitude

Univariate Multivariate
OR (95% CI) P OR (95% CI) P

Knowledge 1.028 (1.004-1.053) | 0.020 | 1.019 (0.993—1.045) | 0.151

Attitude / / / /

Age

<60 years Ref. Ref.

60 years and above 0.576 (0.398-0.834) | 0.003 | 0.710 (0.421-1.197) | 0.199

Residence

Rural or Suburban Ref.

Urban 1.508 (0.912-2.496) | 0.110

(Continued)
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Table 3 (Continued).

Variables Attitude
Univariate Multivariate
OR (95% CI) P OR (95% CI) P
Education
High school and below Ref.
College and above 1.310 (0.908-1.889) | 0.149
Marital Status
Married 1.613 (0.728-3.573) | 0.239
Unmarried/Divorced/Widowed Ref.
Monthly Per Capita Income
<5000 Ref. Ref.
25000 1.529 (1.059-2.209) | 0.024 | 1.314 (0.889—1.941) | 0.171
Employment Status
Employed Ref.
Retired 0.945 (0.605-1.477) | 0.804
Unemployed and Other (eg, homemaker) | 0.566 (0.304-1.053) | 0.073
Smoking
Yes 2.042 (0.590-7.071) | 0.260
No Ref.
Excessive Alcohol Consumption
Yes 1.445 (0.383-5.449) | 0.587
No Ref.
Years Since Menopause
<5 years Ref. Ref.
5-10 years 0.802 (0.515-1.248) | 0.328 | 0.908 (0.548—1.505) | 0.708
>10 years 0.476 (0.303-0.747) | 0.001 | 0.594 (0.314-1.126) | 0.110
Osteoporosis
Yes 0.761 (0.452-1.279) | 0.302 | 0.870 (0.505-1.498) | 0.615
No Ref. Ref.
Uncertain 0.548 (0.359-0.836) | 0.005 | 0.573 (0.368-0.893) | 0.014
History of Osteoporotic Fracture
Yes 1.710 (0.802-3.643) | 0.165
No Ref.
Uncertain 0.593 (0.295-1.192) | 0.142
Osteoporosis Medication Treatment
Yes 1.126 (0.612-2.072) | 0.704
No Ref.
Uncertain 0.307 (0.084-1.117) | 0.073
Table 4 Univariate and Multivariate Logistic Regression Analysis of Practice
Variables Practice
Univariate Multivariate
OR (95% CI) P OR (95% CI) P
Knowledge 0.960 (0.937-0.983) | <0.001 | 0.936 (0.910-0.962) | <0.001
Attitude 1.007 (0.934-1.085) | 0.861
Age
<60 years Ref.
60 years and above 0.862 (0.598-1.243) 0.426
(Continued)
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Table 4 (Continued).

Variables Practice
Univariate Multivariate
OR (95% CI) P OR (95% CI) P
Residence
Rural or Suburban Ref.
Urban 1.310 (0.796-2.157) | 0.289
Education
High school and below Ref. Ref.
College and above 1.531 (1.060-2.211) | 0.023 1.752 (1.110-2.766) | 0.016
Marital Status
Married 0.387 (0.171-0.875) | 0.023 0.392 (0.167-0.917) | 0.031
Unmarried/Divorced/Widowed Ref. Ref.
Monthly Per Capita Income
<5000 Ref. Ref.
25000 1.448 (1.003-2.091) | 0.048 1.314 (0.849-2.035) | 0.221
Employment Status
Employed Ref. Ref.
Retired 0.537 (0.342-0.845) | 0.007 0.582 (0.361-0.939) | 0.027
Unemployed and Other (eg, homemaker) | 0.435 (0.235-0.809) | 0.008 0.442 (0.217-0.900) | 0.024
Smoking
Yes 3.167 (0.829-12.090) | 0.092
No Ref.
Excessive Alcohol Consumption
Yes 2.352 (0.581-9.521) | 0.230
No Ref.
Years Since Menopause
<5 years Ref.
5-10 years 0.824 (0.529-1.284) | 0.393
>10 years 0.827 (0.532-1.286) | 0.398
Osteoporosis
Yes 0.936 (0.553—1.585) | 0.806
No Ref.
Uncertain 1.392 (0.914-2.121) 0.123
History of Osteoporotic Fracture
Yes 0.783 (0.368-1.669) | 0.527
No Ref.
Uncertain 1.451 (0.743-2.834) | 0.275
Osteoporosis Medication Treatment
Yes 0.731 (0.392-1.363) | 0.324
No Ref.
Uncertain 1.516 (0.517—4.447) | 0.449

Correlation Analysis

Correlation analysis showed that knowledge was positively associated with attitude (r = 0.185, P < 0.001) but negatively

associated with practice (r = —0.209, P < 0.001), while attitude showed no significant association with practice (r = 0.002,

P = 0.963) (Supplementary Table 4).
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SEM

Table 5 Direct and Indirect Effects of Bootstrap Test

Model Paths Standardized Total Effects Standardized Direct Effects | Standardized Indirect Effects
B (95% CI) B (95% CI) P B (95% CI) P

Knowledge—Attitude | 0.481 (0.402~0.570) 0.009 | 0.481 (0.402~0.570) 0.009

Knowledge—Practice | —0.301 (—0.410~-0.194) | 0.010 | —0.324 (—0.460~-0.199) | 0.011

Attitude—Practice 0.049 (—0.111~0.184) 0.619 | 0.049 (—0.111~0.184) 0619

Knowledge—Practice 0.023 (—0.056~0.093) 0.619

The model fit indices for the SEM indicated an acceptable model fit, as evidenced by the following results: the CMIN/DF
value was 2.802; the RMSEA was 0.062, indicating a good fit (<0.08); the IFI, TLI, and CFI values were 0.890, 0.876,
and 0.889, respectively, exceeding the threshold of 0.8. Although slightly below the conventional 0.90 criterion, these

values are considered acceptable for exploratory models (Supplementary Table 5). The SEM results indicated that
knowledge was significantly associated with attitude (p = 0.481, 95% CI: 0.402—0.570, P = 0.009), and was negatively

associated with practice (f = —0.324, 95% CI: —0.460-0.199, P = 0.011) (Table 5 and Figure 1).

Discussion
Main Finding of This Study

The findings suggest women had inadequate knowledge, moderate attitudes, and inactive practices toward PMOP.

Notably, knowledge was negatively associated with practice across multiple analyses, including multivariate logistic
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regression, correlation analysis, and SEM, indicating that higher knowledge levels were linked to less favorable
preventive behaviors. This unexpected pattern suggests that knowledge alone may not translate into appropriate practice
and highlights a potential disconnect between awareness and behavior. Possible explanations may include perceived
barriers to implementation, lack of access to resources, or insufficient translation of knowledge into actionable skills.
These findings emphasize that improving knowledge alone may be insufficient, and more comprehensive strategies
addressing behavioral, psychological, and contextual factors are needed.

What is Already Known on This Topic
The present study indicated that postmenopausal women exhibit insufficient knowledge and moderate attitudes regarding
PMOP, which poses a significant challenge to clinical practice and public health. To enhance clinical practice in the context of
OP management and prevention, it is imperative to implement targeted educational interventions that focus on improving
knowledge and fostering positive attitudes among this population.'®'” Healthcare professionals, particularly those specializ-
ing in women’s health and geriatrics, play a pivotal role in disseminating information, conducting regular screenings, and
promoting awareness of PMOP, its risk factors, and preventive measures.'®'® Furthermore, public health campaigns and
community-based initiatives are essential to raise awareness and provide accessible resources to empower postmenopausal
women with the knowledge and attitudes necessary for effective PMOP management and prevention.”>*' Compared with
studies conducted in other regions, including the Middle East, Southeast Asia, and Europe, variations in awareness levels and
preventive practices may be influenced by differences in healthcare systems, access to screening, and cultural attitudes toward
osteoporosis management. These international differences further highlight the need for context-specific strategies in China.
The study discerned significant variations in knowledge and attitude scores among postmenopausal women, with
educational levels, monthly per capita income, OP status, history of osteoporotic fractures, and PMOP medication treatment
playing pivotal roles. Moreover, disparities related to residence and employment status were associated with varying knowl-
edge scores. Notably, age and the duration of menopause were linked to differing attitude scores. Multivariate logistic
regression analysis further underscored the independent influence of higher education and PMOP medication treatment on
knowledge, while the lack of awareness about one’s PMOP condition was independently associated with knowledge and
attitude scores. These findings underscore the multifaceted determinants of knowledge and attitudes among postmenopausal
women, highlighting the need for targeted interventions and educational initiatives that consider these diverse factors to

enhance clinical practice, particularly in the context of PMOP management and prevention.?**

What This Study Adds

The distribution of knowledge among participants underscores significant deficiencies in understanding various aspects of
PMOP. Notably, a substantial proportion of participants (48.93%) reported being uncertain about their osteoporosis status,
which may reflect limited diagnostic awareness and insufficient access to screening services among postmenopausal
women. In particular, awareness of estrogen therapy-related knowledge was notably low, with only 13.30% of participants
reporting clear understanding. Given the important role of estrogen in the prevention and management of postmenopausal
osteoporosis, this finding highlights a critical gap between clinical recommendations and patient awareness. These findings
necessitate a focused approach to enhance clinical practice and promote better PMOP management and prevention.
Initiatives should include comprehensive education campaigns addressing the root causes of these knowledge gaps, with
particular emphasis on estrogen therapy, fracture risk awareness, and appropriate screening strategies.'®** By addressing
the specific areas of misunderstanding identified in the study, healthcare providers and public health practitioners can
deliver tailored interventions. These interventions should emphasize the importance of understanding the impact of
estrogen deficiency on OP, the role of family history as a risk factor that necessitates more vigilant screening, and the
influence of lifestyle factors. Preventive measures such as calcium and vitamin D supplementation, regular exercise, and
Bone Mineral Density (BMD) examination should be highlighted to effectively manage and reduce the risk of postmeno-
pausal OP.>>?® Moreover, a clear discrepancy was observed between knowledge and behavior. Although a relatively high
proportion of participants were aware of the benefits of sunlight exposure, actual practices remained suboptimal, with many
participants reporting limited or no sun exposure. This inconsistency further supports the existence of a knowledge—practice
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gap identified in this study. In addition, addressing the potential benefits and risks of estrogen therapy, as well as the
consequences of osteoporotic fractures, should be a fundamental component of these educational programs.'”’

The distribution of attitudes highlights various gaps and misconceptions in the perception of PMOP, warranting
targeted efforts to improve clinical practice in this context. Notably, 42.70% of participants agreed or strongly agreed that
PMOP would not threaten their life, reflecting a potentially dangerous misconception that may reduce the perceived
urgency of prevention and early intervention. To address these deficiencies, there is a critical need for comprehensive and
tailored educational initiatives focusing on altering attitudes and beliefs regarding PMOP, combined with behavioral
support strategies to facilitate the translation of attitudes into actual preventive practices. Healthcare providers and public
health practitioners can play a pivotal role in promoting increased awareness of the risks associated with PMOP,
emphasizing the importance of regular BMD examination regardless of menopausal status for women over 40 years
old and dispelling the misconception that PMOP poses no threat to life.?®*° The significance of comorbidities as risk
factors for PMOP and the potential for prevention and treatment must also be underlined. Furthermore, it is vital to
advocate for proactive education and the importance of PMOP prevention measures.'®

The distribution of practices among postmenopausal women reveals several areas of concern and room for enhance-
ment in clinical practice. These findings also suggest the presence of a subgroup with relatively higher knowledge but
suboptimal practices, highlighting the need for clinicians to identify and provide targeted support for individuals with
a knowledge—behavior gap. Notably, a discrepancy was observed between calcium supplementation behavior and
osteoporosis medication treatment. While a high proportion of participants reported never taking calcium supplements,
only a small percentage received formal osteoporosis treatment, which may reflect differences between general dietary
supplementation behaviors and clinically prescribed pharmacological treatments. Addressing these deficiencies necessi-
tates targeted strategies to promote better practices related to PMOP prevention and management. Promoting a more
active lifestyle and engaging in regular exercise, specifically weight-bearing and balance-enhancing activities, should be
encouraged as part of daily routines.>® ** Although most participants reported engaging in aerobic exercise, the adoption
of strength and balance training, both critical for osteoporosis prevention, was notably low. This imbalance in exercise
patterns may partially explain why knowledge does not translate into optimal preventive practices. Additionally, it is
crucial to educate women about the benefits of sun exposure for vitamin D synthesis. These initiatives should also
consider women’s preferences for information sources, utilizing both traditional and modern channels, such as television,
newspapers, magazines, the internet, and social media. In conjunction with public health campaigns and educational
interventions, these approaches can help bridge the knowledge-practice gap and ultimately improve clinical practice in
PMOP prevention and management.>>~*

The correlation and SEM results reveal a complex relationship between knowledge, attitude, and practice in
postmenopausal PMOP. The positive correlation between knowledge and attitude aligns with existing literature, con-
firming that increased knowledge leads to more favorable attitudes toward prevention.***® However, the weak and non-
significant association between attitude and practice (B = 0.049, P = 0.619) suggests that while individuals may hold
positive attitudes, these may not necessarily translate into preventive actions. Furthermore, the negative association
between knowledge and practice points to a disconnect between awareness and action, suggesting that other factors, such
as accessibility, perceived barriers, or insufficient behavioral support, may influence the adoption of preventive
measures.>’ This finding may also reflect that individuals with greater knowledge are more aware of the complexity of
prevention, potential treatment limitations, or their own risk status, which may lead them to report their behaviors more
cautiously. In addition, it is possible that women with higher knowledge levels may already have poorer bone health,
previous symptoms, or greater perceived vulnerability, which could increase their awareness while simultaneously
limiting their ability or motivation to engage in preventive behaviors. Another possible explanation is that greater
awareness of osteoporosis-related risks may, in some individuals, induce worry or avoidance rather than proactive
behavioral change. Therefore, the observed negative association should be interpreted cautiously and may reflect the
combined influence of psychological, behavioral, and unmeasured clinical factors. These findings emphasize the need for
multifaceted interventions that enhance both knowledge and the practical implementation of preventive strategies.

Importantly, the negative association between knowledge and practice suggests that traditional education-based
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approaches alone may be insufficient. Behavioral change strategies, such as motivational interviewing, goal-setting, and
reinforcement-based interventions, may be necessary to bridge the gap between knowledge and action.

Limitations of This Study

This study has several limitations. First, its cross-sectional design precludes the establishment of causal relationships;
therefore, all observed relationships should be interpreted as associations rather than causal effects. Second, the use of
self-administered questionnaires may introduce response bias, and the single-center setting may limit the generalizability
of the findings. In addition, the reliance on self-reported data may result in recall bias and social desirability bias, as
participants may provide answers they perceive as socially acceptable rather than reflecting their true attitudes and
practices. Furthermore, the small number of participants reporting smoking or excessive alcohol consumption may have
limited the reliability of subgroup comparisons for these variables. The recruitment of participants from health
examination centers and nearby communities may also introduce sampling bias, as women with extremely poor health
status or those less engaged in healthcare services may be underrepresented. Moreover, although the questionnaire
demonstrated good internal consistency, its validity was not formally assessed. Certain items (eg, those related to
estrogen therapy) may also be influenced by cultural and clinical practice patterns in China, where hormone replacement
therapy is less commonly utilized. Finally, although the SEM demonstrated acceptable model fit, the indices were
marginal, and the possibility of unmeasured confounding factors cannot be excluded.

Conclusion

In conclusion, this study highlights a gap in knowledge and suboptimal practices regarding PMOP among postmenopausal
women, despite a moderate attitude toward the condition. Notably, higher knowledge levels were associated with poorer
preventive practices, suggesting that knowledge alone may not be sufficient to promote appropriate health behaviors.
Therefore, interventions should not only focus on improving awareness but also address behavioral, perceptual, and practical
barriers to effectively translate knowledge into action, thereby improving osteoporosis prevention practices.
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