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Background: Older men (≥50 years) in China face elevated HIV infection risks, yet HIV stigma remains a significant barrier to prevention. Although HIV knowledge is frequently assumed to reduce stigma, the evidence is inconsistent. This cross-sectional study examined the association between HIV knowledge and stigma among older men in Southwest China, specifically investigating potential nonlinear patterns within sociocultural contexts.

Methods: We conducted a cross-sectional survey from July to August 2023 in three high-HIV-burden areas of Sichuan Province. Using a multi-stage cluster random sampling design, 841 HIV-negative men completed structured interviews. All analyses incorporated survey weights to ensure representativeness. HIV knowledge was assessed via a validated 8-item scale (score range 0–8). Stigma was measured with an adapted 10-item scale (score range 10–50). Survey-weighted hierarchical linear regression was used to test linear and quadratic associations adjusted for covariates. Survey-weighted segmented regression analyses confirmed robustness.

Results: The weighted mean HIV knowledge score was 4.39 (SD = 2.13), and the weighted mean stigma score was 31.78 (SD = 5.60). Regression analysis revealed an inverted U-shaped association. Stigma initially increased with increasing knowledge (linear β = 1.71, p < 0.001), peaked at a knowledge score of 4.14, and subsequently decreased with increasing knowledge gain (quadratic β = −0.21, p < 0.001). Robustness analyses confirmed differential knowledge-stigma associations across knowledge levels (interaction β = −1.47, p < 0.001). Lower stigma was independently associated with non-rural household registration (β = −2.39, p < 0.001), access to a greater number of HIV health education channels (2–3 types: β = −1.07, p < 0.01; ≥4 types: β = −2.29, p < 0.05), and more liberal sexual attitudes (β = −0.19, p < 0.001). Social support and socioeconomic status were not associated.

Conclusion: Among older Chinese men, HIV knowledge has an inverted U-shaped association with stigma. Initial knowledge acquisition correlates with heightened stigma, potentially reflecting sociocultural interpretations of fragmented information. Only beyond a specific threshold does further knowledge correlate with reduced stigma. Interventions may need to be staged or tailored based on individuals’ existing knowledge levels, addressing both the nonlinear knowledge-stigma dynamic and underlying sociocultural norms.
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1 Introduction

Globally, the proportion of people living with HIV (PLWH) aged ≥50 years has risen significantly, driven by expanded antiretroviral therapy (ART) access and increasing new infections among older adults (1, 2). Similarly, China reflects this trend, with a sustained increase in older PLWH, particularly men (3, 4). Multiple factors contribute to this pattern. Unlike women, men often remain sexually active beyond age 50, yet persistent sexual needs in this group are frequently overlooked due to traditional sociocultural norms in China (4, 5). Thus, limited education, inadequate HIV knowledge, low-risk awareness, and infrequent condom use increase the likelihood of engaging in unprotected high-risk sex (4). Such behaviors not only increase individual infection risk but also facilitate HIV transmission to sexual partners, positioning older men as a potential “bridge population” between high-risk groups (e.g., female sex workers) and lower-risk partners (e.g., spouses) (3). Furthermore, studies in this context indicate that the sexual networks of this demographic include both peer and middle-aged female sex workers, a pattern that may amplify HIV transmission dynamics (3, 6). Recognizing these vulnerabilities, China designated older adults as a priority group for national HIV/AIDS prevention in 2017 (6). Despite this focus, late HIV diagnosis rates among older PLWH remain substantially higher than those in younger populations (7), impeding progress toward 95–95–95 targets and underscoring the need to identify barriers to prevention.

HIV stigma is a well-documented barrier to achieving 95–95–95 targets (8). Consistent evidence links stigma to delayed HIV testing, reduced use of prevention services, lower ART adherence, heightened psychological distress, and poorer quality of life among PLWH (9–11). Stigma manifests primarily as public stigma (negative attitudes toward and discrimination against PLWH in the general population) and self-stigma (internalization of societal prejudice by PLWH) (12–14). The evidence suggests that self-stigma originates from socially transmitted public stigma (15, 16), indicating that reducing public stigma may be pivotal for mitigating the overall impact of stigma. Despite four decades of HIV/AIDS advocacy, public stigma persists globally — recent 2024 data show a median prevalence of stigmatizing attitudes toward PLWH of 53%, far exceeding the UNAIDS (Joint United Nations Programme on HIV/AIDS) target of <10% (17). This pervasive public stigma may obstruct testing and treatment access while exacerbating self-stigma, perpetuating cycles of HIV transmission (18).

While numerous studies have examined drivers of HIV public stigma, findings on key determinants remain inconsistent. Many authors attribute stigma primarily to gaps in HIV knowledge, which are often influenced by sociodemographic factors, and report a negative association between knowledge and stigmatizing attitudes (19–22). However, the strength and direction of this relationship vary across populations and contexts. Some studies note persistent stigma even among highly knowledgeable individuals, showing weak or non-significant negative associations (23–25). This implies that deeper sociocultural norms, socioeconomic inequalities, and power dynamics may shape stigma formation (18). Intriguingly, research in conflict-affected settings revealed a paradoxical positive association between knowledge and stigma at lower knowledge levels, contrasting with the expected negative association at higher levels (26). These inconsistencies highlight methodological limitations — studies focusing narrowly on knowledge gaps may overlook contextual complexity, whereas those integrating sociocultural factors often rely on linear models that inadequately capture dynamic relationships.

Among older Chinese men, a group exhibiting high HIV stigma toward PLWH (27, 28), unique sociocultural vulnerabilities exist: limited education and restricted HIV information access reduce campaign effectiveness (29); adherence to traditional sexual taboos impedes open discussion (5, 28); and fear-based HIV/AIDS messaging from the late 20th century may perpetuate internalized stigma (30). These intersecting factors necessitate examining how sociocultural context influences stigma in this population. Given the potential limitations of assuming linearity, analyses should explicitly explore nonlinear dynamics between HIV knowledge and stigma.

Therefore, this cross-sectional study aimed to do the following:


	1. Examine the association between HIV knowledge and stigma among older men in Sichuan Province, Southwest China, within its sociocultural context.

	2. Test for a potential nonlinear relationship between HIV knowledge and stigma.



These findings may inform culturally appropriate antistigma interventions for this population.



2 Method


2.1 Study design and setting

We conducted a cross-sectional study in Sichuan Province, Southwest China, from July to August 2023 to examine HIV knowledge and stigma among men aged ≥50 years. Sichuan has the highest burden of PLWH in China, with over 60% of PLWH in some cities being older adults (4, 31). Collaborating with the Sichuan Provincial Center for Disease Control and Prevention (CDC), we selected three geographically and socioeconomically diverse areas identified by the National HIV/AIDS Comprehensive Response Information Management System as having high concentrations of older PLWH: Chengdu, Yibin, and Liangshan.

Recruitment and data collection co-occurred from July 21 to August 25, 2023, across primary healthcare institutions (community health centers and township hospitals) in all three urban and rural areas. Trained interviewers administered questionnaires onsite.

A pilot survey was conducted on July 11, 2023, in a Chengdu community health center to refine instruments and procedures and train interviewers. Pilot data were excluded from the formal analysis. Following this preparation, the formal survey was expanded to all the sites in Chengdu, Yibin, and Liangshan.



2.2 Participants

We recruited participants from Chengdu, Yibin, and Liangshan via a three-stage cluster random sampling approach. First, we randomly selected three townships, towns, or subdistricts from Chengdu’s County A, Yibin’s District B, and Liangshan’s County C, respectively. Second, one village or community was randomly chosen within each selected township, town, or subdistrict. Finally, one villager or resident group was randomly selected per village or community. The first two stages of selection were based on official administrative rosters, while the final stage utilized the resident rosters available to and maintained by local government staff. Government staff invited all potentially eligible men in these groups to participate at local primary healthcare institutions.

Eligibility required participants to (1) be aged ≥50 years, (2) identify as male, (3) be local residents, and (4) have confirmed HIV-negative status (per standardized testing protocols in the HIV Testing section). The exclusion criteria included cognitive impairment, severe illness, or communication barriers. Only participants who reported having heard of HIV/AIDS were included in the final analysis.

After providing written informed consent, eligible participants completed private, 30-min interviews conducted by interviewers who were locally fluent in the language. All the interviewers underwent standardized training to ensure consistent interview administration. The questionnaires were reviewed immediately for completeness. The participants received 15 CNY (approximately 2 USD) of compensation, regardless of whether they completed the interview.



2.3 HIV testing

The HIV testing adhered to China’s National Guideline for the Detection of HIV/AIDS. Primary healthcare institutions conducted initial screening via two parallel approaches: onsite rapid testing at designated points via a colloidal gold rapid test (Dot Immunocolloid Gold Rapid Test, InTec PRODUCTS, INC) or venous blood collection for HIV antibody detection via enzyme-linked immunosorbent assay (ELISA) at local screening laboratories. A reactive result from either initial screen required collecting a new venous blood sample. These samples were then sent to designated confirmation laboratories for definitive protein immunoblotting testing (western blot).



2.4 Variables and measurement

The questionnaire incorporated both published and self-developed instruments. To ensure content validity and cultural relevance, we consulted experts in sociology and epidemiology during the development of the instrument. Pilot and formal survey testing confirmed the acceptable reliability of all the measures, with internal consistency results detailed later. English versions of all instruments are available in Supplementary Material 1.


2.4.1 Independent variable

The HIV knowledge was assessed via the validated HIV Knowledge Scale from the Chinese CDC, a tool widely implemented within China’s national HIV/AIDS surveillance system (5, 27). This 8-item scale is awarded 1 point for each correct answer and 0 points for incorrect or “do not know” responses, yielding a total score where higher values reflect greater knowledge. The scale demonstrated good reliability (Cronbach’s alpha = 0.79).



2.4.2 Dependent variable

The HIV stigma was measured via a validated Chinese adaptation of Zelaya’s HIV Stigma Scale (32, 33). While the original 24-item scale covers four domains (fear of infection, shame and prejudice, personal stigma, and social stigma), pilot testing indicated that some items were culturally irrelevant for older Chinese men, leading to a refined 10-item version. The responses used a five-point Likert scale, with higher total scores indicating stronger stigma toward PLWH. The reliability was also good (Cronbach’s alpha = 0.77).



2.4.3 Covariates

The covariates were categorized into three groups (detailed classifications in Table 1).


TABLE 1 Sociodemographic and HIV-related characteristics of the participants (unweighted n = 841).


	Variable
	n (%)

 

 	City


 	Chengdu 	407 (30.62)


 	Yibin 	357 (63.40)


 	Liangshan 	77 (5.98)


 	Age (years)


 	50–59 	379 (41.16)


 	60–69 	262 (31.41)


 	≥70 	200 (27.42)


 	Ethnic groups


 	Han 	816 (98.19)


 	Ethnic minority 	25 (1.81)


 	Household registration


 	Rural 	740 (90.57)


 	Non-rural 	101 (9.43)


 	Education


 	No education 	107 (12.22)


 	Primary school 	363 (45.26)


 	Junior high school 	283 (32.84)


 	High school and above 	88 (9.68)


 	HIV/AIDS health education (channel types)


 	0–1 	432 (57.23)


 	2–3 	313 (34.01)


 	≥4 	96 (8.75)


 	Monthly income (CNY)


 	No income 	92 (11.38)


 	<1,000 	301 (46.40)


 	1,000–1999 	167 (15.71)


 	2000–2,999 	126 (11.77)


 	3,000–3,999 	87 (8.25)


 	≥4,000 	68 (6.50)


 	Occupation


 	Unemployed or out of work 	100 (9.38)


 	Basic production 	648 (81.02)


 	Service occupations 	54 (5.00)


 	Professional, technical, or managerial 	39 (4.60)


 	Marital status


 	Married 	695 (82.79)


 	Unmarried 	56 (5.68)


 	Divorced or widowed 	90 (11.53)


 	Residential status


 	Alone 	147 (17.98)


 	With spouse or family only 	437 (56.07)


 	With spouse and family 	257 (25.95)


 	Self-reported HIV testing


 	Not tested 	775 (94.53)


 	Tested 	66 (5.47)





n = unweighted count; % = weighted percentage. All percentages were calculated using survey weights to represent the target population.
 

Sociodemographic variables included city of residence, age, ethnicity, household registration type, education level, monthly income (incorporating financial support from children), occupation, marital status, and living situation.

HIV-related characteristics included the number of different HIV health education channels accessed and self-reported history of HIV testing. The assessment of health education channels encompassed a broad range of sources, including institutional (e.g., the CDC, hospitals), media-based (e.g., television and the internet), and interpersonal channels (e.g., family and volunteers).

Sociocultural variables included sexual attitudes, social support, and socioeconomic status (SES). Sexual attitudes, measured via a four-item original scale, assess views on non-marital sexual behavior via a five-point Likert scale; higher scores indicate more liberal attitudes (Cronbach’s alpha = 0.86). Social support, assessed via a two-item original instrument, measures perceived economic and emotional support from family, friends, or social networks on a five-point Likert scale; higher scores denote stronger perceived support (Cronbach’s alpha = 0.85). SES was calculated as a composite score based on education level, income, and occupation (using preretirement occupation for retired participants) (34, 35). These three indicators were standardized (Z scores). Principal component analysis yielded one component (eigenvalue = 1.710) with factor loadings of 0.725 (education), 0.780 (income), and 0.760 (occupation). The SES score was derived as follows: [(0.725 * Z_education + 0.780 * Z_income + 0.760 * Z_occupation)/1.710], with higher scores indicating a higher SES.




2.5 Statistical methods


2.5.1 Survey design and weighting

To ensure the representativeness of our findings and address the complex multistage cluster sampling design, we performed all analyses using survey weighting methods. The design was treated as a two-stage stratified cluster sample, with cities (Chengdu, Yibin, and Liangshan) as strata. Within each city, townships, towns, or subdistricts served as primary sampling units (PSUs), and villages or communities within these PSUs were selected as secondary sampling units (SSUs). The original three-stage design was simplified to two stages for analysis, as the primary clustering and variation were captured within these two stages. Additionally, subsequent villager or resident groups were not formal administrative units, preventing accurate specification of a third-stage sampling frame and population size. Sampling weights were applied using the svyset command in Stata, incorporating selection probabilities and finite population corrections at each stage.



2.5.2 Data management

All the analytical variables were checked for missing data, and no missing data were present in the final sample (n = 841). To ensure accuracy, all the data were subjected to double entry and validation via EpiData software (version 3.1) before analysis.



2.5.3 Descriptive and bivariate analyses

All descriptive and bivariate analyses accounted for the complex survey design. Categorical variables were summarized as unweighted counts (n) and weighted percentages (%). Continuous variables were presented as weighted means with their corresponding weighted standard deviations (SD). This approach aligns with standard practices for complex survey data. Bivariate associations with HIV stigma were assessed using survey-weighted linear regression. For continuous independent variables, the analysis provided unstandardized coefficients (β) and their standard errors (SE). For categorical independent variables, group differences were evaluated with an overall survey-weighted F-test. When a significant association was identified, post-hoc pairwise comparisons were conducted using adjusted Wald tests.



2.5.4 Primary analysis

The association between HIV knowledge and stigma was examined using hierarchical linear regression, with all models incorporating the survey weights. Variance estimation was accounted for using Taylor linearization, the default method in Stata, in the complex survey design. Model 1 was adjusted for sociodemographic factors (Table 1), HIV-related characteristics (health education channels accessed, HIV testing history), and sociocultural variables (social support, sexual attitudes, SES). Covariates were retained in all models to control for potential confounding, irrespective of statistical significance (36). Model 2 added HIV knowledge as a linear term. Model 3 introduced a quadratic term (HIV knowledge × HIV knowledge) to evaluate nonlinearity formally. Given the design constraints, we focused on the significance of the regression coefficients for interpretation. The turning point of the curve was derived by setting the first derivative of the quadratic equation to zero, with significance confirmed via Stata’s utest command (37). All the models report unstandardized β coefficients with standard errors (SE).



2.5.5 Robustness checks

Survey-weighted segmented regression and interaction analyses were performed to validate the stability of the observed inverted U-shaped relationship. The participants were stratified into lower-knowledge (score ≤ 4.14) and higher-knowledge (score > 4.14) groups based on the turning point identified by the utest command (knowledge score = 4.14). Linear associations between knowledge and stigma were then examined separately within each subgroup using survey-weighted linear regression. To formally test whether the association between knowledge and stigma differed significantly across these groups, an interaction term (HIV knowledge group × HIV knowledge) was added to a survey-weighted linear regression model using the full sample.




2.6 Software

All the statistical analyses were performed via Stata software (version 17.0). Statistical significance was defined as a two-tailed p-value < 0.05.




3 Results


3.1 Participants

The government staff invited 1,038 potentially eligible older men (aged ≥50 years, local residents, without cognitive impairment or severe illness) to participate. HIV testing identified three participants as HIV positive, who were subsequently excluded. Participants with confirmed positive results were promptly referred to local CDC-designated HIV treatment facilities for counseling, care, and antiretroviral therapy initiation. The remaining 1,035 HIV-negative individuals provided written informed consent and completed the interview process. Six participants discontinued their interviews prematurely because of fatigue and were excluded from the dataset. Consequently, 1,029 participants completed the interviews fully. For the primary analysis examining the relationship between HIV knowledge and stigma, inclusion required participants to report having heard of HIV/AIDS. A total of 841 participants met these criteria, forming the final analytical sample. All subsequent analyses incorporated survey weights to account for the complex sampling design.



3.2 Descriptive statistics

The sociodemographic and HIV-related characteristics of the 841 participants are presented in Table 1, showing unweighted counts and weighted percentages. The weighted distribution shows that most participants were from Yibin (63.40%), aged 50–59 years (41.16%), of Han ethnicity (98.19%), and held rural household registration (90.57%). Socioeconomically, 45.26% had only a primary school education, 81.02% worked in basic production occupations, and 46.40% reported monthly incomes of less than 1,000 CNY. Most were married (82.79%). Concerning HIV-related characteristics, over half (57.23%) accessed only zero or one type of HIV/AIDS health education channel, and a small minority (5.47%) reported prior HIV testing.

As summarized in Table 2, the weighted mean HIV knowledge score was 4.39 (SD = 2.13, range 0–8), and the weighted mean HIV stigma score was 31.78 (SD = 5.60, range 10–50). The mean social support score was 7.79 (SD = 1.92, range 2–10), whereas the average sexual attitudes score was 13.19 (SD = 3.59, range 4–20). The standardized composite SES score had a weighted mean of −0.08 (SD = 0.95).


TABLE 2 Weighted descriptive statistics and bivariate associations of continuous variables with HIV stigma.


	Variable
	M (SD)
	Range
	Association with stigma (β)
	SE

 

 	HIV stigma 	31.78 (5.60) 	10–50 	– 	


 	HIV knowledge 	4.39 (2.13) 	0–8 	−0.307** 	0.07


 	Social support 	7.79 (1.92) 	2–10 	−0.164 	0.08


 	Sexual attitude 	13.19 (3.59) 	4–20 	−0.181*** 	0.02


 	Socioeconomic status 	−0.08 (0.95) 	– 	−0.962** 	0.17





M = weighted mean; SD = weighted standard deviation. Associations (β) and standard errors (SE) were derived from survey-weighted bivariate linear regression models. *p < 0.05, **p < 0.01, ***p < 0.001.
 



3.3 Bivariate analyses

Bivariate associations between continuous variables and HIV stigma, derived from survey-weighted linear regression models, are presented in Table 2. Higher HIV knowledge, more liberal sexual attitudes, and higher SES each showed significant negative associations with HIV stigma. Social support was not significantly associated with stigma. The results of survey-weighted tests for group differences in HIV stigma levels across categorical variables are shown in Table 3. Significant differences in stigma were observed based on city of residence, age, household registration type, education level, occupation, residential status, number of HIV/AIDS health education channels accessed, and self-reported history of HIV testing. Post hoc analyses, accounting for the survey design, clarified specific group contrasts: participants from Liangshan reported significantly lower stigma than those from Chengdu or Yibin; participants aged 60–69 had significantly higher stigma than those aged 50–59; higher educational attainment was associated with significantly lower stigma; professional/technical/managerial workers reported significantly lower stigma than those in basic production occupations; and access to a greater number of health education channels (≥4) was associated with significantly lower stigma. However, no significant differences in stigma emerged across ethnic groups, monthly income categories, or marital status.


TABLE 3 Survey-weighted group differences in HIV stigma scores by participant characteristics.


	Variable
	M (SD)
	F

 

 	City 	 	23.68**


 	Chengdu 	31.46 (6.92)a 	


 	Yibin 	32.29 (4.38)a 	


 	Liangshan 	28.13 (8.74)b 	


 	Age (years) 	 	6.26*


 	50–59 	30.96 (6.22)a 	


 	60–69 	32.55 (5.55)b 	


 	≥70 	32.13 (4.57)ab 	


 	Ethnic groups 	 	5.22


 	Han 	31.83 (5.53) 	


 	Ethnic minority 	29.49 (8.80) 	


 	Household registration 	 	17.16**


 	Rural 	32.06 (5.41) 	


 	Non-rural 	29.12 (6.78) 	


 	Education 	 	27.57**


 	No education 	32.45 (4.41)a 	


 	Primary school 	32.66 (5.33)a 	


 	Junior high school 	31.14 (5.83)b 	


 	High school and above 	29.05 (6.25)c 	


 	HIV/AIDS health education (Channel types) 	 	26.78**


 	0–1 	32.68 (4.89)a 	


 	2–3 	31.16 (5.86)b 	


 	≥4 	28.35 (7.58)c 	


 	Monthly income (CNY) 	 	6.70


 	No income 	31.47 (4.89) 	


 	<1,000 	32.67 (4.84) 	


 	1,000–1999 	30.97 (6.22) 	


 	2000–2,999 	30.95 (6.36) 	


 	3,000–3,999 	30.13 (6.28) 	


 	≥4,000 	31.61 (6.97) 	


 	Occupation 	 	16.88**


 	Unemployed or out of work 	30.90 (6.22)ab 	


 	Basic production 	32.17 (5.27)a 	


 	Service occupations 	30.34 (7.22)ab 	


 	Professional, technical, or managerial 	28.39 (6.66)b 	


 	Marital status 	 	4.93


 	Married 	31.59 (5.64) 	


 	Unmarried 	32.88 (4.91) 	


 	Divorced or widowed 	32.66 (5.40) 	


 	Residential status 	 	7.19*


 	Alone 	32.66 (5.38)a 	


 	With spouse or family only 	32.01 (5.44)ab 	


 	With spouse and family 	30.70 (5.90)b 	


 	Self-reported HIV testing 	 	10.87*


 	Not tested 	31.94 (5.47) 	


 	Tested 	29.13 (7.10) 	





M = weighted mean; SD = weighted standard deviation. Group differences were tested using survey-weighted linear regression models. F-statistics and p-values account for the complex sampling design. Within each variable, groups with different superscript letters are significantly different at p < 0.05 based on post hoc pairwise comparisons using survey-weighted linear regression. *p < 0.05, **p < 0.01, ***p < 0.001.
 



3.4 Multivariate analyses

Hierarchical survey-weighted linear regression models were used to examine the associations between HIV knowledge and stigma, adjusting for sociodemographic, HIV-related, and sociocultural covariates (Table 4). Model 1, which contained only control variables, confirmed several factors associated with stigma. Specifically, holding non-rural household registration (β = −2.31, p < 0.001), accessing more HIV/AIDS health education channels (2–3 types: β = −0.97, p < 0.01; ≥4 types: β = −2.66, p < 0.01), and endorsing more liberal sexual attitudes (β = −0.20, p < 0.001) were each independently associated with lower levels of stigma.


TABLE 4 Hierarchical survey-weighted regression models for the non-linear association of HIV knowledge with stigma.


	Variable
	Categories
	Model 1
	Model 2
	Model 3



	β
	SE
	β
	SE
	β
	SE

 

 	City (Ref Chengdu) 	Yibin 	0.28 	0.81 	0.29 	0.81 	0.03 	0.80


 	Liangshan 	−1.55 	0.81 	−1.56 	0.79 	−1.08 	0.88


 	Age (Ref 50–59 years) 	60–69 	0.89 	0.46 	0.90 	0.49 	0.93 	0.50


 	≥70 	0.06 	0.57 	0.08 	0.61 	0.15 	0.59


 	Ethnic groups (Ref Han) 	Ethnic minority 	0.82 	0.72 	0.84 	0.70 	0.76 	1.05


 	Household registration (Ref Rural) 	Non-rural 	−2.31*** 	0.39 	−2.31*** 	0.38 	−2.39*** 	0.33


 	Marital status (Ref Married) 	Unmarried 	−0.04 	0.63 	−0.04 	0.64 	0.22 	0.63


 	Divorced or widowed 	0.32 	0.50 	0.32 	0.50 	0.24 	0.44


 	Residential status (Ref Alone) 	With spouse or family only 	0.09 	0.24 	0.09 	0.25 	0.04 	0.25


 	With spouse and family 	−0.88 	0.56 	−0.88 	0.55 	−0.77 	0.52


 	HIV/AIDS health education (Ref 0–1 types) 	2–3 	−0.97** 	0.22 	−0.99* 	0.29 	−1.07** 	0.27


 	≥4 	−2.66** 	0.68 	−2.68* 	0.80 	−2.29* 	0.73


 	Self-reported HIV testing (Ref Not tested) 	Tested 	−1.15 	0.85 	−1.17 	0.88 	−1.07 	0.93


 	Social supporta 	 	0.00 	0.09 	0.00 	0.07 	0.01 	0.08


 	Sexual attitudea 	 	−0.20*** 	0.03 	−0.20*** 	0.03 	−0.19*** 	0.03


 	Socioeconomic statusa 	 	−0.36 	0.17 	−0.36 	0.18 	−0.33 	0.18


 	HIV Knowledgea 	 	 	 	0.02 	0.11 	1.71*** 	0.24


 	HIV Knowledge × HIV Knowledgeb 	 	 	 	 	 	−0.21*** 	0.02


 	Constant 	 	34.94*** 	1.18 	34.88*** 	1.19 	32.29*** 	1.16


 	R2 	 	0.11 	 	0.11 	 	0.13 	





All models were estimated using survey-weighted linear regression to account for the complex sampling design. *p < 0.05, **p < 0.01, ***p < 0.001. aContinuous variable. bQuadratic term.
 

Model 2 introduced HIV knowledge as a linear predictor. The associations for non-rural household registration (β = −2.31, p < 0.001), access to health education channels (2–3 types: β = −0.99, p < 0.05; ≥4 types: β = −2.68, p < 0.05), and liberal sexual attitudes (β = −0.20, p < 0.001) persisted. HIV knowledge itself showed no significant linear association with stigma (β = 0.02, p > 0.05). The model’s explanatory power (R2 = 0.11) was identical to that of Model 1.

Model 3 formally tested for a nonlinear relationship by adding a quadratic term for HIV knowledge (HIV knowledge × HIV knowledge). This revealed a significant inverted U-shaped association: both the linear (β = 1.71, p < 0.001) and quadratic (β = −0.21, p < 0.001) terms were highly significant. The inverted U shape was statistically confirmed via the utest command (t = 6.96, p < 0.001), with the peak stigma occurring at a knowledge score of 4.14 (within the observed 0–8 range). As illustrated in Figure 1A (showing the full scale of the stigma score) and Figure 1B (providing a detailed view of the observed data range), stigma levels initially increased with increasing knowledge, peaked near this turning point, and subsequently declined at higher levels of knowledge. This nonlinear specification enhanced the model fit (R2 = 0.13). Figure 2 further depicts the marginal effect, showing a positive association between HIV knowledge and stigma below the turning point (with a decelerating trend), crossing zero near the threshold, and transforming into a negative association that accelerated at higher knowledge levels, visually confirming the inverted U shape.

[image: Two graphs show the relationship between knowledge and stigma. Graph A is a full-scale view with a subtle curve, while Graph B is a detailed view with a pronounced curve. Both graphs have knowledge on the horizontal axis and stigma on the vertical axis, with solid black lines and shaded confidence intervals. Vertical dashed lines mark minimum, maximum, and turning points.]

FIGURE 1
 The inverted U-shaped association between HIV knowledge and stigma from the survey-weighted quadratic regression model. (A) The association plotted across the full theoretical range of the stigma scale (10–50). (B) A detailed view of the association within the range of stigma scores observed in the study sample. The solid line represents the predicted stigma scores, and the shaded area indicates the 95% confidence interval.


[image: Line graph depicting the marginal effect with 95% confidence interval. The x-axis represents "Knowledge" ranging from 0 to 8, with vertical red dashed lines at 0 and 8, and a green dashed line at 4.14. The y-axis shows "Average Effect" from -3 to 3. A downward sloping black line indicates decreasing effect, with a shaded gray area representing the confidence interval.]

FIGURE 2
 Marginal effect of HIV knowledge on stigma from the survey-weighted quadratic regression model.


Key covariates demonstrated consistent associations across all models. Non-rural household registration (β = −2.39, p < 0.001) and liberal sexual attitudes (β = −0.19, p < 0.001) remained strongly associated with lower stigma in the final model (Model 3). Access to health education channels was also significantly correlated with reduced stigma (2–3 types: β = −1.07, p < 0.01; ≥4 types: β = −2.29, p < 0.05). The other covariates included in Model 1 (city of residence, age, ethnicity, marital status, residential status, self-reported HIV testing history, social support, and SES) were not significantly associated with stigma in any of the models.



3.5 Robustness checks

Survey-weighted segmented regression and interaction analyses were conducted to validate the stability of the observed inverted U-shaped relationship (Table 5). The sample was stratified at the turning point (knowledge score = 4.14) into lower-knowledge and higher-knowledge groups. In the lower-knowledge group (Model 4), HIV knowledge showed a significant positive association with stigma (β = 0.38, p < 0.05), corresponding to the ascending segment of the curve. Conversely, in the higher-knowledge group (Model 5), a significant negative linear association was observed (β = −0.70, p < 0.01), aligning with the descending segment. To formally test the difference in these associations, an interaction term (HIV knowledge group × HIV knowledge) was added to a full-sample model (Model 6). The significant negative coefficient for this interaction (β = −1.47, p < 0.001) confirms that the relationship between knowledge and stigma differs significantly between the lower- and higher-knowledge groups, thereby robustly supporting the inverted U-shaped pattern.


TABLE 5 Survey-weighted segmented regression and interaction models examining the inverted U-shaped association of HIV knowledge with stigma.


	Variable
	Categories
	Model 4
	Model 5
	Model 6



	β
	SE
	β
	SE
	β
	SE

 

 	City (Ref Chengdu) 	Yibin 	−0.30 	0.62 	0.36 	1.04 	0.05 	0.81


 	Liangshan 	−6.34* 	1.99 	−0.37 	1.01 	−1.20 	0.87


 	Age (Ref 50–59 years) 	60–69 	0.53 	1.02 	0.76 	0.34 	0.96 	0.51


 	≥70 	−1.12 	0.98 	1.45* 	0.43 	0.17 	0.62


 	Ethnic groups (Ref Han) 	Ethnic minority 	5.35* 	1.78 	0.25 	0.70 	0.78 	0.97


 	Household registration (Ref Rural) 	Non-rural 	−0.95 	0.52 	−3.38*** 	0.64 	−2.37*** 	0.32


 	Marital status (Ref Married) 	Unmarried 	−1.47* 	0.42 	1.50 	1.16 	0.19 	0.64


 	Divorced or widowed 	−0.21 	0.48 	0.55 	0.83 	0.23 	0.45


 	Residential status (Ref Alone) 	With spouse or family only 	−0.39 	0.30 	0.30 	0.53 	0.06 	0.26


 	With spouse and family 	−2.03** 	0.50 	−0.28 	0.73 	−0.74 	0.54


 	HIV/AIDS health education (Ref 0–1 types) 	2–3 	0.41 	0.21 	−1.77* 	0.51 	−1.05** 	0.26


 	≥4 	−3.16* 	1.24 	−2.44 	1.16 	−2.36* 	0.76


 	Self-reported HIV testing (Ref Not tested) 	Tested 	−1.71* 	0.58 	−1.47 	1.07 	−1.08 	0.92


 	Social supporta 	 	0.13 	0.08 	−0.26* 	0.07 	0.00 	0.08


 	Sexual attitudea 	 	−0.10** 	0.02 	−0.29*** 	0.05 	−0.19*** 	0.03


 	Socioeconomic statusa 	 	−0.46* 	0.15 	−0.19 	0.27 	−0.33 	0.18


 	HIV Knowledgea 	 	0.38* 	0.13 	−0.70** 	0.12 	0.61** 	0.11


 	HIV Knowledge group (Ref LTP) 	RTP 	 	 	 	 	6.72*** 	0.77


 	HIV Knowledge group × HIV Knowledgeb 	 	 	 	 	 	−1.47*** 	0.13


 	Constant 	 	33.09*** 	1.59 	42.33*** 	1.51 	33.44*** 	1.22


 	R2 	 	0.11 	 	0.18 	 	0.13 	





All models were estimated using survey-weighted linear regression to account for the complex sampling design. LTP = Lower-knowledge group (knowledge score ≤ 4.14); RTP = Higher-knowledge group (knowledge score > 4.14) *p < 0.05, **p < 0.01, ***p < 0.001. aContinuous variable. bInteraction term.
 




4 Discussion

To our knowledge, this cross-sectional study is the first to identify a nonlinear, inverted U-shaped association between HIV knowledge and stigma among older men in Southwest China. Specifically, initial increases in HIV knowledge were linked to increased stigma levels. However, after surpassing a threshold (knowledge score of 4.14 out of 8), further gains in knowledge corresponded with reduced stigma. This inverted U-shaped pattern persisted after adjusting for sociodemographic, HIV-related, and sociocultural variables and was confirmed through segmented regression anchored at the identified peak. These findings challenge the assumption of a consistently inverse linear relationship and provide a novel framework for interpreting inconsistent prior results.

This nonlinear pattern suggests cognitive and contextual influences. At lower knowledge levels, initial exposure to HIV information may amplify preexisting fears or negative stereotypes rather than foster accurate understanding. This is particularly relevant in settings influenced by historical fear-based HIV/AIDS messaging and traditional sexual taboos (4, 5, 30). Fragmented knowledge from limited sources may overemphasize disease severity while neglecting information about prevention, treatment, or the lived experiences of PLWH. This initial phase aligns with fear appeal theory. When individuals lack sufficient knowledge to assess risk rationally, alarming health information may trigger resistance (38). Older men with limited understanding might interpret such information as validating negative attitudes toward PLWH (39), a response potentially intensified by China’s early fear-focused campaigns (30). Partial knowledge may also activate cultural associations linking HIV/AIDS with moral transgression, temporarily heightening stigmatizing attitudes as individuals reconcile new information with existing norms. Within China’s sociocultural context, HIV stigma carries significant moral weight (23), often rooted in perceptions of infection as a consequence of immoral behavior (40). Such associations can threaten social standing (face or “mianzi”), raising concerns about exclusion for PLWH and their families due to perceived moral contamination (18, 41). This moralization of HIV is not unique to China. For instance, in the United States, individuals who strongly associate HIV with immorality are significantly more likely to reject social proximity to PLWH, even after controlling for other factors such as attitudes toward homosexuality (42).

Beyond a critical knowledge threshold, further knowledge acquisition appears to be associated with a more balanced understanding and potentially reduced stigma. Higher knowledge levels may weaken blame attribution toward PLWH, foster empathy, decrease perceived threat, and reduce desired social distance (38, 43, 44). Nevertheless, substantial sociocultural barriers may persist despite knowledge gains. A comprehensive understanding could prove insufficient to overcome the stigma anchored in deeply embedded sociocultural constructs (45). Prevailing moral judgments linking HIV to personal failure, collective beliefs connecting disease to “face” preservation, and community exclusion norms often endure independently of factual knowledge. These forces create structural barriers that are unlikely to be resolved through educational interventions alone (46).

The observed inverted U-shaped relationship between HIV knowledge and stigma offers a nuanced perspective that both contrasts with and integrates findings from prior literature. Globally, studies commonly report an inverse linear association, where greater HIV knowledge is correlated with reduced stigma. For example, research in Vietnam and China has documented fewer stigmatizing attitudes among individuals with higher knowledge levels (19, 20). Similarly, a multicountry analysis across 64 low- and middle-income regions reaffirmed that increased knowledge predicts lower stigma (22), aligning with conventional health promotion frameworks emphasizing knowledge as central to stigma reduction.

However, our findings more closely resonate with studies challenging linear assumptions. In specific contexts, initial knowledge acquisition may heighten stigma. Research in conflict-affected northern Kosovo identified a positive association at lower knowledge levels, which is consistent with the ascending phase of our curve and transitions to a negative association at higher levels, mirroring our threshold effect (26). This parallel suggests that nonlinear dynamics may emerge where sociocultural norms mediate knowledge interpretation.

Notably, our model reconciles inconsistencies in studies reporting weak or non-significant knowledge–stigma links. In Malaysia, high HIV knowledge (mean score at the 70th percentile) has a limited influence on stigma, implying that sociocultural factors outweigh knowledge effects (24). In Nigeria, comprehensive HIV knowledge among women of childbearing age (97.1% of whom lacked such knowledge) did not correlate with reduced stigmatizing attitudes (25). The inverted U-shaped framework contextualizes these null findings: study samples may occupy different curve phases (e.g., prepeak incline or postpeak decline), diluting aggregate linear associations. This highlights the limitations of linear models in capturing threshold dynamics.

Additionally, three factors consistently demonstrated an association with lower stigma levels across all the models: possessing non-rural household registration, accessing HIV information through a greater number of health education channels, and holding more liberal sexual attitudes. These attributes likely reflect greater access to diverse information sources and increased sexual inclusivity. Consequently, individuals with these characteristics may be less inclined to view HIV/AIDS exclusively as a health threat or link it solely to moral transgression, potentially contributing to their reduced stigma (41, 47). These findings also highlight the multidimensional nature of stigma determinants within this population.

Conversely, our analysis revealed no significant associations between stigma levels and social support or SES. This contrasts with prior research. For example, one study of older Chinese adults reported an inverse relationship between social support and stigma toward PLWH (48). This difference may arise from our abbreviated measure of social support, which might not capture its full complexity. Similarly, while research in Ethiopia has linked higher SES to more positive attitudes toward PLWH (49), we observed no such link. The limited variability in rural household registration status, income levels, and occupational categories within our sample may have restricted the range of SES observed, potentially explaining this discrepancy.

These findings suggest that public health interventions targeting HIV stigma among older men in similar contexts may need to be reconceptualized. The observed inverted U-shaped association indicates that the relationship between HIV knowledge and stigma is not uniform but varies by knowledge level. This pattern offers a practical implication for intervention design: strategies could be differentiated based on an individual’s or group’s position on the knowledge spectrum. The HIV knowledge scale employed here, which is brief and used in China’s national surveillance, provides a feasible tool to identify these segments. For those with lower knowledge levels, initial educational efforts might prioritize clarifying modes of transmission and addressing fear-based misconceptions to mitigate potential reinforcement of stigma. For individuals with knowledge levels already above this threshold, interventions could focus on delivering more comprehensive information, integrating content that fosters empathy (such as narratives of PLWH), and challenging sociocultural norms that link HIV to moral failure. This approach moves beyond undifferentiated knowledge dissemination toward more precise strategies that align with the specific relationship between knowledge and stigma observed in this population.

Several limitations should be considered when these findings are interpreted. First, the cross-sectional design precludes causal inferences about the observed relationship between HIV knowledge and stigma. Second, reliance on self-reported data may introduce social desirability bias, potentially underestimating stigma levels. Third, sampling was restricted to three high-HIV-burden areas in Sichuan Province, limiting generalizability to regions with distinct sociocultural or epidemiological profiles. Furthermore, the exclusively male sample precludes generalizing these findings to older women, whose knowledge-stigma relationship may differ due to gendered norms. Fourth, recruitment through primary healthcare institutions might underrepresent older men with limited healthcare access or medical service distrust, potentially introducing selection bias. Finally, unmeasured factors (e.g., religious beliefs) could influence stigma outcomes despite adjustment for key covariates. Longitudinal studies are needed to clarify this relationship’s temporal dynamics and potential causal direction. Qualitative investigations should explore the cognitive processes underlying HIV information interpretation at different knowledge stages. Further research should also examine whether this nonlinear pattern can be generalized to other populations experiencing high stigma and low health literacy across diverse regions where traditional norms intersect with fragmented health information access.



5 Conclusion

This cross-sectional study identified a nonlinear, inverted U-shaped association between HIV knowledge and stigma among older men in Sichuan, China. Initial increases in knowledge correlate with heightened stigma, suggesting that sociocultural interpretations of fragmented information may exacerbate negative attitudes in this population. Only beyond a specific threshold does further knowledge acquisition correspond with reduced stigma. These findings challenge conventional linear assumptions about knowledge-stigma relationships and underscore the necessity for contextually tailored interventions. Future stigma-reduction strategies should develop staged interventions tailored to pre-existing knowledge levels, addressing the differential effects revealed in this study while concurrently transforming underlying sociocultural norms.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Ethics Committee of the Affiliated Hospital of Chengdu University of Traditional Chinese Medicine. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

ZY: Methodology, Conceptualization, Investigation, Writing – original draft, Formal analysis, Writing – review & editing, Software. JP: Investigation, Writing – original draft, Conceptualization, Formal analysis, Data curation. SLia: Project administration, Writing – review & editing, Resources. YL: Validation, Writing – review & editing, Investigation, Resources. JY: Data curation, Writing – original draft, Investigation, Validation. RZ: Investigation, Writing – original draft, Data curation. JH: Writing – original draft, Data curation, Investigation. SLi: Writing – original draft, Investigation, Data curation. BY: Investigation, Data curation, Writing – original draft. XZ: Investigation, Writing – original draft, Data curation. YY: Funding acquisition, Supervision, Conceptualization, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by the Central Government Subsidy for Major Infectious Disease and Endemic Disease Prevention and Control Project.


Acknowledgments

We sincerely acknowledge the Sichuan Center for Disease Control and Prevention (CDC), Chengdu CDC, Yibin CDC, and Liangshan CDC, as well as the participating township health centers and community health centers, for their invaluable assistance in facilitating this survey. We also thank Ruiping Liao, Na Li, and Jun Huang for their dedicated contributions to data collection.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1685602/full#supplementary-material



Abbreviations


HIV, Human Immunodeficiency Virus; AIDS, Acquired Immune Deficiency Syndrome; PLWH, People Living With HIV; ART, Antiretroviral Therapy; UNAIDS, Joint United Nations Programme on HIV/AIDS; CDC, Center for Disease Control and Prevention; ELISA, Enzyme-Linked Immunosorbent Assay; SES, Socioeconomic Status; SD, Standard Deviations; SE, Standard Error; PSU, Primary Sampling Unit; SSU, Secondary Sampling Unit.




References
	 1. The lancet healthy L. ageing with HIV Lancet Healthy Longev 2022; 3:e119. doi: 10.1016/S2666-7568(22)00041-1
	 2. Kiplagat,J, Tran,DN, Barber,T, Njuguna,B, Vedanthan,R, Triant,VA , et al. How health systems can adapt to a population ageing with HIV and comorbid disease. Lancet HIV. (2022) 9:e281–92. doi: 10.1016/S2352-3018(22)00009-1 
	 3. Sun,X, Feng,C, Feng,L, Xiao,T, Zhao,X, Liu,H , et al. An exploratory transmission mode of HIV/AIDS among older people based on data from multiple sources in China. Sci Rep. (2022) 12:16077. doi: 10.1038/s41598-022-20146-2 
	 4. Hou,YS, Jin,YC, Cai,C, Tang,HL, Qin,QQ, and Lyu,F. Characteristics of the HIV/AIDS epidemic among people aged ≥ 50 years in China during 2018–2021. Biomed Environ Sci. (2024) 37:399–405. doi: 10.3967/bes2024.044 
	 5. Yang,Y, Deng,H, He,H, Fan,SF, Li,Y, Wu,X , et al. Lifetime commercial heterosexual behavior among HIV negative elderly men from rural Chengdu, China: a modified knowledge-attitude-practice perspective. BMC Public Health. (2021) 21:2095. doi: 10.1186/s12889-021-12139-z 
	 6. Yang,Y, Liang,S, Fan,S, Liu,Y, Li,Y, Xi,J , et al. Experiences of visiting female sex workers, social interaction, support and HIV infection among elderly men from rural China. BMC Infect Dis. (2023) 23:356. doi: 10.1186/s12879-023-08178-z 
	 7. Sun,C, Li,J, Liu,X, Zhang,Z, Qiu,T, Hu,H , et al. HIV/AIDS late presentation and its associated factors in China from 2010 to 2020: a systematic review and meta-analysis. AIDS Res Ther. (2021) 18:96. doi: 10.1186/s12981-021-00415-2 
	 8. Nyblade,L, Mingkwan,P, and Stockton,MA. Stigma reduction: an essential ingredient to ending AIDS by 2030. Lancet HIV. (2021) 8:e106–13. doi: 10.1016/S2352-3018(20)30309-X 
	 9. Chambers,LA, Rueda,S, Baker,DN, Wilson,MG, Deutsch,R, Raeifar,E , et al. Stigma, HIV and health: a qualitative synthesis. BMC Public Health. (2015) 15:848. doi: 10.1186/s12889-015-2197-0 
	 10. Rueda,S, Mitra,S, Chen,S, Gogolishvili,D, Globerman,J, Chambers,L , et al. Examining the associations between HIV-related stigma and health outcomes in people living with HIV/AIDS: a series of meta-analyses. BMJ Open. (2016) 6:e011453. doi: 10.1136/bmjopen-2016-011453 
	 11. Relf,MV, W,LH, Holt,L, Nyblade,L, and Ellis Caiola,C. A review of the state of the science of HIV and stigma: context, conceptualization, measurement, interventions, gaps, and future priorities. J Assoc Nurses AIDS Care. (2021) 32:392–407. doi: 10.1097/JNC.0000000000000237
	 12. Mo,PKH, and Ng,CTY. Stigmatization among people living with HIV in Hong Kong: a qualitative study. Health Expect. (2017) 20:943–51. doi: 10.1111/hex.12535 
	 13. Lindayani,L, Ibrahim,K, Wang,JD, and Ko,NY. Independent and synergistic effects of self- and public stigmas on quality of life of HIV-infected persons. AIDS Care. (2018) 30:706–13. doi: 10.1080/09540121.2017.1396282 
	 14. Gruszczyńska,E, and Rzeszutek,M. HIV/AIDS stigma accumulation among people living with HIV: a role of general and relative minority status. Sci Rep. (2023) 13:10709. doi: 10.1038/s41598-023-37948-7 
	 15. Vogel,DL, Bitman,RL, Hammer,JH, and Wade,NG. Is stigma internalized? The longitudinal impact of public stigma on self-stigma. J Couns Psychol. (2013) 60:311–6. doi: 10.1037/a0031889 
	 16. van der Kooij,YL, Kupková,A, den Daas,C, van den Berk,GEL, Kleene,MJT, Jansen,HSE , et al. Role of self-stigma in pathways from HIV-related stigma to quality of life among people living with HIV. AIDS Patient Care STDs. (2021) 35:231–8. doi: 10.1089/apc.2020.0236 
	 17. UNAIDS. UNAIDS Global AIDS Update 2025 United Nations (2025). Available online at: https://www.un-ilibrary.org/content/books/9789211544350
	 18. Yeo,TED, and Chu,TH. Social-cultural factors of HIV-related stigma among the Chinese general population in Hong Kong. AIDS Care. (2017) 29:1255–9. doi: 10.1080/09540121.2017.1282601
	 19. Van Huy,N, Lee,HY, Nam,YS, Van Tien,N, Huong,TT, and Hoat,LN. Secular trends in HIV knowledge and attitudes among Vietnamese women based on the multiple Indicator cluster surveys, 2000, 2006, and 2011: what do we know and what should we do to protect them? Glob Health Action. (2016) 9:29247. doi: 10.3402/gha.v9.29247 
	 20. Li,X, Yuan,L, Li,X, Shi,J, Jiang,L, Zhang,C , et al. Factors associated with stigma attitude towards people living with HIV among general individuals in Heilongjiang, Northeast China. BMC Infect Dis. (2017) 17:154. doi: 10.1186/s12879-017-2216-0 
	 21. Lau,LH, Lee,MP, Wong,BC, Kwong,TS, Hui,WM, Chan,JM , et al. HIV-related public stigma in the era of "undetectable = Untransmittable": a population-based study in Hong Kong. BMC Public Health. (2024) 24:1517. doi: 10.1186/s12889-024-18974-0 
	 22. Mendez-Lopez,A, White,TM, Fuster-RuizdeApodaca,MJ, and Lazarus,JV. Prevalence and sociodemographic determinants of public stigma towards people with HIV and its impact on HIV testing uptake: a cross-sectional study in 64 low- and middle-income countries. HIV Med. (2024) 25:83–94. doi: 10.1111/hiv.13536 
	 23. Mak,WW, Mo,PK, Cheung,RY, Woo,J, Cheung,FM, and Lee,D. Comparative stigma of HIV/AIDS, SARS, and tuberculosis in Hong Kong. Soc Sci Med. (2006) 63:1912–22. doi: 10.1016/j.socscimed.2006.04.016 
	 24. Wong,LP. Prevalence and factors associated with HIV/AIDS-related stigma and discriminatory attitudes: a cross-sectional nationwide study. Prev Med. (2013) 57:S60–3. doi: 10.1016/j.ypmed.2013.03.013 
	 25. Nzelu,CE, Nzelu,UM, Ugwunze,AR, and Azodoh,N. Influence of knowledge of stigmatization and discriminatory practices against HIV-positive persons on pregnant women's HIV testing in Nigeria. Niger Med J. (2024) 65:557–68. doi: 10.60787/nmj.v65i3.517 
	 26. Milic,MA-O, Gazibara,TA-O, Stevanovic,J, Patil,KH, Mitic,K, Subaric Filimonovic,J , et al. Association between HIV-related knowledge and attitudes towards persons living with HIV in northern Kosovo: the quantile regression approach. J Biosoc Sci. (2025 (1469-7599 (Electronic))) 57:347–63. doi: 10.1017/S0021932025000203 
	 27. Li,H, Wu,Q, Gao,E, Zhang,Y, and Yin,D. HIV/AIDS-related knowledge and attitudes toward people living with HIV among college students in Xuzhou, Jiangsu Province, China: a cross-sectional survey. Front Public Health. (2024) 12:1398980. doi: 10.3389/fpubh.2024.1398980 
	 28. Huaju,T, Rendie,X, Lu,X, Mei,L, Yue,L, Daiying,Z , et al. The effect of a brief video-based intervention to improve AIDS prevention in older men: randomized controlled trial. JMIR Public Health Surveill. (2025) 11:e65674. doi: 10.2196/65674 
	 29. Huang,H, Cao,Y, Li,M, Bao,Y, Robbins,S, Chu,M , et al. An observational study on HIV and syphilis rates and associated risk factors among elderly men in Wuxi, China. Curr HIV Res. (2023) 21:56–62. doi: 10.2174/1570162X21666230123154718 
	 30. Yin,W, and Couzin,O. HIV-related stigma and discrimination in China In: Z Wu, Y Wang, R Detels, M Bulterys, and JM McGoogan, editors. HIV/AIDS in China: Epidemiology, prevention and treatment. Singapore: Springer Singapore (2020). 515–41.
	 31. Yuan,FS, Liu,L, Liu,LH, Zeng,YL, Zhang,LL, He,F , et al. Epidemiological and spatiotemporal analyses of HIV/AIDS prevalence among older adults in Sichuan, China between 2008 and 2019: a population-based study. Int J Infect Dis. (2021) 105:769–75. doi: 10.1016/j.ijid.2021.02.077
	 32. Zelaya,CE, Sivaram,S, Johnson,SC, Srikrishnan,AK, Solomon,S, and Celentano,DD. HIV/AIDS stigma: reliability and validity of a new measurement instrument in Chennai, India. AIDS Behav. (2008) 12:781–8. doi: 10.1007/s10461-007-9331-7 
	 33. Ruan,F, Fu,G, Zhou,M, Luo,L, Chen,J, Hua,W , et al. Application of the Chinese version of Zelaya's HIV-related stigma scale to undergraduates in mainland China. BMC Public Health. (2019) 19:1708. doi: 10.1186/s12889-019-8054-9 
	 34. Spiers,GF, Liddle,JE, Stow,D, Searle,B, Whitehead,IO, Kingston,A , et al. Measuring older people's socioeconomic position: a scoping review of studies of self-rated health, health service and social care use. J Epidemiol Community Health. (2022) 76:572–9. doi: 10.1136/jech-2021-218265 
	 35. Huang,Y, Zhou,A, Tang,P, and Ma,X. Socioeconomic status moderate the relationship between mental health literacy, social participation, and active aging among Chinese older adults: evidence from a moderated network analysis. BMC Public Health. (2025) 25:131. doi: 10.1186/s12889-024-21201-5 
	 36. Vandenbroucke,JP, von Elm,E, Altman,DG, Gøtzsche,PC, Mulrow,CD, Pocock,SJ , et al. Strengthening the reporting of observational studies in epidemiology (STROBE): explanation and elaboration. PLoS Med. (2007) 4:e297. doi: 10.1371/journal.pmed.0040297 
	 37. Lind,JT, and Mehlum,H. With or without U? The appropriate test for a U-shaped relationship. Oxf Bull Econ Stat. (2010) 72:109–18. doi: 10.1111/j.1468-0084.2009.00569.x
	 38. Witte,K, and Allen,M. A meta-analysis of fear appeals: implications for effective public health campaigns. Health Educ Behav. (2000) 27:591–615. doi: 10.1177/109019810002700506 
	 39. Slavin,S, Batrouney,C, and Murphy,D. Fear appeals and treatment side-effects: an effective combination for HIV prevention? AIDS Care. (2007) 19:130–7. doi: 10.1080/09540120600866473 
	 40. Lau,JT, Choi,KC, Tsui,HY, and Su,X. Associations between stigmatization toward HIV-related vulnerable groups and similar attitudes toward people living with HIV/AIDS: branches of the same tree? AIDS Care. (2007) 19:1230–40. doi: 10.1080/09540120701402848 
	 41. Yang,LH, and Kleinman,A. 'Face' and the embodiment of stigma in China: the cases of schizophrenia and AIDS. Soc Sci Med. (2008) 67:398–408. doi: 10.1016/j.socscimed.2008.03.011 
	 42. Davoudpour,S, Salvador,RO, and Phillips,G. Association with immorality explains HIV stigma in the USA. Public Health Ethics. (2025) 18:8. doi: 10.1093/phe/phaf002
	 43. Kang,E, Delzell,DAP, and Mbonyingabo,C. Understanding HIV transmission and illness stigma: a relationship revisited in rural Rwanda. AIDS Educ Prev. (2017) 29:540–53. doi: 10.1521/aeap.2017.29.6.540 
	 44. Teshale,AB, and Tesema,GA. Discriminatory attitude towards people living with HIV/AIDS and its associated factors among adult population in 15 sub-Saharan African nations. PLoS One. (2022) 17:e0261978. doi: 10.1371/journal.pone.0261978 
	 45. Yapıcı,O, and Çağlar,Y. The relationship between HIV/AIDS knowledge and stigmatizing attitudes towards people living with HIV/AIDS: an educational intervention study. Risk Manag Healthc Policy. (2024) 17:2755–62. doi: 10.2147/RMHP.S489989 
	 46. Rao,D, Elshafei,A, Nguyen,M, Hatzenbuehler,ML, Frey,S, and Go,VF. A systematic review of multi-level stigma interventions: state of the science and future directions. BMC Med. (2019) 17:41. doi: 10.1186/s12916-018-1244-y 
	 47. Aghaei,A, Sakhaei,A, Khalilimeybodi,A, Qiao,S, and Li,X. Impact of mass media on HIV/AIDS stigma reduction: a systematic review and meta-analysis. AIDS Behav. (2023) 27:3414–29. doi: 10.1007/s10461-023-04057-5 
	 48. Shen,J, and Xu,J. The elderly population's social networks and HIV perceptions: evidence from China. J Family Med Prim Care. (2024) 13:5575–83. doi: 10.4103/jfmpc.jfmpc_651_24 
	 49. Endalamaw,A, Gilks,CF, Ambaw,F, and Assefa,Y. Socioeconomic inequality and contributors in accepting attitudes toward people living with HIV among adults in Ethiopia from 2005 to 2016: a population-based cross-sectional study. BMJ Open. (2023) 13:e074694. doi: 10.1136/bmjopen-2023-074694 


Copyright
 © 2025 Ye, Peng, Liang, Li, Yuan, Zhang, He, Li, Yang, Zhang and Yang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		The knowledge paradox: an inverted U-shaped association between HIV knowledge and stigma among older men in Sichuan Province, Southwest China



		1 Introduction



		2 Method



		2.1 Study design and setting



		2.2 Participants



		2.3 HIV testing



		2.4 Variables and measurement



		2.4.1 Independent variable



		2.4.2 Dependent variable



		2.4.3 Covariates









		2.5 Statistical methods



		2.5.1 Survey design and weighting



		2.5.2 Data management



		2.5.3 Descriptive and bivariate analyses



		2.5.4 Primary analysis



		2.5.5 Robustness checks









		2.6 Software









		3 Results



		3.1 Participants



		3.2 Descriptive statistics



		3.3 Bivariate analyses



		3.4 Multivariate analyses



		3.5 Robustness checks









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		Abbreviations



		References



















OPS/images/fpubh-13-1685602-g001.jpg
(A) Full Scale View






OPS/images/fpubh-13-1685602-g002.jpg
Marginal Effect (95% CI )

1939y3 abeiany

Knowledge





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

The knowledge paradox: an
inverted U-shaped association
between HIV knowledge and
stigma among older men in
Sichuan Province, Southwest
China












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






