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Abstract
[bookmark: _Hlk192615390]Background Whether adverse childhood experiences (ACEs) influence family health relationships in adulthood remains an understudied area. The aim of this study was to assess the relationship between ACEs and family health and the mediating effect of adulthood socioeconomic status (SES).
Method The 2023 Psychology and Behavior Investigation of Chinese Residents (PBICR) enrolled 30,048 Chinese adults aged ≥18 years. ACEs were assessed via a 7-item questionnaire, and family health via the Family Health Simplified Scale. Generalized linear models explored associations between the number/type of ACEs and family health, with mediation analysis examining the role of adulthood SES.	Comment by cn792: We have verified all abbreviations in the entire text (abstract, main text, supplementary materials) to ensure that they are labeled with their complete names when they first appear, without exception.
Result Emotional abuse was the most common ACE (25.5%). All ACE types were negatively associated with family health, with incarceration (male: β = −4.51, 95% CI: −5.11 to −3.91; female: β = −3.18, 95% CI: −3.86 to −2.51), sexual abuse (male: β = −4.09, 95% CI: −4.53 to −3.65; female: β = −2.39, 95% CI: −2.80 to −1.98), and family mental illness (male: β = −3.95, 95% CI: −4.41 to −3.49; female: β = −2.70, 95% CI: −3.15 to −2.25) showing the strongest negative associations (all p < 0.0001). A graded association, indicating a dose–response pattern, was observed between ACEs and family health, excluding the family health resources dimension. Moreover, mediation analysis showed that adulthood SES explained only 2.15% of the association, and participants with ACEs demonstrated distinct family health outcomes across residential, regional, and social contexts.
Conclusions ACEs were gradedly associated with poorer family health in adulthood, excluding the family health resources dimension. These findings underscore the need for multidimensional strategies to mitigate the adverse effects of childhood trauma and coordinated supports at the individual, family, and community levels, so as to promote family health and well-being.
Contributions to the literature
· For the first time, sex differences in family health outcomes associated with adverse childhood experiences (ACEs) were quantified in a Chinese population, filling a regional research gap.
· Strong associations between three key ACEs subtypes (a history of incarceration, sexual abuse, and family mental illness) and intergenerational family dysfunction.
· Weak buffering effect of adulthood socioeconomic status on the intergenerational transmission of affect in ACEs.
· Culturally adapted screening mechanisms for ACEs and sex-differentiated family intervention programs in Chinese public health policy.

Background 
[bookmark: _Hlk208863524][bookmark: _Hlk208863463][bookmark: _Hlk208863832]Adverse childhood experiences (ACEs) represent a prevalent global issue rooted in dysfunctional early childhood environments Large-scale studies involving more than half a million adults have shown that nearly six in ten reported at least one ACE, including abuse, domestic violence, caregiver mental illness, and substance abuse[1]. Cumulative exposure to ACEs is associated with higher likelihood of chronic diseases, cardiovascular issues, cancer, and depression, while decreasing well-being, prosocial behavior, and family cohesion. ACEs also correlate with harmful health behaviors such as alcohol abuse, smoking, and sleep disorders, highlighting their broad relevance for life course health[2, 3]. 
The family, as a confluence of biological, legal, and emotional connections, transmits its health status intergenerationally and is influenced by the health of the family of origin and the dynamics of extended kinship. Family health is a holistic construct encompassing the physical, social, emotional, economic, and medical well-being of all family members. It extends beyond individual or economic attributes to represent the family’s collective capacity to sustain and promote health across four interrelated domains[4]. The first domain, family social and emotional health processes, reflects the quality of relationships, communication, and cohesion that foster trust and mutual understanding. The second, healthy family lifestyle, emphasizes shared health-promoting routines such as balanced diet, physical activity, and adherence to medical guidance. The third, family health resources pertains to the material, cognitive, and service resources that enable families to meet daily needs and manage health challenges. The fourth, external family social support, involves the broader social networks and community connections that provide emotional, informational, and financial assistance. Collectively, these domains form an integrated framework that enhances resilience and protects against psychological and behavioral problems [5]. In China, deeply rooted familial values strengthen these domains by facilitating intergenerational caregiving, mutual support, and the sharing of health-related beliefs and behaviors. The COVID-19 pandemic further underscored this dynamic, as family communication and cooperation fostered resilience and overall well-being. [6]
The Life Course Health Development (LCHD) model integrates biomedical, and psychosocial, and developmental perspectives to explain the complex, non-linear trajectories of health. It highlights how exposures during sensitive periods can shape lifelong functioning [7, 8], particularly childhood, adolescence, and early adulthood. Childhood adversities disrupt developmental pathways by impairing attachment, communication, and trust, which in turn increase risks for intergenerational dysfunction in adulthood [9]. Children from families with positive communication patterns are less likely to experience adversity, underscoring the protective role of supportive family processes [10, 11]. Family development is a lifelong process that involves transitions in marital relationships, parenting, employment, and caregiving roles. As children move into adulthood, the family of origin acts as a “health leader,” shaping responsibilities and expectations. For individuals exposed to ACEs, these transitions may be marked by a “pattern of pronounced disadvantage,” [12] in which adversities complicate family environments, reduce cohesion, and intensify conflict [13]. Conversely, the LCHD model also highlights resilience and plasticity, suggesting that not all individuals respond negatively; some maintain hope and optimism, pursuing adaptive changes even after adversity [14, 15]. 
Previous research has highlighted the importance of early life conditions in shaping life course outcomes, particularly during the first two decades of life, when socioeconomic health inequalities significantly impact adult health [16, 17]. Both ACEs and socioeconomic disadvantages in childhood are associated with poorer outcomes across the life course[18]. However, the role of adulthood socioeconomic status (SES) in these associations remains uncertain, as some studies have reported no significant variation across socioeconomic groups[19]. At the same time, ACEs are often linked to constrained educational attainment, employment opportunities, and income in later life[20], suggesting that adulthood SES may serve as an important pathway connecting early adversity with family health. The LCHD model emphasizes that health trajectories are shaped by cumulative exposures and contextual factors across the life span.[21] Within this framework, adulthood SES may be conceptualized as a potential pathway through which early adversity is associated with adult family health. Building on this perspective, the present study specifically examines its mediating role. 
Despite growing attention to ACEs, research directly linking them to family health remains limited. Existing evidence suggests potential sex and cultural differences: stronger associations have often been reported among women in Western samples, whereas in Chinese contexts, shaped by family-centered norms and Confucian relational orientations, these associations may be attenuated or altered. Such inconsistencies underscore the need for context-sensitive investigations into the relationship between ACEs and family health[22, 23]. These inconsistencies underscore the need for context-sensitive investigations. Accordingly, the present study uses nationally representative data from Chinese adults to examine the associations between childhood adversity and family health, to evaluate the mediating role of adulthood SES, and to explore potential heterogeneity by sex, residential setting, and region.
Methods
Data and study participants
Data for this study were sourced from the Psychology and Behavior Investigation of Chinese Residents (PBICR) survey conducted from June 20 to August 31, 2023, using a multistage, stratified, cluster-sampling design. In stage 1, the four municipalities (Beijing, Tianjin, Shanghai, and Chongqing) and the Hong Kong and Macao Special Administrative Regions were included with certainty; for the 22 provinces and five autonomous regions, a sampling frame was constructed, the number of cities to be drawn in each jurisdiction was set proportional to its population size, and 2–12 cities were then selected by simple random sampling, yielding 150 cities in total. In stage 2, within these 150 cities, the number of communities to be selected was determined by the population of the corresponding first-level administrative division, and communities were drawn in a 3:2 urban-to-rural ratio (10–60 per province), for a total of 800 communities. In stage 3, quota procedures were applied using post-stratification by age (5-year bands), sex, and urban–rural residence to align the sample with the 2021 Seventh National Population Census [24]. After quota adjustment, 30,054 individuals were included, of whom six with unclear response sources were excluded during data cleaning, yielding a final analytical sample of 30,048 participants.	Comment by cn792: We have added a sample size exclusion explanation in the Methods section, explaining the reasons for the increase from 30054 to 30048 people to ensure data consistency.
The survey included participants who met the following inclusion criteria: age ≥18 years, Chinese nationality, residing in China (≤1 month/year outside), ability to complete the online questionnaire independently or with assistance, and comprehension of the questionnaire items. Exclusion criteria included individuals with cognitive impairments, psychiatric disorders, or participation in similar studies, as well as those unwilling to participate. 
Data was collected through the Wenjuanxing application, a professional online survey platform, and distributed via the social media platform WeChat. Participants unable to independently complete the questionnaire (e.g., due to illiteracy, vision impairment, or physical disability) were assisted by trained investigators, who conducted face-to-face interviews in a private setting. The survey was anonymous, with no personal identifiers (e.g., names, addresses, or phone numbers) collected. To minimize social desirability bias, questions were neutrally phrased, and all investigators received standardized training in clear, non-judgmental communication and in managing participants’ emotional responses to sensitive items. All data were stored securely and accessible only to authorized researchers.
Family Health
[bookmark: _Hlk215437705]The Family Health Scale–Short Form (FHS-SF), originally developed by Crandall et al. [25], was culturally adapted to the Chinese context by Wang et al. based on Chinese language expression habits without altering the original conceptual meaning[26] (Supplementary Table S1). The scale includes four dimensions: Family Social/Emotional Health (α = 0.88), Healthy Family Lifestyle (α = 0.84), Family Health Resources (α = 0.75), and External Family Social Support (α = 0.75). All items were rated on a five-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). Items in the Family Health Resources dimension were reverse-coded. The total score ranges from 10 to 50, with higher scores reflecting better family health. In the present study, the overall scale demonstrated good internal consistency (Cronbach’s α = 0.81).	Comment by cn792: Thank you for your feedback and suggestions. The literature by Fei Wang et al. (2022) has been added to the reference list and all citations have been renumbered to ensure that the main text citations correspond exactly to the reference list without omissions or incorrect numbering.	Comment by cn792: The sentence has been adjusted according to the original expression of Fei Wang et al. (2022) to clarify that the core of cultural adaptation is based on Chinese expression habits, without changing the original meaning of the scale, in order to support international comparison.	Comment by cn792: All supplementary materials (including Table S1, Figures S1-S4, etc.) have been removed from the main text and organized into a separate file called "Supplementary Tables and Figures" to ensure that all supplementary content is complete, accessible, and corresponds to the references in the main text.
Adverse Childhood Experiences   
We assessed ACEs using a seven-item questionnaire adapted from previous research[27]. Participants reported whether, before age 18, they experienced physical abuse, emotional abuse, sexual abuse, household mental illness, household substance use, domestic violence, or incarceration of a household member (coded 0 = no, 1 = yes). Items were summed to yield a total ACE score (0–7), with higher scores indicating greater exposure; for analyses, scores were grouped as 0, 1, 2, 3, and ≥4. Content validity of the Chinese translation was reviewed by an expert panel with iterative refinements to ensure conceptual equivalence. In this study, the ACEs questionnaire demonstrated good internal consistency (Cronbach’s α = 0.86).
Socioeconomic status in adulthood
SES in adulthood was classified using the Li's Chinese Urban Residents Scale, which measures the quantity of social resources an individual can access or control[28]. This scale includes eight levels of monthly household income, six levels of educational attainment, and six levels of occupational status. These items were aggregated into a cumulative SES score ranging from 3 to 20, with higher scores indicating higher SES. The scores were categorized into three levels based on quartiles: low SES (≤9), middle SES (10-12), and high SES (≥13), as shown in Supplementary Table S2.
Sociodemographic variables
[bookmark: _Hlk167964858]The questionnaire collected data on the following variables: age (18-44, 45-64, 65+ years), sex (male, female), ethnicity (Han, minorities), religious beliefs (no, yes), marital status (unmarried, married, divorced/widowed), social health insurance (no, yes), family type (including Nuclear/main/joint, couple's, single-parent, split-generation, and other forms), and diagnosed chronic conditions (0, 1, 2 or more). Considering the regional disparities in socioeconomic development in China[29], residents of more developed areas and urban settings likely possess higher health capital[30]. We also collected information on the respondents' residence (rural or urban) and region (eastern developed, central developing, western underdeveloped). Health behaviors were assessed, including alcohol drinking (no, yes) and smoking (no, yes). 
Statistical Analysis
[bookmark: _Hlk213838682]Baseline characteristics were compared by sex using χ² tests for categorical variables and Kruskal-Wallis tests for continuous variables. Potential confounders were identified from prior literature and theoretical assumptions[31, 32]. A directed acyclic graph (DAG) illustrating hypothesized relationships among adverse childhood experiences, socioeconomic status, and family health was used to guide covariate selection (Supplementary Figure S1). Associations between ACEs and family health were estimated with generalized linear models (Gaussian family, identity link; stats), reporting standardized coefficients (β) and 95% confidence intervals (CIs). Model 1 was unadjusted, and Model 2 was adjusted for age, sex, ethnicity, marital status, family type, religious beliefs, residence, region. Mediation analysis was conducted using model 4 to test whether adulthood SES mediated the association between ACEs and family health. Indirect, direct, and total effects, as well as the proportion mediated, were estimated with nonparametric bootstrap (5,000 resamples) and bias-corrected accelerated 95% CIs (mediation). To compare participants with any ACEs versus none, two types of sensitivity analyses were conducted. The overlap weighting propensity score (OWPS) method (WeightIt) was used because it achieves optimal covariate balance while preserving the full sample[33]. Weighted associations were then re-estimated using generalized linear models (survey). In addition, family health was treated as an ordinal variable (tertiles) and analyzed using generalized ordinal logistic regression (VGAM) to test the robustness of the results. Finally, subgroup analyses were conducted stratified by sex, residence, and region, and within participants with ACEs, stratified analyses were performed to examine modification by social characteristics. All analyses were performed in R version 4.3.1, and two-sided P values <0.05 were considered statistically significant. 	Comment by cn792: Optimized and supplemented the design of Figure S1 (DAG diagram) by representing variables of different roles (core variables, confounding factors, post exposure factors, SES components) with nodes of different colors (replacing the original black nodes+white text boxes), directly labeling variable names within the nodes without the need for additional text boxes, improving the clarity and readability of the diagram.
Results
Table 1 presents the baseline characteristics of the 30,048 study participants from the 2023 PBICR. The sample comprised 15,038 female and 15,010 male. On average, the family health score was 39.52 ± 6.25 for male and 40.20 ± 6.02 for female. The prevalence of each ACE type ranged from 4.2% (family member with a history of incarceration) to 25.5% (emotional abuse). Male exhibited higher prevalence rates for specific ACE types, such as physical abuse, household substance abuse, and family member incarceration history, compared to female. Regarding the cumulative number of ACEs, 11.3% of participants experienced exactly one ACE, while 4.0% experienced four or more ACEs.
Table 2 illustrates the relationship between the number and types of ACEs and family health, categorized by sex. In the crude model, there was a clear negative association between the number of ACEs and family health, using those with no ACEs as a reference. For male, experiencing one ACE did not significantly affect family health. In the adjusted Model 2, controlling for demographics, all types of ACEs were significantly linked to poorer family health outcomes. Specifically, male showed pronounced negative associations with family health from having a family member with a history of incarceration (β = -4.51, 95% CI: -5.11 to -3.91, p < 0.0001), sexual abuse (β = -4.09, 95% CI: -4.53 to -3.65, p < 0.0001), and household mental illness (β = -3.95, 95% CI: -4.41 to -3.49, p < 0.001). Similarly, female exhibited significant negative associations with family health from family member incarceration (β = -3.18, 95% CI: -3.86 to -2.51, p < 0.0001), household mental illness (β = -2.70, 95% CI: -3.15 to -2.25, p < 0.001), and sexual abuse (β = -2.39, 95% CI: -2.80 to -1.98, p < 0.0001). Both sex also showed weaker but significant associations between emotional abuse (males: β = -1.89, 95% CI: -2.17 to -1.61, p < 0.0001; females: β = -1.74, 95% CI: -2.01 to -1.48, p < 0.0001) and physical abuse (males: β = -1.98, 95% CI: -2.26 to -1.70, p < 0.0001; females: β = -2.23, 95% CI: -2.52 to -1.94, p < 0.0001) with family health.
Table 3 shows the relationship between the cumulative number of ACEs and subdimensions of family health. In the adjusted Model 2, both male and female who experienced four or more ACEs had significant negative associations with family social/emotional support (males: β = -2.65, 95% CI: -2.84 to -2.46; females: β = -2.53, 95% CI: -2.73 to -2.34, p < 0.0001). However, among participants who experienced four or more ACEs, the association with family health resources was negative but not statistically significant. 
After adjusting for demographic characteristics, adulthood SES mediated a small portion of the association between ACEs and family health. The standardized path from ACEs to adulthood SES was −0.08, and the standardized path from adulthood SES to family health was 0.26 (Supplementary Figure S2). The indirect effect corresponded to a proportion mediated of 2.15% (bias-corrected bootstrap p<0.001).
To explore urban–rural and regional differences, we first stratified the full sample by residence and by region. Family health decreased with increasing ACE count across all regions. Urban residents had higher mean family health than rural residents at each ACE level; among those with ≥4 ACEs, scores were 34.19 ± 7.13 in urban areas and 32.74 ± 6.81 in rural areas (Supplementary Figure S3a). Although the association was inverse in both settings, it was not significant for 1–2 ACEs among rural residents (Supplementary Table S3). By region, participants in the eastern region without ACEs had the highest family health (40.35 ± 5.83). With increasing ACEs (especially at ≥4) mean scores in the east were lower than in the central and western regions (32.92 ± 7.11 vs 33.77 ± 7.17 and 34.90 ± 6.27, respectively; Supplementary Figure S3b). Trend models showed graded inverse associations between ACE count and family health (eastern: β, −6.51; 95% CI, −7.09 to −5.93; central: β, −5.05; 95% CI, −5.90 to −4.19; western: β, −5.30; 95% CI, −5.83 to −4.76; p < 0.001), with no significant association for 1 ACE in the western region. 
We next examined person-level effect modification within the ACE-exposed population (Figure 3).7,805 participants (26.0%) with a balanced sex distribution. The adjusted model revealed significant associations between social characteristics and family health among individuals exposed to ACEs. Specifically, family health was poorer among males aged 18–45 (β = -0.55, 95% CI: -1.04 to -0.07, p < 0.05), those who were divorced or widowed (β = -1.06, 95% CI: -1.94 to -0.18, p < 0.05), and individuals living in intergenerational family (β = -2.43, 95% CI: -4.31 to -0.55, p < 0.01). Additionally, participants with low SES (males: β = -0.93, 95% CI: -1.37 to -0.49; females: β = -1.48, 95% CI: -1.92 to -1.05, p < 0.001), those living in couple families (males: β = -2.01, 95% CI: -2.54 to -1.49; females: β = -1.11, 95% CI: -1.69 to -0.53, p < 0.001), or other family types (males: β = -1.79, 95% CI: -2.57, -1.01; females: β = -1.51, 95% CI: -2.23 to -0.72, p < 0.001) reported significantly lower family health. Conversely, individuals with high SES reported better family health (males: β = 1.29, 95% CI: 0.97 to 1.61; females: β = 1.59, 95% CI: 1.13 to 2.06, p < 0.001).
Two sensitivity analyses were conducted to examine the robustness of the findings. Weights were calculated for participants with and without ACEs using the Overlap Weighting (OW) method, which reflects the probability of being assigned to the opposite group[34].The distribution of propensity scores for ACEs before and after adjustment is shown in Supplementary Fig S4. Among individuals with similar social characteristics and adulthood SES, ACEs were significantly negatively associated with family health across all subdimensions except for family health resources (Supplementary Table S4). When family health was treated as an ordinal variable and analyzed using generalized ordinal logistic regression, similar association patterns were observed (Supplementary Table S5). Although the magnitude of odds ratios slightly differed, the direction and statistical significance remained consistent, supporting the robustness of the main findings.
Discussion 
Family environments are complex and dynamic, shaped by evolving conditions and accumulate historical risks. In sensitivity analyses, the core findings were reaffirmed: exposure to ACEs was negatively associated with family health in adulthood. A graded association was observed between the number of ACEs and family health, whereas the family health resources dimension showed no such pattern. Associations varied by region and were more pronounced among individuals in couple/other family types, those with low adulthood SES, and those with multimorbidity. Leveraging a national sample, these results offer a nuanced perspective on how ACEs relate to family health.
Despite ACEs types in our study having prevalence rates similar to global estimates, overall incidence was relatively low[35]. Differences in sample selection and measurement methods across studies limit comparability between countries. Furthermore, social and cultural differences may influence reporting behavior, such as Confucian values emphasizing interpersonal harmony, may lead Chinese participants to underreport adversities to avoid stigma.[36] High rates of physical and emotional abuse found in our study align with patterns observed in other East Asian countries[37], possibly influenced by the “tiger parenting” style emphasizing discipline for academic success and family honor[38]. Boys in patriarchal traditions may face stricter discipline due to higher expectations[39]. 
Existing research shows that ACEs are associated with poorer family health in adulthood [40].  Our findings extend this evidence in three respects. First, the observed graded association between ACEs count and family health is consistent with a dose–response pattern, which aligns with cumulative-risk models highlighting the cumulative impact of childhood adversity on later-life outcomes [41]. Second, all ACE categories remained significant in fully adjusted models, with the largest deficits for household incarceration, sexual abuse, and household mental illness—adversities that are relationally disruptive and stigmatized, aligning with pathways that weaken attachment, trust, and social connectedness and matching the strong inverse association we observed for social–emotional support [42]. Mechanistically, prior work links ACEs with dysregulated stress physiology, epigenetic marks and accelerated biological aging, and neurodevelopmental alterations affecting executive function, attention, memory, and emotion regulation, which may translate into strained family roles and interactions[43]. Adults with ACE histories also exhibit constrained coping repertoires and persistently poorer mental health, limiting prosocial behavior and relationship quality[44, 45]. Third, effects were generally larger in males, a pattern compatible with higher AL and lower help-seeking under chronic stress[46, 47], although physical abuse showed a slightly larger estimate in male; these contrasts suggest type-specific salience and warrant formal interaction testing in longitudinal research.
[bookmark: _Hlk208946680]Contrary to some reports[40], we did not detect an association between ACEs and the family health resources domain. This null finding may reflect China’s broad basic health coverage and trust in primary care, which could buffer resource shortfalls, as well as possible measurement or ceiling effects in that subscale. Adulthood SES was protective and showed a modest mediating role in the ACE and family health association, consistent with a small proportion of the total effect being transmitted through SES. The limited mediation is plausible given lower ACE prevalence among high-SES individuals, strong direct associations of ACEs with family health, and additional unmeasured pathways (e.g., mental health, relationship quality, health behaviors).
Among adults exposed to ACEs, family health varied by social context. Evidence indicates that ACEs are more prevalent in economically underdeveloped settings[48], but their consequences appear contingent on the availability and distribution of regional health and social resources. Compared with economically developed urban areas, western and rural regions in China face uneven public resource allocation, lower health literacy, and higher poverty burdens, which may weaken families’ self-regulation and health management[49, 50]. Conversely, ACEs in rural settings do not invariably translate into poorer family health; characteristics common in rural communities, regular shared meals, denser kinship networks, and lower day-to-day stress, may provide informal buffering against adversity[51]. Consistent with these context-dependent gradients, we observed a steeper decline in family health at high ACE burden in the highly urbanized eastern region, suggesting that formal resources alone may be insufficient where informal social cohesion is thin. In analyses limited to adults with ACE exposure, family health differed by marital status, family structure, socioeconomic position, and morbidity. Being married and living in couple/other families forms were associated with lower family health, plausibly reflecting concentrated demands within a dyad and fewer embedded supports[52]. In intergenerational family, male participants more often than female participants shoulder patrilineal and provider expectations. Under combined work and family pressures, especially when intergenerational financial exchanges are unfavorable, converging role obligations and time scarcity may undermine day-to-day functioning and emotional coordination, consistent with the lower family health observed in males[53]. Lower adulthood SES is typically accompanied by sustained financial strain and more limited access to supportive services[54], while multimorbidity adds day-to-day illness-management demands that crowd out time and attention for family routines. Age may attenuate these links, insofar as older adults prioritize emotion regulation and employ more practiced coping strategies[55]. These subgroup analyses should, however, be interpreted cautiously. They were exploratory in nature and stratified by a limited number of prespecified sociodemographic factors among participants with ACEs. We did not apply formal multiple-testing correction, and effect estimates may be less stable in smaller strata.
This study has several limitations. First, although the survey covered all 34 provincial-level regions and approximated the national demographic structure, the non-probability sampling and post-survey quota adjustments may introduce selection bias, limiting generalizability. Second, ACEs were assessed retrospectively and may be affected by recall bias; moreover, the 7-item instrument captures only major forms of adversity and does not include experiences such as neglect, bullying, or community violence, potentially underestimating childhood trauma exposure. Third, the cross-sectional design prevents causal inference and raises the possibility of reverse causality, and the mediation analysis cannot establish temporal ordering among ACEs, adulthood SES, and family health. Finally, only adulthood SES was examined as a mediator; other psychosocial pathways—such as mental health, coping styles, or interpersonal functioning—were not assessed and may also contribute to the observed associations. Future studies employing longitudinal designs, comprehensive ACEs assessments, and broader psychosocial mediators are needed to clarify causal pathways and better elucidate mechanisms linking childhood adversity to family health across the life course.	Comment by cn792: Minor inconsistencies in the results have been corrected, exaggerated conclusions have been rewritten, and limitations not mentioned have been added to ensure the objectivity and rigor of the research.
Conclusion
In this large, nationally scoped adult sample, ACEs showed a graded association with adulthood family health, with no significant link observed for the family health resources dimension. The mediating role of adulthood SES was modest, and the associations varied by marital status, family type, and chronic conditions. Interpreted within the LCHD framework, these findings highlight how early adversity interacts with individual and social contexts to shape later family functioning. Taken together, the results support upstream prevention of ACEs and coordinated supports across individual, family, and community levels, which aligns with broader public health priorities of promoting family well-being.
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	Table 1. Demographics of Participants in the Study on the Association of Adverse Childhood Experiences and Family Health in Adulthood: Results of the Psychology and Behavior Investigation of Chinese Residents (PBICR) Survey, China, 2023.	Comment by cn792: We have revised the titles (main text and supplementary materials) of all tables and figures as required, ensuring that the titles include the research location, period, research topic, no unexplained abbreviations, independence, and information content.

	Variable
	Total         (n=30 048)
	Male         (n=15 010)
	Female       (n=15 038)
	P value a

	
	
	
	
	

	Age (%)
	
	
	
	0.885

	  18-45
	16 687(55.5)
	8 339(55.5)
	8 343(55.4)
	

	  46-64
	9 344(31.1)
	4 651(31.0)
	4 693(31.2)
	

	  ≥65
	4 022(13.4)
	2 020(13.5)
	2 002(13.4)
	

	Ethnicity (%)
	
	
	
	0.466

	  Han
	27 295(90.8)
	13 653(91.0)
	13 642(90.7)
	

	  Minorities
	2 753(9.2)
	1 357(9.0)
	1 396(9.3)
	

	Marital status (%)
	
	
	
	<0.001

	  Unmarried
	8 897(29.6)
	4 731(31.6)
	4 166(27.7)
	

	  Married
	1 9424(64.6)
	9 537(63.5)
	9 887(65.8)
	

	  Divorced/widowed
	1 727(5.8)
	742(4.9)
	985(6.5)
	

	Family type (%)
	
	
	
	<0.001

	  Nuclear/main/ joint family
	22 431(74.7)
	11 062(73.7)
	11 369(75.6)
	

	  Couple's family
	4 965(16.5)
	2 638 (17.6)
	2 327(15.5)
	

	  Single-parent family
	1 087(3.6)
	499(3.3)
	588(3.9)
	

	  Split-generation family
	173(0.6)
	80(0.5)
	93(0.6)
	

	  Other families
	1 392(4.6)
	731(4.9)
	661(4.4)
	

	Chronic conditions (%)
	
	
	
	<0.001

	  0
	20 455(68.1)
	10 017(66.7)
	10 438(68.1)
	

	  1
	5 811(19.3)
	2 993(19.9)
	2 818(18.7)
	

	  2 or more
	3 782(12.6)
	2 000(13.3)
	1 782(11.8)
	

	Social health insurance (%)
	
	
	
	0.288

	  No
	1 440(4.8)
	739(4.9)
	701(4.7)
	

	  Yes
	28 608(95.2)
	14 271(95.1)
	14 337(95.3)
	

	Religious beliefs (%)
	
	
	
	<0.001

	  No
	27 760(92.4)
	13 951(92.9)
	13 809(91.8)
	

	  Yes
	2 288(7.6)
	1 059(7.1)
	1 229(8.2)
	

	Individual health behavior
	
	
	
	

	Alcohol drinking (%)
	
	
	
	0.0001

	  No
	19 227(64.0)
	7 089(47.2)
	12 138(80.7)
	

	  Yes
	10 821(36.0)
	7 921(52.8)
	2 900(19.3)
	

	Smoking (%)
	
	
	
	0.0001

	  No
	23 877(79.5)
	9 554(63.7)
	14 323(95.2)
	

	  Yes
	6 171(20.5)
	5 456(36.3)
	715(4.8)
	

	Region (%)
	
	
	
	0.010

	  Eastern
	11 793(39.3)
	5 982(39.9)
	5 811(38.6)
	

	  Central
	6 587(21.9)
	3 188(21.2)
	3 399(22.6)
	

	  Western
	11 668(38.8)
	5 840(38.9)
	5 828(38.8)
	

	Residence (%)
	
	
	
	0.907

	  Rural
	9 318(31.0)
	4 650(31.0)
	4 668(31.0)
	

	  Urban
	20 730(69.0)
	10 360(69.0)
	10 370(69.0)
	

	Socioeconomic status (%)
	
	
	
	<0.001

	  High SES
	10 273(34.2)
	4 541(30.3)
	5 732(38.2)
	

	  Medium SES
	10 381(34.5)
	5 397(35.9)
	4 984(33.1)
	

	  Low SES
	9 394(31.3)
	5 072(33.8)
	4 322(28.7)
	

	Dependent variables (M±SD）a
	
	
	
	<0.001

	  Family health
	39.86±6.14
	39.52±6.25
	40.20±6.02
	

	Independent variables (%)
	
	
	
	

	Prevalence of ACEs
	
	
	
	<0.001

	  No ACEs
	22 243(74.0)
	11 059(73.7)
	11 184(74.4)
	

	  1 ACEs
	3 394(11.3)
	1 625(10.8)
	1 769(11.8)
	

	  2 ACEs
	1 975(6.6)
	1 067(7.1)
	908(6.0)
	

	  3 ACEs
	1 239(4.1)
	620(4.1)
	619(4.1)
	

	  4 or more ACEs
	1 197(4.0)
	639(4.3)
	558(3.7)
	

	Specific ACEs b
	
	
	
	

	  Physical abuse
	4 038(23.8)
	2 181(24.8)
	1 857(22.8)
	<0.001

	  Emotional abuse
	4 319(25.5)
	2 133(24.2)
	2 186(26.9)
	0.421

	  Sexual abuse
	1 650(9.7)
	795(9.0)
	855(10.5)
	0.139

	  Household substance misuse
	2 112(12.6)
	1 175(13.3)
	937(11.5)
	<0.001

	  Household mental illness
	1 446(8.5)
	731(8.3)
	715(8.8)
	0.64

	  Household domestic violence
	2 664(15.7)
	1 381(15.7)
	1 283(15.8)
	0.041

	  Incarcerated household member
	713(4.2)
	412(4.7)
	301(3.7)
	<0.001


Note: Continuous variables were presented as mean±SD. Categorical variables were presented as n (%). 
a Kruskal-Wallis test.
b Specific ACEs were multiple-response items; percentages reflect ACE endorsements (not participants) and therefore do not total 100%.
Abbreviations: ACEs: adverse childhood experiences.
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	Table 2. Association between Adverse Childhood Experiences and Family Health in Adulthood: Results from the 2023 PBICR Survey, China.

	Variable
	Male 
	　
	Female

	
	Model 1a
	Model 2b 
	　
	Model 1a
	Model 2b

	Prevalence of ACEs
	
	
	
	
	

	  No ACEs
	1c
	1c
	
	1c
	1c

	  1 ACEs
	-0.28(-0.59,0.04)
	-0.23(-0.54,0.08)
	
	-0.54(-0.83, -0.24) ***
	-0.36(-0.65, -0.07) *

	  2 ACEs
	-1.38(-1.76, -1.00) ***
	-1.18(-1.55, -0.80) ***
	
	-1.45(-1.85, -1.06) ***
	-1.16(-1.55, -0.77) ***

	  3 ACEs
	-1.56(-2.05, -1.07) ***
	-1.31(-1.80, -0.83) ***
	
	-2.25(-2.72, -1.77) ****
	-1.74(-2.20, -1.27) ***

	  4 or more ACEs
	-6.91(-7.40, -6.43) ****
	-5.89(-6.38, -5.39) ****
	
	-6.51(-7.01, -6.02) ****
	-5.10(-5.61, -4.59) ****

	Specific ACE
	
	
	
	
	

	  Physical abuse
	-2.46(-2.74, -2.18) ****
	-1.98(-2.26, -1.70) ****
	
	-2.93(-3.21, -2.64) ****
	-2.23(-2.52, -1.94) ****

	  Emotional abuse
	-2.33(-2.62, -2.05) ****
	-1.89(-2.17, -1.61) ****
	
	-2.28(-2.55, -2.01) ****
	-1.74(-2.01, -1.48) ****

	  Sexual l abuse
	-4.95(-5.39, -4.51) ****
	-4.09(-4.53, -3.65) ****
	
	-3.15(-3.56, -2.73) ****
	-2.39(-2.80, -1.98) ****

	  Household substance misuse
	-3.38(-3.75, -3.01) ****
	-2.66(-3.03, -2.29) ****
	
	-3.50(-3.89, -3.10) ****
	-2.30(-2.70, -1.91)****

	  Household mental illness
	-3.78(-4.22, -3.33) ****
	-3.95(-4.41, -3.49) ****
	
	-4.80(-5.26, -4.35) ****
	-2.70(-3.15, -2.25) ***

	  Household domestic violence
	-3.21(-3.55, -2.87) ****
	-2.68(-3.02, -2.34) ***
	
	-3.28(-3.62, -2.94) ****
	-2.27(-2.62, -1.93) **

	  Incarcerated household member
	-4.80(-5.49, -4.12) ****
	-4.51(-5.11, -3.91) ****
	　
	-5.69(-6.29, -5.08) ****
	-3.18(-3.86, -2.51) ****





















Note: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, statistically significant in bold.
a Model 1 was the crude model.
b Model 2was adjusted for age, ethnicity, marital status, family type, religious beliefs, residence, region.
c Reference: No ACEs exposure.
Abbreviations: ACEs: adverse childhood experiences, β: standardized coefficient, CI: confidence interval.

	Table 3. Association of Number of Adverse Childhood Experiences with Sub-Dimensions of Family Health in Adulthood: Results from the 2023 PBICR Survey, China.

	Variable
	β (95% CI) by No. of ACEs

	
	Male
	
	Female

	
	0c
	1
	2
	3
	≥4
	
	0c
	1
	2
	3
	≥4

	Model 1a
	
	
	
	
	
	
	
	
	
	
	

	 Family social and 
emotional health processes
	1
	-0.25(0.37,0.13) ***
	-0.70(-0.84, -0.55) ****
	-0.92(-1.10, -0.73) ****
	-3.02(-3.20, -2.84) ****
	
	1
	-0.48(-0.59, -0.37) ****
	-0.92(-1.07, -0.77) ****
	-1.15(-1.33, -0.97) ****
	-3.09(-3.28, -2.90) ****

	 Family healthy lifestyle
	1
	-0.10(0.18,0.02) ***
	-0.27(-0.37, -0.17) ***
	-0.46(-0.58, -0.33) ***
	-1.93(-2.06, -1.81) ****
	
	1
	-0.22(-0.29, -0.14) ***
	-0.40(-0.50, -0.30) ***
	-0.56(-0.68, -0.44) ****
	-1.80(-1.93, -1.67) ****

	 Family health resources
	1
	0.20(0.03,0.37) *
	-0.22(-0.42, -0.01) *
	0.06(-0.20,0.32)
	-0.43(-0.69,0.17) ***
	
	1
	0.24(0.09,0.39) **
	0.09(-0.12,0.29)
	-0.29(-0.54, -0.05) **
	-0.41(-0.66, -0.15) **

	 Family external social supports
	1
	-0.13(0.21,0.04) ***
	-0.19(-0.30, -0.09) ***
	-0.24(-0.38, -0.11) ****
	-1.53(-1.67, -1.40) ****
	
	1
	-0.08(-0.16,0.002)
	-0.22(-0.33, -0.11) ***
	-0.24(-0.37,0.11) ****
	-1.22(-1.35, -1.09) ****

	Model 2b
	
	
	
	
	
	
	
	
	
	
	

	 Family social 
and emotional health processes
	1
	-0.23(0.35,0.12) ***
	-0.61(-0.76, -0.47) ****
	-0.80(-0.99, -0.62) ****
	-2.65(-2.84, -2.46) ****
	
	1
	-0.39(-0.50, -0.28) ***
	-0.78(-0.92, -0.63) ****
	-0.94(-1.11, -0.76) ****
	-2.53(-2.73, -2.34) ****

	 Family healthy lifestyle
	1
	-0.10(-0.18, -0.02)*
	-0.24(-0.34, -0.14) ***
	-0.40(-0.53, -0.28) ***
	-1.70(-1.83, -1.57) ****
	
	1
	-0.18(-0.25, -0.11) ***
	-0.34(-0.44, -0.24) ***
	-0.46(-0.58, -0.34) ***
	-1.45(-1.59, -1.32) ****

	 Family health resources
	1
	0.20(0.04,0.37) *
	-0.22(-0.43, -0.02) *
	0.003(-0.43,0.26)
	-0.24(-0.50,0.03)
	
	1
	0.20(0.05,0.35) **
	0.04(-0.16,0.25)
	-0.32(-0.57, -0.08) **
	-0.27(-0.54,0.003)

	 Family external social supports
	1
	-0.12(0.21,0.04) **
	-0.16(-0.26, -0.05) **
	-0.16(-0.29, -0.03) *
	-1.26(-1.39, -1.13) ****
	
	1
	-0.05(-0.13,0.03)
	-0.16(-0.27, -0.06) **
	-0.12(-0.25,0.004)
	-0.86(-1.00, -0.72) ****


Note: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, statistically significant in bold.
a Model 1 was the crude model.
b Model 2 was adjusted for age, ethnicity, marital status, family type, religious beliefs, residence, region.
c Reference: No ACEs exposure.
Abbreviations: ACEs: adverse childhood experiences, β: standardized coefficient, CI: confidence interval.
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Figure 3. Association between Adverse Childhood Experiences Subgroups and Family Health in Adulthood (Adjusted β and 95% CIs): Results from the 2023 PBICR Survey, China.
Note: Model was adjusted for age, marital status, adulthood socioeconomic status, family type, diagnosed chronic conditions, except for the stratified variables in each subgroup.
Abbreviations: SES, socioeconomic status, β: standardized coefficient, CI: confidence interval
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