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Abstract
Background
This study aims to evaluate the 5-year impact of a Health Empowerment Program (HEP) on mitigating problematic conducts and enhancing the health-related quality of life (HRQOL) among children living in poverty.

Methods
A prospective cohort study (N = 239, Intervention group: n = 124, Comparison group: n = 115) was established with participants recruited between July 2013 and March 2016 and followed until November 2021. During the 5-year study period, children and their parents from the intervention group were invited to join a multi-dimensional HEP. At baseline and follow-up, both intervention and comparison groups were assessed using the Chinese Strengths and Difficulties Questionnaire (SDQ) and Chinese Child Health Questionnaire Parent Form 28 (CHQ-PF28). Multiple linear regressions were conducted to identify changes in outcome variables as the effect of the HEP.

Results
Upon completion of the 5-year follow-up, children in the intervention group showed a larger decline in conduct problems (B = − 0.66, p <.001), hyperactivity inattention (B = − 0.67, p =.005), and total difficulties score (B = − 1.89, p =.002) of SDQ, a greater increase in prosocial behavior of SDQ (B = 0.53, p =.040), and more substantial enhancement in CHQ-PF28’s psychosocial summary score (B = 2.75, p =.017) compared to the comparison group.

Conclusions
HEP is effective in mitigating behavioral problems and improving psychosocial HRQOL of children of low-income families, as evident by this 5-year cohort study.
Trial Registration: This study received approval (UW 12–517) from the Institutional Review Board of the University of Hong Kong/Hospital Authority Hong Kong West Cluster.
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Background
Living in poverty poses multiple risks for children’s overall health and development [1, 2]. In addition to difficulties in meeting basic amenities, low-income families are often characterized by increased illnesses and family stresses, limited resources, and a lack of psychosocial stimulation, and these families often live in low-income neighborhoods that have poor education, more crime, and high density, which can hinder the growth and development of children [2–4]. Research shows that children living in poverty experience lower health-related quality of life (HRQOL) and a higher prevalence of behavioral problems than children in the general population [5]. Early experiences with poverty can have additional detrimental effects on children’s future physical and psychological health and achievement as adults.[6–8]. Given that poverty tends to perpetuate itself [9], efforts to develop effective interventions aimed at improving health and development among low-income children have been advocated to disrupt the cycle of intergenerational poverty and poor health outcomes [10].
Primary healthcare is seen as the key to achieving universal health coverage and addressing health inequalities [11–13]. The goal of primary healthcare is to empower individuals to gain greater control over their lives and make decisions about their health, through a process known as health empowerment, which raises their awareness of their capacity to do so [14]. Health empowerment involves supporting individuals, families, and communities to enable health knowledge, motivation, self-assurance, utilization of health resources, and self-care to maintain health [15]. A growing body of evidence has shown that an effective health empowerment program (HEP) can help adolescents develop greater confidence and self-control over their behavior and health-related actions, and reduce mental health problems as well as problematic, impulsive, and pathological behaviors [16–18]. For instance, an 8-week empowerment program in Australia, which included weekly educational and practical sessions along with home tasks, delivered to both fathers and daughters, was found to improve physical activity, and enhance fundamental movement skill proficiency, perceived family relationships, and socio-emotional well-being in daughters [19, 20]. Additionally, a 6-week collaborative intervention in Korea, which involved discussing mutually agreed-upon goals, visualizing and explaining shared planning, sharing family routines and activity matrices, and discussing changes in child performance, was found to improve parents’ empowerment and child performance [21]. Nevertheless, there is limited evidence regarding the effectiveness of health empowerment interventions in the Chinese population, which constitutes a significant portion of the world’s population. Additionally, evidence of the ability of these interventions to produce positive changes in young children from impoverished households is also scarce.
The current study was undertaken in Hong Kong, which ranks among the top regions with the highest Gini coefficients at 0.54, indicating a wide economic inequality [22]. According to the local criteria of poverty (< 50% of population median income), more than 20% of the population in Hong Kong (1.65 million people) live in poverty [23]. Hong Kong has a high cost of living and private medical costs [24] coupled with limited public assistance can cause people from such low-income families to struggle with their basic living and health needs. Tung Chung, a new town in Hong Kong, covers approximately 200 hectares on a remote island [25]. According to the 2011 census (two years preceding our study), Tung Chung had 78,000 residents [26] living in 21,695 families, with a poverty rate of 40% [27]. Household monthly income varies by district in Hong Kong. In Tung Chung North, which consists mainly of private housing, the income is 45,330 HKD. In contrast, the Yat Tung area, where public housing is predominant, has lower incomes—12,300 HKD for Yat Tung North and 18,650 HKD for Yat Tung South. These figures are below the 2011 Hong Kong average income of 20,500 HKD [28]. Our study recruited families from public housing estates in Yat Tung, which include over 13,000 residential units and make up more than half of Tung Chung’s population [29]. We focused on families with monthly household earnings not exceeding 75% of the median monthly household income of Hong Kong families, which is an eligibility criterion for public housing in Hong Kong. In 2013, when the study began, Tung Chung had only one primary care clinic and a newly opened district hospital [30], making healthcare scarce for low-income families unable to afford private treatment. Due to the absence of competition and management by private real estate investment trusts, Tung Chung has some of the highest prices in Hong Kong [31], exacerbating financial difficulties for these families living in Tung Chung. Research shows that the coexistence of poverty and inadequate public healthcare services concurrently can harm the health and development of children [32]. One local study has found that both those living in poverty and the those earning between 50 and 75% have poorer health and HRQOL compared to the general population [33].
Thus, in 2012, the Trekkers Family Enhancement Scheme (TFES) was launched to aid financially disadvantaged households from Tung Chung. The scheme aims to provide assistance in various areas, including healthcare, education, employment, and family/environmental well-being, to enhance the families’ quality of life and develop their full potential by delivering various activities organized by non-government organizations (NGO) (for details, see Supplementary Table 1). We designed and implemented a HEP to promote the health of families in TFES. Empowerment in the health context involves professionals creating opportunities and providing support so individuals and families can actively participate in health problem formulation, decision-making, and actions [34]. Thus, our HEP includes four diverse yet interrelated components, including health literacy, self-care enablement, health ambassador, and health assessment, offering support in exercise, nutrition, health assessments, cues to actions etc. Additionally, empowerment promoting children’s health recognizes families as partners in health care and respects children’s agency as active participants in family, community, and society [35]. A systematic review [35] found that empowering young children and families through participation increases the effectiveness of health interventions. Therefore, we involve not only children but their entire families with the expectation that knowledge, attitudes, and practices of healthy living can be shared among family members and peers within the community. We believe that participants can still benefit from the four components even if they do not actively attend all HEP activities. We also believe that this approach enhances generalizability, as it would be unrealistic to expect people to participate in all the intervention activities, especially those in which they have no interest. It makes more sense for them to join the activities that resonate with them. The objective of this study was to assess the 5-year impact of the HEP on the development and health of children and examine the hypothesis on whether the HEP was associated with a reduction in behavioral problems and improvement in HRQOL over a 5-year follow-up.

Method
Study design
This cohort study involved the comparison of two groups of families with young children in Grades 1–3 at the time of study initiation. All families in TFES were eligible and invited to participate in the HEP (referred to as "intervention families") and a comparison group was selected from families in Tung Chung and Kwai Chung who did not join the TFES. Kwai Chung is an emerging suburban community in Hong Kong with limited access to healthcare services and therefore has a similar sociodemographic background to Tung Chung [36]. Participants were recruited between July 2013 and March 2016. Families were recruited when they met the following criteria: (1) One or more family members were employed, either on a full-time or part-time basis, (2) had a child or children enrolled in a primary school program for grades 1 to 3, (3) had a monthly household earnings that did not exceed 75% of the median monthly household income in Hong Kong during that period. Each intervention and comparison family could have more than one child included in the study. Children in both groups had cognitive skills assessments by qualified clinical psychologists at enrollment. In addition, a comprehensive health evaluation and a phone survey were administered for their parents as a baseline and again after approximately 5 years as a follow-up. During the 5-year follow-up, intervention families were offered regular HEP activities and could participate if they wished. Meanwhile, families in the comparison group were not asked to participate the intervention activities.

Components of HEP
The HEP included intercalated routine health evaluations, self-management education, health knowledge talks, and health ambassador training. Among these, the first two types of activities were available to children participants together with their parents, while the latter two types of activities targeted the parents.
HEP activities for both children and parents
The annual health assessment included a telephone survey about health and health service use and an in-person clinical health assessment. In the telephone survey, parents answered the survey questions about their children’s health, healthcare service utilization, behavior, and HRQOL. The clinical health assessment of children was carried out by registered nurses, trained technicians, and research assistants. Children identified as having substantial health risks or abnormalities were offered counseling by a nurse or doctor from the project team or were directed to suitable services for additional management. The yearly count of individuals facing major health issues or risks, along with the referrals they obtained, can be found in Supplementary Table 2. Self-care enablement activities (see Supplementary Table 3) included workshops and training courses on nutrition, cooking and exercise, family gym, and hiking groups in which the children participated together with their parents. Participants in these activities reported significantly improved self-care enablement after engaging in these activities. Additionally, over 90% of participants expressed satisfaction and indicated they would recommend the activities to their family and friends. The self-care components also created a mobile app, FamilyMove, delivered to these parents and their children to provide coaching after the face-to-face training.

HEP activities for parents
In addition to annual health assessments and activities available to both children and parents, recurring health lectures and talks on typical issues detected in the health evaluations were delivered to parents to enable better self-care (see Supplementary Table 4). The participants’ understanding of the health topic was assessed before and after each seminar, revealing a significant improvement. Additionally, several parents received training to serve as leaders for nutrition and physical activity classes and to manage group exercises following the classes. These adults acted as health ambassadors for their acquaintances and families.


Outcome measures
The Chinese Strengths and Difficulties Questionnaire (SDQ) [37] was used to assess children’s behavioral issues. The SDQ is one of the most widely used questionnaire for child emotional and behavioral screening globally. The measure has been translated into over 80 languages and serves various purposes, including clinical assessment, outcome evaluation, research, and screening [38]. The SDQ was used to assess 5 domains of children’s behaviors, including emotional issues, behavioral misconduct, attention difficulties, socialization difficulties and prosocial conduct. Each of these domains has a 5-item subscale. The measure is valid and reliable in the context of Hong Kong [37]. A 3-point Likert scale, in which 0 = “did not apply,” 1 = “apply to a certain extent,” and 2 = “applied very much”, is used to record the participants’ answers. The overall score for each issue/behavior is computed by adding the scores of all items in the corresponding subscale. Thus, the score on each problem/behavior ranges from 0 to 10. The score of total difficulties is computed by adding up the scores on the four problem subscale scores [39] and ranges from 0 to 40. A greater value for the specific difficulty subscale and the total score of difficulties indicate more severe problems, while a higher score for prosocial behavior subscale is indicative of better prosocial behaviors.
The Chinese Child Health Questionnaire Parent Form 28 (CHQ-PF28) [40] was administered to assess children’s HRQOL. The CHQ-PF28 is a widely recognized pediatric health survey designed to evaluate HRQOL in children and adolescents aged 5–18. This measure has been developed and validated, demonstrating its effectiveness across various regions and populations. It has been utilized in over 600 peer-reviewed journal articles [41]. The measure has shown good validity and reliability in a Chinese setting [42]. It consists of 28 items, which cover 12 domains, including general health, physical functioning, emotional/behavioral limitations, physical limitations, bodily pain, general behavior, mental health, self-esteem, parent impact on emotion, parent impact on time, family activities, and family cohesion. The scores of these domains range from 0 to 100, which can be computed using a weighted summation algorithm detailed in the CHQ manual [43]. The aggregated scores comprise a physical summary score (PHS) and psychosocial summary score (PSS), which can be translated into norm-based scores where the mean score of the general population is 50, with a standard deviation of 10 [44]. A greater value indicates better HRQOL.

Baseline covariates
Cognitive skills
The Wechsler Intelligence Scale for Children–Fourth Edition (WISC–IV) [45] was used to assess cognitive skills of children in both groups and the assessment was conducted by clinical psychologists. This instrument has shown good validity among Hong Kong children [46, 47]. The measure can generate an intelligence quotient (IQ) score, and a higher value represents a higher intellectual capacity.

Socioeconomic and health status
The following variables were also included as baseline covariates: children’s age, gender, body weight status, known doctor diagnosis of learning disability and chronic diseases, parents’ marital condition, monthly household revenue, and governmental comprehensive social security assistance (CSSA) scheme reception.
The SDQ, CHQ-PF28, and the other baseline covariates questionnaires were carried out by skilled interviewers, either in face-to-face or telephonic settings, and responses were provided by one or both parents of the children through self-reporting. The face-to-face interviews were administered by trained Research Assistants (RAs), and registered nurses. All interviewers received training from the project investigators and registered nurses on health assessment and survey administration, and their performance was monitored by the nurses during the initial data collection sessions. The telephone interviews were conducted by the Social Science Research Centre (SSRC) of the University of Hong Kong, a research center with over 10 years of experience in telephone surveys. SSRC staff received training in social science research methods, including phone survey techniques. All interviews adhered strictly to the interview protocol.


Statistical analysis
We used intention to treat and complete-case analysis in that all participants with baseline and follow-up assessments being included in the analysis. Stata version 16.0 (StataCorp LP, College Station, Texas) was employed for all statistical analyses. Statistical significance was determined using two-tailed tests, with p < 0.05 as the threshold for significance.
Descriptive statistics were employed to display the baseline characteristics of the participants. The p-value was used to evaluate the balance of baseline covariates between the two groups, where p > 0.05 indicated that the two groups were significantly different from each other. The change in each measure between baseline and follow-up was computed by subtracting the baseline score from the follow-up score. The statistical significance of the within-group change was assessed via paired samples t-test, and the effect size was calculated by Cohen’s d.
Multiple linear regressions were performed to investigate the independent impact of HEP on the changes in SDQ and CHQ-PF28 scores after 5-year follow-up, adjusting for covariates and baseline values. For each model, F-ratio and significance of the F-ratio were used to indicate the extent to which the predictors can explain the variance in the outcome variables in a statistically significant manner. The adjusted R2 was used to indicate the extent to which the variance in the predictor variances (as a whole) explains the variance in the outcome variable. Also, unstandardized B, p-value, and 95% confidence level were determined to show the influence of HEP on each outcome measure. Bonferroni correction was performed. The threshold for significance was adjusted by dividing the alpha level by the number of analyses, resulting in a threshold of 0.008 for the SDQ analyses and 0.025 for the CHQ-PF28 analyses. To provide a more detailed investigation, we repeated the above analyses to examine the effect of the HEP on changes in each of the 12 domains of the CHQ-PF28.
Subgroup analyses were further conducted based on baseline covariates. These analyses aimed to identify which groups benefited most from the intervention and to understand the impact of the intervention across different sociodemographic groups. Additionally, to evaluate the robustness of the study findings, a sensitivity analysis was performed by further adjusting for mothers’ sociodemographic and health status in addition to baseline covariates and values in multiple linear regressions. In addition, generalized estimating equations with exchangeable correlation structures were applied to account for the correlations of outcomes between children belonging to the same family in addition to baseline covariates and values.


Results
In all, 312 children-parent pairs were recruited from July 2013 to March 2016, and 301 children-parent pairs consented and finished the baseline evaluation. Sixty children-parent pairs (42 pairs within comparison group and 18 within intervention group) did not finish the follow-up evaluation. Most of these children were aged between 8 and 11 years old (70%, n = 42), were male (51.67%, n = 31), and did not have a chronic disease (87.72%, n = 50). The majority of their parents were married (66.67%, n = 32) and had a family monthly income lower than 20,000 HKD (93.88%, n = 46). Finally, 239 eligible children-parent pairs from 210 families with an average follow-up period of 5 years were included in the analysis. Among 210 families, 181 families had only one child, and of the rest, 29 families had two children. The follow-up period for the intervention group ranges from 42 to 96 months, and that in the comparison group ranges from 42 to 92 months. Among the participants in the comparison group, 29.6% of them (n = 34) were recruited from Tung Chung whereas 70.4% of them (n = 81) were recruited from Kwai Chung. The flow of the subject’s recruitment and follow-up were presented in Fig. 1.[image: ]
Fig. 1Subject flowchart


Participant characteristics
The baseline features of the 239 eligible children and their families are illustrated in Table 1. All baseline characteristics were balanced between the intervention and comparison groups, as indicated by all p > 0.05. In the intervention and comparison groups, the average age of the children was 8.59 and 8.23, respectively. Overall, 16.6% of children had chronic ailments, and the most prevalent diagnoses were asthma (n = 13), anemia (n = 4), and mental illness (n = 2). Learning disabilities were reported in 13.3% of the children. The mean IQ score was 100 (SD = 14) for the intervention and 101 (S.D = 14) for comparison groups. As for family socioeconomic status, most children (85.8%) had married parents. The mean of their family monthly income was 14,458.3 HKD (SD = 7204.9HKD), which was lower than the median monthly household revenue (22,000 HKD) of the overall Hong Kong population in 2013 [48]. Additionally, about 23.5% of families received government CSSA. The baseline characteristics of the mother were listed in Supplementary Table 5. Overall, most mothers had normal weight (64.86%), with baseline chronic disease (60.81%), and had secondary or above education (92.03%).Table 1Baseline characteristics


	Children socioeconomic status

	 	Total
	Intervention
	Comparison
	p-value

	Age, years
	N = 239
	N = 124
	N = 115
	0.530

	 	8.41 ± 1.14
	8.59 ± 1.23
	8.23 ± 1.00
	 
	 6–7
	56 (23.43%)
	27 (21.77%)
	29 (25.22%)
	 
	 8–11
	183 (76.57%)
	97 (78.23%)
	86 (74.78%)
	 
	Gender
	N = 239
	N = 124
	N = 115
	0.179

	 Male
	123 (51.46%)
	69 (55.65%)
	54 (46.96%)
	 
	 Female
	116 (48.54%)
	55 (44.35%)
	61 (53.04%)
	 
	Body weight status
	N = 235
	N = 122
	N = 113
	0.151

	 Underweight
	3 (1.28%)
	3 (2.46%)
	0 (0.00%)
	 
	 Normal
	180 (76.60%)
	89 (72.95%)
	91 (80.53%)
	 
	 Overweight
	33 (14.04%)
	17 (13.93%)
	16 (14.16%)
	 
	 Obese
	19 (8.09%)
	13 (10.66%)
	6 (5.31%)
	 
	IQ level
	N = 239
	N = 124
	N = 115
	0.586

	 	100.45 ± 14.00
	99.98 ± 14.10
	100.97 ± 13.93
	 
	Chronic disease
	N = 235
	N = 122
	N = 113
	0.662

	 Yes
	39 (16.60%)
	19 (15.57%)
	20 (17.70%)
	 
	 No
	196 (83.40%)
	103 (84.43%)
	93 (82.30%)
	 
	Learning disability
	N = 234
	N = 121
	N = 113
	0.991

	 Yes
	31 (13.25%)
	16 (13.22%)
	15 (13.27%)
	 
	 No
	203 (86.75%)
	105 (86.78%)
	98 (86.73%)
	 
	Parental marital status
	N = 239
	N = 124
	N = 115
	0.111

	 Married
	205 (85.77%)
	112 (90.32%)
	8 (6.96%)
	 
	 Divorce
	22 (9.21%)
	8 (6.45%)
	93 (80.87%)
	 
	 Single
	12 (5.02%)
	4 (3.23%)
	14 (12.17%)
	 
	Family monthly income ($HKD)
	N = 238
	N = 124
	N = 114
	0.606

	 	14,458.3 ± 7204.9
	14,226.8 ± 6253.1
	14,710.1 ± 8135.7
	 
	Government CSSA
	N = 234
	N = 119
	N = 115
	0.993

	 Yes
	55 (23.50%)
	28 (23.53%)
	27 (23.48%)
	 
	 No
	179 (76.50%)
	91 (76.47%)
	88 (76.52%)
	 

IQ Intelligence quotient. CSSA comprehensive social security assistance.




Changes in SDQ and CHQ-PF28 Scores
The SDQ and CHQ-PF28 scores of both groups in baseline and follow-up assessments are displayed in Table 2. Additionally, supplementary Tables 6 and 7 summarize the changes in scores across each of the 12 domains within the CHQ for the total study population and the two study groups, respectively.
Table 2Comparison of changes in SDQ and CHQ between intervention groups and comparison group


[image: ]
SDQ Strengths and Difficulties Questionnaire, CHQ Child Health Questionnaire Parent Form 28, PHS Physical Summary score, PSS Psychosocial Summary score
*p value by paired sample t test, Cohen’s effect size d = difference between baseline and follow-up scores/pooled standard deviations of the two scores



The results of t-test (Table 2) showed that among children in the intervention group, there were significant decreases (all p < 0.001, Cohen’s d >  = 0.42) in all behavior problems and total difficulties score of the SDQ and an increase (p < 0.001, Cohen’s d = 0.48) in prosocial behavior score of SDQ over the 5-year follow-up. Children from the intervention group also experienced a significant increase (p < 0.001, Cohen’s d = 0.50) in the CHQ PSS score, and a small increase in CHQ PHS score that was not statistically significant (p = 0.149). Additionally, the two supplementary tables showed that over the 5-year follow-up period, the scores in domains of role/social-emotional/behavioral, behavior, mental health, physical functioning, parent impact–emotion, and family activities significantly increased in the intervention group (all p < 0.05).
Children from the comparison group experienced a decrease in emotional (p < 0.001, Cohen’s d = 0.76), conduct (p = 0.037, Cohen’s d = 0.23), hyperactivity problems (p < 0.001, Cohen’s d = 0.60), and total difficulties (p < 0.001, Cohen’s d = 0.62) scores of SDQ. The decrease in peer problems (p = 0.293) and increase in prosocial behavior (p = 0.733) of SDQ were not significant. The children from the comparison group also experienced an increase in CHQ PSS score (p < 0.001, Cohen’s d = 0.37), while their increase in CHQ PHS scores was not significant (p = 0.256). The effect sizes of the change in the SDQ and CHQ scores were generally smaller in the comparison group compared to the intervention group. Additionally, the two supplementary tables showed that over the 5-year follow-up period, the scores in domains of role/social-emotional/behavioral, bodily pain/discomfort, behavior, physical functioning, parent impact—emotion, self-esteem, and family activities significantly increased in the comparison group (all p < 0.05).

The outcomes of HEP on 5-year changes in SDQ and CHQ
The results of the multiple linear regression of the health intervention on the changes in SDQ and CHQ scores are displayed in Table 3. Each row in Table 3 represents a separate multiple regression analysis, with participation in the HEP as the independent variable and changes in each domain as the outcome variable. The analysis also controls for the aforementioned covariates and baseline values. The results show that children from the intervention group experienced greater decreases in behavioral problems measured by the SDQ scores, including those with behavioral misconduct (B = − 0.66, p < 0.001), attention difficulties (B = − 0.67, p = 0.005), as well as total difficulty (B = − 1.89, p = 0.002). Moreover, the HEP was linked to a larger rise in CHQ PSS score (B = 2.75, p = 0.017). Multiple linear regression analyses (Supplementary Table 8) reveal that participation in the HEP was associated with a larger increase in physical functioning (B = 5.42, p = 0.041), behavior (B = 7.44, p = 0.002), and parent impact– emotion (B = 7.22, p = 0.008).Table 3Association between health empowerment program and changes in outcomes after 5-year follow-up


	 	B (95% CI)
	p-value for β
	Adjusted R2
	F ratio
	p value for F ratio

	SDQ

	 Emotional symptoms
	− 0.11 (− 0.54, 0.32)
	0.607
	0.47
	15.46
	 < 0.001*

	 Conduct problems
	− 0.66 (− 1.01, − 0.31)
	 < 0.001*
	0.52
	18.33
	 < 0.001*

	 Hyperactivity inattention
	− 0.67 (− 1.14, − 0.20)
	0.005*
	0.27
	7.04
	 < 0.001*

	 Peer problem
	− 0.34 (− 0.78, 0.10)
	0.126
	0.45
	14.45
	 < 0.001*

	 Prosocial behavior
	0.53 (0.02, 1.03)
	0.040
	0.34
	9.17
	 < 0.001*

	 Total difficulties
	− 1.89 (− 3.10, − 0.68)
	0.002*
	0.35
	9.76
	 < 0.001*

	CHQ

	 PHS
	0.74 (− 1.43, 2.91)
	0.503
	0.38
	8.78
	 < 0.001*

	 PSS
	2.75 (0.49, 5.02)
	0.017*
	0.42
	12.05
	 < 0.001*


SDQ Strengths and Difficulties Questionnaire, CHQ Child Health Questionnaire Parent Form 28, PHS Physical Summary score, PSS Psychosocial Summary score.
*Bonferroni correction was performed. For SDQ analyses, the threshold for significance is reduced to alpha/number of analyses = 0.05/6 = 0.008; p value < 0.008 is statistically significant; For CHQ analyses, the threshold for significance is reduced to alpha/number of analyses = 0.05/2 = 0.025; p value < 0.025 is statistically significant. Aforementioned covariates and baseline scores in the respective domain is controlled for in the analysis.



Subgroup analyses show similar results among most subgroups across different domains within SDQ and CHQ (Supplementary Table 9). The association between the HEP and peer problems significantly interacted with age group (p = 0.005) and chronic diseases (p = 0.011). The results indicated that compared to children aged 8–11 years, children aged 6–7 years were more likely to experience a reduction in peer problems after participating in our program. Additionally, children without chronic diseases were more likely to reduce peer problems compared to those with chronic diseases after participation. Furthermore, the association between HEP and prosocial behavior significantly interacted with age group (p = 0.026). Children aged 6–7 years were more likely to exhibit prosocial behavior compared to those aged 8–11 years. Moreover, we found that the association between HEP and the PHS score interacted with gender (p = 0.024). The intervention was associated with a significant increase in PHS scores among males but not females.
The two sensitivity analyses (Supplementary Table 10 and 11) consistently showed significant associations between HEP and a greater decrease in the SDQ behavioral problems scores, a greater increase in the SDQ prosocial behavior score, and a greater increase in CHQ PSS score.


Discussion
This study is one of the earliest to examine the impact of a complex health empowerment program on the development and HRQOL of children living in poverty. The results show that HEP was associated with a significant reduction of problematic behaviors, and improvements in prosocial behaviors and HRQOL in children of low-income families.
Earlier research has mainly investigated the impact of diverse HEPs in enhancing adults’ health-related outcomes [49] and the evidence of the impact of HEP on minors is limited to teenagers [17, 18]. The findings in this study affirmed the benefit of the longitudinal HEP for young children living in poverty. The most significant benefit was in reducing children’s problematic behaviors, increasing their prosocial behavior, and increasing self-report psychosocial HRQOL. Many of our HEP activities promoted physical activities, which not only drive biopsychosocial mechanisms to change the structural composition of the brain but also offer opportunities for social interaction and increase confidence in children [50, 51]. The health assessment serves as a form of social support for children and their parents, which enables them to take greater charge of their health and address any potential problems [52]. The HEP also improved the parents’ health literacy, parenting practice, and family harmony, which are critical for children’s development [53]. The perceived self-control over health or life-related actions and the enhanced confidence and positive feedback ensuring good performance all contributed to the inhibition of negative emotions [54] and therefore increased HRQOL.
No significant relationship was found between HEP and a change in physical HRQOL in either group in the 5-year follow-up period. The COVID-19 outbreak, which occurred toward the conclusion of the intervention, may have influenced the study’s intervention effect. The Hong Kong government implemented regulations during the peak of the outbreak in 2020, which involved the closure of indoor fitness centers and restrictions on outdoor exercise lasting over five months [55]. These measures may have resulted in restricted physical movements, which could have negatively impacted physical wellness, ultimately affecting physical ability and overall health, the significant determinants of the CHQ PHS. Furthermore, previous studies also found limited effectiveness of HEP in improving children’s physical functioning. The authors in these studies explained that in addition to the problem of intervention design (i.e., disorderly discussion organization) [56], another possible explanation was that the comparison group may have been affected by the assessment procedure that might have motivated them to start exercising without intervention[57].
The present study provides theoretical and policy implications. Initially, fostering health empowerment is a feasible mean by which to escape the trap of poverty and ill health through enhanced health literacy and self-care. Second, we not only involved children and their parents in the routine health evaluation and self-care enablement education, but also facilitated appropriate primary healthcare to address problems early, and provided health ambassador training to the parents. It suggests the importance of family participation and the reciprocal impact within families when designing complex empowerment interventions. Third, our HEP included diverse yet interconnected elements to improve not just health literacy and behavior, but also equitable access to medical and social services for addressing health and social challenges. These distinct components provide valuable lessons for developing complex empowerment interventions in practical contexts. Fourthly, we assessed and controlled for children’s IQ levels in the analysis to ensure effectiveness in improving health and development for children were independent of intelligence. Finally, for policymakers, empowering and involving children in the process and recognizing families as partners in empowerment are feasible approaches to reducing disparities among children from low-income households.
There are potential limitations. First, there could have been a selection bias as individuals in the HEP enrolled voluntarily and may have had preexisting motivation to seek health-related knowledge and support compared to others. Allocation of the participant into an intervention or comparison group was not randomized and this could be a major bias to the results from unknown confounders. Furthermore, the intervention was confined to individuals presently living in a particular area of Hong Kong, so it may not be a representative sample and thus the results may not be generalizable to children living in other districts. Nonetheless, it is essential to point out that the baseline covariates between the groups were similar, and the covariates were adjusted in the regression analysis to control for residual confounding bias. Also, we conducted a sensitivity analysis that adjusted for the mothers’ sociodemographic and health status, and the results were consistent with our main analysis. We encourage future studies to randomize participants into different conditions to enhance the robustness of their findings.
Second, the data on outcome variables were self-reported by parents, which could have the potential to bias from a tendency to give socially acceptable answers. However, this was equally relevant for both the intervention and comparison groups and for both the baseline and follow-up data. Third, TFES is a complex intervention that involves families receiving employment and education support in addition to the HEP. The other aspects of TFES could impact scores on CHQ and SDQ.
Finally, the findings from the present study are solely determined by parent interviews, which may cause bias. Our approach considers the age range of the children in this study, who are between 6 and 11 years old. While children aged 10 or 11 may be capable of understanding survey questions and providing answers based on their personal experiences, younger children aged 6 or 7 may not have fully developed reading and comprehension skills. Interviewing or asking these younger children to complete questionnaires could result in biased data due to their incomplete language development. Therefore, we chose to use parent interviews rather than children’s self-reports. We suggest that future studies adopt a multi-informant approach. For example, teachers could be invited to provide assessments, which could then be combined with parents’ data to offer a more comprehensive representation of children’s behavior and quality of life. Additionally, future research could develop questionnaires that are easily understood by children, allowing for their self-reports to be combined with parents’ data to provide a more complete picture.

Conclusions
This study proves the benefits of a longitudinal HEP in reducing behavioral problems and enchaining psychosocial HRQOL for children living in poverty, demonstrating its potential to mitigate health disparities among children from low-income households. We involved both children and their parents in recognition of the reciprocal impact of family members on each other’s health. The diverse yet interconnected components provide valuable lessons for developing complex empowerment interventions in practical contexts. This creates a new area of research to explore how HEP care models can be more extensively adopted.
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