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An exploration of nurturing care environments: Micro, meso and macro systems 

Abstract 
 

Over recent decades, child health approaches have expanded from focusing solely on 

reducing mortality to a broader framework emphasizing both survival and thriving. Early efforts 

by organizations like UNICEF addressed immediate child health needs, prioritizing basic 

healthcare and immunizations. This approach evolved in the 1980s and 1990s to include holistic 

child development, influenced by the 1989 Convention on the Rights of the Child, which 

recognized cognitive, emotional, and social well-being alongside physical health. The inclusion 

of child development in the MDGs and SDGs reinforced this integrated approach. By 2017, the 

Multigenerational Life Course Framework encapsulated this perspective, highlighting the role of 

caregivers, families, and communities in supporting child development through nurturing care 

inputs, such as health, nutrition, safety, responsive caregiving, and early stimulation and 

learning.  

This dissertation is grounded in the Multigenerational Life Course Framework, which 

emphasizes the importance of both nurturing care inputs and enabling environments in 

promoting child development. It examines caregiver, household and community resources within 

this framework, analyzing their interactions across multiple levels of influence—macro, meso, 

and micro—as described in Bronfenbrenner’s ecological systems theory (1979). Specifically, the 

dissertation investigates how caregiver, household, and community resources affect caregivers' 

ability to deliver nurturing care in low- and middle-income countries (LMICs), focusing on the 

broader cultural, social, and economic contexts that shape these environments.  

Dissertation Advisor: Aisha K. Yousafzai, PhD Ana Luiza Penna 
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The research is structured into three papers. Paper 1 examines the role of women’s 

empowerment in caregiving practices in rural Pakistan. The study found positive associations 

between women’s bodily autonomy and household decision-making power and their 

responsiveness as caregivers. Qualitative insights revealed that cultural norms around gender 

roles often limited women’s autonomy, and that caregiving responsibilities are often shared 

among family members, suggesting that parenting programs in similar settings should include 

other family members to support caregiving roles effectively. Paper 2 focuses on a nationally 

implemented parenting program in Brazil, evaluating how program outcomes on caregiver 

knowledge of child stimulation are influenced by caregiver characteristics, such as education and 

household resources. The findings suggest that customizing program dosage to align with 

caregiver characteristics may enhance program performance. Paper 3 assesses the availability of 

community resources, such as healthcare and nutrition services, across Brazilian municipalities 

and their association with early childhood development (ECD) outcomes. Results showed that 

access to quality exams and early home visits positively impacted child development at 3 years 

old, underlining the role of multisectoral public services in resource-limited settings. Overall, the 

dissertation highlights the interconnectedness of nurturing care, caregiving practices, and broader 

societal contexts. It calls for interventions that address both direct care and enabling 

environments to improve ECD outcomes, emphasizing the need for multisectoral collaboration 

that aligns with cultural and social contexts.  

Recommendations include developing culturally appropriate measures of women’s 

empowerment, adopting flexible program designs to accommodate caregiver variability, and 

enhancing primary care services and multisectoral collaboration to support early childhood 

development (ECD). This research underscores the importance of an integrated approach to child 
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health that not only supports survival but also fosters children’s holistic development within their 

broader social and cultural ecosystems.  
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Introduction 
 
A historical perspective on child health protection 
 

Over recent decades, efforts by researchers, governments, United Nations agencies, and 

non-governmental organizations to improve child health have evolved significantly. These efforts 

have shifted from an initial focus on child survival—primarily aimed at reducing mortality rates—

to a broader framework that emphasizes not only survival but also thriving. Following its 

establishment in 1946, the United Nations Children’s Fund (UNICEF) early efforts primarily 

addressed the immediate post-war needs of children by providing essential resources like food, 

clean water, and basic healthcare to prevent child deaths (UNICEF, 1946). In the subsequent 

decades, particularly in the 1970s and 1980s, UNICEF spearheaded the Child Survival Revolution, 

focusing on reducing under-five mortality through interventions such as growth monitoring, oral 

rehydration therapy, breastfeeding, and immunization (GOBI) (UNICEF, 1982). This strategy 

primarily targeted the leading causes of child deaths, including preventable diseases and 

malnutrition, with large-scale vaccination programs and basic health services aimed at improving 

survival rates in low- and middle-income countries (UNICEF, 1985). The framework of child 

health at the time focused almost exclusively on ensuring children’s physical survival through 

cost-effective, evidence-based interventions. The 1980s also brought significant macroeconomic 

challenges, as many countries faced debt crises and international recession, exposing structural 

weaknesses. Structural adjustment programs implemented during this period often prioritized 

macroeconomic recovery, with little initial consideration of the effects on the poor. As evidence 

of declining incomes and cutbacks in social services mounted, UNICEF emerged as a critical voice 

advocating for the inclusion of poverty impacts in adjustment policy debates. The organization 

highlighted how structural adjustments disproportionately harmed vulnerable populations, 
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including children, and emphasized the need for measures to cushion these effects. By the end of 

the decade, these concerns had gained broader recognition, influencing the design and review of 

adjustment programs by agencies such as the World Bank (Jolly, 1991). 

In the late 1980s and early 1990s, influenced by the adoption of the Convention on the 

Rights of the Child (CRC) in 1989, the broader field of child health began to expand its perspective 

(UNICEF, 1989). The CRC emphasized the rights of children to protection and holistic 

development, including cognitive, emotional, and social well-being, marking a shift from survival 

alone to a more comprehensive focus on early child development (ECD). This shift became more 

prominent in the 1990s and 2000s, with increasing attention paid to maternal health and education, 

as well as child protection and development, recognizing that a child’s well-being was inextricably 

linked to their primary caregivers. The inclusion of maternal and early childhood care in global 

initiatives such as the Millennium Development Goals (MDGs) reinforced this integrated 

approach, setting targets not just for reducing child mortality (MDG 4) but also for improving 

maternal health (MDG 5) and achieving universal primary education (MDG 2) (United Nations 

Development Program, 2000). By the early 2000s, the need to support children's cognitive, 

emotional, and social development alongside survival was well recognized, and multilateral 

organizations’ programs began incorporating elements such as parenting guidance and support, 

protection, care, and early learning into their child health frameworks (UNICEF, 2001). 

By the 2010s, evidence from developmental science and longitudinal studies made it clear 

that children needed to not only survive but also thrive in environments that support their long-

term development (Advancing early childhood development: From science to scale, The Lancet 

Series, 2016). This was reflected in the Sustainable Development Goals (SDGs) adopted in 2015, 

which prioritized well-being at all stages of life (United Nations, 2015). UNICEF’s Global 
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Strategy for Women’s, Children’s and Adolescents' Health (2016-2030) embodied this broader 

perspective, promoting an integrated approach to child development that included health, nutrition, 

early education, social protection, and gender equality (WHO, 2016). 

The Multigenerational Life-course of Development, Health, and Wellbeing Framework 
 

The Lancet Series on Early Childhood Development (2016) further underscored the 

importance of early childhood as a critical period for human capital formation and social equity, 

calling for global action to ensure that children reach their full developmental potential. These 

developments culminated in the 2017 Multigenerational Life Course Framework (Figure 0.1), 

which took a more holistic view of child health, recognizing the role of caregivers, families, and 

communities in shaping child development (Black et al, 2017). This framework builds on decades 

of experience and research, emphasizing the nurturing care inputs necessary for children to 

thrive—health, nutrition, security and safety, responsive caregiving, and early learning. These 

inputs are not delivered in isolation but within an enabling environment. The framework also 

acknowledges the broader social, economic, political, and cultural contexts that influence child 

health outcomes, recognizing that structural inequalities such as poverty, social stigma, and limited 

access to resources can hinder a child's developmental potential (Black et al, 2017).  
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Figure 0.1 Multigenerational Life-course of Development, Health, and Wellbeing Framework 

 

Black, M. M., Walker, S. P., Fernald, L. C. H., Andersen, C. T., DiGirolamo, A. M., Lu, C., McCoy, D. C., Fink, G., 
Shawar, Y. R., Shiffman, J., Devercelli, A. E., Wodon, Q. T., Vargas-Barón, E., & Grantham-McGregor, S. (2017). 
Early childhood development coming of age: Science through the life course. The Lancet, 389(10064), 77–90.  
 

This multigenerational approach highlights the interconnectedness of child health with the 

well-being of caregivers, particularly mothers, as well as the importance of household and 

community resources that support families in providing nurturing care. At the core of this 

framework are five essential inputs of nurturing care: health, nutrition, security and safety, 

responsive caregiving, and stimulation, which includes developmentally appropriate cognitive 

stimulation activities and opportunities for early learning. These inputs are delivered 

within enabling environments, which encompasses factors such as caregivers’ education, mental 

and physical health, safe childbirth, household food security, as well as access to clean and safe 
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neighborhoods providing resources such as parks and libraries. Surrounding these elements is the 

broader social, economic, political, and cultural context, which ultimately shapes the capacity of 

both the nurturing care inputs and the enabling environment to support child development.  

Relating these components to Bronfenbrenner’s ecological systems theory (1979), the 

enabling environments that provide nurturing care inputs correspond to the micro-system, 

composed by the immediate physical environments surrounding the child, which may include not 

only the household, but also institutions and physical public spaces that cater to children and their 

caregivers, such as schools and health centers. Importantly, the meso-system is composed of the 

interactions between the immediate environments of care within the microsystem, such as when 

parents attend school meetings or bring children to medical consults at a health center. These 

interactions bridge various aspects of the child's immediate environments of care, connecting 

influences from home, school, and healthcare to support development. The immediate 

environments of care and their interactions are informed and shaped by what Bronfenbrenner 

described as the macrosystem, or the broader social, economic, political and cultural context, as 

reflected in the Multigenerational Life-course of Development, Health, and Wellbeing Framework 

(Figure 0.1). Some examples are child and family friendly policies, such as parental leave, as well 

as legislation on sexual and reproductive rights.  

Importance of enabling environments to nurturing care 

The enabling environment is represented in the framework by two main components: 

caregiver and family resources, as well as community resources (Black et al, 2017). These 

components encompass critical elements that impact a caregiver’s ability to provide nurturing care. 

Caregiver and family resources include factors such as parental physical and mental health, 

nutrition during pregnancy, safe delivery, birth spacing, family planning, and the age of marriage. 
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Community resources focus on external supports like housing quality, safe and clean 

neighborhoods, and the absence of stigma due to poverty, ethnicity, disabilities or identity (Black 

et al, 2017). It is important to note that these determinants differ from immediate nurturing care 

inputs. For example, a safe and clean neighborhood does not directly provide security and safety 

to a child but creates a conducive environment by improving the quality of housing, access to safe 

play areas, and schooling. This, in turn, influences a child’s physical, cognitive, and emotional 

development (Walker et al, 2011; Brito et al, 2017). The enabling environment acts as a foundation 

that determines how effectively caregivers and the surrounding community can deliver nurturing 

care by enhancing or inhibiting access to resources and services essential for the child's well-being 

(Black et al, 2017). 

This integrated, multigenerational approach emphasizes that to maximize the opportunity 

for children to thrive, interventions must address not only the direct care children receive but also 

the broader conditions that support caregivers and families. By focusing on the entire ecosystem 

surrounding child development, multilateral organizations’ frameworks for child health now 

address not just survival but the holistic development and well-being of children, supporting the 

achievement of their full potential (Black et al, 2017). 

Caregiver resources to provide nurturing care 

The first component of the enabling environment, caregiver and family resources, plays a 

critical role in ECD. Maternal mental health, for example, is associated with caregiver 

responsivity, which fosters a child’s cognitive and emotional growth (Shonkoff et al., 2012; 

Walker et al, 2011; Tran et al, 2017; Surkan et al 2011). Furthermore, antenatal care, safe delivery, 

and birth spacing are essential for promoting healthy birth outcomes and long-term developmental 

benefits. Research also highlights the importance of family planning and age of marriage—
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delaying marriage and appropriately spacing births mitigates risks linked to early pregnancy and 

maternal malnutrition, ultimately supporting better child development and protecting the health 

and wellbeing of adolescents by preventing adolescence pregnancies (Shonkoff et al., 2012; 

Walker et al, 2011). However, there is limited understanding of how caregiver autonomy and 

agency influence caregiving choices, a crucial gap in research that is addressed in the first paper 

of this dissertation. Additionally, the differential impacts of parenting programs on caregivers 

remain underexplored, particularly in relation to variations in caregiver characteristics and 

contexts. Addressing these gaps is vital for tailoring interventions to better meet caregivers' diverse 

needs as shown in papers one and two of this dissertation. 

Community resources to provide nurturing care 

Community resources are the second component of the enabling environment, and they 

play a crucial role in shaping developmental outcomes. For example, adequate housing creates 

safe and healthy environments for children, while clean and safe neighborhoods offer opportunities 

for physical activity and social interaction, both essential for cognitive and physical growth 

(Shonkoff et al., 2012; Walker et al., 2011; Cuartas, 2018). Additionally, communities free from 

social stigma foster families’ access to necessary services without fear of exclusion (Patel et al, 

2018). Despite the 2017 Lancet series call for multisectoral cooperation (Black et al, 2017; Britto 

et al, 2017; Richter et al, 2017), limited evidence exists on how public services supportive of ECD 

operate together in resource-constrained settings, or which services are most effective. 

Overview of research approach 

The central question of this dissertation focuses on the less-explored factors that shape the 

enabling environments of care, namely caregiver and community resources. Specifically, it 

assesses the relationships between caregivers, households and communities with the broader 
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institutional, social, and cultural contexts that affect their ability to provide nurturing care to young 

children. By doing so, this dissertation aims to contribute to the child health field by offering an 

expanded perspective that recognizes the importance of nurturing care inputs and the environments 

that provide them, as well as the interconnectedness of macro-, meso-, and micro-levels in shaping 

child survival and development. 

Research questions 

This dissertation explores how specific elements of enabling environments, such as 

caregiver autonomy and community resources, impact the ability of caregivers to deliver nurturing 

care, and ultimately informs early child development. It investigates these relationships through 

both qualitative and quantitative methods in two distinct settings: rural Pakistan and Brazil. The 

overall goal is to address a gap in the existing literature on caregiver and community resource 

factors that influence nurturing care inputs and child development. The findings offer insights into 

interventions that could enhance the enabling environment and improve developmental outcomes 

for children through supporting caregivers and households. For example, the availability of local 

libraries can improve families’ access to picture books, which in turn support early learning 

opportunities for children. Specifically, this dissertation aims to answer the following overarching 

research question: how are the enabling environments of care informed by caregiver, household 

and community resources in the micro-, meso- and macro-systems in two global contexts within 

LMICs?  

Papers 1 and 2 focus on caregivers’ resources and how these influence the nurturing care 

they provide to their young children. Paper 3 focuses on the community resources available to 

caregivers of young children and how their availability may influence children’s development. 

Taken together, these papers highlight the importance of considering the enablers of nurturing care 
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in young children’s environments (home and community), which can inform early childhood 

interventions and policies.  

To explore this inquiry, the following specific research questions are examined: 

1. How do women experience, perceive and understand empowerment, and how such 

perceptions help contextualize observed associations of empowerment and responsive 

caregiving for young children? To answer these questions, Paper 1 analyzes primary 

data collected from a convergent parallel mixed-methods study implemented in a rural 

community in Sindh, Pakistan. The study investigates the extent to which gender norms 

embedded in local cultural contexts might inhibit or facilitate optimal caregiving 

practices by influencing women’s agency and autonomy. The findings provide insights 

for the tailoring of parenting interventions to the context and lived realities of the women 

that they are intending to serve. 

2. Is a parenting program’s capacity to improve caregiver knowledge modified by 

characteristics of beneficiaries? Are such characteristics associated with greater 

improvement of caregiver knowledge on child stimulation, regardless of frequency of home 

visitation received? Paper 2 explores these questions through a secondary analysis of data 

from a randomized controlled trial evaluating the effects of Criança Feliz, a parenting 

program nationally implemented in Brazil. The study explores whether a parenting 

program could more effectively support caregivers' abilities to provide nurturing care by 

considering their individual characteristics. In doing so, it builds on the research presented 

in Paper 1, which highlights the importance of tailoring parenting programs to 

accommodate the diverse characteristics and conditions of caregivers to ensure that they 

can implement program recommendations effectively in their households.  
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3. Are the intersectoral services provided by cities—designed to meet children's needs—

promoting the development of children aged 0-3 from low-income households? In Paper 

3, we analyze community resources using secondary data on the availability of nurturing 

care services at the municipal level across 30 Brazilian cities in relation to the development 

of young children. To investigate these associations, indicators of primary health care 

quality were constructed, then examined alongside resources that promote children’s 

nurturing care needs. The goal of the study was to identify resources across the multi-

sectoral network of public services available to caregivers, and their contribution towards 

supporting child development by directly providing nurturing care inputs and strengthening 

the enabling environments of care.	In doing so, the study contributes to the dissertation's 

analysis of the interconnectedness between the macro and micro- environments that 

together support children’s development.  
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ABSTRACT 

Background 

Women’s empowerment is associated with improved child cognitive development and 

linear growth but there is limited evidence of its relationship with parenting practices. To the best 

of our knowledge, no studies have specifically examined the association of women’s 

empowerment with caregiving responsiveness, a key parental skill that supports care for 

children’s health, nutrition, safety, and development.  

Aim 

To explore how women’s experiences, perceptions and understanding of empowerment 

help contextualize observed associations between empowerment and responsive caregiving for 

young children.  

Methods 

A convergent parallel mixed-methods study was implemented in Naushahro Feroze, 

Sindh, Pakistan. The quantitative data was collected through a cross-sectional study of 200 

mother-child dyads. The outcome, responsive care, was assessed by naturalistic observation of 

mother-child interactions. Women’s empowerment was reported using items from Demographic 

and Health Surveys (bodily autonomy, financial autonomy, household decision-making power, 

and perception of abusive behavior). Multivariate linear regression with robust standard errors 

estimated associations of interest. The qualitative data was collected through a phenomenological 

study. A sub-sample of 30 mothers were interviewed. Thematic analysis was undertaken using 

inductive and deductive codes.
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Results 

Quantitative findings indicated that higher responsiveness was observed among mothers 

who had higher household decision-making power and bodily autonomy, were older, literate, had 

fewer and older children, and lived in households with larger number of residents and no food 

insecurity. Qualitative findings pointed to a hierarchy of power among household residents, 

where gender and age were the main influencing factors. Shared caregiving dynamics and joint 

family structure were common. Mobility was restricted for women in this community, regardless 

of marital status and age, limiting employability and financial autonomy. There were differential 

expectations and investments in children based on gender, though acceptance of women’s 

autonomy was perceived to be increasing over time. 

Interpretation 

Lower household decision-making power and bodily autonomy might impact maternal 

responsiveness. In some contexts, women may lack autonomy to make decisions on caregiving 

practices, and investments in children’s health and education. Caregiving responsibilities are 

traditionally shared in this setting; thus, parenting programs should involve additional family 

members. Concurrent investments in women’s empowerment are key and should be 

implemented by women from the community where implementation occurs. 
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INTRODUCTION 

The Nurturing Care Framework (NCF) (WHO, UNICEF World Bank, 2018) is a 

roadmap developed by the World Health Organization, UNICEF, and the World Bank, based on 

the Lancet ECD Series (Advancing early childhood development: From science to scale, 2016), 

in response to the challenge of 250 million children living in low- and middle-income countries 

(LMICs) who are unable to meet their developmental potential in the first five years of life, an 

approximate conservative estimate based solely on stunting prevalence (Lu et al, 2016). The 

NCF focuses on the inputs and the enabling environment for caregiving necessary to support 

young children to survive and thrive. The inputs for the child are good health, safety and 

security, adequate nutrition, responsive care and early learning opportunities, which are 

supported by an enabling environment of care, i.e., the caregiver’s capacity to provide nurturing 

inputs. Such capacity encompasses their knowledge and skills, access to resources (e.g., social 

support, social assistance, health services), mental health, and ability to act on caregiving 

choices. 

Importantly, there is an evidence gap on the role of women’s empowerment in supporting 

or hindering caregiver ability to provide nurturing care. Despite the existence of a robust body of 

literature identifying the relationship between women’s empowerment and child survival, 

growth, nutrition, and development in LMICs (Bliznashka et al, 2021, Santoso et al, 2019; 

Pratley et al, 2016; Carlson et al, 2015; Smith et al, 2003; Cunningham et al, 2015; van den Bold 

et al, 2013; Na et al, 2015; Doku et al, 2020), to the best of our knowledge, no studies have 

analyzed the moderating effect of women’s empowerment on responsive caregiving.  

Responsive caregiving is a fundamental parenting skill defined as the caregiver’s ability 

to understand their child’s cues and signals and to respond in a prompt, contingent, and 



 17 

developmentally appropriate manner (Black et al, 2024). It is associated with a more secure 

attachment of the child to the caregiver and with improved child health and development 

outcomes (Eshel et al., 2006). Responsivity supports the provision of developmentally 

appropriate early stimulation opportunities, which is a key aspect of early child development 

(Black et al., 2017). Gender norms embedded in local cultural contexts might inhibit optimal 

caregiving practices by hindering women’s agency and autonomy to provide responsive care, 

which in turn can influence child health and development. For example, in the context of 

Pakistan, where gender inequity is high (World Economic Forum Global Gender Gap Report, 

2023) studies have found women’s empowerment to be associated with better child nutrition, 

birth outcomes, and vaccine uptake (Akbar et al, 2022; Ahmed et al, 2018; Khan et al, 2017). 

Women’s empowerment has been defined as the process through which women's ability to make 

choices increases (Kabeer, 2001). In Kabeer’s framework, this ability is influenced by a 

woman’s access to resources, her agency, and her achievements. Most studies in low and middle-

income countries rely on the Demographic and Health Surveys (DHS) Questionnaire to assess 

women’s empowerment (e.g., access to resources, participation in decision-making, education 

and employment status). However, the empowerment process is encompassed by cultural and 

social values that inform what achievements are considered desirable in each context. 

Consequently, it is important to understand how the interplay of social values might inform 

women’s experience and definition of empowerment through gender norms when investigating 

women’s empowerment and health outcomes.  

Therefore, this study aimed to understand how women’s empowerment might influence 

caregiver responsiveness in the setting of rural Sindh, Pakistan, which is characterized by gender 

inequity, low maternal education, and indicators of significant barriers to child development, 
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such as high prevalence of stunting (Akbar et al, 2022; Ahmed et al, 2018; Khan et al, 2017). A 

convergent parallel mixed-methods design was used to understand how women’s experiences, 

perceptions and understanding of  empowerment help contextualize observed associations of 

empowerment and responsive caregiving for young children. 

 

METHODS 

Study design and research questions 
 

To elucidate the potential association between women’s empowerment and caregiver 

responsiveness a convergent parallel mixed-methods approach was selected, aiming to expand on 

the depth and breadth of the relationship observed. In this design, quantitative and qualitative 

data are independently collected and analyzed, followed by the integration of findings to enable 

conclusions to be drawn (Halcomb and Hickman, 2015). This study was developed and 

conducted in cooperation with the DREAM NGO (https://dreamorganisation.org/about-us/), 

located in Naushahro Feroze, a rural community in Sindh, Pakistan, with pronounced gender 

inequalities and high numbers of children off-track in their early development (Hentschel et al. 

2024).  

This study addressed the following research questions: first, through a quantitative 

approach, we explored whether maternal responsive caregiving is associated with maternal levels 

of empowerment while controlling for sociodemographic characteristics of families and 

households. Second, using a qualitative approach, we examined how women in rural Sindh 

perceive, understand, and navigate empowerment in relation to social norms, particularly in areas 

such as family planning, resource management, employment, and responsive caregiving. Finally, 

it investigated how social norms and empowerment, as reflected in gender and familial roles, 
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influence women’s decision-making abilities concerning caregiving. Qualitative data was 

collected from October until November and quantitative data was collected in December 2022. 

The study project was reviewed and approved by the Pakistani National Bioethics 

Committee on July 21st, 2022 (No.4-87/NBC-807/22/52), and by Harvard’s Institutional Review 

Board, which granted approval for the qualitative study on October 4th, 2022 (IRB22-0867) and 

to the quantitative study on October 20th, 2022 (IRB22-0991). 

Study setting 

This study was implemented in four villages within Naushahro Feroze, Sindh, a largely 

rural district. In 2019, Pakistan had a Human Development Index (HDI) score of 0.6. In 2020, 

the human capital index for boys and girls was 0.4, on a scale ranging from 0 to 1, and the 

probability of children surviving until five years of age was 93%. Stunting was prevalent in 48% 

of children under five years old. On average, children complete 9.4 years of schooling (World 

Bank, Human Capital Project, 2020). In Sindh, 65% of mothers did not attend or complete 

primary school (Hentschel et al, 2024). Furthermore, in 2018 and 2019, 47% of children were 

developmentally on track based on the Early Childhood Development Index, which is 

substantially lower than the average in LMICs of 75%, and only 45% of children aged 3-5 years 

experienced any stimulation as measured by The Early Learning Indicator Tool in the prior 3 

days (Hentschel et al, 2024).  

The total fertility rate stood nationally at 3.6 births per woman, increasing to 4.7 in Sindh. 

The median age at first birth is 22.8 years nationally, and 18.4 years in Sindh (National Institute 

of Population Studies [NIPS] & ICF, 2019). Furthermore, 96% of women had knowledge about 

any modern contraception method as of 2018, though only 21% of married women reportedly 

utilized them. Finally, 50% of women were illiterate compared to 25% of men nationally in 
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2018, while in Sindh as many as 83% of married women were illiterate (National Institute of 

Population Studies [NIPS] & ICF, 2019). 

Specifically in rural Sindh, women’s empowerment was found to be low with respect to 

economic and household-decision making power, and bodily autonomy. Approximately 50% of 

married women and 60% of married men agreed that a husband was justified in beating his wife 

for either burning the food, arguing with him, going out without telling him, neglecting children 

or in-laws, or refusing to have sexual intercourse with him. Furthermore, 32% of married women 

between 15-49 years old were not allowed to make decisions regarding her own health care, 

visiting her family or relatives, or making major household purchases. (National Institute of 

Population Studies [NIPS] & ICF, 2019). 

 

Quantitative study 

Data collection took place from December 5th to 29th, 2022. All questionnaires were 

administered in the local language (Sindhi) by trained local females data collectors. Interviews 

were conducted in participants' homes, or in a private secure location at a local community 

center.  

Study sample 

The sample comprised 200 mother-child dyads. Participants were randomly sampled 

based on a list of eligible candidates provided by the local primary care community health 

governmental employees, denominated the Lady Health Workers (LHWs), to the DREAM NGO. 

The inclusion criteria were as follows: (1) a female resident of Naushahro Feroze, Sindh; (2) 

mother and primary caregiver of a child between 0-3 years old with no diagnosed developmental 

disabilities. Participants were stratified by case child age. Selection was based on stratification 
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by child age. Families with twins were excluded from eligibility. For families with multiple 

children in the 0-3 age range, participants were selected only after all other eligible families had 

been recruited, with an emphasis on maintaining balance across strata. 

Adaptation and validity of instruments to assess women's empowerment 

The exposure variable was women’s empowerment. Kabeer’s theoretical framework of 

women’s empowerment informed the selection of domains and indicators from the DHS 

Questionnaires (DHS Model Questionnaire Phase 8, June 2020 and DHS-8 Questionnaire 

Modules, November 2021). The explored domains of empowerment were: (1) household 

decision-making power; (2) financial autonomy; (3) bodily autonomy; and (4) abusive behavior 

perception. 

Nineteen items were identified across the four domains (Supplementary Table 1). The 

original list of items was reviewed for face validity by staff at DREAM, who were local 

members of the community with extensive experience in maternal and child health research. 

Face validity, in this context, refers to the extent to which these items appear to be appropriate 

and relevant indicators of the intended constructs based on the judgment of individuals familiar 

with the cultural and practical aspects of maternal and child health within the community. 

Nineteen items were identified across the four domains (Supplementary Table 1). The original 

list of items was reviewed for face validity by five members of the DREAM staff who were local 

members of the community and experienced with research on maternal and child health and 

development. Items were modified to enhance clarity and ensure cultural sensitivity, and 

subsequently field tested with women from the same community, who were not enrolled in the 

final study sample.   
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Following data collection (n=200 mother-child dyads), exploratory factor analysis (EFA) 

was conducted with a split-half sample within each domain to assess their factor structure and 

reliability. Items were rescaled and standardized. Given their categorical nature, a polychoric 

correlation matrix was employed to analyze collinearity, which was highly present across all 

domains. Given the moderate sample size of the random split-half sample (n=100) and the high 

collinearity of items, the polychoric correlation matrix method was initially unable to estimate all 

pairwise correlations needed to extract factors. Since the method of extraction and sample size 

could not be addressed, minimizing high collinearity was the primary strategy for extracting 

factors, which was achieved by excluding highly collinear items based on their content relevance 

and the amount of information they contributed with. The process of item exclusion was 

conducted in each domain until two-factor structure solutions could be extracted. Solutions were 

rotated in both orthogonal and oblique manners, since extracted factors were likely correlated. In 

all domains, the initial unrotated solutions demonstrated the best results for convergence validity. 

Divergence validity evidence did not support the plausibility of multiple factors solutions.  

Finally, elimination of highly collinear items to allow for factor extraction caused some 

domains – namely, financial autonomy and bodily autonomy - to remain with an insufficient 

number of items for factors to be extracted. Since the data did not support the derivation of latent 

constructs from the remaining items within these two domains, they were introduced in the final 

analysis as independent risk factors to maternal responsiveness levels. Results of EFA by domain 

are detailed in Supplementary Materials (Supplementary Tables 2,4,6,8). 

The reliability of the factor solutions for household decision-making power and abusive 

behavior perception was tested through Confirmatory Factor Analysis (CFA) conducted with the 

other random split-half sample. The factor structures were predetermined, and the model fitness 
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were estimated through comparative fit indexes (CFI), the root mean square error of 

approximation (RMSEA), and the model chi-square value. Both structures performed well, 

demonstrating good fitness. Detailed results of CFA are shown in Supplementary Materials 

(Supplementary Tables 3, 5,7,9). The final list of items by domain is shown below in Table 1. 

 

Table 1.1 Final set of women’s empowerment indicators selected through exploratory and 
confirmatory factor analysis 
 

Item Domain description and scoring 
Household Decision-Making Power 
Standardized scoring: Husband, Mother-in-Law, Father, Brother, Brother-in-Law, Mother, Others (1) / 
Decision is always shared equally among household members (0) / Herself (1) 

1 Who usually decides matters of investment in your own health in your household? If decisions 
are usually shared, please describe the person whom you consider having the final say. 

2 Who usually decides matters of investment in children’s health in your household? If decisions 
are usually shared, please describe the person whom you consider having the final say. 

4 Who usually decides matters of investment in house infrastructure and resources? If decisions 
are usually shared, please describe the person whom you consider having the final say. 

5 
Who usually decides about plans and actions regarding financial savings in your household? If 
decisions are usually shared, please describe the person whom you consider having the final 
say. 

6 Who usually decides about plans and actions for you to visit a relative? If decisions are usually 
shared, please describe the person whom you consider having the final say. 

7 Who usually decides matters of shopping for your needs (personal items)? 
Abusive behavior perception 
Standardized scoring: Acceptable (-2) / Not normal but tolerable (-1) / Not acceptable at all (1) / 
Abusive (2) 
Initial Statement: Think of a TV drama in which there is a wife and a husband in a household. The 
husband comes home 

2 The husband arrives home without any work (he spends time wandering around) and expects 
the wife to have made food for him, but she has not. The husband becomes angry. 

3 The husband arrives home from work, and the housework is not complete. The husband 
becomes angry. 

4 The husband is sleeping, and the children are noisy. The husband becomes angry. 
5 The husband is angry and insults the wife, or makes her feel bad about herself, in private. 
6 The husband is angry and says things to humiliate the wife in front of others. 
7 The husband is angry and threatens to harm the wife or harm others that she cares about. 
8 The husband is angry and pushes, shakes or throws something at the wife. 
9 The husband is angry and slaps the wife. 
11 The husband is angry and punches the wife with his fist or with something that could hurt her. 

Fertility Preferences* 
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2 
Who usually makes the decision on whether you should use family planning methods? 
Scoring: Not involved: decision is made by husband, mother-in-law or others (0) Involved: 
decision is made by herself or jointly with husband (1) 

4 
Has your husband or any other family member ever tried to pressure you to become pregnant 
when you did not want to become pregnant? 
Scoring: No / Yes 

Financial Autonomy* 

1 Aside from your own housework have you done any work in the last 7 days? 
Scoring: No / Yes 

6 
Who usually decides how your husband’s earnings will be used? 
Scoring: Husband (2) / Father-in-law, mother-in-law, elder son (-1) / No income (0) / 
Respondent and husband together (1) / Respondent (2) 

*Items in this domain were included as independent risk factors. 

Other variables 

The outcome variable was responsive caregiving, as measured by the Responsive Care 

tool previously validated in the same study district (Henthschel et al, 2024). The instrument 

assesses caregiver responsiveness through the observation of the caregiver’s behavior while 

interacting with the child for five minutes. The instrument is composed of three dimensions: (1) 

responsive behavior: positive affect and stimulation; (2) caregiver-directed interactions: affect 

and action; (3) negative behavior: affect and restrictiveness. The outcome was the responsive 

behavior score, which is calculated by the sum of all behaviors in the responsive behavior 

dimension divided by the sum of all behaviors, yielding a percentage.  

Caregiver depression was screened by the Patient Health Questionnaire-9 (PHQ-9), a 

nine-item scale that assesses the presence and severity of depressive disorders through the 

assessment of the criteria upon which the diagnosis is based in the Diagnostic and Statistical 

Manual of Mental Disorders -IV (DSM-IV) (Kroenke et al, 2001). Caregivers report depressive 

symptoms experienced over the past two-weeks period. The following frequency categorizations 

are used for each item: (0 ) not at all; (1) several days; (2) more than half the days; (3) nearly 

every day. The sum score (range 0- 27) is categorized by cutoff points that represent depression 

severity categories (0-5: None or minimal; 5 - 9: Mild; 10- 14: Moderate; 15 – 19: Moderately 
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severe; 20 – 27: Severe). The scale was validated for use in Pakistan (Ahmad et al, 2018). PHQ-9 

scores were introduced in the model as an ordinal categorical variable with five categories of 

depression severity: minimal, mild, moderate, moderately severe and severe. 

Socio-economic assessment of households was conducted through the evaluation of 

household food insecurity, as measured through the Household Food Insecurity Access Scale 

(HFIAS) (Coates et al, 2007). The questionnaire consists of 9 items that assess food insecurity 

intensity and frequency related to a recall period of 4 prior weeks. The HFIAS has been used in 

several previous studies in the study district. (Yousafzai et al, 2016; Yousafzai et al, 2021). Food 

insecurity scores were introduced in the model as a standardized continuous scale. 

Data on case child gender, age, birth order, maternal age and education, and the average 

number of residents per sleeping room were self-reported.	Child gender was recorded as a binary 

variable, while child and maternal age are continuous variables measured in years. Women’s 

education was measured as the number of completed years of formal schooling. The number of 

residents per sleeping room was calculated by dividing the total number of residents by the 

number of available rooms in the household. Birth order was also recorded to account for the 

sequence of each child within the family. 

Data analysis 

Following data cleaning, missingness above 10% was identified and the decision to not 

perform any imputation was made based on the sensitivity of the content, which strongly 

suggested that imputing values, even if done through likelihood-based methods, would introduce 

significant bias. Variables with significant missingness were excluded. The questions with 

significant missingness referred to: number of schooling years of fathers and mothers, who gets 

to decide how the money earned by the mother is spent, whether mother was paid in cash or kind 
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at her last employment, and whether the mother’s say on the decision of uptaking contraception 

had equivalent, superior or inferior weight as compared to her husband’s wishes. Missingness 

was likely associated with the sensitive nature of the content asked in questions regarding 

women’s bodily and financial autonomy. Analysis was performed using Stata/MP (Version 

17.0). The analysis of the association between women’s empowerment dimensions and maternal 

responsiveness was conducted using three progressively adjusted models. Model 1 included 

solely the empowerment dimensions. In Model 2, the following maternal and household 

covariates were added: maternal age, maternal education, maternal depression, the number of 

residents per sleeping room, and household food insecurity. Finally, Model 3 introduced the 

following child-related covariates: child gender, age, and birth order. The inclusion of covariates 

was determined based on literature regarding determinants of maternal mental health and 

empowerment, child development, as well as caregiver-child attachment. The model fits were 

evaluated using R-squared values, which reflect the proportion of variance explained by each 

model. 

Qualitative study 

A phenomenological design was selected to explore the essence of the common 

experience of being a female caregiver of a young child in this setting (Creswell, 2013). In-depth 

individual interviews (IDIs) and focus group discussions (FGDs) were conducted to provide both 

surface-level and rich, detailed accounts of the phenomena of interest. Interviews were 

conducted by trained and experienced qualitative interviewers, local to the study site.  

Study sample 

The qualitative study sample comprised 30 women caregivers randomly selected from the 

larger sample of the quantitative study arm, reflecting the same inclusion criteria. The sample 
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size was determined iteratively based on the concurrent review to determine whether a point of 

saturation was reached.  

Topic guide development 

Semi-structured topic guides for the IDIs and FGDs were developed exploring (1) gender 

norms according to marital status; (2) women’s autonomy regarding fertility preferences and 

financial status; and (3) dynamics of caregiving concerning the role of fathers and older women 

within the household. The areas of exploration reflected the DHS questionnaires on women’s 

autonomy as well as the research questions of interest regarding empowerment and responsivity. 

The team of five local research assistants provided input to ensure topic guides were 

culturally sensitive and clear. The guides were field tested through individual in-depth interviews 

conducted by the field implementation lead, Ms. Siyal (DREAM NGO), and it was determined 

that no further modifications were needed after the fourth pilot interview. Modifications were 

made based on feedback from data collectors who reported on acceptability and adequacy of the 

content. All data collectors were women who resided in the same community, which allowed for 

greater cultural competency, in addition to the necessary technical and experiential expertise. All 

data collectors have Masters’ degree in Sociology and over ten years of field experience within 

early child development research projects. 

Data collection  

All interviews were conducted in the woman’s home or a local community space. 

Interviews were audio recorded, and written notes were taken by the interviewer. Audio recoded 

interviews were transcribed verbatim into Sindhi. Transcriptions and notes were translated into 

English by a third-party Sindhi-English professional translator who was not involved in any 



 28 

other aspect of this study. Transcribed data posing any challenges in reading comprehension was 

clarified with the field implementation lead and the transcriber. 

Team debriefings were held regularly to discuss interviews and emerging content heard 

in the interviews and it was agreed that information saturation was reached, i.e., no more 

interviews were needed after completing 30 IDIs and one FGD, i.e., no new topics were 

emerging in the interviews. 

Data analysis 

Three analysts reviewed the transcripts and conducted a thematic analysis as described by 

Braun and Clarke (2006). Initial readings of 6 transcripts, equivalent to 20% of interviews, were 

completed to identify codes inductively and deductively, i.e., emerging ideas expressed by 

interviewees or determined by the topic guide concepts. An initial codebook was developed and 

used to code the remaining transcripts. Coding was managed on Nvivo (Version 14). Analysts 

met weekly to discuss coding and reach a consensus on differences and on any updates deemed 

necessary to the codebook. The analysts surveyed the code structure, grouped them under higher-

order codes, and excluded redundant codes. This process allowed for the conclusion that the code 

saturation point had been reached. Finally, the code structure was scrutinized jointly by analysts 

so patterns could be identified, allowing for the identification of themes, which were discussed 

and described in written form.  

Team position and reflexivity statement 

The study team members who conducted data analysis had different positionalities with 

respect to the phenomena and study setting. The PI (ALP) is a Brazilian doctoral candidate at a 

US institution. Her clinical psychology training and experience of working with disadvantaged 

families and young children in low-income communities in Brazil enabled her familiarity with 
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the challenges of providing nurturing care and constantly challenged her perspectives on gender 

and empowerment in team discussions. In contrast, the co-PI (SS) and the data collection team 

from DREAMS were local to the study district and familiar with the cultural context and were 

able to draw on common lived experiences within their own families and community to consider 

data interpretation. The two additional study coders were students based in the US, experienced 

in qualitative research in global health. They were able to take a more arms-length perspective to 

the analysis. Together, these different perspectives enabled an enriched and more complete set of 

insights into the interpretation of data. 

 

RESULTS 

Quantitative results 
 

A total of 200 participants were surveyed between December 5th and December 29th, 

2022. Table 2 provides an overview of the study sample's characteristics. The average age of 

mothers was 30.7 years (SD: 7.4), and housewife was the most reported occupation (82%). Paid 

work was reported by only 25% of mothers, and illiteracy was widespread among mothers (67%) 

compared to fathers (21%). Among the children, 46% were female, 81% had siblings, and nearly 

half were the third, fourth, or fifth child in their family. Joint family structures were common 

(59%), and households averaged 3.34 children and 8.4 residents. Fathers were present in 97% of 

the households, and all mothers were the primary caregivers. Secondary caregivers were 

frequently reported (54%), most often grandmothers or aunts, with fathers playing this role in 

24% of the cases. Around 44% of households were food insecure, with moderate to severe levels 

being reported.  
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In terms of maternal mental health and empowerment, 77% of mothers experienced 

minimal to mild depressive symptoms. Household decision-making power was generally low, 

with participants scoring an average of 37.4 percentage points on this measure, whereas 

perceptions of abusive behavior scored 70 percentage points. Regarding caregiving interactions, 

responsive behavior was observed during 20% of the observed interaction time, while caregiver-

directed non-responsive interactions were noted in 9% of the time, and negative behaviors were 

minimal (0.3%). 

Table 1.2 Characteristics of study sample 

 Mean 
SD or n (%) 

Mothers  
Age (years) 30.7 (7.4) 
Illiterate (%) 134 (67.0%) 
Main occupation: Housewife (%) 165 (82.5%) 
Main occupation: Handicraft (%) 35 (17.5%) 

Fathers  
Father present (%) 97.0% 
Illiterate (%) 21.4% 

Children  
Female (%) 46.5% 

Birth Order  
First child (%) 19.0% 
Second child (%) 22.5% 
Third child (%) 19.5% 
Fourth child (%) 15.0% 
Fifth child (%) 13.5% 

Age (months)  
0-11 months (%) 35.5% 
12-23 months (%) 28.5% 
24-36 months (%) 31.0% 
37-48 months (%) 5.0% 

Family  
Joint family structure (%) 59.0% 
Number of children in household (#) 3.3 
Number of household residents (#) 8.4 
Mother as main caregiver (%) 100.0% 

Secondary Caregiver  
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Maternal grandmother (%) 10.0% 
Paternal grandmother (%) 34.5% 
Maternal aunt (%) 12.0% 
Paternal aunt (%) 19.5% 
Elder sibling (%) 9.5% 
Father (%) 24.5% 

Household Socioeconomic Status  
House wall material: Rudimentary (%) 46.5% 
House floor material: Natural (%) 32.0% 
House roof material: Finished (%) 72.0% 

Household Food Insecurity  
Food secure (%) 33.5% 
Mildly food insecure (%) 22.0% 
Moderately food insecure (%) 38.0% 
Severely food insecure (%) 6.5% 

Female Empowerment  
Household decision-making power (%) 37.4% 
Perception of abusive behavior (%) 70.5% 
Bodily autonomy  

Pressured to pregnancy (%) 12.0% 
Family decided contraception (%) 51.0% 

Financial autonomy  
Paid work last week (%) 25.0% 
Involved in budget allocation (%) 8.0% 

Maternal Depression  
None or minimal (%) 52.0% 
Mild (%) 25.0% 
Moderate (%) 8.0% 
Moderately severe (%) 2.5% 
Severe (%) 2.0% 

Average Responsive Care  
Responsive verbal (0-100) 21.2 
Responsive physical (0-100) 18.6 
Responsive behavior (0-100) 19.9 

Average Caregiver-Directed Interactions  
Non-responsive verbal (0-100) 8.3 
Non-responsive physical (0-100) 9.9 
Non-responsive behavior (0-100) 9.1 

 

Table 3 shows the results of a series of multivariate linear regressions analyzing the 

associations between women’s empowerment and maternal responsive caregiving. The fully 

adjusted model controlled for maternal age, illiteracy, and depression, child gender, child age, 
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childbirth order, household food insecurity, and the average number of residents per sleeping 

room. 

The risk factors selected into Model 1 predicted only 5% of the total variation found in 

the observed data. The index improved to 23% with the addition of remaining variables in the 

fully adjusted model (Model 3). In the fully adjusted model, no dimensions of empowerment 

showed any significant associations with responsive behaviors based on an alpha value of 0.05. 

Positive significant associations of women’s empowerment at the 0.10 alpha value were found 

on the domains of household decision-making power (0.024, 95% CI: -0.04 : 0.05, p-value < 

0.08) and bodily autonomy through lack of pressure to become pregnant (0.057, 95% CI: 0.086 : 

0.046, p-value < 0.06) . Furthermore, maternal age, household food insecurity and having 

recently performed paid work were the three factors significantly associated with maternal 

responsiveness. For each additional year, mothers, on average, demonstrated 0.8% more 

responsive behaviors (95% CI: 0.003 : 0.012 , p-value < 0.001). For each additional increase in 

household food insecurity severity level (categorized as mild, moderate or severe), mothers, on 

average, demonstrated 3.8% less responsive behaviors towards their children (95% CI: -0.071 : -

0.006 , p-value < 0.022). For each additional resident per sleeping room, mothers were on 

average 12% more responsive towards children (95% CI: 0.003 : 0.022, p-value < 0.01). Mothers 

who were illiterate were on average 5% less responsive (95% CI: -0.108: 0.007, p-value < 0.08). 

For each additional younger child, mothers were 2.5% less responsive to the case children (95% 

CI: -0.042 : -0.006, p-value < 0.088). And for each additional year of case children’s age, 

mothers were on average 5.7% more responsive (95% CI: 0.027 : 0.088, p-value < 0.0001). The 

unadjusted associations of risk factors and maternal responsiveness are shown in Supplementary 

Materials - Table 10.   



 33 

Table 1.3 Adjusted associations of women’s empowerment domains with responsive caregiving1 

 
  Model 12 Model 23 Model 34 

Explanatory 
Variables 

Mean 
difference 
(95% CI) 

p-value 
Mean 

difference 
(95% CI) 

p-value 
Mean 

difference 
(95% CI) 

p-value 

Abusive Behavior 
Perception 

-0.021 
(-0.052, 0.009) 0.182 -0.017 

(-0.046, 0.012) 0.249 -0.023 
(-0.051, 0.006) 0.121 

Household Decision-
Making Power 

0.024 
(-0.009, 0.057) 0.153 0.018 

(-0.013, 0.048) 0.264 0.024 
(-0.004, 0.050) 0.088 

Financial Autonomy – 
Paid work 

0.079 
(0.015, 0.142) 0.026 0.071 

(0.011, 0.130) 0.020 0.035 
(-0.026, 0.096) 0.260 

Bodily Autonomy – 
contraception uptake 

-0.041 
(-0.102, 0.019) 0.183 -0.026 

(-0.086, 0.034) 0.388 -0.013 
(-0.709, 0.045) 0.662 

Bodily Autonomy – no 
pressured pregnancy 

0.083 
(-0.015, 0.181) 0.095 0.089 

(-0.003, 0.180) 0.057 0.086 
(-0.006, 0.177) 0.066 

Average number of 
residents per sleeping 
room 

- - 0.007 
(-0.002, 0.017) 0.125 0.013 

(0.003, 0.022) 0.010 

Household food 
insecurity - 
Moderate/severe 

- - -0.071 
(-0.134, -0.007) 0.029 -0.068 

(-0.130, -0.008) 0.028 

Maternal depression - - 0.001 
(-0.006, 0.009) 0.710 0.000 

(-0.007, 0.007) 0.988 

Maternal age - - 0.006 
(0.002, 0.010) 0.002 0.007 

(0.001, 0.012) 0.012 

Maternal illiteracy - - -0.046 
(-0.105, 0.012) 0.118 -0.050 

(-0.108, 0.007) 0.084 

Child gender - female - - - - 0.040 
(-0.014, 0.094) 0.143 

Childbirth order - - - - -0.025 
(-0.042, -0.006) 0.008 

Child age - - - - 0.057 
(0.027, 0.088) 0.0001 

1N = 200; 2Model 1 R-squared: 0.0541; 3Model 2 R-squared: 0.1481; 4Model 3 R-squared: 0.2320  
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Qualitative results 
 
Four broad themes encompassing eight domains were identified.  

Theme 1: Hierarchy within family structures  

Most interviewed participants reported the existence of a hierarchy of power within 

household residents reflecting the cultural norms of the larger society, where gender, age and 

socioeconomic status were the main influencing factors. Participants identified males as having 

more autonomy, agency, and access to resources. However, influence within households was 

described as the result of the interaction between these main determinants. The following codes 

synthesize the content within this theme. 

Household decision-making power of mothers 

Respondents described the social expectations regarding the role and responsibilities 

concerning women as mothers and wives. The first aspect that was made clear was the 

expectation that daughters should obey the decisions made by the community elders regarding 

marriage choices, and once married, they should move to their husbands’ households, where her 

in-laws also resided. Once occupying the role of wife and mother, the main expectation was that 

she should attend to various household responsibilities, such as cooking and cleaning for the 

family, as well as being the primary caregiver to her children: 

 

“A married woman should take care of her husband, her in laws and her house. She 
should press the clothes of her sisters and brothers-in-law. She should cook food for the family 
and takes care of the cleanliness of the house” (IDI16) 
 

“She has a good relationship with her husband when she serves her husband and take care of 
him in every way. She obeys her husband in almost everything.” (ID12)  
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The workload women in this position are expected to perform was identified as considerably 

large. However, respondents also described the existence of a hierarchy of influence among 

family members, where married women tended to occupy lower positions, especially when 

newlywed, young and less educated. Within such hierarchy, the figure of the mother-in-law was 

identified as having the higher authority over the women in the family, especially her sons’ 

wives. 

 

“We ask her (the mother-in-law) what we need to cook. She has dominance over the system of 
the house. She makes decisions regarding the marriages. She is the eldest of the house so she 
makes those decisions.” (IDI15) 
 

Even though women who were wives and mothers were expected to not have much influence 

within the household system, their husbands’ socioeconomic status in relation to other family 

members was identified as a factor that could impart them with more agency and autonomy. 

However, low household decision-making power was generally identified by respondents as 

being a general rule, which severely limited women’s ability to decide on matters of investment 

in children’s health and education, as well as the provision of care practices. 

Shared caregiving dynamics 

Participants described nuanced caregiving dynamics where cooperation among various 

family members is common, though care tasks expected of family members differ based on their 

role.  

 

“If the child is still small, all the family members help in the caregiving. If the child is grown, 
then the mother does everything herself.” (IDI20)  
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The presence of extended family members in the same house was the norm within this 

community. However, a significant division in care tasks according to the caregiver’s gender was 

frequently pointed, with women being expected to perform manual tasks, such as bathing and 

feeding of children, and males overseeing the child’s intellectual guidance. 

 

“(…) A father keeps the children in control and make them know the difference between right 
and wrong. They focus on the education of the children even more than us mothers. He focusses 
on the health and good character of the children.” (IDI15) 
 

The intrahousehold dynamics shaped women’s ability to decide on caregiving matters by 

imposing some limitations on the nature of decisions within their reach. However, the presence 

of the extended family also provided a significant support network to both mothers and children, 

which could only be achieved with interactions outside of the immediate domestic environment 

in cultural contexts where the nuclear family is the norm. 

Theme 2: Autonomy and mobility 

Restrictions on mobility 

Respondents emphasized that mobility was restricted for women in this community 

regardless of marital status. Attending public spaces was pointed as highly discouraged, 

especially without a male family member present.  

 

“Parents and mothers-in-law make decisions about socializing with the community, going out 
(…)” (IDI11) 
 

Consequently, such limitation directly affects mothers’ autonomy and agency to take children to 

hospitals or health centers when needed, to attend parenting programs delivered in local centers, 

and even to perform physical activities with children in open public spaces, such as playing in a 
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park. Additionally, this mobility restriction indirectly impacted mothers’ abilities to provide 

caregiving by negatively shaping employability options and financial autonomy. 

Restrictions in financial and bodily autonomy 

Important aspects of financial and bodily autonomy were also described as being limited 

for mothers. Given that employability options are scarce due to mobility restrictions, the most 

common source of individual income for women is embroidery performed within their homes. 

However, most participants described their ability to participate in important family financial 

decisions as practically nonexistent.  

 

“And the one who isn’t empowered, she is helpless and cannot do anything by herself, she 
cannot do anything until a man orders her to do so. She cannot go out without their permission. 
She cannot give her opinion in some problem. Mostly in villages, men are dominant and 
empowered. It is different in cities. And if a man trusts his wife, then she can be empowered” 
(IDI7) 
 

Such limitations were reported as influencing factors to caregiving through multiple paths, such 

as the ability to determine the number of children, which impacted the availability of physical 

and cognitive caregiver resources. Moreover, practical decisions such as enrollment of daughters 

in schools and investment of mothers’ own financial resources on children’s developmental 

needs were curtailed to women. 

Theme 3: Two perceptions of ‘an empowered woman’  

Women’s empowerment was perceived as either deriving from selfishness or a legitimate 

right to autonomy. The phenomenon was described in two opposing ways, based on adherence to 

or divergence from gender norms.
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Empowerment in adhering to gender norms 

This type of empowerment was described as resulting from strictly adhering to traditional 

gender norms, which counters the notion of autonomy, independence, and agency. However, by 

conforming to these gender norms, a gain in a specific type of agency was described. 

Respondents mentioned that in this situation, agency increased to the extent that women, for 

instance, rose in the hierarchical position within the family as they aged, and their children 

married. 

 

“She's expected to take care of her in-laws, husband, and children. (…) People outside the 
family should praise her for her character” (IDI11) 
 

Agency was also gained indirectly, in this case, by retaining a sense of social belonging through 

her acceptance within the community, based on the notions of reputation and honor. 

Consequently, agency was increased through the preservation of connections with family and 

friends, which provides an important support network, as well as a stable sense of identity. 

 

“A woman has a good relationship (with her husband) when she takes care of her family. (…) A 
wife needs to be patient towards her husband and sometimes a husband is patient towards the 
wife so that's a good relationship. A woman who has a good relationship with her husband is 
seen as good.” (IDI10) 
 

Adherence to gender norms across women’s life span takes on different manifestations, 

based largely on their marital status. However, the same assumptions applied at all stages, as 

exemplified by this quote regarding the expectations of unmarried women.  
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“An unmarried woman must keep her respect. She should be well behaving towards her family. 
She should participate in the chores of the house and help her brothers and sisters. From there 
we know that this is a good woman. She doesn’t create any problems.” (IDI12) 
 

Empowerment deriving from adherence to gender norms, consequently, impacted 

caregiving in two differing ways: respondents described less autonomy in choosing, but more 

support and access to resources.  

Empowerment in deviating from gender norms 

Empowerment was also described as potentially emerging from a shift away from 

traditional gender norms. According to respondents, such an increase was mainly associated with 

access to education, socioeconomic status, liberal parents and in-laws, and psychological 

characteristics, such as self-confidence. Respondents portrayed this type of empowerment as 

characterized by higher autonomy regarding intimate choices, such as marriage, fertility 

preferences, familial roles – including expectations on caregiving and housekeeping 

responsibilities – as well as higher financial independency and increased mobility. However, 

respondents also detailed that such deviance would commonly be followed by loss of social 

support or even outright exclusion from the community.  

 

“There are traditions of arranged marriages in the community because elders want them, but 
some youngsters don’t listen to elders and do whatever they want. If a woman marries as per the 
elders, she'll be respected and if she doesn't, she won't be respected by the community.” (IDI9) 
 

Gains in financial autonomy were described as positive, characterizing an increase in 

agency through her own means, differing from the situation of a woman conforming to gender 

norms.  
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“If she has a job, she can fulfill the expenses of the house and she can manage her livelihood. 
(…) But some jobs are appropriate, and some are inappropriate (to women). (A job is 
appropriate) because they involve sitting in one place, be it doctor or teacher, a doctor treats in a 
clinic and a teacher works in school. If she's in TV, as a news anchor, the whole country will be 
watching her, and people will speak ill of her.” (IDI13) 
 

Even when describing a scenario where women enjoyed gains in autonomy, most 

participants emphasized that such gains were only possible given the permission of parents or 

husbands.  

 

“A woman who is permitted to do any job or any kind of work and is given permission by her 
parents and husband for doing anything she wants is empowered. But she needs to be very 
careful.” (IDI8) 
 

This type of empowerment negatively impacted women’s ability to provide responsive 

caregiving through a loss of social support and access to resources, though it potentially 

improved prospects in vital aspects of maternal and child wellbeing, through mobility and 

financial autonomy. 

Theme 4: Intergenerational transmission of gender norms  

The last theme described the processes through which gender norms were sustained over time 

across generations of caregivers and children.  

Differential expectations and investment in older children based on gender  

Respondents often mentioned that the material and emotional investments provided by 

parents to children differed based on children’s gender. Various reasons were mentioned as 

contributing to an overall higher regard for male children over females by parents in the 

community.  
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“A son is privileged in everything because they increase the respect of the family while a 
daughter marries off. Some women are not even willing to give birth to a daughter.” (IDI10) 
 

“They pay more attention to sons because the sons will earn and feed them” (IDI11) 
 

The prospect of daughters not being able to contribute to the advancement of the 

socioeconomic status of the family, given females are not commonly allowed to work and earn, 

was often mentioned. The responsibility of a dowry upon daughters’ marriages further 

aggravated the situation. Additionally, the expectation that daughters would marry and relocate 

to their husband's family home was described as indirectly affecting the parents' emotional 

investment in their daughters. This was because once married, daughters were expected to live 

away from their parental home and take on numerous responsibilities towards their new in-laws, 

the family of their husband. The expectation on daughters’ future roles as married women was 

used to justify investment choices concerning the level of education women were expected to 

acquire at any point across their life span.  

 

“Mostly they don't educate their daughters. Some educated fathers consider them equal. (…) 
Because most fathers find it hard to trust their daughters that they might be misguided by the 
world. If a girl is educated, she'll live as per her own ways and will disobey elders. She'll be 
misguided and misbehaving.” (IDI8) 
 

There was, however, considerable heterogeneity in perceptions over the right of girls to 

accessing education in the community, with approximately one-third of the sample portraying 

formal schooling and education as currently being a normalized aspect of women’s development. 

Gender roles over time 

The last code identified within this thematic area concerned the change in gender norms 

over time in this community. Gender norms, as identified by respondents, firmly placed women 
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as caregivers from a young age, and that aspect remained significant according to respondents of 

different ages interviewed in the FGD. Daughters who were allowed to receive a formal 

education did so to the extent that they continued to comply with domestic responsibilities to 

care for their siblings and help with household chores. 

 

“A sister is expected to take care of her brothers, wash their clothes and feed them on time, and 
she must fulfill every responsibility of her brother. A sister is expected to take care of her sisters, 
love them, she teaches the younger siblings and is well behaving towards her young sisters.” 
(IDI12) 
 

Participants also reported changes in social expectations regarding the role of wives and 

mothers as the result of technological advancements, which greatly facilitated most household 

chores, for example, the production of and access to food, hygiene, and safe water sources, as 

well as cooking, and cleaning. Finally, another change noted was a decreased strictness in gender 

norms and a gain in individual autonomy over time, as exemplified by the higher frequency of 

non-arranged marriages, despite their social acceptability remaining low. 

 

DISCUSSION 

We conducted a convergent parallel mixed-methods study to assess the potential 

association between various dimensions of women’s empowerment and maternal responsiveness 

in rural Sindh, Pakistan. Additionally, the study aimed to explore how social norms and gender 

roles influence women's empowerment, particularly in relation to key decision-making areas 

such as family planning, resource allocation, and caregiving responsibilities. The quantitative 

data analysis revealed significant associations between maternal responsiveness and specific 

empowerment dimensions. The qualitative component provided in-depth insights into these 
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cultural dynamics, complementing the quantitative analysis focused on empowerment's impact 

on maternal caregiving behaviors. Maternal responsiveness was positively related to higher 

household decision-making power and greater bodily autonomy, particularly in terms of not 

experiencing pressure to become pregnant. Additionally, household density, maternal age, and 

child age were also positively associated with responsiveness. Conversely, factors such as food 

insecurity, maternal illiteracy, and higher birth order were negatively associated with maternal 

responsiveness. In summary, higher responsiveness was more commonly observed among 

mothers who had greater autonomy within their family and reproductive rights, were older, more 

educated, had fewer and older children, and lived in more densely populated households but did 

not face food insecurity. 

These findings inform the intrafamilial dynamics taking place in this cultural context. 

Quantitative findings are complemented by the qualitative data analysis, which sought to explore 

two questions. The first question is how women perceive and navigate the concept of 

empowerment. Data suggested that empowerment was navigated by women through the way 

they perceived the legitimacy of their right to autonomy. If the right is not perceived as being 

legitimate, then empowerment is frequently understood as deriving from selfishness. 

Importantly, loss of social support resulting from deviating behavior represents a relevant factor 

in their decision processes, even in matters related to children’s well-being. Furthermore, the 

advantages associated with adherence to gender norms improve conditions necessary for the 

establishment of a nurturing care environment, such as access to resources and the preservation 

of a valued social identity. However, the data suggested that there is increasing acceptance of 

women’s autonomy (e.g., choice of husband).  



 44 

The second question was how social norms and empowerment, as reflected in gender and 

familial roles, influence women’s ability to make decisions on caregiving. The literature 

indicates the despite the high prevalence of coparenting network systems in South Asia, mothers 

remain the primary caregivers (Kurrien et al, 2022). Furthermore, Pakistan has carried efforts to 

bolster women's roles in various public sectors through constitutional amendments, though 

significant barriers remain in their involvement in social, political, and security spheres (Rauf & 

Sarwat, 2022; Bussolo et al, 2022). Similarly, in the present study, our findings suggest that 

mothers’ ability to make decisions about caregiving was shaped both by their position within the 

family hierarchy and by societal norms limiting women’s mobility, reflecting how broader public 

challenges also manifest in the domestic sphered. For instance, the choice of bringing a child to a 

hospital or to attend a parenting program at a local center, while unaccompanied by a man, 

derives from the permission of in-laws and husband, as well as the flexibility of the community 

to accommodate her presence in public spaces. Furthermore, household decision making power 

directly determines her capacity to decide on budget allocation to children’s needs as well as 

autonomy regarding her reproductive rights. The qualitative results echoed the quantitative 

findings: 52% of women said that the choice of whether they use contraception or not was made 

entirely by in-laws or husbands, and 12% said they had experienced pressure by family members 

to become pregnant, suggesting low bodily autonomy. Such violation of reproductive rights 

negatively impacts women’s ability to establish nurturing care environments within their homes 

given less control over the total number of children under their care.  

In short, the qualitative results reflect the positive quantitative associations found 

between responsiveness and household decision-making power, as well as bodily autonomy. 

Data suggests that women who experience higher autonomy in these areas tend to have more 
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emotional and cognitive resources available when interacting with their children. Even though 

the present analysis does not evaluate mechanistic effects involved in these relationships, the 

qualitative data suggests that women who report higher autonomy in these areas also experience 

a family environment that is more tolerant and supportive, which might also foster mothers’ 

sensitivity and responsivity towards children. Furthermore, qualitative data suggested that 

maternal literacy is highly associated with maternal autonomy, since girls’ access to education is 

more common among families with liberal parents, establishing an upbringing that supports 

women’s sense of autonomy. The positive quantitative association of maternal age and densely 

populated households with responsiveness may be understood respectively through mothers 

increased emotional maturity and more support received from family members in regards to 

caregiving workload, reflecting qualitative findings on shared caregiving dynamics. Conversely, 

the negative association of responsiveness with childbirth order and food insecurity suggests the 

negative impact of a higher number of children under maternal care, especially in scarce resource 

settings. 

These findings add to prior evidence from LMICs and Pakistan. Khalid et al (2019) found 

that women’s empowerment in Punjab was highly susceptible to wage differences and residential 

area, with women in urban clusters scoring higher in empowerment scales. Analyzing data from 

the 2013 and 2018 cycles of the Pakistan Demographic and Health Surveys (PDHSs), Abbas et al 

(2021) found that women’s age, education and wealth index were positively associated with 

higher empowerment scores, along with having children, being involved in skilled work and 

having access to information. Evaluating data from the 2010-2014 Pakistan Rural Household 

Panel Survey (PRHPS), Ishfaq et al (2022) found that safety while traveling and food security 

were the most relevant predictive factors to women’s empowerment in rural areas. With respect 
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to LMICs, the Global Gender Gap index (World Economic Forum, 2023) estimates that 37% of 

the gap in economic participation and opportunity in Southern Asia has been closed since 2006, 

though Pakistan and Afghanistan lag the most behind in the region. Additionally, despite 

Southern Asia ranking second lowest in parity score on the Health and Survival subindex, 

Pakistan and India were the countries that improved their sex ratios at birth the most in the 

region (World Economic Forum, 2023). Importantly, a meta-analysis of Demographic and 

Health Surveys from 33 sub-Saharan African countries (Shibre et al, 2021) found that 

moderately empowered women had marginally higher odds of accessing antenatal care skilled 

service.  

One strength of this study is the cultural competence of the data collectors, who were 

women from the same community. This familiarity facilitated data collection on sensitive topics, 

enabling participants to engage more openly in discussions. Additionally, the data collectors 

provided essential feedback during the pilot phase, contributing to the adaptation and 

improvement of the data collection instruments. Another key strength is the use of a 

responsiveness measurement tool specifically developed within this community, enhancing both 

its face and construct validity. 

This study has some limitations. The reduced sample size compromised power to detect 

relevant quantitative associations between risk factors and responsiveness. Another limitation is 

the accuracy of existing measures of women’s empowerment regarding the multiple meanings 

attributed to the concept by residents in this community, which are not fully captured by DHS 

questionnaires. The issue pertained to the DHS domains where empowerment is mostly equated 

to autonomy and wellbeing, such as in the financial autonomy domain. The qualitative findings 

suggested that empowerment is not necessarily experienced by women in this community as 
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synonym to autonomy and independency. These findings suggest that women’s empowerment 

might instead be experienced through an interdependency lens, given the collectivist nature of 

this society. Therefore, adaptations were performed to the DHS original questionnaires to 

improve its adequacy, though its performance has not yet been tested and replicated in similar 

settings. This limitation has impacted the present findings by introducing uncertainty regarding 

the psychometric properties of the adapted tools, such as reliability and validity. This limitation 

is partially mitigated by the conduction of both exploratory factor analysis (EFA) and 

confirmatory factor analysis (CFA), providing a reasonable understanding of how the adapted 

instruments function. However, caution is still warranted in interpreting the results, as the 

measures may not fully capture the intended constructs across diverse contexts, and because the 

quantitative associations identified were estimated under a 0.10, rather than 0.05, p-value cutoff. 

Further research is needed to develop and test the performance of culturally informed scales of 

empowerment in diverse majority world settings.  

Our findings have important implications for the design and implementation of parenting 

programs. First, according to a recent systematic review by Jeong et al (2021), most parenting 

programs (93%) exclusively target mothers. However, our findings indicate that given the shared 

caregiving responsibilities and the limitations to women’s empowerment in diverse contexts, 

including other family members in program design is fundamental to sustainably foster 

beneficial care practices and an enabling care environment. Second, women’s mobility 

restrictions should be considered in program delivery, since attendance of sessions in public 

spaces may not be possible for mothers in similar contexts. Importantly, the costs incurred in 

deviating behavior, from hostile treatment to outright exclusion from the community, must be 

taken into consideration by any program that aims at supporting women’s autonomy in this 
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cultural context. A recommendation warranted by such conclusion is to include actors with high 

cultural competency in the design and implementation of programs, such as women from the 

same communities. Third, the complete juxtaposition of women and their role of caregivers 

should be regarded as inadequate and ineffective, since women remain individuals who are 

entitled to have personal preferences and values that may not align with the assumptions adopted 

by programs. Such lack of alignment would then interfere with women’s adherence to and 

replication of program recommendations, regardless of the intensity or frequency of input they 

would be exposed to during program attendance. For instance, exposing mothers to the 

recommendation of supporting their daughters’ accessing education does not necessarily impact 

their personal views on the matter. Finally, future research is needed to explore the impact of the 

inclusion of husbands on parenting programs to address and mitigate the imbalance of power 

within household hierarchy concerning caregiving practices.  

In short, program design must account for local cultural context. Advancing this agenda 

requires a gender-transformative program design that supports women’s empowerment, family 

caregiving, and child outcomes with equity for female and male children. These findings reflect 

previous evidence concerning the impact of gender norms on health across different global 

regions (Weber et al, 2019; Heise & Darmstadt, 2019). The qualitative data indicates the 

existence of differential investments from parents based on child gender that, combined with 

broad societal norms, inform the processes through which women’s identities solidify, which in 

turn shapes the way they will interact with their own children (Benoit, 2004). Consequently, one 

way in which the intergenerational transmission of gender norms occurs is through the patterns 

of attachment and socialization women develop with their own daughters and sons. Importantly, 

interventions that aim at increasing women’s empowerment in diverse contexts have the 
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potential to impact not only the wellbeing of present generations but also future ones through 

influencing patterns of attachment and socialization between caregivers and children. Critically, 

such interventions should be designed and implemented by women from the communities where 

programs are implemented, since they are the agents of change and hold the cultural knowledge 

and experience, which permeates gender norms and women’s state of empowerment. 
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ABSTRACT 

Background 

Parenting programs commonly aim to support early childhood development by enhancing 

caregiver knowledge. Their implementation is frequent particularly in low- and middle-income 

countries. Despite well- characterized positive impacts on cognitive and socio-emotional 

development, the evidence on the role of visit frequency in the magnitude of effect remains 

limited. Brazil's Criança Feliz (CF) program, which delivered weekly home visits, aimed to 

improve maternal knowledge on child stimulation and developmental outcomes, but gaps remain 

in understanding the role of dose in program efficacy. 

Aims 

This study aims to answer the following questions: (1) was frequency of home visits in 

the CF program associated with a change in caregiver knowledge regarding optimal early 

cognitive stimulation activities; (2) were characteristics of caregivers and children associated 

with change in caregiver knowledge controlling for frequency of home visits received ; and (3) 

was the association between the frequency of home visits and change in caregiver knowledge 

modified by characteristics of caregivers and children? 

Methods 

This secondary analysis utilized data from an RCT evaluating the CF program from 

2018-2021, with a sample of 3,242 families in 30 cities across five Brazilian states. Data were 

collected at baseline on caregiver and child characteristics, program impact, and implementation. 

Home visit frequency was calculated based caregiver-report. Analysis involved multivariate 

regression models to assess associations between visit frequency and change in caregiver 

knowledge on age-specific child cognitive stimulation, controlling for confounders such as 
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caregiver age, education, child age, gender, and household wealth. Missing data were handled 

via imputation, and sensitivity analyses were conducted excluding families in the control group 

who received home visits during the study period. 

Results 

We found that receiving at least 50% of weekly home visits over 3 years significantly 

improved caregiver knowledge of child stimulation activities by 3 percentage points (95% CI: 

1.71, 4.29). Several beneficiaries’ characteristics were associated with greater increase in 

knowledge. Caregivers with at least 11 years of education had an improvement of 2.23 

percentage points (95% CI: 1.00, 3.46; p < 0.001), while older children (≥7.6 months) were 

linked to a 1.53-point increase (95% CI: 0.80, 2.27; p < 0.001), and female children were 

associated with a 2.38-point gain (95% CI: 1.15, 3.61; p < 0.001). Household wealth was 

associated with increases of 1.43 (95% CI: 0.17, 2.71; p = 0.03) and 1.26 percentage points (95% 

CI: 0.06, 2.45; p = 0.04) in the fourth and richest quintiles, respectively. However, caregivers 

over 26 years old showed a small decline in knowledge (-0.10 percentage points; 95% CI: -1.95, 

-0.25; p = 0.01) over the study period. No evidence of effect modification of the association of 

visit frequency with caregiver knowledge by any characteristics was identified. 

Interpretation 

The design of parenting programs may be optimized by carefully considering the role of 

beneficiaries’ characteristics in hindering or supporting the retention of knowledge despite 

program dose. Future research on the role of dose in caregiver knowledge would benefit from 

information on program-level factors, such as fidelity and quality. 
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INTRODUCTION 

Background 

Despite the inclusion of early childhood development within the United Nations 

Sustainable Development Goals, it is estimated that 43% of children globally under five years 

old are at risk of not achieving their developmental milestones (Lu et al 2016; Walker et al 2007, 

Walker et al 2011). As a result, there is a need for interventions tailored to the health, nutritional 

and psychosocial needs of children during a period when brain development is highly susceptible 

to environmental influences and experiences (Shonkoff et al, 2012).  

Parenting interventions, designed as social and behavioral programs, aim to enhance 

caregivers’ knowledge, attitudes, practices, and skills to foster optimal early child development. 

Over the past few decades, their implementation has been adopted and evaluated in increasingly 

large numbers throughout diverse settings. Jeong et al (2021) identified 102 randomized 

controlled trials conducted across 33 countries evaluating parenting programs efficacy regarding 

early child development and caregiver outcomes. The review found positive impacts on 

parenting and children’s development alike, identifying improvements in cognitive, language, 

motor and social-emotional development, attachment and reduction in behavioral difficulties, as 

well as parenting knowledge, breastfeeding practices, and interactions with the child (Jeong et al, 

2021).  

However, there is considerable variation in the impact of parenting programs on different 

child developmental outcomes across trials (Jeong et al, 2021). More research is needed to 

clarify what factors influence the effectiveness of these programs in diverse settings (Aboud et 

al, 2018). One such factor is the program dose, which includes the frequency, intensity (e.g., 

duration of home visits or group sessions), and overall duration of program participation. 
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Currently, the evidence on how dose influences program efficacy is mixed, especially in low- 

and middle-income countries (Ahun et al., 2024). In particular, the role of frequency and its 

interaction with caregiver characteristics remains underexplored in large-scale parenting 

programs. 

Furthermore, there is scarce evidence on frequency of home visits as predictive of 

program efficacy across diverse settings. Most studies evaluate short-term benefits comparing 

different frequencies such as weekly, fortnightly, or monthly home-visits, e.g., the Jamaica 

Home Visit (Powell & Grantham-McGregor,1989). Others provide insights into the role of 

frequency as a component of program delivery format, such as The Triple-P Program (Nowak & 

Heinrichs, 2008) or The Incredible Years (Ankie et al, 2013; Wilson and Lipsey, 2001; Serketich 

and Dumas, 1996; Baydar, Reid, & Webster-Stratton, 2003; Beauchaine et al., 2005). In a recent 

meta-analysis, Ahun et al (2024) evaluated the moderating effect of frequency of individual 

home visits on child cognitive development and parenting practices. Programs with lower 

frequencies (e.g., fortnightly, monthly) exhibited a lower effect size (SMD 0.20, 95% CI: 0.03–

0.37) as compared to weekly frequency, which was associated with a more substantial impact on 

cognitive development (SMD 0.42, 95% CI: 0.23–0.61). However, the subgroup difference was 

not statistically significant (p ≥ 0.05). Together, these findings suggest a trend towards higher  

frequency of interventions being associated with better child cognitive outcomes, even if further 

evidence is required to establish significance. However, moderation of frequency on parenting 

practices or caregiver knowledge could not be estimated due to insufficient data. 

While frequency may play a role in enhancing child cognitive outcomes, other factors 

related to the participants themselves may also moderate the effectiveness of these programs, 

requiring further research for clarification. There is mixed evidence on how beneficiaries’ 
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characteristics inform change in parenting knowledge or practices given exposure to parenting 

programs. In a review of randomized controlled trials evaluating programs impact, Peacock et al 

(2013) found that initiating the intervention prenatally was associated with higher prevention of 

child abuse among most vulnerable groups, such as caregivers with depression. Similarly, on two 

studies evaluating the Primeira Infância Melhor program in Brazil, Viega Da Silva et al (2024) 

identified a positive impact on prevalence of adequate prenatal visits when program uptake 

occurs during pregnancy, while Healy et al (2024) identified a larger impact among low-income 

beneficiaries. In a meta-analysis on factors associated with program retention, Bower et al (2020) 

found no consistent demographic predictors. However, parents subjective experience of 

satisfaction with the program was consistently associated with retention. Furthermore, Jeong et al 

(2021) found no clear evidence of effect modification by child age, intervention duration, 

delivery, or setting across one hundred and two randomized controlled trials evaluating parenting 

program’s efficacy.  

Beyond beneficiaries’ characteristics, Bower et al (2020) identified program-level 

factors, such as the quality of the relationship between home visitor and participants as well as 

individual attributes of the home visitor, as strong predictors of parent involvement across 

studies. Conversely, staff turnover was associated with higher attrition. Similarly, Becker et al 

(2016) identified that positive psychological attributes of the home visitor were associated with 

better quality of working alliance with caregivers, mediated by visitors’ wellbeing. Finally, 

Peacock et al (2013) found that adequate training and supervision of paraprofessionals were 

consistently predictive of higher efficacy. 

Importantly, early cognitive stimulation is strongly associated with children’s future 

cognitive abilities, as evaluated within multiple parenting programs (Walker et al, 2007). In 
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Brazil, the Criança Feliz (CF) program aimed to support caregivers’ ability to provide care by 

increasing maternal knowledge and practice of age-appropriate stimulation activities, as well as 

connecting beneficiaries with local networks of social support services, thereby fostering healthy 

caregiver-child attachment patterns and child developmental processes (Brasil, Ministério da 

Cidadania, 2021). The beneficiaries consist of families registered in the Bolsa Familia cash-

transfer program composed of pregnant women, children under age  3 or children with 

disabilities under age 6. The program was implemented through a rapid scale-up in 2016, 

replaced in November 2021 by a successive administration, and subsequently reinstated in 2023. 

Its design includes weekly home visits delivered through the social assistance national system. 

The program’s design aims for a decentralized coordination with significant autonomy of 

implementation granted to municipalities and their local infrastructure, strengthened by 

intersectoral cooperation with other public services such as health care (Brasil, Ministério da 

Cidadania, 2021). In the 2022 study by Santos et al., the effectiveness of the Criança Feliz 

program was evaluated through a randomized controlled trial (RCT) using intention-to-treat 

analysis, as well as several sensitivity analyses with propensity score matching and instrumental 

variables. The study found no effect on child developmental outcomes, i.e. communication, fine 

and gross motor coordination, problem solving, and social-emotional development, after two 

years. Despite the overall null findings on child development outcomes, it remains unclear 

whether certain subgroups of children may have benefited from the Criança Feliz intervention. 

Subsequent studies evaluating implementation processes of the program suggested that 

variability of performance across cities and other contextual factors might have influenced these 

outcomes. Factors such as family, caregiver and child characteristics, as well as variations in 

caregiver engagement and the frequency of home visits could have led to differential impacts.   
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Aims 

This study aims to answer the following questions: (1) was frequency of home visits in 

the CF program associated with a change in caregiver knowledge regarding optimal early 

cognitive stimulation activities; (2) were characteristics of caregivers and children associated 

with change in caregiver knowledge controlling for frequency of home visits received; and (3) 

was the association between the frequency of home visits and change in caregiver knowledge 

modified by characteristics of caregivers and children?  

Importantly, the randomized controlled trial conducted by Santos et al (2021) also 

evaluated the association of exposure to home visits and changes in caregiver knowledge over 

the study period. However, the question was investigated using an intention-to-treat analytical 

approach, supplemented by instrumental variables and additional analyses to estimate the local 

average treatment effect. This approach accounted for variations in dosage received while 

maintaining a focus on causal inference. The study did not find any significant changes over time 

(Santos et al, 2021). The present study explores the same question through an observational 

approach, analyzing the dose-response relationship between home visits dose and change in 

knowledge over time, accounting for the granularity in dose variation observed.  

The study aimed to provide evidence to optimize the design and delivery of parenting 

programs by targeting specific beneficiary characteristics that may be potentially associated with 

adherence and efficacy based on effect modification analyses. By informing their approach from 

demographic characteristics of beneficiaries, programs may also address cost-effectiveness, 

implementation sustainability, and long-term benefits for the targeted population.
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METHODS 

Study design 

This is a secondary analysis utilizing data from a randomized controlled trial (RCT) 

(Santos et al, 2022) evaluating the impact of the CF program from 2018 until 2021 through 

yearly assessments. The sample consisted of 3,242 families randomly selected within thirty cities 

and allocated to control or intervention groups. The selection of cities aimed for geographical 

representation. Out of the five country regions, the Southern region was excluded due to a low 

number of municipalities with sufficiently eligible children and the presence of similar parenting 

programs. One state was selected in three regions, except in the Northeast where the high 

number of program participants justified the inclusion of three states. Within each state, three to 

six cities were selected based on the following criteria: local government uptake of the CF 

program and evaluation study, population size over 10.000 residents, resources to deliver the CF 

program to at least 80 eligible families and having at least four times the number of eligible 

children as the program’s capacity, including for ethical considerations. Rural regions or areas 

with high violence rates were excluded for logistical and safety reasons. (Santos et al, 2022). 

Families who had not received any CF home visits as of 2018, with pregnant women expecting 

to give birth in 2018, or with children younger than 12 months old, were selected. Municipalities 

and the Ministry of Social and Agricultural Development prepared a list of eligible families 

based on selection criteria. The list was sent to the program state coordinators who contacted 

families inviting them to participate in the study. Families who accepted and provided consent 

were then reported to the research team. Randomization on a 1:1 ratio was performed, resulting 

in comparable groups (Santos et al, 2022). Once the randomized allocation of families by city 

was completed, the team reported the list back to the Ministry, which communicated the 
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allocation to the coordination staff in included cities, determining which families should start 

receiving the program and which should be identified as controls. Given the nature of the 

behavioral change intervention, allocation concealment and blinding were not possible.  

Families assigned to the intervention group were expected to receive the program as it 

was designed, which included weekly home visits during the study period (2019-2021) 

conducted by a social assistance agent from the local social assistance center responsible for 

families in nearby areas. Each visit followed a structured three-step process lasting 

approximately 45 minutes. The first step involved greeting the family, discussing the session’s 

objectives, and reviewing any instructions. The second step focused on conducting the primary 

activity. The third and final step included an evaluation of the session and providing guidance for 

activities in the upcoming week. For pregnant women, the second step of the visit consisted of 

evidence-based guidance on prenatal care, addressing emotional changes, ensuring proper 

nutrition, and responding to questions about pregnancy and childbirth. The visits also included 

information about oral health and gestational development, as well as the pregnant woman’s 

rights. For caregivers and children, the second step included recommendations to enhance child 

cognitive stimulation and promote responsive caregiving. These recommendations were 

sometimes supplemented by donations of books and play activities to model responsive 

interactions between the caregiver and the child. For children with disabilities, the focus was on 

enhancing the caregiver’s sensitivity to the child’s unique needs and encouraging cognitive 

development. Additionally, families received guidance on accessing public services related to 

child development and protective services when necessary (Ministério do Desenvolvimento 

Social, 2021). In contrast, families in the control group had continued access to standard public 

services without the added intervention of home visits (Santos et al, 2022).To our knowledge, the 
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program has not yet developed a formal manual detailing standard operation procedures of home 

visitations, though it provides a manual for visitors containing information on child development 

and flexible lines of conduct for visitations (Manual do Visitador - Programa Criança Feliz. 

Ministério do Desenvolvimento Social, 2021). 

The frequency of home visits was calculated as a percentage of the expected visits based 

on the family’s enrollment date, which was provided by the Social Assistance Ministry. Given 

weekly home visits frequency over 3 years of study follow-up, the expected number of 

visitations would be 156. The calculation of visits receipt combined the enrollment date with 

self-reported data from both beneficiaries and home visitors. However, several challenges in 

home visit delivery were identified in the evaluation (Santos et al, 2022). Firstly, in-person 

visitations were suspended in all municipalities from March 2020 until June 2021 given the 

COVID-19 pandemic, having been replaced by virtual interactions with registered families, 

including online calls, messages, videos, and phone calls. Approximately 30% of families in the 

intervention group and 10% in the control group reported receiving such contacts. Secondly, the 

frequency of home visits within the intervention group was identified as critically substandard on 

all other time points on average, greatly varying by municipality. Thirdly, some municipalities 

did not follow the allocation order, performing home visits to families randomized as controls. 

Data collection 

The study collected data on caregivers and children’s health, sociodemographic 

characteristics, as well as program impact on selected caregiver and child outcomes and 

performance of program implementation within municipalities.  

At baseline, caregiver characteristics were self-reported by the respondent. They were: 

age (in years), education (in years of completed formal schooling), ethnicity (self-identified 
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based on categories from the IBGE census), employment status, cohabitation with a partner, and 

participation in the Bolsa Familia program. Child characteristics, i.e., age (in months), gender, 

and the number of children in the household, were also parent-reported. Household wealth 

quintile was derived using principal component analysis (PCA) based on household 

characteristics, including materials used for floors, walls, and ceilings, access to piped water, 

type of toilet, household assets, and the number of people per sleeping room. 

Effect modifiers were categorized as follows: caregiver age (<27 years vs. ≥27 years), 

caregiver education (<9 years vs. ≥9 years), child age (<7.6 months vs. ≥7.6 months), child 

gender (male or female), and number of children in the household (1 vs. >1). Modifiers were 

selected based on their relevance to the association of interest as reflected in the literature. 

Maternal knowledge of age-appropriate child stimulation activities was assessed through a 

questionnaire developed by the program, which included a checklist of age-specific 

recommendations on child cognitive stimulation and responsive caregiving. Respondents were 

asked to recall recommendations given in past home visits, and no specific recall period was 

defined. The results were calculated as the percentage of correctly recalled items from the full 

list of recommendations (Ministério da Cidadania, 2021), and these scores were treated as 

continuous variables in the analysis. 

Data were collected at four timepoints: at baseline by the end of 2018, then annually until 

the end of 2021. Data collection was performed by a questionnaire application conducted in-

person by the data collection team, except for 2022 when they were replaced by phone 

interviews given the COVID-19 pandemic restrictions. Supervisors and data collectors had at 

least eleven years of schooling and received initial training sessions and refreshers in 2018, 2019 

and 2021. Quality control measures included: questionnaires piloting, distribution of home 
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visiting protocol manual for data collectors, secondary interviews conducted by supervisors with 

10% of the sample, and check-up visitations to selected cities by the study coordination team.  

Statistical analysis 

The present study uses anonymized data collected at the baseline (2018) and endline 

(2021) of the RCT. We assessed the association of exposure to home visits delivered by the CF 

program on change in caregiver knowledge about age-specific child stimulation practices. The 

outcome, covariates, subgroups, and statistical methods were defined a priori. The main 

explanatory variable was the frequency of home visits, stratified according to the observed 

distribution. The categorization adopted in the main analysis followed the random allocation 

designed by the program evaluation study (Santos et al, 2022). We categorized the frequency of 

exposure to home visitation within the CF program as: 0% (control group); 0-25% intervention 

visits completed; 26-50% intervention visits completed; and more than 50% intervention visits 

completed. The preservation of initial group allocation allowed for a conservative estimation of 

the strength of the association of interest given the deviation of home visits delivery protocol in 

the intervention and control groups, further addressing potential confounding by unobserved 

variables associated with the likelihood of receiving home visits. 

The outcome of interest was the change in caregiver knowledge of stimulation behavior 

towards children 0-3 years old. It was calculated as the difference between knowledge scores at 

endline (2021) as compared to the baseline (2018).  

We tested three hypotheses. First, that change in caregiver knowledge was significantly 

associated with exposure to home visit frequency levels during the follow-up period. We 

assessed the magnitude of the change and respective 95% confidence intervals through 

minimally and fully adjusted multivariate regression models using ordinary least squares and 
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clustering by cities. The first model was adjusted for the baseline caregiver knowledge scores 

and the second model adds the full set of covariates. The covariates at baseline included were 

caregiver age (< 26 years versus > 26 years old), caregiver education (< 11 years versus > 11 

years old), child age (< 7.6 months versus > 7.6 months old), number of children at the 

household, (1 versus > 1), child gender, city of residence and family socioeconomic status, 

synthesized through principal component analysis into quintiles based on household wealth 

items. Models were adjusted to mimic initial randomization by including covariates that are 

associated with the likelihood of intervention receipt as well as change in the outcome of interest. 

Given the observational study design, confounding was identified through testing the association 

of baseline covariates with visit frequency and change in outcome. The city of residence was 

identified as being associated with both. Caregiver age and education were associated with 

higher frequency of home visits, while family socioeconomic status was associated with change 

in caregiver knowledge of child stimulation activities. These variables were included in this 

model as potential confounders, along with others that inform the relationship between exposure 

to program recommendations and change in caregiver knowledge based on previous literature, 

i.e., child age, child gender, and number of children. Importantly, past evidence (Buccini et al, 

2024) suggests that the city of residency is associated with unobserved variables that modified 

the relationship of interest, such as the quality of the social support network of services provided 

at the municipal level This relationship informs individual-level errors, which were accounted 

for through clustering the models by cities. 

The second hypothesis is that beneficiaries’ characteristics at baseline significantly 

modify the effect of home visit frequency on change in caregiver knowledge. The covariates 

included as confounders in the previous model were tested for effect modification separately 
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through a series of fully multivariate regression models. All models were fully adjusted and 

clustered by cities. The Wald test was used to assess the statistical significance of interaction 

terms between visit frequency and caregiver and child characteristics.  

The third hypothesis was that sociodemographic characteristics of participants at baseline 

are significantly associated with change in caregiver knowledge, controlling for exposure to 

different levels of program dose throughout the study follow-up period. It was tested through the 

fully adjusted and clustered multivariate regression model described in the first hypothesis. In 

addition, missingness was evaluated in all included variables. The outcome of interest presented 

19.4% of missingness at the follow-up endpoint. Imputation was not warranted for the outcome 

given its sensitivity. Among covariates at baseline, 7.3% missingness was found in caregiver 

education and 1.4% in number of children in the household. Based on Chi-square tests with an 

alpha level of 5%, covariates missingness did not significantly differ across frequencies of home 

visits, warranting the use of the missing indicator method to generate unbiased results through 

median imputation (Groenwold et al, 2012).  

Finally, a sensitivity analysis was conducted excluding individuals allocated to the 

control group that reported having received home visits. The results are described in the 

Supplementary materials. 

 
RESULTS 
 

Figure 1 shows the chart detailing the enrollment, allocation, and follow-up within the 

original randomized controlled trial. At the end of 2018, the study recruited 3242 families with 

children from 3 to 10 months old across 30 Brazilian cities, randomly allocating 1619 to 

intervention and 1623 to control groups, and collecting data on health and sociodemographic 

characteristics at baseline (T0). In the second assessment, conducted in September 2019 (T1), 
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1482 families remained in the intervention group and 1526 in the control. By the last assessment 

in January 2021 (T3), 274 families in the intervention and 273 in the control groups were lost to 

follow-up, which is equivalent to 16.9% and 16.8% of the original sample, respectively.  

 

Figure 2.1 Flowchart of RCT follow-up 

 

 

Table 1 provides a description of the main sample characteristics at baseline stratified by 

levels of home visit frequency received. Caregivers were on average 27 years old and had 9 

years of schooling. The majority (70%) self-reported being of Pardo ethnicity. Only a small 

proportion of caregivers reported conducting income-generating activity outside of the household 

on one or more weekdays (11%), and that proportion was smaller in those receiving 50% or more 

visitations (7.6%). Children were on average 7 months old. Most households only had one child, 

and almost all caregivers were biological mothers of case children. Bolsa Familia registration 

was approximately 97% across all groups.
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Table 2.1 Sample description at baseline 

Variables 

CF Control 
(N=1623) 

Mean + SD or 
n (%) 

CF Intervention 
0-25% visits 

(N=988) 
Mean + SD or n 

(%) 

CF Intervention 
26-50% visits 

(N=317) 
Mean + SD or n 

(%) 

CF Intervention 
>50% visits 

(N=314) 
Mean + SD or n 

(%) 
Caregiver age, years 26.9 + 7.1 26.76 + 7.2 27.5 + 7.0 27.9 + 6.4 
Caregiver education, years 9.4 + 3.2 9.17 + 3.3 9.58 + 3.2 9.9 + 3.0 
Caregiver work1 184 (11.3) 108 (10.9) 37 (11.7)  24 (7.6) 
Caregiver ethnicity2 

White  
Black 
Parda 
Asian 
Others 

 
247 (15.2) 
161 (9.9) 

1143 (70.4) 
37 (2.3) 
12 (0.1) 

 
139 (14.2)  
97 (9.9) 

698 (70.6) 
36 (3.6) 
7 (0.7) 

 
41 (13.0) 
33 (10.64 
226 (71.3) 

11 (3.5) 
- 

 
36 (11.5) 
30 (9.6) 

240 (76.4) 
3 (0.9) 
3 (0.9) 

Child age 7.3 + 2.9 7.3 + 2.8 7.6 + 3.1 7.3 + 2.7 
Child female gender 814 (50.2) 495 (50.1) 154 (48.6) 162 (51.6) 
Number of children 

1 
>1 

 
1228 (75.7) 
395 (24.3) 

 
752 (76.1) 
236 (23.9) 

 
241 (76.0) 
76 (24.0) 

 
248 (79.0) 
66 (21.0) 

Mother is primary caregiver 1509 (93.0) 915 (92.6) 294 (92.7) 302 (96.2) 
Caregiver lives with partner 1030 (63.5) 617 (62.5) 192 (60.6) 204 (65.0) 
Bolsa Familia beneficiary 1587 (97.8) 966 (97.8) 310 (97.8) 311 (99.0) 
Household wealth 

Poorest Q1 
Q2 
Q3 
Q4 
Richest Q5 

 
340 (21.0) 
444 (27.4) 
191 (11.8) 
326 (20.1) 
322 (19.8) 

 
229 (23.2) 
258 (26.1) 
121 (12.3) 
194 (19.6) 
186 (18.8) 

 
 62 (19.6) 
98 (30.9) 
32 (10.1) 
70 (22.1) 
55 (17.4) 

 
58 (18.5) 
90 (28.7) 
25 (8.0) 
65 (20.7) 
76 (24.2) 

1. Caregiver work: whether mother conducted income generating activity outside of the household in one or more 
weekdays or not 

2. Caregiver ethnicity: followed Brazilian census categorization (IBGE, 2022) 

 

The distribution of home visits received within each initially randomized group is 

described in detail in Supplemental Table 1. It indicates that 47.7% of the families randomized to 

the intervention group were not exposed to any home visit across the follow-up period, while 

23.4% of families in the control group were exposed to some degree of visitation frequency. 

Furthermore, only 19.4% of families within the intervention group received at least 50% of the 

intended visitation frequency over the three-years study period. The control group was composed 

of 1623 participants, while the intervention group was stratified in three highly comparable 

groups at baseline, based on the frequency of home visits received: 988 participants received 
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from 0 to 25% of home visits, 317 received 26 to 50% of home visits, and 314 received 51% or 

more of the intended home visits. 

Table 2 shows the association between the frequency of home visits and changes in 

caregiver knowledge of age-specific cognitive stimulation throughout the follow-up period. 

When compared to the control group, caregivers in the intervention group who received over 

50% of the scheduled home visits exhibited a significant improvement in knowledge. 

Specifically, caregivers who received more than 50% of the scheduled home visits showed a 3.09 

percentage point increase in knowledge compared to the reference group (95% CI: 1.73, 4.46; p-

value < 0.001), when adjusting for baseline scores only. After adjusting for relevant covariates, 

the improvement was still substantial at 3.00 percentage points (95% CI: 1.71, 4.29; p-value < 

0.001) as compared to the reference group. Furthermore, in the fully adjusted model caregivers 

who received fewer than 50% of the home visits did not show statistically significant differences 

in knowledge retention when compared to the control group, with differences of -0.51 (95% CI: -

1.49, 0.46; p-value = 0.29) and -0.21 (95% CI: -1.87, 1.46; p-value = 0.80) percentage points for 

those receiving 0-25% and 26-50% of the visits, respectively. 

Sensitivity analysis excluding caregivers that reported receipt of home visits in the 

control group showed similar results (Supplementary materials -Table 2). An improvement of 

3.14 percentage points in knowledge (95% CI: 1.60, 4.68, p-value < 0.001) was found in the 

minimally adjusted model, and 3.06 percentage points (95% CI: 1.59, 4.52, p-value < 0.001) in 

the fully adjusted model, as compared to the reference group. However, for caregivers receiving 

less than 50% of visits, there were no statistically significant changes in knowledge retention, 

aligning with the findings in the main analysis.  
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Table 2.2 Association of frequency of intervention visits with change in caregiver knowledge on 
stimulation behavior from baseline to endline at 3 years of follow-up1 

 

 

1Control and intervention data follows initial RCT allocation regardless of posterior contamination. 
2Adjusted for baseline knowledge scores (continuous), accounts for clustering by cities, R-square: 0.4707 
3Using missing indicator method for missingness in baseline covariates. Adjusted for baseline knowledge scores 
(continuous), caregiver age (< 26 years versus >= 26 years), caregiver education (< 11 years versus >= 11 years), 
child age (< 7.6 months versus >= 7.6 months), child gender (male or female), number of children in household (1 
versus > 1), city of residence (30 cities in 5 Brazilian states). Accounts for clustering by cities. R-square: 0.4895 
4Frequency of home visits is assumed to be constant across follow-up period. 
 

Subsequently, we assessed whether caregiver and family characteristics modified the 

relationship between CF visit frequency and caregiver knowledge (Table 3). The analysis showed 

that none of the tested characteristics, which included caregiver age, caregiver education, child 

age, child gender, number of children in the household, and household wealth, significantly 

modified the strength of the association (p-value >0.05).  

 

Table 2.3 Relationship of home visits frequency with caregiver knowledge change 
stratified by baseline caregiver and child characteristics (N=2610)1,2 
 

Frequency category3 Multivariable-adjusted change in knowledge scores p-value for 
effect 

modification4 

 Caregiver Age < 26 years  
(95% CI) 

Caregiver Age > 26  
(95% CI) 

 

Control Ref. Ref. 0.13 
Intervention 0-25% visits -1.06 (-3.08, 0.95) -1.06 (-2.65, 0.52) 
Intervention 26-50% visits -1.64 (-4.72, 1.44)  -0.99 (-2.78, 0.80) 
Intervention > 50% visits 2.57 (-0.16, 5.30) 4.03 (2.21, 5.85) 

Group4 

Mean 
baseline 

score 
(SD) 

Mean 
endline 
score 
(SD) 

Adjusted for 
baseline score2 

(95% CI) 
p-value 

Fully adjusted for 
covariates3    

(95% CI) 
p-value 

Control (N=1309) 76.13 
(13.66) 

77.48 
(12.22) Reference - Reference - 

Intervention 0-25% visits 
(N=729) 

76.10 
(13.85) 

77.00 
(13.21) -0.47(-1.33, 0.40) 0.28 -0.51(-1.49, 0.46) 0.29 

Intervention 26-50% visits  
(N=280) 

74.70 
(15.34) 

76.99 
(12.69) -0.23(-2.06, 1.58) 0.79 -0.21(-1.87, 1.46) 0.80 

Intervention > 50% visits 
(N=292) 

77.05 
(12.21) 

80.75 
(11.61) 3.09(1.73, 4.46) <0.001 3.00(1.71, 4.29) <0.001 
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 Caregiver education < 11 years 
(95% CI) 

Caregiver education > 11 years 
(95% CI) 

 

Control Ref. Ref. 0.30 
Intervention 0-25% visits 1.40 (-0.79, 3.60) 0.36 (-1.15, 1.87) 
Intervention 26-50% visits 2.03 (-1.46, 5.52) 1.01 (-1.48, 3.50) 
Intervention > 50% visits 1.00 (-2.11, 4.10) 3.58 (1.83, 5.33) 
 Child age < 7.6 months  

(95% CI) 
Child age > 7.6 months  

(95% CI) 
 

Control Ref. Ref. 0.21 
Intervention 0-25% visits 0.13 (-1.27,1.53) -1.21 (-2.50, 0.08) 
Intervention 26-50% visits 1.42 (-0.59, 3.43) -1.59 (-4.17, 0.99) 
Intervention > 50% visits 2.95 (0.66, 5.24) 3.05 (1.14, 4.96) 
 Male child  

(95% CI) 
Female child  

(95% CI) 
 

Control Ref. Ref. 0.45 
Intervention 0-25% visits -0.53(-2.24, 1.17) -0.49 -1.54, 0.56) 
Intervention 26-50% visits -0.24 (-1.48, 3.01) -1.18 (-3.31, 0.95) 
Intervention > 50% visits 3.64 (1.83, 5.44) 2.40 (0.44, 4.35) 
 Number of children: 1  

(95% CI) 
Number of children > 1  

(95% CI) 
 

Control  Ref.  Ref. 0.15 
Intervention 0-25% visits 0.01 (-2.38, 2.39) -0.51 (-3.10, 2.07) 
Intervention 26-50% visits  0.07 (-3.79, 3.94) -0.15 (-4.22, 3.91) 
Intervention > 50% visits 3.94 (0.11, 7.77) 6.13 (2.94, 9.32) 
 Household wealth: poorest 50% 

(95% CI) 
Household wealth: richest 50% 

(95% CI) 
 

Control  Ref.  Ref. 0.34 
Intervention 0-25% visits -0.21 (-1.35, 0.93) -0.89 (-2.63, 0.85) 
Intervention 26-50% visits -1.02 (-3.58, 1.52) 0.79 (-1.71, 3.30) 
Intervention > 50% visits  2.21 (0.12, 4.30) 3.62 (1.52, 5.73) 

1Each interaction is extracted from a separate multivariate linear model with robust standard errors clustered by 
cities, fully adjusted by baseline knowledge scores (continuous), caregiver age (< 27 years versus >= 27 years), 
caregiver education (< 9 years versus >= 9 years), child age (< 7.6 months versus >= 7.6 months), child gender 
(male or female) , number of children in household (1 versus > 1), city of residence ( 30 cities in 5 Brazilian states). 
Accounts for clustering by cities. Using missing indicator method for missingness in baseline covariates 
2Control and intervention data follows initial RCT allocation regardless of posterior contamination. 
3Frequency of home visits is assumed to be constant across the follow-up period. 
4p-values extracted from Wald tests testing the null hypothesis that all coefficients of frequency interaction with the 
given variable are equivalent to 0. 
 

Additionally, we evaluated observational predictors of caregiver knowledge change, as 

shown in Table 4. The fully adjusted and clustered multivariate model identified several highly 

significant associations of sociodemographic characteristics at baseline and positive changes in 

caregiver knowledge over time, holding visitation frequency constant.  

Caregivers with higher education (≥11 years) experienced a significant improvement of 

2.23 percentage points in child stimulation knowledge over the study period (95% CI: 1.00, 3.46, 
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p < 0.001). Additionally, older children (≥7.6 months at baseline) were linked to a 1.53 

percentage point increase in knowledge (95% CI: 0.80, 2.27, p < 0.001), while child female 

gender was associated with an increase of 2.38 knowledge points (95% CI: 1.15, 3.61, p-value < 

0.001). Furthermore, families in the fourth richest quintile of socioeconomic status had an 

improvement of 1.43 percentage points (95% CI: 0.17, 2.71, p-value < 0.03), while families in 

the richest quintile showed an improvement of 1.26 percentage points (95% CI: 0.06, 2.45, p-

value < 0.04). Conversely, caregivers over 26 years old had a small but significant decrease in 

knowledge by 0.10 percentage points (95% CI: -1.95, -0.25, p = 0.01) over the study period. 

Finally, similar results were found in a sensitivity analysis excluding individuals from the control 

group who were reported to have received any intervention visits (Supplementary materials – 

Table 4). 

 

Table 2.4 Multivariable association of baseline characteristics with change in caregiver 
knowledge adjusted for intervention status (N=2610)1,2,3 

 
Covariate Mean baseline 

score (SD) 
Mean endline 

score (SD) 
Multivariable1 change in 

knowledge percentage points 
(95% CI) 

p-value 

Caregiver age 
< 26 years 75.83 (14.08) 77.38 (12.31) Ref. - 
>26 years 76.33 (13.42) 77.45 (12.77) -1.10 (-1.95, -0.25) 0.01 

Caregiver education 
< 11 years 75.40 (14.03) 76.56 (12.71) Ref. - 
> 11 years 77.17 (13.27) 79.35 (12.08) 2.23 (1.00, 3.46) < 0.001 

Child age 
< 7.6 months 77.80 (13.68) 77.11 (12.14) Ref. - 
> 7.6 months 74.37 (13.65) 78.23 (12.92) 1.53 (0.80, 2.27) < 0.001 

Child gender 
Male 75.73 (14.28) 76.40 (13.04) Ref. - 
Female 76.43 (13.22) 78.88 (11.91) 2.38 (1.15, 3.61) < 0.001 

Number of children 
1 76.07 (13.65) 78.11 (12.21) Ref. - 
> 1 76.09 (14.16) 76.16 (13.50) -1.06 (-2.45, 0.34) 0.13 

Household wealth  
Poorest Q1 74.95 (15.75) 76.03 (12.53) Reference - 
Q2 76.28 (12.66) 77.22 (12.75) 0.17 (-1.04, 1.38) 0.78 
Q3 77.38 (13.12) 78.03 (12.53) 1.13 (-0.62, 2.89) 0.20 
Q4 76.01 (13.94) 78.55 (12.11) 1.43 (0.17, 2.71) 0.03 
Richest Q5 76.33 (13.08) 78.90 (12.50) 1.26 (0.06, 2.45) 0.04 
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1Multivariate linear model using contaminated data, with robust standard errors clustered by cities, fully adjusted by 
intervention frequency (continuous); baseline knowledge scores (continuous) and baseline covariates: caregiver age 
(< 27 years versus >= 27 years), caregiver education (< 9 years versus >= 9 years), child age (< 7.6 months versus 
>= 7.6 months), child gender (male or female), number of children in household (1 versus > 1), city of residence (30 
cities in 5 Brazilian states). Accounts for clustering by cities. R-square: 0.4993. Using missing indicator method for 
missingness in baseline covariates 
2Control and intervention data follows initial RCT allocation regardless of posterior contamination. 
3Frequency of home visits is assumed to be constant across the follow-up period. 
 

DISCUSSION 

Summary of results 

In this secondary analysis of a randomized trial that evaluated the impact of the Criança 

Feliz program, we found that receiving more than 50% of weekly home visits over a 3-year 

follow-up period was associated with significant improvements in caregiver knowledge on age-

specific child stimulation, as compared to the control group. Conversely, caregivers who 

received fewer than 50% of the home visits did not show statistically significant changes in 

knowledge retention. 

Further analysis revealed that baseline caregiver characteristics, namely higher education, 

older child age, female child gender, and higher household socioeconomic status, were 

associated with greater increases in knowledge, independent of visit frequency. However, 

caregivers over 26 years old showed a small decline in knowledge over the study period.  

No evidence of effect modification by caregiver, family or child characteristics was 

found. Nevertheless, positive trends were observed in higher visit frequency combined with 

higher strata of the evaluated characteristics, consequently the study may have been 

underpowered to detect such effects. Sensitivity analyses excluding control participants exposed 

to any home visits reinforced the main findings.
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Interpretation 

The study points out that there may be a minimum level of program exposure necessary 

to foster significant improvements in caregiver knowledge regarding child cognitive stimulation 

in the medium to long term. Specifically, in this study the threshold was identified as the receipt 

of at least 50% of the planned weekly home visits over a three-year period. This finding aligns 

with previous research in the field. Most prior studies focus on the short-term effects of varying 

visit frequencies, such as weekly, fortnightly, or monthly, as in the Jamaica Home Visit program 

(Powell & Grantham-McGregor, 1989). Additionally, studies like the Triple-P Program (Nowak 

& Heinrichs, 2008) and The Incredible Years (e.g., Ankie et al., 2013; Wilson & Lipsey, 2001) 

explore the influence of frequency as part of the broader program delivery format.  

A recent meta-analysis by Ahun et al. (2024) explored the moderating effect of home 

visit frequency on child cognitive development and parenting practices. The analysis compared 

outcomes between weekly and less frequent visits, such as fortnightly or monthly. Results 

indicated that programs with less frequent visits demonstrated a smaller effect on cognitive 

development, whereas weekly visits had a larger, albeit not statistically significant, impact. The 

lack of statistical significance suggests that the difference in outcomes across these frequencies 

requires further investigation as the review may have been underpowered to detect effect 

modification. In this study, although effect modification was not detected with statistical 

significance, positive trends were observed, indicating a potential link between visit frequency 

and caregiver knowledge across different subgroups. These results suggest that our study may 

have been equivalently underpowered to detect effect modification by the sociodemographic 

characteristics selected.   
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Taken together, these findings align with existing evidence that higher-frequency 

interventions, such as weekly visits, are generally associated with better outcomes in child 

cognitive development. However, more research is needed to confirm the magnitude of these 

effects and to better understand how different program delivery formats influence outcomes 

across diverse settings. 

Importantly, the RCT evaluating the impact of Criança Feliz (Santos et al., 2022) did not 

find significant changes in caregiver knowledge over the study period, but it should be noted that 

the analysis conducted in that study differs in its methodology and scope from the one presented 

here. The RCT adhered to an intention-to-treat (ITT) approach, which maintains the integrity of 

randomization by assuming participants either receive 0% or 100% of the home visits based on 

their assignment to the intervention or control group. This approach is essential for supporting 

exchangeability fostered by randomization, offering robust conclusions about the average effect 

of the program at the population level. Additionally, the RCT employed instrumental variable 

(IV) methodology to estimate the impact of each program visit on child outcomes, adjusting for 

potential spillover effects and using local average treatment effects (LATE) to interpret the 

specific effect of additional visits on child development outcomes. This approach ensures that the 

analysis remains firmly within the boundaries of causal inference. 

The observational approach adopted by our study moves away from the strict adherence 

to randomization, introducing potential limitations particularly with respect to the risk of 

confounding. Specifically, selection bias in cohort studies is related to loss to follow-up, whereas 

the advantage of the RCT’s randomized design lies in its ability to establish a strong causal 

framework, offering robust conclusions about the program's average effects. In contrast, this 

study's approach allows for a more detailed examination of the dose-response relationship by 
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considering variations in visit frequency. However, data granularity needed for dose-response 

analysis comes at the expense of causal inference due to the observational nature of the analysis. 

Additionally, there was no data collected through observation to ascertain whether caregiver 

knowledge of stimulation activities was translated into a consistent change in parenting practices 

within participants' households. However, knowledge is a necessary, though not sufficient, 

component of behavioral change. Further evidence is needed to evaluate the long-term 

compliance of beneficiaries demonstrating significant improvement in knowledge.  

The positive association between maternal education and knowledge retention in our 

study highlights the beneficial role of cognitive resources and literacy in enhancing the 

effectiveness of parenting programs. Additionally, the link between household wealth and 

increased knowledge suggests that well-structured home environments can further bolster 

maternal psychological and cognitive capacities. These findings align with previous research that 

underscores the relationship between caregiver education, household wealth, and early learning 

opportunities for children (Bliznashka et al., 2021). 

The influence of the home environment on child development has been acknowledged 

since the 1960s, particularly with the development of the Home Observation for Measurement of 

the Environment (HOME) Inventory (Bradley, 2008). This tool was designed to assess the 

quality and quantity of stimulation and support in a child’s home. Our findings echo these earlier 

studies, demonstrating that positive household conditions and caregiver education are positively 

associated with increased caregiver knowledge on child development and stimulation practices. 

Such knowledge can then enhance child outcomes through higher caregiver responsivity and the 

provision of age-appropriate stimulation activities, which contributes to the overall 

developmental trajectory of young children. Importantly, Obradović and colleagues (2019) 
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demonstrated through path analysis how home stimulation and maternal scaffolding play key 

roles in driving the effects of responsive stimulation interventions on children's verbal 

intelligence, performance intelligence, and executive functioning. Similarly, maternal education, 

recognized as a component of women’s empowerment, has been linked to better child nutrition 

outcomes in various global settings (Santoso et al., 2019). 

A review by Fay-Stammbach, Hawes, and Meredith (2014) further reinforces the 

importance of parenting in early executive function (EF) development. Key parenting behaviors, 

such as scaffolding, language stimulation, and sensitivity, are crucial for EF development, 

especially in disadvantaged children. These positive parenting practices can enhance EF through 

mechanisms like modeling self-regulation and creating stress-free, stimulating environments. 

This is particularly relevant for at-risk children, where effective parenting interventions have 

been shown to yield positive EF outcomes. 

Finally, the bi-directional nature of parent-child interactions, as discussed in the 

literature, may explain why older children can foster more caregiver engagement. Older 

children’s capacity for more complex play encourages deeper caregiver involvement (Yogman et 

al., 2018), which could account for the greater increase in caregiver knowledge observed in our 

study when caregivers had older children. This dynamic may enhance caregiver interest in 

learning and applying stimulation activities, further improving child development outcomes. 

Conversely, the negative trend between caregiver age and knowledge change over time 

indicates that younger caregivers may be more susceptible to acquiring knowledge concerning 

parenting practices, potentially due to fewer previous experience in caregiving. Since we do not 

have data on the case childbirth order, this hypothesis could not be explored.   
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The evidence on how child age informs the impact of parenting programs on child 

development is inconsistent. Older child age has been associated with greater program efficacy 

in enhancing cognitive and language development, though it does not significantly influence 

parenting outcomes, as highlighted in a systematic review of 102 randomized controlled trials 

(Jeong et al., 2021). Additionally, Prime et al (2023) found that child age played a moderating 

role in the effect of parenting programs on executive functioning, particularly in interventions 

aimed at language development across fourteen trials. 

However, there is less previous evidence justifying the association of child gender with a 

larger increase in caregiver knowledge. One study evaluating gender differences in adult-infant 

communication in the first months of life found that mothers respond preferentially to infant girls 

versus boys at birth and 44 weeks (Johnson et al., 2014). In another study, mothers of daughters 

interacted with and engaged in more conversation with their daughters, whereas mothers of sons 

made more comments typified as instructions rather than conversation (Clearfield & Nelson, 

2006). 

In addition to families’ traits, Bower et al (2020) points out the need to elucidate program 

and home visitor–level characteristics. In that study, the bond between home visitor and 

caregiver was identified as a major contributor to parent engagement in programs (Bower et al., 

2020). Such finding suggests that the relation formed between program visitors  and beneficiaries 

of the Criança Feliz program that received higher frequency might have played a positive role in 

sustaining their retention in the program. More research is needed to elucidate determinants of 

retention in the current program beyond the observed covariates included in our model. 

In our study, we found that caregivers who received at least 50% of the expected home 

visits demonstrated better retention of knowledge over time compared to those who received 
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fewer visits. However, the data does not allow us to differentiate between the impact of caregiver 

adherence to the home visits and the program's ability to deliver visits in line with the protocol, 

which involves maintaining visit frequency, duration, and fidelity. Additionally, the quality of 

the home visit delivery likely plays a role in fostering greater caregiver engagement, potentially 

amplifying participation and adherence. This interplay between visit quality and caregiver 

engagement complicates the interpretation of the association, as both factors could be 

influencing the observed improvements in knowledge retention.  

This complexity was further supported by findings from a qualitative study with Criança 

Feliz coordinators (Buccini et al., 2024), which highlighted that limited family knowledge and 

trust in the program’s goals were barriers to its reach. A lack of referral protocols for addressing 

families' social needs may have hindered the program's broader effectiveness. However, changes 

in enrollment criteria and the use of evidence-based methods in-home visits improved program 

design, while social media tools, such as WhatsApp, supported networking and capacity 

building. Barriers, such as the choice of the social assistance platform, funding issues, and 

challenges related to the COVID-19 pandemic—including high turnover, temporary contracts, 

and infrequent supervision—were noted as impediments to effective implementation (Buccini et 

al., 2024). Furthermore, the lack of institutionalized funding and intersectoral resistance posed 

challenges to multisectoral cooperation, potentially affecting program delivery. 

The heterogeneity in CF visit frequency among cities suggests that unobserved factors, 

such as city-level capacity for implementation, could be influencing the outcomes. These 

challenges underline the complexities in delivering the program as intended and point to areas 

where further research is needed to understand the capacity for successful program delivery 

across various contexts. In summary, the study findings indicate the need for further exploration 



 82 

of the role of sociodemographic characteristics on program efficacy, either as moderators or 

determinants of caregiver knowledge change. The findings suggest that even in cases where 

program implementation does not strictly adhere to the established protocol, positive outcomes—

particularly in caregiver knowledge—are still possible. Future research exploring determinants 

of program efficacy should attempt to disentangle the role of parental engagement from program 

capacity to deliver dose as intended. 

Strengths 

Due to the unintended variation in home visit frequencies, we were able to analyze the 

dose-response relationship for caregiver knowledge with greater precision. This allowed us to 

identify a threshold frequency of visits that consistently led to improvements in caregiver 

knowledge over time. This finding helps fill a significant gap in the literature on dose thresholds 

related to the impact of parenting programs in low- and middle-income countries. 

Additionally, this study benefits from the observation of specific conditions that remain 

uncommon in the field of parenting programs, providing valuable insights into areas that have 

been underexplored. Such conditions are the national coverage magnitude, which includes 

approximately 57 million home visits delivered across 3028 municipalities as of 2021 

(Ministério do Desenvolvimento Social, 2024) combined with a vast heterogeneity of local 

contexts given the variation in cultural, demographic, and institutional characteristics. In 

addition, the integration with public platforms of social support and the intersectoral design 

approach contributes to enriching the implementation processes observed in this study. Such 

complexity allows inferences derived from a great variation in the characteristics involved in 

program efficacy, improving the reliability of our findings across multiple scenarios.   
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Limitations 

The study operates under the assumption that home visit frequency is consistent over the 

study period, as well as independent of outcomes, but several limitations need to be addressed. 

First, visit frequency likely varies over time due to differences in implementation performance, 

particularly during a rapid national scale-up. Such fluctuations in both timing and intensity could 

influence program efficacy at the household level, yet the study does not have data to track these 

frequency variations. Second, visit frequency may not be independent of program quality. The 

capacity to deliver visits as intended is probably linked to the quality and fidelity of the 

intervention itself. In this case, families receiving fewer visits may also receive lower-quality 

visits, which could confound the observed relationship between visit frequency and outcomes. 

The absence of comprehensive microdata on program quality and fidelity limits the ability to 

fully explore this relationship. Third, despite controlling for observed covariates associated with 

the likelihood of receiving higher frequency, there might be unobserved confounding informing 

both attrition and the relationship of interest. Such potential confounding might not necessarily 

be addressed by initial randomization in the context of behavioral change interventions. 

Psychological or sociodemographic factors could be potentially associated with the 

establishment of better visitor-caregiver bonds therefore inducing both a higher frequency of 

home visits and retention of knowledge. For instance, higher cognitive capacity, including 

attention span, as well as increased emotional availability and interest in content provided by 

home visits might foster higher engagement with visitors and retention of knowledge alike. 

Furthermore, caregiver residency stability and time availability during home visiting regular 

hours directly impact the program's capacity to establish consistent contact with caregivers. 

Unfortunately, no data was available to evaluate these hypotheses. 
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Implications 

The study observed the occurrence of higher home visits frequency among some families 

suggesting the existence of effective staff performance in some cities. The factors shaping higher 

performance may be identified and incorporated in standard operation procedures manuals to 

improve training in the future. 

Furthermore, the study informs the relationship between efficacy in supporting caregiver 

knowledge and specific beneficiary characteristics, an area that may be further explored to 

optimize program design in low and middle-income countries. Specifically, our findings suggest 

that caregivers’ age and education, child age and gender, as well as family socioeconomic status 

should be taken into consideration in the context of interventions aiming to impact parental 

knowledge on child stimulation.  

 

CONCLUSION 

The design of parenting programs should account for the role of beneficiaries’ 

characteristics, as well as strengthen the implementation capacity to consistently deliver the 

intended visitation schedules. Future research should aim to further elucidate the influence of 

program-level factors, such as fidelity and resource allocation, to better understand their role in 

enhancing the effectiveness of parenting interventions. 
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ABSTRACT 

Background 

To provide optimal care for their young children’s development, parents need access to 

supportive services within health, education, and social protection systems. The Nurturing Care 

Framework (NCF) provides a road map for implementing policies and programs in health, 

nutrition, responsive caregiving, safety, and early learning across sectors to promote children’s 

development and health. However, there is limited analysis of population-level indicators on the 

availability of services and children’s development.  

Aims 

The aim of this study was to examine the relationship between the availability of 

nurturing care services at the municipal level in Brazil and the development of young children. 

We identified indicators for the provision of healthcare and parenting programs, and resources 

for nutrition, education, and protection from administrative data. We examined the associations 

on early development for children aged 0-3 years from low-income households across 30 

Brazilian cities. 

Methods 

Data from multiple sources were utilized to identify relevant municipal indicators 

including the quality of primary health care (extracted from the National Program for Improving 

Primary Care Access and Quality – PMAQ 2018), the Criança Feliz (Happy Child 2019-2021) 

parenting program, and additional services supporting health, nutrition, education, and safety 

(2013 – 2019). An exploratory and confirmatory factor analysis of PMAQ indicators was 

conducted to define a subset of relevant items for this analysis. Child development data, using 

the Ages and Stages Questionnaire-III (ASQ-III), were obtained from an evaluation of Criança 
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Feliz conducted in 2021. The study assessed the association between children's exposure to 

services and resources relevant to nurturing care over the previous three years and their ASQ-III 

scores at age 3. This was done using adjusted multivariate regression models, with ordinary least 

squares estimates, 95% confidence intervals, and robust standard errors clustered by 

municipality. 

Results 

The factor analysis grouped 532 PMAQ items into four quality indicators: availability of 

medications and programs (39 items), accessibility of medical examinations and diagnostics (18 

items), accessibility of consultations and referrals (18 items), and organizational capacity (23 

items). Multilevel models showed consistent quality clustering within municipalities across 

indicators. Using regression analysis, the results indicated a marginally positive association 

between the quality of medical examinations and diagnostics with ASQ-III scores (β = 0.16, 95% 

CI: -0.007 to 0.33, p = 0.05). Similarly, the coverage of home visits to newborns conducted by 

primary care teams showed a significant positive trend at the 0.10 p-value level in association 

with ASQ-III scores (β = 0.50, 95% CI: -0.08 to 1.06, p = 0.08). However, these associations 

were not statistically significant at the conventional 0.05 level, with confidence intervals 

including zero, indicating uncertainty in the estimates. Therefore, the results should be 

interpreted with caution. 

Interpretation 

The results indicated positive associations between child development at age 3 with 

access to medical examinations and diagnostics, as well as with early home visits conducted by 

primary care teams to newborns. Therefore, access to early and effective primary care 

interventions may play a significant role in enhancing children's development.  



 93 

INTRODUCTION 

Background 

The Nurturing Care Framework (NCF) emphasizes that children's development is 

supported by five interconnected components: health, nutrition, responsive caregiving (including 

early stimulation), safety, and early learning (Britto et al, 2017; Yousafzai et al., 2014). These 

factors create an environment conducive to healthy development as they collectively lay the 

foundation for early child development (World Health Organization, United Nations Children’s 

Fund, & World Bank Group, 2018). Investing in nurturing environments can magnify the long-

term benefits of early interventions (Gertler et al, 2014; Campbell et al. 2014; Black et al, 2017; 

Shonkoff et al, 2012). 

Parenting programs aim to promote responsive caregiving while also supporting a 

broader range of parenting practices that are essential for child development, such as healthy 

feeding practices, cognitive stimulation, and positive discipline strategies (Britto et al, 2017; 

Black et al, 2017). Evidence suggests that parenting programs have a modest impact on both 

parenting behaviors and child outcomes (Jeong et al, 2021, Ahun et al., 2024; Jeong et al, 2018; 

Britto et al, 2017). This underscores the need for comprehensive support that extends beyond 

parenting interventions. Multisectoral services are necessary to meet the diverse needs of 

children, including educational, nutritional, healthcare, safety, and responsive caregiving, to 

ensure their overall well-being and development (Walker et al, 2007; Walker et al, 2011; Britto 

et al, 2017). 

According to Bronfenbrenner's Ecological Systems Theory (1979), child development is 

influenced by interactions across various ecological levels: the micro, meso, exo, and 

macrosystems. The NCF expands on this concept, describing how supportive environments at 
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various levels foster nurturing care that is essential for healthy child development. At the 

microsystem level, caregiver characteristics, household dynamics, and direct settings such as 

schools and healthcare facilities where the child is physically present play an immediate role in 

shaping early experiences (Neamah et al, 2018; Tran et al, 2017; Cuartas, 2018). The 

mesosystem includes interactions between these settings—such as between home and healthcare 

services—that help the coordination of care, promoting a child’s development (Black et al, 2015; 

Chang et al, 215). At the macrosystem level, societal factors, such as social protection and 

economic policies, play a crucial role in shaping the availability and distribution of essential 

resources such as healthcare, education, and safe public spaces. These broader systemic 

decisions reflect societal priorities and policies that impact the quality and accessibility of the 

environments in which children and families live, indirectly influencing their overall well-being 

and development. 

This multilevel approach highlights that nurturing care is shaped not only by direct 

interactions but also by broader contexts that influence these relationships (Fernald et al, 2009). 

While much of the evidence on early child development (ECD) emphasizes micro-level factors, 

such as breastfeeding, caregiver-child interactions, and maternal mental health (Walker et al., 

2011; McCoy, et al., 2020; Acri et al, 2015), less is known about meso- and macro-level 

influences, including neighborhood safety, infrastructure and access to services (Thorpe et al, 

2024; Moon et al, 2020; Cuartas, 2018).  

Buccini et al. (2022) provide an illustrative example of meso- and macro-level influences 

in ECD through IMAPI, a tool that aggregates city-level indicators in areas such as health, 

nutrition, safety, and responsive caregiving. The IMAPI tool serves as a valuable model for 

assessing environments that support ECD. By offering a structured approach to evaluating 
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nurturing care across multiple domains, IMAPI helps highlight the broader environmental factors 

influencing child development. In this paper, we build on such efforts by directly linking meso- 

and macro-level factors to ECD outcomes in a sample of 30 Brazilian cities. 

In Brazil, the Unified Health System (SUS), the Unified Social Assistance System 

(SUAS), and the National Education System (NES) play crucial roles in supporting families, 

particularly those in vulnerable situations. SUS is responsible for providing universal healthcare 

(Brasil, Ministério da Saúde, 2024), SUAS focuses on social protection and assistance, 

addressing poverty and social exclusion (Brasil, Ministério do Desenvolvimento Social, 2024), 

and the education system supports early learning opportunities through kindergarten and pre-

schools (Brasil, Ministério da Educação, 2024). These systems are designed to work together, 

offering a holistic approach to family support (Robles & Mirosevic, 2012; Massuda et al, 2018) 

and jointly creating conditions that promote nurturing care environments to young children. This 

support strengthens households and other proximal environments, such as health units, where 

children regularly interact, aligning with the mesosystem in Bronfenbrenner’s ecological model. 

This coordinated approach helps mitigate risks and fosters protective factors for child 

development in vulnerable populations (Richter et al, 2016; Cavallera et al, 2019; Morris et al, 

2017). 

Objective 

This study evaluated the case of Brazil, where public services aimed at nurturing care 

environments for young children are provided by the Unified Health System (SUS), the Unified 

Social Assistance System (SUAS), and the National Education System (NES). These services 

included primary health care, nutrition programs, social assistance, early childhood education, 

and programs ensuring child safety and protection. This study assessed how these municipal 
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service networks in 30 Brazilian cities were associated with developmental outcomes for low-

income children at age 3. 

 

METHODS 

Study design and data sources 

This analysis assessed the association of public services provided at the municipal level 

to the development of children during their first three years of life. The quality of services, city 

characteristics, and child development outcomes were measured cross-sectionally. The services 

covered multiple public sectors, including primary healthcare delivered through the universal 

healthcare system, the Criança Feliz (CF) (Happy Child) parenting program administered 

through the social assistance system, coordinated by the Ministry of Social Development and 

Fight Against Hunger (MDS), and a variety of other services supporting child health, nutrition, 

education, and safety. 

The CF program, launched in 2016 by the Brazilian federal government through the 

social assistance system, had been implemented in 3,028 municipalities by 2024. Its goal is to 

support low-income families in fostering nurturing care practices for children aged 0 to 6 years 

through evidence-based parenting recommendations (MDS, 2024). This study draws on data 

from a randomized controlled trial (RCT) (Santos et al., 2022), which evaluated the impact of the 

CF program from 2018 to 2021 through annual assessments. The RCT was conducted across 30 

Brazilian cities. To ensure geographical representation in the study, cities were selected from 

various regions of the country, excluding the Southern region due to a lack of municipalities with 

sufficient eligible children and the presence of similar programs that could interfere with the 

study's impact. Within each selected state, three to six cities were chosen based on specific 
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criteria: the capacity to deliver the program to at least 80 eligible families and having a 

population of over 10,000 residents, with at least four times the number of eligible children as 

the program’s capacity (Santos et al., 2022). 

The trial included 3,242 children, who were randomly assigned on a 1:1 ratio to either the 

intervention or control group, resulting in highly comparable groups at baseline (Santos et al., 

2022). The intervention consisted of weekly home visits by social assistance agents who 

provided evidence-based recommendations on early childhood stimulation activities and 

parenting practices, along with the distribution of children's books to primary caregivers. The 

control group received access to regular public services. Families included in the study were 

those with children younger than 12 months or pregnant women expected to give birth at 

baseline, with no prior participation in the CF program by 2018. Given the nature of the 

intervention, allocation concealment and blinding were not feasible. The study identified 

significant deviations from the implementation protocol across cities, leading to variability in the 

program dose delivered to families assigned to the intervention group. Additionally, some 

families in the control group received home visits, further complicating the treatment distinction 

(Santos et al., 2022). In this study, the dose was calculated based on the actual exposure to home 

visits for participants in the intervention group. For participants in the control group, the dose 

was assumed to be 0% to preserve the initial RCT allocation, regardless of any subsequent home 

visit exposure. 

In the present study, we use data from the 30 cities included in the CF RCT. This analysis 

used data on the exposure to CF from 2019 to 2021 and outcome data on child development, 

measured through the Ages and Stages Questionnaire-III (ASQ-III) in 2021 (Squires & Bricker, 

2009).  
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 The Ages and Stages Questionnaire, Third Edition (ASQ-III) used in the RCT evaluates 

children’s development across five key domains: communication, gross motor skills, fine motor 

skills, problem-solving, and personal-social skills. Each domain is scored separately from 0 to 

60, and the total score is the aggregate of all domain scores, with a possible range from 0 to 300 

(Squires & Bricker, 2009). The ASQ-III has been validated for use in Brazil by several studies 

(Filgueiras et al, 2013; Santana et al, 2015).  

Data on exposure to other services and resources was drawn from two main sources. 

First, this analysis incorporated data from the National Program for Improving Primary Care 

Access and Quality (PMAQ), an initiative supported by the Brazilian Ministry of Health to 

enhance the effectiveness of primary healthcare services nationwide. Developed and launched in 

2011, PMAQ aimed to promote continuous improvement in primary care by fostering a culture 

of quality and accountability within the Unified Health System (SUS). In 2018, PMAQ 

conducted its third evaluation cycle across 5,324 municipalities (Ministério da Saúde, 2020). 

Data were collected by the ministry at the health center level on 457 variables concerning 

infrastructure, including physical facilities, equipment availability, essential medications and 

supplies, accessibility features, and overall conditions necessary for delivering safe and effective 

healthcare services. At the health team level, data were gathered on 604 variables regarding work 

processes, examining aspects such as team composition and qualifications, service organization, 

patient flow management, clinical protocols, health promotion activities, community outreach 

programs, and use of health information systems. These variables were collected in various 

formats—including binary (e.g., presence or absence of equipment), ordinal (e.g., levels of 

management quality), and continuous data (e.g., number of computers at the unit)—to capture a 

comprehensive picture of the infrastructure and work processes. For this study, PMAQ data were 
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drawn from the 30 municipalities participating in the randomized controlled trial (RCT). The 

original PMAQ dataset was processed and formatted into indicators assessing the quality of 

maternal and child health services. These indicators evaluated the following areas at the 

municipal level: (1) availability of medications, vaccines, and public health programs; (2) 

availability of medical examinations and diagnostics; (3) availability of a trained workforce, 

consultations, home visits, and referrals; and (4) internal planning capacity, infrastructure, and 

training, as well as the support received from the municipality and higher-complexity care 

centers. The PMAQ is an instrument developed by the Health Ministry through expert 

consensus, not intended as a scale. In the present study, data from PMAQ was drawn to develop 

indicators of quality through factor analysis, which provided information on their reliability and 

cohesion. However, the psychometric properties of the indicators developed have not yet been 

tested. 

Second, data on supportive services for children’s nutrition, education, and safety were 

drawn from the Brazilian Early Childhood Friendly Index (IMAPI) database (Indicadores e 

Mapas da Atenção Primária à Saúde, 2020). The IMAPI aggregated data from routine 

information systems to generate composite scores reflecting cities' capacity to support the five 

components of the NCF (health, nutrition, early learning opportunities, responsive care, and 

safety and security) (Buccini et al., 2022). For this study, the indexes originally formatted as 

percentages were standardized. The development and calculation methodology for these scores 

were detailed in Buccini et al. (2022). The nutritional support domain is composed of four 

indicators. The first indicator measures the percentage of children with at least one record in the 

Food and Nutrition Surveillance System (SISVAN) of the Ministry of Health regarding food 

consumption—including breastfeeding practices and diet quality—relative to population data 
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from the Brazilian Institute of Geography and Statistics (IBGE). The second indicator evaluates 

the percentage of children with at least one SISVAN record on nutritional status (BMI-for-

age). The third indicator examines the implementation of the Amamenta and Alimenta Brasil 

Strategy, based on data from the Coordination-General of Food and Nutrition (CGAN) and the 

Department of Primary Care (DAB) of the Ministry of Health, considering activities like 

workshops, tutor training, and certification of basic health units. The fourth indicator estimates 

the municipal prevalence of severe household food insecurity—characterized by reduced food 

availability for children and hunger due to financial constraints—using data from Gubert and 

Pérez-Escamilla's 2013 study. The educational support domain utilized data from the 2016 

School Census (Instituto Nacional de Estudos e Pesquisas Educacionais Anísio Teixeira, 2016). 

It covers preschool coverage, child-caregiver ratios in preschools, preschool teacher certification, 

and resource availability in early education institutions. Finally, the safety and security 

domain encompasses cash-transfer program coverage, air pollution levels, reports of violence 

against women and children, and homicide rates.  

Additional data were selected from nationally publicly available data sources: availability 

of milk banks were reported by the Brazilian Human Milk Bank Network (RBHL, 2024), while 

the presence of hospitals supportive of breastfeeding was obtained from the Health Ministry’s 

IHAC program, denominated Baby-Friendly hospitals (CGSCAM, 2019). Information on home 

visits to newborns was provided by PMAQ (Ministério da Saúde, 2018) and calculated as the 

percentage of health teams conducting visits relative to the total number of teams in each city. 

Finally, data on the average income of health teams, reflecting municipal allocations from 

federal funding, were drawn from the Fundo Nacional de Saúde (FNS, 2024). Sanitation 

coverage, including access to piped water and sewage systems, was extracted from the National 
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System of Sanitation Coverage (SNIS, 2023). Finally, city characteristics included in this 

analysis cover several factors. Population size and the proportion of children under six years of 

age living in poverty were extracted from the Brazilian Census (IBGE, 2022) and the CadÚnico 

database (Ministério da Cidadania, 2024). The Cadastro Único (CadÚnico) database is a 

comprehensive social registry that collects and manages data on low-income families across the 

country. It serves as a key tool for identifying and enrolling families in various social assistance 

programs, such as Bolsa Família (Ministério da Cidadania, 2024). This combination of data 

sources allowed for a comprehensive analysis of how different public services contributed to 

child development in the municipalities studied. 

Exploratory and Confirmatory Factor Analysis of the PMAQ Data 

To conduct the analysis of the research question, it was necessary to develop a set of 

indicators measuring primary care quality. PMAQ data was synthesized into primary care quality 

indicators. To derive a specific set of items that would best assess the research question, a 

multistep process was conducted. Based on previous literature identifying aspects of quality most 

relevant to child and maternal health in Brazil (Vieira-Meyer et al, 2023) and globally (World 

Health Organization, 2019; World Health Organization, 2020) 532 items were selected. The 

items were formatted, the imputation of median values addressed missing data, and module-

specific items were averaged at the health unit level. The dataset was merged, with 532 items 

across 727 health units in 30 cities, and categorized into four quality indicators based on item 

content. Exploratory and confirmatory factor analyses were conducted with split-half samples on 

each domain using polychoric matrices due to the ordinal and continuous nature of the data. The 

complexity and overall high items collinearity required grouping items. The selection and 

grouping processes are shown in Figure 3.1.   
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Indicator 1 included variables related to the availability of medications, vaccines and 

public health programs (39 items). Indicator 2 included variables on the accessibility and quality 

of medical examinations and diagnostics (18 items). Indicator 3 is composed of variables on 

accessibility of consultations and referrals (18 items). Finally, Indicator 4 comprised variables on 

the health unit’s organizational capacity along with the training and support received from the 

municipality (23 items). This method consolidated items into manageable variables to streamline 

the factor analysis process. 

 
Figure 3.1 Selection and grouping of PMAQ items 
 

 

Once minimal grouping was conducted, factors were extracted, and their performance 

assessed. One-factor solutions were adopted for each indicator. The content and factor loadings 

within indicators are described in Table S3.1.1 and S3.1.2 (Supplementary Materials). Table 1 

details the results of the exploratory factor analysis through eigenvalues and the proportion of 

variance explained for each factor across four indicators.  

In indicator 1, factor 1 explained 38% of the variance with an eigenvalue of 18.34, while 

the second and third factors explained much smaller portions (15% and 9%, respectively), 
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justifying the adoption of a one-factor solution. In indicator 2, factor 1 accounts for 68% of the 

variance with an eigenvalue of 6.88. Subsequent factors add little to the overall variance (18% 

and 9%), reinforcing the appropriateness of a single-factor model for this indicator as well. In 

indicator 3, factor 1 explains 72% of the variance with an eigenvalue of 5.21, making it dominant 

compared to the second and third factors (15% and 9% of variance explained, respectively), 

supporting the one-factor solution. In domain 4, factor 1 explains 39% of the variance 

(eigenvalue of 7.94), with the second and third factors contributing significantly less (15% and 

11%). In all indicators, Factor 1 explains a considerable portion of the variance, which eliminates 

the need for additional factors and supports the decision not to rotate the solutions—whether 

orthogonal or oblique—since a single-factor solution adequately captured the structure of the 

data. 

 
Table 3.1 Exploratory factor analysis of PMAQ indicators  
 

Factor Eigenvalue Difference Proportion Cumulative 
Indicator 1 

Factor 1 18.34 11.13 0.38 0.38 
Factor 2 7.21 2.73 0.15 0.53 
Factor 3 4.47 1.50 0.09 0.63 

Indicator 2 
Factor 1 6.88 5.07 0.68 0.68 
Factor 2 1.81 0.85 0.18 0.85 
Factor 3 0.96 0.67 0.09 0.95 

Indicator 3 
Factor 1 5.21 4.16 0.72 0.72 
Factor 2 1.05 0.38 0.15 0.87 
Factor 3 0.67 0.33 0.09 0.96 

Indicator 4 
Factor 1 7.94 4.81 0.39 0.39 
Factor 2 3.13 0.96 0.15 0.54 
Factor 3 2.16 0.53 0.11 0.65 

 

Table S3.2 (Supplementary materials) presents the fit statistics and performance metrics 

for the indicators analyzed through confirmatory factor analysis (CFA). The Chi-square values, 
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RMSEA, and SRMR indicated challenges in achieving a close fit between the models and the 

data, with p-values suggesting poor model fit. Despite the use of polychoric matrices to address 

the inclusion of both ordinal and binary variables in the CFA, some uncertainty in the estimates 

remained, likely due to the non-continuous nature of several variables and the model complexity. 

The analysis was further impacted by a small observation-to-variable ratio (727 

observations for 532 variables) and high collinearity between variables, both of which limited the 

factors' ability to fully explain the data. Finally, the Coefficient of Determination (CD) was 

notably high, reflecting the factors capacity to capture a significant portion of the variance. 

However, the large number of parameters relative to the sample size may have resulted in 

overfitting, potentially limiting its ability to differentiate subtle variations in the data. This 

overparameterization could contribute to a ceiling effect, which may affect the overall 

explanatory power.  

Analysis  

To assess the appropriateness of city-level averages, a series of multilevel models 

examined the variability in primary care quality between and within municipalities, with primary 

care units designated as level one and cities as level two in the hierarchical structure (Table S3.3 

- Supplementary Materials). 

Factors extracted from PMAQ data were introduced in the model as standardized mean 

scores averaged by city and merged at the city level with the RCT data on child development 

scores and Happy Child dose. In addition, the following covariates regarding city services and 

characteristics were added: primary care home visitation to newborns, IMAPI scores on city 

capacity to support children’s nutrition, safety and educational needs, the existence of milk banks 

and Child Friendly hospitals, coverage of sanitation services, population size, and the proportion 
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of children under 6 years old living in poverty. Child development scores, population size, 

sanitation coverage and IMAPI scores were standardized through z-score normalization. The 

existence of human milk banks and hospitals supportive of breastfeeding – Baby Friendly 

hospitals - was introduced in a binary format and the proportion of children living in poverty was 

log-transformed due to its highly skewed distribution. Home visitation was measured as a 

percentage, where a 1-unit increase represents the difference between 0% and 100% coverage. 

The numerator is the number of teams that conducted home visits within the first 10 days of life 

and the denominator is the total number of teams that participated in the PMAQ within a given 

city. Lastly, 86 children with developmental disabilities were excluded due to their potential 

confounding effect on the analysis. 

In this study, the total ASQ-III score, ranging from 0 to 300, was introduced into the 

model as a standardized variable with a mean of 0 and a standard deviation of 1. The units in the 

analysis represent standard deviations from the sample mean as observed. The association 

between 3-year-olds' ASQ-III scores and exposure to supportive municipality services over the 

previous three years was evaluated using a series of adjusted multivariate regression models, 

estimating associations via ordinary least squares and 95% confidence intervals with robust 

standard errors. Outcome variables, covariates, subgroups, and statistical methods were defined 

in advance. Model 1 includes services related to health, comprised of the four PMAQ indicators, 

home visits to newborns conducted by primary care, availability of hospitals supportive of 

breastfeeding, and sanitation coverage. Model 2 adds all other services provided by cities that are 

supportive of children’s nutritional, educational, safety, and responsive care needs, which are: 

IMAPI composite scores, availability of milk banks, and Criança Feliz dose received. Model 3 

incorporates city characteristics, i.e., population size, poverty rates among children less than 6 
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years old, and the average income received by the primary healthcare team, which were 

considered potential confounders due to their influence on service demand and municipal 

capacity. Covariates groups were added in this order to allow for the identification of unadjusted 

associations of PMAQ indicators, followed by adjustment through the addition of services that 

support the provision of nurturing care inputs, and lastly the addition of city characteristics that 

inform the associations of interest. 

Unobserved city-level factors potentially affecting child development were accounted for 

by clustering individual-level errors by city to mitigate confounding. A series of univariate 

models was estimated to assess the relationship between ASQ-III scores and each variable 

included in the fully adjusted model (Table S3.4 – Supplementary Materials).  

Although the original dataset from the RCT included 3,242 participants assessed at 

baseline, this analysis uses data from the third follow-up (T3). At this endpoint, 725 ASQ scores 

(representing 19% of the sample) were missing. As a result, our analysis reflected the reduced 

sample size available at T3. Since imputation was not appropriate given the sensitive nature of 

the outcome variable, the final sample size for the main model was reduced to 2,517 

observations. Missingness varied significantly by city (Figure S3.1 – Supplementary Materials). 

A conservative approach assumed data were missing not at random, with patterns potentially 

explained by city-level factors affecting intersectoral service capacity, including the 

implementation of the parenting program that collected these scores. To address this, a sensitivity 

analysis using stabilized inverse probability weights was applied to the main model, accounting 

for the uneven missingness across cities (Table S3.5 – Supplementary Materials). All analyses 

were conducted using Stata version 18.0.  
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RESULTS 

Table 2 provides a summary of the key characteristics of the study sample (N=2,517). 

The mean age of children was 3.5 years with a standard deviation of 0.25. The sample was 

balanced in terms of gender, with 50% being female (n = 1,625). Approximately 8% of the 

children were born prematurely (n = 249), and 53% (n = 1,747) were breastfed throughout the 

first year of life. About 9% of children (n = 253) were hospitalized in the previous year. With 

respect to maternal characteristics, 29% of mothers reported experiencing significant symptoms 

of depression (n = 675), and the average maternal education level was 9.3 years (SD = 3.2). The 

mean maternal age was 27 years (SD = 7). For 83% of children (n = 2,169) mothers were the 

primary caregivers, and 27% of children had no siblings (n = 709). Most families (87%) were 

beneficiaries of the Bolsa Família (cash transfer) program (n = 2,273), and 92% of households (n 

= 2,986) had access to piped water. Lastly, the average number of persons per sleeping room 

was 1.6 (SD = 1.1). 

 
Table 3.2 Sample description  
 

Variables1 Mean + SD or n (%) 
Child age, years 3.5 + 0.25 
Child female gender 1,625 (50) 
Child prematurity 249 (8.44) 
Breastfed during 1st year of life 1747 (53) 
Child hospitalized in the past year 253 (9) 
Maternal depressive symptoms 675 (29) 
Maternal education, years 9.3 + 3.2 
Maternal age, years 27 + 7 
Mother as primary caregiver 2169 (83) 
No siblings 709 (27) 
Bolsa Familia (cash transfer program) beneficiary 2273 (87) 
Piped water access 2986 (92) 
Persons per sleeping room 1.6 (1.1) 

1Prematurity identified as birth with less than 37 gestational weeks as registered by medical staff; children’s 
disability as diagnosed by medical personnel in the past 3 years; maternal depression as measured in 2021 by the 
Edinburgh Postnatal Depression Scores (EPDS) with the cutoff of 10 points; piped water access and number of 
people per sleeping room as measured in 2019.  
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The adequacy of introducing information of primary care quality at the city level was 

evaluated by analyzing the homogeneity of quality within and between cities. The variability was 

evaluated by a series of multilevel models estimating random and fixed effects of health units’ 

performance clustered within cities (Table S3.3 - Supplementary Materials). As evidenced by 

intraclass correlation values above 0.58 for indicators 1 (medications, vaccines and programs), 3 

(consultations and referrals) and 4 (organizational capacity, training and support), a larger 

portion of the variance in quality was found between cities, suggesting overall uniformity in 

performance of health units within cities. The clustering effect on indicator 2 (exams) was 

smaller (0.16), suggesting significant variation within cities on the quality of services related to 

exams performed by health units. For other indicators, the introduction of primary care quality 

scores as city averages is supported by the strong clustering effect found. 

The bivariate correlations between the PMAQ indicators and various city-level services 

showed that the PMAQ indicators were positively correlated with each other and with several 

services, including home visits to newborns, the presence of Baby-Friendly Hospitals, the dosage 

of the Criança Feliz program, IMAPI Nutrition scores, and the availability of milk banks—with 

the exception that PMAQ Indicator 1 was negatively correlated with the Criança Feliz dosage. 

Conversely, IMAPI Education scores and sanitation coverage were negatively correlated with 

most primary care services, specifically PMAQ Indicators 1, 3, and 4, as well as with home visits 

to newborns (Table S3.6- Supplementary Materials). 

Table 3 presents models evaluating the relationship between municipality services and 

ASQ scores at three years of age. In Model 1, the analysis found that home visits conducted by 

primary care teams were significantly associated with improved child development outcomes, as 

measured by ASQ scores, with a positive effect size (β = 0.50, 95% CI: 0.04, 0.95, p = 0.04). 
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This indicates that a difference between 0% and 100% coverage of home visits to newborns was 

estimated to be associated with a 0.5 standard deviation unit increase in ASQ scores in 3-year-

old children.  

In Model 2, the inclusion of educational, nutritional, safety, and responsive care services 

improved the variance explained with an R-squared increase from 0.0098 (Model 1) to 0.0136. 

IMAPI services were introduced as standard deviation units. Additionally, human milk bank was 

introduced as a binary variable indicating its presence in each city. Meanwhile, the Criança Feliz 

program dose was included as a percentage, reflecting the proportion of expected home visits 

that were delivered to families. Home visits to newborns as performed by primary care teams 

continued to show a positive association with ASQ scores (β = 0.47, p = 0.06), and PMAQ 

exams was marginally significant (β = 0.15, p = 0.09). 

In the fully adjusted Model 3, two marginally significant associations emerged at the 0.10 

alpha level. A 1-unit increase in the standard deviation of the quality of exam-related services 

provided by health units was associated with a 0.16 standard deviation increase in ASQ scores at 

3 years old (95% CI: -0.007, 0.33, p = 0.05). Additionally, a change from 0% to 100% coverage 

of home visits conducted by health teams for newborns was linked to a 0.50 standard deviation 

increase in ASQ scores at 3 years old (95% CI: -0.08, 1.06, p = 0.08). Both associations 

remained significant and positive across all three models. Table S3.5 (Supplementary Materials) 

presents the fully adjusted model that incorporates stabilized inverse probability weights, 

indicating that the results are consistent with those of Model 3.  
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Table 3.3 Models estimating the association of ASQ scores of 3-year-olds and exposure to city 
level services supportive of early child development1 

Nurturing 
Care 

Framework 
components 

City services and 
characteristics Model 12 p-

value Model 23 p-
value Model 34 p-

value 

Health 

PMAQ 
Medications, 
vaccines and 
programs 

0.33 
(-0.19, 0.26) 0.77 -0.01 

(-0.27, 0.25) 0.92 0.005 
(-0.24, 0.24) 0.96 

PMAQ Exams 0.12 
(-0.08, 0.31) 0.23 0.15 

(-0.03, 0.33) 0.09 0.16 
(-0.007,0.33) 0.05 

PMAQ Consults 
and referrals 

-0.04 
(-0.19, 0.12) 0.63 0.002 

(-0.16,0.16) 0.98 0.002 
(-0.17, 0.17) 0.99 

PMAQ 
Organizational 
capacity, training, 
support 

-0.05 
(-0.20, 0.09) 0.49 -0.11 

(-0.29, 0.07) 0.21 -0.13 
(-0.39, 0.13) 0.30 

Home visits 0.50 
(0.04, 0.95) 0.04 0.47 

(-0.03,0.96) 0.06 0.50 
(-0.08, 1.06) 0.08 

Child Friendly 
hospital 

-0.08 
(-0.21, 0.06) 0.26 -0.06 

(-0.46, 0.34) 0.75 -0.09 
(-0.55, 0.35) 0.66 

Sanitation coverage -0.05 
(-0.12, 0.02) 0.19 -0.05 

(-0.12, 0.03) 0.19 -0.03 
(-0.16, 0.09) 0.60 

Nutrition 
IMAPI Nutrition   0.02 

(-0.04, 0.09) 0.46 0.02 
(-0.05, 0.09) 0.58 

Milk bank    -0.03 
(-0.44, 0.38) 0.88 0.02 

(-0.47, 0.51) 0.94 

Early 
Learning IMAPI Education   -0.06 

(-0.14, 0.02) 0.12 -0.06 
(-0.14, 0.03) 0.17 

Safety and 
security IMAPI Safety   -0.04 

(-0.11, 0.03) 0.18 -0.05 
(-0.13, 0.03) 0.21 

 
Responsive 
care Criança Feliz dose5   0.11 

(-0.02, 0.24) 0.09 0.11 
(-0.02, 0.24) 0.10  

City 
characteristics 

Population size     0.004 
(-0.14, 0.15) 0.95  

Proportion of 
children under 6 
years old in poverty  

    0.11 
(-0.26, 0.49) 0.55  

Health team income     -0.05 
(-0.28, 0.19) 0.69  

1Multivariate linear models with robust standard errors clustered by cities estimating mean change in standardized 
ASQ scores at 3 year old, fully adjusted by standardized PMAQ indicators of primary care quality; percentage of 
health teams that conducted home visits to families with newborns up to 10 days; availability of Child Friendly 
hospitals in the city; Criança Feliz program dose received from 2019-2021; standardized IMAPI indicators of 
nutritional, educational and safety services; availability of milk banks; standardized percent of households with 
sewage coverage and piped water services in the city; log-transformed city population size; log-transformed 
proportion of children under 6 years old living in poverty in relation to total city population size; average budget 
allocated per health team.  
2 R-squared: 0.0098, N = 2517 
3 R-squared: 0.0136, N = 2517 

4 R-squared: 0.0138, N = 2517 
5Average individual frequency of Criança Feliz home visits, estimated as percentage of visits delivered to families 
over expected within the period of 2019 until 2021. Frequency is assumed to be constant across follow-up period.  
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DISCUSSION 

This study examined the association between municipal-level public services and the 

developmental outcomes of children at three years of age living in low-income households 

across thirty Brazilian cities.  

Firstly, among the four primary health care quality indicators from the PMAQ data, only 

those related to medical examinations and diagnostics showed a statistically significant 

association with child development scores. This suggests that higher-quality exam services 

within primary health care may contribute positively to early child development. Secondly, the 

percentage of home visits conducted by primary care health teams to newborns within the first 

ten days of life demonstrated a positive and marginally significant association with 

developmental outcomes at three years old.  

Both findings are consistent with previous literature on the importance of access and 

quality of primary health care towards decreasing morbidity and mortality burdens in low and 

middle-income countries (Chang et al., 2016; GBD 2015 Healthcare Access and Quality 

Collaborators, 2017; Di Cesare et al, 2013; GBD 2016 Causes of Death Collaborators, 2017; 

Chou et al., 2019; Egbujie et al, 2018; Cazabon et al, 2017; Rajaratnam et al., 2010).  

Kruk et al. (2018) estimated that of the 210,086 excess deaths amenable to healthcare in 

Latin America, approximately 75% were due to poor-quality health care, while the remaining 

25% were linked to non-utilization of health services. Additionally, substandard health care 

quality contributed to an estimated 6,155 years of life lost (YLL) per 1,000 population in the 

region. The study emphasized neonatal mortality as a leading contributor to preventable deaths 

associated with healthcare system failures, underscoring significant potential for enhancing both 

quality and access to neonatal care. These findings support the evidence on the critical role of 
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home visits conducted within the first ten days of life, highlighting the survival benefit of early 

postnatal care interventions in LMICs as reflected in our findings (Chou et al., 2019; Allen et al. 

2018). 

Furthermore, the World Health Organization's Standards for Improving Quality of 

Maternal and Newborn Care in Health Facilities (2016) underlined the necessity of high-quality 

diagnostic services, including routine screenings, for safeguarding neonatal health. Early 

detection and management of prevalent neonatal conditions is vital for preventing complications 

such as sepsis and hypothermia, reducing morbidity and mortality. These guidelines also 

advocate for follow-up through regular postnatal check-ups to monitor infant growth and 

preempt emerging health issues (WHO, 2016), which parallels this study's findings of a positive 

association between the quality of exams and diagnostics and child development. 

Further reinforcing the WHO guidelines recommendations, our results highlight the 

crucial importance of the early steps in the care cascade, a concept that underscores the 

progression from initial contact with healthcare services to adherence and successful outcomes. 

Regarding pediatric morbidity and mortality, Campbell, Sandora, & Haberer (2021) found the 

initial steps – such as initial contact and accurate diagnosis - to be significant contributors. While 

home visits serve as a vital first step in engaging patients and ensuring timely follow-up, the 

quality of medical exams ensures accurate and timely diagnoses, pivotal for initiating effective 

treatment and improving health outcomes (Cazabon et al., 2016). 

Importantly, the positive associations found in this study may be understood according to 

Peters et al. (2008) framework on determinants of healthcare access. The positive and marginally 

significant association between home visits to newborns and improved child development at age 

3 in this study addresses geographical accessibility, as home visits eliminate barriers such as 
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distance and transportation, bringing healthcare directly to families. Specifically, in a systematic 

review of strategies to increase access to health services among children in LMICs, Bright et. al 

(2017) identified geographic accessibility to be associated with a significant improvement in 

relevant pediatric outcomes. Additionally, the finding that the quality of and access to exams is 

associated with better child development outcomes highlights both the availability and financial 

accessibility aspects of healthcare (Peters et al., 2008). Timely and high-quality exams provided 

within the municipality not only ensure that healthcare services are available when needed but 

also help reduce indirect costs such as time and travel, making it more affordable for families to 

access essential diagnostic services.  

In summary, ensuring healthcare professionals and primary care centers are well-trained 

and equipped to deliver home visits, as well as to conduct examinations, is fundamental to 

achieving quality standards and improving global child health outcomes (Kruk et al, 2017; Kruk 

et al, 2016; Mohanan et al, 2015; Chaturvedi et al, 2014; Krüger, 2007; Vapattanawong et al, 

2007; Biccard et al, 2018; Souza et al, 2013; Egbujie et al, 2018). 

Strengths and limitations 

A key strength of this study is its ability to link descriptive data on primary care service 

quality to child development outcomes in a low- and middle-income country (LMIC) setting. In 

contrast to simply describing the quality of services, this study took an additional step by 

demonstrating how these services were directly associated with child development outcomes. 

This connection offers a more in-depth understanding of how improvements in care quality can 

translate into better developmental outcomes for children, addressing a critical gap in LMIC 

research.   
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However, these findings require cautious interpretation due to several limitations. First, 

due to the lack of access to families' geolocation data, we were unable to link individual families 

to the specific health facilities within their territories. This limitation prevented us from 

investigating the relationship between the quality of care at the health unit level and 

improvements in child development outcomes. As a result, we were required to aggregate the 

data on quality of care at the city level, which led to a loss of granularity and the inability to 

analyze the direct relationship between specific health facilities and child development outcomes 

within families. This limitation hindered our ability to capture more precise connections between 

localized healthcare services and family-level improvements in child development. Another 

challenge of using aggregate-level data in this sample is the substantial variability among cities, 

which were selected to represent different regions of the country. However, the cities differed 

greatly in characteristics such as population size (ranging from 45,712 to 616,272), the 

proportion of children living in poverty (ranging from 3% to 12%), and sewage coverage 

(ranging from 1% to 100%). These disparities complicated the analysis and may have obscured 

relationships between healthcare quality and child development outcomes across diverse urban 

environments. 

Second, the high correlation between the primary care quality indicators and the limited 

number of cities in our sample (n = 30) limited our ability to disentangle the unique contribution 

of each area of health care quality. The statistical power is constrained when working with 

aggregated city-level data, making it challenging to detect subtle effects and to separate the 

influence of closely related factors. 

Importantly, a systematic review covering 49 LMICs (Gebremedhin et al., 2022) 

underscores a substantial "quality gap" between effective and crude coverage of maternal and 



 115 

newborn health interventions, primarily attributable to poor-quality care. This review's primary 

care indicators integrated dimensions of both access and quality of exams. However, the 

parameter measuring the impact of home visitation on child development in this study only 

captured crude coverage, not effective service quality. 

A third limitation of this study lies in the inherent complexity of measuring health system 

quality, which is multifaceted (Kruk et al., 2018; Kruk et al., 2016; Bryce et al, 2013; Ng M. et 

al, 2014). Challenges include a lack of consensus on quality dimensions, such as effectiveness, 

safety, timeliness, and patient-centeredness (WHO, 2016; Kruk et al., 2018), data availability and 

reliability (Gebremedhin et al., 2022), the choice between process versus outcome measures of 

care (Kruk et al., 2018; Mohanan et al., 2015), equity considerations across populations (WHO, 

2016; Cazabon et al., 2017), and measurement of quality across multiple sectors (Gebremedhin 

et al., 2022). While the PMAQ instrument attempts to measure both quality and access, studies 

evaluating its construct validity, internal consistency, or face validity are limited, especially given 

the nuanced facets of healthcare quality. Our study contributes to this gap by developing and 

testing health care quality measures in a Brazilian sample, as they pertain to child development 

outcomes. However, the skewed distributions of ordinal data, substantial collinearity, and large 

item pool introduced considerable complexity to the creation of these quality scales. Additional 

research is needed to further assess the psychometric properties of these scales. 

Such challenges are also present in composite scores that evaluate urban capacities to 

meet children's nutritional, educational, and safety needs, such as in the IMAPI index. 

While IMAPI offers important descriptive data on the nurturing care opportunities provided by 

multiple sectors in cities for young children and their caregivers, defining quality in these 

services involves a complexity like that of defining quality in healthcare.  
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The present analysis did not detect a significant association between the Criança Feliz 

(CF) program dosage and children's developmental scores. The program’s suboptimal 

implementation likely attenuated its effectiveness (Buccini et al., 2024). Future studies should 

investigate the role of municipal organizational capacity in supporting the effective 

implementation of parenting programs. Implementation science literature underscores the 

importance of embedding programs into local systems to promote sustainability, scalability, and 

long-term impact on target populations (Bodkin & Hakimi, 2020). Specifically, implementation 

frameworks highlight the need for strategic planning that aligns programs with local 

infrastructure, resources, and operational workflows, as these are high-priority factors for 

sustainable integration (Bodkin & Hakimi, 2020). 

In the case of Criança Feliz, implementation occurred through Brazil’s social assistance 

system in a decentralized model, placing significant responsibility on municipalities for 

coordination and execution (Santos et al., 2022; Buccini et al., 2024). Importantly, the public 

health and social assistance systems are expected to be integrated in multiple ways, ideally 

creating a robust support system for the most vulnerable families within municipalities. When 

cities can effectively support both systems, they can significantly enhance children’s 

developmental outcomes by creating a stronger, more nurturing care environment for young 

children and their caregivers. 

The exploratory analysis on bivariate correlations among city services (Table S3.6 – 

Supplementary Materials) suggests that all PMAQ indicators were positively correlated with 

each other and with services such as home visits to newborns, the presence of Baby-Friendly 

Hospitals, IMAPI Nutrition scores, and the availability of milk banks. Although there was also a 

positive correlation with the dosage of the Criança Feliz program, the magnitude of this 
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correlation was not statistically significant. This suggests that cities with better-structured 

primary healthcare systems were also more prone to provide higher-quality services supportive 

of children's health and nutritional needs. However, due to insufficient statistical power to 

examine interactions among services, we were unable to verify whether this synergy directly 

translated into improved developmental outcomes in our analysis. 

The fully adjusted model, including control variables such as city population size, the 

proportion of children under six living in poverty, and other city-level services, did not result in 

significant associations with developmental scores. This lack of significant effects may be 

attributed to the limited sample size at the city level and potential multicollinearity among the 

numerous city-level variables included, which may have compromised power. However, 

calculating a formal power analysis with the available data is challenging. The calculation of 

power needed to detect the Minimum Detectable Effect (MDE) typically requires defining a 

population parameter under the null hypothesis. This would necessitate a sample of children who 

have had no exposure to the group of services being evaluated. However, in a Latin American or 

similar LMIC setting, it is highly unlikely to find a population with complete absence of access 

to education, nutrition and health-related services. In other words, identifying a truly comparable 

population entirely unexposed to public services supporting early childhood development (ECD) 

is implausible. Alternatively, if we were to compare a sample of children with varying degrees of 

exposure, it would require precise measurement of exposure levels. Unfortunately, there are no 

existing studies that evaluate the same group of services and explicitly quantify the degree of 

exposure, making it difficult to establish meaningful benchmarks for comparison. This limitation 

underscores that the study is exploratory in nature, operating in a new field with limited pre-
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existing data. The lack of comparable parameters highlights the challenges in conducting a 

traditional power analysis in this context 

A significant limitation of this analysis is the unavailability of data on the evaluated 

services at the neighborhood level, which would have allowed for more precise estimations of 

the associations between public service support and individual children's development. 

Moreover, relevant unmeasured confounding factors may have influenced the associations 

observed in this analysis. Although a strong clustering effect by cities was found for most 

primary care quality indicators, it is not possible to assess the presence of such effects in the 

other evaluated services. Finally, the lack of significant associations observed in our study may 

be further elucidated by exploring potential mechanistic pathways linking municipal services to 

children’s development. Mediation analysis could provide deeper insight into the indirect effects 

and mechanisms that inform these associations. 

Furthermore, the observational and cross-sectional design of this study does not support 

causal conclusions regarding the relationships assessed. Importantly, the study cannot distinguish 

the length or intensity of participants' exposure to the evaluated services within the selected 

cities. Additionally, the analysis utilized various databases with data collected at different time 

points, which introduces further variation in children's total exposure to services and their 

accumulated outcomes over time. Moreover, the limited sample size undermined the study's 

ability to evaluate the impact of interactions among services on child development—a key aspect 

of their influence on population health, given the numerous interconnections among public 

services within municipalities. Furthermore, the assumption of constant parameters in linear 

regression models does not capture the multisectoral interplay affecting the outcome. These 
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significant limitations warrant caution when interpreting and drawing conclusions from this 

analysis. 

In summary, our findings suggest that certain dimensions of primary care quality, 

particularly access to diagnostic exams and early home visits by health teams, may support child 

developmental outcomes. These services contribute to a nurturing care environment by 

enhancing the surrounding context in which a child develops. 

 

CONCLUSION 

This study contributes to the understanding of how various components within a public 

network of services can support child development in resource-constrained settings. While 

certain aspects of primary care—such as access to diagnostic exams and early home visits—were 

marginally significantly associated with early child development, further research with larger 

samples and more granular data is necessary to delineate the unique contributions of different 

public services. In addition, mediation analysis may be warranted to explore the potential 

mechanistic effects informing the associations of interest between municipal services and 

children’s development. Such insights could better inform policies and optimize interventions, 

enhancing the overall effectiveness of public service networks in fostering early childhood 

development. 
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Conclusions 

 

This dissertation examines the role of enabling environments of care in promoting early 

child development focusing on children aged 0-6 years. Specifically, the research explores 

caregiver and community resources by examining the relationship between women’s autonomy 

and caregiving in rural Pakistan, as well as the contribution of public services in Brazil 

supporting early child development. 

Paper 1 identified a positive association between women’s bodily autonomy and 

household decision-making power with caregivers’ responsiveness. Qualitative in-depth 

interviews informed how gender roles within family structures often restrict women’s financial, 

bodily, and caregiving autonomy. The study concluded that in certain contexts, women lack the 

autonomy to make decisions regarding caregiving practices or investments in their children’s 

health and development. Additionally, the data indicated that caregiving is traditionally shared 

among family members in this setting, suggesting that parenting programs should consider 

involving other family members beyond mothers whenever such dynamics are identified in the 

local implementation context.  

Paper 2 found that receiving at least 50% of scheduled weekly home visits of a parenting 

program over three years significantly improved caregiver knowledge of child stimulation within 

a nationally implemented program in Brazil. Several factors—such as maternal education, 

household wealth, child’s age, and gender—were associated with a greater increase in 

knowledge, irrespective of frequency of home visits received. However, no evidence of effect 

modification by these characteristics was found. This suggests that sociodemographic 

characteristics of families need to be considered in parenting program delivery, given their 
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potential to inform change in parental knowledge and potentially parental engagement in the 

program. Future studies should explore how caregivers' characteristics influence their 

engagement with programs, regardless of the quality or frequency of home visits provided. 

Paper 3 revealed marginal positive associations between child development at three years 

old with two aspects of primary care services in Brazil, namely, access to high-quality medical 

examinations and diagnostics, and early home visits to newborns. These services not only 

address immediate health concerns but also contribute to developmental benefits in the early 

years. The findings highlight the importance of early primary care interventions in shaping the 

foundations of children's developmental trajectories. 

The Multigenerational Life Course Framework for Development, Health, and Well-being 

(Figure 0.1) emphasizes the crucial role public services play in the enabling environment for 

early childhood development. These services, which support health, nutrition, education, safety 

and responsive caregiving needs, function at the intersection between the macrosystem—

comprising the broader social, economic, and political context—and the microsystem—

representing the immediate resources and care environments available to children and caregivers, 

as proposed by Bronfenbrenner (1979). Public services are shaped by societal-level determinants 

such as government social protection, economic policies and cultural attitudes, yet they directly 

affect the resources and support systems accessible to families. For instance, as detailed in Paper 

3, services such as quality medical examinations and early home visits marginally enhanced 

child development by addressing both short-term health needs and longer-term developmental 

outcomes. By acting as a bridge between societal structures and local caregiving environments, 

these public services strengthen the enabling environment, allowing caregivers to provide 

nurturing care that supports children’s growth and development. This interplay highlights the 
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importance of multisectoral collaboration in aligning public services with the nurturing care 

framework to optimize child development, especially in resource-constrained settings. The 

framework underscores the need for comprehensive strategies that integrate public services into 

broader societal efforts to enhance the caregiving environment. 

Furthermore, the interconnectedness between the enabling environment and the larger 

cultural context was highlighted in Paper 1, which examined how gender norms influence 

caregivers' ability to implement their caregiving preferences. The study found that prevailing 

cultural attitudes regarding gender roles may often constrain women’s autonomy and agency, 

thereby limiting their ability to make independent decisions regarding their children’s health and 

education. Additionally, the paper suggested that gender norms may often inform preferences for 

parenting practices, emphasizing the important role of culture in shaping how parenting program 

recommendations are implemented sustainably at the household level. This highlights the 

qualitative influence of cultural norms on caregivers’ willingness and ability to adopt specific 

caregiving practices, illustrating that program effectiveness is often dependent on aligning 

recommendations with the prevailing cultural and gender dynamics within families. Thus, the 

study suggests that effective parenting programs and policies must consider the influence of 

cultural norms on caregiving practices and how they interact with the microsystem to either 

enable or hinder nurturing care. By addressing these cultural barriers, interventions can be better 

tailored to the realities faced by caregivers, fostering an environment more conducive to positive 

child development. 

In addition to ensuring cultural relevance, the findings from Paper 2 suggest the need to 

address the role of varying caregiver and child characteristics, which can impact both adherence 

and response to the program. For example, maternal education has been shown to enhance 
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knowledge gains related to child stimulation practices. Together with insights from Paper 1, 

these studies highlight the importance of concurrent investments in women's education and 

empowerment to maximize the impact of programs on early childhood development (ECD). 

In conclusion, the papers presented in this dissertation provide compelling evidence of 

the interconnectedness between enabling environments, caregiving practices, and broader 

societal contexts. Each study contributes to advancing the field by highlighting the role of 

determinants such as women’s autonomy, public service provision, and primary healthcare in 

shaping ECD. These findings frame caregivers and immediate environments not merely as 

passive recipients of interventions but as active actors who require appropriate investment and 

support. By understanding caregiving practices and environments in the context of larger social, 

cultural, and political systems, this research underscores the importance of further exploring 

multisectoral approaches in improving ECD outcomes. This dissertation responds to the 2016 

Lancet ECD Series recommendations by addressing gaps in the enabling environments of care. 

Specifically, it enhances knowledge on how women’s autonomy influences caregiving 

responsiveness (Paper 1), aligning with the Series’ call for gender-equitable approaches in ECD. 

Paper 2 demonstrates the importance of tailoring parenting programs to caregiver characteristics, 

advancing evidence on effective delivery of interventions. Paper 3 highlights the developmental 

benefits of early primary care services, reinforcing the Series’ emphasis on integrating health and 

caregiving support. 

There are several limitations to acknowledge across the studies. For Paper 1, the 

relatively small quantitative sample size may have constrained the study's power to detect 

relevant associations between dimensions of women’s empowerment and maternal 

responsiveness. In Paper 2, the limited sample size may have affected the ability to detect 
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moderation effects of individual characteristics on the program’s efficacy in increasing caregiver 

knowledge, given exposure to varying dosages of the intervention. In Paper 3, the lack of 

granular data on service quality provided by municipalities limited the analysis's capacity to 

draw more precise conclusions about the relationship between service quality and individual 

ECD outcomes. Furthermore, the cross-sectional data utilized in Papers 1 and 3 limited the 

ability to assess changes or trends over time, which is particularly important for understanding 

developmental trajectories in children. Finally, the research questions in Papers 1 and 3 

necessitated significant adaptations of existing measures, which indicates that further studies are 

needed to assess the reliability and validity of these measures across diverse populations. 

Based on the findings of this dissertation, several key recommendations can be made to 

inform future interventions and research. The first is that programs should address cultural 

adequacy and individual variability as determinants of effectiveness. It is essential that programs 

and policies consider the individual variability of caregivers and the characteristics of their 

immediate environments, as these factors play a significant role in their ability to sustainably 

provide nurturing care. Whether through interaction with services such as parenting programs or 

through their own resources, caregivers' capacity is deeply influenced by personal, social, and 

environmental contexts. Further research on the involvement of actors with high cultural 

adequacy within program design and implementation, as well as optimization of alignment of 

programs and local platforms, may help address this gap. The second recommendation is that 

future research should focus on developing culturally appropriate measures of women’s 

empowerment to ensure that assessments are accurate and relevant to the specific context. This 

recommendation lies in the recognition that cultural adequacy not only enhances effectiveness of 

programs impact, but also of measurement. Similarly, programs aimed at empowering women 
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should engage local women in leadership roles to ensure effective and culturally relevant 

implementation. The third recommendation regards the need for multisectoral collaboration 

towards supporting environments of care and ECD, considering local context. In summary, to 

achieve optimal results, programs and services must consider the compound effects of 

interactions between public sectors and their alignment with local needs, ultimately fostering 

more effective and sustained improvements in ECD outcomes. 
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SUPPLEMENTAL MATERIALS 

Appendix A – Supplemental Tables of Paper 1 
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1 Have you ever used Family Planning Methods? No (0) / Yes (1) 
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planning methods? 
Not involved: decision is made by 
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others decide (0) /Involved: 
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pregnant? 

No (0) / Yes (1) 

5 Does your husband want the same number of children than you, or 
does he want more or fewer than you want? 

More children --- (-1) 
Same number -------0 
Fewer children --- (1) 

Household Decision-Making Power 
1* Who usually decides matters of investment in your own health in 

your household? If decisions are usually shared, please describe the 
person whom you consider having the final say 

Husband, Mother-in-Law, Father, 
Brother, Brother-in-Law, Mother 
(-1) / Decision is always shared 
equally among household 
members (0) / Herself (1) 

2* Who usually decides matters of investment in children’s health in 
your household? If decisions are usually shared, please describe the 
person whom you consider having the final say.  

Husband, Mother-in-Law, Father, 
Brother, Brother-in-Law, Mother 
(-1) / Decision is always shared 
equally among household 
members (0) / Herself (1) 
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Table S1.1 Longlist of women’s empowerment indicators drawn from the Demographic Health 
Survey Questionnaires (continuation) 

Household Decision-Making Power 
3 Who usually decides matters of investment in children’s education 

in your household? If decisions are usually shared, please describe 
the person whom you consider having the final say. 

Husband, Mother-in-Law, Father, 
Brother, Brother-in-Law, Mother 
(-1) / Decision is always shared 
equally among household 
members (0) / Herself (1) 

4* Who usually decides matters of investment in house infrastructure 
and resources? If decisions are usually shared, please describe the 
person whom you consider having the final say. 

Husband, Mother-in-Law, Father, 
Brother, Brother-in-Law, Mother 
(-1) / Decision is always shared 
equally among household 
members (0) / Herself (1) 

5* Who usually decides about plans and actions regarding financial 
savings in your household? If decisions are usually shared, please 
describe the person whom you consider having the final say. 

Husband, Mother-in-Law, Father, 
Brother, Brother-in-Law, Mother 
(-1) / Decision is always shared 
equally among household 
members (0) / Herself (1) 

6* Who usually decides about plans and actions for you to visit a 
relative? If decisions are usually shared, please describe the person 
whom you consider having the final say. 

Husband, Mother-in-Law, Father, 
Brother, Brother-in-Law, Mother 
(-1) / Decision is always shared 
equally among household 
members (0) / Herself (1) 

7* Who usually decides matters of shopping for your needs (Clothes, 
shoes etc.) 

Husband, Mother-in-Law, Father, 
Brother, Brother-in-Law, Mother 
(-1) / Decision is always shared 
equally among household 
members (0) / Herself (1) 

8 Who usually decides matters of shopping for children needs 
(Clothes, shoes etc.) 

Husband, Mother-in-Law, Father, 
Brother, Brother-in-Law, Mother 
(-1) / Decision is always shared 
equally among household 
members (0) / Herself (1) 
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S1.1 Longlist of women’s empowerment indicators drawn from the Demographic Health Survey 
Questionnaires (continuation) 

Abusive Behavior Perception 
Initial Statement: 
 
Think of a TV drama in which there is a wife and a husband in a household. The husband comes home. 

1 The husband arrives home from work and expects the wife to have 
made food for him, but she has not. The husband becomes angry. 

Acceptable (-2) / Not normal but 
tolerable (-1) / Not acceptable at 
all (1) / Abusive (2) 

2* The husband arrives home outside without any work (he spends 
time wandering around) and expects the wife to have made food for 
him, but she has not. The husband becomes angry. 

Acceptable (-2) / Not normal but 
tolerable (-1) / Not acceptable at 
all (1) / Abusive (2) 

3* The husband arrives home and the housework is not complete. The 
husband becomes angry. 

Acceptable (-2) / Not normal but 
tolerable (-1) / Not acceptable at 
all (1) / Abusive (2) 

4* The husband is sleeping and the children are noisy. The husband 
becomes angry. 

Acceptable (-2) / Not normal but 
tolerable (-1) / Not acceptable at 
all (1) / Abusive (2) 

5* The husband is angry and insults the wife, or makes her feel bad 
about herself, in private. 

Acceptable (-2) / Not normal but 
tolerable (-1) / Not acceptable at 
all (1) / Abusive (2) 

6* The husband is angry and says things to humiliate the wife in front 
of others. 

Acceptable (-2) / Not normal but 
tolerable (-1) / Not acceptable at 
all (1) / Abusive (2) 

7* The husband is angry and threatens to harm the wife or harm others 
that she cares about. 

Acceptable (-2) / Not normal but 
tolerable (-1) / Not acceptable at 
all (1) / Abusive (2) 

8* The husband is angry and pushes, shakes or throws something at the 
wife. 

Acceptable (-2) / Not normal but 
tolerable (-1) / Not acceptable at 
all (1) / Abusive (2) 

9* The husband is angry and slaps the wife. Acceptable (-2) / Not normal but 
tolerable (-1) / Not acceptable at 
all (1) / Abusive (2) 

10 The husband is angry and twists the wife’s arm or pulls her hair. Acceptable (-2) / Not normal but 
tolerable (-1) / Not acceptable at 
all (1) / Abusive (2) 

11* The husband is angry and punches the wife with his fist or with 
something that could hurt her. 

Acceptable (-2) / Not normal but 
tolerable (-1) / Not acceptable at 
all (1) / Abusive (2) 

12 The husband is angry and kicks, drags, or beats the wife up Acceptable (-2) / Not normal but 
tolerable (-1) / Not acceptable at 
all (1) / Abusive (2) 

13 The husband is angry and try to choke the wife or burn her on 
purpose. 

Acceptable (-2) / Not normal but 
tolerable (-1) / Not acceptable at 
all (1) / Abusive (2) 

14 The husband is angry and uses a knife a gun or other weapon 
against the wife. 

Acceptable (-2) / Not normal but 
tolerable (-1) / Not acceptable at 
all (1) / Abusive (2) 

*Questions included in the final model either bundled as indicators of latent variables or separately as individual risk  
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Table S1.2 Exploratory Factor Analysis - Financial Autonomya 

 

 Unrotated solution Orthogonal rotation 
solution 

Oblique rotation 
solution 

Indicators F1 F2 F1 F2 F1 F2 
Question 1 0.1710 - 0.1710 - 0.1710 - 
Question 6 0.1710 - 0.1710 - 0.1710 - 

Eigenvalue 0.05846 -0.05233 0.05846 - 0.05846 - 
Factors Correlation - - - 

aEFA, Exploratory Factor Analysis on one random split-half sample 
b ECFI, Comparative Fit Index; RMSEA, Root Mean Square Error of Approximation; SRMR, Standardized Root 
Mean Squared Residual
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Table S1.3 Confirmatory Factor Analysis - Financial Autonomy 

1-factor solution (F1) indicators coefficientsc 

Item 1 1 
Item 6 .1225395 

Chi-square p-value 0.000 (.) 
Degrees of freedom -1 

CFA fit statisticsd 

CFI 1.000 
RMSEA 0.000 
SRMR 0.000 

a CFA, Confirmatory factor analysis conducted with the second half-split sample 
b CFA, confirmatory factor analysis of the Financial Autonomy latent variable 
d CFI, Comparative Fit Index; RMSEA, Root Mean Square Error of Approximation; SRMR, Standardized Root 
Mean Squared Residual  
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Table S1.4 Exploratory Factor Analysis - Bodily Autonomya 

 Unrotated solution 
Orthogonal rotation 

solution 
Oblique rotation 

solution 
Items F1 F2 F1 F2 F1 F2 

1 0.6032 -0.0033 0.6031 0.0125 0.6032 0.0154 
2 0.4320 0.0238 0.4323 -0.0172 0.4322 -0.0151 
4 0.2696 -0.3261 0.2646 0.3302 0.2665 0.3314 
5 0.2483 0.3207 0.2532 -0.3169 0.2514 -0.3157 

Eigenvalue 0.68485 0.20975 0.68474 0.20986 0.68466 0.20980 
Factors Correlation - 0.0152 0.0200 

aEFA, Exploratory Factor Analysis on one random split-half sample 
b ECFI, Comparative Fit Index; RMSEA, Root Mean Square Error of Approximation; SRMR, Standardized Root 
Mean Squared Residual  
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Table S1.5 Confirmatory Factor Analysis - Bodily Autonomyb 

1-factor solution (F1) indicators coefficientsc 

Item 1 1 
Item 2 0.8731902 
Item 4 -0.6675577 
Item 5 0.5120695 

Chi-square (p-value) 1.031 (0.597) 
Degrees of freedom 2 

Chi-square / Degrees of freedom 0.15 
CFA fit statisticsd 

CFI 1.000 
RMSEA 0.000 
SRMR 0.000 

a CFA, Confirmatory factor analysis conducted with the second half-split sample 
b CFA, confirmatory factor analysis of the Financial Autonomy latent variable 
d CFI, Comparative Fit Index; RMSEA, Root Mean Square Error of Approximation; SRMR, Standardized Root 
Mean Squared Residual  



 141 

Table S1.6 Exploratory Factor Analysis - Household Decision-Making Powera  
 

 Unrotated solution 
Orthogonal rotation 

solution 
Oblique rotation 

solution 
Items F1 F2 F1 F2 F1 F2 

1 0.8989 0.0095 0.6657 0.6041 0.5713 0.4741 
2 0.9563 0.0017 0.7138 0.6364 0.6156 0.4959 
4 0.7553 -0.1153 0.6412 0.4154 0.5952 0.2737 
5 0.8537 -0.4434 0.9327 0.2355 0.9654 -0.0073 
6 0.7777 0.5200 0.2361 0.9052 0.0159 0.9278 
7 0.9660 0.0529 0.6871 0.6811 0.5741 0.5527 

Eigenvalue 4.55977 0.48316 2.76170 2.28123 3.71585 3.24344 
Factors Correlation 0.4271 0.6641 0.8229 

aEFA, Exploratory Factor Analysis 
b ECFI, Comparative Fit Index; RMSEA, Root Mean Square Error of Approximation; SRMR, Standardized Root 
Mean Squared Residual  
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Table S1.7 Confirmatory Factor Analysis - Household Decision-Making Powera 

1-factor solution (F1) indicators coefficientsb 

Item 1 1 
Item 2 0.8708787 
Item 4 0.6004606 
Item 5 0.7786821 
Item 6 0.8832862 
Item 7 0.7531558 
Alpha  0.8304 

Chi-square (p-value) 38.418 (0.0001) 
Degrees of freedom 9 

Chi-Square / Degrees of Freedom 4.22 
CFA fit statisticsc 

CFI 0.924 
RMSEA 0.183 
SRMR 0.052 

 

a CFA, Confirmatory Factor Analysis of the Household Decision-Making Power latent variable 
b Description of factor 1  
c CFA, confirmatory factor analysis; CFI, Comparative Fit Index; RMSEA, Root Mean Square Error of 
Approximation; SRMR, Standardized Root Mean Squared Residual  
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Table S1.8 Exploratory Factor Analysis - Female Abusive Behavior Perceptiona - Selected group 
of indicators 

 
Unrotated original 

solution 
Orthogonal rotation 

solution 
Oblique rotation 

solution 
Items F1 F2 F1 F2 F1 F2 

4 0.4348 0.4637 0.1089 0.6262 -0.0432 0.6520 
5 0.6864 0.5521 0.2707 0.8383 0.0751 0.8477 
6 0.7523 0.3185 0.4540 0.6792 0.3106 0.6400 
7 0.8417 -0.3600 0.9012 0.1611 0.9182 -0.0067 
8 0.8877 -0.2135 0.8593 0.3088 0.8360 0.1606 
9 0.8482 -0.0947 0.7610 0.3864 0.7117 0.2637 
11 0.7956 -0.3108 0.8356 0.1770 0.8443 0.0235 

Eigenvalue 4.07522 0.90205 3.11914 1.85813 3.59964 2.58387 
Factors Correlation 0.3681 0.5489 0.7280 

aEFA, Exploratory Factor Analysis 
b ECFI, Comparative Fit Index; RMSEA, Root Mean Square Error of Approximation; SRMR, Standardized Root 
Mean Squared Residual  
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Table S1.9 Confirmatory factor analysis of Abusive Behavior Perceptiona on one random split-
half samplea 

1-factor solution indicators coefficientsb 

 Full set of indicators Selected set of 
indicators 

Item 2 1 (constrained) - 
Item 3 16.95531 - 
Item 4 28.38542 1 (constrained) 
Item 5 26.23904 0.9376846 
Item 6 32.86497 1.186594 
Item 7 39.78694 1.472976 
Item 8 42.88059 1.627629 
Item 9 44.49965 1.684436 
Item 11 40.34615 1.490366 
Alpha  0.7963 0.8383 

Chi-square (p-value) 97.296 (0.000) 84.829 (0.0001) 
Degrees of freedom 27 14 

Chi-square / Degrees of freedom 3.59 6 
AIC 2383.321 1818.389 

CFA fit statisticsc 

CFI 0.720 0.713 
RMSEA 0.163 0.227 
SRMR 0.103 0.121 

a CFA, Confirmatory Factor Analysis of the Abusive Behavior Perception latent variable, using the Factor 1 
structures from the unrotated solutions found by the full and selected set of indicators as shown in Tables 2.1.1 and 
2.1.2 
b Description of factor 1  
c CFA, confirmatory factor analysis; CFI, Comparative Fit Index; RMSEA, Root Mean Square Error of 
Approximation; SRMR, Standardized Root Mean Squared Residual  
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Table S1.10 Unadjusted associations of main exposure factors and responsive caregiving levels* 

Responsive Caregiving 

Explanatory variables Mean 95% CI P-Value R-Squared 

Abusive Behavior Perception -0.018 -0.045 : 0.009 0.195 0.195 
Household Decision-Making 
Power 0.016 -0.015 : 0.047 0.310 0.004 

Financial Autonomy - Paid 
work 0.064 0.002 : 0.127 0.043 0.0172 

Bodily Autonomy - FPM 
uptake -0.017 -0.047 : 0.013 0.272 0.006 

Bodily Autonomy - Pressured 
pregnancy -0.023 -0.055 : 0.008 0.150 0.012 

Maternal depression 0.00002 -0.005 :0.006 0.994 0.0000 

Maternal age 0.007 0.003 : 0.012 0.000 0.0686 

Maternal illiteracy -0.046 -0.105 : 0.013 0.123 0.0103 

Child gender 0.033 -0.027 : 0.093 0.276 0.0060 

Childbirth order -0.002 -0.018 : 0.013 0.748 0.0005 

Child age 0.069 0.040 : 0.099 0.000 0.0918 
Average number of residents 
per sleeping room 0.009 -0.001: 0.019 0.083 0.0099 

Household food insecurity -0.046 -0.077 : -0.014 0.004 0.0439 
*Multivariable linear regression model using ordinary least squares and robust standard errors. N = 200 
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Appendix B – Supplemental Tables of Paper 2 
 
Table S2.1 Frequency of home visits received within each initially randomized group 
 

Frequency  Number of 
families 

Percent Cumulative 

Intervention 
0% 769 47.68 47.68 
1-25% 219 13.53 61.03 
26-50% 317 19.58 80.61 
>50% 314 19.39 100 
N 1619 100 - 
Control 
0% 1242 76.57 76.57 
1-25% 170 10.47 87.00 
26-50% 146 9.00 96.00 
>50% 65 4.00 100 
N 1623 100 - 
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Table S2.2 Association of frequency of intervention visits with change in caregiver stimulation 
behavior from baseline to endline at 3 years of follow-up excluding individuals from the control 
group that were reported to have received an intervention visit1 
 

Group4 Mean 
baseline 

score (SD) 

Mean 
endline 

score (SD) 

Baseline-adjusted 
change in knowledge 

sore percentage 
points2 (95% CI) 

p-value Multivariable-
adjusted change in 

knowledge 
percentage points3 

(95% CI) 

p-value 

Control 76.02  
(13.50) 

77.41 
(12.04) 

 Reference - Reference - 

Intervention 
0-25% visits  

76.10 
(13.85) 

77.00 
(13.22) 

-0.40 (-1.39, 0.58) 0.41  -0.56 (-1.63, 0.53) 0.30 

Intervention 
26-50% visits 

74.70 
(15.34) 

76.99 
(12.69) 

-0.15 (-2.06, 1.75) 0.87 -0.15 (-1.88, 1.58) 0.82 

Intervention 
> 50% visits  

77.05 
(12.21) 

80.75 
(11.61) 

3.14 (1.60, 4.68) < 0.001 3.06 (1.59, 4.52) < 0.001 

N 2861 2267 2267 2267 
 
1Control and intervention data follows initial RCT allocation excluding individuals from the control group that were 
reported to have received an intervention visit. 
2Adjusted for baseline knowledge scores (continuous), accounts for clustering by cities, R-square: 0.4707 
3Using missing indicator method for missingness in baseline covariates. Adjusted for baseline knowledge 
scores;(continuous), caregiver age (< 26 years versus >= 26 years), caregiver education (< 11 years versus >= 11 
years), child age (< 7.6 months versus >= 7.6 months), child gender (male or female), number of children in 
household (1 versus > 1), city of residence (30 cities in 5 Brazilian states). Accounts for clustering by cities. R-
square: 0.4895 
4Frequency of home visits is assumed to be constant across follow-up period.  
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Table S2.3 Effect modification of home visits frequency in caregiver knowledge change by 
baseline characteristics (N=2267)1,2 

 
Frequency category3 Multivariable-adjusted change in knowledge scores p-value4 

 Caregiver Age < 26 years  
(95% CI) 

Caregiver Age > 26  
(95% CI) 

 

Control Reference Reference 0.11 
Intervention 0-25% visits -0.19 (-1.14, 1.51) -1.34 (-3.01, 0.32) 
Intervention 26-50% visits 0.94 (-1.74, 3.61)  -1.16 (-2.90, 0.57) 
Intervention > 50% visits 1.72 (-0.39, 3.84) 3.89 (1.96, 5.83) 
 Caregiver education < 11 years 

(95% CI) 
Caregiver education > 11 

years (95% CI) 
 

Control Reference Reference 0.20  
Intervention 0-25% visits -1.26 (-2.85, 0.32) 0.67 (-0.94, 2.28) 
Intervention 26-50% visits -1.19 (-3.55,1.17) 1.48 (-1.11, 4.07) 
Intervention > 50% visits 2.46 (-0.01, 4.94) 3.97 (2.15, 5.78) 
 Child age < 7.6 months  

(95% CI) 
Child age > 7.6 months  

(95% CI) 
 

Control Reference Reference 0.20 
Intervention 0-25% visits 0.07 (-1.42, 1.56) -1.19 (-2.55, 0.15) 
Intervention 26-50% visits 1.50 (-0.62, 3.61) -1.52 (-4.06, 1.01) 
Intervention > 50% visits 2.96 (0.46, 5.46) 3.19 (1.34, 5.03) 
 Male child  

(95% CI) 
Female child  

(95% CI) 
 

Control Ref. Ref. 0.54 
Intervention 0-25% visits -0.79 (-2.56, 0.98) -0.33 (-1.27, 0.61) 
Intervention 26-50% visits 0.61 (-1.62, 2.85) -0.93 (-3.12, 1.27) 
Intervention > 50% visits 3.44 (1.50, 5.38) 2.69 (0.78, 4.59) 
 Number of children: 1  

(95% CI) 
Number of children > 1  

(95% CI) 
 

Control  Ref.  Ref. 0.15 
Intervention 0-25% visits -0.55 (-1.49, 0.39) -0.62 (-3.46, 2.22) 
Intervention 26-50% visits  -0.17 (-1.76, 1.41) -0.09 (-4.43, 4.23) 
Intervention > 50% visits 2.25 (0.50, 4.01) 6.15 (2.65, 9.65) 
 Household wealth: richest 50% 

(95% CI) 
Household wealth: poorest 

50% (95% CI) 
 

Control  Ref.  Ref. 0.34 
Intervention 0-25% visits -0.34 (-1.58, 0.89) -0.81 (-2.67, 1.05) 
Intervention 26-50% visits -1.05 (-3.64, 1.53) 0.95 (-1.57, 3.46) 
Intervention > 50% visits 2.17 (-0.08, 4.43) 3.81 (1.43, 6.20) 

 
1Each interaction is extracted from a separate multivariate linear model with robust standard errors clustered by 
cities, fully adjusted by baseline knowledge scores (continuous), caregiver age (< 27 years versus >= 27 years), 
caregiver education (< 9 years versus >= 9 years), child age (< 7.6 months versus >= 7.6 months), child gender 
(male or female) , number of children in household (1 versus > 1), city of residence ( 30 cities in 5 Brazilian states). 
Accounts for clustering by cities. Using missing indicator method for missingness in baseline covariates 
21Control and intervention data follows initial RCT allocation excluding individuals from the control group that were 
reported to have received an intervention visit. 
3Frequency of home visits is assumed to be constant across the follow-up period. 
4p-values extracted from Wald tests testing the null hypothesis that all coefficients of frequency interaction with the 
given variable are equivalent to 0.  
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Table S2.4 Multivariable association of baseline characteristics with change in caregiver 
knowledge adjusted for intervention status (N=2267)1,2,3 
 

Covariate Mean baseline 
score (SD) 

Mean endline score 
(SD) 

Multivariable1 change in 
knowledge percentage 

points (95% CI) 

p-value 

Maternal age 

< 26 years 75.83 (14.08) 77.87 (12.30) Ref. - 
>26 years 76.33 (13.42) 77.45 (12.77) -0.96 (-1.84, -0.08) 0.03 
Maternal education 

< 11 years 75.39 (14.03) 76.56 (12.71) Ref. - 
> 11 years 77.17 (13.26) 77.66 (12.54) 2.10 (0.74, 3.46)  <0.01 
Child age 
< 7.6 months 77.80 (13.67) 77.11 (12.14) Ref. - 
> 7.6 months 74.37 (13.65) 77.66 (12.54) 1.38 (0.57, 2.18) < 0.001 
Child gender 

Male 75.73 (14.28) 76.40 (13.04) Ref. - 
Female 76.42 (13.22) 78.88 (11.91) 2.11 (0.84, 3.39) <0.01 
Number of children 

1 76.07 (13.65) 78.11 (12.21) Ref. - 
> 1 76.08 (14.15) 76.16 (13.50) -1.06 (-2.68, 0.55) 0.18 
Household wealth  

Poorest Q1 74.95 (15.75) 76.03 (12.53) Reference - 
Q2 76.28 (12.66) 77.22 (12.75) -0.42 (-1.67, 0.83) 0.50 
Q3 77.38 (13.12) 78.03 (12.53) 0.44 (-1.43, 2.32) 0.63 
Q4 76.01 (13.94) 78.55 (12.11) 0.89 (-0.57, 2.35) 0.22 
Richest Q5 76.33 (13.08) 78.90 (12.50) 0.98 (-0.46, 2.43) 0.18 

 
1Multivariate linear model using contaminated data, with robust standard errors clustered by cities, fully adjusted by 
baseline knowledge scores (continuous) and baseline covariates: caregiver age (< 27 years versus >= 27 years), 
caregiver education (< 9 years versus >= 9 years), child age (< 7.6 months versus >= 7.6 months), child gender 
(male or female), number of children in household (1 versus > 1), city of residence (30 cities in 5 Brazilian states). 
Accounts for clustering by cities. R-square: 0.4895. Using missing indicator method for missingness in baseline 
covariates 
21Control and intervention data follows initial RCT allocation excluding individuals from the control group that were 
reported to have received an intervention visit. 
3Frequency of home visits is assumed to be constant across follow-up period.  
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Appendix C- Supplemental Tables of Paper 3 
 
Table S3.1.1 PMAQ indicators: items content and factor loadings  

Item content Factor 1 Factor 2 Factor 3 
Indicator 1 
Health unit offers immunization frequently (e.g., every weekday or 
nearly every day) 0.5221 0.6165 0.2925 
Is BCG vaccine always available?  0.4779 0.294 0.1279 
Is Tetanus/diphtheria (TD) for adults vaccine always available? 0.7909 0.5344 0.1057 
Tetanus/diphtheria/whooping cough (dtpa) for adults vaccine always 
available 0.7435 0.6021 0.1613 
Hepatitis B vaccine always available 0.6315 0.6688 0.1748 
Hepatitis A vaccine always available 0.8068 0.2646 0.1296 
HPV vaccine always available 0.7927 0.483 0.1621 
Meningitis C vaccine always available 0.6575 0.498 0.0817 
Polio 1,2, 3 attenuated vaccine always available 0.5481 0.2087 -0.3253 
Polio 1,2, 3 inactive vaccine always available 0.731 0.5822 0.1994 
PCV-10 vaccine always available 0.6211 0.6909 0.1463 
MMR vaccine always available 0.728 0.5737 0.1336 
Tetanus/diphtheria/whooping cough (dtpa) for children vaccine always 
available 0.8181 0.2636 0.0007 
MMRV vaccine always available 0.3491 0.2669 -0.1139 
DTaP-IPV-Hib 5 in 1 vaccine always available 0.7039 0.1819 0.2421 
Rotavirus oral vaccine always available 0.0763 0.3176 -0.4088 
Antibiotics 0.6958 -0.1908 -0.505 
Mental health medication 0.3033 -0.0749 0.3582 
Analgesics / antipyretic medication 0.8213 -0.0998 -0.351 
Antidiabetic medication 0.6059 -0.0533 -0.3311 
Antiemetic / antiacid medication 0.5872 -0.0024 -0.4214 
Basic medical procedures availability 0.7415 -0.2482 0.2168 
Anti hypertensive, cardiovascular, dyslipidemia medication 0.8319 -0.1743 -0.3302 
Programs for mental health care  0.5229 -0.245 0.5639 
Generalized health promotion programs  0.6222 -0.3296 0.4688 
Services offered with expert support from NASF team  0.3785 -0.0922 0.4504 
Obese patients care  0.5253 -0.4351 0.4117 
Programs to prevent and treat diseases transmitted by Aedes Aegypti 
mosquito 0.6316 -0.5913 0.1225 
Family planning  0.6089 -0.1932 0.1707 
Materials for health care procedures, medication application  0.7519 -0.3834 0.0031 
Medication for emergency procedures  0.7383 -0.5493 0.1557 
Equipment for emergency procedures 0.6554 -0.6104 0.2432 
Materials for health care procedures, medication application  0.6268 0.2655 -0.4329 
Anti asthmatic drugs  0.6352 -0.1517 -0.3665 
Contraceptive hormones medication / sexual hormones drugs  0.4813 -0.0546 -0.1066 
Antianemic / vitamins / polivitamins / salts drugs  0.7326 -0.2203 -0.2095 
Antiparasitic drugs  0.6044 -0.293 -0.3846 
Are all emergency and urgency items in a single location that facilitates 
case management (e.g., in a room in the unit for emergency care; in a 
kit)? 0.8006 -0.4188 0.1846 
For medical personnel protection: Disposable masks 0.7008 -0.6156 0.107 
Disposable procedure and sterile gloves 0.6671 -0.6501 0.0517 
Protective goggles 0.4949 -0.5425 0.058 
Apron 0.4367 -0.3437 -0.0329 
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Table S3.1.1 PMAQ indicators: items content and factor loadings (continuation) 
 

Item content Factor 1 Factor 2 Factor 3 
Indicator 1 

Area for medication fractionation 0.3843 -0.1604 -0.2833 
Area for pharmacotherapeutic follow-up 0.1633 -0.1278 0.0485 
Area for medication storage 0.5949 -0.0106 -0.4171 
Are the medications stored and conditioned appropriately (clean place 
without mold, fresh and airy, boxes are on shelves away from the wall 
and the floor)? 0.5341 0.2896 -0.4418 

Indicator 2 
Equipment and materials  0.0423 0.7739 0.0882 
Generalized exams requested by health team to be performed in the 
municipality network  0.8251 0.3371 0.0903 
ABO RH 0.462 0.7109 0.3708 
Coombs Indirect 0.8341 0.1072 0.2616 
Dosage of Hemoglobin and Hematocrit 0.7927 0.2536 0.3446 
Fasting Glucose 0.9143 0.0227 0.3187 
Serology for HIV 0.906 0.1805 0.2684 
Syphilis Serology (VDRL) 0.8829 0.2252 0.3072 
Serology for Hepatitis B 0.89 0.2356 0.2654 
Serology for Toxoplasmosis 0.659 0.081 0.4618 
 Obstetric ultrasonography exam 0.5206 0.3621 0.246 
Urinalysis (urine type I) 0.7514 0.5055 0.2289 
Exams conducted at health unit  0.1087 0.5576 0.4826 
Diabetes care 0.2317 0.701 0.1234 
Exams conducted at health unit  0.1532 0.7487 0.1985 
Does the team perform the collection of the cytopathological exam at the 
health unit? 0.1323 0.7356 0.4258 
Glucose Tolerance (oral test) 0.5046 0.1811 0.6351 
Urine culture 0.5784 0.3167 0.5068 

Indicator 3 
Obese patient care 0.646 -0.3367 -0.1387 
Printed informative material  0.5585 -0.6944 -0.0344 
Cooperation of health unit with other healthcare centers of varying 
complexity degrees nearby  0.7334 0.4859 -0.1667 
Diabetic patients care  0.9321 -0.1874 0.0076 
Hypertensive patients care  0.9574 -0.2191 -0.0001 
Cervical and breast cancer  0.9365 0.0392 -0.1444 
Home visits  -0.1679 -0.3282 0.296 
Early child health and development 0-2 years old / 1 0.8081 -0.1682 0.2887 
Early child health and development 0-2 years old / 3 0.8567 0.1639 0.1405 
Prenatal/postpartum care  0.8752 0.2075 0.1683 
Spontaneous healthcare demand  -0.1606 0.2332 0.7072 
School programs to promote health  0.8386 0.0082 0.3416 
Mental health care  0.921 0.1008 -0.1797 
Tuberculosis patient care  0.6104 0.1432 0.2886 
Does the team monitor users living with HIV/AIDS? 0.439 0.5882 0.1722 
Does the team use the new "Food Guide for the Brazilian Population" 
from the Ministry of Health? 0.8502 -0.0886 -0.3292 
Schedule organization  0.3036 0.5338 -0.3246 
Coverage of indigenous, rural, traditional communities  0.2971 -0.4681 0.0917 
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Table S3.1.1 PMAQ indicators: items content and factor loadings (continuation) 
 

Item content Factor 1 Factor 2 Factor 3 
Indicator 4 

Expert support to the health teams through NASF 0.7059 -0.0258 0.4917 
Continuing Education for Primary Care professionals and Qualification 
of Developed Actions 0.5837 0.126 0.54 
Telehealth support for health teams 0.3829 -0.2429 0.1947 
Organization of Medical Records in the Health Unit 0.7851 -0.1217 0.0847 
Team Planning and Institutional Support / 0.849 -0.0693 0.005 
Suitability of NASF's composition to the population needs 0.734 -0.5355 -0.1274 
When your team feels the need for support, what are the most frequent 
ways to request support from the NASF?  0.6695 -0.5805 -0.2662 
NASF - Health unit articulation: during meetings what actions are 
organized together 0.7363 -0.5527 -0.1549 
Population /geographical area covered by the health unit  0.172 -0.6748 0.0242 
Programs to prevent and treat diseases transmitted by Aedes Aegypti 
mosquito  0.7741 0.1078 0.4348 
 Is there an institutionalized communication flow between your team and 
specialized care? 0.6178 0.099 0.5068 
Health unit personnel: management quality 0.0855 0.4283 0.1464 
Does the team(s) provide in the unit's structure? 0.7228 0.0897 0.236 
What type of external signage does the unit have? 0.5264 0.1534 -0.5555 
Is transportation available for the team to facilitate care for this 
population? 0.5803 -0.1236 -0.2578 
The environments have good ventilation or air conditioning 0.6695 0.2413 -0.4463 
The environments are well lit 0.5533 0.4879 -0.5058 
The acoustics of the health unit prevent noise from the external and 
internal environment 0.4019 0.4004 0.0961 
The consulting rooms of the health unit allow user privacy 0.0833 0.4794 -0.0597 
The bathrooms are in good condition for use and cleanliness 0.4816 0.627 -0.1094 
The waiting room is in good condition for cleanliness 0.4468 0.5575 0.0354 
The waiting room has enough seats for users to wait 0.7622 0.0762 -0.3083 
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Table S3.1.2 PMAQ indicators – compound items content 
 

Factor Compound factors content 
1 Antibiotics 
 Is there a sufficient quantity of amoxicillin? 
 Is there a sufficient quantity of ciprofloxacin hydrochloride? 
  Is there a sufficient quantity of benzathine benzylpenicillin? 
 Is there a sufficient quantity of procaine benzylpenicillin + potassium benzylpenicillin? 
  Is there a sufficient quantity of cefalexin (sodium or hydrochloride)? 
 Is there a sufficient quantity of amoxicillin + clavulanic acid? 
  Is there a sufficient quantity of ketoconazole? 
 Is there a sufficient quantity of clarithromycin? 
 Is there a sufficient quantity of chloramphenicol? 
  Is there a sufficient quantity of clindamycin hydrochloride? 
 Is there a sufficient quantity of erythromycin isolate? 
 Is there a sufficient quantity of gentamicin sulfate? 
 Is there a sufficient quantity of nitrofurantoin? 
 Is there a sufficient quantity of sulfamethoxazole + trimethoprim? 
 Is there a sufficient quantity of sulfadiazine? 
 Is there a sufficient quantity of tetracycline hydrochloride? 
 Is there a sufficient quantity of fluconazole? 
 Is there a sufficient quantity of itraconazole? 
  Is there a sufficient quantity of miconazole nitrate? 
 Is there a sufficient quantity of nystatin? 
 Is there a sufficient quantity of azithromycin? 

11 Mental health medication 
 Are controlled medications dispensed in the health unit? 
 Biperiden hydrochloride 
 Haloperidol 
 Diazepam 
 Fluoxetine hydrochloride 
 Lithium carbonate 
 Phenobarbital 
 Sodium valproate or valproic acid 
 Nortriptyline hydrochloride 
 Sodium phenytoin 
 Carbamazepine 
 Chlorpromazine hydrochloride 
 Clomipramine hydrochloride 
 Amitriptyline hydrochloride 
 Clonazepam 
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Table S3.1.2 PMAQ indicators – compound factors content (continuation) 
 

Factor Compound factors content 
1 Analgesics / antipyretic 
 Is there a sufficient quantity of sodium metamizole? 
 Is there a sufficient quantity of ibuprofen? 
 Is there a sufficient quantity of paracetamol? 
1 Antidiabetic medication 
 Is there a sufficient quantity of glibenclamide? 
 Is there a sufficient quantity of metformin hydrochloride? 
 Is there a sufficient quantity of NPH insulin? 
 Is there a sufficient quantity of regular insulin? 
1 Antiemetic/antiacid medication 
 Is there a sufficient quantity of aluminum hydroxide? 
 Is there a sufficient quantity of metoclopramide? 
 Is there a sufficient quantity of ranitidine? 
 Is there a sufficient quantity of omeprazole? 
1 Basic medical procedures availability 
 Abscess drainage 
 Suture of wounds 
 Suture removal 
 Ear lavage 
 Nebulization/inhalation 
 Bandages 
 Intramuscular injectable medications 
 Intravenous injectable medications 
 Intrauterine device (IUD) insertion 
 Abscess drainage 
 Suture of wounds 
 Suture removal 
 Ear lavage 
 Nebulization/inhalation 
 Bandages 
 Intramuscular injectable medications 
 Intravenous injectable medications 
 Intrauterine device (IUD) insertion 
 Abscess drainage 
 Suture of wounds 
 Suture removal 
 Ear lavage 
 Nebulization/inhalation 
 Bandages 
 Intramuscular injectable medications 
 Intravenous injectable medications 
 Intrauterine device (IUD) insertion 
1 Anti hypertensive, cardiovascular, dyslipidemia medication 
 Is there a sufficient quantity of captopril? 
 Is there a sufficient quantity of enalapril maleate? 
 Is there a sufficient quantity of propranolol hydrochloride? 
 Is there a sufficient quantity of atenolol? 
 Is there a sufficient quantity of carvedilol? 
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Table S3.1.2 PMAQ indicators – compound factors content (continuation) 
 

Factor Compound factors content 
1 Anti hypertensive, cardiovascular, dyslipidemia medication 
 Is there a sufficient quantity of metoprolol succinate? 
 Is there a sufficient quantity of methyldopa? 
 Is there a sufficient quantity of hydrochlorothiazide? 
 Is there a sufficient quantity of potassium losartan? 
 Is there a sufficient quantity of verapamil hydrochloride? 
 Is there a sufficient quantity of simvastatin? 
 Is there a sufficient quantity of amlodipine besylate? 
 Is there a sufficient quantity of hydralazine hydrochloride? 
 Is there a sufficient quantity of spironolactone? 
 Is there a sufficient quantity of furosemide? 
 Is there a sufficient quantity of amiodarone hydrochloride? 
 Is there a sufficient quantity of propafenone hydrochloride? 
 Is there a sufficient quantity of acetylsalicylic acid? 
 Is there a sufficient quantity of digoxin? 
1 Anti hypertensive, cardiovascular, dyslipidemia medication 
 Is there a sufficient quantity of captopril? 
 Is there a sufficient quantity of enalapril maleate? 
 Is there a sufficient quantity of propranolol hydrochloride? 
 Is there a sufficient quantity of atenolol? 
 Is there a sufficient quantity of carvedilol? 
 Is there a sufficient quantity of metoprolol succinate? 
 Is there a sufficient quantity of methyldopa? 
 Is there a sufficient quantity of hydrochlorothiazide? 
 Is there a sufficient quantity of potassium losartan? 
 Is there a sufficient quantity of verapamil hydrochloride? 
 Is there a sufficient quantity of simvastatin? 
 Is there a sufficient quantity of amlodipine besylate? 
 Is there a sufficient quantity of hydralazine hydrochloride? 
 Is there a sufficient quantity of spironolactone? 
 Is there a sufficient quantity of furosemide? 
 Is there a sufficient quantity of amiodarone hydrochloride? 
 Is there a sufficient quantity of propafenone hydrochloride? 
 Is there a sufficient quantity of acetylsalicylic acid? 
 Is there a sufficient quantity of digoxin? 
1 Antidiabetic medication 
 Is there a sufficient quantity of glipalamide? 
 Is there a sufficient quantity of metformin hydrochloride? 
 Is there a sufficient quantity of NPH insulin? 
 Is there a sufficient quantity of regular insulin? 
1 Programs for mental health care  
 Offers some type of support group service 
 Offers consultation with mental health professionals (NASF or other expert support) 
1 Generalized health promotion programs  
 Does the team develop actions aimed at promoting health? 
 Actions to support self-care 
 Promotion of the Culture of Peace and Human Rights 
 Promotion of Sustainable Development 
 Mobilization of the local population for discussion of health issues that affect the community 
 Intersectoral coordination with other public services 
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Table S3.1.2 PMAQ indicators – compound factors content (continuation) 
Factor Compound factors content 

1 Generalized health promotion programs  
 Organization of moments for listening to users about the services provided and health problems in the 

territory 
 School and mental health interventions  
 Does the team participate in the Health at School Program? 
 Does the health unit offer group therapy? 
1 Services offered with expert support from NASF team  
 Shared consultations between NASF team professionals and ESF 
 Shared consultations among NASF team professionals 
 Health education activities 
 Therapeutic groups 
 Obese patients care  
 Offers programs focused on physical activity 
 Offers programs focused on healthy eating 
 Offers a health education group for people who want to lose weight 
1 Programs to prevent and treat diseases transmitted by Aedes Aegypti mosquito 
 In the last year, has any action been taken to combat Aedes aegypti in the territory? 
 Actions to locate mosquito breeding sites” 
 Elimination of mosquito breeding sites 
 Communication and mobilization of the population and educational actions (awareness, information, 

educational actions) 
 In the homes of families under team responsibility 
 In the schools of the territory 
 In the social facilities of the territory (commercial establishments, churches, etc.) 
 In abandoned lots 
 How to eliminate existing mosquito breeding sites 
 How to store water properly to avoid new breeding sites 
 How to manage garbage to avoid new breeding sites 
 How to carry out cleaning and maintenance of areas under your responsibility 
 Guidance on symptoms and signs of alarm for diseases 
 Does the team carry out actions to combat Aedes aegypti alongside the Surveillance team? 
 Does the ACS conduct chemical action to combat the vector? 
 Does the team identify areas of highest risk of vector transmission in the territory? 
 Is there documentation to prove it? 
 Does the team start oral rehydration for patients with suspected dengue while they wait for service at 

the UBS (Basic Health Unit)? 
 Does the team perform venous hydration for patients with suspected dengue at the unit, when 

necessary? 
1 Family planning  
 Does the team perform family planning actions? 
 Women of reproductive age 
 Women during prenatal care 
 Women in the postpartum period 
 Men 
 Couples 
1 Materials for health care procedures, medication application  
 Disposable fixed needle syringe always available 
 Disposable syringes of various sizes always available 
 Disposable needles of various sizes always available 
 Sharp disposal containers always available 
 Macro drip set always available 
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Table S3.1.2 PMAQ indicators – compound factors content (continuation) 
 

Factor Compound factors content 
1 Materials for health care procedures, medication application  
 Bandages always available 
 Micropore tape always available 
 IUD always available 
 Condoms always available 
 Female condoms always available 
 Scalp IV always available 
1 Medication for emergency procedures  
 Adrenaline-epinephrine ampoule 
 Atropine ampoule 
 Hydrocortisone 100mg flask 
 Hydrocortisone 500mg flask 
 Glucose 50% ampoule 
 Physiological saline solution 0.9% ampoule 
 Physiological saline solution 0.9% flask 
 Glucose solution 5% flask 
 Promethazine ampoule/flask 
 Diazepam ampoule 
 Haloperidol ampoule 
 Ipratropium flask 
 Packet of isosorbide dinitrate 5mg pills, sublingual or injectable  
 Acetylsalicylic acid pills packet 
 Thiamine pills 
 Antihypertensive medication 
 Hypoglycemic medication 
 Insulin medication 
 Antibiotics 1st dose for pediatric pneumonia 
 Enteral and parenteral analgesic 
 Enteral and parenteral antipyretic 
 Furosemide injectable 
1 Equipment for emergency procedures 
 Emergency procedure subjects always available 
 Physiological saline solution 0.9% 500ml  
 Equipment to use physiological saline solution 
 Two-way connexon  
 Tourniquet 
 Medical tape  
 IV Abocath® size 24 g 
 IV Abocath® size 22 g 
 IV Abocath® size 20 g 
 IV Abocath® size 18 g 
 IV Abocath® size 16 g 
 IV Abocath® size 14 g 
 Syringe 10ml no needle 
 Needle 40 x 12 
 Syringe 5ml no needle 
 Distilled water container 10ml 
 Sterile gauze package 
 Oxygen cylinder 1m3 with valve, flowmeter 
 Briefcase for emergency procedures resources storage 
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Table S3.1.2 PMAQ indicators – compound factors content (continuation) 
 

Factor Compound factors content 
1 Medication for emergency procedures  
 Organizer box for emergency procedures resources storage 
 Laryngoscope with endotracheal tube  
 Pulse oximeter 
 Auto inflatable mask-container system for adults with transparent mask 
 Auto inflatable mask-container system for children with transparent mask 
 Auto inflatable mask-container system for neonates with transparent mask 
 Adults mask nebulizer 
 Children mask nebulizer 
 Oxygen catheter type 
 Nebulizer machine 
 Reusable peak flow readers 
 Adult cervical collar 
 Pediatric cervical collar 
1 Materials for health care procedures, medication application  
 Disposable fixed needle syringe always available 
 Disposable syringes of various sizes always available 
 Disposable needles of various sizes always available 
 Sharp disposal containers always available 
 Macro drip set always available 
 Micro drip set always available 
 Gauze always available 
 Bandages always available 
 Micropore tape always available 
 IUD always available 
 Condoms always available 
 Female condoms always available 
 Scalp IV always available 
1 Anti asthmatic drugs  
 Is there a sufficient quantity of salbutamol sulfate? 
 Is there a sufficient quantity of ipratropium bromide? 
 Is there a sufficient quantity of beclometasone dipropionate? 
 Is there a sufficient quantity of budesonide? 
 Is there a sufficient quantity of prednisolone sodium phosphate? 
 Is there a sufficient quantity of prednisone? 
1 Contraceptive hormones medication / sexual hormones drugs  
 Is there a sufficient quantity of norethisterone enanthate + estradiol valerate? 
 Is there a sufficient quantity of ethinylestradiol + levonorgestrel? 
 Is there a sufficient quantity of norethisterone? 
 Is there a sufficient quantity of medroxyprogesterone acetate? 
 Is there a sufficient quantity of levonorgestrel? 
 Is there a sufficient quantity of vaginal estriol cream? 
 Is there a sufficient quantity of conjugated estrogens? 
1 Antianemic / vitamins / polivitamins / salts drugs  
 Is there a sufficient quantity of ferrous sulfate? 
 Is there a sufficient quantity of folic acid? 
 Is there a sufficient quantity of retinol palmitate? 
 Is there a sufficient quantity of pyridoxine hydrochloride? 
 Is there a sufficient quantity of thiamine? 
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Table S3.1.2 PMAQ indicators – compound factors content (continuation) 
 

Factor Compound factors content 
1 Antiparasitic drugs  
 Is there a sufficient quantity of Albendazole? 
 Is there a sufficient quantity of Metronidazole? 
 Is there a sufficient quantity of Teclozan? 
 Is there a sufficient quantity of Permethrin? 
 Is there a sufficient quantity of Ivermectin? 
 Is there a sufficient quantity of Spiramycin? 
2 Equipment and materials  
 How many microscopes are in working condition? 
 How many standard size blood pressure monitors are in working condition? 
 How many blood pressure monitors for obese adults are in working condition? 
 How many blood pressure monitors for children are in working condition? 
 How many adult stethoscopes are in working condition? 
 How many pediatric stethoscopes are in working condition? 
 How many nebulizers are in working condition? 
 How many compressed air outlets are in working condition? 
 How many 150 kg capacity anthropometric scales are in working condition? 
 How many children’s scales are in working condition? 
 How many adult anthropometric tapes are in working condition? 
 How many children’s anthropometric tapes are in working condition? 
 How many light sources for gynecological exams are in working condition? 
 How many gynecological examination tables with stirrups are in working condition? 
 How many clinical examination tables are in working condition? 
 How many fetal heart rate monitors are in working condition? 
 How many pinards (fetal stethoscopes) are in working condition? 
 How many exclusive refrigerators for vaccines are in working condition? 
 How many exclusive freezers for vaccines are in working condition? 
 How many extension cable thermometers are in working condition? 
 How many exclusive refrigerators for medications in the pharmacy are in working condition? 
 How many IV stands are in working condition? 
 How many electrocardiogram machines are in working condition? 
 How many autoclaves are in working condition? 
 How many glucometers are in working condition? 
 How many clinical thermometers are in working condition? 
 How many clinical flashlights are in working condition? 
 How many otoscopes are in working condition? 
 How many ophthalmoscopes are in working condition? 
 How many monofilament sets for sensitivity tests (esthesiometers) are in working condition? 
 How many Snellen chart kits for visual acuity testing (ophthalmological screening) are in working condition? 
 How many reflex hammers are in working condition? 
 How many anthropometric tapes (flexible) are in working condition? 
2 Generalized exams requested by health team to be performed in the municipality network  
 Tuberculosis bacilloscopic 
 What is the main location where the exam is offered in the health services network? 
 Is access to the exam satisfactory? 
 Leprosy bacilloscopic 
 What is the main location where the exam is offered in the health services network? 
 Is access to the exam satisfactory? 
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Table S3.1.2 PMAQ indicators – compound factors content (continuation) 
 

Factor Compound factors content 
2 Generalized exams requested by health team to be performed in the municipality network  
 Fasting blood glucose 
 What is the main location where the exam is offered in the health services network? 
 Is access to the exam satisfactory? 
 Creatinine 
 What is the main location where the exam is offered in the health services network? 
 Is access to the exam satisfactory? 
 Echocardiogram 
 What is the main location where the exam is offered in the health services network? 
 Is access to the exam satisfactory? 
 Electrocardiogram 
 What is the main location where the exam is offered in the health services network? 
 Is access to the exam satisfactory? 
 Glycated hemoglobin 
 What is the main location where the exam is offered in the health services network? 
 Is access to the exam satisfactory? 
 Mammography 
 What is the main location where the exam is offered in the health services network? 
 Is access to the exam satisfactory? 
 Lipid profile 
 What is the main location where the exam is offered in the health services network? 
 Is access to the exam satisfactory? 
 Chest X-ray (tuberculosis) 
 What is the main location where the exam is offered in the health services network? 
 Is access to the exam satisfactory? 
 Sensitivity Test (Antibiogram) 
 What is the main location where the exam is offered in the health services network? 
 Is access to the exam satisfactory? 
2 Exams conducted at health unit  
 Does the team collect tests at the unit? 
 Blood tests 
 Urine 
 Feces 
 Electrocardiogram 
2 Diabetes care 
  Does the team periodically perform diabetic foot exams on users? 
 Does the team periodically perform fundus (eye) exams? 
2 Exams conducted at health unit  
 Does the team collect tests at the unit? 
 Blood tests 
 Urine 
 Feces 
 Electrocardiogram 
3 Obese patient care  
 Does the team perform anthropometric assessment (weight and height) of the users served? 
 After identifying a user with obesity (BMI ≥ 30 kg/m2), does the team take any action? 
 Which of these actions does the team perform? 
 Follows up this user at the UBS 
 Engages the Matrix Support Team (NASF and others) to support the follow-up of this user at the UBS 
 Refers to specialized service 
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Table S3.1.2 PMAQ indicators – compound factors content (continuation) 
 

Factor Compound factors content 
3 Printed informative material  
  Child Health Record always available 
 Pregnant Woman’s Record always available 
 Adolescent’s Record always available 
 Elderly Person’s Record or equivalent always available 
 Vaccination card/proof of vaccination always available 
3 Cooperation of health unit with other healthcare centers of varying complexity degrees nearby  
  Is there an institutionalized communication flow between your team and specialized care? 
 How often do primary care professionals contact specialists to exchange information about their referred 

patients? 
 How often do specialists contact primary care professionals to exchange information about patients referred by 

primary care? 
  Indicate for which of the following conditions there are established references and flows: 
 Scheduling of appointments for suspected breast cancer cases 
 Scheduling of appointments for suspected cervical cancer cases 
 Childbirth (maternity) 
 Emergency (uncontrolled glycemia, seizure, psychotic outbreak, acute coronary syndrome, trauma) 
 Others 
 Is there a regulation center available for referring users to other points of care? 
 What scheduling centers are available? 
 Scheduling of specialized consultations 
 Scheduling of exams 
 Scheduling of beds 
 When a patient needs to be referred to a higher complexity health center, what are the possible ways?  
 The appointment is scheduled by the health unit and the time is immediately communicated to the user 
 The appointment is scheduled by the health unit and the date is later communicated to the user 
  The appointment is scheduled by the user themselves at the specialized consultation scheduling center 
 The user receives a referral form and must go to a service indicated by their team 
 The user receives a referral form but does not have a specific service or professional determined 
 There is no defined pathway 
3 Diabetic patients care  
 Does the team conduct consultations for people with diabetes? 
 Does the team use protocols for risk stratification of users with diabetes? 
 Does the team have a record of users with diabetes at higher risk/severity? 
 Is there a document that proves it? 
 Does the team use any registration or follow-up form for people with diabetes mellitus? 
 Does the team coordinate the waiting list and follow-up of users with diabetes mellitus who need consultations 

and exams at other points of care? 
 Does the team have a record of users with diabetes at higher risk/severity referred to other points of care? 
 Is there a document that proves it? 
 Does the team schedule consultations and exams for people with diabetes mellitus based on case stratification 

and elements considered by the team in care management? 
3 Hypertensive patients care  
 Does the team conduct consultations for people with hypertension? 
 Does the team use protocols for risk stratification of users with hypertension? 
 Does the team assess the presence of comorbidities and cardiovascular risk factors in hypertensive users? 
 Does the team use any registration form or follow-up form for people with systemic arterial hypertension? 
 Does the team follow up on users diagnosed with heart disease? 
 Does the team schedule consultations and exams for people with systemic arterial hypertension based on case 

stratification and elements considered by the team in care management? 
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Table S3.1.2 PMAQ indicators – compound factors content (continuation) 
Factor Compound factors content 

3 Hypertensive patients care  
 Does the team have a record of users with systemic arterial hypertension at higher risk/severity? 
 Is there a document that proves it? 
 Does the team coordinate the waiting list and follow-up of users with systemic arterial hypertension who need 

consultations and exams at other points of care? 
 Does the team have a record of users with higher risk/severity hypertension referred to other services? 
 Is there a document that proves it? 
3 Cervical and breast cancer  
 Does the team have a record of the number of women with delayed cytopathological exam collection? 
 Is there a document that proves it? 
 Does the team have a record of women with altered cytopathological exams? 
 Is there a document that proves it? 
 Does the team have a record of women with altered mammography and/or breast ultrasound exams? 
 Is there a document that proves it? 
 Does the team use protocols for early identification/screening aimed at: 
 Cervical cancer 
 Breast cancer 
 The team actively searches for the following situations: 
 Altered cytopathology 
 Delayed cytopathology 
 Altered breast exams (breast ultrasound and mammography) 
 Does the primary care team follow up with women after treatment provided by specialized care? 
 Does the primary care team use outreach/awareness strategies for performing the cytopathological exam? 
 Does the primary care team use outreach/awareness strategies for performing breast exams with a health 

professional? 
3 Home visits  
 Is there a Community Health Agent (ACS) in the team? 
  Is there a population not covered by ACS? 
 Are the families in the team's coverage area visited with different frequencies according to risk and vulnerability 

assessments? 
3 Early child health and development 0-2 years old / 1 
  Does the team conduct child healthcare consultations for children up to two years old (growth/development)? 
 Does the team use protocols aimed at the care of children under two years old? 
 Does the team have an updated register of children up to two years old in the territory? 
 Does the team use the child’s health booklet for their follow-up? 
 Is there a copy of the child health booklets, or another form with equivalent information, at the unit? 
3 Early child health and development 0-2 years old / 3 
 The team actively searches for children: 
 Premature 
 Underweight 
 With delayed child healthcare consultation 
 With delayed vaccination schedule 
 Others 
 Does the team know and comply with the Brazilian Norm for the Commercialization of Food for Infants and 

Young Children, Pacifiers, Bottles, and Teats (Law 11.265 of 2006 and Decree 8.552 of 2015)? 
3 Prenatal/postpartum care  
 Does the team perform prenatal consultations? 
 Is there a document that proves it? 
 Does the team receive the VDRL test results of pregnant women in the territory in a timely manner for necessary 

interventions? 
 Does the team use protocols for risk stratification of pregnant women? 
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Table S3.1.2 PMAQ indicators – compound factors content (continuation) 
Factor Compound factors content 

3 Prenatal/postpartum care  
 Does the team organize service offerings and referrals (consultations, exams) for pregnant women based on the 

assessment and classification of risk and vulnerability? 
 Does the primary care team have a record of the number of high-risk pregnant women in the territory? 
 Does the team attend to intercurrent events or emergencies of high-risk pregnant women? 
 Does the primary care team use the pregnant woman’s booklet for the follow-up of pregnant women? 
 Is there a copy/mirror of the pregnant women’s booklets, or another form with equivalent information, at the 

unit? 
3 Spontaneous healthcare demand  
 Does the team accommodate spontaneous demand in this unit? 
 What are the main flows for accommodating spontaneous demand? 
 The user arrives early and waits in line to get a ticket/number 
 The user is attended to in the order of arrival 
 The team identifies users with higher risk and/or vulnerability 
 In attending to spontaneous demand, the team performs: 
  Emergency care 
 Renewal of medication prescriptions 
 Risk and vulnerability assessment 
 Others 
 Does the team use protocols/criteria to guide the management of cases attended to in the reception? 
 Is there a document that proves it? 
 Have the team members who handle the reception been trained to use the protocols/criteria for assessing the risk 

and vulnerability of users? 
 Can the user be kept under observation until the acute condition improves, when necessary? 
3 School programs to promote health  
 Does the team know if the School Health Program exists in the municipality? 
 Is joint planning carried out between the team and education professionals for the implementation of actions in 

the school? 
 Is there documentation to prove? 
 What strategies and tools are used to monitor the planned actions? 
 Holding joint meetings between the health team and the school team 
 Conducting a survey of the number of students attended at the UBS 
 Using information recorded in e-SUS 
 Using information contained in FORM-SUS 
3 Mental health care  
 The team conducts consultations for 
 Users in psychological distress 
 Users of crack, alcohol, and other drugs 
 Users in chronic use of benzodiazepines, antipsychotics, anticonvulsants, antidepressants, mood stabilizers 
 The team keeps a record of users in the territory 
 Users in psychological distress 
 Users of crack, alcohol, and other drugs 
 Users in chronic use of benzodiazepines, antipsychotics, anticonvulsants, antidepressants, mood stabilizers 
 Is there documentation to prove? 
 Does the team use any specific strategy to care for these cases? 
 Specific consultation with longer time 
 Recording the life history 
 Does the team keep a record of the following high-risk/severe users referred to another point of care? 
 Users in psychological distress 
 Users of crack, alcohol, and other drugs 
 Users in chronic use of benzodiazepines, antipsychotics, anticonvulsants, antidepressants, mood stabilizers 
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Table S3.1.2 PMAQ indicators – compound factors content (continuation) 
 

Factor Compound factors content 
3 Tuberculosis patient care  
 Does the basic care team keep a record of the number of tuberculosis users? 
 When a user is diagnosed with tuberculosis, the team does the following 
 What is the availability of consultations for people with tuberculosis? 
 Is the first sputum sample for tuberculosis diagnosis collected during the initial approach/consultation with the 

user? 
 Does the team notify tuberculosis cases in the unit? 
 Is there a document that proves it? 
 Does the team perform directly observed treatment for the user? 
3 Schedule organization  
 When the user needs to schedule an appointment, what are the possible options?  
  In person at the unit 
 By phone 
 Through social media (Facebook, WhatsApp, etc.) 
 Through a specific website or application for appointment scheduling 
  Regarding the demand for continuous care, how is the appointment scheduled?  
 The next appointment is scheduled at the end of the previous appointment. 
 The appointment is scheduled by the team and then communicated to the user. 
 The next appointment is scheduled by the user at the UBS (scheduled later). 
 The user is requested to come to the UBS on the day of scheduled and continuous care without prior 

appointment. 
 On the day of the appointment, it is necessary to wait in line and get a number for the service 
 Does the user leave the unit with an appointment scheduled in situations where it is not necessary to be seen on 

the same day? 
 Has the primary care team conducted an evaluation or study of spontaneous demand in the last 12 months? 
3 Coverage of indigenous, rural, traditional communities  
 Does your team provide care for rural, indigenous, and/or traditional communities? 
 Does the team follow up on the most severe cases that need care in other points of attention? 
 Is there documentation to prove? 
4 Expert support to the health teams through NASF 
 Does the team receive support from other professionals to assist or support in resolving cases considered 

complex? 
 The professionals who provide NASF support are: 
 From NASF 
 From CAPS 
 From health surveillance 
 From network specialists 
 From hospitals 
 From the Health Academy Center 
 From specialized centers (rehabilitation, elderly, obesity, and others) 
4 Continuing Education for Primary Care professionals and Qualification of Developed Actions 
 Municipal management 
 State management 
 By the health team/unit itself 
 By other teams/health units 
 By the university 
4 Telehealth support for health teams 
 Does your team utilize the telehealth support? 
 The health team uses telehealth for the following purposes: Second formative opinion 
 Telediagnosis 
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Table S3.1.2 PMAQ indicators – compound factors content (continuation) 
 

Factor Compound factors content 
4 Organization of Medical Records in the Health Unit 
 Are the team's user records organized by family units? 
 Is there a document that proves it? 
 Is information/records registered? 
 Information is registered analogically in paper 
 Information is registered digitally 
 What type of digital record is used? 
 Citizen's Electronic Medical Record (PEC) of e-SUS AB 
 Is there documentation to prove? 
 Has your team received training or qualification to use the International Classification for Primary Care (ICPC)? 
 Has your team received training or qualification to use the electronic medical record? 
4 Team Planning and Institutional Support  
 Does your team hold team meetings? 
 What is the frequency of the meetings? 
 Does the team carry out any activity for planning its actions? 
 Is there a document that proves it? 
 Does the team monitor and analyze health indicators and information? 
 Were the results achieved in previous PMAQ cycles considered in the organization of the team's work process? 
 In the last year, was any self-assessment process carried out by the team? 
 Is there a document that proves it? 
 Does your team receive permanent institutional support from a team or person from the Municipal Health 

Department with the objective of discussing, jointly, the work process and assisting in the identified problems? 
 Does the management provide the team with information that helps in analyzing the health situation of the 

population in the coverage area? 
4 Suitability of NASF's composition to the population needs 
 Did the municipal management discuss with your team which professional categories should make up the 

NASF? 
 Regarding the NASF composition 
 The composition of the NASF team, according to the present professional categories, meets the needs of the 

territory 
 The working hours of the NASF professionals are structured to meet the local demand 
4 When your team feels the need for support, what are the most frequent ways to request support from the NASF?  
 Written referrals 
 Case discussions 
 Shared consultations 
 Scheduling consultations directly in the NASF professional's agenda 
 Contact by email or phone 
 On average, how many days does the NASF take to respond to a support request from your team? 
 Do you consider that the NASF responds to your team's support requests in a timely manner? 
 Is the planning and organization of the NASF's action schedule carried out jointly with your team? 
 Are you familiar with the NASF's activity schedule/agenda with your team? 
 Do all NASF professionals have guaranteed regular and periodic meetings/activities with your team? 
 Have your team and the NASF agreed on criteria to guide which situations should be handled by the NASF and 

which should be referred to other points of care? 
 Are there defined and agreed criteria and methods between your team and the NASF to request support in 

unforeseen situations (that are outside the schedule or involve some type of urgency)? 
 In unforeseen situations, can your team get support from the NASF? 
4 NASF - Health unit articulation: during meetings what actions are organized together 
 Case discussions 
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Table S3.1.2 PMAQ indicators – compound factors content (continuation) 
 

Factor Compound factors content 
4 NASF - Health unit articulation: during meetings what actions are organized together 
 Continuing education with the ESF 
 Discussions about the ESF work process 
 Health surveillance actions 
 Actions/meetings with other health services (e.g., CAPS, polyclinics ...) 
 Actions/meetings with other sectors (e.g., CRAS, CREAS, school, etc.) 
 Management of referrals and/or waiting lists for specialists 
 Definition of access criteria, case prioritization, and each professional's roles 
 Analysis of support requests, identifying the main demands 
 Analysis of cases concluded and being attended to by NASF 
 Monitoring of achieved results 
 Participation in Health Council Meetings or other social control spaces 
 What is the frequency of meetings between NASF professionals and your team? 
4 Population /geographical area covered by the health unit  
  Is there a definition of the coverage area of the team? 
 Does the team have maps with the drawing of the coverage territory (example: 
 Is there a document that proves it? 
 Is there a population uncovered by primary care around the team’s coverage territory? 
 How often does the team attend to people living outside its coverage area? 
 Did the management consider risk and vulnerability criteria for defining the number of people under the team’s 

responsibility? 
4 Programs to prevent and treat diseases transmitted by Aedes Aegypti mosquito  
 Does the team perform risk classification for patients arriving with suspected Dengue, Zika Virus, Chikungunya 

Fever, and Yellow Fever, according to established flowcharts? 
 Does the team request a complete blood count with platelet count for the patient with suspected Dengue, 

according to the clinical management protocol? 
4 Health unit personnel: management quality 
 Is there a person responsible for managing the unit? 
 How does this professional organize their work? 
 What is the education level of the professional managing the UBS? (Highest qualification) 
4 Does the team(s) provide in the unit's structure? 
 The operating hours of the health unit 
 The list (scope) of actions/offers of team services 
 The schedule of professionals with names and work hours 
 The phone number of the Ministry of Health ombudsman or the state or municipal health department 
 Identification of all professionals (e.g., badges, uniforms, lab coats) 
 Is there a fixed operating schedule for the unit? 
 Does this health unit maintain all its activities during lunchtime? 
4 What type of external signage does the unit have? 
 External totem as recommended by the MS 
 Sign on the facade according to the specifications of the Signage Guide 
 Banner on the wall at the entrance of the health unit 
 Painting with identification on the wall at the entrance of the health unit 
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Table S3.2 Confirmatory factor analysis of PMAQ indicators 
 

Fit statistic Description Indicator 1 Indicator 2 Indicator 3 Indicator 4 
Chi-square 
(df) 

model vs. saturated - 60131.155 
(135) 

40261.418 
(135) 

75688.794 
(209) 

p > chi2  - 0 0 0 
Chi-square 
(df) 

baseline vs. saturated - 97518.77 
(153) 

83828.603 
(153) 

99897.055 
(231) 

p > chi2  - 0 0 0 
Population error 

RMSEA Root mean squared error of 
approximation - 0.37 0.303 0.334 

90% CI, 
lower bound  0.000 0 0 0 

90% CI, 
upper bound  - . . . 

pclose Probability RMSEA <= 0.05 - 0 0 0 
Information criteria 

AIC Akaike's information criterion -29990.622 12235.175 -39813.199 -7345.815 
BIC Bayesian information criterion -29114.534 12563.708 -39484.666 -6944.275 

Baseline comparison 
CFI Comparative fit index - 0.384 0.52 0.243 
TLI Tucker–Lewis index - 0.302 0.457 0.163 

Size of residuals 

SRMR Standardized root mean squared 
residual 0.238 0.214 0.127 0.166 

CD Coefficient of determination 0.990 0.992 0.99 0.938 
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Table S3.3 Within and between city variation in quality of primary care units as assessed by 
PMAQ in 2018 

 

Primary care indicators Between city 
variation 1 Within city variation2 ICC3 

Medications, vaccines and programs 0.39 0.33 0.58 
Exams 0.32 0.74 0.16 
Consultations and referrals 0.34 0.21 0.72 
Organizational capacity, training, and support 0.52 0.42 0.59 

1Sigma u; 2Sigma e; 3 rho.  
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Table S3.4 Univariate models estimating the association of ASQ scores of 3-year-olds and 
exposure to city level services supportive of early child development1.  
 

Nurturing 
Care 

Framework 
components 

City services and 
characteristics Models p-

value 

Health 

PMAQ Medications, 
vaccines and 
programs 

0.09 
(-0.06, 0.26) 0.21 

PMAQ Exams 0.07 
(-0.13, 0.27) 0.50 

PMAQ Consults and 
referrals 

0.04 
(-0.10, 0.18) 0.53 

PMAQ 
Organizational 
capacity, training, 
support 

0.07 
(-0.10, 0.24) 0.42 

Home visits 0.59 
(0.09, 1.09) 0.02 

Child Friendly 
hospital 

-0.08 
(-0.23, 0.07) 0.27 

Sanitation coverage -0.06 
(-0.14, 0.01) 0.08 

Nutrition 
IMAPI Nutrition 0.04 

(-0.03, 0.11) 0.26 

Milk bank -0.08 
(-0.23, 0.07) 0.28 

Early 
Learning IMAPI Education -0.05 

(-0.12, 0.02) 0.15 

Safety and 
security IMAPI Safety 0.02 

(-0.04, 0.08) 0.53 
 

Responsive 
care Criança Feliz dose2 

0.12 
(-0.002, 

0.25) 
0.05  

City 
characteristics 

Population size -0.07 
(-0.15, 0.01) 0.09  

Proportion of 
children under 6 
years old in poverty  

0.21 
(0.05, 0.37) 0.01  

Health team income 0.03 
(-0.20, 0.25) 0.82  

 
1Univariate linear models with robust standard errors clustered by cities estimating mean change in standardized 
ASQ scores at 3 year old, fully adjusted by standardized PMAQ indicators of primary care quality; percentage of 
health teams that conducted home visits to families with newborns up to 10 days; availability of Child Friendly 
hospitals in the city; Criança Feliz program dose received from 2019-2021; standardized IMAPI indicators of 
nutritional, educational and safety services; availability of milk banks; standardized percent of households with 
sewage coverage and piped water services in the city; log-transformed city population size; log-transformed 
proportion of children under 6 years old living in poverty in relation to total city population size; average budget 
allocated per health team. N=2517.  
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Figure S3.1 Probability of ASQ score being observed by state and city 
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Table S3.5 Fully adjusted model estimating the association of ASQ scores of 3-year-olds and 
exposure to city level services supportive of early child development with stabilized inverse 
probability weights1.  
 

Nurturing Care 
Framework 
components 

City services and characteristics Model 3 p-value 

Health 

PMAQ – Medications, vaccines and 
programs 

-0.01 
(-0.24, 0.22) 0.91 

PMAQ - Exams 0.15 
(-0.01,0.31) 0.07 

PMAQ -Consults and referrals 0.00004 
(-0.17, 0.17) 1.00 

PMAQ – Organizational capacity, 
training, support 

-0.13 
(-0.38, 0.12) 0.29 

Home visits 0.43 
(-0.14, 1.00) 0.14 

Child Friendly hospital -0.12 
(-0.58, 0.33) 0.59 

Sanitation coverage -0.02 
(-0.14, 0.11) 0.81 

Nutrition 
IMAPI - Nutrition 0.02 

(-0.05, 0.08) 0.59 

Milk bank 0.08 
(-0.42, 0.58) 0.75 

Early Learning IMAPI -Education -0.05 
(-0.14, 0.03) 0.18 

Safety and 
security IMAPI - Safety -0.05 

(-0.13, 0.03) 0.19 

Responsive care Criança Feliz dose2 0.10 
(-0.03, 0.24) 0.14 

City 
characteristics 

Population size 0.03 
(-0.17, 0.12) 0.71 

Proportion of children under 6 years 
old in poverty  

0.18 
(-0.18, 0.54) 0.31 

Health team income -0.08 
(-0.29, 0.13) 0.46 

1Multivariate linear models with stabilized inverse probability weight and robust standard errors clustered by cities 
estimating mean change in standardized ASQ scores at 3 year old, fully adjusted by standardized PMAQ indicators 
of primary care quality; percentage of health teams that conducted home visits to families with newborns up to 10 
days; availability of Child Friendly hospitals in the city; Criança Feliz program dose received from 2019-2021; 
standardized IMAPI indicators of nutritional, educational and safety services; availability of milk banks; 
standardized percent of households with sewage coverage and piped water services in the city; log-transformed city 
population size; log-transformed proportion of children under 6 years old living in poverty in relation to total city 
population size; average budget allocated per health team. R-square: 0.0131, N = 2517 
2Average individual frequency of Criança Feliz home visits, estimated as percentage of visits delivered to families 
over expected within the period of 2019 until 2021. Frequency is assumed to be constant across follow-up period.  
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Table S3.6 Bivariate correlations among city-level services 
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PMAQ 1 1.000           

PMAQ 2 0.304 1.000          

PMAQ 3 0.715 0.464 1.000         

PMAQ 4 0.635 0.592 0.775 1.000        

Home visits 0.449 0.152 0.449 0.408 1.000       

Child Friendly 
Hospital 0.064 0.324 0.233 0.257 -0.154 1.000      

Criança Feliz 
dose -0.010 0.060 0.034 0.011 0.051 0.099 1.000     

IMAPI 
Nutrition 0.339 0.404 0.335 0.290 0.330 0.236 0.051 1.000    

Milk Bank 0.016 0.337 0.220 0.219 -0.138 0.972 0.105 0.295 1.000   

IMAPI 
Education -0.006 0.238 -0.095 -0.054 -0.222 0.136 -0.006 0.212 0.214 1.000  

Sanitation 
Coverage -0.249 0.064 -0.149 -0.274 -0.357 0.141 0.039 0.014 0.185 0.287 1.000 

 


