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EXECUTIVE SUMMARY

This project report describes the development of a theoretical and analytical model, data sources
used, and methods chosen to answer the question: what is the relative contribution of Primary
Health Care (PHC) factors — both proximal and distal — and their corresponding pathways in

reducing under-5 mortality in Brazil?

In 2021, 5 million children died before turning 5 years old. Thus, this particular health outcome
should be investigated globally, understanding the different causes of death and the mechanisms
that influence these. Some causes are potentially preventable by actions carried out within PHC,
while others depend on other levels of the health system or cannot be prevented by the action of
health services. Although PHC has achieved high population coverage at the national level in Brazil,
its implementation in the last decades has been unequal across different municipalities, with
inequities in quality of services offered. These concerns motivated the development of the National
Program for Improving Primary Care Access and Quality (PMAQ-AB), a federal public policy that
started in 2011, that carried out national-level surveys to assess the quality of the structure of PHC
facilities and work process of PHC teams. However, PHC is a complex intervention and a large-
scale public policy, strongly affected by the context of its implementation. Its effects can be highly

heterogeneous, a phenomenon which needs to be correctly understood.

Through a complex linkage process, the Centre for the Integration of Data and Knowledge for Health

(CIDACS-IGM/Fiocruz-BA) has created two large population cohorts: the 100 Million Brazilians

Cohort — which currently holds socioeconomic data on over 130 million individuals who registered

in the Brazilian Single Registry for social benefits (Cadastro Unico) between 2002 and 2018; and

the CIDACS Birth Cohort — which currently holds data on over 30 million children born between
2001 and 2018 to mothers included in the 100 Million Brazilians Cohort.

The availability of such data, as well as the theoretical and methodological approaches developed
by the CIDACS PHC research team created an opportunity to get a deeper understanding of Primary
Health Care system factors and quantify their effect on under-five mortality, by linking individual-
level, longitudinal data with information on PHC facilities from the PMAQ-AB external evaluation

dataset.

This study is a retrospective cohort analysis of 143,070 Brazilian children born alive in 2010 to
mothers beneficiaries of the Bo/sa FamiliaProgramme (BFP) - a conditional cash-transfer initiative
of the Federal Government. As mentioned above, the datasets utilized to develop this analysis

originated from the Cadastro Unico, a nation-wide registry of Brazilian citizens who applied to any




governmental social benefits program, be it a Federal, State, or Municipal initiative. Consequently,
the individuals contemplated in this study represent the most vulnerable part of the Brazilian
population, or, in other words, the most severely affected by adverse health outcomes such as child

mortality.

In order to identify the variables that would represent PHC quality, we used criteria and standards
from the Brazilian legislation and recommendations based on scientific evidence. With this
normative approach, selected questions from the first cycle of the external evaluation of the PMAQ
were allocated to ten different PHC components, contemplating a total of 63 indicators. Both the
indicators and the components were classified as inadequate or adequate. The PHC components
were then categorized as inputs (or “building blocks”) and service delivery (or “clusters of
services”).Said theoretical model guided the development of the final analytical model, which
included the five building blocks (Referral and Regulation System for Access to Specialized
Services, Planning and Organization of Services and Work Processes, Workforce Availability and
Quality, General PHC Supplies Availability and Quality, and Facility Infrastructure Availability and
Quality), three clusters of services (Child Care Availability and Quality, Antenatal Care Availability
and Quality, and Immunization Infrastructure), and two proximal determinants of child mortality

(mother’s education and birthweight).

Regarding the statistical methods applied, we used Bayesian Confirmatory Factor Analysis (BCFA)
to characterize and measure the PHC components. To measure the association between the PHC
Components and how these components and the proximal determinants affect Under-5 mortality,
we carried out Multilevel Bayesian Path Analysis (MBPA). In this approach, we used the scores
generated via Bayesian Confirmatory Factor Analysis, treated as observed variables. Additionally,
stratified analyses were conducted to understand how our model works in different age groups

(neonatal and 1-59 months mortality) and socioeconomic contexts (high and low deprivation).

The MBPA provided as outputs coefficients that only allowed to identify the relative importance
and magnitude of each variable contemplated by our model, but not easily interpretable effects on
child mortality rates. Thus, the group took the analyses a little further by employing a conditional
mortality prediction technique - via implementation of a Generalized Linear Model (GLM) -, which
provided more relatable results. It is important to highlight that the results provided by the two

different approaches (MBPA and conditional prediction via GLM) were mutually coherent.
This study revealed some groundbreaking facts:

i) The Planning and organization component was the most important Building Block in
determining the quality of maternal and child health services provided at the PHC level — within

the Brazilian context;



ii) The quality of child care was a crucial determinant of under-5 and 1-59 months mortality.
However, it does not influence neonatal mortality;

iii) The quality of Child Care was statistically associated with a reduction in under-5 and 1-59
months mortality only in the group residing in areas of greater deprivation;

iv) By improving the quality of child care services, better planning and organization of work
processes was estimated to be able to reduce child mortality by 5%;

v) When all of the Building Blocks improve in quality simultaneously, we can potentially observe

a reduction in child mortality of 41% - via an improvement in the quality of childcare services.

This study revealed how Child Care quality was associated with a decrease in the probability of
under-5 mortality. Additionally, our results demonstrated how vital the Planning and Organization
component is. This component represents the relevance of a comprehensive PHC model, sustained
by planning activities, record-keeping practices, monitoring and evaluation activities, and
empanelment and catchment population strategies. Additionally, the prediction strategies we
developed showed how the combined effect of an overall improvement in all Building Blocks is
relevant for better service provision, and, consequently, for decreasing the probability of childhood

mortality.

We expect that the PHC model and the PHC components measures (indicators and components)
developed in this study can provide guidance for worldwide initiatives to evaluate the PHC system
and contribute to its improvement. Considering this potential, we reinforce the importance of
governments and other international organizations investing in robust data systems and providing

enough resources to promote research in this area.

Based on these findings, we highlight how essential a solid PHC model is to guarantee the delivery
of high-quality health services, mitigating the effects of socioeconomic inequalities and improving
health outcomes. These results represent important guidelines for policy-makers interested in

improving health outcomes through PHC-based interventions, in Brazil and globally.
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|. BACKGROUND

In 2021, 5 million children died before turning 5 years old (1). Thus, this particular health outcome
should be investigated globally, understanding the different causes of death and the mechanisms
that influence these. Some causes are potentially preventable by means of primary health care
activities, while others depend on other levels of the health system or cannot be prevented within
the scope of health services. An ecological study observed that under-5 mortality rates dropped
between 2000 and 2013 in Brazil (2). Specifically, preventable death rates decreased faster
compared to non-preventable ones (-5.1% per year and -2.5% per year, respectively), suggesting a
positive response to improvements in access to health care, as well as in social determinants of
health.

In fact, a systematic review has highlighted how the expansion of the Family Health Strategy - the
predominant model of PHC service provision in Brazil - contributed to reductions in morbidity and
mortality from causes related to PHC, particularly for under-5 mortality (3).

However, Primary Health Care (PHC) is a complex intervention and a large-scale public policy,
strongly affected by the context of its implementation. Its effects can be highly heterogeneous, a
phenomenon which needs to be correctly understood. Countries with stronger PHC systems
guarantee their populations better access to and use of health services (4). This results in better
health indicators - especially diseases and conditions related to maternal and child health (5,6).

Although primary health care has achieved high population coverage at the national level in Brazil,
its implementation in the last decades has been unequal in different municipalities, with inequities
in quality of services offered. These concerns motivated the development of the National Program
for Improving Primary Care Access and Quality (PMAQ), a federal public policy that started in 2011.
Among its actions, PMAQ carried out national-level surveys (external evaluation) to assess the
quality of the structure of PHC facilities and work process of PHC1. It's important to note that the
data collection instrument used in the PMAQ survey was created through a collaboration between
specialized technicians from the Brazilian Ministry of Health and researchers from federal
universities and research institutes in Brazil. Furthermore, the instruments were agreed upon in
meetings with federal, state, and municipal health managers, ensuring a comprehensive and
effective approach (7).

Evidence on the impact of the quality of PHC on under-5 mortality is lacking - particularly from
LMICs including Brazil (8). Some studies describe aspects that influence the quality of Primary
Health Care services (9), and which of these aspects influence maternal (10) and child health (11).
The use of the PMAQ-AB external evaluation dataset, together with the individual-level data from
CIDACS’ Cohorts and the national Mortality Information system (SIM), provided an opportunity to
generate new evidence about the impact of PHC system on childhood mortality.

! To learn more about the PMAQ-AB, please see https:/pubmed.ncbi.nlm.nih.gov/28252498/.




Il. RESEARCH QUESTIONS

Main research question

e What is the relative contribution of Primary Health Care (PHC) factors — both proximal and
distal — and their corresponding pathways in reducing under-5 mortality in Brazil?

Specific research questions

¢ How can PHC quality be measured?

¢ How does the impact of PHC system determinants on under-5 mortality change across
different socio-economic strata?

¢ How does the impact of different PHC system determinants change according to different
causes of under-5 mortality?

lll. DATABASES UTILIZED

In order to answer the research questions above, the PHC research team at CIDACS employed a
dataset built by linking variables from five governmental databases, summarized in Box 1 below,
and further detailed in Appendix 1.

Box 1. Sources of data employed to answer our research questions.

e Cadastro Unico (Unified Registry of Social Programs) — Demographic, economic, and social information on over 100
million individuals in Brazil who applied to any of the 20 social benefits programs in the country and those who
received any benefits.

¢ SINASC (Live Births Information System) — Information on all live births in Brazil, describing the type of pregnancy
and delivery.

¢ SIM (Mortality Information System) — Records of all deaths in Brazil, including the cause of death.

e PMAQ-AB (Primary Care Access and Quality dataset) external evaluation — Nation-wide data on PHC facilities and
teams in Brazil (e.g., data on health centers structure and work processes of health teams).

e PBF Conditionalities — Information on conditional cash transfers to families covered by the Bo/sa Familia Program
(PBF - Programa Bolsa Familia) and the health, education, social assistance conditionalities that recipients must
comply with (e.g., prenatal care for pregnant women, tracking of required immunizations, etc.).




IV. STUDY POPULATION

This study is a retrospective cohort analysis of 143,070 Brazilian children born alive in 2010 to
mothers beneficiaries of the Bo/sa FamiliaProgramme (BFP) - a conditional cash-transfer initiative
of the Federal Government. As mentioned above, the datasets utilized to develop this analysis
originated from the Cadastro Unico, a nation-wide registry of Brazilian citizens who applied to any
governmental social benefits program, be it a Federal, State, or Municipal initiative. Consequently,
the individuals contemplated in this study represent the most vulnerable part of the Brazilian
population, or, in other words, the most severely affected by adverse health outcomes such as child
mortality”. See Box 2 for the inclusion and exclusion criteria for defining our study population®.

Box 2. Inclusion and exclusion criteria for our study population.

All Brazilian children:

e Born alive in 2010 AND registered in the Live Birth Information System (Sistema de
Informagées sobre Nascidos Vivos — SINASC);

e Whose mother was registered as a beneficiary of the Bo/sa Famifia Program (BFP);

Inclusion criteria e Whose mother complied (at least one time) with the health conditionalities in the
semester before the child’s birth, the semester of the child’s birth, or up to two
semesters after the child’s birth;

e Whose mother complied with Bo/sa Familia health conditionalities at PHC facilities
implementing the FHS model AND that participated in the external evaluation survey
during the first cycle of the PMAQ (2011-2012).

v" Any individual having missing data in variables related to outcome, exposure, or

Exclusion criteria i
covariates.

To understand the characteristics of comprising the population of this study, we carried out a
descriptive analysis of the overall group, as well as for two subgroups of children living in
municipalities stratified according to the Brazilian Deprivation Index (/ndice Brasileiro de Privacdo
- /IBPin Portuguese) (see Tables 1, 2, 3 and 4). The IBP is a measure, developed by CIDACS, that
estimates the degree of socio-economic deprivation at the census-tract and municipality levels®.
The two subgroups studied were categorized as Highest Deprivation Municipalities - representing

2 To be noted: Despite being devised to tend to the whole population of Brazil, in practice SUS PHC services are accessed only by the
least advantaged - albeit, largest - proportion of the population. In fact, approximately 23% of the population of Brazil, holding the
most financial means, prefer to pay private health insurance (ANS, 2022) to access specialized health services, and virtually do not use
PHC services at all - except for, perhaps, immunization services. Therefore, it is fair to assume that the population registered in the
Bolsa Familia program - consisting of those registered in the CadUnico and having a monthly per capita income of up to R$85 (R$170
for families) - represents a significant proportion of the users of SUS PHC services, which are the services evaluated by the PMAQ-
AB.

3 The reason for using beneficiaries of the BFP as a study population is that these represent the only population in Brazil for which
there is data regarding which PHC facilities they are accessing. Being a conditional cash transfer program, the BFP requires its
beneficiaries to access specific services in order to be eligible to receive the cash transfer, so we can safely assume that our population
is effectively accessing PHC services, as well as linking their individual data to the structure and work process data collected by the
PMAQ-AB survey. To learn more about the Bolsa Familia Programme and Cadastro Unico, please see
http://dx.doi.org/10.2471/BLT.10.084202.

4 To learn more about the IBP, please see https:/eprints.gla.ac.uk/215898/.




the poorest localities (quintiles 4 and 5) - and Lowest Deprivation Municipalities - representing the
most well-off localities (quintile 1, 2 and 3). The Highest Deprivation subgroup comprises 95,793
children, living in 2,693 municipalities and being attended by 7,651 PHC teams; in the Lowest
Deprivation subgroup there are 47,277 children, residing in 908 municipalities and receiving PHC
services from 4,434 teams.

When comparing the municipal characteristics of the total population with the two subgroups
(Table 1), we immediately perceive that the majority of people from the most deprived area lives in
the North-Eastern region (64.72%), in municipalities of up to 50.000 inhabitants (69.94%) and with
the lowest (quartiles 1 and 2) Human Development Index values (70.12%). On the other hand, most
participants from the least deprived municipalities are from the South-Eastern region (61.59%), live
in cities with more than 500.000 inhabitants (40.08%) and with the highest quartile of Human
Development Index values (91.24%).

Table 1. Distribution of study population (children born in 2010)
according to municipality characteristics.

Total LO\.Nes-t Hiqhes:t
N=143.070 Deprivation Deprivation
! N= 47,277 N= 95,793
Region N % N % N %
North 12.454 8.70 1.065 2.25 11.389 11.89
Northeast 66.220 46.29 4.218 8.92 62.002 64.72
Center-west 7.288 5.09 2526 5.34 4762 4.97
Southeast 41.105 28.73 29.116 61.59 11.989 12.52
South 16.003 11.19 10.352 21.90 5.651 5.90
Population size
Up to 10000 17.291 12.09 1.282 2.71 16.009 16.71
10001-50000 57.969 40.52 6.980 14.76 50.989 53.23
50001-100000 19.332 13.51 5.871 12.42 13.461 14.05
100001-500000 26.427 18.47 14.194 30.02 12.233 12.77
More than 500000 22.051 15.41 18.950 40.08 3.101 3.24
Quartile Municipal Human Development Index
Q1 (Lowest) 31.335 21.90 0 0.00 31.335 32.71
Q2 35.844 25.05 10 0.02 35.834 37.41
Q3 24.682 17.25 4.133 8.74 20.549 21.45
Q4 (Highest) 51.209 35.79 43.134 91.24 8.075 8.43

Source: Original work by authors

Table 2 presents the distribution of our study population according to birth circumstances and by
deprivation level. The deprivation-based sub-group populations were quite similar across all
characteristics. A little more than half of the children were male, almost all of the children (>90%)
had an Apgar score at 5 minutes equal or above 7 and did not present any congenital anomaly.




Most children (90%) were born at term, and more than half were born by vaginal delivery. The mean
birthweight was approximately 3,200 gr.

Table 2. Distribution of study population (children born in 2010)
according to birth circumstances.

Total LO\‘Nes‘t Hig‘hes‘t
N=143.070 Deprivation Deprivation
N= 47.277 N=95.793
Child gender N % N % N %
Female 70.014 48.94 23.337 49.37 46.677 48.73
Male 73.035 51.06 23.933 50.63 49.102 51.27
Apgar score at 5 min
=7 135.325 98.77 46.246 98.96 89.079 98.67
<7 1.686 1.23 486 1.04 1.200 1.33
Congenital anomaly
No 137.750 99.24 45.195 99.05 92.555 99.34
Yes 1.051 0.76 435 0.95 616 0.66
Preterm birth
Term 134.572 94.06 43.656 92.34 90.916 94.91
Preterm 8.498 5.94 3.621 7.66 4.877 5.09
Type of delivery
Vaginal 84.589 59.18 25.435 53.85 59.154 61.82
Cesarean section 58.339 40.82 21.801 46.15 36.538 38.18
Birthweight (g)
3.237 3.180 3.266
mean (sd) (549) (556) (543)

Source: Original work by authors

With regards to the mother’'s characteristics (Table 3), more than half of pregnancies had been
accompanied by 7 or more prenatal visits. Across the three groups almost all the mothers (>90%)
were between 19 and 39 years of age, and over two-thirds of them were single, divorced or widowed.
Maternal education varied slightly among the three sets, being that in the overall group and Highest
Deprivation group over half of the mothers had 7 years or less of formal education, whereas in the
Lowest Deprivation group the greater proportion — still just over half — completed 8 years or more
of education. More than 95% of women had a singleton pregnancy.




Table 3. Distribution of study population (children born in 2010)
according to maternal characteristics.

Lowest Highest
Total Deprivation Deprivation
N=143,070 N= 47,277 N= 95,793

Number of prenatal visits N % N % N %
<6 62.700 44.18 16.201 34.53 46.499 48.94
=7 79.226 55.82 30.722 65.47 48.504 51.06
Maternal age (years)
<18 3.497 2.44 996 2.11 2.501 2.61
19-39 134.547 94.04 44.541 94.21 90.006 93.96
=40 5.026 3.51 1.740 3.68 3.286 3.43
Marital status
Marriage/civil partnership 44582 31.57 13.699 29.34 30.883 32.68
Single/divorced/widow 96.612 68.43 32999 70.66 63.613 67.32
Maternal education (years)
<7 77.622 55.13 21.355 45.57 56.267 59.90
28 63.182 44.87 25.512 54.43 37.670 40.10
Number of babies
Singleton 139.709 97.72 46.012 97.38 93.697 97.88
Twins or more 3.264 2.28 1.239 2.62 2.025 2.12

Source: Original work by authors

Lastly, Table 4 reveals that the participants from the most deprived municipalities lived in worst
socioeconomic conditions. This group presented a higher proportion of children living in rural areas
(24.11% vs 3.78% in the least deprived group), within houses built with less robust material (27.99%
vs 13.61%), and without sewage disposal (73.0% vs 28.6%), water supply (36.02% vs11.17%) and
garbage collection (37.52% vs5.29%). These findings reveal that the Brazilian Deprivation Index is,
in fact, able to reflect accurately socioeconomic inequalities at the municipal level.




Table 4. Distribution of the study population (children born in 2010)
according to individual socio-economic characteristics.

Total LO\.Nes.t Hig.hes.t
Deprivation Deprivation
N=143.070 N= 47.277 N=95.793

Household location N % N % N %
Urban 95.821 82.07 34.164 96.22 61.657 75.89
Rural 20.934 17.93 1.342 3.78 19.592 24.11
Household building material
Brick/cement 87.606 76.41 30.294 86.39 57.312 72.01
Other 27.053 2359 4772 13.61 22281 27.99
Sewage disposal
Public municipal system 44827 4114 24778 71.40 20.049 27.00
Other 64.133 58.86 9.926 28.60 54.207 73.00
Water supply
Public network 82.071 71.58 31.147 88.83 50.924 63.98
Other 32.586 28.42 3918 11.17 28.668 36.02
Garbage disposal
Municipal collection 82.938 72.33 33.212 9471 49.726 62.48

No collection (burned/buried) 31.721 27.67 1.854 529 29.867 37.52

Source: Original work by authors

V. CHARACTERIZATION OF THE OUTCOME - CAUSES OF
MORTALITY BY AGE GROUP

In order to better refine our understanding of mortality in children under 5-years-of-age, the
composition of causes of death in eight subgroups® was studied by selecting 6 predominant ICD-
10 chapters of causes of death (described below) among our population. The rest of the causes
were classified as “Other causes”. We analyzed their frequencies across the age-groups, both for
the full population, as well as for the two subpopulations of municipalities (Highest Deprivation and
Lowest Deprivation).

In the description of our results below, we highlighted the frequency of causes of death specifically
in 3 of the 8 age groups analyzed: under-5, 1-59 months (post-neonatal plus 1-4 years), and
neonatal (1-27 days). While in the results section we discuss in more detail the implications of the

5 The eight subgroups are: under-5, 1-59 months, 1-4 years, under-1, post-neonatal, neonatal, late neonatal, early neonatal.




frequencies of the above-mentioned causes of death across these three age groups, let us clarify
here the justification for choosing these three specific outcomes for our analysis.

First, let us make some considerations regarding the nature of the causes of death analyzed. When
we looked at the 6 predominant causes of deaths in our population of under-5 children (Chapters: |
- Certain infectious and parasitic diseases; IV - Endocrine, nutritional and metabolic diseases; X -
Diseases of the respiratory system; XX - External causes of morbidity and mortality; XVI - Certain
conditions originating in the perinatal period; XVII - Congenital malformations, deformations and
chromosomal abnormalities), we identified the first four Chapters (I, IV, X and XX as PHC-sensitive
causes), and Chapters XVI and XVII as not-so-sensitive-to-PHC causes. This is because care for
the last two are not competency of the PHC level, but rather of the secondary level of care (more
specialized). In fact, in Brazil almost 100% of births occur in hospitals, and PHC facilities are not
responsible for managing these events — which means that Chapter XVI causes of death,
originating in the perinatal period, would not be considered particularly PHC-sensitive. As for
Chapter XVII, related to congenital causes, while PHC services may identify and refer such cases
during antenatal care visits, the survival of the child after birth would fall mostly under the
responsibility of the secondary-level specialized services that receive said referral, making this
class of causes of death also not so sensitive to PHC quality (12).

As for the PHC-sensitive group of causes, Chapters I, IV, X and XX are all affected by, if not object
of, PHC actions. Community outreach to identify cases and refer for timely treatment is the work of
PHC's core workers - community health workers; and welcoming of spontaneous demand also aids
in the identification of cases appearing in the community. PHC can treat and resolve a great
majority of the diseases and conditions identified within these Chapters of the ICD-10, only needing
to refer a small proportion of more severe cases to secondary services. Moreover, some of these
causes of death may be prevented by means of health education and promotion activities - such as
the prevention of accidents, or promotion of hygiene measures - traditionally carried out at the PHC
level (12).

Hence, it is worth highlighting the distribution of the causes of deaths within the age-sub-groups,
in our population (Figure 1). As we observe the prevalence of the four PHC-sensitive Chapters (the
first four colors in each bar - medium blue, orange, grey and yellow), it is striking the sheer
difference between the proportion occupied in the neonatal group (less than 5%) and the under-5
group (approximately 30%). In fact, the PHC-sensitive conditions are most present in the 1-4 years
group, representing over 55% of deaths. However, in our context, this age group is significantly
smaller than the overall under-5 group, since the latter is predominantly composed of children who
died before completing 1-year-of-age (approximately 90%). Therefore, in an attempt to maintain a
larger population of children in our study, while concentrating on an age-group most affected by
PHC-sensitive causes of death (almost 50%), we isolated a 1-59-months age-group, where we
managed to include 47,56% of under-1 deaths, while excluding neonatal deaths, which are
predominantly not-so-sensitive-to-PHC (approximately 95% classified in Chapters XVI and XVII).
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Figure 1. Decomposition of causes of mortality by age-group of children born in 2010. Brazil.
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As for comparing the distribution of causes of death in the three different age-groups in the full
sample and in the two IBP-stratified sub-samples (Figures 2 and 3), it is virtually the same. If
anything may be highlighted is that the proportions of PHC-sensitive causes of death in the under-
5 and 1-59-months groups are very slightly higher in the Highest Deprivation group (30,27% and
47,15%, respectively, in the poorest municipalities, compared to 24,08% and 44,53% in the richest
municipalities, and 28% and 46,32% in the full sample), while slightly more PHC-sensitive causes
of deaths can be observed in the Lowest Deprivation group for the neonates (2,4% in the richest
municipalities, as opposed to 1,52% in the poorest municipalities, and 1,9% in the full sample).

Detailed descriptions of the causes of death within each age-group and according to deprivation
level are available in Appendix 2.

Figure 2. Proportions of causes of mortality by age-group of children
born in 2010 - Lowest deprivation group (richest municipalities).
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Figure 3. Proportions of causes of mortality by age-group of children
born in 2010 - Highest deprivation group (poorest municipalities).
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VI. CONSTRUCTION OF THE PRIMARY HEALTH CARE
THEORETICAL MODEL

This section aims to describe the process of defining the PHC components that affect Child Health
outcomes and their measurement. This will include a description of the steps taken to identify the
relevant PHC components in the Brazilian context, possible approaches to measure these, as well
as the results from two different measurement strategies employed.

a. Defining the PHC components

In order to identify the variables that would represent PHC quality, we used criteria and standards
from the Brazilian legislation and recommendations based on scientific evidence. With this
normative approach, selected questions from the first cycle of the external evaluation of the PMAQ-
AB were allocated to ten different PHC components, contemplating a total of 63 indicators (Box
3)°. Both the indicators and the components were classified as inadequate or adequate, according
to the recommendations from relevant Brazilian legislation and scientific publications. The PHC
components were then categorized as inputs (or “building blocks”) and service delivery (or “clusters
of services”).

¢ Please find in Appendix 3 detailing the questions utilized to construct each indicator.
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Box 3. PHC Components and Indicators.

COMPONENTS INDICATORS

Building Blocks

Supplies for medicines; availability of care; basic

Facility Infrastructure infrastructure for care provision; nebulization and procedure
availability and quality room; non-clinical infrastructure; digital technologies;
electronic medical records; data forms.

General Supplies availability | Health instruments-women; health instruments-children;

and quality medical supplies; protection and biosafety.
Referral and Regulation Referral to specialized consultation; forms for referral;
System for access to regulation centre-specialized visit/diagnostic tests; regulation
specialized services centre-Hospital bed.

Planning; monitoring and evaluation; support and supervision;
empanelment and catchment area; priority setting; record
keeping practices.

Basic PHC team; specialized team (gynecologist/obstetrician
and pediatrician); continuing education; second opinion
support.

Planning and Organization of
services and work processes

Workforce availability and
quality

Clusters of Services

ANC-Diagnostic tests; ANC-high risk; medicines; rapid
Antenatal Care availability and | diagnostic tests; welcoming spontaneous demand; protocols
quality and patient flows; record keeping practices; community
outreach; program offer; therapeutic guidelines.
Perinatal care (visits/consultation); medicines; record keeping
Childcare availability and practices; surveillance - traditional activities; surveillance -
quality external causes; community outreach; care provision; program
offer; breastfeeding.
ANC Monitoring-orientation; child monitoring; available
service; vaccines-ANC; influenza; vaccines-child care; cold
chain supplies.
Family Planning availability | Provision of care; family planning activities; condoms;
and quality continuous use contraceptives; emergency contraceptives.
Medical consultation; nurse consultation; dental consultation;
drug dispensing by the pharmacy; PHC user reception; wound
dressing.

Immunization availability and
quality

General PHC Services

ilability an lity* . . .
availability and quality *This component has a single observed indicator, composed

of six questions regarding general services available, as
described above.

A review of relevant literature and a consultation with PHC experts supported the development of
a theoretical model to represent the pathways connecting the ten PHC components, as well as
distal municipal characteristics (Socio-economic context - SEC and Health Context - HCN) and
proximal characteristics (Individual Socio-economic characteristics — ISE and Individual biological
characteristics — BCH), to Child Mortality. Said theoretical model, presented in Figure 4, guided the
development of the analytical model.




Figure 4. PHC Mechanisms affecting Under-5 Mortality.
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b. Description of the PHC Mechanisms Diagram’

As can be observed, the diagram develops from left to right, with, at one extreme, the more distal
components that indirectly affect Under-5 mortality (the Municipal socioeconomic characteristics
that influence the risk of Under-5 mortality - SEC - and Municipal health context and system
characteristics that influence risk of Under-5 mortality - HCN) and, at the other extreme, the health
outcome (Under-5 mortality).

In between, lay a number of other factors that are interconnected and compose the pathway to
Under-5 mortality. Among these we can observe some, on the left side of the center, that are still
not directly connected to the outcome (except for the Referral and Regulation System for Access
to Specialized Services - REF); however, these represent the foundation, or Building Blocks, on
which the other set of factors, or Clusters of Services, lay. The above-mentioned Building Blocks
are Referral and Regulation System for Access to Specialized Services (REF), Planning and
Organization of Services and Work Processes (PLA), Workforce Availability and Quality (WOR),
General PHC Supplies Availability and Quality (GSU), and Facility Infrastructure Availability and
Quality (FAI).

On the right-hand side, there are the factors that directly affect under-5 mortality, which we are here
calling “Clusters of Services” and represent the specific types of care that directly influence Under-
5 mortality: General PHC Services Availability (GSE), Child Care Availability and Quality (CHC),
Antenatal Care Availability and Quality (ANC), Immunization Availability and Quality (IMM), and

7 Please see the pre-print of our Realist synthesis of the mechanisms through which PHC affects under-5 mortality at:
https://www.researchsquare.com/article/rs-2944197/v1.




Family Planning Availability and Quality (FPL). The last three also affect Individual biological
characteristics that influence the risk of Under-5 mortality (BCH), which, in turn, affects Under-5
mortality directly, together with Individual socio-economic characteristics (ISE).

c. Detailing of components and connections in the PHC Mechanisms Diagram

VL.

VII.

VIIL.

SEC: Municipal socioeconomic characteristics that influence the risk of Under-5 mortality.

This component represents the socioeconomic status of the municipality). The SEC has an
influence on the municipality’s health context (HCN), Workforce Availability and Quality, as
well as the individual characteristics of the child and mother (BCH).

HCN: Municipal health context and system characteristic that influence risk of Under-5
mortality

The Municipal Health Context and System represents the financial resources dedicated to
PHC in the municipality (PHC revenue), as a proxy of system determinants of PHC. This
component is affected by the socio-economic context (SEC), and in turn affects: the
municipality’s Referral and Regulation system for access to specialized services (REF), the
PHC Workforce Availability and Quality (WOR), the Planning and Organization of Services
and Work Processes (PLA), and General Supplies Availability (GSU).

REF: Referral and Regulation System for Access to Specialized Services

This component represents the inputs and processes necessary for there to be a Referral
and Regulation System to guide users’ access to specialized services. It is directly
influenced by the Health Context and System, and it in turn affects Child Care Availability
and Quality, Antenatal Care Availability and Quality, as well as, directly, Under-5 mortality.

PLA: Planning and Organization of Services and Work Processes

This component stands for the actions necessary to plan and organize the team and other
assets in order to provide the services that will influence Under-5 mortality. It is directly
affected by the Municipal Health Context and System and Workforce Availability and Quality,
and in turn has an impact on General Supplies Availability, Facility Infrastructure Availability
and Quality, and the five clusters of services: Child Care Availability and Quality, Antenatal
Care Availability and Quality, Immunization Availability and Quality, Family Planning
Availability and Quality, and General PHC Services Availability.

WOR: Workforce Availability and Quality

This component includes the availability of a full Basic PHC team, the availability of
professionals specialized in maternal and child health (gynecologist/obstetrician and
pediatrician), and further support available to the team (Continuing education and Second
opinion support). It is affected by the Municipal Health Context and System, and in turn



XI.

XIl.

XIll.

XIV.

XV.

XVI.

XVII.

XVIII.

XIX.

XX.

influences Planning and Organization of Services and Work Processes and the five clusters
of services: Child Care Availability and Quality, Antenatal Care Availability and Quality,
Immunization Availability and Quality, Family Planning Availability and Quality, and General
PHC Services Availability.

FAI: Facility Infrastructure Availability and Quality

The infrastructure available to the PHC team, and its quality, includes indicators related to
the spaces available to carry out their activities — both clinical and non-clinical, supplies,
and inputs for record keeping. It depends on the Municipal Health Context and System and
Planning and Organization of Services and Work Processes, and in turn has an impact on
the five clusters of services: Child Care Availability and Quality, Antenatal Care Availability
and Quality, Immunization Availability and Quality, Family Planning Availability and Quality,
and General PHC Services Availability.

GSU: General Supplies Availability and Quality

This component covers health instruments specific to the care of women and children
needs, as well as generic medical supplies and protection and biosecurity materials. It is
influenced by the Municipal Health Context and System, Planning and Organization of
Services and Work Processes, and in turn has an effect on four of the clusters of services:
Child Care Availability and Quality and Antenatal Care Availability and Quality, Immunization
Availability and Quality, and General PHC Services Availability.

Clusters of Services:

CHC: Child Care Availability and Quality

ANC: Antenatal Care Availability and Quality

IMM: Immunization Availability and Quality

FPL: Family Planning Availability and Quality

GSE: General PHC Services Availability

The availability and quality of Child Care and Antenatal Care are composed of indicators that
represent the provision of services for these special interest groups, and they are affected by the
Referral and Regulation System for Access to Specialized Services, Planning and Organization of
Services and Work Processes, General Supplies Availability, Facility Infrastructure Availability and
Quality and Workforce Availability and Quality. These components in turn directly affect Under-5
mortality. Immunization Availability and Quality is affected by the same components as the
previous two clusters of services, except for the Referral and Regulation System for Access to
Specialized Services, and it also directly affects Under-5 mortality. Family Planning Availability and




Quality is affected by the same components as Immunization Availability and Quality, but only
influences Under-5 mortality via the Birth characteristics component. Finally, General PHC Services
Availability represents the availability of routine PHC services. It is affected by the Municipal Health
Context and System, Planning and Organization of Services and Work Processes, General Supplies
Availability and Quality, Workforce Availability and Quality, and Facility Infrastructure Availability
and Quality. The availability of General PHC Services is among the components that affect Under-
5 mortality directly.

I. BCH: Individual biological characteristics of the mother and child that influence the risk of Under-
5 mortality

This component represents biological characteristics of the child (for which we selected birth
weight as a general proxy) that may be influenced by Municipal socioeconomic characteristics,
Individual socioeconomic characteristics, Family Planning and Immunization. It also directly
affects Under-5 mortality.

Il. ISE: Individual socio-economic characteristics

This component characterizes the mother’s socio-economic status (for which we selected years in
formal education as a general proxy). This is affected by the Municipal socioeconomic
characteristics and influences Under-5 mortality both directly and via birth characteristics.

d. Model adjustments: how and why the theoretical model was adjusted into the analytical
model

Despite being, in our view, a successful attempt at comprehensively capturing the PHC components
that influence child mortality, our Original Theoretical Model had to undergo some adjustments in
order to account for methodological limitations of existing statistical approaches.

There were several challenges to overcome from the beginning: firstly, the structure of the data
available in our context was not favorable to the implementation of complex statistical approaches,
for example, the structure of the estimated covariance matrix was not subject to inversion, as well
as the non-identifiable model initially adjusted. Second, despite having a very large population, our
outcome of interest (under-5 mortality) is, fortunately, a rare event. A third point is that the way in
which the model was developed envisages PHC as a network of (numerous) different,
interconnected and interdependent exposures, and not as a single exposure, and this is a type of
model that does not align with most existing analytical approaches. Fourth, we had three levels of
variables (municipal, PHC system and individual level). Fifth, some variables were continuous
(individual level) while others were categorical (municipal and PHC system level). Sixth, we had
observed variables and latent variables. Conscious of these initial limitations, we started testing
our data with a variety of approaches.




The initial choice was Structural Equation Modelling (SEM). We tried to run it in MPlus 8.6 and R
4.1.2 statistical software, but the model did not converge. Considering the afore-listed limitations,
we tried to run the same analysis but with a Bayesian approach (BSEM). This also did not converge.
Finally, we landed on Multilevel Bayesian Path Analysis (MBPA), through which we obtained
convergence of our model.

Despite having achieved the long-sought convergence, the MBPA of our dataset was still presenting
some inconsistencies. Therefore, we decided to re-assess our model, and try to elaborate some
adjustments taking into account the following criteria: a) our knowledge of PHC mechanisms and
relationships between our components from existing literature, b) the exclusion of inconsistent
paths, or “zero effects”, and c) a decision to focus on the most relevant exposures, to abide to the
fundamental statistical principle of parsimony. The final analytical model is presented in Figure 5.
This was the result of a number of different attempts to capture with the greatest details possible,
whilst maintain model convergence. Finally, the difference between the two models only amounted
to the exclusion of two Clusters of Services (General PHC Services and Family Planning) that were
presenting “zero effects” and increased significantly the number of paths that the MBPA was trying
to estimate, and the inclusion of Antenatal Care Utilization® as a mediator of the path between
Antenatal Care Availability and Quality and both birthweight and the final mortality outcome. The
latter adjustment changed the direction of the association observed, which now was coherent with
the pre-existing scientific knowledge.

8 To be noted: the Antenatal Care component was the only one to receive a utilization mediator, as it is the only data that was available
(in the SINASC database) to complemente our model. Unfortunately, data for Child Care and Immunization services utilization is not
available at the individual level. Luckily, the only component that was presenting a distorted, incoherent behaviour was Antenatal Care
availability and quality.




Figure 5. Final Analytical Model.
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VII. MEASURING PHC COMPONENTS: BAYESIAN
CONFIRMATORY FACTOR ANALYSIS (BCFA)

The PHC components were defined using questions from the external evaluation survey of the
PMAQ-AB's first cycle (2011-2012). All of the indicators included in these components are binary
variables (each item classified as inadequate or adequate). Initially, univariate statistical analyses
were carried out for each indicator.

To characterize and summarize the PHC components, as described in Figure 5, we used Bayesian
Confirmatory Factor Analysis. The BCFA approach resembles the Bayesian SEM model considering
only the measurement part of the model. Bayesian SEMs have been increasingly used, especially
in cases where convergence is not achieved via the frequentist approach. One of its main
advantages is the flexibility to deal with extremely complex models, in addition to providing more
reliable results, especially for small samples due to its freedom from the asymptotic theory (13-
15). Despite this, a barrier for novice users of Bayesian methods is the need to specify prior
distributions for all parameters of the model, which helps for making inferences, providing more
accurate results (15).

The use of BCFA was recommended for the implementation of MBPA (Multilevel Bayesian Path
Analysis). The Bayesian scores were used to verify whether the proposed measurement model
(connection of the PHC components with their respective indicators) was in line with the observed
data.



The Bayesian approach commonly estimates the model parameters via Markov Chain Monte Carlo
(MCMC), an iterative and computationally intensive process based on the specified prior
distributions. Using such approach, posterior values for the parameters are obtained, which, in turn,
are used to define the posterior distributions. The point estimates provided by most software are
defined by the median of the posterior distributions. The credibility intervals are then obtained from
the percentiles of the posterior distributions to assess the degree of uncertainty around the
estimated parameter (16,17).

For diagnostics in the Bayesian framework, several plots are used to visualize the prior, likelihood,
and posterior distributions for the model parameters. A trace plot verifying multiple chains can also
indicate a misbehaving prior, which can result in plots that exhibit spikes or when the chains do not
overlap, indicating that they are sampling from different parts of the posterior distribution and are
not converging toward the same location. When one of the trace plots, prior-likelihood-posterior
distribution plots, posterior standard deviation (SDs) or 95% highest posterior density (HPDs) show
signs of a misbehaving prior, results should not be trusted, and researchers should proceed with
caution, especially when the sample size is small. The smaller the Potential Scale Reduction (PSR)
value, the greater the indicative of convergence of the estimation process.

VIIl. DESCRIPTIVE ANALYSIS OF PHC COMPONENTS AND
INDICATORS

Below are described and interpreted the frequencies of adequacy, in terms of the percentage of
PHC teams categorized as adequate for each indicator, by PHC component. Although our final
model contains eight components, this section presents the ten indicators initially developed.

e. Antenatal Care availability and quality

Table 5 shows the percentage of PHC facilities that were evaluated as “adequate” for a given
indicator. Community outreach, referring to the visits that the Community Health Worker (CHW)
makes to pregnant women in the territory, was the indicator with the highest percentage of
adequacy. Within the Family Health Strategy, the CHW is a crucial member of the basic PHC team,
and one of their main functions is carrying out home visits and community outreach for vulnerable
PHC users, or those with greater health needs (18). Therefore, these results reflect with what we
know about the actual state of things.

At the other extreme, we observe that the availability of medicines and rapid diagnostic tests, both
specific to antenatal care, was found to be adequate in less than 25% of surveyed PHC facilities.
Lack of such supplies is one of the well-known problems of the public PHC system, especially
before the PMAQ-AB was implemented.




Table 5. Percentage of adequacy for the Antenatal Care availability and quality indicators.

Antenatal Care availability and quality indicators %

Community outreach 93.6
Program offer 84.3
Therapeutic guidelines 74.9
ANC - Diagnostic tests 65.8
ANC - high risk 44.6
Record keeping practices 37.9
Protocols and patient flows 37.8
Welcoming spontaneous demand 29.3
Medicines 24.8
Rapid diagnostic tests 22.5

Source: Original work by authors

f. Child Care availability and quality

Table 6 shows the adequacy for the Child Care availability and quality component, composed of
nine indicators. Breastfeeding was the indicator with the highest percentage of adequacy (87.4%).
At the other extreme, we observe that the perinatal care and surveillance of external causes
(records of children in the territory with regards to accidents and domestic violence) were found to
be adequate in less than 31% of surveyed PHC facilities. The indicator about perinatal care aims to
capture the ability of the health team, especially the community health worker and the
physician/nurse, to carry out home visits or schedule a consultation to enroll women in the service
within 10 days after delivery.



Table 6. Percentage of adequacy for the Child Care availability and quality indicators.

Child Care availability and quality indicators %

Breastfeeding 87.4
Program offer 78.3
Record keeping practices 76.8
Community outreach 68.4
Medicines 65.2
Care provision 60.0
Surveillance - traditional activities 56.9
Perinatal care (visits/consultation) 30.2
Surveillance - external causes 28.3

Source: Original work by authors

d. Immunization infrastructure availability and quality

Table 7 shows the adequacy of the Immunization infrastructure availability and quality component,
composed of seven indicators. Three indicators presented better performance:

(i) ANC monitoring-orientation (92.1%) - in the monitoring of pregnant women, there is a record of
up-to-date immunization of the pregnant woman, the team provides guidance to pregnant women
regarding tetanus vaccination;

(i) Child monitoring (88.1%) - the PHC team keeps records of children in the territory for follow up
with regards to up-to-date immunization, and the team carry out community outreach to identify
children who are behind on their immunization calendar and

(iii) Available service (87.1%) - services available to PHC users during working hours:
immunization.

At the other extreme, we observe that the vaccines of childcare, such as the Baccile Calmette Guerin
(BCG-ID); Meningococcal C; Polio; Pneumococcal 10; Measles, Mumps and Rubella (MMR); Difteria,
Tetanus and Pertusis (DTP); Tetravalent; and Oral Human rotavirus vaccine) and influenza
(Seasonal influenza), were found to be adequate in less than 50% of surveyed PHC facilities.




Table 7. Percentage of adequacy for the immunization availability and quality indicators.

Immunization infrastructure availability and quality indicators %

ANC Monitoring-orientation 92.1
Child monitoring 88.1
Available service 87.1
Vaccines-ANC 79.7
Cold chain supplies 77.8
Vaccines-child care 46.1
Influenza 45.6

Source: Original work by authors

h. Family Planning availability and quality

Table 8 shows the percentage of PHC facilities that were evaluated as “adequate” for the Family
Planning availability and quality component, composed of five indicators. The Condoms supply was
the indicator with the highest percentage of adequacy (91.1%). At the other extreme, we observe
that the availability of emergency contraception was found to be adequate in less than 40% of
surveyed PHC facilities.

Table 8. Percentage of adequacy for the Family Planning availability and quality indicators.

Family Planning availability and quality indicators %

Condoms 91.1
Family Planning activities 77.2
Continuous use contraceptives 76.6
Provision of care 74.0
Emergency contraceptive 39.2

Source: Original work by authors

i. General PHC Services availability and quality

Table 9 shows the percentage of PHC facilities that were evaluated as “adequate” for the General
PHC Services availability and quality component, composed of six indicators. The nurse
consultation was the indicator with the highest percentage of adequacy (97.3%). At the other
extreme, we observe that the availability of dental consultation was found to be adequate in less
than 67% of surveyed PHC facilities.



Table 9. Percentage of adequacy for the General PHC Services availability and quality
indicators.

General PHC Services availability

and quality indicators indicators %

Nurse consultation 97.3
PHC user reception 96.5
Wound dressing 95.5
Medical consultation 92.8
Drug dispensing by the pharmacy 69.5
Dental consultation 66.4

Source: Original work by authors

j- Facility Infrastructure availability and quality

Table 10 shows the percentage of PHC facilities that were evaluated as “adequate” for a given
indicator, considering the Facility Infrastructure availability and quality component. Availability of
care, referring to the periods which PHC facilities operates (two or more shifts per day, at evenings,
at weekends, at lunchtime), was the indicator with the highest percentage of adequacy. At the other
extreme, we observe that the availability of Non-clinical infrastructure, Digital technologies,
Electronic medical records and Supplies for medicines was found to be adequate in less than 20%
of surveyed PHC facilities. As mentioned in the previous indicator, these findings are not surprising.
In 2011, the availability of digital technologies at PHC facilities was scarce, as was the presence of
air-conditioning and fridge in pharmacy (supplies for medicines).




Table 10. Percentage of adequacy for the Facility
Infrastructure availability and quality indicators.

Facility Infrastructure availability and quality indicator %

Availability of care 55.8
Data Forms 38.6
Basic infrastructure for care provision 29.5
Nebulization and procedure room 21.6
Non-clinical infrastructure 19.8
Digital technologies 15.3
Electronic medical records 13.9
Supplies for medicines 12.1

Source: Original work by authors

k. General Supplies availability and quality

Table 11 shows the percentage of PHC facilities that were evaluated as “adequate” for the General
Supplies availability and quality component, composed of four indicators. Health instruments for
Women, that include a series of items like lamp for gynecological examination, pinar sonar or
stethoscope, glucometer, adult pressure device, 150 kg anthropometric scale, adult stethoscope
and gynecological examination table with legrest, was the indicator with the highest percentage of
adequacy (78.6%).

However, we observe that the availability of Health instruments focusing on child care, like clinical
thermometer, anthropometer, pediatric or neonatal pressure monitor, nebulizer, pediatric scale,
pediatric or neonatal stethoscope, otoscope and clinical examination table was found to be
adequate in less than 20% of surveyed PHC facilities. In both cases, as we are considering a pattern
of quality described in the Brazilian legislation, we consider that the presence of all before
mentioned items is necessary to an adequate availability of general supplies.

Table 11. Percentage of adequacy for the General Supplies availability and quality indicators.

General Supplies availability and quality indicators %

Health instruments - Women 78.6
Protection and biosafety 70.9
Medical supplies 23.8
Health instruments - Children 19.2

Source: Original work by authors



I. Planning and Organization of services and work processes

Table 12 shows the percentage of PHC facilities that were evaluated as “adequate” for the Planning
and Organization of services and work processes component, composed of six indicators. In
general, we observed lower percentiles of adequacy in these indicators, which can indicate that this
component is a relevant marker of a high level of quality within the PHC teams in Brazil. Record
keeping practices, was the indicator with the highest percentage of adequacy (58.8%). At the other
extreme, we observe that the availability of Support and supervision was found to be adequate in
less than 10% of surveyed PHC facilities.

Table 12. Percentage of adequacy for the Planning and
Organization of services and work processes indicators.

Planning and Organization of services and work processes

indicators %
Record keeping practices 58.8
Priority setting 39.6
Planning 35.2
Empanelment and catchment area 33.2
Monitoring and evaluation 31.4
Support and supervision 8.5

Source: Original work by authors

m. Referral and Regulation System for access to specialized services

Table 13 shows the percentage of PHC facilities that were evaluated as “adequate” for a given
indicator from the Referral and Regulation System for access to specialized services PHC
Component. Forms for referral, (used for referring PHC users to other points of care), was the
indicator with the highest percentage of adequacy (89.5%). Another indicator with high adequacy
was regulation centre-specialized visit/diagnostic tests (86.3%), which capture the capacity of the
PHC team to book specialized consultation and diagnostic tests through the regulation center. In
the case of Referral to specialized consultation, the proportion was 67.3%, which means that the
PHC team give support to the PHC user to get a specialized consultation. At the other extreme, we
observed that the proportion of adequacy in the Regulation centre-Hospital bed indicator was less
than 27.0%. In Brazil, there are many small municipalities and with a less complex network of health
services, which implies an absence of hospital beds. In these cases, the regulation processes may
demand additional efforts, not included within the scope of responsibility of PHC teams, to
guarantee this regulation between different cities. Usually, it is coordinated by a regional instance
of the health system.




Table 13. Percentage of adequacy for the Referral and
Regulation System for access to specialized services.

Referral and Regulation System for access to specialized services indicators %

Forms for referral 89.5
Regulation centre-specialized visit/diagnostic tests 86.3
Referral to specialized consultation 67.3
Regulation centre-Hospital bed 26.8

Source: Original work by authors

n. Workforce availability

Table 14 shows the percentage of PHC facilities that were evaluated as “adequate” for a given
indicator that is part of the Workforce availability component. Second opinion support, referring to
the PHC receives aid from other professionals to help and/or support solving complex cases, was
the indicator with the highest percentage of adequacy (88.5%). On the same level, Basic PHC team
(87.0%), referring the availability of the minimum team of health professionals in the unit, with
nurse, nursing technician/nursing assistant, community health worker. At the other extreme, we
observe that the Continuing education and Expanded team was found to be adequate in less than
24% and 16%, respectively, of surveyed PHC facilities.

In Brazil, the public PHC workforce has a minimum mandatory composition established by the
Ministry of Health, which ensures federal transfers for PHC. A full PHC team must be composed of
at least a doctor, preferably specialized in Family and Community Medicine, a nurse, preferably a
specialist in Family Health, a nursing assistant and/or technician and community health workers
(CHW). Endemic disease control agents and oral health professionals may also be a part of this
team, namely: a dental surgeon, preferably a Family Health specialist, and an oral health assistant
or technician (19,20).

Table 14. Percentage of adequacy for the Workforce availability.

Workforce availability indicators %
Second opinion support 88.5
Basic PHC team 87.7
Continuing education 23.9
Expanded Team 15.8

Source: Original work by authors



IX. ANALYTICAL MODEL FOR THE MEASUREMENT OF THE
RELATIONSHIP BETWEEN PHC COMPONENTS AND CHILDHOOD
MORTALITY: MULTILEVEL BAYESIAN PATH ANALYSIS (MBPA)

The relationships between latent variables are generally estimated by adding a structural submodel
(connections between latent variables and/or covariates) to the measurement submodel specified
by CFA or BCFA. When both submodels (measurement and structural) are present, we have a
Structural Equation Modeling (SEM) or a Bayesian SEM (BSEM) when using the Bayesian approach.
Particularly in this research, we used the Bayesian approach due to the presence of multiple latent
variables, related to multiple binary indicators, and a rare outcome. However, due to convergence
problems using BSEM, we adopted a Bayesian Path Analysis (BPA), which is a reduced model where
all variables/components are assumed to be observed (not latent). We can make the model
parsimonious by first imputing the plausible values of the latent variables using BCFA, and then
replacing the latent variables in the structural equation model with the plausible values (21).

Several models involve data structures that are hierarchical or clustered in nature. Ignoring any one
of these levels can cause important variations to be omitted, which can affect estimates. In the
case of disaggregation, a violation of the assumption of independence of errors occurs (22). A
possible strategy to incorporate the clustered structure of the data is through multilevel or random-
effects models. Some observations regarding multilevel modeling follows. Observations taken
from the lowest level (individuals) typically do not meet the independence assumption, because
observations in the same cluster are likely to be more homogeneous than those in different
clusters. When the dependency due to clustering is ignored, the analysis produces incorrect
standard errors and therefore invalid statistical inferences. Multilevel modeling takes this
dependency into account and provides the appropriate adjustment for standard errors that lead to
valid statistical inferences.

We used Multilevel Bayesian Path Analysis (MBPA) to incorporate the multilevel data structure, i.e,
the dependence structure caused by having several children clustered in the same health facility.
In our analyses, the following PHC components were considered as observed variables: Reference
and Regulation, Planning and Organization, Facility Infrastructure, General Supplies, Workforce,
Antenatal Care (Quality), Child Care, Immunization infrastructure. The Bayesian approach has some
advantages over the classical approach, which includes its use in more complex situations, such
as multilevel models with latent variables - see Asparouhov, Muthén, 2021(23).

In order to validate the results found with the MBPA, we carried out converge analyses aligned with
the peculiarities of the Bayesian framework, including but not limited to trace plots, the Gelman-
Rubin convergence criterion based on the Potential Scale Reduction factor (PSR) and graphs of
posterior trajectories/iterations of the generated chains.




X. ALTERNATIVE ANALYTICAL APPROACH TO ESTIMATE THE
EFFECT OF DISTAL PHC COMPONENTS (BUILDING BLOCKS) ON
CHILDHOOD MORTALITY: CONDITIONAL MORTALITY
PREDICTION

As previously mentioned, due to computational limitations, the Bayesian Path Analysis (BPA) model
adjusted in R software version 4.1.2 using the blavaan package did not converge. Consequently,
the development of a counterfactual analysis was not possible. As an alternative approach, to
examine the effects of the PHC Building Blocks on the our outcome, mortality rates were
conditionally predicted using generalized linear models adjusted with a probit link function.

Specific criteria were established for these conditional predictions, employing specific BCFA score
percentiles (P10, P25, P50, P75 and P90) to determine the values that the independent variables
should assume. Different prediction scenarios were established, combining different percentiles
for the Building Blocks scores, whilst taking into account the following combinations for the
dichotomous variables (Maternal education and Pre-natal care utilization):

a) Maternal education = 0 (= 7 years) and Pre-natal care utilization = 0 (< 6 visits).
b) Maternal education =0 (< 7 years) and Pre-natal care utilization = 1 (> 6 visits).
c¢) Maternal education =1 (> 7 years) and Pre-natal care utilization = 0 (= 6 visits).

d) Maternal education =1 (> 7 years) and Pre-natal care utilization = 1 (> 6 visits).

The effects of the Building Blocks were analyzed using models (1) and (2), employing linear and
probit regression, respectively. These models depicted an effect of improvements in the quality of
the Building Blocks on Under-5 mortality, via improvements in quality of the Child Care (CHC)
Cluster of Services, as illustrated in Figure 6.

(1) CHC = By + BLREF + B,PLA + BsFAI + B,GSU + BsWOR

(2) US = By + BLCHC + BoIMM + BsANC_UTI + B,BIRTH + BsEDUCATION.

For each scenario, after model (1) estimation, the predicted coefficients and established
percentiles were used to infer CHC scores. These were then used to inform the model (2)
estimation, whose coefficients were subsequently employed to forecast the mortality rate.



Figure 6. Prediction model passing through the Cluster of services Child care (CHC).

Reference and Regulation

Planning and Organization

Facility Infrastructure

General Supplies

Workforce

Source: Original work by authors

/

Antenatal Care (Utilization)

\ Child Care

\ 1

Immunization

Birth weight

Under-5 Mortality

)

Mother’s education

Xl. RESULTS: MULTILEVEL BAYESIAN PATH ANALYSIS AND

MORTALITY PREDICTION

o. The effect of PHC quality on under-5mortality

The analytical model developed for this study aimed to describe the pathways between PHC
components and U5 mortality. MBPA provided results that describe the relations observed in such
a complex model (with distal and proximal factors) in two parts. On the one hand, it estimated the
association between our distal (Building Blocks) and proximal (Clusters of Services) components
(Figure 7a)°. On the other hand, it provided estimates of the association between our mortality
outcome and the proximal components (Child Care Quality and Immunization Infrastructure) and
factors (Antenatal Care Utilization, birth-weight and mother’s education) directly linked to it in our

model (Figure 7b).

% Note: in the case of the Antenatal Care Quality, its association with our final outcome is interceded by two other factors in our model,

namely Antenatal Care utilization and birth-weight.




Figure 7. Distal and proximal associations in our PHC model.
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It is important to note that the coefficients generated by an MBPA differ from the classic
coefficients of other analytical approaches commonly used in epidemiological studies. That said,
when looking at the results of our analysis, we should pay attention to the direction of the
association and its magnitude. As we used standardized regression coefficients, the higher its
value (in module), the greater the association between the listed determinants and the outcome of
interest. In general, we observed positive associations, indicating that the increase in the quality
score of Building Blocks (Planning and Organization, Facility Infrastructure, Reference and
Regulation, General Supplies and Workforce) was associated with an increase in the quality score
of Clusters of Services (Antenatal Care, Child Care, and Immunization) (Figure 8).

The results of this study showed that the quality of Antenatal care and the quality of Child Care
were strongly associated with the team's Planning and Organization actions (Standardized
Estimates: 0,371 and 0,369, respectively), followed by the Facility Infrastructure (Standardized
Estimates: 0,200 and 0,104, respectively). However, regarding Immunization services, Facility
Infrastructure (Standardized Estimates: 0,183) stood out as the Building Block that most affected
the performance of that Cluster of services, followed by the Availability of General Supplies
(Standardized Estimates: 0,123). In addition, a positive association was observed between the
quality of Antenatal Care and Antenatal Care Utilization (number of antenatal visits) (Standardized
Estimates: 0,223). We also identified that performing an adequate number of antenatal visits (seven
or more) was associated with higher birth weight (Standardized Estimates: 0,123). This means that
the higher the Antenatal quality score, the greater the likelihood of a pregnant woman accessing
the recommended number of antenatal visits (Figure 8).
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Figure 8. MBPA standardized coefficients: distal components.
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A groundbreaking finding of this study was the magnitude of association between the Child Care
PHC component and under-5 mortality (Standardized Estimates: -0,143), which was the second-
strongest association observed, right after birth-weight (Standardized Estimates: -0,297).
Additionally, as expected, it was found that antenatal care utilization (adequate number of antenatal
visits) (Standardized Estimates: -0,089) and mother’s education (Standardized Estimates: -0,042)
are strongly associated with under-5 mortality. All in all, these results revealed the relationship
between not only biological and socioeconomic characteristics, but also Primary Health Care
quality and under-5 mortality (Figure 9).
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Figure 9. MBPA standardized coefficients: proximal
components and factors (under-5 mortality).
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p. The effect of PHC quality on Neonatal and 1-59 months mortality

When it comes to the other two mortality outcomes that this study explored (neonatal and 1-59
months mortality) we observed some differences compared to the main outcome treated.

In the neonatal group, the biological component, represented by birth weight (Standardized
Estimates: -0,399), presented the greatest magnitude of association with mortality, compared to
the age groups. In addition, antenatal care utilization was also associated with lower neonatal
mortality (Standardized Estimates: -0,080). On the other hand, the Child Care Quality component
did not present a statistically significant association with neonatal mortality, which is plausible and
to be expected.

As for the 1-59 months age group, we observe a greater proximity between the magnitudes of
association with the outcome of the biological component of birthweight (Standardized Estimates:
-0,180) and the Child Care Quality component (Standardized Estimates: -0,109), which highlights
the increased relevance of PHC as an intervention in this age group. Furthermore, we also observed
a negative association with the number of antenatal care visits (Standardized Estimates: -0,079),
and mother’s education (Standardized Estimates: -0,054) (Figure 10).

Despite the importance of Immunization infrastructure for health promotion and disease prevention
in children, this study did not find an association between this PHC component and mortality in any
investigated age group.

INVESTMENT NAME: BRAZIL PHC RESEARCH SALVADOR, BAHIA
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Figure 10. MBPA standardized coefficients: proximal
components and factors (neonatal and 1-59 months mortality).
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q. Stratified analysis by Brazilian Deprivation Index (IBP)

Additional analyses were carried out considering individuals living in municipalities of greater or
lesser deprivation, according to the Brazilian Deprivation Index (IBP).

The determinants of mortality in the under-5 and 1-59 months age groups were similar at different
levels of deprivation. Nonetheless, the quality of Child Care was statistically associated with a
reduction in mortality only in the group residing in areas of greater deprivation (Standardized
Estimates: -0,177 for under-5 mortality and -0,136 for 1-59 months mortality).

Birth-weight and the antenatal care utilization continued to show the association of the greatest
magnitude with mortality, with the coefficients of these indicators having a greater magnitude in
the less deprived group of municipalities. For under-5 mortality the Standardized Estimates were -
0,366 for Birth weight and -0,135 for antenatal care utilization; and for 1-59 months mortality the
Standardized Estimates were -0,242 for Birth weight and -0,148 for antenatal care utilization). In
the less deprived groups, maternal schooling was not associated with a decrease in any group age
mortality.

According to deprivation strata, the analysis of neonatal mortality was also similar to the results
found in the full population of this study. Birth weight and antenatal care utilization were the
variables most associated with reduced mortality, especially in less deprived municipalities. On the
other hand, maternal education showed association with this outcome only in the most deprived
group. Immunization infrastructure and Child Care components were not associated with neonatal
mortality in any of the analyzed strata (Figure 11).
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Figure 11. MBPA standardized coefficients: proximal components and factors
affecting the three outcomes (under-5, 1-59 months and neonatal mortality)
by Brazilian Deprivation Index group.
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r. Conditional mortality prediction

Based on our conditional prediction approach, Figure 12 illustrates how increasing the quality of
each Building Block'® (from the 10th to the 90th percentile, within the distribution of quality scores
obtained through BCFA) affects the quality of the Child Care component'’. Additionally, this figure
also indicates a significant improvement in Child Care component when all Building Blocks
increased simultaneously (see the dashed red lines).

The change in Child Care quality mentioned above, resulting from the improvement in the quality of
the Building Blocks, was then projected onto the probability of a child from our population dying
before completing 5 years-of-age. Through this analysis, we found that improving the quality of the
Planning and Organization component, through what we are calling the "Child Care pathway",
reduced the probability of under-5 mortality by 5.05% (Figure 13). The improvement in the quality

19 While the quality of the other Building Blocks remains as observed in the original database.
' We selected the Child Care pathway due to the robustness of its findings in previous stages of analysis (the immunization component
was not significant in the MBPA analysis).
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of other Building Blocks also generated a decrease in probability of under-5 mortality, although with
a lower magnitude.

Additionally, our prediction approach captured a 41% reduction in probability of under-5 mortality
when the quality of all Building Blocks increased simultaneously, demonstrating the robustness of
the combined effect of PHC as an integrated, complex intervention.

Figure 12. Conditional prediction of effect of Building Blocks Quality improvements

on Child Care Quality.
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Figure 13. Effect of improvement in Building Blocks quality on percentage reduction in under-5
mortality, via improvement in Child Care Quality: conditional prediction.

41.0%

Combined Planning & Facility Referral & General Workforce'
effect organization infrastructure regulation supplies

Source: Original work by authors

INVESTMENT NAME: BRAZIL PHC RESEARCH SALVADOR, BAHIA
INVESTMENT RECORD ID: INV-006196 March 2024




XIl. THE ASSOCIATION BETWEEN PHC SYSTEM FACTORS AND
CHILD MORTALITY: INTERPRETING OUR RESULTS

In addition to the expected effects of biological determinants, prenatal care and maternal
education, our results demonstrated the statistically significant effects of primary health care
components on under-5 mortality in Brazilian children of Bolsa Familia beneficiaries. We also
showed how building blocks affect clusters of services, and a remarkable finding was the relevance
of the Planning and Organization component in the determination of the Child and Antenatal Care
components. Furthermore, when we focused on the Child Care pathway, it was demonstrated that
the performance of the Planning and Organization component held the greatest association, among
Building Blocks, with under-5 mortality.

All in all, this research project both confirmed associations already well documented in the
literature and uncovered unprecedented information. Unfortunately, the latter is more complex to
discuss with reference to existing scientific publications, for a number of reasons: firstly, the effect
of PHC interventions is not normally measured with the same level of complexity that our
theoretical model presented, but rather tends to be evaluated by treating its various components
as single, independent interventions; secondly, some of the components we measured, such as the
Planning and Organization components, tend to be addressed in the literature in a qualitative
manner, rather than being measured quantitatively; finally, the Brazilian PHC model, which is what
inspired the development of our theoretical model for PHC, is more comprehensive than PHC
systems observed in the majority of other low- and middle-income countries, therefore hindering
the possibility of international comparisons. Despite these restrictions, below we make an effort to
discuss our findings in light of existing scientific evidence.

One of the most relevant results was the significant effect of Child Care quality and availability on
under-5 mortality, especially in the 1-59 months age-group. In 2015, the World Health Organization
identified the provision of quality care to women and children as a priority for reducing preventable
maternal and child deaths (24). In addition, health facility and community interventions have
demonstrated a positive effect in reducing child mortality rates (25).

The Child Care component included indicators, such as perinatal care, breastfeeding guidance, care
provision, surveillance, and community outreach, among others, that are considered essential to
reduce the risks of under-5 mortality.

Regarding perinatal care, the first week of life is crucial to detect health problems and provide timely
treatment to newborns in order to foster their growth and development. In low- and middle-income
countries, receiving adequate care within the first 28 days of life could reduce the risk of neonatal
and perinatal mortality by 19% and by 26%, respectively (26). In addition, home visits during these
first days of life, delivered by community health workers, can influence the adoption of better health
attitudes, such as an increase in exclusive breastfeeding (27).

Breastfeeding guidance, beginning in the prenatal period, and a good breastfeeding practice gives
young infants the best support to their immune system, preventing gastrointestinal tract infections
and diarrhea. Furthermore, breastfeeding provides a better nutritional status, enhancing growth and



development (24,28,29). The risk of all-cause mortality was lower in exclusively breastfed infants
0-5 months, 6-11 and 12-23 months of age (30). PHC facilities have a fundamental role in
supporting breastfeeding practices according to WHO guidelines. For this, they need to have the
necessary supplies and trained professional staff (24).

Regarding the care provision indicator, PHC services provide the opportunity to guarantee
continuous contact with the children and families. They will be the principal place to follow the
children's growth and development as a routine activity. As part of child care provision, health
professionals can give preventive and therapeutic mineral and vitamin supplementation to reduce
infant mortality from a long list of causes of death, including diarrhea (25).

PHC teams can also develop surveillance activities, monitoring children's nutritional status,
especially in food-insecure populations, preventing the risk of stunting and infant mortality (25).
Furthermore, according to the Standards for Improving the Quality of Maternal and Newborn Care
in health facilities, all children need to be screened for evidence of mistreatment, including neglect
and violence, and receive the corresponding care (24). Beyond that, effective an record-keeping
practice is essential to adequate surveillance activities and other actions delivered at the PHC level.
Reliable and timely information is fundamental for decision-making in health systems, and record-
keeping deficits affect the effectiveness and quality of care for women and their babies (31).

Community outreach is another indicator of the Child Care component, and Community Health
Workers (CHWSs) play a vital role in improving the quality of maternal and child health care and
access to PHC services. In Brazil, the CHW is part of the basic PHC team and is engaged in a series
of activities, such as monitoring child development, health promotion, and disease prevention. They
are considered a link between the community and the health facility, and their presence is
associated with better PHC practices, including those related to children’s and women'’s health (32).

Although the Child Care component is the most prominent PHC-related determinant of 1-59 months
mortality (the most PHC sensitive under-5 age group), our results also found that Antenatal Care
utilization'? was also an important component in our study.

The frequency of antenatal visits is one of the most important factors in the prevention of infant
morbidity and mortality (33-38). At least 4 antenatal care visits, with the first preferably in the first
trimester (39), has been a worldwide recommended policy for the past 2 decades'®. Antenatal care
visits represent an opportunity for providing pregnant women with a number of vital interventions,
for their health and the well-being of their infants (40-42). Its putative benefits to babies include
increased intra uterine growth, reduced risk of infection and increased survival (43).

Additionally, these visits help to reinforce maternal nutrition supplementation and counseling,
support for immediate initiation of exclusive breastfeeding after delivery, provide an opportunity
for screening for warning signs of pregnancy complications, treatment of infections, and early

’Important to note that, in this research, the Antenatal Care quality and availability component was measured as a PHC Cluster of
Services, and its effect mediated by the Antenatal Care utilization component. The latter reveals, in a very pragmatic way, the number
of antenatal visits that the pregnant woman received. Considering the complexity of our theoretical model, we only estimated the effect
of the variable that was directly linked to the outcome (i.e. Antenatal Care Utilization).

13 Note that our indicator of "adequate number of consultations” was defined as “6 or more". As of 2016, the WHO started to
recommend 8 visits or more, but the Brazilian Ministry of Health already recommended 6 consultations or more since 2012.




management of newborn illness (44-48). Thus, they cover important interventions for improving
birthweight and reducing neonatal mortality.

This research also demonstrated that, even considering the PHC Components, biological
determinants, such as birth weight, are still important determinants of under-5 mortality, especially
within the neonatal age-group, but also in the 1-59 months group.

The first days after birth and the first 28 days of life are the most vulnerable time for a child’s
survival (49,50). Low birth weight (LBW) is the single most influential factor in newborn health and
survival (WHO), which was reinforced in our study. LBW babies are less likely to survive compared
to normal weight neonates because they are more likely to develop complications during and after
delivery (51). LBW predisposes newborns to increased risk of infections, low blood sugar, and low
body temperatures, which increase the risk of death compared to normal-size newborns (52).

In low- and middle-income countries, one in four neonatal deaths occurs in LBW infants (53,54),
being the most influential factor on child mortality and morbidity. LBW increases mortality risk by
20-30 times (55), and contributes to 60—80% of all neonatal deaths worldwide (56—58).

As a multicausal problem, under-5 mortality is also affected by social determinants. Despite our
study population being relatively homogeneous in terms of socioeconomic status — i.e. the Bo/sa
Familia beneficiaries represent a more vulnerable fraction of the Brazilian population, we
maintained in our model mother’s education as a proxy of individual socioeconomic conditions. In
fact, our results revealed that this variable also affects the outcome within our study population,
especially for the 1-59 months mortality outcome. This finding is well-known in the scientific
literature that considers the level of education as an important determinant of a child’s survival,
(59,60). Higher educational status can improve hygiene practices, increase the likelihood of a child
to be immunized, use oral rehydration therapy for diarrhea, and seek medical care if a child has a
fever, for example (61). It means that the higher the mother’s education, the higher the probability
of accessing the PHC services (62) and being exposed to a long list of interventions.

Although the focus of the study was to identify how the PHC components affect under-5 mortality,
an important contribution that we provide to the PHC field is the relevance of Planning and
Organization availability and quality. Our findings highlighted this component as the main
determinant of Child Care and Antenatal Care quality.

The Planning and Organization component is complex and tries to capture a variety of different
indicators. Whilst the majority of the indicators of this component represent initiatives expected to
be carried out by PHC teams, others reflect the support provided by municipal managers and the
adequacy of resource distribution in terms of catchment population attended by each PHC facility.
It includes indicators related to record-keeping practices, priority setting, empanelment and
catchment population, monitoring and evaluation, support and supervision, and planning activities.

According to Brazilian legislation, PHC teams need to organize their work processes based on the
territory and the population they are responsible for — the general guideline is for each PHC team
to attend up to 1000 families, or 3450 individuals (19,20). Considering this premise, the PHC facility
represents the first point of access to the health system for the population, which favors the
establishment of a relation between it and PHC professionals. This promotes, for example, a timely



and adequate identification of pregnant women and children under-5 in the community, two groups
whose health is strongly benefitted by PHC interventions (63-65).

In this process, the territory represents a dynamic space where people live, move, and work, and it
affects, as well as being affected by, health services (66). Empanelment and catchment population
approach is essential to identify facets of the local context that influence health services and health
outcomes (67,68). The production of maps is essential to identify the individuals and families that
reside in the territory of reference of the PHC unit, supporting the definition of priorities based on
the population's specific needs and fostering the offer of health services that fulfills these demands
(69,70).

Record-keeping practices, another indicator that composes the Planning and Organization
component, are essential to support monitoring and evaluation initiatives. However, to be
effectively useful, they need to have a certain quality and be up-to-date to identify correctly the
health needs of the population (71). The adequate register of antenatal visits, for example, is crucial
to health teams to identify mothers in vulnerable situations, allowing for the diagnosis of high-risk
pregnancies in a timely manner, as well as providing them with appropriate and resolutive care
(63,72,73). Produced records can also provide information to support the monitoring of the
performance of health teams, allowing the identification of the areas that need improvement.

Initiatives for monitoring and evaluating health service provision are essential to increase the
quality of the care delivered to the population, which directly affects morbidity and mortality
indicators (8,74,75).

Our research provides further insights that reveal how other PHC components interact with each
other. However, this section focused on bringing a deeper interpretation of the main results. The
CIDACS PHC Research Group is committed to exploring a series of secondary findings derived from
this research via scientific papers that are currently being elaborated.




XIll. LIMITATIONS AND STRENGTHS OF THE STUDY

The PMAQ is one of the world's most extensive health facilities surveys. However, despite its
potential to measure the quality of PHC components in a large country such as Brazil, we need to
remember that adhesion to it remained voluntary throughout its implementation. This implies that,
especially in the first cycle (which reached a coverage of around 60% of PHC teams distributed
across approximately 70% of Brazilian municipalities), some of the PHC facilities, and teams, with
the poorest performance may not have participates. Nonetheless, even considering this limitation,
significant variation was observed with regards to the quality and distribution of PHC teams
evaluated across the country in the first cycle. Fortunately, in the following program cycles,
coverage was over 90%, and we will soon be exploring this data.

The data used to produce the indicators and components developed in this research were collected
from interviews with health professionals, as well as through the direct observation of interviewers.
Therefore, this survey data reflects a pragmatic approach based on a normative view of PHC in
Brazil.

In our approach, we considered that the performance of PHC components as measured in the first
cycle of the PMAQ was maintained during the following years. Therefore, we were not able to
capture the changes that potentially happened during the 2010-2014 period, especially due to the
financial incentive the municipalities received after the external assessment in the first cycle.
However, these changes will be studied in Phase 2 of this project by employing the others cycles
of the program.

To identify the effect of the PHC components, we developed a complex model that contemplated
many connections among these. Unfortunately, this methodological choice did not allow us to
include additional covariates to control for external confounders. Additionally, based on these
characteristics, it wasn't possible to identify the effect of PHC as a single intervention, which poses
limitations with regards the use of a quasi-experimental design.

The quality and robustness of the health data and social data systems in Brazil were essential to
the feasibility of this research. Additionally, the fulfillment of health conditionalities by Bolsa
Familia beneficiaries at PHC facilities allowed us to link the PHC performance measures to
individual-level variables, including mortality. This initiative amplifies CIDACS’ data ecosystem,
which will boost further opportunities to explore how PHC components influence other health
outcomes.

The PMAQ questionnaire included many questions that required documentation as proof. This
represented a significant layer of security to ensure the robustness of our data.

The theoretical model developed in this research captured a variety of PHC components and was
derived from an intense discussion process, including the participation of PHC specialists from
both academia and health services. Additionally, various statistical methods were explored to
identify the best ones to measure each component and its relationship with under-5 mortality.
Integrating PHC, epidemiologic, and statistical expertise was essential to foster the production of
robust results.



XIV. RECOMMENDATIONS AND FUTURE PERSPECTIVES

This research created a framework to capture the complexity of PHC as a single intervention and
developed an approach to measure its components and their effect on under-5 mortality. We used
real-world data from the Brazilian public data ecosystem that allows us to link individual-level data
from children and their families with information from PHC facilities.

This study revealed how Child Care quality was associated with a decrease in the probability of
under-5 mortality in children of beneficiaries of the Bolsa Familia Program, one of the most
extensive conditional cash transfer programs worldwide. Additionally, when we "opened the PHC
black box" our results demonstrated how vital the Planning and Organization component is. This
component represents the relevance of a robust PHC model, sustained by planning activities,
record-keeping practices, monitoring and evaluation activities, and empanelment and catchment
population strategies. Additionally, we also demonstrated that PHC is more than the sum of its
parts. The prediction strategies we developed showed how the combined effect of an overall
improvement in all Building Blocks is relevant for better service provision, and, consequently, for
decreasing the probability of childhood mortality.

We expect that the PHC model and the PHC components measures (indicators and components)
developed in this study can provide guidance for worldwide initiatives to evaluate the PHC system
and contribute to its improvement. Considering this potential, we reinforce the importance of
governments and other international organizations investing in robust data systems and providing
enough resources to promote research in this area.

Based on these findings, we highlight how essential a solid PHC model is to guarantee the delivery
of high-quality health services, mitigating the effects of socioeconomic inequalities and improving
health outcomes. However, to achieve these goals, it is necessary to provide massive investments
in health financing at the national and international levels.




XV. REFERENCES

10.

11.

United Nations Inter-agency Group for Child Mortality Estimation (UNIGME). Levels & trends in
child mortality: report 2022, Estimates developed by the United Nations Inter-agency Group for
Child Mortality Estimation [Internet]. New York: United Nations Children’s Fund (UNICEF); 2023
[cited 2023 Abr 14]. Available from: https://childmortality.org/wp-content/uploads/2023/01/UN-
IGME-Child-Mortality-Report-2022.pdf.

Malta DC, Prado RRD, Saltarelli RMF, Monteiro RA, Souza MDFMD, Almeida MFD. Preventable
deaths in childhood, according to actions of the Brazilian Unified Health System [Portuguese]. Rev
Bras Epidemiol. 2019;22:190014.

Bastos ML, Menzies D, Hone T, Dehghani K, Trajman A. The impact of the Brazilian family health
on selected primary care sensitive conditions: A systematic review. Zeeb H, editor. PLOS ONE.
2017 Aug 7;12(8):e0182336.

Starfield B. Primary care: an increasingly important contributor to effectiveness, equity, and
efficiency of health services. SESPAS report 2012. Gac Sanit. 2012 Mar;26:20-6.

Hone T, Macinko J, Millett C. Revisiting Alma-Ata: what is the role of primary health care in
achieving the Sustainable Development Goals? The Lancet. 2018 Oct;392(10156):1461-72.

Starfield B, Shi L, Macinko J. Contribution of Primary Care to Health Systems and Health. Milbank
Q. 2005 Sep;83(3):457-502.

Uchda SADC, Martiniano CS, Queiroz AARD, Bay Janior ODG, Nascimento WGD, Diniz IVA, et al.
Innovation and utility: External Evaluation of the National Program to Improve Access and Quality
of Primary Care [Portuguese]. Saide Em Debate. 2018 Sep;42(spe1):100-13.

Vieira-Meyer APGF, De Aradjo Dias MS, Vasconcelos MIO, Rouberte ESC, De Almeida AMB, De
Albuquerque Pinheiro TX, et al. What is the relative impact of primary health care quality and
conditional cash transfer program in child mortality? Can J Public Health. 2019 Dec;110(6):756—
67.

Ramalho A, Castro P, Gongalves-Pinho M, Teixeira J, Santos JV, Viana J, et al. Primary health care
quality indicators: An umbrella review. Cheungpasitporn W, editor. PLOS ONE. 2019 Aug
16;14(8):e0220888.

Jennings MC, Pradhan S, Schleiff M, Sacks E, Freeman PA, Gupta S, et al. Comprehensive review
of the evidence regarding the effectiveness of community—based primary health care in improving
maternal, neonatal and child health: 2. maternal health findings. J Glob Health. 2017
Jun;7(1):010902.

Sacks E, Freeman PA, Sakyi K, Jennings MC, Rassekh BM, Gupta S, et al. Comprehensive review of
the evidence regarding the effectiveness of community—based primary health care in improving



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

maternal, neonatal and child health: 3. neonatal health findings. J Glob Health. 2017
Jun;7(1):010903.

Malta DC, Duarte EC, Almeida MFD, Dias MADS, Morais Neto OLD, Moura LD, et al. List of causes
of preventable deaths by interventions of the Unified Health System in Brazil [Portuguese].
Epidemiol E Servigos Saude. 2007 Dec;16(4).

Song XY, Lee SY. A tutorial on the Bayesian approach for analyzing structural equation models. J
Math Psychol. 2012 Jun;56(3):135-48.

Holtmann J, Koch T, Lochner K, Eid M. A Comparison of ML, WLSMV, and Bayesian Methods for
Multilevel Structural Equation Models in Small Samples: A Simulation Study. Multivar Behav Res.
2016 Sep 2;51(5):661-80.

Smid SC, Winter SD. Dangers of the Defaults: A Tutorial on the Impact of Default Priors When
Using Bayesian SEM With Small Samples. Front Psychol. 2020 Dec 11;11:611963.

Muthén B. Bayesian analysis in Mplus: a brief introduction. Technical report. Los Angeles: Muthén
& Muthén. 2010. Available from: www.statmodel.com.

Zyphur MJ, Oswald FL. Bayesian Estimation and Inference: A User’'s Guide. J Manag. 2015
Feb;41(2):390-420.

Nunes LO, Castanheira ERL, Dias A, Zarili TFT, Sanine PR, Mendonga CS, et al. Importance of local
management for primary health care along the lines of Alma-Ata [Portuguese]. Rev Panam Salud
Publica. 2018;42.

Brazil. Ministry of Health. Ordinance N° 2,436 of september 21, 2017. Approves the National
Primary Care Policy, establishing the review of guidelines for the organization of Primary Care,
within the scope of the Unified Health System (UHS) [Internet]. 2017 [cited 2023 May 4]. Available
from: https://bvsms.saude.gov.br/bvs/saudelegis/gm/2017/prt2436_22_09_2017.html

Brazil. Ministry of Health. Ordinance N° 2,488/GM of october 21, 2011. Approves the National
Primary Care Policy, establishing the review of guidelines and norms for the organization of
Primary Care, for the Family Health Strategy (FHS) and the Community Agents Program of Health
(CAPH). [Internet]. 2011 [cited 2023 May 3]. Available from:
https://bvsms.saude.gov.br/bvs/saudelegis/gm/2011/prt2488_21_10_2011.html

Wang J, Wang X. Structural Equation Modeling: Applications Using Mplus [Internet]. Chichester,
UK: John Wiley & Sons, Ltd; 2012 [cited 2023 May 4]. Available from:
http://doi.wiley.com/10.1002/9781118356258

Depaoli S. Bayesian structural equation modeling. New York: Guilford Publications; 2021. 521 p.




23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Asparouhov T, Muthén B. Bayesian estimation of single and multilevel models with latent variable
interactions. Struct Equ Model Multidiscip J. 2021 Mar 4;28(2):314-28.

World Health Organization. Standards for improving the quality of care for children and young
adolescents in health facilities [Internet]. Geneva: World Health Organization; 2018 [cited 2023 Jun
14]. Available from: https://apps.who.int/iris/handle/10665/272346

Vaivada T, Lassi ZS, Irfan O, Salam RA, Das JK, Oh C, et al. What can work and how? An overview
of evidence-based interventions and delivery strategies to support health and human development
from before conception to 20 years. The Lancet. 2022 May;399(10337):1810-29.

Kikuchi K, Ansah EK, Okawa S, Enuameh Y, Yasuoka J, Nanishi K, et al. Effective Linkages of
Continuum of Care for Improving Neonatal, Perinatal, and Maternal Mortality: A Systematic Review
and Meta-Analysis. Simeoni U, editor. PLOS ONE. 2015 Sep 30;10(9):e0139288.

Tomlinson M, Doherty T, ljumba P, Jackson D, Lawn J, Persson LA, et al. Goodstart: a cluster
randomised effectiveness trial of an integrated, community-based package for maternal and
newborn care, with prevention of mother-to-child transmission of HIV in a South African township.
Trop Med Int Health. 2014 Mar;19(3):256-66.

Kramer MS, Chalmers B, Hodnett ED, Sevkovskaya Z, Dzikovich |, Shapiro S, et al. Promotion of
Breastfeeding Intervention Trial (PROBIT): A Randomized Trial in the Republic of Belarus. JAMA.
2001 Jan 24;285(4):413.

Lamberti LM, Fischer Walker CL, Noiman A, Victora C, Black RE. Breastfeeding and the risk for
diarrhea morbidity and mortality. BMC Public Health. 2011 Dec;11(S3):S15.

Sankar MJ, Sinha B, Chowdhury R, Bhandari N, Taneja S, Martines J, et al. Optimal breastfeeding
practices and infant and child mortality: a systematic review and meta-analysis. Acta Paediatr.
2015 Dec;104:3-13.

Landry E, Pett C, Fiorentino R, Ruminjo J, Mattison C. Assessing the quality of record keeping for
cesarean deliveries: results from a multicenter retrospective record review in five low-income
countries. BMC Pregnancy Childbirth. 2014 Dec;14(1):139.

Santos A de F dos, Rocha HA da, Lima AM de LD de, Abreu DMX de, Silva EA, Aratjo LHL de, et al.
Contribution of community health workers to primary health care performance in Brazil. Rev Satde
Publica. 2020 Dec 12;54:143-143.

Rayamajhi R, Thapa M, Pande S. The challenge of grandmultiparity in obstetric practice.
Kathmandu Univ Med J KUMJ. 2006;4(1):70-4.

Zanini RR, Moraes AB de, Giugliani ERJ, Riboldi J. Contextual determinants of neonatal mortality in
Rio Grande do Sul by two analysis models [Portuguese]. Rev Satide Publica. 2011 Feb;45:79-89.



35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Nascimento RM do, Leite AJM, Almeida NMGS de, Almeida PC de, Silva CF da. Determinants of
neonatal mortality: a case-control study in Fortaleza, Cear4, Brazil [Portuguese]. Cad Satde
Publica. 2012 Mar;28:559-72.

Maia LT de S, Souza WV de, Mendes A da CG. Individual and contextual determinants associated
with infant mortality in Brazilian capitals: a multilevel approach [Portuguese]. Cad Satde Publica.
2020 Mar 6;36:e00057519.

Maia LT de S, Souza WV de, Mendes A da CG. Differentials in risk factors for infant mortality in
five Brazilian cities: a case-control study based on SIM and SINASC [Portuguese]. Cad Saude
Publica. 2012 Nov;28:2163-76.

Leal MDC, Bittencourt SDDA, Torres RMC, Niquini RP, Souza Jr PRBD. Determinants of infant
mortality in the Jequitinhonha Valley and in the North and Northeast regions of Brazil. Rev Saude
Publica. 201;51(0).

World Health Organization. WHO recommendations on antenatal care for a positive pregnancy
experience [Internet]. Geneva: World Health Organization; 2016 [cited 2023 May 3]. 152 p.
Available from: https://apps.who.int/iris/handle/10665/250796

Abou-Zahr C, Wardlaw T. Antenatal care in developing countries: promises achievements and
missed opportunities. An analysis of trends levels and differentials 1990-2001. World Health
Organization; 2003.

Villar J, Carroli G, Zavaleta N, Donner A, Wojdyla D, Faundes A, et al. Maternal and neonatal
individual risks and benefits associated with caesarean delivery: multicentre prospective study.
BMJ. 2007 Nov 17;335(7628):1025.

Barros FC, Bhutta ZA, Batra M, Hansen TN, Victora CG, Rubens CE, et al. Global report on preterm
birth and stillbirth (3 of 7): evidence for effectiveness of interventions. BMC Pregnancy Childbirth.
2010 Feb 23;10 Suppl 1(Suppl 1):S3.

Campbell OM, Graham WJ. Strategies for reducing maternal mortality: getting on with what works.
The Lancet. 2006 Oct;368(9543):1284-99.

Bhutta ZA, Das JK, Bahl R, Lawn JE, Salam RA, Paul VK, et al. Can available interventions end
preventable deaths in mothers, newborn babies, and stillbirths, and at what cost? The Lancet.
2014 Jul;384(9940):347-70.

Smith ER, Shankar AH, Wu LSF, Aboud S, Adu-Afarwuah S, Ali H, et al. Modifiers of the effect of
maternal multiple micronutrient supplementation on stillbirth, birth outcomes, and infant mortality:
a meta-analysis of individual patient data from 17 randomised trials in low-income and middle-
income countries. Lancet Glob Health. 2017 Nov;5(11):e1090-100.




46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Dhaded SM, Somannavar MS, Vernekar SS, Goudar SS, Mwenche M, Derman R, et al. Neonatal
mortality and coverage of essential newborn interventions 2010 - 2013: a prospective, population-
based study from low-middle income countries. Reprod Health. 2015 Dec;12(S2):S6.

Arunda M, Emmelin A, Asamoah BO. Effectiveness of antenatal care services in reducing neonatal
mortality in Kenya: analysis of national survey data. Glob Health Action. 2017 Jan;10(1):1328796.

Joseph NT, Piwoz E, Lee D, Malata A, Leslie HH. Examining coverage, content, and impact of
maternal nutrition interventions: the case for quality-adjusted coverage measurement. J Glob
Health. 10(1):010501.

Binns C, Low WY. Neonatal Public Health: Progress and Challenges. Asia Pac J Public Health.
2015 Oct;27(7):688-9.

World Health Organization, United Nations Children’s Fund (UNICEF). Reaching the every newborn
national 2020 milestones: country progress, plans and moving forward [Internet]. Geneva: World
Health Organization; 2017 [cited 2023 Jul 14]. 76 p. Available from:
https://apps.who.int/iris/handle/10665/255719

Dheresa M, Daraje G. A 12 Years Neonatal Mortality Rate and Its Predictors in Eastern Ethiopia.
Glob Pediatr Health. 2021;8:2333794X211025407.

Kananura RM, Tetui M, Mutebi A, Bua JN, Waiswa P, Kiwanuka SN, et al. The neonatal mortality
and its determinants in rural communities of Eastern Uganda. Reprod Health. 2016 Feb
16;13(1):13.

Lawn JE, Cousens S, Zupan J. 4 million neonatal deaths: When? Where? Why? The Lancet. 2005
Mar;365(9462):891-900.

Lee SY, Song XY. Evaluation of the Bayesian and Maximum Likelihood Approaches in Analyzing
Structural Equation Models with Small Sample Sizes. Multivar Behav Res. 2004 Oct;39(4):653-86.

Romero CX, Duke JK, Dabelea D, Romero TE, Ogden LG. Does the epidemiologic paradox hold in
the presence of risk factors for low birth weight infants among Mexican-born women in Colorado?
J Health Care Poor Underserved. 2012 May;23(2):604-14.

World Health Organization. Launch of the WHO recommendations for care of the preterm or low
birth weight infant [Internet]. 2022 [cited 2023 Jun 19]. Available from: https://www.who.int/news-
room/events/detail/2022/11/17/default-calendar/launch-of-the-who-recommendations-for-care-
of-the-preterm-or-low-birth-weight-infant

World Health Organization. Ending preventable maternal mortality (EPMM) [Internet]. 2015 [cited
2023 Jun 19]. Available from: https://www.who.int/initiatives/ending-preventable-maternal-
mortality



58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Lawn JE, Blencowe H, Oza S, You D, Lee ACC, Waiswa P, et al. Every Newborn: progress, priorities,
and potential beyond survival. Lancet Lond Engl. 2014 Jul 12;384(9938):189-205.

Sousa TRV, Maia SF. An investigation of the determinants of the reduction of the child mortality
rate in the states of the Northeast region of Brazil. | Congress of the Latin American Population
Association, September 18 to 20, 2004; Caxambu, MG; Brazil.

Bhargava A. Family planning, gender differences and infant mortality: evidence from Uttar
Pradesh, India. J Econom. 2003 Jan;112(1):225-40.

Wagstaff A, Bustreo F, Bryce J, Claeson M, the Who—World Bank Child Health and Poverty Working
Group. Child Health: Reaching the Poor. Am J Public Health. 2004 May;94(5):726-36.

Okwuwa CO, Adejo SM. Infant Mortality, Access to Primary Health Care and Prospects for Socio-
Economic Development in Bwari Area Council of Niger State, Nigeria. J Int Womens Stud. 2020
Feb 24;21(1):289-308.

Carvalho MF, Lira PICD, Romani SDAM, Santos IS, Veras AACDA, Batista Filho M. Growth
monitoring in children under one year old: situation in health services in Pernambuco, Brazil
[Portuguese]. Cad Saude Publica. 2008 Mar;24(3):675-85.

Colussi CF, Pereira KG. Territorialization as an instrument of local planning in Primary Care,
Training Series for Primary Care [Portuguese] [Internet]. Federal Florianépolis: University of Santa
Catarina [cited 2023 Jul 14] 2016. Available from:
https://ares.unasus.gov.br/acervo/html/ARES/13957/1/TERRITORIALIZACAO_LIVRO.pdf

Starfield B. Aten¢ao Primdria de Saude: equilibrio entre necessidades de salde, servigos e
tecnologia. Brasilia: UNESCO; 2002. 726 p.

Saquet MA. The different approaches to the territory and the apprehension of movement and
(im)materiality [Portuguese]. Geosul. 2007 Jan 1;22(43):55-76.

Assis MMA, Jesus WLA de. Access to health services: approaches, concepts, policies and
analysis model [Portuguese]. Ciénc Saude Coletiva. 2012 Nov;17:2865-75.

Monken M, Barcellos CC. O territorio na promogao e vigilancia em satde. Fonseca AF, Corbo
AMD'A, org. O territorio e o processo salude-doencga [Portuguese]. Rio de Janeiro: EPSJV/Fiocruz;
2007 [cited 2023 Jul 14] p. 177-224. Available from:
https://www.arca.fiocruz.br/handle/icict/39206

Faria RM. The territorialization of Primary Health Care in the Unified Health System in Brazil
[Portuguese]. Ciénc Satde Coletiva. 2020 Nov 6;25:4521-30.




70.

71.

72.

73.

74.

75.

Rocha GM, Godoy CV, Rocha EC, Soares DAS. Challenges to the territorialization of primary health
care in Belém and the Metropolitan Region: spaces of social and environmental vulnerability
[Portuguese]. Universidade E Meio Ambiente. 2020 Dec 31;5(1):99-117.

Teixeira CF. Health planning: concepts, methods and experiences [Portuguese] [Internet]. Edufba;
2010 [cited 2023 Jul 14]. 161 p. Available from: https://repositorio.ufba.br/handle/ri/6719

Domingues RMSM, Hartz ZMDA, Dias MAB, Leal MDC. Assessment of adequacy of prenatal care
in the SUS network in the city of Rio de Janeiro, Brazil [Portuguese]. Cad Satide Publica. 2012
Mar;28(3):425-37.

Martinelli KG, Santos Neto ETD, Gama SGND, Oliveira AE. Adequacy of the prenatal care process
according to the criteria of the Prenatal and Birth Humanization Program and Stork Network
[Portuguese]. Rev Bras Ginecol E Obstetricia. 2014 Feb;36(2):56-64.

Choi J, Urubuto F, Dusabimana R, Agaba F, Teteli R, Kumwami M, et al. Establishing a neonatal
database in a tertiary hospital in Rwanda - an observational study. Paediatr Int Child Health. 2019
Nov;39(4):265-74.

Maina M, Aluvaala J, Mwaniki P, Tosas-Auguet O, Mutinda C, Maina B, et al. Using a common data
platform to facilitate audit and feedback on the quality of hospital care provided to sick newborns
in Kenya. BMJ Glob Health. 2018;3(5):e001027.



Final Report | Impact of PHC system factors on under-5 mortality -

XVI. APPENDIX

Appendix 1 — Data Sources

a) SINASC and SIM

Dataset Name

SINASC

SIM

Brief description

The Live Births Information System (SINASC)
collects data on reported births throughout the
country. The standard, mandatory document is
the Declaration of Live Births, which contains
information on the newborn's identification
(birth weight, sex), maternal information (age,
schooling, race/color) and aspects related to the
pregnancy and childbirth (duration of
pregnancy, type of delivery).

The Mortality Information System (SIM)
collects data on deaths that have occurred in
Brazil and its data collection document is the
Death Certificate (DO), which a physician is
responsible for issuing. The main information
present in the Death Certificate is the
identification of the deceased, place of death
and conditions and causes of death.

% of population
covered

95% of live-births in Brazil (estimate) - some
regional differences

98% coverage of deaths in Brazil (2016
estimate) - some regional differences

Eligibility criteria
for inclusion

Being born alive in Brazil

Dying in Brazil

Unit of observation
(row)

Child

Child

Function in this
project

Source of data on live-born children, describing
birth conditions as well as characteristics of the
mother, pregnancy and delivery.

Used to identify which of these children died
and the circumstances of their death (e.g. cause
of death and age)

b) Conditionalities Database and PMAQ

Dataset Name

Conditionalities Database

PMAQ

Brief description

Children enrolled in Bolsa Familia Program
need to accomplish health conditionalities. This
dataset provides information that allows
identifying what PHC health facilities the
children visit to do this. The periodicity of this
dataset is by semester. However, there is no
information about the number of visits or other
services delivered to these children across the
semesters.

Survey applied to all PHC teams enrolled in the
programme, known as the external evaluation.
Module I describes the structure of the PHC
unit, while Module II addresses the PHC

team’s work processes.

% of coverage

Don’t have this information at this point

In 1%t cycle, 54.1% of PHC teams, across 71.3%
of municipalities. This number of PHC teams
would potentially cover almost 58 million
Brazilians (considering that, on paper, each
PHC team is responsible for a population of
3500 in their territory).

Eligibility criteria
for inclusion

Being a Bolsa Familia beneficiary and
complying with all applicable conditionalities

Enrolling in the PMAQ, completing the self-
assessment

Unit of observation
(row)

Child

PHC team

Function in this
project

Identify the health facilities at PHC level where
the children comply with the health
conditionalities. In this dataset we have
information about the period (semester) the
children visit the health facility and its code.
This code, named CNES, will allow us to link
the individuals to PHC health facilities
evaluated by the PMAQ survey.

For this project we will use the data from
modules I and II. The variables used in this
study were extracted from the external
evaluation questionnaire and categorized as
adequate/inadequate, according to
recommendations for PHC found in relevant
Brazilian legislation and national and
international literature.
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Dataset Name CadUnico PBF
Brief description The Unified Registry for Social Programs The Bolsa Familia Program (PBF) is the world's
(Cadastro Unico para Programas Sociais - largest conditional cash transfer (CCT) program
CadUnico) is an instrument that identifies and in terms of coverage and financing. Poor
characterizes low-income families, so as to families are identified for inclusion by means of
allow their access to social protection the CadUnico. According to a variety of criteria,
programmes. The Single Registry contains benefits can range from $17 to 2 maximum of
Information on the entire family unit and their $175 per month. The mother (when present)
household, characterizes access to essential must receive the monthly pavment on behalf of
public services and provides data on each the whole family.
family member.
% of population Over 25 million families - 100million+ people | Over 13 million families - 50million+ people
covered*® (approx 50% of the Brazilian population) (approx 23% of the Brazilian population)
*These will NOT be
the Ns in our
databases, because
that will depend on
the linkage of the
various databases
Eligibility criteria Have a monthly income of up to halfa To be included in the PBF the individual must
for inclusion minimum wage per person or a total monthly have a monthly income per person in the family
income of up to three mmimum wages. of up to R$ 85,00. If the family includes
children or adolescents of up to 17-years-old,
the threshold for enrollment moves to RS 170.
A family enrolled in the PBF has to comply
with specific education and health-related
conditions. To meet these health conditions,
children younger than 7 years must be
vaccinated according to the Brazilian
Immunization programme schedule and must
comply with health check-ups and growth
monitoring according to Ministry of Health
guidelines, with a frequency from one to seven
times per year, depending on a child's age.
Pregnant and lactating women must attend
scheduled prenatal and postnatal visits and
health and nutritional educational activities.
Unit of observation | Child Child
(row)

Function in this
project

Provide information on the socioeconomic
characteristics of children and their families

The PBF dataset provides the following
variables: beneficiary (yes, no), time receiving
benefit (days), start and final date of benefit.
We also will use the PBF Conditionalities
dataset to identify the health facilities at PHC
level where the children comply with the health
conditionalities. In this dataset we have
information about the period (semester) the
children visit the health facility and its code.
This code, named CNES, will allow us to link
the individuals to PHC health facilities
evaluated by the PMAQ survey.

INVESTMENT NAME: BRAZIL PHC RESEARCH
INVESTMENT RECORD ID: INV-006196

SALVADOR, BAHIA
March 2024




Final Report | Impact of PHC system factors on under-5 mortality -

Appendix 2 — Mortality description by age-group, cause of death and material deprivation strata

a) Overall study population

. 1-59 months | Neonatal 1-4 years Under-1 | P 1| Early I|Late 1
Age group Under-5 mortality ) ) old ) N N ) N
old mortality | mortality . mortality | mortality mortality mortality
mortality
ICD-10 Chapter |Cause of death N % N % [N % N % | N % | N % N % N %
I Certain infectious and parasitic diseases 104 7.39 100 1209 4 0.69 | 41 13.62| 63 570 | 59 1122 1 0.23 3 2.10
v Endocrine, nutritional and metabolic diseases 39 277 39 472 1 0 0 12 399| 27 243 27 513 0 0 0 0
X Diseases of the respiratory system 140 9.95 137 1657 3 052 | 41 13.62| 99 895| 96 1826 | 0 0 3 2.10
XVI Certain conditions originating in the perinatal period 502 35.68 75 9.07 (427 73.62| 1 033|501 4530 74 14.07 | 334 7643 93 65.03
XVII Congenital malformations, deformations and chromosomal abnormalities 275 19.55 149 18.01 | 126 21.72| 35 11.63| 240 21.70| 114 21.67 | 92 21.05 34 23718
XX External causes of morbidity and mortality 111 7.89 107 1294 4 069 | 73 2425 38 344 | 34 646 1 0.23 3 2.10
- Other causes 236 1677 | 220 2660 | 16 276 | 98 32.56| 138 12.48| 122 23.19| 9 2.06 7 4.89

b) Lower-deprived study population (Brazilian Deprivation Index quintiles 1,2 and 3)

A Under-5 mortali 1-59 months | Neonatal 14 ):;m Under-1 P tal | Early tal |Late tal
ge group nder-5 mortality old mortality | mortality 0 . " erj mortality mortality mortality
mortality | mortality
ICD-10 Chapter |Cause of death N % N % I[N % | N %[N %[N % |N % N %
I Certain infectious and parasitic diseases 30 5.83 28 1057 2 080 | 8 10.00{ 22 506| 20 1081 | 1 0.54 1 1.56
v Endocrine, nutritional and metabolic diseases 4 0.77 4 15110 0 1125 3 069] 3 162 0 0 0 0
X Diseases of the respiratory system 52 1010 | 50 1887| 2 080 | 11 13.75] 41 943 | 39 21.08| 0 0 2312
XVI Certain conditions originating in the perinatal period 217 4214 | 34 1283|183 7320 1 125|216 49.66| 33 1784 | 142 7634 | 41  64.06
Xvil Congenital malformations, deformations and chromosomal abnormalities 110 2136 | 56 2113 | 54 2160 | 10 1250|100 22.98| 46 2486 | 40 2151 14 2188
XX External causes of morbidity and mortality 38 7.38 36 13581 2 080 | 24 30000 14 322 12 649 0 0 2312
- Other causes 64 1242 | 57 21510 7 280 | 25 31251 39 896 32 1730 3 1.61 4 626

c) Higher-deprived study population (Brazilian Deprivation Index quintiles 4 and 5)

1-4 years
Age group Under-5 mortality (:l-j ;T;:ﬂ‘; EZ:Z::\I' ‘jd Under:l ?mortalit;' ‘ Ea:lirtalitv ‘ Lart:ortalityA '
! * | mortality | mortality ? !
ICD-10 Chapter Cause of death N % N % [N % | N %N %[N % |N % N %
I Certain infectious and parasitic diseases 74 830 | 72 1281 2 061 | 33 1493 41 611| 39 1144] 0 0 228
1\% Endocrine, nutritional and metabolic diseases 35 3.92 356230 0 11 498( 24 358 24 704] 0 0 0 0
X Diseases of the respiratory system 88 987 | 87 1548| 1 030 | 30 1357| 58 864| 57T 1672| 0 0 1127
XVI Certain conditions originating in the perinatal petiod 285 3195 | 41 730|244 73941 0 0 | 285 4247| 41 1202|192 7649 | 52 6582
XVII Congenital malformations, deformations and chromosomal abnormalities 165 1850 | 93 1655( 72 20.82| 25 11.31f 140 2086 68 19.94| 52 2072 | 20 2532
XX External causes of morbidity and mortality 73 818 | 71 1263 2 061 | 49 2217| 24 358| 22 645 | 1 0.40 1127
- Other causes 172 1928 | 163 2900 9 272 | 73 33.04] 9 1476] 90 2639 6 239 331
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Appendix 3 - PHC Components of PMAQ.

Component Antenatal care Availability and Quality (ANC)

Indicator Diagnostic tests

Syphilis serology (VDRL) tests are performed for antenatal care

HIV serology are performed for antenatal care

Serology test for hepatitis B are performed for antenatal care

Serological examination for toxoplasmosis are performed for antenatal care

Hemoglobin and hematocrit test are performed for antenatal care

Fasting glucose tests are performed for antenatal care

Urine culture or urinaly-sis tests are performed for antenatal care

The PHC team gets the results of pregnant women examinations in time for the necessary
interventions

Indicator ANC - High Risk

The PHC team organizes the service offers and referrals (consultations and tests) of pregnant
women based on the assessment and classification of risk and vulnerability. There is a document to
prove it

The PHC team attends to the complications or emergencies of the high-risk pregnant woman. There
is a document to prove it

The PHC team has a record of the number of high-risk pregnant women in the territory. There is a
document to prove it

Indicator Medicines

The application of benzathine penicillin G is performed at the facility

Analgesic; Antidiabetics; Antibacterials; Antihypertensive or cardiovascular action; Antiparasitic;
Antiasthmatics; Antacids and Antiemetics; Vitamins, multivitamins, minerals; Hormonal
contraceptives and sex hormones.

Indicator Rapid diagnostic tests

Rapid syphilis test

Rapid pregnancy test

Rapid HIV test

Indicator Welcoming spontaneous demand

The protocol for accepting spontaneous demand considers early enroliment of pregnant women

Indicator Protocols and patient flows

Defined referral protocols and patient flows: Delivery (maternity ward)

Defined referral protocols and patient flows: Serological examination for syphilis (VDRL) in pregnant
women

Defined referral protocols and patient flows: Serological examination for HIV in pregnant women

Defined referral protocols and patient flows: Glicose exam

Defined referral protocols and patient flows: Uroculture or urine summary (type I urine)

Defined referral protocols and patient flows: Ultrasound exam for pregnant women

Pregnant women accompanied by the team has a defined maternity for delivery

Indicator Record keeping practices




In the monitoring of pregnant women, there is a record of: the professional responsible for
monitoring the pregnancy; dental consultation; collection of cytopathological examination

There is a copy / record of the pregnant women 's booklet, or another form with equivalent
information, in the PHC facility

The PHC team uses the pregnant women's booklet to monitor pregnant women. There is a document
to prove it

Indicator Community outreach

During home visits, the CHW carries out community outreach to identify pregnant women that have
missed appointments

Indicator Program offer

Antenatal care is among the services provided to special interest groups

Indicator Therapeutic guidelines

The PHC team has defined protocols and therapeutic guidelines for antenatal care

Component Childcare Availability and Quality (CHC)

Indicator Perinatal care (visits/consultation)

In order to guarantee a postnatal visit within 10 days after delivery, a CHW carries out home visits to
enroll women in the service

In order to guarantee a postnatal visit within 10 days after delivery, a member of the team carries out
home visits to enroll women in the service

In order to guarantee a postnatal visit within 10 days after delivery, the team provides special
consultation time for any day of the week;

A physician carries out postnatal visits

A nurse carries out postnatal visits

Indicator Medicines

Antiparasitic; Vitamins, multivitamins, Oral rehydration salts; Antiasthmatics; Analgesics and
antipyretics; Antibacterials

Indicator Record keeping practices

There is a copy / record of the child care booklet, or another form with equivalent information, in the
PHC facility

The team uses the child care's booklet to monitor children

Indicator Surveillance - traditional activities

The PHC team keeps records of children in the territory for follow up with regards to: Growth and
development; Nutritional status; Guthrie test screening

The PHC team has updated records of children up to two years old in the territory. There is a
document to prove it

Indicator Surveillance - external causes

The PHC team keeps records of children in the territory for follow up with regards to: Accidents;
Domestic violence

Indicator Community outreach

The PHC team carry out community outreach to identify children born prematurely

The PHC team carry out community outreach to identify children born with low birth-weight




The PHC team carry out community outreach to identify children who are behind on their growth and
development follow up

Indicator Care provision

The PHC team has defined protocols and therapeutic guidelines for: Children under two years old
(growth / development)

The PHC team carry out growth and development follow up for children up to two years old

Indicator Program offer

Child growth and development follow up is among the services provided to special interest groups

Indicator Breastfeeding

The PHC team offers health education and health promotion activities for pregnant women and
women in postpartum (breastfeeding guidance)

Component Immunization Availability and Quality (IMM)

Indicator ANC Monitoring-orientation

In the monitoring of pregnant women, there is a record of: up-to-date immunization of the pregnant
woman

The team provide guidance to pregnant women regarding tetanus vaccination

Indicator Child monitoring

The team carry out community outreach to identify children who are behind on their immunization
calendar

The PHC team keeps records of children in the territory for follow up with regards to: Up-to-date
immunization

Indicator Available service

Services available to PHC users during working hours: immunization

Indicator Vaccines-ANC

Tetanus and difteria (Td)

Hepatitis B;

Indicator Influenza

Seasonal influenza;

Indicator Vaccines-child care

BCG-ID;

Meningococcal C;

Polio;

Pneumococcal 10;

Measles, Mumps and Rubella (MMR);

Difteria, Tetanus and Pertusis (DTP);

Tetravalent;

Oral Human rotavirus vaccine

Indicator Cold chain supplies

Exclusive fridge for vaccines




Vaccine coolers

Component Family Planning Availability and Quality (FPL)

Indicator Provision of care

Family planning is among the services provided to special interest groups

Indicator Family Planning activities

The PHC team carries out family planning activities

The PHC team offers health education and health promotion activities for family planning

Indicator Condoms

The PHC team provides: male condoms

The PHC team provides: female condoms;

Indicator Continuous use contraceptives

Ethinylestradiol + levonorgestrel

Medroxyprogesterone acetate.

Norethisterone enanthate + estradiol valerate

Norethisterone

Indicator Emergency contraceptives

Levonorgestrel

Component General PHC Services Availability (GSE)

General PHC Services

Services available to PHC users during the facility's working hours: Medical consultation

Services available to PHC users during the facility's working hours: Nurse consultation

Services available to PHC users during the facility's working hours: Dental consultation

Services available to PHC users during the facility's working hours: Drug dispensing by the pharmacy

Services available to PHC users during the facility's working hours: PHC user reception

Services available to PHC users during the facility's working hours: Wound dressing

Component General Supplies Availability and Quality (GSU)

Indicator Health instruments - Women

Lamp for gynecological examination

Pinar sonar or stethoscope

Glucometer

Adult pressure device

150 kg anthropometric scale

200 kg anthropometric scale

Adult stethoscope

Gynecological examination table with legrest

Indicator Health instruments - Children




Clinical thermometer

Anthropometer

Pediatric or neonatal pressure monitor

Nebulizer

Pediatric scale

Pediatric or neonatal stethoscope

Clinical examination table

Otoscope

Indicator Medical supplies

Tongue depressor

Disposable needles in varying sizes

Measuring tape

Disposable speculum

Disposable syringes in varying sizes; Disposable syringes with attached needle

Capillary blood glucose measurement reagent strips

Blade holder

Frosted glass slide

Blade fastener

Ayre Spatula

Anthropometric ruler

Bandages

Macro and micro serum drops kit

Gauze

Plastic bottle with lid

Bandage / micropore tape and others

Indicator Protection and biosafety

Hard containers for disposal of sharp objects

Personal Protection Equipment (gloves, glasses, masks, aprons)

Component Facility Infrastructure Availability and Quality (FAI)

Indicator Supplies for medicines

Air-conditioning in pharmacy

Fridge in pharmacy

Indicator Availability of care

The PHC facility operates during two or more shifts per day

The PHC facility operates at evening

The PHC facility operates on weekends

The PHC facility operates at lunchtime (12 to 2 pm)

Indicator Basic infrastructure for care provision

Consultation room

Vaccination room




