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Abstract

Background Health system development requires robust infrastructure systems support, particularly in countries
with significant regional and socioeconomic disparities. Brazil's experience with its Unified Health System offers
important insights into how the infrastructure and built environment is linked to health outcomes especially in under-
served populations. This scoping review examines how different infrastructure systems such as sanitation, transpor-
tation, educational facilities, housing, influence population health in Brazil through two key pathways: (1) their role

in shaping environmental conditions that affect health, and (2) their impact on healthcare service delivery among vul-
nerable populations.

Methods Following PRISMA-ScR checklist, we conducted a systematic search of studies published between 2013-
2024 across Scopus, Web of Science, and PubMed databases. Search terms included infrastructure systems (sanitation,
transportation, housing, educational facilities), health outcomes (universal health coverage, infectious diseases, mater-
nal health), and population descriptors (vulnerable, indigenous, underserved) combined with Brazil-specific terms.
Inclusion criteria focused on studies examining physical infrastructure’s impact on health outcomes in underserved
Brazilian communities, published in English or Portuguese. After applying exclusion criteria including publication year
restrictions, language filters, geographic limitations, duplicate removal, and non-article format exclusions, 68 studies
met inclusion criteria following screening and quality assessment using the Critical Appraisal Skills Programme (CASP)
checklist. Our analysis applied an infrastructure framework examining institutional, personal, and material infrastruc-
ture dimensions. Data extraction captured infrastructure systems, healthcare service tiers (primary, secondary, tertiary),
and specific health outcomes. Synthesis involved thematic analysis to identify patterns in infrastructure-health rela-
tionships, revealing three interconnected dimensions that form the Infrastructure-Health Nexus framework.

Results The study revealed three interconnected dimensions of infrastructure impact: Supporting Health & Wellbe-
ing, Service Access and Delivery, and Community Engagement. This framework shows how sanitation, transportation,
educational, housing, and waste management systems affect health outcomes, with underserved populations facing
particular challenges. Healthcare workforce programs serve as interim solutions, with educational facilities simultane-
ously functioning as health hubs for service delivery and community engagement. The study highlights misalignment
between infrastructure investment and UHC objectives.

Conclusions The Infrastructure-Health Nexus framework, building on Buhr's complementarity concept, shows

how infrastructure shapes health outcomes through pathways requiring integrated planning. While current research
focuses predominantly on primary care aspects, Brazil's epidemiological transition calls for broader health system

.
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considerations, suggesting reconceptualization of infrastructure systems planning as integral to health system

development.

Keywords Health infrastructure, Population health, Scoping review, Brazil, Health system, SUS, Public health policy,

Healthcare access

Introduction

Universal Health Coverage (UHC) aims to ensure all
individuals receive needed healthcare without financial
hardship, addressing disparities and improving public
health [1, 2]. Brazil’s Unified Health System (SUS) pro-
vides universal coverage to approximately 200 million
people. Established in the 1988 Federal Constitution, the
SUS operates through three fundamental principles: (1)
universality in access, establishing health as a citizenship
right; (2) equity, ensuring fair resource distribution; and
(3) integrality, integrating health promotion, disease pre-
vention, treatment, and rehabilitation [3]. Despite these
principles, the system faces significant challenges. Frag-
mented governance and gaps in coordination between
federal, state, and municipal levels affect service delivery
efficiency, with public health financing comprising only
41% of total expenditures [4]. These constraints were
exacerbated by Constitutional Amendment 95 (EC95)
in 2016, which limited federal health expenditure for
20 years, with projected losses of approximately US$93
billion by 2036 [3, 5]. This underfunding exacerbates
existing weaknesses in the healthcare facilities network,
including insufficient Intensive Care Unit (ICU) beds
and uneven facility distribution [6, 7]. These limitations
are not isolated; they are fundamentally linked to Brazil’s
broader infrastructure conditions.

Infrastructure influences health outcomes through
multiple pathways, impacting both service delivery and
population health. Brazil's development demonstrates
this: improvements in basic sanitation between 1990 and
2015 were linked to significant reductions in infant mor-
tality (from 53.4 to 14.0 per 1,000 live births) [6]. How-
ever, persistent inequalities continue to shape health
outcomes. As of 2021, only 55.8% of the population had
access to public sewage networks, with Black and Indig-
enous populations bearing a disproportionate burden—
representing 47% of those lacking sanitation [8]. These
infrastructure gaps create compounding effects: inad-
equate environmental conditions foster communicable
diseases, while limited transportation restricts health-
care access [9]. According to the Organisation for Eco-
nomic Co-operation and Development (OECD), Brazil’s
geographic inequities in health outcomes are stark, with
higher infant mortality rates in the North and Northeast.
Furthermore, inefficient hospital and healthcare service

distribution exacerbate these disparities, with lower-
income and rural communities facing systemic barriers
to quality care. This cycle of disadvantage highlights how
infrastructure deficits simultaneously elevate health risks
and limit care access, perpetuating inequities, particu-
larly for vulnerable populations [4].

To address these challenges, understanding the SUS
operational framework is critical. The system serves
approximately 200 million people, embodying health as
a constitutional right and requiring comprehensive state
action. The health system operates through intercon-
nected elements—from foundational rules [10] to the
physical infrastructure that enables it. These elements
can be understood as institutional, personal, and material
dimensions supporting health outcomes [11]. Figure 1
illustrates how these elements interact within Brazil's
SUS. In practice, they work together daily: community
health agents implement programs while navigating
complex environments. Healthcare delivery takes place
within a broader infrastructure network (transportation,
education, energy, water, sanitation, housing, and waste
management)—essential for fulfilling Brazil's constitu-
tional commitment to universal healthcare.

While existing literature documents aspects of health-
infrastructure relationships in Brazil, reviews have
focused on specific domains: environmental health
determinants [12], access barriers for indigenous com-
munities [13], environmental exposure impacts [14],
cultural adaptation of services [15], and climate-health
relationships [16] (see Supplementary Data). These pro-
vide valuable insights, but a broader understanding of the
links between infrastructure and health is needed. This
review examines how infrastructure influences popula-
tion health outcomes, particularly among vulnerable
populations in Brazil. Through systematic analysis, we
examine how infrastructure affects health and health-
care service delivery and impacts SUS goals. Building
on infrastructure and health theoretical approaches [17,
18], our analysis revealed three interconnected infra-
structure dimensions forming the Infrastructure-Health
Nexus framework: (1) infrastructure supporting health
and wellbeing, (2) infrastructure for healthcare services
access and delivery, and (3) infrastructure for community
engagement in health promotion and services.
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Fig. 1 Infrastructure Dimensions and their Relationship with Brazil's Unified Health System. Legend Framework showing the three interconnected
infrastructure dimensions (institutional, personal, and material) that support Brazil's SUS operations and influence health outcomes. Source
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Methods

Research design

This scoping review explores how infrastructure influ-
ences population health in underserved Brazilian
communities, following Arksey and O’Malley’s meth-
odological framework [19], which includes six stages: (1)
identifying the research question, (2) identifying relevant
literature, (3) selecting studies against predefined inclu-
sion criteria, (4) charting the data, (5) collating, sum-
marizing, and reporting the results, and (6) consultation
with stakeholders. The reporting follows the PRISMA-
ScR checklist [20]. The review timeframe (2013-2023)
was selected to encompass critical challenges to the SUS,
including Constitutional Amendment 95 which limited
federal health expenditure [3, 5] and infrastructure defi-
ciencies exposed during the pandemic [6, 7]. This 10-year
period captures contemporary infrastructure-health rela-
tionships while ensuring sufficient literature volume for
meaningful synthesis.

Search strategy and information sources

We developed a comprehensive search strategy consist-
ent with health system policy scoping reviews [21-23].
We conducted searches across three major databases:
Scopus, Web of Science, and PubMed, selected for their
complementary coverage across biomedical, social sci-
ences, and interdisciplinary research. Search terms were

developed through pearl-growing techniques by con-
sulting relevant systematic reviews and scoping reviews,
using controlled vocabulary and free-text terms in Eng-
lish and Portuguese. Our search strategy included key
terms related to infrastructure systems (e.g., ‘sanitation,
‘transportation; ‘housing, ‘educational facilities’), health
outcomes (e.g., ‘universal health coverage; ‘infectious dis-
eases, ‘maternal health’), and population descriptors (e.g.,
‘vulnerable; ‘indigenous, ‘underserved’) combined with
Brazil-specific geographic terms. The complete search
strategy is provided in Supplementary Data.

While grey literature was not included in formal data
extraction, key policy documents such as Organisation
for Economic Co-operation and Development (OECD)
reviews of health systems [4], Ministry of Health reports
[6], and civil society assessments [8] were consulted to
inform our research design and contextualize findings.

Study selection and eligibility criteria
Inclusion criteria were structured using the PICOC
framework:

« P (Population): Underserved communities in Brazil
(including vulnerable populations, indigenous com-
munities, rural populations, urban slums dwellers,
and other marginalized groups)

« [ (Intervention/Exposure): Physical infrastructure sys-
tems including transport, sanitation, housing, educa-
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tional facilities, healthcare facilities, water systems,
energy systems, and other built environment compo-
nents

o C (Comparison): No comparison required for the
scoping review focus

+ (Outcome): Health outcomes, health coverage, health
service access, population health indicators, or
health-related quality of life measures

+ C (Context): Brazil, contemporary period (2013—
2024)

The exclusion criteria comprised studies published
more than 10 years ago (EC1), studies not published in
English or Portuguese (EC2), studies conducted outside
Brazil (EC3), systematic reviews, meta-analyses, editori-
als, and opinion pieces (EC4), and duplicate publications
(EC5).

Screening involved two stages: title/abstract review
followed by full-text review. The screening checklist
was conducted by two reviewers (FM and MMV) who
assessed a sample independently and then compared
results. Disagreements in coding were resolved through
discussion until consensus was reached. Boundary issues
around scope or definition were discussed in regular
meetings with an advisory group of experts in the field.

Quality assessment

The quality of individual studies was assessed using the
Critical Appraisal Skills Programme (CASP) [24] check-
list, which assessed the reliability of the study findings
based on how well the study described the research aims,
methodology, design, data collection, and analysis rigor.
A standardized form documented the process; the com-
plete protocol and results are in the Supplementary Data.

Data extraction and synthesis

Data were extracted between November 5-15, 2023
using a classification framework (see Supplementary
Data), capturing key characteristics of the studies:

o Infrastructure systems: institutional, personal, and
material

+ Health Service Tier: primary, secondary, tertiary care

o Health Focus Areas: specific health outcomes studied

o Theoretical frameworks: conceptual approaches used

The data extraction checklist was conducted with two
reviewers (FM and MMYV) coding key characteristics
of studies independently. Disagreements were resolved
through discussion and we consulted a third reviewer as
needed. Findings were synthesized through: (1) extrac-
tion of key relationships, (2) categorization of infra-
structure-health connections, and (3) thematic analysis.
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This process revealed three interconnected dimensions
characterizing the infrastructure-health nexus. The com-
plete dataset (standardized XML format) is available on
request.

Results

The search strategy identified 70,425 potentially rel-
evant studies from Scopus (n=47,027), Web of Science
(n=13,683), and PubMed (n=9,715). Initial searches
were conducted between November 5-15, 2023. After
applying exclusion criteria including publication year
restrictions (44,879 records), language filters (505
records), geographic limitations (24,286 records), dupli-
cate removal (166 records), and non-article format exclu-
sions (22 records), 317 records remained for title and
abstract screening. After applying exclusion criteria dur-
ing screening, 82 studies remained for full-text review.
Following full-text assessment and quality evaluation, 68
studies met the inclusion criteria and were included in
the final analysis (see Fig. 2).

Study characteristics and evidence mapping

Following CASP quality assessment, 68 of 82 studies
(83%) met inclusion criteria and demonstrated adequate
methodological rigor, with 95% providing clear research
aims, 88% using appropriate designs, and 90% presenting
clear findings. Fourteen studies were excluded primarily
for insufficient focus on infrastructure-health relation-
ships or limited relevance to health equity.

Table 1 summarizes the key characteristics of included
studies. The research shows concentrated activity in
recent years (63.2% published 2020-2023), probably
reflecting pandemic-era responsiveness. The field dem-
onstrates alignment between infrastructure focus and
health outcomes, with water/sanitation research pre-
dominantly addressing infectious diseases, while educa-
tional infrastructure spans multiple health domains.

The emphasis on primary care settings (82.4%) reflects
infrastructure’s fundamental role in community-level
health delivery and prevention, aligning with the field’s
commitment to addressing health equity through basic
service systems rather than specialized medical care.
Theoretical approaches were usually not explicitly stated
but mostly relied on Social Determinants of Health
frameworks, with some specific mentions of models such
as One Health and Socio-Ecological approaches.

Key patterns across the studies

Our analysis suggests how infrastructure systems influ-
ence population health through infrastructure condi-
tions and healthcare service delivery, disproportionately
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‘ To identify the role of infrastructure systems in expanding UHC in underserved communities in Brazil.
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Fig. 2 PRISMA flow diagram of study selection process. Legend Systematic selection process following PRISMA-ScR guidelines, from initial search
of 70,425 records across three databases to final inclusion of 68 studies after screening and quality assessment

Table 1 Characteristics of included studies

Characteristic Category n %
Publication Year 2020-2023 43 63.2%
2023 (peak year) 17 25.0%
2013-2019 25 36.8%
Infrastructure System Water & Sanitation 22 324%
Educational facilities 21 30.9%
Transportation 10 147%
Housing 10 14.7%
Waste management 5 7.4%
Health Focus Area Communicable diseases 26 382%
- Infectious diseases 22 324%
- COVID-19 4 5.9%
Maternal, child & reproductive 13 19.1%
health
Non-communicable diseases 12 17.6%
Oral health 7 103%
Healthcare Service Level ~ Primary care only 56 824%
Multi-level care 10 14.7%
Secondary/tertiary only 2 2.9%

burdening underserved communities. Indigenous com-
munities face the greatest challenges from limited infra-
structure, while urban informal settlements face distinct
environmental hazards, and rural populations struggle
with specialized healthcare service access. These vulner-
abilities suggest marked racial disparities, particularly
affecting Black and Indigenous populations [25-28].
Table 2 exemplifies how infrastructure relates to popula-
tion health across Brazil’s diverse contexts. The evidence
indicates complex relationships between infrastructure
quality, population health, and social vulnerability, exam-
ined through the Infrastructure-Health Nexus frame-
work: (1) supporting health and wellbeing, (2) enabling
healthcare access and delivery, and (3) facilitating com-
munity engagement in health promotion and services.

Water, sanitation, and housing

Brazil's sanitation infrastructure (water supply, sew-
age, solid waste, and drainage) is interwoven with public
health outcomes. However, significant regional inequities
in access and quality exist. Specifically, for water infra-
structure, approximately 35 million Brazilians lack access
to safely treated water, with only 57.5% of the popula-
tion in northern regions having access [29]. Although
intervention programs like PAT have shown promise
in reducing under-five mortality and hospitalizations
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related to diarrhoea [30], nearly half the population still
lacks complete sanitation [8]. This disparity is signifi-
cant, as each US$1 invested in sanitation is estimated to
save US$4.30 in health treatment costs [31]. These defi-
cits create distinct community-level challenges. In urban
informal settlements, residents face exposed sewage and
contamination risks, with a significant portion lacking
sewage connections and with untreated wastewater [32].
Conversely, remote communities, particularly Indigenous
territories in the Amazon, often completely lack for-
mal sanitation systems [25]. This limited access leads to
increased infectious diseases and nutrition-related condi-
tions like stunting [26, 33, 34]. Furthermore, the COVID-
19 pandemic further highlighted these vulnerabilities,
with higher infection and death rates in regions with
poor sanitation [35, 36], reinforcing infrastructure quality
as a mediator between location and health outcomes.

Similarly, housing conditions directly influence health:
poor ventilation, overcrowding, inadequate materials,
and poor drainage increase disease risks [37]. These fac-
tors are particularly pronounced in urban informal settle-
ments, where housing density correlates with increased
disease transmission [37, 38], whereas dispersed rural
housing complicates healthcare access. Further high-
lighting these disparities, research on Indigenous Gua-
rani and Quilombola communities shows strong links
between housing conditions and adverse health out-
comes, especially for maternal and child health [26, 27].
These communities face the added challenge with hous-
ing that fails to meet both traditional living patterns and
basic health needs [39]. The most extreme manifestation
of housing insecurity, homelessness, presents even more
severe challenges, with the number of homeless fami-
lies increasing dramatically from approximately 10,000
in 2012 to nearly 300,000 by 2024 [40]. A high percent-
age (68% to 85%) of the homeless population experiences
mental health issues [41], creating a complex cycle of
health deterioration linked to chronic pain, depression,
and sleep disorders [42]. While both inadequate hous-
ing and homelessness impact health, homeless individu-
als face added mobility challenges during emergencies
[43]. Despite targeted services, the lack of stable housing
remains a fundamental barrier to healthcare access and
positive outcomes [44]. Ultimately, these inequities dem-
onstrate how socioeconomic factors, mediated by hous-
ing quality (or its absence), shape health outcomes.

Healthcare facilities and workforce programs

Healthcare service infrastructure in Brazil exhibits dis-
tinct regional patterns reflecting historical development
inequities, with striking contrasts in healthcare equip-
ment distribution—from a 700% excess supply of MRI
units in the Federal District to significant shortages in
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four Northeastern states [45]. In informal urban settle-
ments, socioeconomic disparities create complex bar-
riers to healthcare access, where factors like education
level, family income, and area of residence significantly
impact access [46, 47]. Across different regions, sec-
ondary and tertiary healthcare access faces particular
challenges, including proximity/remoteness of facili-
ties, walking safety, public transport inadequacies, per-
sonal security risks, and poor healthcare service quality
[48]. Infrastructure limitations further compound these
challenges, many regions failing to meet the Brazilian
Ministry of Health’s minimum requirements for essen-
tial equipment like dialysis machines, hospital beds,
and bone densitometers, particularly affecting munici-
palities beyond a 50 km radius of major healthcare
centers [45]. Alternative solutions like river transport
in Amazonian regions and telehealth networks attempt
to bridge these gaps, though implementation faces sig-
nificant maintenance and operational challenges, espe-
cially in indigenous communities where cultural and
infrastructural barriers intersect [49].

Addressing some of these limitations, the More Doc-
tors Program, created in 2013, emerges as a significant
response through workforce deployment. The pro-
gram deployed over 14,000 physicians to more than
3,800 municipalities, with 77.7% to priority and vul-
nerable areas [50]. Studies document improvements in
service delivery, including increases of 5.9% in medi-
cal appointments, 9.4% in consultations, and 29.7% in
home visits [51]. The program’s impact extended to
health outcomes, with significant reductions in hos-
pitalizations for ambulatory care-sensitive conditions
and improved continuity of care [52]. User satisfaction
surveys indicated enhanced quality of care, character-
ized by more dedicated consultation time, attentive
listening, and detailed physical examinations [53]. The
program reduced the number of municipalities experi-
encing physician shortages from 1,200 to 777, demon-
strating its success in addressing human resource gaps
in primary care despite persistent physical infrastruc-
ture limitations [54].

Schools networks

In the reviewed studies, schools appear as platforms
for healthcare service delivery and promotion, serv-
ing multiple health functions, from hosting vaccination
programs (which, for instance, increased HPV vaccine
coverage from 16.1% to 50.5%) to providing spaces for
health education and screening [55]. Program effective-
ness demonstrates regional variation. Urban schools
capitalize on superior infrastructure and resource avail-
ability, contrasting sharply with rural institutions that
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struggle to maintain basic facilities. Indigenous and tra-
ditional communities represent a unique context where
schools function as cultural intermediaries, enabling the
synthesis of traditional health practices with modern
healthcare approaches [56]. Studies demonstrate the suc-
cessful implementation of school-based interventions:
oral health programs significantly improved hygiene
status among Quilombola children, with 56.25% show-
ing better outcomes [57], though the scalability of such
culturally-specific interventions across Brazil’s diverse
contexts remains limited by infrastructure disparities
between well-resourced urban and under-resourced
rural schools. Similarly, multicomponent interventions
promoted physical activity and reduced computer use
among adolescents in low HDI areas [58].

Transportation

Transportation networks serve as critical determi-
nants of healthcare service access across Brazil’s
diverse regions. Pereira et al. [37] documented social
and spatial inequalities during the COVID-19 pan-
demic, revealing challenges across varied geographic
contexts. Urban peripheries face overcrowded public
transport and long commutes to specialized facilities,
whereas rural communities often lack basic trans-
port infrastructure entirely. Indigenous territories and
remote areas face particularly severe barriers, where
limited medical infrastructure and transportation
severely impact emergency healthcare delivery [46].
These mobility-related disparities particularly affect
low-income communities across all regions, creating a
self-reinforcing cycle where access barriers exacerbate
existing health vulnerabilities [48]. Beyond these access
challenges, transportation systems also create direct
health risks through environmental exposure. Stud-
ies in Sdo Paulo reveal multiple health impacts: public
transport creates direct health risks through exposure
to black carbon and toxic metals like chromium inside
bus terminals, leading to intolerable carcinogenic risks
[59], reflecting broader urban planning approaches that
prioritize operational efficiency over health protec-
tion for the low-income populations who depend most
heavily on public transport. Traffic density and NO2
concentrations correlate with increased respiratory
cancer, particularly in areas with lowest socioeconomic
status [58].

Infrastructure-health nexus framework

The Infrastructure-Health Nexus framework emerged
from our synthesis and analysis of the 68 reviewed
studies, revealing how infrastructure shapes health
outcomes in Brazil. Our analysis identified three
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interconnected dimensions that collectively organize
these relationships: (1) Supporting Health & Wellbeing
(fundamental conditions impacting health through san-
itation, housing, and utilities); (2) Healthcare Services
Access and Delivery (quality of facilities, services, and
transportation networks); and (3) Community Engage-
ment (spaces and structures enabling community par-
ticipation). Although existing literature documents
various infrastructure-health connections, our frame-
work (Fig. 3) provides a novel structure for understand-
ing these relationships.

Discussion

Infrastructure supporting health & wellbeing

The apparent disconnect between physical infrastruc-
ture development and constitutionally guaranteed health
rights in Brazil suggests systemic challenges. Although
the constitution envisions health as a fundamental right,
Brazil’s infrastructure investment has fallen to under
2% of GDP, below the 5-7% of comparable economies
[60]. This underinvestment affects multiple sectors, with
investment patterns favoring urban centers. The sanita-
tion sector demonstrates these patterns: federal budget
execution decreased from US$74.5 million in 2014 to
US$24.4 million in 2023, contributing to regional dispari-
ties. In contrast, 91.6% of the population in the South has
access to safe water services, only 64.2% do in the North
[6], indicating how infrastructure investment correlates
with socioeconomic status.

Federal initiatives have attempted to address these gaps
through programs like the Growth Acceleration Program
(PAC), launched in 2007, which coordinates interven-
tions across transportation, housing, and basic services.
The program’s Water for All component has allocated
US$1.03 billion for 540 municipalities (2023—-2026), with
additional initiatives in electrification and social housing
[61]. However, implementation faces limitations due to
coordination gaps between federal, state, and municipal
governments. These patterns reflect the inherently con-
tested nature of resource allocation in health systems,
where competing beliefs and priorities about infrastruc-
ture investments fundamentally shape health outcomes
[18]. This weakness becomes evident during politi-
cal transitions, as shown by the 95% reduction in social
housing funding from US$196.44 million to US$13.48
million between 2022-2023 [62]. These fluctuations
highlight how institutional guarantees often fail to trans-
late into sustained material improvements, revealing the
gap between policy objectives and implementation.

These infrastructure limitations appear to intersect
with Brazil's epidemiological and demographic transi-
tion, as the healthcare system must address both infec-
tious diseases and chronic non-communicable diseases
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(NCDs). Concurrent infectious disease burdens persist,
with Brazil recording 583,960 new cases of neglected
tropical diseases during 2016—2020, predominantly in
areas with limited infrastructure [63]. Dengue fever rep-
resents a significant public health challenge, particularly
in urban settings where inadequate waste management
and water storage support mosquitoes [64]. In under-
served regions, infrastructure deficiencies affect both
infectious disease control and NCD care access. Evidence
suggests that the link between infrastructure deficits and
health outcomes particularly affects indigenous and tra-
ditional populations, pointing to a possible misalignment
between infrastructure investment and the SUS’s consti-
tutional mandate for equitable health provision.

Healthcare services access and delivery

Furthermore, access to healthcare services in Brazil's SUS
is fundamentally shaped by transport networks—univer-
sal coverage depends on the population’s ability to reach
service points. Regional disparities are evident in both
transportation and facility distribution, creating distinct
challenges. Urban areas face congestion and facility over-
load, conversely rural regions struggle with basic connec-
tivity and limited transportation options, such as roads

and waterways, which are often inadequate [65]. These
challenges are compounded by unreliable or out-of-reach
electricity in isolated areas, impacting essential services
from vaccination programs to facility operations. The
inequality in healthcare infrastructure is exemplified in
the diverse data on spatial distribution [66], with a nota-
ble example being the excess of MRI availability of 700%
in the Brazilian capital [45], reflecting the misalignment
between health equity goals and the means to achieve
them.

To address these structural limitations, the Brazil-
ian SUS has leveraged infrastructure complementarity
[11] — categorizing health human resources as a human
dimension of infrastructure. This approach exempli-
fies the distinction between"hard"physical infrastruc-
ture and"social'infrastructure that maintains services
and societal standards, with Brazil's community health
worker model representing a strategic emphasis on
soft infrastructure to compensate for hard infrastruc-
ture limitations [17]. Due to limited facility availability,
human resources have become central to service delivery.
The community health workers network and the More
Doctors Program (2013) demonstrate how healthcare
professionals can supplement material infrastructure
limitations in vulnerable regions. Both programs have
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contributed to reduced hospitalizations and improved
primary care delivery [50, 51]. The More Doctors pro-
gram reached nearly 4,000 municipalities (out of 5,565)
serving approximately 63 million Brazilians. Hone
et al. (2020) found that the program increased primary
care doctor density by 15.1 per 100,000 population and
achieved significant health improvements, including
annual reductions in amenable mortality of 1.06 per
100,000 [67]. Analysis shows improved health coverage
and reduced preventable hospitalizations in participating
municipalities [68]. However, the program faced opera-
tional challenges, including lower doctor deployment to
priority municipalities than intended [67], exacerbated
during the 2018 political transition when the withdrawal
of Cuban doctors affected medical coverage, correlating
with an increase in preventable deaths [68, 69].

Though human resource programs have shown ben-
efits, the rising burden of non-communicable diseases
presents additional challenges, as their management
requires specialized facilities and equipment that health-
care professionals alone cannot provide [3, 7]. In this
context, telemedicine serves as a material infrastructure
solution to address gaps in specialist care. Programs such
as eConsults and telecardiology have shown potential to
improve access to specialized healthcare, particularly in
rural and underserved areas. By utilizing telecom and IT
systems, telemedicine facilitates referral efficiency and
provides essential services like remote monitoring and
consultations, helping address workforce and infrastruc-
ture limitations [70, 71]. This experience suggests how
personnel infrastructure may temporarily bridge, but
likely cannot permanently resolve, physical environment
infrastructure gaps in healthcare delivery, demonstrating
the interplay between institutional, personal, and mate-
rial infrastructure dimensions [11].

Infrastructure for community engagement

Finally, Brazil’s Federal Constitution mandates commu-
nity participation in the health system through health
councils and conferences, structured with 50% commu-
nity members, 25% providers, and 25% health system
managers [4]. The Family Health Strategy implements
this framework through multidisciplinary primary care
teams, including community health workers, who deliver
services from acute care to health promotion and chronic
disease management [6]. These councils serve as deliber-
ative bodies, proposing strategies and monitoring health
policy implementation across municipal and state lev-
els. The Indigenous Health Support Centers (CASAIs)
provide the physical infrastructure for this engagement,
offering care support and accommodation while bridg-
ing traditional and conventional healthcare practices.
However, research shows that institutional protocols can
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inadvertently reinforce power asymmetries when stand-
ardized procedures override cultural sensitivities in care
delivery [72].

Brazil's school-based HPV vaccination campaigns
demonstrate how this participatory framework oper-
ates in practice. These initiatives integrate public health
policies with educational institutions, mobilizing health-
care workers, school staff, and parents and simultane-
ously using schools as vaccination sites. This approach
increased vaccination coverage from 16.1% to 50.5% [73].
By leveraging existing educational infrastructure for HPV
prevention, these initiatives reduce future demands on
specialized healthcare services for cervical cancer treat-
ment, demonstrating how basic infrastructure can sup-
port both preventive care and long-term health system
sustainability. Beyond improving vaccine accessibility, the
integration enhanced health education and built commu-
nity trust, particularly addressing regional disparities in
healthcare delivery [74]. The success of these campaigns
shows how aligned institutional policies, healthcare
workers, and community facilities can effectively meet
diverse population health needs while maintaining cul-
tural sensitivity.

Theory and policy implications

The Infrastructure-Health Nexus framework presented
here is inspired by infrastructure theory [9-11] and
emerging research on infrastructure-health connections
[17] to provide a different lens on health system develop-
ment. The Brazilian case presents a distinctive example
of infrastructure complementarity, where investments in
community health workers and family health teams have
achieved significant health outcomes despite physical
infrastructure limitations.

The framework provides policy opportunities for align-
ing infrastructure investment with Universal Health
Coverage objectives. Regional disparities in healthcare
equipment distribution demonstrate the need for cross-
sectoral coordination mechanisms that mandate health
impact assessments for major infrastructure decisions.
Targeted investment programs should prioritize social
housing and sanitation funding in vulnerable communi-
ties to address existing inequities. Programs like More
Doctors and school-based health interventions demon-
strate effective approaches to leveraging existing infra-
structure through human resources and community
engagement rather than building new facilities, position-
ing health and wellbeing as fundamental societal needs
[75].

This infrastructure complementarity from the SUS,
presented here, might address policy and material gaps
in fragmented health systems globally. For instance,
South Africa and Mexico experience unequal healthcare



Martins et al. Global Health Research and Policy (2025) 10:42

access among specific population groups despite simi-
lar constitutional health guarantees [76, 77]. Indonesia’s
public—private dynamics where private care predomi-
nantly serves high-income populations [78] also reflect
challenges within Brazil's dual SUS and supplementary
health systems. Beyond mirroring some barriers, coun-
tries develop complementary solutions: South Africa’s
alternative medication distribution through pick-up
points effectively relieves pressure on facilities [79],
exemplifying infrastructure optimization that aligns with
Brazil’s patient-centered CHW model. Another exam-
ple of potential learning between universal healthcare
models is the National Health Service piloting Brazilian
community-based approaches in London boroughs [80],
suggesting growing interest in the personal infrastruc-
ture-centered UHC approach.

Limitations and future research directions

This review encompasses 68 studies, representing sub-
stantial literature for a single country. However, this
should not be interpreted as an exhaustive evidence base
but rather as revealing the current state of research and
indicating dimensions for further investigation. Our
broad scope across multiple infrastructure systems and
diverse populations may limit analytical depth, yet this
comprehensive approach highlights interconnected
challenges and patterns potentially missed in narrower
studies. Our focus on three databases and intentional
avoidance of broad'Infrastructure’AND"Health"search
terms may have excluded relevant sources, particularly
grey literature from non-academic stakeholders that
could capture implementation experiences and commu-
nity perspectives.

Future research should examine how infrastructure
planning can better align with health outcomes, particu-
larly in supporting both primary and specialized health-
care service access. Government databases and NGO
monitoring reports could provide supplementary data on
infrastructure investment patterns and health outcomes,
particularly for tracking policy implementation effec-
tiveness and community-level impacts. Specific priority
areas include water-energy-health systems in Amazo-
nian communities, transportation-education-health inte-
gration in traditional settlements, and climate-resilient
infrastructure development. This integration is crucial
for advancing UHC in contexts marked by regional and
socioeconomic disparities, recognizing that infrastruc-
ture and health policy are mutually reinforcing domains
that both fundamentally concern the public interest [75].
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Conclusions

Our analysis of infrastructure systems in Brazil's pur-
suit of UHC shows both effective adaptations and
ongoing challenges. The health system has developed
practical solutions to physical infrastructure constraints,
from community health workers navigating informal
settlements to schools serving as healthcare service
platforms. However, these adaptations, despite being
innovative, operate within persistent structural limita-
tions. The evidence suggests that Brazil's development
approach, which often prioritizes operational efficiency,
results in solutions that address immediate needs but
may not resolve underlying access barriers. As Brazil
experiences its epidemiological transition, the discon-
nect between infrastructure planning and health system
requirements becomes more evident. Understanding
these dynamics requires appreciation of the inher-
ently political nature of infrastructure development and
health policy processes, where competing priorities and
resource allocation decisions fundamentally shape health
outcomes. Future research should examine how infra-
structure planning can better align with health outcomes,
particularly in supporting both primary and specialized
healthcare service access. This integration is crucial for
advancing UHC in contexts marked by regional and soci-
oeconomic disparities, recognizing that infrastructure
and health policy are mutually reinforcing domains that
both fundamentally concern the public interest.
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