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Objectives
Hypertension is a major cardiovascular risk factor in Brazil and globally, requiring effective healthcare system strategies. This study examines how the health system in São Paulo manages hypertension, identifying patterns and connections that influence patient outcomes and resource use.
Methods
Using literature reviews and participatory discussions with experts, we developed a systems map, causal loop diagram, to illustrate dynamic complexity underpinning hypertension management. Thematic analysis of qualitative data informed the model, highlighting key interactions that shape screening, treatment, and long-term care.
Results
The analysis reveals critical dynamics at individual, community, and system levels. Early diagnosis and expanded treatment access improve adherence and reduce complications. However, these improvements also increase the number of patients needing long-term care. This creates a challenge where healthcare gains today can raise future demands if prevention efforts are underfunded.
Conclusion
Understanding these interconnections is crucial for balancing treatment expansion with sustainable prevention strategies. By mapping system-wide challenges, this study offers a framework to help policymakers allocate resources more effectively and strengthen urban health systems. Future research will focus on using simulation modeling to test policy interventions and improve hypertension outcomes.
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INTRODUCTION
Hypertension remains a significant public health challenge globally, including in Brazil, with prevalence rates ranging from 32.3% to 53% [1–5]. This condition significantly contributes to ischemic heart disease, heart failure, and strokes, the leading causes of mortality in the country, and also poses a risk for chronic kidney disorders, and other debilitating health issues [4, 6–8]. The escalating costs associated with treatment and complications underscore the urgent need for policymakers to prioritize comprehensive prevention and management strategies [9–11]. However, there remains a gap in understanding how health systems internally adapt to these pressures, particularly in complex urban settings like São Paulo, where resource constraints and competing demands amplify systemic challenges.
Hypertension management in Brazil is influenced by urbanization, lifestyle changes, and disparities in healthcare access, presenting unique challenges for resource allocation and prioritization [12–15]. Addressing these challenges requires a systems-thinking approach to understand dynamics interactions in health systems. [16, 17]. This study applies systems thinking, specifically through causal loop diagrams (CLDs), as a foundational tool to explore these dynamics and conceptualize interventions.
Existing studies using CLDs have primarily focused on localized or individual-level barriers in hypertension management, such as treatment adherence and care retention. For instance, Ehteshami, Cassidy [18], Qin, Li [19], and Ye, Orji [20] identified barriers to hypertension care seeking and treatment adherence. Iwelunmor, Airhihenbuwa [21] applied a CLD to explore factors influencing the uptake of hypertension treatment medications in West Africa, while Krishna and Franciosa [22] examined disparities in hypertension control in the U.S., emphasizing factors like socioeconomic inequities and policy priorities. While these studies provide valuable insights, they largely overlook the internal dynamics of health systems and how they adapt to the growing burden of hypertension. This study addresses this gap by focusing on internal feedback loops, including resource reallocation and intervention scaling, to strengthen health system resilience and sustainability.
As a large urban center with diverse health challenges, São Paulo provides a unique opportunity to explore how health systems navigate the complexities of hypertension management. Using CLDs as a tool, this study lays the groundwork for a future quantitative simulation model by providing a nuanced understanding of systemic interactions shaping hypertension outcomes. By engaging stakeholders through a group model building approach, this research identifies scalable insights for other urban health systems globally, addressing an important knowledge gap in system-level modeling and informing targeted intervention strategies.
METHODS
This study employed qualitative research methods, guided by systems thinking principles, to develop a causal loop diagram (CLD) that maps hypertension dynamics. The methodology included a literature review to establish an evidence base [23, 24], key informant interviews to capture stakeholder insights, and a participatory group model building approach to conceptualize systemic interactions [25–28]. The study followed the SQUIRE 2.0 guidelines [29] to ensure transparency and rigor in reporting.
Systems thinking provides a framework to navigate these complexities by mapping causal pathways, feedback mechanisms, and delays in health system responses [30, 31]. In health systems research, CLDs are increasingly used to visualize and communicate the multi-faceted and interconnected nature of health challenges [23, 24, 32–34], including non-communicable disease dynamics [16, 26, 35–37].
CLDs depict variables as nodes and causal relationships as arrows, illustrating how elements within a system influence one another through reinforcing or balancing feedback loops [38]. CLDs are not definitive proof of causality but serve as complex causal hypotheses, grounded in theoretical understanding, empirical evidence, or stakeholder insights [32, 39, 40]. They also serve as a foundation for computational simulation, where relationships depicted in the CLD can be quantified and analyzed over time, offering insights into potential leverage points for interventions [16, 26, 41].
Group model building, a participatory approach, actively engaged stakeholders through the exchange, assimilation, and integration of their mental models (perspectives and institutional knowledge) into a holistic system-level mapping of the hypertension problem [42–44]. Four virtual group model building workshops were conducted in March and April 2023, using a series of adapted scripts from the group model building literature [43, 45]. These workshops, led by facilitators, explored key questions such as: what is the problem? Whose problem? How did the problem situation originate? What are the underlying factors? How can the problem be tackled? These workshops refined the CLD iteratively, ensuring it aligned with stakeholder perspectives and priorities.
Patients or the public were not involved in the design, conduct, reporting, or dissemination of this research. Stakeholder engagement focused on actors with experience and institutional knowledge in the hypertension and cardiovascular disease (CVD) management within the São Paulo city context. Stakeholders were identified through a combination of literature review and a snowball approach, leveraging discussions with core contacts in São Paulo involved in the CARDIO4Cities project [6, 10, 11]. CARDIO4Cities is an approach focuses on improving cardiovascular population health through quality of care, early access, policy reform, data and digital innovation, intersectoral collaboration, and local ownership [46].
We prioritized local and global hypertension experts. The final group of stakeholders for the CLD development comprised representatives from key institutions, including the Society of Cardiology of the State of São Paulo, Beneficência Portuguesa, Novartis Foundation (global and local representation), Swiss Tropical and Public Health Institute, International Research Center (Hospital Alemão Oswaldo Cruz), and the University of São Paulo. Additionally, expertise was affiliated from the Population Health Research Institute at McMaster University, Canada.
In total, eight experts contributed to the study, representing diverse fields such as clinical management of CVD and hypertension, public health research, health policy, program implementation, and systems dynamics modeling. Their input ensured the CLD incorporated a broad range of perspectives and expertise, reflecting the multifaceted nature of hypertension management in São Paulo and its global relevance.
Causal Loop Diagram Development Workflow
Initial meetings introduced stakeholders to systems thinking and project goals. These sessions also served as a platform to discuss primary challenges in hypertension management, leading to the identification of “uncontrolled hypertension” as the central indicator for the CLD and a key metric for monitoring intervention impacts. This initial dialogue informed the project’s direction and fostered commitment among the stakeholders.
A preliminary CLD was developed based on existing literature, incorporating insights from a previous situational analysis of hypertension management [10] and findings from a design thinking workshop in São Paulo [47]. Both authors utilized collaborative and interactive workshop from the design thinking process to understand users’ or stakeholders’ needs, generating innovative solutions, prototyping, and testing ideas.
The stakeholders established that the cascade of care for hypertension, being screening, diagnosis, treatment, and control was a useful framework. This was followed by four group model building sessions, where stakeholders explored problem domains and significant drivers in hypertension burden, further refining the CLD with the 11 key interventions. Following a final round of feedback, the consolidated CLD encapsulated the complexities of hypertension management in São Paulo, serving as a shared tool for understanding hypertension dynamics.
RESULTS
This section outlines the causal loop diagram (CLD) that analyzes the dynamics of hypertension by initially illustrating feedback loops that form the core of the analysis. The structure is designed to progressively build understanding of these dynamics, beginning with foundational feedback loops and gradually integrating additional interdependencies to offer a comprehensive view of the CLD. Each feedback loop, while valuable on its own, might challenge existing beliefs or seem counterintuitive, and is best understood in relation to the whole CLD.
Overall, five balancing feedback loops based on the global and Brazilian literature were identified. These related to screening and diagnosis, treatment uptake, hypertension burden on the health system, preventive measures at the population level, and preventive measures at the individual level. Two reinforcing feedback loops were identified: firstly, related to the management of chronic hypertension leading to a dependency on screening and treatment and reducing resources for prevention; and secondly, the treatment heavy side effect loop which demonstrates how increasing resources for hypertension treatment can lead to an increased need for hypertension treatment.
The results are presented in three main Sections (Treatment, Screening and Prevention) with 2 subsections describing the CLD based on the literature, and stakeholders’ perceptions expressed during the interviews and group model building activities. The ordering of the results (treatment, screening, and prevention) reflects the stakeholder-driven sequence of discussion during the co-production workshops. Participants first prioritised pressing service-delivery constraints in treatment, then moved upstream to screening bottlenecks, and finally to prevention.
Treatment Loops
Literature-Based CLD
Feedback loop B1 the Treatment loop, in Figure 1, shows that an increase in Uncontrolled hypertension leads to a rise in Government budget for hypertension treatment. This increased allocation meets the growing demand by improving Uptake and adherence to hypertension which over time contributes to a reduction in Uncontrolled hypertension [48, 49]. The literature [26, 50] substantiates this dynamic, explaining how pressure exerted on governmental and healthcare entities due to the rise in uncontrolled hypertension prompts targeted actions in the form of resource allocation to mitigate the burden through treatment.
[image: Causal loop diagram illustrating factors of uncontrolled hypertension. It includes treatment loops (B1 Treatment uptake, B2 CVD burden, R1 Chronic care), resources, and barriers such as distance and comorbidity. Indicators explain reinforcing and balancing loops, with arrows denoting variable relationships. The diagram is color-coded to highlight influences and conditions affecting hypertension management.]FIGURE 1 | Description of Treatment Loops combining literature, design thinking activities and inputs from the group model building (São Paulo, Brazil, 2025).In addition, Uncontrolled hypertension contributes to an increase in CVD events over time [7, 8, 51]. This rise in CVD events, in turn, results in an escalation of CVD deaths [4, 8]. Given that hypertension is a primary risk factor for CVD [3, 48, 49, 52], this mounting burden of CVD inevitably prompts policymakers to allocate more Resources for hypertension treatment and screening [26]. This sequence of events, culminating in an amplified response to address hypertension, is visually captured in Feedback loop B2 the CVD burden loop.
Addressing uncontrolled hypertension with increased treatment can paradoxically lead to a rise in the prevalence of the condition. This is because hypertensive patients, now receiving more care, maintain a stable clinical state for longer periods; hence, a drop in CVD events, disability, and deaths [6, 16, 48, 49]. However, since CVD and hypertension are chronic conditions that cannot be completely cured; thus, reducing mortality rates implies that patients with these conditions live longer, necessitating prolonged treatment interventions. This longevity, in turn, triggers an increase in the demand for resources (increases number of patients) over time as the mortality rate reduces while the hypertension onset incident rate remains the same or increases.
This phenomenon is indicative of the “Success to the Successful” archetype, where successful treatment initially leads to cost savings by reducing mortality, in the long term the economic burden may be more significant (i.e., increased healthcare expenditure) due to the chronic nature of these conditions [26]. This dynamic is visually represented in the Feedback loop R1 Chronic care loop in our CLD, highlighting the complexities inherent in health systems responses to chronic diseases such as hypertension.
Stakeholder Perceptions
The stakeholders agreed that the Treatment Loops described in the literature taken globally were mostly applicable to São Paulo but identified additional factors influencing treatment adherence and access. Interestingly, treatment adherence (beyond treatment access) emerged as a key area for consideration here; for example, the stakeholders identified a number of patient factors that could influence treatment adherence, such as alcohol and substance abuse, as well as the presence of comorbidities, which were both considered potential obstacles. The stakeholders cited the ratio of health professionals to patients as a factor influencing adherence; to ensure that patients adhere to their treatment plans, the frequency of consultations and the amount of time physicians devoted were regarded as crucial. Additionally, the stakeholders argued that fixed-dose combination therapy (single pill drug) might boost adherence.
For treatment access, stakeholders identified structural and socio-economic barriers, including distance to health facilities, family income, and educational level. They also highlighted that gender and ethnicity could influence access to care, alongside the availability of private health insurance. These contextual factors reflect the complexity of addressing treatment access challenges in São Paulo.
Figure 1 highlights interventions (depicted in yellow) co-created in São Paulo using a design thinking approach in 2019 yellow depicts [53]. These include nine different interventions, which are listed and described in Table 1. When stakeholders were asked to prioritize interventions for inclusion in the simulator, they identified three as most essential. First, the Management Panels were considered indispensable for simplifying hypertension care data, enabling healthcare providers to better manage care processes and respond effectively to patient needs. Second, the Adherence Combo was viewed as an important intervention for improving patient adherence by providing information, raising awareness, and fostering engagement. Lastly, the Community Health Workers Materials received unanimous support, with stakeholders emphasizing the importance of enhancing community health workers’ knowledge of hypertension prevention and control to address gaps in patient education and engagement.
TABLE 1 | Simplified CARDIO4Cities intervention list [53] (São Paulo, Brazil, 2025).	Intervention	Description
	Screening corner (Cantinho cuidando de todos)	Visually engaging physical space in the UBS reception area for opportunistic screening of essential health data (e.g., BP, weight, height, BMI), encouraging self-care and prevention
	Health initiatives in schools (heart friends)	Series of training sessions in schools to promote healthy habits and prevent CVDs, integrated with the health at school program
	PAP card (Cartão PAP)	A personalized card (now digital) is a “agreed self care plan” to track BP, medications, and appointments, encouraging self-care and treatment adherence
	Support in the implementation of the caring for all protocol	Implementation of a municipal policy with workshops and training for clinic staff, providing evidence-based care guidelines for NCD management
	Adherence combo (Combo adesão)	Set of tools (e.g., bingo, calendars, medication organizers) to enhance patient adherence to hypertension treatment and lifestyle changes
	Remote trainings (Capacitação à distância)	Online courses for health professionals and managers to improve their knowledge and implementation of CVD risk management practices
	Management panel	An online dashboard for monitoring the implementation of the caring for all protocol and supporting data-driven decision-making in UBS and regional levels
	Management and governance model	Practices and processes to improve healthcare system management, including role definition, data analysis, and regular team collaboration
	Risk stratification tool	Tool integrated into the e-saudeSP platform to assess CVD risk and guide prioritization of care for patients based on their risk levels


Screening Loops
Literature-Based CLD
Feedback Loop B3, also referred to as the “the Screening Loop” in Figure 2, illustrates the hypertension diagnosis dynamics. An increase in uncontrolled hypertension prompts a response to boost resources for hypertension screening, aimed at early detection and diagnosis. This allocation of resources facilitates an increased screening uptake, leading to a rise in diagnosed hypertension [54]. As diagnosed hypertension increases, it stimulates greater treatment uptake and adherence [55]. Over time, this process reduces the initially elevated levels of uncontrolled hypertension.
[image: Flowchart illustrating factors in uncontrolled hypertension. It shows feedback loops for screening and treatment. The B3 loop, related to resources and screening uptake, and a loop for treatment adherence are included. Barriers such as community outreach and education affect screening. Indicators define font meanings, loop purposes, and relationship symbols for variables.]FIGURE 2 | Description of Screening Loops combining literature, design thinking activities and inputs from the group model building (São Paulo, Brazil, 2025).Additionally, Feedback Loop B2 CVD burden (as previously described in Section Literature-Based CLD), also influences the allocation of resources for hypertension diagnosis. An increase in CVD burden, often driven by uncontrolled hypertension, pushes policymakers to allocate more resources for screening efforts. This reinforces the Screening Loop, illustrating how different feedback loops interact to amplify or mitigate responses in hypertension care.
Stakeholder Perceptions
Stakeholders identified several challenges influencing hypertension screening, emphasizing barriers related to health system resources and patient-specific factors. A key concern was the deprioritization of chronic diseases like hypertension due to resource constraints. Limited outreach by community health workers and geographical distance to healthcare facilities were seen as significant obstacles. Additionally, the quality of blood pressure measurements was noted as a significant health system factor affecting screening accuracy and effectiveness.
Patient-specific barriers also emerged as important considerations. Stakeholders highlighted socioeconomic factors such as family income, level of education, gender, and ethnicity as determinants of access to screening. For instance, men often face challenges due to work commitments and limited flexibility in taking time off, while other demographic groups may face inequities based on their social circumstances.
To address these issues, stakeholders prioritized community-based strategies to expand hypertension screening. They emphasized the Active Search intervention, which integrates into the Caring for All Protocol training module to enhance active search and tracking activities at primary healthcare units (UBS). Stakeholders also supported the expansion of the Screening Corner initiative at UBS facilities, which provides a dedicated space for opportunistic and self-screening of blood pressure. This setup was praised for facilitating early detection, improving data collection, and encouraging referrals to care, thereby closing gaps between diagnosis and treatment.
Prevention Loops
Literature-Based CLD
Smoking, sedentary lifestyle, chronic stress, and unhealthy diet are established risk factors for hypertension [56–58]. In Figure 3, Feedback Loop B4 on population prevention and Feedback Loop B5 on individual prevention highlight how this risk factors interact with hypertension dynamics. In Feedback Loop B4, societal pressure from uncontrolled hypertension prompts governments to allocate more resources to population-level prevention, including school-based programs, workplace initiatives, and policy reforms. In Feedback Loop B5, increased stress on the health sector leads to greater investment in individual-level prevention measures, such as behavior change interventions. Both types of interventions aim to promote healthier lifestyles, ultimately reducing uncontrolled hypertension [59–63].
[image: Causal loop diagram illustrating factors affecting uncontrolled hypertension. It shows various loops: B4 Population prevention loop, B5 Individual prevention loop, R2 Treatment heavy side effect loop. Arrows indicate relationships, with factors like income, lifestyle, and resources from multisectors and health sectors. Indicators depict reinforcing and balancing loops, interactions, and effects.]FIGURE 3 | Description of Prevention Loops combining literature, design thinking activities and inputs from the group model building (São Paulo, Brazil, 2025).A significant delay exists between preventive interventions and their observable impact on hypertension outcomes. This delay, depicted with dashed lines in the diagram, reflects the “balancing process with delay” archetype [64]. Without awareness of this lag, policymakers may reallocate resources to areas with immediate outcomes, such as screening and treatment, undermining the long-term benefits of prevention. This reactive approach risks neglecting prevention, undermining its long-term benefits [64].
Secondly, screening and treatment deliver faster, visible improvements in hypertension and CVD outcomes when implemented together [65–69]. However, this focus on short-term gains reflects the “shifting the burden” archetype [64], where reactive care dominates resources and attention. As a result, the system becomes increasingly reliant on screening and treatment, while preventive interventions are deprioritized (illustrated in Feedback Loop R2 Treatment heavy [side effect] loop).
Stakeholder Perceptions
Stakeholders identified a range of risk factors contributing to hypertension, spanning personal lifestyle choices and broader socio-economic and environmental conditions. Socio-economic status was highlighted as a key determinant, with lower-income individuals often confined to vulnerable environments characterized by poor housing, limited healthcare access, and heightened stress. These conditions exacerbate hypertension risk and affect health literacy, which influences behaviors and decisions related to blood pressure management.
Lifestyle factors, particularly diet and sodium intake, were underscored as major contributors. Stakeholders noted that limited access to healthy foods and the prevalence of inexpensive, unhealthy options drive poor dietary choices, including high sodium consumption. They spotlighted Portugal as a successful example, where nationwide policies and public health interventions effectively reduced sodium intake and improved hypertension control [70, 71]. Community vulnerabilities, such as unsafe neighborhoods and economic disadvantage, were also identified as barriers to physical activity and contributors to chronic stress. These factors collectively foster unhealthy coping behaviors, including inadequate physical activity, substance abuse, and poor diets, which increase hypertension risk.
To address these challenges, stakeholders proposed several interventions. Sodium reduction emerged as a priority, reflecting lessons from Portugal’s success. Programs like Heart Friends at Schools and Heart Ambassadors were endorsed for promoting healthy habits and improving referral mechanisms for hypertension care. These initiatives aim to foster awareness and encourage preventive behaviors in schools and communities, ensuring timely intervention for at-risk individuals. The significant role of community health workers in hypertension prevention was also emphasized. Positioned at the grassroots level, these professionals are uniquely equipped to provide education, screen for hypertension, and facilitate referrals. Their role bridges the gap between healthcare services and community needs, making them pivotal to grassroots prevention efforts.
Overall, the findings emphasize strategies must address both population-level prevention and individual-level care to effectively reduce uncontrolled hypertension. Figure 4 illustrates the consolidated findings of all the feedback loops while Table 2 outlines each feedback loop.
[image: Flowchart illustrating the cycles of uncontrolled hypertension. Key components include prevention and intervention strategies like screening, treatment, and chronic care loops. Influencing factors such as income, lifestyle, and health literacy are highlighted. Barriers like access to resources, dependence on screening, and adherence to treatment are marked. Various loops focus on population and individual prevention, treatment uptake, and chronic care. The chart emphasizes the interconnectedness of health behaviors, resources, and outcomes, leading to cardiovascular events and deaths.]FIGURE 4 | Causal loop diagram with all feedback loops from Table 1 to illustrate hypertension dynamics and management (São Paulo, Brazil, 2025).TABLE 2 | Simplified feedback loops with literature support (São Paulo, Brazil, 2025).	Loop	Variables (literature)	Literature
	B1 treatment loop	Uncontrolled hypertension → resources for hypertension treatment → barriers to treatment → treatment (uptake and adherence) → uncontrolled hypertension	[26, 48–50]
	B2 CVD burden loop	Uncontrolled hypertension → CVD events → CVD deaths → chronic care → resources for hypertension screening (and treatment) → barriers to screening and treatment → screening and treatment uptake and adherence → uncontrolled hypertension	[3, 4, 7, 8, 48, 51, 52]
	B3 screening loop	Uncontrolled hypertension → resources for hypertension screening → barriers to screening → screening uptake → diagnosed hypertension → treatment uptake and adherence → uncontrolled hypertension	[54, 55]
	B4 population prevention	Uncontrolled hypertension → resources for prevention from multisectors → hypertension risk factors intervention → risk factors → uncontrolled hypertension	[59–63]
	B5 individual prevention	Uncontrolled hypertension → resources for prevention through health sector → hypertension risk factor intervention → risk factors → uncontrolled hypertension
	R1 chronic care loop	Resources for hypertension treatment → barriers to treatment → treatment (uptake and adherence) → uncontrolled hypertension → CVD events → CVD deaths → chronic care → resources for hypertension treatment	[6, 16, 26, 48, 49]
	R2 treatment heavy (side effect) loop	Resources for screening and treatment → barriers to treatment → treatment (uptake and adherence) → uncontrolled hypertension → resources for hypertension treatment → dependence on screening and treatment → resources for prevention through health sector → hypertension risk factor intervention → risk factors → uncontrolled hypertension	[26, 65–69]


DISCUSSION
This study offers a comprehensive exploration of the dynamic complexity inherent in hypertension management in São Paulo, revealing how multi-level interactions within the health system can shape public health strategies. By integrating literature-based CLD with the insights of diverse stakeholders, our findings illuminate not only the individual and community factors influencing hypertension outcomes, but also the systemic forces that must be addressed to enable sustainable improvements. The CLD developed through this research illustrates that hypertension management is not a series of isolated interventions, but rather a multifaceted process in which individual behaviours, community initiatives, and system-level policies are deeply interdependent.
At the level of the individual, stakeholders emphasized the ongoing challenge of ensuring treatment adherence and promoting healthy lifestyle changes. Strategies such as fixed-dose combination therapies and the use of adherence tools, including the Adherence Combo, emerged as promising approaches for supporting patients in maintaining effective management of their condition. These approaches reflect growing evidence that individualized interventions can be powerful levers for improving outcomes in noncommunicable disease management, as reported in studies across various contexts by Ansah, Islam [17], Iwelunmor, Airhihenbuwa [21], Witter, Zou [72], and Zablith, Diaconu [73].
Moving beyond the clinic, community-level interventions were identified as essential to address the broader social determinants of health. Initiatives like Heart Friends at Schools and Heart Ambassadors were highlighted as effective means of raising awareness, enhancing monitoring, and strengthening referral systems, aligning with best practices seen globally in the promotion of preventive behaviours [74, 75]. These community-based strategies not only foster healthier environments but also empower individuals to take a more active role in their own care.
The study’s systems perspective brings into sharp relief the structural and policy-level barriers that continue to impede progress. Stakeholders underscored the lack of prioritization for chronic disease care within resource-constrained health systems, a challenge echoed in other settings such as Nigeria, where inadequate financing for noncommunicable diseases has similarly constrained public health responses [76, 77]. Overcoming such barriers requires that hypertension management be firmly integrated into broader health policies, with a focus on sustainable resource allocation and the development of workforce capacity. As our findings show, the growing burden of uncontrolled hypertension places mounting strain on healthcare systems, demanding not just incremental increases in resources but more adaptive, resilient approaches to resource management.
Importantly, this study addresses a gap in the existing literature by focusing on how health systems internally adapt to rising demand, rather than solely on risk factors or intervention efficacy. We identified that internal, or endogenous, feedback loops, such as dynamic reallocation of resources, scaling of treatment capacity, and the optimisation of care delivery, are fundamental for maintaining health system resilience and mitigating the chronic disease burden. While much of the literature has documented how external forces such as political priorities and donor funding can shape resource flows Witter, Zou [72], our study demonstrates the crucial role of health systems’ internal dynamics in proactively managing evolving demands [64].
Policy Implications
The findings have several policy implications. First, expanded screening and diagnosis will necessarily increase the number of individuals requiring treatment, which in turn demands not only greater capacity but also more sustained long-term management of chronic patients. Advances in treatment now enable many individuals to live longer with hypertension, but this places persistent pressure on already stretched healthcare resources. Policymakers must therefore invest strategically in infrastructure, workforce development, and innovative models of care to ensure that all patients receive high-quality, continuous care. Moreover, the need for sustainable resource allocation is paramount. Without careful planning, there is a risk that resources may be shifted away from vital prevention efforts toward immediate treatment needs, undermining the long-term efficacy of public health strategies. Dedicated funding mechanisms, such as ring-fenced budgets for prevention, could help maintain the balance between immediate treatment and sustained prevention activities, supporting the overall goal of long-term hypertension control.
Prevention, while often overlooked in the short term, remains a cornerstone of any effective response to hypertension. Our findings underscore that preventive interventions, whether at the individual or community level, are pivotal for reducing incidence and prevalence, but their benefits typically accrue over longer periods and may be undervalued in resource allocation decisions. Policymakers must recognise and account for these time delays in strategic planning, ensuring continuous investment in prevention even when immediate outcomes are less visible. Sustained support for such initiatives has the potential to yield substantial improvements in population health and to generate cost savings over the long term [59, 70].
A major strength of this study is the integration of design thinking and group model building methodologies. These approaches enabled the generation of actionable, context-specific insights, ensuring that proposed interventions were not only grounded in stakeholder priorities but also responsive to the lived realities of patients and practitioners. By fostering collaboration and joint problem-solving, group model building contributed to a more holistic and accurate mapping of the system’s feedback loops and leverage points, bridging the gap between theoretical models and practical implementation. This participatory, co-production approach has produced a scalable framework that other urban health systems facing similar challenges may find useful.
Nevertheless, certain limitations must be acknowledged. While the primary feedback loops identified in our CLD reflect health system principles that are likely to hold relevance beyond São Paulo, their direct application in other contexts would require adaptation to local infrastructure, demographics, and resource constraints. The study’s reliance on qualitative inputs from a select group of stakeholders in São Paulo may not fully capture the diversity of experiences in all affected populations, particularly those in underrepresented or marginalised communities. To partially mitigate these limitations, we incorporated insights from a 2019 co-authored design thinking initiative involving patients and community stakeholders, providing a complementary evidence base for our qualitative findings [47]. In addition, future research should aim to broaden stakeholder engagement and further contextualise findings.
To address these limitations and build on the current work, the next phase will focus on developing a quantitative simulation model to test and validate the qualitative insights identified here. Such a model would allow for the testing of various policy interventions and support more robust, evidence-based decision-making. Broader stakeholder involvement, including input from the Ministry of Health, patient advocacy groups, and industry partners, will be essential in ensuring both the inclusivity and practical relevance of subsequent research phases.
Conclusion
In summary, this study demonstrates that mapping the internal dynamics of health systems through participatory systems modeling can reveal critical pathways for both immediate and sustainable improvement in hypertension management. By highlighting the necessity of balancing investment between treatment and prevention, and by showcasing the value of co-production in research, our findings provide a foundation for future quantitative analysis and policy innovation aimed at improving hypertension outcomes in São Paulo and beyond.
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