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“Questo ricordatelo Saskia, non cercare mai di ripeterti. Vivi ora.” 

 

Tiziano Terzani, La fine è il mio inizio.  
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Sommario 

In questo manoscritto esploreremo il concetto di vulnerabilità in salute.  

Rispondendo alle questioni: ‘Quali popolazioni sono considerate vulnerabili? Quali 

i determinanti di vulnerabilità? Con quali metodi e quali approcci studiare le 

vulnerabilità in salute?’, tenteremo di fornire una visione strutturata del problema e 

approfondirne i risvolti nell’ambito della Salute Pubblica. Dopo aver delineato il 

concetto in un contesto generale, procederemo a presentare tre studi che 

esemplificano i fattori di vulnerabilità legati all'accesso ai servizi sanitari o agli esiti 

di salute.  

Il primo studio presenta l’elaborazione di dati secondari, provenienti da tre indagini 

nazionali trasversali condotte in Mozambico, negli anni 2011, 2015, 2018. Nello 

specifico, in questo studio si sono analizzate tendenze temporali e differenze 

geografiche riguardanti la copertura di visite prenatali materne all’interno del paese. 

È stata calcolata la copertura di visite materne prenatali (percentuale di madri che 

avessero effettuato un minimo di quattro visite durante la gravidanza) nei tre anni 

di riferimento e il relativo tasso di crescita/decremento annuale, su ciascun sotto-

strato del disegno di studio. 

Questa indagine aveva come obiettivo primario quello di investigare, il possibile 

impatto del conflitto armato, che dal 2017 affligge il Nord del paese, sull’accesso 

alle cure prenatali. Per una completezza dello studio sono stati, infine, analizzati i 

possibili fattori determinanti la probabilità di attendere il desiderato numero di 

visite prenatali, facendo riferimento ai dati estratti dalla più recente indagine 

nazionale disponibile online (2018).  

Il secondo studio presenta i risultati di un’indagine trasversale condotta sull'Isola di 

Santiago (Capo Verde), al fine di misurare i tassi di prevalenza di asma, rinite e 

eczema, tra bambini di età compresa tra i 6 e 7 anni e investigarne i possibili fattori 

di rischio. In questa analisi si sono confrontate, inoltre, le risultanti associazioni 

stimate tra esposizioni e outcomes a livello individuale, usando modelli 

generalizzati di regressione logistica, con le risultanti associazioni aggregate a 

livello scuola, usando modelli multilivello.  

Il terzo e ultimo studio, infine, presenta l’analisi dei tassi di test per COVID-19 tra 

bambini residenti in cinque distretti dell’area metropolitana di Lisbona (Portogallo). 
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Obiettivo principale di questa indagine era quello di investigare differenze di 

accesso al sistema sanitario, in tale contesto, tra bambini immigranti e no, tenendo 

in considerazione altri fattori potenzialmente associati alla probabilità di accesso ai 

test e al numero di test condotti, durante il periodo pandemico.  

Con questi tre studi ci prefiggiamo di descrivere, in contesti tra di loro differenti, 

come fattori di vulnerabilità individuali e/o a livello di comunità, si intersechino 

strettamente con risultati sanitari, ripercuotendosi sia sui tassi di accesso alle cure 

che sui tassi di prevalenza di determinate malattie.  

Nonostante un'ampia letteratura esista su questo tema, nuovi approcci di studio 

basati su una progettazione multidisciplinare e nuove metodologie di analisi, 

potrebbero portare la ricerca a nuovi conoscimenti, con favorevoli ripercussioni in 

termini di attività programmatica del sistema sanitario. 

  



6 

 
 

Abstract 

This manuscript explores the concept of vulnerability in health.  

Answering the questions: ‘Which populations or individuals are vulnerable? What 

are the determinants of vulnerability? What methods and approaches are used to 

study vulnerability in health?', we attempt to provide a comprehensive description 

of the problem and explore its Public Health implications. After outlining health 

vulnerability conceptualization in general terms, we present three case-studies that 

illustrate vulnerability factors in relation to access to health services or health out-

comes. The first study that we present, analysed trends in time and geographical 

variations in antenatal care uptake, in Mozambique. Secondary data from three na-

tional surveys, conducted in 2011, 2015, 2018, were used. Annual trend growth 

rates of antenatal care coverage were calculated between 2015 and 2018, in each of 

the surveys design substrata. Primary focus of this study was to investigate the pos-

sible impact of the armed conflict, which has plagued the North of the country since 

2017, on antenatal care utilization among mothers. Also, factors possibly associated 

with the outcome ‘attending at least four antenatal visits before pregnancy’ were 

analysed, using published data from last available survey (2018).  

The second study presents results of a cross-sectional survey conducted in the Is-

land of Santiago (Cape Verde), to measure the prevalence of asthma, rhinitis and 

eczema, among resident children aged 6-7 years old, and their possible associated 

risk factors. Individual-level exposure-outcomes associations estimated from stand-

ard logistic models were compared to school-level associations estimated from mul-

tilevel logistic models. The third and last study analysed COVID-19 testing rates 

among children living in five districts of the Lisbon metropolitan area (Portugal). 

Primary focus of this study was to investigate differences in access to the health 

system, between immigrant and non-immigrant children, while also taking into ac-

count other factors potentially associated with the likelihood of accessing or not at 

least one test and number of tests performed in mean, during the pandemic period.  

With these three studies, we aim to report, in different contexts, how individual 

and/or community-level vulnerability factors are closely linked to health outcomes, 

affecting both access to care and prevalence rates of specific diseases.  
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Although there is a large body of literature on this topic, new approaches to re-

search, based on multidisciplinary design and new methods of analysis, could lead 

to new knowledge, with beneficial implications for health system planning.  
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Chapter 1 General Introduction  

1.1 Health vulnerability concept  

The word "vulnerability" is derived from the Latin word “vulnerabilis”, the adjectival 

form of “vulnus”. It means capable of being wounded or susceptible to injury. 

The concept of specific groups or people having a greater likelihood of experiencing 

health problems due to different factors has long been recognised in medicine and 

public health. The expression gained popularity in the late 20th and early 21st centu-

ries as a means of describing the higher possibility of specific populations or individ-

uals developing health issues. Several factors, such as poverty, poor education, age, 

and gender, or exposure to pollution and natural disasters, impediments to access 

healthcare for prevention or treatment, can increase the risk of health issues. The right 

of everyone to timely access to affordable, preventive and curative care of good qual-

ity is one of the key principles of the recently proclaimed European Pillar of Social 

Rights (1) however, disparities and inequities persistently exist and increase, among 

individuals and communities. Researchers and policymakers aim to comprehend and 

reduce health weaknesses, to guarantee that each person and social group can attain 

good health and well-being, this has become especially crucial in the context of 

worldwide health emergencies, including pandemics and conflicts. 

The postulation of the concept of vulnerability in the medical field has evolved over 

time as our understanding of health and healthcare has become more complex. Vul-

nerability in medicine refers to a person's or a population's susceptibility to adverse 

health outcomes or difficulties in accessing healthcare. This concept is closely tied to 

the concept of social determinants of health (SDOH), namely the societal and envi-

ronmental conditions that influence individual health and well-being. These factors 

include socioeconomic status, education, housing, employment, access to healthcare, 

and the physical and social environment. Scientific research on SDOHs has led to 

recognize certain groups people or populations as more vulnerable to poor health out-

comes, due to systemic disadvantages.  

Historically, medicine focused predominantly on individual risk factors and clinical 
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treatments. Later, it became evident that addressing vulnerability required a broader 

perspective. Vulnerability can be attributed to systemic and structural factors such as 

poverty, discrimination, lack of education, or inadequate housing. For example, indi-

viduals from disadvantaged socioeconomic backgrounds may have limited access to 

healthy food, quality healthcare, and safe living conditions, which can lead to in-

creased vulnerability to various health problems. Vulnerable populations, such as 

low-income communities, racial and ethnic minorities, the elderly, and those with 

chronic illnesses, are often disproportionately affected by health disparities, such as 

higher rates of chronic diseases, reduced life expectancy. 

The definition and characterization of health vulnerability can differ greatly across 

countries due to cultural, social, economic and political nuances. These disparities 

can lead to different approaches to healthcare, understandings of health and experi-

ences of vulnerability.  

Consider the following key points:  

 Different cultures typically align with different attitudes towards the nature of 

health issues, the reasons behind afflictions, and suitable techniques for treatment. 

Cultural traditions and societal beliefs significantly influence the comprehension of 

health vulnerability. 

 Access to healthcare is a fundamental factor that change from one region to another. 

In wealthier nations, individuals typically benefit from good access to healthcare, 

education, and economic opportunities, which ultimately reduces the level of vul-

nerability. Conversely, financially deprived regions may face deficiency of re-

sources and limited access to healthcare, contributing to increased health vulnera-

bility. 

 Geographic location plays a significant role in determining access to healthcare. 

Individuals residing in remote or rural areas may have restricted access to 

healthcare facilities and services, thereby increasing their vulnerability. Moreover, 

those living in regions prone to natural disasters or environmental hazards may face 

specific health risks. 

 Government policies and healthcare systems vary widely across different nations. 
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The models for delivering healthcare also differ, ranging from universal healthcare 

to private insurance-based systems. These systems can have a significant impact on 

how health vulnerability is addressed and managed. 

 Epidemiological factors, including the prevalence of specific diseases and health 

conditions, also vary between regions. Some areas may carry a higher burden of 

infectious diseases, whilst others may suffer from more chronic health issues, im-

pacting health vulnerability. 

Understanding these differences is crucial for creating effective public health systems 

policies and interventions that meet the specific requirements of diverse communities 

and regions. 

 

1.2 Literature review 

The Belmont Report (2) published in 1979 by the National Commission for the Protec-

tion of Human Subjects of Biomedical and Behavioural Research in the United States, 

is recognized as the first human research ethics guideline to identify vulnerable groups, 

specified that those identified as vulnerable need extra protections during research par-

ticipation. The application of the concept of vulnerability has expanded from research 

ethics to the broader field of health care and health technologies, and beyond the indi-

vidual context; families, groups, communities, populations and countries can be de-

scribed as vulnerable (3). 

Up to date, a significant body of literature is dedicated to the study of vulnerable pop-

ulations. Some of these studies introduce and discuss conceptual models for under-

standing the origins and consequences of vulnerability on poor health outcomes.  

However, Grabovschi et al (2013) (3) extensively criticized how research often do not 

focus on examining health care disparities or explicitly explore the links between these 

and multiple aspects of vulnerability. The author scoping review interesting confirmed 

the dynamic vulnerability model of health care disparities based on the Inverse Care 

Law (ICL) (4), that  states how high levels of vulnerability, work on increasing health 

care needs but in the same time, are paradoxically companied by reduced health care 

accessibility and quality (Figure 1.1). 
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Figure 1.1. Inverse Care Law. Grabovschi et al. (3) 

 

 

 

Grabovschi et al operationalized vulnerability as increased susceptibility to health and 

health care disparities, coming from a combination of individual (inborn or acquired) 

and environmental (physical or socioeconomic environment) factors. 

Andersen and Aday (5), discussed the concept of vulnerability within the context of 

access to medical care, proposing a framework for understanding access to healthcare 

made by the following key components: 

 Predisposing Factors: factors that make individuals vulnerable to accessing 

healthcare; include demographics (age, gender), social structure (education, occu-

pation), and health beliefs. 

 Enabling Factors: resources and means that facilitate or hinder individuals' access 

to healthcare; include income, health insurance coverage, and the availability of 

healthcare services in a given area. 

 Need Factors: individual's perception of their health status, which can be influenced 

by physical symptoms, psychological distress, or diagnosed health conditions.  
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Figure 1.2. Enhancing the Measurement of Health Disparities for Vulnerable Popula-

tions (6). 

 

Over time, the Behavioural Model, first conceptualized by Andersen in the late 1960s 

has undergone revisions and updates to include new measures of health services use, 

recognizing improvement of health status as explicit outcomes and goals of health ser-

vices delivery (7) (Figure 1.2). Penchansky and Thomas, in 1981, defined access as 

resulting from the interface between the characteristics of persons, households, social 

and physical environments and the characteristics of health systems, organisations and 

providers (8). Levesque, in 2013 (9) presented access to health care services as result-

ing from the interaction of determinants pertaining to characteristics of individuals (e.g. 

the place where they live, their economic resources and their social status) and of ser-

vices (e.g. quantity, location of facilities, costs) (Figure 1.3). Characteristics of re-

sources, individuals and communities can determine various dimensions simultane-

ously. 

Several models have been formulated according to the circumstances and beliefs of the 

time. Some of these have considered only part of the characteristics that make up vul-

nerability. 
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1.3 Measure of vulnerability 

To estimate social vulnerability multi-dimensional indexes, aggregating social factors, 

has been developed, for different scopes as to assess disaster risk, environmental haz-

ards, healthcare access in underserved regions, communities’ resilience (10). 

The SVI developed by the Centre for Disease Control and Prevention (CDC) (11), is 

an example. In the recent years, Mah et al’ scoping review (12), examined literature on 

SVIs to map their composition and contests of utilization such as predictive power with 

respect to health outcomes ( Figure 1.4). 

Figure 1.3. A conceptual framework of access to health care (9). 
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Figure 1.4. Social Vulnerability Index predictive power on health outcomes (12). 

 

 

Betancur et al. in 2015 (13) formulated a Relative Index of Inequality (RII), that re-

semble the Social Vulnerability Index (SVI) in its idea, constituting a measurement of 

socioeconomic inequalities in health outcomes. Using a structured regression, they pro-

vided a framework to enable comparisons of associations across different populations, 

ultimately improving understanding of health vulnerability in different contexts, re-

gions and countries. 

 

1.4 The many dimensions of vulnerability 

In the following section, we report on specific examples from the literature, that explore 

factors leading to health vulnerability, both for individuals and for populations: 

 Geographical vulnerability: is rooted in the disparities in healthcare infrastructure 

and resources across different regions. Rural areas, often characterized by limited 

healthcare facilities and specialized services, face accessibility challenges. Popula-

tions residing in remote or isolated areas, such as islands or mountainous regions, 

encounter difficulties accessing healthcare due to constrained transportation op-

tions and healthcare facilities. Limited geographical access to health facilities can 

result in insufficient resources for disease control. A comprehensive review from 

2021 (14) demonstrated, indeed, how poor spatial accessibility to health care was 
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found to be associated with higher disease incidence, more severe health outcomes, 

and higher mortality in the majority of the studies analysed.  

 Social Vulnerability: revolves around the influence of socio-demographic factors 

on healthcare access. Older adults, for example, may face barriers due to limited 

mobility, transportation challenges, and complex health needs; homeless individu-

als, lacking stable housing, encounter difficulties accessing consistent healthcare 

services. Studies, such as the one by Baggett et al. (15) highlight the increased like-

lihood of homeless populations developing infectious diseases like tuberculosis and 

respiratory infections. People within prisons often face challenges in accessing 

healthcare due to restricted mobility and limited availability of medical services. 

 Ethnic/Cultural Vulnerability: refers to the increased risk of experiencing 

healthcare disparities and limited access to quality care due to an individual's ethnic 

or cultural background. It encompasses various factors such as language barriers, 

lack of culturally sensitive healthcare services, cultural differences on health be-

liefs, behaviours and expectations, stigma and discrimination experiences within 

healthcare settings. Furthermore, immigrants may encounter problems on obtaining 

a legal status and refugee and migrant population on even have services provided 

(16).  

 Systemic Vulnerability: focuses on structural and systemic factors contributing to 

healthcare disparities and limited access to healthcare services. These include in-

adequate healthcare policies, that fail to address disparities and access issues; frag-

mented healthcare systems, lacking coordination and integration; systemic discrim-

ination within healthcare systems; insufficient resources for addressing healthcare 

disparities. These factors can lead to higher disease prevalence across various con-

ditions, including mental health disorders, chronic diseases, or infectious diseases. 

 Economic Vulnerability: is characterized by financial constraints that limit access 

to healthcare services, including preventative care, medications, and specialized 

treatments. It encompasses various aspects, such as: lack of health insurance or 

inadequate coverage hinders access to healthcare services. Economically vulnera-
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ble populations may experience higher disease prevalence related to chronic con-

ditions, as demonstrated in research by Jayathilaka et al (2020) (17). 

 Technology-Related Vulnerability: refers to disparities in access to healthcare ser-

vices and information due to limited technological resources or literacy. It encom-

passes challenges in accessing telemedicine, for example, or difficulties in access-

ing and understanding online health information; limited access to digital health 

tools, which have become increasingly important in healthcare delivery (18). 

 Environmental Vulnerability: encompasses exposure to environmental hazards, cli-

mate change effects, and natural disasters that can disproportionately affect certain 

populations. These environmental factors can impact healthcare access and lead to 

the development of various diseases, including respiratory, cardiovascular, and in-

fectious diseases (19). 

 

1.5 Studies designs and methodological approaches 

A large variety of study designs has been used to research on the topic of health vul-

nerability, each of these offering distinct advantages: 

 Cross-Sectional Studies: provide a snapshot of a population's health status at a par-

ticular point in time. They are valuable for identifying prevalent health disparities, 

as they allow researchers to assess the association between various factors and vul-

nerabilities simultaneously. 

 Cohort Studies: offer the advantage of tracking a group of individuals over time, 

making them well-suited for understanding the development of health vulnerabili-

ties and their long-term consequences.  

 Case-Control Studies: are highly effective in investigating the causes of specific 

health outcomes within vulnerable populations, by comparing individuals with a 

particular health condition to those without and analysing their past exposures. 

 Longitudinal Studies: excel at capturing changes in health vulnerabilities and their 

effects over an extended period. These studies are valuable for understanding the 

dynamic nature of vulnerabilities and how they evolve. 
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 Ecological Studies: are advantageous when exploring population-level vulnerabil-

ities and their effects on health outcomes. They are well-suited for identifying broad 

associations between exposures and outcomes at the community or regional level, 

while they cannot establish individual-level relationships. 

 Interventional Studies (Randomized Controlled Trials): particularly randomized 

controlled trials, are essential for assessing the effectiveness of interventions de-

signed to mitigate health vulnerabilities and improve access.  

 

1.6 Potential gaps 

While reviewing literature on health vulnerability, it became clear that multidiscipli-

nary approaches are rarely used in research. Investigations usually approach the topic 

from a unique, while direct, perspective. However, given the multidimensional nature 

of the problem, there is an urgent need for comprehensive research planning and col-

laboration across disciplines; integrating insights and expertise from different fields, 

including public health, sociology, economics and environmental science, is essential 

to design studies and conduct analyses to truly understand the complex web of factors 

influencing health vulnerabilities. 
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A landmark paper was published just a year ago by Johnson and Wendland (2022); 

introducing a novel, design-driven, interdisciplinary research approach to study vul-

nerability  (20).  This approach, known as the 'Pathways’ approach, has three core com-

ponents: a vulnerability framework, population-representative household segmentation 

solutions and a set of qualitative stories and insights that bring the framework and seg-

mentation to life. Its main objective is to enable health systems stakeholders to catego-

rize their users based on the social, environmental and cultural vulnerabilities associ-

ated with poor health outcomes, in a range of areas, including reproductive, maternal, 

newborn and child health, nutrition, and women's health and well-being. As an illus-

tration of this approach, Figure 1.5 shows the formulation of this approach in the con-

textualised exploration of the lived experiences of Kenyan women and their families 

Figure 1.5. Pathways approach to design studies: three lenses for organizing and thinking 

with different data streams (top). Home birth insights derived from macro-meso-micro lens 

analysis example in practise (bottom). © 2022 Sonder 
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within the cultural contexts that shape their lives (Figure 1.5). 

There is, also, untapped potential in borrowing research methods from other disci-

plines, such as economics, for health research.  

Conjoint analysis (CA), for example, is an analytical tool commonly used in marketing 

research and customer analysis, that could be easily re-adapted to explore policies and 

interventions preferences among vulnerable populations in low- and middle-income 

countries (LMICs) (21).  

In resource-constrained settings where data-driven decision making is critical, CA has 

the potential to shed light on how vulnerable individuals make choices about health 

care options and to identify the key features of health services. The involvement of the 

local community in the collection of data can promote community engagement, em-

power community members to participate in decision-making processes, and instil a 

sense of ownership of health care programmes and initiatives. 

Other valuable methods of data analysis remain underused in the study of the link be-

tween vulnerability and health. To estimate in which extent social determinants of 

health (SDOHs) may impact health outcomes, while controlling for confounding vari-

ables, standard multivariate regression models are generally fitted.  

To assess the impact of the implementation of policies or health interventions aimed at 

reducing health vulnerabilities and improving overall well-being, the method of differ-

ence-in-difference (DiD) estimation can be a valuable tool. DiD compares changes in 

an outcome of interest between two or more groups over two different time periods. It 

controls for pre-existing differences (22). 

Causal analysis is often overlooked when studying vulnerabilities. While many studies 

have identified associations between determinants and health inequalities, only a few 

have delved into the causal pathways involved. Cross-population comparisons can pro-

vide valuable insights into how variation in the distribution of risk factors influences 

differences in disease occurrence, as exemplified by Betancur et al. (2018) (21). This 

causal approach, rooted in counterfactual analysis, is underrepresented in health vul-

nerability research but has the potential to inform policy decisions and interventions 

more effectively. 
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Finally, developing a structured regression approach that considers the influence of 

vulnerabilities on underutilization of health access, modelling causal associations be-

tween SDOHs and health outcomes’ development, could improve the analysis to tangle 

under discovered pathways (Figure 1.6). 

 

Figure 1.6. Formulation of model’ structure that combines in two steps analysis of de-

terminants to health access and their conditional impact on health outcomes, in a causal 

pathway. Note: α are conditional probabilities.  

 

 

1.7 Summary 

This manuscript started presenting the concept of vulnerability in its generality. This 

topic is of paramount importance in the current context of global public health, where 

health inequalities continue to growth because of social and economic inequalities. In-

vestigating the "who, how, where, what, when, why and what" in health vulnerability 

research might be crucial to understand determinant factors and inform targeted inter-

ventions, guiding the global policy’s development and strengthen public health systems 

response. By identifying specific vulnerable groups, public health can implement a tai-

lored approach for resource allocation, maximizing the effective improvement or 

avoidance of adverse health outcomes. It is only in this way that it will be possible to 

work towards a more equitable health system that ensures access to quality health care 

for all (Universal Health Coverage UHC).  

While significant progress has been made in health vulnerability research, certain re-

gions of the world and dimensions remain still understudied.  
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Vulnerabilities in low-resource countries (LMICs), marginalised populations and ne-

glected health areas require increasing attention. Also, it's important to consider that 

factors that lead to vulnerability, of any type, vary and evolve over time and space. 

Countries might be vulnerable to shocks such as natural disasters, pandemics and cross-

border population movements/displacement or economic and political crises, which 

can exacerbate pre-existing vulnerabilities. In addition, new vulnerabilities arise from 

urbanisation, globalisation and technological advances and require further study to pro-

mote inclusive health strategies. 

Vulnerability is, therefore, a dynamic phenomenon, also affecting disproportionately 

groups that were already disadvantaged.  

Building adaptable health systems, it’s imperative to adequately address and reduce 

vulnerabilities. Presence of organisations dedicated to preventing, mitigating and re-

covering from unexpected conditions, like shocks or emergencies, is crucial to ensure 

universal access to health care for vulnerable populations (23). 

Identifying vulnerabilities at individual or community level requires a nuanced analysis 

of context, spatial dynamics, temporal trends, and biological specificities. These ele-

ments interact to shape health experiences and vulnerabilities of different groups. The 

influence of geography, cultural practices, historical context, and genetic predisposi-

tions underscores the need for tailored interventions that address specific population 

vulnerabilities. It is therefore only through a multidisciplinary approach that it is pos-

sible to carry out appropriate research in this area. 
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Chapter 2 Antenatal care coverage in conflict 

2.1 Introduction 

In the realm of health disparities and population vulnerabilities, this thesis chapter ex-

amines the interplay between armed conflicts and health care trends. Previous literature 

has broadly argued how severe adverse outcomes can arise from armed conflicts, on 

the health of women and children, always considered vulnerable individuals (24–30). 

However, this issue remains often insufficiently explored, enabling appropriate Global 

Health’s response actions. Creating and implementing measures for healthcare systems 

reinforcement and facilitating access to medical care for vulnerable groups, are and 

should always be, primary objectives of Public and Global Health. 

A significant obstacle in quantifying direct or indirect impact of conflicts and wars on 

health outcomes, lays on the difficulty to disentangle their specific effects from the 

multitude of concomitant factors, also related.  

Conflicts not only result in increased mortality rates. Vulnerable populations, bear a 

disproportionate burden during armed conflicts due to heightened risks to their health 

and well-being (31). Disruptions in healthcare services, compromised sanitation and 

hygiene, food insecurity, displacement, and exposure to violence significantly impact 

these vulnerable groups, leading to increased maternal morbidity and mortality, mal-

nutrition, and infectious diseases (32). The precarious conditions exacerbate pre-exist-

ing health inequalities and heighten the vulnerability of these populations, demanding 

urgent attention and targeted interventions. 

In 2015, the United Nations supported the Sustainable Development Goals (SDGs) 

with a major aim: to reach a global maternal death rate of less than 70 for every 100,000 

live births by 2030 (33). Nevertheless, the current trend indicates that this vital objec-

tive is not being achieved. To tackle this urgent issue, a group of various partners ded-

icated to maternal health created the Ending Preventable Maternal Mortality (EPMM) 

scheme. It aims to prepare for, react to, and endure emergencies while emphasizing 

humanitarian settings, where the problem is particularly severe. 
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2.2 Literature Review 

A recent and comprehensive systematic review from Alibhai et al (2022) (25) exten-

sively reported barriers, facilitators, and overall factors that very likely impact antenatal 

care (ANC) uptake in countries or regions classified as fragile and conflict-affected 

situations (FCAS), as for World Bank’s definition (34). It was evidenced that women 

living in FCAS are, compared to women worldwide, significantly less likely to seek 

ANC early in pregnancy or attend a total of four ANC visits.  

This review, referencing to the Andersen’s Model of Healthcare Utilization (7), con-

ceptualized healthcare utilization as function of the interaction between predisposing, 

enabling, and need factors that influence whether women are able to seek antenatal 

care. Four factors were frequently cited as influencing the uptake, frequency, and tim-

ing of antenatal care, in general: mothers’ education, gender dynamics (gendered power 

relations which inhibit women’s lack of decision-making power about when and where 

to seek care, driving inequality) (35), socioeconomic status, geographical distance from 

the health facility and quality of health service. 

Although conflict is not always reported as a barrier, it is axiomatic that they indirectly 

cause a poor uptake of antenatal care services, for mothers living in areas where facil-

ities are affected by attacks, practitioners flee from rural to urban areas to escape from 

kidnapping dangers, clinics run out of resources, and all the other not mentioned out-

turns. Disrupted events also result in women experiencing displacement and conse-

quently poor quality of healthcare, lack of infrastructures or difficulties in accessing 

them, because of walking distances, lack of transportation or fear of experiencing vio-

lence travelling alone to the closest hospital (36). 

Understanding the intricate interplay between conflicts and the other determinants is 

of paramount importance for addressing health disparities experienced by vulnerable 

mothers, in these contests and for devising efficacious interventions geared toward en-

hancing their overall well-being. 

 

2.3 Antenatal care framework 
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Antenatal care (ANC) is an essential aspect of maternal healthcare, comprising a range 

of medical and supportive services administered to expectant mothers to guarantee a 

safe pregnancy and childbirth. According to the World Health Organization (WHO), 

ANC, encompasses the "care administered by competent healthcare professionals to 

pregnant women and adolescent girls to uphold optimal health for both mother and 

baby throughout pregnancy, childbirth, and the postnatal phase" (37).  

Its purpose is to monitor the pregnancy's progress, identify and manage complications, 

deliver vital health information, and supply relevant interventions to enhance the well-

being of both mother and child. 

ANC effectiveness depends on a key indicator denoted as ANC4+ coverage, that rep-

resent the percentage of women aged 15-49 with a live birth, in a given time period, 

that received antenatal care four or more times (38).  It is reported that receiving ante-

natal care at least four times increases the likelihood of receiving effective maternal 

health interventions during the antenatal period. This indicator is listed in the Global 

Strategy for Women’s, Children’s and Adolescents’ Health (2016-2030) Monitoring 

Framework, and is one of the tracer indicators of health services for the universal health 

coverage (SDG indicator 3.8.1) (39).  

Several studies have shown that meeting this threshold has a positive impact on mater-

nal and neonatal health, leading to improved outcomes; these benefits include detecting 

and managing complications early, reducing maternal and neonatal mortality, improv-

ing birth preparedness, increasing the likelihood of providing care in medical settings, 

and enhancing the use of essential interventions such as iron and folic acid supplemen-

tation and tetanus toxoid vaccination (40). 

Considering developing evidence and heightened objectives towards the enhancement 

of maternal and child health outcomes, the World Health Organization has revised its 

guidance and increased the minimum number of suggested ANC visits from four to a 

minimum of eight during pregnancy (23). This alteration intends to expand and im-

prove ANC objective, allowing for greater access to health assessments, education, and 

interventions. However, achieving the desirable number of visits often poses chal-

lenges, especially in LMICs countries. In these settings obstacles persist in term of 
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deficient healthcare infrastructures, financial constraints, cultural beliefs, and geo-

graphical accessibility that impede women from reaching the recommended number of 

ANC visits (41). A comprehensive enhancement of the healthcare system, addressing 

socio-economic inequalities, and improving public awareness and engagement is re-

quired, especially in those cases.  

 

2.4 Study objective 

In this chapter we present a case study from Mozambique, in which data from national 

surveys were used to analyse antenatal coverage trends in time and differences between 

geographical areas (provinces), while also investigating into potential factors associ-

ated to undergo the desirable number of ANC visits.  

Our primary research question was: ‘May living in regional areas more affected by the 

civilian conflict started in 2017 potentially influenced women’s accesses to antenatal 

visits in the country?’.  

 

2.5 Study Setting 

Mozambique is a southern East African country with an estimated population of 32.5 

million inhabitants, primarily residing in rural areas (65%). About half (51.6%) of the 

population are women, with 36.7 births estimated over 1000 habitants, a fertility rate 

of 4.8 (number of children for each woman) and a 63,9% of infant mortality rate (42). 

Presently, the country is classified as a low-income country (LIC) by the World Bank, 

with a gross domestic product per capita (average annual income) of USD 467 in 2020 

(43). According to the United Nations 2020 Human Development Index, Mozambique 

was ranked 181 out of 189 countries, decreasing by one point from its ranking in 2019 

and 2018 (44).  

Antenatal care service provision in Mozambique has undergone a remarkable transfor-

mation since the early 1990s. Back in 1990, only around 30% of women received an-

tenatal care. Over the subsequent years, concerted efforts have been made to enhance 

maternal healthcare, with the implementation of national and international healthcare 
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programs. The Health Sector Reform Programme, introduced in 1997, was a significant 

milestone that paved the way for the development of healthcare infrastructure and the 

provision of essential services. Collaborative endeavours amongst international agen-

cies gathered impetus through initiatives like the "Millennium Development Goals 

(MDGs)" (2000-2015) and subsequent "Sustainable Development Goals (SDGs)" 

(2016-present), which encompassed objectives directed primarily towards diminishing 

maternal mortality rates and improving antenatal care coverage. During this period 

multiple national initiatives were enforced, such as the "Mozambique Health Sector 

Strategic Plan (PESS)" in 2014, highlighting maternal health as a top priority, as well 

other programs like the "Integrated Community Case Management (iCCM)" aimed at 

remote regions, greatly increasing the accessibility of maternal healthcare services. 

However, since October 2017, Mozambique has been grappling with a militant uprising 

originated in Cabo Delgado province, resulting in significant loss of life and liveli-

hoods. The armed conflict has caused widespread violence, displacement, and instabil-

ity in the northern provinces of the country. According to data from the Armed Conflict 

Location & Event Data Project (ACLED) (45), the conflict has resulted in thousands 

of deaths and the displacement of hundreds of thousands of people, leading to severe 

humanitarian crises. 

It's been only since 2021 that Mozambique appears in the list of fragile and conflict-

affected situations annually released by the World Bank Group (WBG) with the aim to 

inform strategic and operational decision-making within the WBG (34).  

The escalation has resulted in healthcare facilities and infrastructures disruption, hin-

dering access to health services, and exacerbating existing health inequalities. Maternal 

and child health have been severely affected, with ANC services facing significant 

strain. Efficiency and effectiveness of humanitarian aid, resources’ allocation and tar-

geted support become, especially in this context, crucial to ensure sufficient and quality 

antenatal care coverage and mitigate adverse outcomes. Research and data collection 

are fundamental to monitor indicators in time and promptly inform decision maker to 

plan evidence-based policies and strategies, to safeguard the well-being of Mozam-

bique's population and strengthen the health system. 
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2.6 Methods 

2.6.1 Data sources  

The Demographic and Health Surveys (DHS) program (46) is a globally recognized 

initiative that conducts comprehensive, nationally representative surveys, in low- and 

middle-income countries. These surveys are designed to collect characteristics at 

household level that include mothers and children health status. To collect data com-

parable across countries, surveys are organized in model questionnaires, administered 

to women aged between 15 and 49 years, including inquiries about household’s socio-

demographic, economic and health status, living environment, health behaviour, and 

pre- and post-natal care utilization. 

Data for this analysis were retried from Mozambique DHS 2011 (47), AIS (AIDS In-

dicator Survey) 2015 survey (48) and MIS (Malaria Indicator Survey) 2018 (49). 

2.6.2 Study design 

DHS, AIS and MIS surveys use a complex multi-stage stratified cluster sampling de-

sign to ensure representativeness of the population and allow for efficient data collec-

tion (50).  

In the first stage, the survey area (namely the country) is divided into smaller geograph-

ical units called clusters or primary sampling units (PSUs). These clusters are usually 

based on administrative boundaries, such as villages or neighbourhoods. From this de-

fined list of PSUs, a systematic random sample of clusters is selected. The selection is 

made with a probability proportional to the size of the cluster, ensuring that larger clus-

ters have a higher chance of being selected and considering the allocation of the PSU 

sample over the sample strata, that are typically regions and urban/rural residence. 

Once the clusters are selected, field teams conduct an exhaustive household listing or 

census in each one, to help creating a comprehensive and up-to-date list of households 

within them and collecting geographical coordinates of the cluster itself. 

The second stage involves, therefore, a random selection of a predetermined number 

of households within the list, within each selected cluster.. All women aged 15-49 years 
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from the selected household, within each cluster, finally constitute the eligible sample 

to be interviewed.  

This two-stage process helps control the cost and time involved in interviewing every 

household, making the data collection process manageable and logistically feasible, 

especially in large or geographically dispersed regions. It also improves the represent-

ativeness of the survey by providing a systematic and unbiased selection of households 

at each stage. The use of probability sampling at both stages ensures that each selected 

household has a known probability of being selected, reducing the potential for bias 

and allowing the estimation of sampling error. In addition, the use of stratification at 

the first stage (dividing the population into homogeneous subgroups or strata) helps to 

ensure that different geographical or demographic segments of the population are rep-

resented. This is essential to obtain a comprehensive and accurate picture of the entire 

population within the survey area. 

Sample sizes for DHS surveys are calculated by inflating the standard formula for the 

sample size of a proportion, by a design effect (Deft), a measure of efficiency of cluster 

sampling compared to simple random sampling of individuals, defined as the ratio be-

tween the standard error using the given sample design and the standard error that 

would result if a simple random sample had been used: 

𝑛 = Deft2 ×
(1/𝑃 − 1)

𝛼2
 

α2 is the precision and p the selected proportion; a default value of 1.5 is used for Deft 

if not specified.  

After determining the total sample size and allocating it to different survey do-

mains/strata, it should be decided the number of individuals (sample take) to be inter-

viewed per sample cluster and convert the domain/stratum sample size to number of 

clusters. Normally a sample take of 20 to 25 households in urban clusters and between 

25 to 30 households in rural clusters, has been proved to be appropriate (50). 

To account for the complex sampling design sampling weights are assigned to each 

household sampled. Sampling weights are calculated based on the inverse of the prob-

ability of selection at each stage and any adjustments for non-response.  
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The household design weight (all households in the same cluster share same weight), 

therefore, correspond to: 

𝑊𝐻 =
1

𝑃1ℎ𝑖𝑃2ℎ𝑖𝑗
 

 

𝑃1ℎ𝑖 are first-stage or cluster sampling probability, of cluster i in stratum j  

𝑃2ℎ𝑖𝑗 are second-stage or household sampling probability of household j, of cluster i in 

stratum j 

To adjust for non-response, the weight above is then divided by the product of the 

cluster response rate and the household response rate, for each of the sampling stratum. 

Individuals’ sampling weights of cluster i in stratum h are, in the same way, calculated 

by dividing the household design weight by the product of the cluster response rate, the 

household response rate and the individual response rate, for each of the sampling 

strata. 

In the analysis phase, these weights are applied to calculate health indicators, to correct 

for the under- or over-sampling of different strata during sample selection.  

The responses of each sampled household are multiplied by the assigned weight, so 

that each interviewed unit becomes representative of similar units in the target popula-

tion. 

2.6.3 Study Sample 

In this study, we analysed a pooled dataset of three Mozambique’s sub-nationally rep-

resentative household surveys: Demographic Health Surveys 2011(DHS), HIV Indica-

tor Survey 2015 (AIS) and Malaria Indicator Survey 2018 (MIS). Data collection was 

implemented between April and November 2011, June and September 2015, March to 

June 2018 respectively. Surveys response rates were 99% in 2011, 95% in 2015 and 

98% in 2018, the higher response rate was always registered among women living in 

rural areas, compared to urban areas. 

We analysed only data from women with at least one child aged at the most twelve 

months, at the time of the survey, were considered.  



38 
 

2.6.4 Ethics and permissions 

Permission to use these datasets was granted by the Monitoring and Evaluation to As-

sess and Use Results Demographic and Health Survey (MEASURE-DHS). 

2.6.5 Variables 

The study outcome variable is defined as having or not a received a minimum of four 

antenatal care visits (ANC4+) for mothers under study. It was derived from the ques-

tion “How many times did you receive antenatal care during this pregnancy?”, the re-

sponses were recoded into a binary variable.  

Independent variables for which the association with the outcome was investigated, 

were included based on literature review and data availability. Mother’s age at the date 

of the survey, educational level defined in three categories (no education, primary, sec-

ondary or higher, working status, household size (more or less than 6), wealth index in 

five categories, area of residence (rural or urban), province of residence.  

2.6.6 Statistical Analysis 

Descriptive statistics as means and standard deviations for continuous variables and 

frequencies with percentages for categorical variables were used to summarise sample 

characteristics.  

The percentage of mothers attending at least four visits before pregnancy (ANC4 cov-

erage) was computed for each survey at province level, applying sampling probability 

weights, retrieved from DHS datasets. Also, annual exponential growth rates (AGR) of 

ANC4 were estimated between subsequent surveys, using this formula: 

 

AGR from year s to s ∗= 𝑒
log(ANC4s ∗) − log (ANC4s)

 year s ∗ −year s
 

 

Where s* and s represent years of the two subsequent surveys. To compute ANC4 

coverage indicator sampling weights were applied.  

QGIS software (QGIS Desktop 3.22.7) was used to map cluster-level ANC4 coverage 

percentages from AIS 2015 clusters (of mothers with a live child aged at the most 12 

months at the time of the survey) (number of clusters=294) and MIS 2018 (number of 
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clusters=219), linking clusters’ GPS coordinates (latitude and longitude) to women’s 

questionnaires data by cluster id code.   

Also, for the most recent survey (MIS 2018), we modelled associations between moth-

ers’ socio-demographic characteristics and ANC4 outcome, to analyse factors associ-

ated with antenatal care utilization. We used complex sample logistic regression, ap-

plying sample probability weights, as before. Results were reported as odds ratios 

(ORs) and confidence intervals (95% CIs for a significance level of α = 0.05) and model 

goodness of fit was evaluated.  

Statistical analyses were performed in R software (version 4.0.3).  

 

2.7 Results  

In total, a subsample of 4779 women (aged 15-49) who participated in the three surveys 

(DHS 2011, AIS 2015 and MIS 2018) was included in the study (n2011=2558, 

n2015=1152, n2018=1069). We specifically selected only women who had given birth in 

the year before the questionnaire was administered. 

In all three surveys, most mothers were 25-34 years old and lived in rural areas. In 

terms of educational attainment, the majority had no or primary education. The per-

centage of uneducated mothers decreased from 2011 (33%) to 2018 (23%), and the 

percentage of women with secondary education increased from 15% in 2011 to 24% in 

2018. Mothers were almost equally distributed among household wealth index classes, 

in all three years under study. Sample demographic characteristics are described in Ta-

ble 2.1 (Table 2.1). Supplementary table S2.1 (Table S2.1) testify the harmonized dis-

tribution of mothers among the 21 design strata, in the three surveys under study and 

table S2.2 (Table S2.2) evidence great mothers’ participation in answering antenatal 

care questions, with very few missing answers, over all provinces and surveys. In Sup-

plementary table S2.3 (Table S2.3) reports mothers’ education levels and household 

wealth index levels, among the three surveys.    

Overall, percentage of mothers with no education was higher in rural areas, for all the 

provinces and years, there was a very low percentage of higher educated mothers in all 
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the areas (equal to zero in rural areas) and for all the years, percentage of mothers with 

a poorest level of wealth index was higher in 2015 compared to 2011 and lower in 2018 

compared to 2015, apart from mothers living in the provinces of Sofala, Cabo Delgado 

and Nampula. Also, percentage of mothers with the richest level of wealth index were 

lower overall in 2018 compared to 2015, apart from the provinces of Manica, Gaza and 

Maputo.  
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Table 2.1. Mothers’ sociodemographic characteristics, for the three surveys under study. Data are presented for the sample overall and 

stratified for ANC4+ binary outcome. Note: percentages reported in parenthesis, are computed with respect to column total. P-values 

are computed from Wilcoxon tests for continuous variables and Chi-squared tests for categorical variables. 

 

DHS 2011  AIS 2015  
MIS 2018 

 

Variables 

Overall 

(n=2558) 

no 

ANC4+ 

(n=1252, 

49%) 

ANC4+ 

(n=1288, 

51%) 

p 
Overall 

(n=1152) 

no ANC4+ 

(n=420,39%) 

ANC4+ 

(n=668, 

61%) 

p 
Overall 

(n=1069) 

no 

ANC4+ 

(n=460, 

44%) 

ANC4+ 

(n=583, 

56%) 

p 

% of total women sample 19%    15%     17%     

% of mothers sample 34%       30%       32%       

Age in 5-year groups (%)       0.487       0.068       0.078 

15-19 
465 

(18.2) 
220 (17.6) 242 (18.8)  

272 

(23.6) 
104 (24.8) 151 (22.6)   

253 

(23.7) 
126 (27.4) 122 (20.9)   

20-24 
666 

(26.0) 
315 (25.2) 347 (26.9)  

308 

(26.7) 
111 (26.4) 186 (27.8)   

306 

(28.6) 
118 (25.7) 181 (31.0)   

25-29 
578 

(22.6) 
290 (23.2) 284 (22.0)  

232 

(20.1) 
80 (19.0) 138 (20.7)   

197 

(18.4) 
79 (17.2) 112 (19.2)   

     30-34 
423 

(16.5) 
214 (17.1) 204 (15.8)  

166 

(14.4) 
55 (13.1) 99 (14.8)   

154 

(14.4) 
60 (13.0) 90 (15.4)   

     35-39 
302 

(11.8) 
149 (11.9) 152 (11.8)  

117 

(10.2) 
38 (9.0) 71 (10.6)   99 (9.3) 50 (10.9) 46 (7.9)   

     40-44 89 (3.5) 50 (4.0) 38 (3.0)  41 (3.6) 24 (5.7) 15 (2.2)   52 (4.9) 23 (5.0) 28 (4.8)   
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DHS 2011  AIS 2015  
MIS 2018 

 

Variables 

Overall 

(n=2558) 

no 

ANC4+ 

(n=1252, 

49%) 

ANC4+ 

(n=1288, 

51%) 

p 
Overall 

(n=1152) 

no ANC4+ 

(n=420,39%) 

ANC4+ 

(n=668, 

61%) 

p 
Overall 

(n=1069) 

no 

ANC4+ 

(n=460, 

44%) 

ANC4+ 

(n=583, 

56%) 

p 

     45-49 35 (1.4) 14 (1.1) 21 (1.6)   16 (1.4) 8 (1.9) 8 (1.2)   8 (0.7) 4 (0.9) 4 (0.7)   

Residencial area =  Rural 

(%) 

1720 

(67.2) 
923 (73.7) 790 (61.3) <0.001 

720 

(62.5) 
307 (73.1) 369 (55.2) <0.001 

692 

(64.7) 
340 (73.9) 335 (57.5) <0.001 

Education level (%)       <0.001       <0.001       <0.001 

no education 
845 

(33.0) 
486 (38.8) 354 (27.5)  

283 

(24.6) 
132 (31.4) 126 (18.9)   

244 

(22.8) 
136 (29.6) 102 (17.5)   

primary 
1311 

(51.3) 
650 (51.9) 651 (50.5)  

595 

(51.6) 
223 (53.1) 341 (51.0)   

544 

(50.9) 
253 (55.0) 280 (48.0)   

secondary 
381 

(14.9) 
114 (9.1) 264 (20.5)  

267 

(23.2) 
65 (15.5) 194 (29.0)   

261 

(24.4) 
69 (15.0) 183 (31.4)   

higher 21 (0.8) 2 (0.2) 19 (1.5)   7 (0.6) 0 (0) 7 (1.0)   20 (1.9) 2 (0.4) 18 (3.1)   

Wealth index (%)       <0.001       <0.001       <0.001 

poorest 
463 

(18.1) 
281 (22.4) 181 (14.1)  

214 

(18.6) 
96 (22.9) 99 (14.8)   

201 

(18.8) 
120 (26.1) 74 (12.7)   

poorer 
456 

(17.8) 
267 (21.3) 189 (14.7)  

219 

(19.0) 
105 (25.0) 100 (15.0)   

219 

(20.5) 
122 (26.5) 95 (16.3)   

middle 
539 

(21.1) 
277 (22.1) 259 (20.1)  

211 

(18.3) 
96 (22.9) 105 (15.7)   

196 

(18.3) 
89 (19.3) 100 (17.2)   

richer 553 241 (19.2) 306 (23.8)  262 78 (18.6) 179 (26.8)   253 83 (18.0) 168 (28.8)   
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DHS 2011  AIS 2015  
MIS 2018 

 

Variables 

Overall 

(n=2558) 

no 

ANC4+ 

(n=1252, 

49%) 

ANC4+ 

(n=1288, 

51%) 

p 
Overall 

(n=1152) 

no ANC4+ 

(n=420,39%) 

ANC4+ 

(n=668, 

61%) 

p 
Overall 

(n=1069) 

no 

ANC4+ 

(n=460, 

44%) 

ANC4+ 

(n=583, 

56%) 

p 

(21.6) (22.7) (23.7) 

richest 
547 

(21.4) 
186 (14.9) 353 (27.4)   

246 

(21.4) 
45 (10.7) 185 (27.7)   

200 

(18.7) 
46 (10.0) 146 (25.0)   

Nr of children 5 and un-

der in household (mean 

(SD)) 

2.00 

[1.00, 

2.00] 

2.00 [1.00, 

3.00] 

2.00 [1.00, 

2.00] 
<0.001 

2.00 

[1.00, 

2.00] 

2.00 [1.00, 

2.00] 

2.00 [1.00, 

2.00] 
0.003 

2.00 

[1.00, 

2.00] 

2.00 [1.00, 

2.00] 

2.00 [1.00, 

2.00] 
0.598 
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2.7.1 ANC4+ coverage and trends from 2011 to 2018  

Among the selected subsample, 18 mothers (0.7%) for 2011 survey, 26 (5.6%) for 2015 

and 64 (2.4%) for 2018, didn’t answer the question about antenatal care visits, focus of 

this analysis. No pattern emerged while investigating distribution of missingness 

among provinces (Table S2.2).  

From DHS 2011, it resulted that 52% of the selected subsample of mothers had fewer 

than 4 antenatal care visits (undesired antenatal care). This percentage lowered down 

in 2015 (41%) and then back increased in 2018 (51%). The proportion of mothers who 

had no visits at all was 8% in 2011, 6% in 2015 and 5% in 2018, while the proportion 

of mothers who had only one visit was 4%, 5% and 5% respectively. Among mothers 

having at least one ANC visit, the median (IQR) of visits was 4 (3-5), in all the three 

years and among the same mothers, only 30 (1%) in 2011, 37 (3%) in 2015 and 34 

(3%) in 2018, had at least 8 visits. Socio-economic and demographic disparities were 

consistently observed between mothers with a desirable number of visits (ANC4+) and 

those without (no ANC4+) (Table 2.1). In the group of mothers with ANC4+ the pro-

portion living in rural areas was 61% in 2011, 55% in 2015 and 58% in 2018, whether 

in the complementary group, was around 74% in all three years.  

Among mothers in the ANC4+ group, the proportion having secondary or higher edu-

cation (22% in 2011, 30% in 2015 and 34.5% in 2018) and with household wealth 

index falling in the ‘richer’ or ‘richest’ categories (51.2% in 2011, 54.5% in 2015, 

53.8% in 2018), were consistently higher than in the group with undesirable ANC 

(9.3%, 15.5%, 15.4% for secondary/higher education and 34.1%, 29.3%, 28% for 

richer/richest wealth index). Table 2.2 reports distribution of mother undergoing or not 

the four visits during pregnancy, among the ten provinces and the three surveys. 

To measure antenatal coverage trend over time of antenatal in each of the 21 studies 

design substrata (provinces divided in urban and rural areas), we calculated weighted 

ANC4+ percentages along with standard errors and 95% confidence intervals, for each 

of the 21 study substrata (Table 2.3). Sampling weights were applied during the calcu-

lation and from these, we computed substrata-level growth rates from 2015 to 2018 

(Table 2.4). 
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Table 2.2. Distribution of the sample of mothers, among the ten provinces in Mozam-

bique, for the three surveys and stratifying by the outcome ANC4+ uptake. Chi-squared 

tests were applied to calculate p-values. 

  DHS 2011 AIS 2015 MIS 2018 

Province 

no 

ANC

4+ 

ANC4

+ 
p 

no 

ANC4

+ 

ANC4

+ 
p 

no 

ANC4

+ 

ANC4

+ 
p 

niassa 0.61 0.39 
<0.00

1 
0.46 0.54 

<0.00

1 
0.48 0.52 

<0.00

1 

cabo delgado 0.45 0.55   0.31 0.69   0.77 0.23   

nampula 0.68 0.32   0.52 0.48   0.68 0.32   

zambézia 0.58 0.42   0.55 0.45   0.4 0.6   

tete 0.6 0.4   0.36 0.64   0.65 0.35   

manica 0.33 0.67   0.64 0.36   0.33 0.67   

sofala 0.45 0.55   0.27 0.73   0.33 0.67   

inhambane 0.53 0.47   0.33 0.67   0.27 0.73   

gaza 0.42 0.58   0.21 0.79   0.37 0.63   

maputo prov-

ince 
0.38 0.62   0.17 0.83   0.21 0.79   

maputo city 0.33 0.67   0.25 0.75   0.16 0.84   
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Table 2.3. Estimated ANC4+ coverage percentages, by the 21 strata design, for the three surveys. Standard errors (SE) and 95% CIs 

are also reported. Sampling weights were applied during computation. 

 
DHS 2011 AIS 2015 MIS 2018 

 

Province ANC4+ SE 

Low 

CI 

Upper 

CI ANC4+ SE 

Low 

CI 

Upper 

CI ANC4+ SE 

Low 

CI 

Upper 

CI  

niassa urban 0.56 0.09 0.37 0.74 0.65 0.05 0.54 0.75 0.48 0.13 0.23 0.73 

niassa rural 0.35 0.04 0.27 0.43 0.52 0.07 0.38 0.65 0.5 0.06 0.39 0.61 

cabo delgado urban 0.7 0.07 0.56 0.84 0.71 0.1 0.51 0.91 0.39 0.12 0.15 0.62 

cabo delgado rural 0.47 0.05 0.36 0.58 0.68 0.06 0.56 0.8 0.12 0.06 0 0.24 

nampula urban 0.35 0.06 0.23 0.48 0.66 0.09 0.49 0.82 0.46 0.13 0.2 0.72 

nampula rural 0.32 0.04 0.25 0.4 0.41 0.1 0.21 0.6 0.24 0.07 0.1 0.39 

zambezia urban 0.48 0.07 0.35 0.62 0.7 0.1 0.51 0.9 0.95 0.05 0.87 1.04 

zambezia rural 0.41 0.05 0.31 0.5 0.41 0.08 0.25 0.57 0.5 0.07 0.36 0.64 

tete urban 0.68 0.06 0.56 0.8 0.73 0.08 0.58 0.88 0.56 0.08 0.41 0.71 

tete rural 0.42 0.07 0.29 0.55 0.6 0.07 0.46 0.74 0.27 0.08 0.1 0.43 

manica urban 0.69 0.04 0.6 0.77 0.55 0.09 0.37 0.72 0.66 0.06 0.55 0.78 

manica rural 0.66 0.05 0.56 0.77 0.31 0.04 0.23 0.39 0.67 0.08 0.52 0.82 

sofala urban 0.66 0.04 0.59 0.74 0.88 0.05 0.78 0.98 0.69 0.1 0.49 0.89 

sofala rural 0.45 0.04 0.36 0.53 0.62 0.06 0.5 0.73 0.63 0.06 0.52 0.74 

inhambane urban 0.55 0.1 0.36 0.74 0.68 0.11 0.46 0.91 0.83 0.03 0.77 0.88 

inhambane rural 0.42 0.04 0.34 0.51 0.69 0.05 0.59 0.79 0.63 0.05 0.54 0.72 

gaza urban 0.56 0.1 0.37 0.75 0.66 0.11 0.45 0.86 0.59 0.07 0.45 0.72 

gaza rural 0.59 0.05 0.5 0.69 0.84 0.04 0.77 0.92 0.66 0.07 0.53 0.79 
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DHS 2011 AIS 2015 MIS 2018 

 

Province ANC4+ SE 

Low 

CI 

Upper 

CI ANC4+ SE 

Low 

CI 

Upper 

CI ANC4+ SE 

Low 

CI 

Upper 

CI  

maputo provincia ur-

ban 0.62 0.05 0.52 0.73 0.85 0.07 0.71 0.98 0.85 0.07 0.72 0.98 

maputo provincia ru-

ral 0.64 0.07 0.5 0.78 0.73 0.12 0.5 0.96 0.77 0.06 0.64 0.9 

maputo city urban 0.67 0.04 0.59 0.75 0.73 0.05 0.63 0.83 0.85 0.05 0.76 0.94 
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Some of the provinces showed a strong decrease trend pattern from 2015 to 2018, com-

pared to the general trend, namely Cabo Delgado (rural and urban), Tete and Nampula 

rural areas showed an AGRp lower than -10%, Cabo Delgado rural area had a -35% 

AGRp from 2015 to 2018 and Cabo Delgado urban area -20.5%, Tete rural area -19% 

and Nampula rural area a -10% AGRp. 

On contrast, Inhambane, Manica, Sofala, Zambezia and Maputo city, Maputo province 

urban area, Niassa urban area, showed an improvement trend from 2015 to 2018 (Fig-

ure 2.1). 

 

  

Figure 2.1. Trends of ANC4+ coverage among the 21 strata design, during the three years 

(2011, 2015, 2018). 
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Table 2.4. Annual Exponential growth rates (%) for ANC4+ coverage, computed for all 

the 21 design strata. Trends are computed from 2011 to 2015 and from 2015 to 2018. 

  
% Annual Exponential 

Growth Rate for ANC4+ 

Province 2011-2015 2015-2018 

cabo delgado rural 9.85 -44.77 

tete rural 9.39 -23.73 

cabo delgado urban 0.29 -18.18 

nampula rural 5.81 -15.70 

nampula urban 16.78 -11.11 

niassa urban 3.90 -9.71 

tete urban 1.83 -8.43 

sofala urban 7.28 -7.85 

gaza rural 9.10 -7.83 

gaza urban 4.01 -3.83 

inhambane rural 12.88 -2.85 

niassa rural 10.53 -1.28 

maputo provincia urban 8.06 0.18 

sofala rural 8.47 0.86 

maputo provincia rural 3.35 1.79 

maputo city urban 2.27 4.92 

inhambane urban 5.64 6.51 

manica urban -5.63 6.67 

zambezia rural 0.30 6.70 

zambezia urban 9.81 10.71 

manica rural -17.36 29.55 

 

2.7.2 Mapping ANC4+ at cluster-level  

In a second stage of this analysis, we calculated cluster-level percentages of mothers 

undertaking at least four antenatal care visits (ANC4+) for 291 clusters in 2015 and 

217 in 2018. Sampling weights were applied. We then proceeded to compare scenarios 

between the two years mapping, side-by-side, clusters-level ANC4+ coverage using 
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graduated colours symbology (six-levels categories) to highlight geographical areas at 

lower antenatal care access (Figure 2.2). While general improvement was still clear for 

the country overall, with this descriptive analysis the worsening in specific area of the 

North was even more evident. 

 

 

2.7.3 Factors related to ANC4+ in the most recent survey (MIS 2018) 

For the subsample of 1069 mothers responding to last available survey (MIS 2018), we 

investigated factors possibly associated with undertaking or not the minimum number 

of four antenatal. 

Results of complex sample logistic regression are shown in Table 2.5. Adjusted odds 

Figure 2.2. Maps of ANC4+ coverage at cluster-level, comparing year 2015 (before con-

flict) and 2018 (during conflict). Surveys’ clusters from AIS 2015 and MIS 2018 are 

represented by points, with graduated colours, to follow levels of ANC4+ (in dark 

brown the clusters with the lowest percentage). 
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ratios and 95% CI have been reported. Compared to mothers who didn’t have formal 

education, those with a higher education level were 7.51 times (aOR = 7.51, 95% CI 

[1.72; 32.88]) more likely to undergo at least four antenatal visits. Mothers with house-

hold wealth index following in the middle, richer and richest quintiles had 1.51 times 

(aOR = 1.51, 95% CI [0.88; 2.58]), 3.43 times (aOR = 3.43 , 95% CI [1.67; 7.04]) and 

3.23 times, (aOR = 3.23, 95% CI [1.18; 8.85]) higher odds of undergoing the desirable 

number of visits, compared to mothers living in households classified among the poor-

est quintile.  

No statistical association was found between living in a rural area (compared to living 

in an urban area), mother’s age class, number of children 5 or under 5 living in the 

same household, and the outcome under study.  

 

Table 2.5. Complex sample logistic regression's results for the outcome ANC4+ uptake, 

analysing data from the MIS 2018 survey. Clustering, stratification, and weights are 

considered when fitting the model. Adjusted odds ratios (aOR) and 95% CIs are re-

ported. 

  aOR 95% CI  p-value 

Age in 5-year groups (%) 

(Ref. 15-19) 
      

20-24 1.52 [0.85; 2.73] 0.158 

25-29 0.99 [0.57; 1.73] 0.977 

30-34 1.29 [0.67; 2.49] 0.45 

35-39 0.97 [0.53; 1.77] 0.916 

40-44 2.12 [0.97; 4.62] 0.058 

45-49 0.55 [0.09; 3.29] 0.509 

Residencial area = Rural (%) 0.73 [0.38; 1.39] 0.339 

Province of residence  

(Ref. maputo city) 
      

niassa 0.79 [0.25; 2.42] 0.672 

cabo delgado 0.14 [0.04; 0.47] 0.002 
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  aOR 95% CI  p-value 

nampula 0.25 [0.08; 0.8] 0.02 

zambézia 1 [0.32; 3.11] 0.996 

tete 0.25 [0.08; 0.84] 0.025 

manica 1.11 [0.38; 3.3] 0.843 

sofala 1.11 [0.37; 3.36] 0.852 

inhambane 0.85 [0.3; 2.45] 0.764 

gaza 0.71 [0.24; 2.12] 0.538 

maputo province 1.16 [0.4; 3.36] 0.782 

Education level (%) 

(Ref. no education) 
      

primary 1.34 [0.86; 2.08] 0.198 

secondary 1.51 [0.75; 3.01] 0.244 

higher 7.51 [1.72; 32.88] 0.008 

Wealth index (%) 

(Ref. poorest) 
      

poorer 1.26 [0.81; 1.97] 0.308 

middle 1.51 [0.88; 2.58] 0.13 

richer 3.43 [1.67; 7.04] 0.001 

richest 3.23 [1.18; 8.85] 0.023 

Nr of children 5 and under  

in household (mean (SD)) 
0.97 [0.82; 1.14] 0.684 

 

2.8 Discussion 

It is challenging to discern the extent to which research on maternal care delivery and 

utilisation in conflict settings accurately reflects actual field situations, given the vari-

ous hardships involved. Furthermore, effectiveness of health interventions is rarely re-

ported in these settings (26). 

Antenatal care (ANC) is a very important component on maternal and child healthcare, 

providing women with supervision, information and support during pregnancy. ANC 

is essential for the well-being of both mother and child, helping to timely identify and 
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manage complications and monitor fetal development and health, leading to better out-

comes and reduced delays in accessing emergency care when needed (51). ANC also 

supports timely administration of vaccinations and prevention of mother-to-child trans-

mission of ailments, including HIV, which significantly decreases the risk of vertical 

transmission. During antenatal visits, expectant mothers receive education and advice 

on proper nutrition and healthy lifestyles, as well as information on breastfeeding and 

postnatal care. In addition, antenatal care serves as a gateway to the health system and 

increases the use of health services (52). Women who receive antenatal care are more 

likely to continue accessing healthcare services for themselves and their children, lead-

ing to improved health-seeking behaviour and health outcomes within the family. 

Higher rates of ANC attendance have been associated with lower rates of maternal and 

neonatal mortality and morbidity. ANC also enables timely intervention and care, ulti-

mately helping to save lives (52).  

This study investigates trends in ANC coverage in Mozambique from 2011-2018.  

Specifically, we examined ANC4+ coverage indicator trends; this has been defined, as 

from the World Health Organization definition, as the proportion of women who have 

completed four or more antenatal visits, across various provinces and years. For this 

analysis secondary data were used. We retrieved data from three national cross-sec-

tional surveys: Demographic and Health Survey (2011), designed to gather data on 

reproductive health, maternal and child health, nutrition, and endemic diseases at both 

national and provincial levels, AIDS survey (2015) designed to calculate indicators on 

immunization, malaria and HIV and Malaria Indicators Survey (2018). 

Primary focus of this study was investigating whether, how, and to what extent the 

armed conflict originated in 2017 in the North of the country, and still ongoing at pre-

sent time, negatively impacted antenatal services uptake for women living in Mozam-

bique. We used publicly available data to examine trends in ANC coverage indicator 

at provinces’ level, both prior to (2015) and after (2018) the conflict. We determined 

ANC4+ coverage among the 21 provinces substrata composing the three surveys’ de-

sign under study. We subsequently calculated relative annual growth rates, between 

2015 and 2018, for the same substrata. A pattern emerged while exploring subnational 
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trends. Some of the provinces showed evident worsening in antenatal care coverage, 

from 2015 to 2018. Cabo Delgado rural area, among the others, registered the most 

plummeting annual decrease rate of -44%.  

Other geographical areas, such as Tete rural (-24%), Cabo Delgado urban (-18%), 

Nampula rural and urban (-16%, -11%) also registered very high negative growth rates.  

Of notice, these areas are located in the North of the country, where the conflict origi-

nated.  

Humanitarian crises, displacement of the local population, and difficulties accessing 

essential services such as healthcare and education are typically negative outcomes in 

conflict settings. Not only pregnant women in conflict-affected regions face obstacles 

due to geographic isolation, limited transportation options, and security concerns, but 

also shortages of healthcare workers and resources exacerbate the situation, making it 

increasingly difficult to provide adequate and high-quality antenatal care services.  

Disentangling the distinct effects of the conflict on antenatal care coverage from sim-

ultaneous shifts occurring both at the broader population level and within the healthcare 

system itself is a challenge. In general, conflicts may intertwine with a complex web 

of dynamics that influence numerous aspects of life, including healthcare utilization. 

Factors such as population movements, political economic dynamics, social disparities 

and public policies all concurrent with the conflict, blur the direct correlation between 

conflict and ANC coverage. Without a comprehensive understanding and separation of 

these multifaceted influences, accurately attributing changes in ANC coverage solely 

to the conflict becomes exceedingly complex.  

Furthermore, these contests themself inhibit quality of data collection and representa-

tiveness. Indirect effects, such as disrupted supply chains and the destruction of 

healthcare facilities, further complicate data collection and surveys' participation.  

Comprehensive research, interdisciplinary approaches, and meticulous data analysis 

are imperative to attain a precise comprehension of the influence of conflicts on the 

utilization of antenatal care. 

On the other hand, a positive trend was recorded at national level overall (from 2011 

to 2018). However, the overall annual percentual global growth rate was relatively low 
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(0.25), conditioned by a strong worsening in the period between 2015 and 2018 (+5.5 

from 2011 to 2015 and -6.1 from 2015 to 2018).   

Several factors may have contributed to the positive trend at national level, including 

the implementation of national policies and initiatives to improve access to health ser-

vices, investments in health infrastructure such as the construction of new health facil-

ities and the expansion of health centres and clinics, which may have improved access 

to antenatal care for both urban and rural populations. Community-based approaches 

to health care delivery began to be promoted during the years, with community health 

workers (CHWs) educating and engaging communities, reinforcing the importance of 

antenatal care, and raising awareness among pregnant women to encourage them to 

seek care. Efforts to reduce financial barriers also might have represented a key driver 

of improved antenatal care utilisation.  

To analyse individual factors that may be associated with attending the desired number 

(four) of antenatal visits, a complex sample logistic model was fitted to the 2018 MIS 

data (53). In line with other studies evidence (54,55), it was found that mothers with 

higher levels of education and living in families with wealth indices in the middle, 

wealthy and wealthiest quintiles were more likely undertake four or more visits during 

pregnancy. However, on contrast to previous results, no association was found in this 

case between living in an urban (vs rural) and ANC4+ outcome. 

 

2.9 Limitations 

Monitoring long-term trends in global health indicators using national cross-sectional 

surveys is instrumental in assessing progress toward achieving universal sustainable 

goals. Nonetheless, these data sources come with certain limitations that temper their 

practicality. These surveys rely on paper-based questionnaires, which are inherently 

susceptible to errors and time-consuming. Responders may be influenced by recall bias 

since they often report on events that transpired years ago. Moreover, these surveys are 

not designed for short-term trend analyses, which is particularly crucial in humanitarian 



56 
 

emergencies where health systems need to swiftly respond to shocks, and their repre-

sentativeness is typically limited to regional levels. 

Furthermore, at the time of this assessment, more up-to-date data were unavailable to 

investigate the long-term trends of the ANC indicator and investigate more deeply con-

sequences of the conflict over time. 

Routine facilities data, conversely, offer superior precision, more detailed information, 

and a deeper understanding of the health system's status, especially in hard-to-reach 

areas such as conflict zones. In such contexts, data collected from individuals can be 

less accurate due to various factors like post-traumatic stress and underreporting of 

high-risk pregnancies, leading to potentially higher sampling errors. 

Data representativeness could also be compromised in our analysis. With respect to 

this, we identified three main challenges.  

First, DHS, AIS, and MIS surveys were not specifically designed to estimate antenatal 

care coverage; second, we didn’t include all women in the coverage computation, but 

instead we selected a specific subsample of women who gave birth during the year 

before the interview, leaving out all the others. This choice was taken to limit the ante-

natal care visits registered in 2018 survey, to correspond to the time window going 

from the beginning of the conflict onwards.  

However, women dataset is representative of the Mozambique population (of women) 

in all the surveys, therefore data were themselves harmonized even if not specifically 

representing the population of mothers. One way to correct this possible bias would be 

using calibration methods, based on updated census data, not available in this case.  

Third all three surveys were designed based on population data dated back to 2007 

census. Several years elapsed between the census and data collection in the 2018 MIS, 

several changes in population distribution likely occurred in between as a result also of 

displacement due to conflict. Therefore, the sample size allocation procedure may be 

subject to bias, and the data representativeness may be affected. 

Overall, ANC uptake might be underestimated as a result of the war and conflict effect 

on ANC uptake might be underestimated, too. 

When considering factors associated with mothers' adherence to the recommended four 
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ANC visits, we couldn’t take into consideration residential distance of the mothers 

from the closest facility or point of care, since this variable wasn’t collected in 2018 

MIS survey. This variable can critically influence access and utilization of healthcare 

services, especially in LMICs.  

It is also important to remember that even when health facilities are geographically 

accessible and ready to serve the population, there are settings where various dynamics 

can create strong barriers that make it practically unattainable. Indeed, in conflict areas, 

insecurity, lack of transport infrastructure and other contextual elements can signifi-

cantly impede actual access to points of care. The estimated model resulted, indeed, in 

wide confidence intervals that reflect less precise population estimates. 

Because of study design, it is not possible to establish causality for associations found 

between mothers’ socio-demographic characteristics and their likelihood to undergo 

the minimum desirable number of antenatal visits. Furthermore, simply counting the 

number of ANC visits, as we have done here, may not be sufficiently detailed, as it 

doesn't capture the adherence to quality standards of care or the inclusion of skilled 

care attendance. 

Data on post-natal care, emergency obstetric attendance and routine data from health 

facilities should be collected to give a comprehensive picture of the situation in this 

reality. 

 

2.10 Conclusions  

Previous literature revealed that women in fragile and conflict-affected regions fall sig-

nificantly short of meeting WHO ANC recommendations, particularly in terms of early 

ANC seeking and visit frequency. Attacks on healthcare facilities, practitioner threats, 

and resource scarcity in these conflict-affected areas indirectly affect ANC, causing 

barriers. Education, gender dynamics, socioeconomic status, distance, and ANC qual-

ity have been shown to be interrelated factors influencing ANC utilization. In line with 

these findings, our study also evidenced education and household wealth index to play 

a significant role, with women more educated and living in household with higher 
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wealth index being more likely to undergo the minimum desirable number of four visits 

during pregnancy.  

Although in 2016 the World Health Organization introduced new guidelines advocat-

ing for a desirable number of eight antenatal care visits model (ANC8) to replace the 

traditional four times antenatal care contacts (ANC4), the percentage of mothers who 

adhered to the new standard didn’t increase at all from 2015.   

We explored trends of antenatal care (ANC) coverage across different provinces in 

Mozambique from 2011 to 2018, specifically we investigated growth/decrease rates 

occurring from 2015, just prior to the conflict outbreak in Cabo Delgado, to 2018, the 

year just after the start of the conflict. It was shown a consistent decrease on the indi-

cator in the northern provinces of the country (Cabo Delgado, Nampula, Tete prov-

inces) that coincide with the areas most affected by the conflict.  

The province of Cabo Delgado experienced a staggering worsening in ANC4+ utiliza-

tion, with antenatal care decreasing from a coverage of 68% in 2015 to a troubling 12% 

in 2018, in the rural area and from 71% to 39% in the urban area.  

On contrast, from 2011 to 2018 the provinces of Inhambane, Manica, Maputo City, and 

Zambezia demonstrated an upward trend. Nampula and Tete experience a completely 

opposite trend, especially during the three years from 2015 to 2018. These results call 

for targeted region-specific interventions policy changes to ensure the continued pro-

vision of essential maternal healthcare services in areas affected by conflict.  

To our knowledge, this was the first study assessing trend ANC coverage in Mozam-

bique, between 2011 and 2018.  

Availability of more up-to-date data would have helped to conduct a long-term moni-

toring of the health consequences of the conflict in the country. Measuring ANC trend 

in the longer term, would help to state more precise suggestions for policy makers in 

terms, for a target strengthen of the health systems all over the country, and more spe-

cifically in the area affected by the conflict. Implementing robust monitoring and eval-

uation systems to track the progress of antenatal care coverage is essential to drive 

interventions.  

Collaboration among local policymakers, women, and global organizations, promotion 
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of community-based care and support from local healthcare providers, can be critical 

to effectively address these complex barriers and enhance ANC access in fragile set-

tings and therefore should be stimulated.  

To encourage the recommended frequency of antenatal care (ANC) visits, it is essential 

to foster a collaborative effort spanning across different sectors. For instance, ministries 

such as Labor/Employment, Education, Development, Women's Affairs, and Finance 

could partner with the Ministry of Health to attain universal ANC coverage. 

Further studies are advisable to investigate the impact of conflict on healthcare access 

and uptake in Mozambique. Collecting more disaggregated data may be crucial to con-

duct comprehensive geographical analyses, also in relation to other maternal health 

related indicators but availability of accurate public data is essential to make research 

open and reproducible for as many investigators as possible, especially in these con-

texts where conducting multifaceted assessments becomes even more critical.   
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2.11 Supplementary material 

Supplementary Table 2.1. Distribution (percentages) of the analysed sample of moth-

ers, among design strata (provinces divided in rural/urban areas), for the three surveys 

under study. 

Province DHS 2011 AIS 2015 MIS 2018 

niassa urban 0.02 0.04 0.03 

niassa rural 0.07 0.06 0.08 

cabo delgado urban 0.02 0.03 0.03 

cabo delgado rural 0.07 0.05 0.06 

nampula urban 0.03 0.04 0.04 

nampula rural 0.05 0.07 0.08 

zambezia urban 0.02 0.03 0.02 

zambezia rural 0.09 0.09 0.08 

tete urban 0.01 0.03 0.02 

tete rural 0.09 0.07 0.06 

manica urban 0.02 0.03 0.04 

manica rural 0.08 0.07 0.09 

sofala urban 0.04 0.05 0.04 

sofala rural 0.07 0.07 0.07 

inhambane urban 0.02 0.02 0.03 

inhambane rural 0.06 0.04 0.05 

gaza urban 0.02 0.03 0.02 

gaza rural 0.07 0.08 0.05 

maputo province urban 0.06 0.04 0.03 

maputo province rural 0.02 0.02 0.03 

maputo city urban 0.07 0.06 0.06 
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Supplementary Table 2.2. Number and percentage of missing answers on the question 

related to antenatal care visits, in the three surveys under study, stratified by provinces. 

Province DHS 2011 AIS 2015 MIS 2018 

niassa 2 (11.11%) 2 (3.13%) 0 (0%) 

cabo delgado 1 (5.56%) 10 (15.63%) 2 (7.69%) 

nampula 2 (11.11%) 7 (10.94%) 0 (0%) 

zambezia 0 (0%) 8 (12.5%) 8 (30.77%) 

tete 2 (11.11%) 8 (12.5%) 1 (3.85%) 

manica 0 (0%) 5 (7.81%) 2 (7.69%) 

sofala 0 (0%) 10 (15.63%) 5 (19.23%) 

inhambane 1 (5.56%) 0 (0%) 2 (7.69%) 

gaza 5 (27.78%) 4 (6.25%) 1 (3.85%) 

maputo province 3 (16.67%) 5 (7.81%) 3 (11.54%) 

maputo city 2 (11.11%) 5 (7.81%) 2 (7.69%) 

Total 18 26 64 
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Supplementary Table 2.3. Distribution (percentages) of mothers for educational level, for the three years, among the 21 design strata. 

  DHS 2011 AIS 2015 MIS 2018 

Province 

no educa-

tion 

pri-

mary 

second-

ary 

high

er 

no educa-

tion 

pri-

mary 

second-

ary 

high

er 

no educa-

tion 

pri-

mary 

second-

ary 

high

er 

niassa urban 0.14 0.34 0.5 0.02 0.17 0.39 0.44 0 0.15 0.55 0.3 0 

niassa rural 0.59 0.35 0.06 0 0.37 0.56 0.07 0 0.42 0.54 0.04 0 

cabo delgado ur-

ban 0.3 0.44 0.24 0.02 0.26 0.42 0.32 0 0.33 0.39 0.21 0.06 

cabo delgado rural 0.47 0.51 0.02 0 0.23 0.65 0.12 0 0.27 0.69 0.03 0 

nampula urban 0.28 0.62 0.09 0 0.14 0.5 0.32 0.05 0.26 0.38 0.33 0.03 

nampula rural 0.44 0.55 0.02 0 0.34 0.59 0.07 0 0.31 0.63 0.06 0 

zambezia urban 0.28 0.58 0.14 0 0.13 0.42 0.42 0.03 0.1 0.52 0.38 0 

zambezia rural 0.34 0.62 0.03 0 0.41 0.55 0.04 0 0.28 0.62 0.1 0 

tete urban 0.15 0.29 0.5 0.06 0.15 0.41 0.44 0 0 0.52 0.48 0 

tete rural 0.53 0.42 0.04 0 0.42 0.54 0.05 0 0.35 0.55 0.11 0 

manica urban 0.09 0.56 0.35 0 0.1 0.28 0.62 0 0.05 0.28 0.62 0.05 

manica rural 0.29 0.57 0.14 0 0.36 0.56 0.09 0 0.35 0.45 0.2 0 

sofala urban 0.19 0.49 0.29 0.04 0.02 0.4 0.58 0 0.2 0.32 0.4 0.07 

sofala rural 0.59 0.4 0.02 0 0.52 0.39 0.09 0 0.38 0.54 0.08 0 

inhambane urban 0.02 0.59 0.37 0.02 0.04 0.48 0.39 0.09 0.06 0.39 0.53 0.03 

inhambane rural 0.36 0.52 0.12 0 0.16 0.45 0.39 0 0.04 0.69 0.28 0 

gaza urban 0.22 0.57 0.2 0.02 0.07 0.79 0.14 0 0.04 0.46 0.46 0.04 

gaza rural 0.3 0.6 0.11 0 0.21 0.6 0.2 0 0.06 0.83 0.11 0 
maputo province 

urban 0.05 0.57 0.37 0.01 0.05 0.43 0.52 0 0.11 0.21 0.64 0.04 

maputo province 

rural 0.11 0.77 0.12 0 0 0.86 0.14 0 0.19 0.49 0.32 0 

maputo city urban 0.04 0.49 0.43 0.05 0.03 0.51 0.43 0.03 0.03 0.17 0.65 0.14 
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Supplementary Table 2.4. Distribution (percentages) of mothers for household wealth index, for the three years, among the 21 design 

strata  

  DHS 2011 AIS 2015 MIS 2018 

Province 
poor-

est 

poore

r 

mid-

dle 

riche

r 

rich-

est 

poor-

est 

poore

r 

mid-

dle 

riche

r 

rich-

est 

poor-

est 

poore

r 

mid-

dle 

riche

r 

rich-

est 

niassa urban 0.05 0.07 0.17 0.38 0.33 0.05 0.02 0.24 0.49 0.2 0.06 0.15 0.3 0.33 0.15 

niassa rural 0.11 0.34 0.46 0.07 0.01 0.52 0.32 0.11 0.05 0 0.37 0.46 0.12 0.05 0 

cabo delgado urban 0.22 0.14 0.24 0.14 0.26 0 0.1 0.13 0.52 0.26 0.15 0.18 0.18 0.3 0.18 

cabo delgado rural 0.3 0.46 0.18 0.06 0.01 0.28 0.44 0.19 0.09 0 0.31 0.42 0.16 0.1 0.02 

nampula urban 0.23 0.12 0.15 0.31 0.19 0 0 0.14 0.48 0.39 0.31 0.05 0.08 0.23 0.33 

nampula rural 0.45 0.25 0.27 0.03 0 0.4 0.4 0.16 0.04 0 0.4 0.31 0.2 0.09 0.01 

zambezia urban 0.3 0.16 0.16 0.28 0.09 0.35 0.06 0.06 0.26 0.26 0.14 0.05 0.19 0.48 0.14 

zambezia rural 0.5 0.29 0.15 0.05 0 0.47 0.37 0.12 0.03 0 0.44 0.23 0.24 0.09 0 

tete urban 0.03 0 0.12 0.18 0.68 0.1 0 0 0.33 0.56 0 0 0 0.52 0.48 

tete rural 0.33 0.22 0.29 0.12 0.03 0.36 0.35 0.27 0.02 0 0.32 0.38 0.18 0.12 0 

manica urban 0.02 0.09 0.13 0.42 0.35 0.07 0.03 0.1 0.38 0.41 0.03 0 0.03 0.41 0.54 

manica rural 0.11 0.19 0.32 0.32 0.06 0.19 0.35 0.33 0.14 0 0.17 0.34 0.3 0.18 0.01 

sofala urban 0.03 0.05 0.14 0.38 0.41 0.02 0.04 0.04 0.21 0.7 0.03 0.05 0.17 0.42 0.32 

sofala rural 0.23 0.29 0.32 0.16 0 0.1 0.32 0.48 0.08 0.01 0.26 0.44 0.22 0.08 0.01 

inhambane urban 0 0 0.12 0.37 0.51 0.04 0.04 0.17 0.43 0.3 0.03 0 0.14 0.67 0.17 

inhambane rural 0.07 0.11 0.27 0.49 0.05 0.02 0.04 0.33 0.53 0.08 0 0.04 0.43 0.5 0.04 

gaza urban 0.02 0.02 0.12 0.37 0.48 0 0.03 0.07 0.45 0.45 0 0 0 0.38 0.62 

gaza rural 0.03 0.05 0.23 0.54 0.15 0.05 0.06 0.25 0.58 0.06 0.02 0.04 0.34 0.51 0.09 

maputo province 

urban 0 0 0.01 0.1 0.89 0 0 0 0.19 0.81 0 0 0 0.18 0.82 

maputo province 

rural 0.04 0.05 0.07 0.63 0.21 0 0 0.33 0.48 0.19 0 0 0.14 0.54 0.32 

maputo city urban 0 0 0 0.02 0.98 0 0 0 0.07 0.93 0 0 0 0.02 0.98 
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Chapter 3  

Respiratory diseases in children in Santiago Island: a 

multilevel logistic approach 

3.1 Introduction 

Respiratory diseases in children cover a wide range of conditions that affect the lungs, 

airways, and breathing mechanisms. Bacharier et al, 2008 (56), identified asthma to be 

the most common chronic disease in children, with increasing trends on its prevalence 

and severity. 

What makes children particularly vulnerable to respiratory illness is a combination of 

factors. First, their developing immune systems may struggle to fight off infections 

effectively (57); second, the proximity they often share in school and daycare settings 

facilitates the rapid transmission of respiratory pathogens. In addition, children are of-

ten exposed to new environments and potential allergens. Lack of prior exposure to 

other pathogens and their smaller airways apparat can exacerbate symptoms as well. 

Symptoms of asthma, allergic rhinitis, and atopic eczema in children cluster at both the 

individual and population levels, indicating a complex interplay of genetic predisposi-

tion, environmental factors, and immune responses. Understanding these clusters is es-

sential for developing effective prevention and treatment strategies. 

 

3.2 Literature review 

A vast amount of literature exists in the field of respiratory. Many of them not only 

investigates prevalence and incidence rates but also factors associated with the health 

outcomes, such as:  

 Environmental exposures, such as poor indoor air quality, tobacco smoke, indoor 

allergens, and living in areas with high levels of pollution are proved to exacerbate 

respiratory conditions (58).  

 Respiratory infections, particularly viral infections like common cold, influenza, 
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and respiratory syncytial virus (RSV) can trigger or worsen respiratory diseases in 

children, especially in those with asthma (59) 

 Family history and genetics can play a role in a child's susceptibility to respiratory 

diseases. If there is a family history of asthma or allergies, a child may be at a higher 

risk (60). 

 Premature birth and low birthweight are risk factors for respiratory conditions, in-

cluding bronchopulmonary dysplasia (BPD) and asthma. Premature infants often 

have underdeveloped lungs (61). 

 Children exposed to second-hand smoke are more likely to develop respiratory ill-

nesses, including bronchitis, ear infections and asthma (62).  

 Childhood obesity has been linked to an increased risk of asthma, affecting lung 

function and increase inflammation (63).  

 Dust mites, cockroach droppings, and mold in the home (indoor allergens) can ex-

acerbate respiratory conditions (64).  

 Pollen, grass, and other outdoor allergens can trigger allergic reactions, leading to 

respiratory symptoms (65) 

 A diet lacking in fruits and vegetables and high in processed foods may contribute 

to inflammation and weaken the immune system, making individuals more suscep-

tible to respiratory diseases (66). 

 Psychological stress, including family stress and trauma, has been associated with 

an increased risk of respiratory conditions in children (67). 

 Children in daycare or school settings are more likely to be exposed to infectious 

agents and may have an increased risk of respiratory infections (68).  

 

3.3 Study objective 

This chapter presents prevalence data on current asthma, current rhinitis and current 

eczema diseases, among children in Santiago Island, Cape Verde. It also aims to ana-

lyse how socio-demographic, environmental factors, health behaviours might be asso-

ciated to this population susceptibility.  
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3.4 Study setting 

Santiago Island, located in the archipelago of Cape Verde in the Atlantic Ocean, is a 

diverse and ecologically significant island known for its unique geography, rich his-

tory, and vibrant communities. The island extends for approximately 991 square kilo-

metres, making it the largest and most populous island in Cape Verde. Spanning be-

tween valleys, mountains and arid plains, the distinct island geography poses chal-

lenges to healthcare service distribution. Limited healthcare infrastructure, particularly 

in remote areas, hamper access to quality medical services. 

Whether living in a specific environment such as an island, with all the specific char-

acteristics this involve, could be potentially itself associated with higher chances to 

develop respiratory symptoms in the general population has been originally debated. 

An article from Jeffs, Grainger, and Powell (69), exposed the question in the specific 

contest of a UK island, where parents and clinicians, living in an offshore environment, 

were claiming their children developing symptoms of wheezing and other allergies 

more likely compared to other children in the mainland. Factors that were supposed to 

influence this higher likelihood included influence of a moist maritime climate, periods 

of high rainfall, variations in ozone levels, and differences in housing construction that 

foster the growth of mould and other respiratory allergens; also, a potential higher pres-

ence of private cars and its use on a limited land area was supposed to be a component 

of the potential phenomenon.  

However, a comparison of health data from these islands with a larger UK study did 

not confirm a significantly higher prevalence of these conditions. This study also re-

ferred to prior research about differences in the prevalence of asthma amongst island 

(70,71). 

Challenges of investigating causes through geographical variation in epidemiological 

studies are acknowledged, as these studies require a varying distribution of exposure 

to ascertain disease aetiology. Furthermore, factors varying geographically such as cli-

mate, diet, and outdoor environment, may not be the primary determinants of respira-

tory diseases’ prevalence.  
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A very recent paper from Varela et al.(2023) (72) examined the spatiotemporal evolu-

tion of mortality in Cape Verde from 1995 to 2018. Among others respiratory diseases 

were considered as possible cause of death accounting for 8.9% of cases, they occupy 

the 5th position in the group of causes of death. Respiratory diseases exhibited a grow-

ing trend for both genders since 2005, with consistently higher mortality rates in males 

compared to females. Although the burden of asthma is higher in developing countries 

and underserved populations, LMICs (low and middle-income countries) still face 

many barriers to appropriate allergy and asthma care, resulting in significant morbidity 

(73). 

Previous studies on respiratory diseases were conducted in the country. In 1993 the 

PAC Study, conducted in the island of Sal, measured a prevalence of 10.6% of current 

asthma in a sample of children aged 6-16 years old; in 1994, in the island of São Vicente 

a 7.0% prevalence of current asthma was measured in another sample of children aged 

6-10 years old (74). A study from 2006 analysed a different sample of adolescents or 

adults, over 20 years old, who sought care at health centres and emergency services at 

the two central hospitals on the islands of São Vicente and Santiago, 10.9% had a clin-

ical diagnosis of asthma (75). 

Of relevance, in Cape Verde, such as in other African countries (e.g. Angola and 

Mozambique), there is no national program for asthma control, no national recommen-

dations and standardized procedures for diagnosis, treatment, access to healthcare and 

essential medications for its management, are therefore available.  

 

3.5 Methods 

3.5.1 Study sample and study design 

This is a cross-sectional study, for which data were collect, between April and Septem-

ber 2022 in children aged 6-7 years old, attending primary schools in the Island of 

Santiago.  

The sample size was determined based on the number of children aged 6 and 7 of both 

sexes on the island of Santiago, i.e. 12,150 children (12,014 plus 1.1%), using the usual 
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formula for a prevalence study with a margin of error of 2% and a 95% confidence 

interval. A prevalence of 10.5% was used for the calculation, since studies carried out 

in Cape Verde have estimated prevalences of 10.6% (students aged between 6 and 16 

on the Island of Sal), 7% (in children aged between 6 and 10 on the Island of São 

Vicente) and 6.7% (in individuals aged over 20 who went to the Health Centres and 

Emergency Services of the 2 Central Hospitals on the Islands of S. Vicente and Santi-

ago) (76). Schools were selected with simple random sampling (n=42). To ensure that 

the sample was representative, the number of participants was then stratified by mu-

nicipality and school according to the population of each municipality and school. 

3.5.2 Data collection 

Data were collected in the field, using ISAAC (International Study of Asthma and Al-

lergies in Childhood) questionnaire (77). This is a self-reported questionnaire, filled by 

parents, to evaluate asthma, allergic rhinitis, and eczema in childhood, while retrieving 

information about responders’ lifestyle and environmental behaviour. ISAAC ques-

tionnaire was designed, in 1995 by Asher et al. (78) and since its inception has been 

largely used worldwide and translated in 42 different languages, Portuguese (official 

language in Cape Verde) among these. Pretesting questionnaires were administered 

and a pilot study was conducted to assess adaptability to the contest.   

3.5.3 Ethics and permissions 

The study protocol was approved complying with the codes of ethics for research in 

the humanities, the Code of Ethics of the Cape Verdean Medical Association and the 

guidelines of the Ethics Committee for health research (Decree-Law 26/2007). Author-

isation from the National Data Protection Commission of Cape Verde to collect per-

sonal data through a questionnaire with sensitive data, approval from the National Eth-

ics Committee for Health Research and authorisation from the Ministry of Education 

and the Directorates of Primary Schools on the Island of Santiago, were obtained. 

All parents signed a written consent form. 

3.5.4 Outcomes definition 

The three main outcomes of interest, current asthma, rhinitis and eczema, are defined 

using previous ISAAC protocol. 
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Specifically, current asthma was defined by a positive response to the following ques-

tion: “Has your child had wheezing or whistling in the chest in the past 12 months? 

Current rhinitis was defined by positive responses to the following questions: “In the 

past 12 months has your child had a problem with sneezing, or a runny, or blocked nose 

when he/she did not have a cold or the flu?” - “In the past 12 months, has this nose 

problem been accompanied by itchy-watery eyes?”. Eczema was defined by positive 

responses to the following questions: “Has your child had an itchy rash at any time in 

the past 12 months?” - “Has this itchy rash at any time affected any of the following 

places: the folds of the elbows, behind the knees, in front of the ankles, under the but-

tocks, or around the neck, ears or eyes?”  

The three outcomes were considered separately (with no to their intercorrelation), each 

of the symptoms was then considered in absence of the others (uni-morbidity) and fi-

nally coexistence of asthma with rhinitis and rhinitis with eczema were evaluated (in 

multi-morbidity). 

3.5.5 Independent variables 

The questionnaire contained questions about children and their families’ characteris-

tics, early life and present exposures, as well as nutritional and daily life habits. Only 

some of the collect variables entered in the analyses; these were chosen, from literature 

review, among those already shown to potentially influence the symptoms under study. 

Some of the categorical variables were reduced to binary categories (frequency of 

trucks on the road close to the house, source of energy used for cooking, time spent in 

front of television/monitor/other electronic devices). Also, some of the original ISAAC 

questions have been readapted to the setting and validated. Variables included in the 

models were selected as those confirmed to be potentially influencing for the outcomes, 

by previous literature (79).  

3.5.6 Statistical analysis   

To model associations between exposures and the three outcomes we used fixed effects 

Logistic regressions and Multilevel Logistic models, where school were settled as ran-

dom effects (intercepts) and compared estimated individual-level effects with averaged 

school-level effects. In multilevel models we rescaled child’s birthweight and years of 
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mother’s education variables, to prevent fitting problems; resulting coefficients repre-

sent, therefore, the change in the dependent variable for a one-standard-deviation 

change in the independent variable.  

For each of the analysis above mentioned and for each of the outcomes, we formulated 

three version of models: the first one provided a simpler set of independent variables 

as reference (sex of the child, birthweight, living area (urban vs rural) and years of 

mother’s education as independent variables), the second further adjusted for past ex-

posures, whether in the third we further adjusted for present exposures.  

AIC and BIC criteria were reported for the fitted regressions.  

 

3.6 Results  

3.6.1 Sample characteristics 

Our final sample included 1045 children, of these 50.1% were residing in the Munici-

pality of Praia and 49.5% were boys. Almost all parents responded to questions regard-

ing their children's symptoms, with only one missing response for asthma outcomes 

and four missing responses for rhinitis and eczema.  

The prevalence of asthma symptoms ever in life was 24% (95%CI: [21.5, 26.8]) and 

of current asthma was 10.5% [8.7, 12.5], 20% [17.7, 22.7] for current rhinitis and 12% 

[10.2, 14.3] for eczema. The 4% (n=42) of children had symptoms of current asthma 

not accompanied by other respiratory symptoms, the 9% (n=102) of current rhinitis 

alone and the 6% (n=63) of current eczema alone. Among children with current asthma 

(n=110), 54% (n=65) had also current rhinitis, 18% (n=20) current eczema and among 

the whole sample 30.5% (n=319) presented symptoms for all the three outcomes to-

gether. able 3.1 reports sample’s characteristics, environmental exposures and varia-

bles referred to family past and present lifestyle behaviours, in the sample overall and 

stratifying by occurrence of the three diseases (Table 3.1). 

Higher prevalence was observed for current asthma and current rhinitis among males 

(compared to females) and among children living in Praia district when compared with 

inland Santiago (the other eight districts) for current rhinitis and eczema.
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Table 3.1 Distribution of children characteristics, health behaviours and present/ past exposure factors, among the sample overall, and 

stratified for each of the outcomes under study.  

 
  

CURRENT ASTHMA CURRENT RHINITIS CURRENT ECZEMA 

Variables Overall  

(N=1045) 
no (n=934) yes (n=110) p no (n=831) yes (n=210) p no (n=914) yes (n=127) p 

child's sex=Male 517 (49.5) 452 (48.4) 65 (59.1) 0.043 387 (46.6) 128 (61.0) <0.001 448 (49.0) 67 (52.8) 0.487 

child's birthweight (kg) 

(%) (median [IQR]) 

3.06  

[2.80, 3.48] 

3.06  

[2.80, 3.49] 

3.04  

[2.75, 3.35] 

0.585 3.05  

[2.80, 3.45] 

3.10  

[2.80, 3.51] 

0.705 3.06  

[2.79, 3.45] 

3.08  

[2.89, 3.50] 

0.521 

living in Praia (vs other 

districts) (%) 

524 (50.1) 462 (49.5) 61 (55.5) 0.277 386 (46.5) 135 (64.3) <0.001 445 (48.7) 78 (61.4) 0.009 

years mother's education 

(median [IQR]) 

9.00  

[6.00, 12.00] 

9.00  

[6.00, 

12.00] 

9.00  

[6.00, 12.00] 

0.53 9.00  

[6.00, 

12.00] 

11.00  

[7.00, 12.00] 

0.004 9.00  

[6.00, 

12.00] 

9.00  

[6.00, 12.00] 

0.793 

child nationality= Cape 

Verde (%) 

   
0.158 tor (%) 

 
0.764 (%) 

 
0.851 

no 36 (3.4) 29 (3.1) 7 (6.4) 
 

27 (3.2) 9 (4.3) 
 

32 (3.5) 4 (3.1) 
 

yes 1003 (96.0) 900 (96.4) 103 (93.6) 
 

800 (96.3) 200 (95.2) 
 

878 (96.1) 122 (96.1) 
 

NA 6 (0.6) 5 (0.5) 0 (0.0) 
 

4 (0.5) 1 (0.5) 
 

4 (0.4) 1 (0.8) 
 

trucks on the road (%) 
   

0.519 
  

0.765 
  

0.297 

low 754 (72.2) 679 (72.7) 75 (68.2) 
 

599 (72.1) 153 (72.9) 
 

667 (73.0) 85 (66.9) 
 

high 288 (27.6) 253 (27.1) 35 (31.8) 
 

230 (27.7) 57 (27.1) 
 

245 (26.8) 42 (33.1) 
 

NA 3 (0.3) 2 (0.2) 0 (0.0) 
 

2 (0.2) 0 (0.0) 
 

2 (0.2) 0 (0.0) 
 

source of cooking energy 

(%) 

   
0.707 

  
0.002 

  
0.203 
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CURRENT ASTHMA CURRENT RHINITIS CURRENT ECZEMA 

Variables Overall  

(N=1045) 
no (n=934) yes (n=110) p no (n=831) yes (n=210) p no (n=914) yes (n=127) p 

eletric or gas 771 (73.8) 687 (73.6) 84 (76.4) 
 

595 (71.6) 175 (83.3) 
 

671 (73.4) 100 (78.7) 
 

others 270 (25.8) 244 (26.1) 26 (23.6) 
 

233 (28.0) 35 (16.7) 
 

241 (26.4) 26 (20.5) 
 

NA 4 (0.4) 3 (0.3) 0 (0.0) 
 

3 (0.4) 0 (0.0) 
 

2 (0.2) 1 (0.8) 
 

refreezing device (%) 
   

0.169 
  

0.604 
  

0.731 

no 608 (58.2) 542 (58.0) 66 (60.0) 
 

479 (57.6) 127 (60.5) 
 

535 (58.5) 71 (55.9) 
 

yes 434 (41.5) 391 (41.9) 43 (39.1) 
 

350 (42.1) 83 (39.5) 
 

377 (41.2) 56 (44.1) 
 

NA 3 (0.3) 1 (0.1) 1 (0.9) 
 

2 (0.2) 0 (0.0) 
 

2 (0.2) 0 (0.0) 
 

parent smoking (%) 
   

0.595 
  

0.613 
  

0.463 

no 925 (88.5) 825 (88.3) 100 (90.9) 
 

740 (89.0) 182 (86.7) 
 

812 (88.8) 110 (86.6) 
 

yes 114 (10.9) 104 (11.1) 10 (9.1) 
 

87 (10.5) 27 (12.9) 
 

97 (10.6) 17 (13.4) 
 

NA 6 (0.6) 5 (0.5) 0 (0.0) 
 

4 (0.5) 1 (0.5) 
 

5 (0.5) 0 (0.0) 
 

breastfeeding (%) 
   

0.005 
  

0.915 
  

0.199 

no 28 (2.7) 20 (2.1) 8 (7.3) 
 

22 (2.6) 6 (2.9) 
 

22 (2.4) 6 (4.7) 
 

yes 1009 (96.6) 907 (97.1) 102 (92.7) 
 

803 (96.6) 203 (96.7) 
 

885 (96.8) 121 (95.3) 
 

NA 8 (0.8) 7 (0.7) 0 (0.0) 
 

6 (0.7) 1 (0.5) 
 

7 (0.8) 0 (0.0) 
 

contact with farm animals 

during mother pregnancy 

(%) 

   
0.569 

  
0.077 

  
0.241 

no 612 (58.6) 552 (59.1) 60 (54.5) 
 

473 (56.9) 137 (65.2) 
 

528 (57.8) 83 (65.4) 
 

yes 430 (41.1) 380 (40.7) 50 (45.5) 
 

356 (42.8) 73 (34.8) 
 

384 (42.0) 44 (34.6) 
 

NA 3 (0.3) 2 (0.2) 0 (0.0) 
 

2 (0.2) 0 (0.0) 
 

2 (0.2) 0 (0.0) 
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CURRENT ASTHMA CURRENT RHINITIS CURRENT ECZEMA 

Variables Overall  

(N=1045) 
no (n=934) yes (n=110) p no (n=831) yes (n=210) p no (n=914) yes (n=127) p 

contact with farm animals 

when child aged 1 year 

old (%) 

   
0.781 

  
0.071 

  
0.178 

no 616 (58.9) 552 (59.1) 64 (58.2) 
 

476 (57.3) 137 (65.2) 
 

531 (58.1) 84 (66.1) 
 

yes 423 (40.5) 378 (40.5) 45 (40.9) 
 

350 (42.1) 73 (34.8) 
 

379 (41.5) 42 (33.1) 
 

NA 6 (0.6) 4 (0.4) 1 (0.9) 
 

5 (0.6) 0 (0.0) 
 

4 (0.4) 1 (0.8) 
 

cat in the house when 

child aged 1 year old (%) 

   
0.059 

  
0.06 

  
0.688 

no 724 (69.3) 637 (68.2) 87 (79.1) 
 

562 (67.6) 159 (75.7) 
 

630 (68.9) 91 (71.7) 
 

yes 317 (30.3) 294 (31.5) 23 (20.9) 
 

266 (32.0) 51 (24.3) 
 

281 (30.7) 36 (28.3) 
 

NA 4 (0.4) 3 (0.3) 0 (0.0) 
 

3 (0.4) 0 (0.0) 
 

3 (0.3) 0 (0.0) 
 

dog in the house when 

child aged 1 year old (%) 

   
0.891 

  
0.875 

  
0.838 

no 594 (56.8) 533 (57.1) 61 (55.5) 
 

474 (57.0) 119 (56.7) 
 

523 (57.2) 70 (55.1) 
 

yes 449 (43.0) 400 (42.8) 49 (44.5) 
 

356 (42.8) 91 (43.3) 
 

390 (42.7) 57 (44.9) 
 

NA 2 (0.2) 1 (0.1) 0 (0.0) 
 

1 (0.1) 0 (0.0) 
 

1 (0.1) 0 (0.0) 
 

drugs for fever when 

child aged 1 year old (%) 

   
0.158 

  
0.949 

  
0.257 

no 330 (31.6) 303 (32.4) 27 (24.5) 
 

262 (31.5) 67 (31.9) 
 

280 (30.6) 48 (37.8) 
 

yes 673 (64.4) 593 (63.5) 80 (72.7) 
 

537 (64.6) 134 (63.8) 
 

597 (65.3) 75 (59.1) 
 

NA 42 (4.0) 38 (4.1) 3 (2.7) 
 

32 (3.9) 9 (4.3) 
 

37 (4.0) 4 (3.1) 
 

antibiotics when child 
   

0.001 
  

0.115 
  

0.084 
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CURRENT ASTHMA CURRENT RHINITIS CURRENT ECZEMA 

Variables Overall  

(N=1045) 
no (n=934) yes (n=110) p no (n=831) yes (n=210) p no (n=914) yes (n=127) p 

aged 1 year old (%) 

no 472 (45.2) 438 (46.9) 34 (30.9) 
 

385 (46.3) 84 (40.0) 
 

405 (44.3) 66 (52.0) 
 

yes 474 (45.4) 405 (43.4) 69 (62.7) 
 

365 (43.9) 109 (51.9) 
 

417 (45.6) 55 (43.3) 
 

NA 99 (9.5) 91 (9.7) 7 (6.4) 
 

81 (9.7) 17 (8.1) 
 

92 (10.1) 6 (4.7) 
 

cat in the house during 

last year (%) 

   
0.871 

  
0.721 

  
0.613 

no 672 (64.3) 602 (64.5) 70 (63.6) 
 

533 (64.1) 138 (65.7) 
 

583 (63.8) 86 (67.7) 
 

yes 370 (35.4) 330 (35.3) 40 (36.4) 
 

296 (35.6) 72 (34.3) 
 

329 (36.0) 41 (32.3) 
 

NA 3 (0.3) 2 (0.2) 0 (0.0) 
 

2 (0.2) 0 (0.0) 
 

2 (0.2) 0 (0.0) 
 

dog in the house during 

last year (%) 

   
0.833 

  
0.666 

  
0.268 

no 582 (55.7) 521 (55.8) 61 (55.5) 
 

462 (55.6) 119 (56.7) 
 

503 (55.0) 79 (62.2) 
 

yes 459 (43.9) 410 (43.9) 49 (44.5) 
 

366 (44.0) 91 (43.3) 
 

408 (44.6) 48 (37.8) 
 

NA 4 (0.4) 3 (0.3) 0 (0.0) 
 

3 (0.4) 0 (0.0) 
 

3 (0.3) 0 (0.0) 
 

use of paracetamol (or 

others) for fever during 

last year (%) 

   
<0.001 

  
<0.001 

  
0.596 

no 436 (41.7) 408 (43.7) 28 (25.5) 
 

374 (45.0) 61 (29.0) 
 

387 (42.3) 48 (37.8) 
 

yes 598 (57.2) 516 (55.2) 82 (74.5) 
 

447 (53.8) 149 (71.0) 
 

518 (56.7) 78 (61.4) 
 

NA 11 (1.1) 10 (1.1) 0 (0.0) 
 

10 (1.2) 0 (0.0) 
 

9 (1.0) 1 (0.8) 
 

consuming fastfood (%) 
   

0.075 
  

0.118 
  

0.835 

no 870 (83.3) 784 (83.9) 86 (78.2) 
 

696 (83.8) 172 (81.9) 
 

762 (83.4) 105 (82.7) 
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CURRENT ASTHMA CURRENT RHINITIS CURRENT ECZEMA 

Variables Overall  

(N=1045) 
no (n=934) yes (n=110) p no (n=831) yes (n=210) p no (n=914) yes (n=127) p 

yes 161 (15.4) 137 (14.7) 24 (21.8) 
 

123 (14.8) 38 (18.1) 
 

140 (15.3) 21 (16.5) 
 

NA 14 (1.3) 13 (1.4) 0 (0.0) 
 

12 (1.4) 0 (0.0) 
 

12 (1.3) 1 (0.8) 
 

time in front of eletric de-

vices (%) 

   
0.284 

  
0.092 

  
0.004 

high 322 (30.8) 289 (30.9) 33 (30.0) 
 

244 (29.4) 78 (37.1) 
 

271 (29.6) 51 (40.2) 
 

low 175 (16.7) 161 (17.2) 14 (12.7) 
 

139 (16.7) 36 (17.1) 
 

146 (16.0) 28 (22.0) 
 

medium 533 (51.0) 470 (50.3) 63 (57.3) 
 

435 (52.3) 95 (45.2) 
 

483 (52.8) 48 (37.8) 
 

NA 15 (1.4) 14 (1.5) 0 (0.0) 
 

13 (1.6) 1 (0.5) 
 

14 (1.5) 0 (0.0) 
 

 

Note: p-values were derived from Chi-squared test and Wilcoxon-test. 
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In Figure 3.1, we plotted prevalences of asthma, rhinitis, and eczema, calculated at 

district-level, to explore for potential geographical patterns (Figure 3.1).  

Chi-square tests for associations between district of residence and the three outcomes, evi-

denced only for current rhinitis a differential distribution among districts (p<0.001).  

 

Figure 3.1. Santiago Island districts coloured by prevalences of respiratory symptoms 

(graduated scales colours). Note: the sample is not representative at district level.   

 

 

A more in-depth descriptive analysis that considers mean prevalences at school loca-

tions wasn’t possible because GPS coordinates weren’t available for most of the 

schools located outside Praia district. 

 

3.6.2 Comparison of risk factors for current asthma, current rhinitis, and cur-

rent eczema  

Table 3.2 reports Generalized Logistic adjusted models results, for the three outcomes 

under study (considered separately, without taking account coexistence of symptoms) 

and for presence of at least one of the three symptoms in the child.  

Individual-level associations were modelled between socio-demographic and environ-

mental characteristics and past or present exposures variables and the outcomes.  
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Male children were shown to be more likely to have symptoms of current asthma 

(OR=1.58, 95%CI [1.03, 2.46]) and rhinitis (OR=1.86 [1.33, 2.61]) as compared to 

females. Living in Praia Municipality (considered urban residence area) was shown to 

be a potential risk factor for current rhinitis (OR=1.73 [1.24, 2.44]) as compared to live 

in the other districts (considered as rural areas). Children with mothers having more 

years of education were more likely to have current rhinitis symptoms (OR=1.05 [1.01, 

1.09]). Administration of antibiotics in children’s first year of life was shown to be 

potential risk factors for current asthma (OR=2.46 [149, 4.18]) and rhinitis (OR=1.62 

[1.11, 2.37]), whether exposure to cats, in the same period, seemed to be a protective 

factor for current asthma (OR=0.39 [0.21, 0.71]). Frequent exposure, in the 12 months 

before the interview, to trucks in the closeness to children house, was recognized as 

potential risk factor for eczema (OR=1.59 [1.02, 2.45]) and cooking with wood or car-

bon was shown as potentially protective for rhinitis (OR=0.61 [0.37, 0.98]). 

All the models above were reformulated as Multilevel logistic models, setting schools 

as random intercepts. Estimated school-level averaged associations are shown in Table 

3.3. Hausman tests (80) consistently reported random intercept models to be more ef-

ficient, even with low intraclass correlation coefficients (81) (ICCs <0.4).  

In this case no significant associations were found, at school-level, for children sex and 

years of mothers’ education and current asthma, and between source of energy used for 

cooking and eczema. The other associations were found, instead, consistent to those 

estimated at individual-level. 

Uni-morbidity multilevel models were also fitted, considering each of the disease in 

absence of the others (Table 3.4). Also, in this analysis use of antibiotics was shown to 

be a potential risk factor for presence of asthma alone (OR=2.55 [1.11, 5.87]); no sig-

nificant association, instead, resulted between exposure to cats in the first year of child-

hood and symptoms of asthma alone. Being a male (OR= 1.61 [1.04, 2.48]) and living 

in Praia district (OR= 1.96 [1.25, 3.07]) were shown to be potential risk factors for 

current rhinitis alone, whether mothers’ years of education were no more associated 

with the uni-morbidity outcome. Use of paracetamol, or other drugs to combat fever in 

the first year of childhood, was shown to be potentially protective from having current 
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rhinitis alone or eczema alone. Use of antibiotics in the first year was no more associ-

ated with symptoms of rhinitis alone, whether cooking with carbon or wood (as com-

pared to cooking with electricity or gas) was now showed to be potentially protective 

from having current rhinitis alone (OR=0.41 [0.20, 0.82]). No association was found 

between current exposure to trucks in the living area and symptoms for eczema alone.  

Finally, coexistence of the rhinitis and asthma and rhinitis with eczema were consid-

ered in multi-morbidity models (Table 3.5). 

Children’s sex, mothers’ years of education and use of antibiotics during the first year 

of childhood were still recognized as potential risk factors, for coexistence of current 

asthma and rhinitis. Consistently, to previous findings exposure to cats during their first 

year of childhood was found to be a potential protective factor from having asthma and 

rhinitis together. Furthermore, exposure to dogs in the first year of childhood was found 

to be a potential risk factor for asthma and rhinitis together (OR= 2.06 [1.01, 4.24]). 

No association was found between socio-demographic variables and lifestyle habits, 

with likelihood of having rhinitis and eczema simultaneously.   
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Table 3.1. Logistic regression models results, for the three outcomes considered separately and presence of at least one of the symptoms. 

Note: Table reports 

estimated individual-

level odds ratios and 

95% CIs. Models 

were firstly adjusted 

for sex, maternal ed-

ucation and living 

district (Ref. Model) 

and further adjusted 

for exposures re-

ferred to past events 

(Model for past ex-

posures) or to pre-

sent events (Models 

for present expo-

sures). *denotes sig-

nificant associations.   
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Variables
Ref. 

Model

Past 

Exposures

Present 

Exposures

Ref. 

Model

Past 

Exposures

Present 

Exposures

Ref. 

Model

Past 

Exposures

Present 

Exposures
Ref. Model

Past 

Exposures

Present 

Exposures

child's sex=Male 1.51 1.48 1.53 1.84 * 1.62 * 1.92 * 1.13 0.97 1.07 1.59 * 1.45 * 1.59 *

[0.96; 2.38] [0.91; 2.42] [0.97; 2.42] [1.31; 2.58] [1.13; 2.33] [1.36; 2.71] [0.75; 1.69] [0.63; 1.49] [0.71; 1.62] [1.19; 2.13] [1.06; 1.98] [1.18; 2.14]

birthweight (kg) rescaled 0.98 1 1.01 0.99 1.02 1.01 1.06 1.04 1.02 0.96 0.99 0.95

[0.78; 1.22] [0.78; 1.28] [0.80; 1.26] [0.84; 1.16] [0.85; 1.21] [0.85; 1.19] [0.87; 1.30] [0.85; 1.29] [0.83; 1.26] [0.75; 1.23] [0.76; 1.29] [0.74; 1.23]

living in Praia (vs other districts) 1.14 1.34 1.09 1.72 * 1.81 * 1.49 * 1.48 1.45 1.37 1.58 * 1.62 * 1.33

[0.58; 2.25] [0.63; 2.84] [0.55; 2.16] [1.18; 2.51] [1.12; 2.92] [1.01; 2.20] [0.98; 2.25] [0.89; 2.38] [0.87; 2.16] [1.11; 2.26] [1.08; 2.44] [0.92; 1.92]

years mother's education rescaled 1.16 1.29 1.17 1.23 * 1.28 * 1.21 * 0.95 0.95 0.92 1.03 1.04 1.02

[0.91; 1.48] [0.98; 1.68] [0.91; 1.50] [1.03; 1.47] [1.05; 1.56] [1.01; 1.46] [0.77; 1.18] [0.76; 1.19] [0.73; 1.14] [0.99; 1.07] [1.00; 1.08] [0.98; 1.06]

factory's animals in pregnancy 

=yes
1.83 0.96 1.04 0.95

[0.81; 4.09] [0.52; 1.78] [0.51; 2.10] [0.56; 1.60]

factory's animals first year =yes 0.87 1.04 0.93 1.08

[0.39; 1.93] [0.56; 1.92] [0.46; 1.88] [0.64; 1.81]

cat first year =yes 0.37 * 0.66 0.93 0.69

[0.20; 0.71] [0.42; 1.03] [0.55; 1.56] [0.47; 1.00]

dog first year =yes 1.44 1.29 1.07 1.25

[0.83; 2.48] [0.85; 1.94] [0.66; 1.74] [0.87; 1.78]

fever first months =yes 0.98 0.75 0.85 0.72

[0.54; 1.77] [0.49; 1.13] [0.53; 1.37] [0.50; 1.03]

antibiotics first months =yes 2.69 * 1.65 * 0.89 1.61 *

[1.56; 4.62] [1.12; 2.41] [0.57; 1.40] [1.16; 2.24]

cat last year =yes 1.03 1.13 1.01 1.04

[0.63; 1.69] [0.78; 1.64] [0.64; 1.60] [0.75; 1.44]

dog last year =yes 1.26 1.15 0.82 1.06

[0.78; 2.02] [0.80; 1.64] [0.53; 1.28] [0.78; 1.45]

trucks =high 1.18 0.96 1.59 * 1.11

[0.72; 1.95] [0.66; 1.40] [1.03; 2.46] [0.80; 1.55]

fastfood =yes 1.5 1.13 0.92 1.14

[0.84; 2.68] [0.72; 1.79] [0.52; 1.62] [0.76; 1.71]

source of cooking energy 

=wood,carbon
0.87 0.62 0.88 0.67 *

[0.47; 1.62] [0.38; 1.01] [0.50; 1.53] [0.44; 1.00]

time at television,pc,.. =high 0.97 1.25 1.18 1.25

[0.60; 1.59] [0.88; 1.78] [0.77; 1.81] [0.91; 1.70]

parent smoking =yes 0.67 0.86 0.99 0.98

[0.29; 1.55] [0.49; 1.50] [0.51; 1.92] [0.61; 1.59]

AIC 605.76 531.26 609.03 900.79 806.1 888.04 670.19 623.34 662.67 1118.45 1001.43 1097.86

BIC 634.75 587.8 671.39 929.77 862.61 950.37 699.16 679.84 724.98 1147.42 1057.91 1160.16

Log Likelihood -296.88 -253.63 -291.52 -444.4 -391.05 -431.02 -329.1 -299.67 -318.33 -553.23 -488.71 -535.93

Num. obs. 927 822 895 925 820 893 924 819 892 923 818 891

Num. groups: school 44 44 44 44 44 44 44 44 44 44 44 44

Var: school (Intercept) 0.59 0.56 0.52 0.06 0.13 0.03 0 0 0 0.09 0.09 0.07

ASTHMA OR RHINITIS 

OR ECZEMA
CURRENT ASTHMA CURRENT RHINITIS CURRENT ECZEMA

Table 3.2. Multilevel logistic regression results, for the three outcomes separately and for presence of at least one of the symptoms 

Note: Table reports 

estimated school-

level averaged odds 

ratios and 95% CIs. 

Models were ad-

justed for sex, mater-

nal education and 

living district (Ref. 

Model) and further 

adjusted for expo-

sures referred to past 

events (Models for 

past exposures) or to 

present events (Mod-

els for present expo-

sures). *denotes sig-

nificant associations.   
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Note: School-level es-

timated odds Ratios 

and 95%CIs are re-

ported. Models were 

adjusted for sex, ma-

ternal education and 

living district (Ref. 

Model) and further ad-

justed for exposures 

referred to past events 

(Models for past expo-

sures) or to present 

events (Models for 

present exposures). 

*denotes significant 

associations.   

Variables
Ref. 

Model

Past 

Exposures

Present 

Exposures

Ref. 

Model

Past 

Exposures

Present 

Exposures

Ref. 

Model

Past 

Exposures

Present 

Exposures

child's sex=Male 0.99 1.06 0.98 1.61 * 1.58 1.67 * 1.15 1.06 1.04

[0.50; 1.95] [0.51; 2.19] [0.49; 1.95] [1.04; 2.48] [0.99; 2.51] [1.07; 2.60] [0.66; 1.99] [0.59; 1.88] [0.59; 1.83]

birthweight (kg) rescaled 0.74 0.84 0.74 0.83 0.87 0.86 1.17 1.06 1.06

[0.41; 1.34] [0.45; 1.58] [0.40; 1.36] [0.58; 1.19] [0.60; 1.28] [0.59; 1.24] [0.74; 1.87] [0.65; 1.72] [0.65; 1.73]

living in Praia (vs other districts) 0.85 0.85 0.66 1.96 * 1.99 * 1.51 1.43 1.42 1.25

[0.36; 2.00] [0.33; 2.21] [0.27; 1.63] [1.25; 3.07] [1.16; 3.43] [0.93; 2.46] [0.71; 2.88] [0.67; 2.99] [0.57; 2.75]

years mother's education rescaled 1.03 1.04 1.03 1.04 1.04 1.02 0.97 0.97 0.95

[0.95; 1.12] [0.95; 1.15] [0.94; 1.12] [0.98; 1.09] [0.98; 1.10] [0.97; 1.08] [0.90; 1.04] [0.90; 1.04] [0.88; 1.02]

factory's animals in pregnancy =yes 0.8 0.83 0.63

[0.24; 2.64] [0.37; 1.87] [0.24; 1.68]

factory's animals first year =yes 1.41 1.19 1.64

[0.44; 4.56] [0.53; 2.67] [0.63; 4.29]

cat first year =yes 0.48 0.96 1.41

[0.18; 1.30] [0.54; 1.68] [0.73; 2.74]

dog first year =yes 0.94 0.92 1.1

[0.40; 2.17] [0.54; 1.57] [0.57; 2.14]

fever first months =yes 1.5 0.58 * 0.53 *

[0.57; 3.98] [0.35; 0.97] [0.28; 0.99]

antibiotics first months =yes 2.55 * 1.6 0.89

[1.11; 5.87] [0.98; 2.61] [0.48; 1.65]

cat last year =yes 0.79 1.01 0.91

[0.36; 1.75] [0.62; 1.65] [0.48; 1.72]

dog last year =yes 0.88 1.25 0.88

[0.42; 1.85] [0.79; 1.98] [0.48; 1.62]

trucks =high 1.2 0.67 1.23

[0.57; 2.55] [0.39; 1.14] [0.66; 2.29]

fastfood =yes 2.19 0.72 0.65

[0.98; 4.89] [0.37; 1.38] [0.27; 1.55]

source of cooking energy 

=wood,carbon
0.67 0.41 * 0.82

[0.25; 1.77] [0.20; 0.82] [0.38; 1.76]

time at television,pc,.. =high 0.89 1.29 1.37

[0.42; 1.88] [0.82; 2.03] [0.76; 2.47]

parent smoking =yes 1.27 1.16 1.39

[0.41; 3.88] [0.59; 2.27] [0.61; 3.18]

AIC 317.66 286.11 323.53 607.4 547.89 594.91 430 401.2 424.87

BIC 346.65 342.65 385.89 636.39 604.42 657.25 458.96 457.68 487.17

Log Likelihood -152.83 -131.05 -148.77 -297.7 -261.95 -284.45 -209 -188.6 -199.44

Num. obs. 927 822 895 926 821 894 923 818 891

Num. groups: school 44 44 44 44 44 44 44 44 44

Var: school (Intercept) 0.52 0.44 0.52 0 0 0 0.29 0.16 0.39

ASTHMA ONLY RHINITIS ONLY ECZEMA ONLY

Table 3.3. Uni-morbidity multilevel logistic models results. 
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Variables
Ref. 

Model

Past 

Exposures

Present 

Exposures

Ref. 

Model

Past 

Exposures

Present 

Exposures

child's sex=Male 2.21 * 2.13 * 2.26 * 1.2 0.97 1.22

[1.20; 4.04] [1.09; 4.14] [1.23; 4.18] [0.67; 2.18] [0.52; 1.82] [0.67; 2.23]

birthweight (kg) rescaled 1.2 1.22 1.32 1.09 1.14 1.09

[0.74; 1.93] [0.71; 2.09] [0.81; 2.15] [0.67; 1.79] [0.69; 1.91] [0.66; 1.82]

living in Praia (vs other 

districts)
1.24 1.81 1.4 1.6 1.59 1.49

[0.51; 3.01] [0.57; 5.73] [0.55; 3.52] [0.84; 3.06] [0.77; 3.28] [0.75; 2.94]

years mother's education 

rescaled
1.06 1.10 * 1.07 1.04 1.04 1.04

[0.98; 1.14] [1.01; 1.20] [0.99; 1.16] [0.96; 1.12] [0.96; 1.12] [0.96; 1.12]

factory's animals in pregnancy 

=yes
2.35 0.91

[0.79; 7.00] [0.32; 2.61]

factory's animals first year 

=yes
0.82 0.95

[0.28; 2.42] [0.33; 2.73]

cat first year =yes 0.36 * 0.61

[0.16; 0.82] [0.26; 1.42]

dog first year =yes 2.06 * 0.96

[1.01; 4.24] [0.47; 1.97]

fever first months =yes 0.62 1.38

[0.29; 1.33] [0.65; 2.90]

antibiotics first months =yes 3.14 * 1.06

[1.51; 6.54] [0.55; 2.04]

cat last year =yes 1.08 1.09

[0.58; 2.03] [0.55; 2.13]

dog last year =yes 1.77 0.72

[0.96; 3.29] [0.37; 1.39]

trucks =high 1.14 1.67

[0.60; 2.18] [0.89; 3.13]

fastfood =yes 1.15 1.3

[0.52; 2.53] [0.62; 2.76]

source of cooking energy 

=wood,carbon
1.07 0.73

[0.49; 2.36] [0.30; 1.81]

time at television,pc,.. =high 1.01 1.06

[0.54; 1.89] [0.57; 1.97]

parent smoking =yes 0.44 0.7

[0.13; 1.52] [0.24; 2.05]

AIC 405.83 354.46 409.52 378.43 353.27 382.92

BIC 434.82 411 471.88 407.42 409.79 445.26

Log Likelihood -196.91 -165.23 -191.76 -183.22 -164.63 -178.46

Num. obs. 927 822 895 926 821 894

Num. groups: nome_escola 44 44 44 44 44 44

Var: nome_escola (Intercept) 0.92 1.57 0.9 0.06 0 0.04

ASTHMA AND RHINITIS RHINITIS AND ECZEMA

Table 3.4. Multi-morbidity multilevel logistic models results.  

Note: School-level estimated odds Ratios and 95%CIs are reported. Models were ad-

justed for sex, maternal education and living district (Ref. Model) and further ad-

justed for exposures referred to past events (Models for past exposures) or to present 

events (Models for present exposures). *denotes significant associations.   
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3.7 Discussion  

This is, so far, the first population-based study to assess asthma, rhinitis and eczema 

prevalence, in children aged 6-7 years old, in Santiago Island, and one of the first stud-

ies to examine the same diseases, among this age group, in Africa. 

A 10.5% prevalence for current asthma, 20% for rhinitis and 12% for eczema were 

observed in the same under study.  

Among children reporting symptoms of asthma, the 54% also presented concomitant 

symptoms of rhinitis, whether only the 4% had asthma alone. Asthma and allergic rhi-

nitis often coexist in the same individuals (82). 

Previous investigation of asthma prevalence in other Portuguese-speaking countries, 

for the same age group of children, reported higher rates compared to this study (83–

86). Overall, mean prevalence of asthma in Africa, for 6-7 years old children, has been 

also measured around 10%. Global mean prevalence of asthma is 9.3%; whether global 

mean prevalence of rhinitis 8.5% (85). 

This study also aimed to investigate risk factors potentially related to each of the three 

symptoms. The outcomes were firstly considered separately; secondly, we considered 

each of the diseases, in the absence of the others (uni-morbidity). Lastly, we modelled 

coexistence of asthma with rhinitis and rhinitis with eczema (multi-morbidity). Results 

were compared. Furthermore, we compared associations estimated at individual-level 

using generalized logistic regression and school-level averaged associations, estimated 

from multilevel logistic models, between the exposures and the outcomes. Individual-

level and school-level odds ratios were found to be very similar in direction and mag-

nitude, with only few associations disappearing when averaging at school-level.  

This evidence helps to exclude effect of reverse causation, phenomenon in which the 

outcome precedes and cause the exposure (e.g. use of antibiotics or the avoidance of 

pets in the home in allergic families) (87,88).  

As asthma, rhinitis and eczema cluster together at the individual-level; it is, therefore, 

possible that associations exposures-outcome for each one of the conditions can be 

confounded by factors associated with the others. Nonetheless, coefficients resulted 
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from uni-morbidity models were very similar in magnitude and direction to those esti-

mated without considering outcomes correlation.  

Multi-morbidity models resulted in stronger associations, between child’s sex and use 

of antibiotics in the first year of child’s life and symptoms of current asthma and rhinitis 

together. However, no significant association was identified between the considered 

exposures and coexistent symptoms of current rhinitis and eczema.  

Therefore, we can state that multi-morbidity alone doesn’t seem to explain the common 

epidemiological patterns encountered between the exposures and the three diseases. 

Our results were consistent with previous evidence. For example, living in urban areas, 

(defined as living in Praia Municipality in our setting) has been previously recognized 

to be a potential risk factor for asthma. Other studies have also shown that male chil-

dren might be more likely to have asthma as compared to females (89–91,91–98).  

Coexistence of allergic rhinitis and asthma was previously shown to be predominant in 

males during childhood, pattern that switch direction in adolescents (99).  

The higher prevalence of asthma in males in paediatric age can be also explained by 

the smaller diameter and higher tone of the airways compared to females.  

Children’s diagnosis of asthma has previously been recognized to be associated to 

healthcare access and caregivers’ health literacy (100). In this study, children with 

mothers having higher number of education years were shown to be more likely to have 

symptoms of current asthma and rhinitis. This evidence, contextualized with the study 

setting, might indicate that parents with higher literacy levels may recognize better their 

children’s symptoms, or have higher health awareness levels.  

ISAAC phase III data already revealed an association between antibiotic use in the first 

year of life and current asthma symptoms in children aged 6-7 (92); outdoor and indoor 

air pollution were previously associated with respiratory symptoms in children 

(101,102). 

Furthermore, previous studies confirmed a potential protective effect of early exposure 

to domestic animals for asthma, particularly in developed countries (103,104); even 

though, in other cases it was pointed for evidence in the exact opposite direction, as 
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affirming an increasing risk, among children exposed, for future sensitisation and al-

lergic pathology (94,105).  

Coexistence of the diseases may also may be associated with children’s greater impair-

ment of daily activities and lower quality of life, leading to higher risk of worse out-

comes (106). 

This study contributed to measure prevalences of respiratory symptoms and identify 

factors to these associated, on the paediatric population of Santiago Island (Cape 

Verde). It provides valuable information that is essential for the design of public poli-

cies and the creation of effective plans and strategies for the prevention, management 

and treatment of asthma. In addition, it sheds light on the prevalence of asthma in this 

specific region and serves as a fundamental step in understanding how asthma and re-

lated allergic diseases evolve over time in this area of the world. 

 

3.8 Limitations  

ISAAC questionnaire has substantial advantages, being applied in numerous studies 

with large sample sizes worldwide, it provides a valid standardised methodology for 

the analysis of respiratory symptoms and related risk factors. However, as a self-re-

ported symptoms-based questionnaire both the definition of disease outcomes and the 

ascertainment of risk factors might be biased. Misclassification of disease or risk factor 

information could be non-systematic, leading to weaker associations, or systematic, 

potentially exaggerating, or masking associations. Of particular concern are individual 

threshold’s differences in symptoms reporting. This could exaggerate clustering of the 

three diseases within individual children. However, this do not affect risk factor asso-

ciations in unmorbid analyses. Clinical information on allergic sensitisation, measured 

by skin prick testing and serum allergen specific IgE are notably useful for a precise 

diagnostic and should accompany self-reported evidence. Furthermore, in our specific 

setting prevalence of asthma might be underestimated because some of the parents did 

not know the concept of ‘wheezing’, possibly causing difficulties in symptoms’ recog-

nition or not acceptance of the same. 
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Focusing on 6-7 years may limit the ability to capture the full spectrum of factors re-

lated to asthma, rhinitis, and eczema, which can develop at different ages and partici-

pants in school-based studies may not be representative of all children on Santiago 

Island, particularly if there are barriers to school attendance or participation, with pos-

sible under-representation of prevalences. 

The cross-sectional design of the study doesn’t allow sufficient understanding of the 

interrelationships between different diseases in terms of complex patterns of multimor-

bidity. 

Controlling for all potential confounding variables in observational studies, which can 

make it difficult to establish clear cause-and-effect relationships; for example, this 

analysis did not consider exposure to pollutants or greenspace indexes, recognized to 

be strong risk factors for respiratory diseases in other studies (107).  

This investigation only reports intermediate results on the measure of prevalence of 

asthma, rhinitis, and eczema in Cape Verde, being circumscribed to the Island of San-

tiago; may not be generalizable to other regions or populations, as factors related to 

these conditions can vary significantly based on geographic, environmental, and cul-

tural factors. 

 

3.9 Conclusions 

To our knowledge, this was the first study to analyse respiratory diseases prevalence 

and their associated risk factors, using different modelling approaches, among children 

in Santiago Island.  It was shown that asthma, rhinitis, and eczema should be considered 

public health problems in Santiago Island. A higher prevalence of respiratory symp-

toms was observed among boys and in the main city of Praia.  

The estimated prevalences of asthma, rhinitis and eczema were consistent with other 

African countries data.  

When developing strategies and health policies to improve children's respiratory health, 

particular attention should be paid to the factors identified here as potential influences 

on the three respiratory outcomes. Our study plays a pivotal role in filling critical gaps 
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in under-reported diagnoses, revealing previously unrecognised health problems prev-

alent in the study region. In doing so, they provide essential insight and guidance not 

only to policy makers but also to healthcare providers and, more importantly, raise 

awareness of the problem in the community. In general, scientific research helps to 

increase the health literacy of the population, facilitating early recognition of health 

symptoms and potentially guiding individuals towards preventive behaviours that 

could avert adverse health outcomes. 

In essence, these findings may help identified vulnerabilities related to respiratory 

symptoms in children, call for improvement in access to healthcare among this popu-

lation and for a comprehensive educational campaign aimed at empowering individu-

als. This study could act as a catalyst for a healthier future for the children of Santiago 

Island.  
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3.10 Supplement material  

Supplementary Figure 3.1.  Santiago Island. Vegetation index (NDVI) is reported (cal-

culated in QGIS using QuickOSM tool) 
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Chapter 4  

Analysis of COVID-19 testing among immigrant and 

non-immigrant children in Lisbon 

4.1 Introduction 

Ethnic minorities, immigrants and refugees are frequently classifiable as vulnerable 

populations (108).  

Many studies in literature have investigated factors influencing migrants and refugee 

health care delivery in high income countries. Brandenberger et al in a comprehensive 

review, from 2019, structured the so called ‘3C Model’ identifying the major chal-

lenges in migrant health delivery namely communication, continuity of care and con-

fidence. Furthermore, contextual variables in the host country were recognized as 

largely determining the conditions, in which the three categories above mentioned can 

be provided (109).  

Nevertheless, inequalities vary with healthcare sector and subpopulation of migrants 

and socio-economic status cannot explain them alone. Ethnicity is an important deter-

minant of health care utilization included in the Behavioural Model of Health Services 

Use, also called Andersen Model (110). 

Facing multiple barriers to accessing health care in the host country, may turn immi-

grants consecutively more vulnerable to diseases development.  

Overcoming these barriers requires a comprehensive and proactive strategy within 

health systems. Strategic interventions on multiple fronts are needed to address legal, 

cultural, linguistic and systemic barriers. A cornerstone of this approach is advocacy 

for inclusive government policies and tailored health programmes and insurance cov-

erage. Equally important is promoting cultural competence among health care provid-

ers through comprehensive and diverse training, language services and culturally sen-

sitive care. Engaging communities directly through targeted programmes that provide 

information, education and access to health services, in collaboration with government 
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agencies, NGOs, community groups and health providers, pools resources to better 

meet the health needs of immigrants. Access to health services can vary depending on 

individual circumstances and on health system organization. This complexity creates a 

challenging landscape in which equitable access to healthcare remains an ongoing con-

cern. We report some of the factors discouraging or impeding immigrants to seek care: 

speaking a different language from that of healthcare providers can hinder effective 

communication, cultural differences create different health practices beliefs and expec-

tations, limited knowledge of the host country's healthcare organization may be a chal-

lenge for them, affecting immigrants' ability to navigate the system effectively, access 

primary care providers or engage in preventive care. Experiences of discrimination or 

stigma in healthcare settings and institutions can also act as strong barriers. Economic 

and financial aspects such as lack of health insurance, unemployment, low wages or 

household instability and transportation issues are notably crucial determinants influ-

encing health behaviours and discriminating inequalities in health access. Furthermore, 

immigrant people often lack social support networks in the host country, which can 

compound the difficulties they face. These networks are very important to provide val-

uable information and assistance in accessing health services. All the factors presented 

and others more (111) can also vary over time, as contests change, and individuals 

adapt to new environments . 
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Figure 4.1. Health vulnerability and resilience factors for migrants: Resetting the 

Agenda. Report of the 2nd Global (111) 

 

In the contest of COVID-19 pandemic a disproportional negative impact has been evi-

denced in vulnerable groups, unrevealing the complex links existing between economic 

and financial stressors, health inequalities and healthcare outcomes. During the pan-

demic, immigrant people often encountered barriers, of multiple sources, in accessing 

health care, compared to non-immigrants. COVID-19 testing emerged playing a crucial 

role in controlling the spread of the virus; timeliness and accuracy of testing have been 

critical to case identification, effective contact tracing and breaking transmission 

chains. However, vulnerable populations often faced challenges or delays in accessing 

testing, due to socioeconomic barriers, lack of awareness and language barriers, or at 

times, mistrust of health systems. 

By analysing COVID-19 testing rates among children, usually recognized as vulnera-

ble group, it is possible to glean insights into systemic healthcare inequalities and iden-

tify areas for intervention to ensure equitable healthcare access for all children, irre-

spective of their immigration status. This focus not only aligns with the ongoing efforts 

to mitigate health inequalities exacerbated by the pandemic but also highlights the need 

for targeted public health strategies to support vulnerable groups effectively. 
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Differences between immigrants and non-immigrants people on COVID-19 were tes-

tified in several countries. In Italy, for example, immigrants were shown to have an 

average delay of two weeks in taking the test was  (112).  In North America and in 

Denmark immigrant populations, including children, showed lower reduced testing 

rates, compared to the general population (113–116).   

 

4.2 Study objective 

The study we present in this chapter, aimed to analyse immigrant status as a possible 

discriminant factor for COVID-19 testing rates, in children residing in the Lisbon Met-

ropolitan area (Portugal).  

 

4.3 Study setting   

Although in Portugal, legally resident foreigners can access health services through the 

National Health Service (NHS), navigating the system can be struggling and while 

most medical services are covered, some may have small fees. A recent study in the 

country, found that immigrant children, compared to non-immigrants, undertake fewer 

check-up visits at the age of four (117) and made large use of hospital emergency ser-

vices (before and during the pandemic) (118).  

Lack of comprehensive data on COVID-19 testing among immigrants in Portugal im-

pedes the efficient development of targeted policies and strategies to reduce access 

inequalities among immigrants. This analysis might, therefore, reveal crucial evidence, 

to rethink public health interventions to reduce health inequalities.  

The study was conducted in five municipalities in the Lisbon metropolitan area of Por-

tugal (Figure S4.1). These municipalities comprise 22 primary health centres and three 

referral hospitals (119,120) and the 17% of the resident population is foreign-born 

(121). 

 

4.5 Methods 
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4.5.1 Study design 

A cross-sequential design was used to examine health outcomes and access to 

healthcare for children of different ages.  

4.5.2 Study sample 

The sample included children aged 2 to 8, born in 2015, 2018, and 2020, living in the 

five municipalities of Lisbon Metropolitan Area (Portugal) and attending primary 

health centres. All children classified as immigrants who attended a consultation and 

vaccination during recruitment were included in the study and in each centre each non-

immigrant child was matched with one immigrant child, to maximize comparison over 

time. Were defined ‘immigrant’ children as those Portuguese residents who were born 

outside of the EU or had at least one parent born outside of the EU.  

Recruitment took place sequentially, with children born in 2015 starting to be recruited 

before the pandemic. Enrolment of children born in 2018 and 2020 began in May 2022 

and is still ongoing, at the time of this manuscript writing.  

The original birth cohort, called “CRIAS”, from which this sample was generated is 

described in a published reference paper (118).  

4.5.3 Data collection  

We analysed data for the sample testing, from 31 March 2020 to 18 May 2023.  

For each age-cohort, a comprehensive set of socioeconomic and demographic data was 

collected through face-to-face Strengths and Difficulties Questionnaires (SDQ) (118), 

administered to children’s parents or caregivers in dedicated areas of the sampled pri-

mary health centres. Portuguese was the primary language used during interviews, 

however other languages were accommodated based on individual preferences and 

needs. Notifications of children laboratory COVID-19 test results (RT-PCR and anti-

gen tests) were also obtained from the Portuguese General Directorate of Health's la-

boratory surveillance system for COVID-19 and linked through unique identifier to 

data from questionnaires.   

4.5.4 Outcome  

We modelled two different outcomes to analyse children access to COVID-19 tests: a 

dichotomous outcome indicating whether children had performed at least one COVID-
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19 test during the study period (yes/no), and the counts of COVID-19 tests undertaken 

during the study period. 

4.5.5 Independent variables 

The Andersen and Newman's model, in its revisited version, was taken as primary ref-

erence source to identify independent variables to include in our analysis, as previously 

done in similar studies (122). While the original Andersen model primarily focused on 

individual-level factors, the Andersen and Newman model expanded to include envi-

ronmental and systemic factors, health behaviours and outcomes providing a more ho-

listic view. Greater emphasis is placed on how health policy and system-level factors 

affect individual health service utilization and more attention is attributed to issues of 

equity and access, examining how social determinants and systemic barriers contribute 

to disparities in health service utilization (123) (Figure S4.2) . 

Caregiver’s age and sex (male/female), family structure (single parent family/tradi-

tional family), child immigration status (non-immigrant; immigrant), household den-

sity (HD) (high/low), caregiver's education (less than secondary/upper secondary/uni-

versity degree), caregiver's employment status (unemployed/employed), were consid-

ered in quality of predisposing, enabling and perceived need factors conditioning health 

access.  

House density was defined as the ratio of people to the number of bedrooms in the 

household, and we considered a high HD as a ratio greater than 1, monthly net house-

hold income was dichotomized using the minimum country salary as cut-off (≤750€/ 

>750€), child health insurance was defined as having or not health insurance, the child's 

birthweight as high/normal/low/very low, and the caregiver's perception of the child's 

health status as very good/good/reasonable/poor and very poor. Children birthweight 

was included as a variable for perceived health care needs because it significantly in-

fluences the likelihood of mortality, morbidity, and disability during the critical early 

stages of life, particularly for newborns, infants, and children  (124). 

4.5.6 Statistical Analysis 

Sample socio-demographic characteristics were reported as percentages for categorical 

variables and means with standard deviations for continuous variables (Table 4.1). 
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Characteristics were categorized as predisposing, enabling and need factors for 

healthcare access (7,122). 

We computed univariate a Robust Poisson regression to model associations occurring 

between independent variables and the binary outcome (being tested) and a Standard 

Poisson regression to model associations with number of tests undertaken. We reported 

prevalence ratios (PR) and risk ratios (RR) and 95% confidence intervals (Figure 4.2, 

Table S4.2, Table S4.3). We also reported, for the adjusted models, variance inflation 

factors (GVIF), to test for models’ multicollinearity (Table S4.1).  

For the outcome being tested or not for COVID-19, we compared results of Robust 

Poisson model with Log-binomial and Probit regression alternatives, for binary out-

comes. Log-binomial regression (logistic) is considered a less accurate option when 

models may suffer of misspecification, Robust Poisson model is the preferred choice 

for estimating unbiased coefficients, especially when the prevalence of the outcome is 

unbalanced and covariates are continuous (125). 

Statistical analyses were performed in R software (version 4.0.3).  

4.5.7 Ethical approval  

The Ethics Committee for Health of the Regional Health Administration of Lisbon and 

Tagus Valley, Portugal (001/CES/INV/2019 and 071/CES/INV/2021, respectively) ap-

proved both cohort studies and COVID-19 interim study (9-2020/CES/2020). Moreo-

ver, one of the child's primary caregivers signed an information and consent form be-

fore participating in the study. 

 

4.6 Results 

Overall, 722 children were analysed; 420 children were born in 2015, 133 in 2018 and 

169 in 2020. In the time window spanning from March 2020 to May 2023, participants 

underwent in total 637 tests, with a median of 2 tests (range 0-12). The 78.8% (95% 

CI: 75.8 - 81.7) of children received at least one COVID-19 test; among these, the 

majority (52.4%) were non-immigrants children. Median of number of tests was 3 

(range 1.75 - 5) among non-immigrants and 2 (range 0-3) among immigrants (p < 
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0.001). Overall African countries and Brazil were the most represented nationalities 

among immigrants; among these, Cape Verde accounted for 25.9%, Angola for 15.7%, 

Brazil for 14.7%, Guinea Bissau for 12.6%, São Tomé and Principe for 7.3%, and 

Mozambique for 2.9%. 

 

Table 4.1. Children's and households’ characteristics, overall and stratified by the out-

come 'being or not tested for COVID-19' and categorized following the Andersen 

Model (7) 

Factors Overall Not tested  Tested 

n 722 153 569 

PREDISPOSING FACTORS    

Caregiver’s age (years); mean ± SD  34.85 ± 7.42 34.82 ± 7.75 
34.86 ± 

7.34 

Caregiver's sex = Female (%) 629 (87.1) 134 (87.6) 495 (87.0) 

Caregiver’s educational level (%)    

Less than secondary education 233 (32.3) 52 (34.0) 181 (31.8) 

Upper secondary education 287 (39.8) 65 (42.5) 222 (39.0) 

University degree / professional education 201 (27.8) 36 (23.5) 165 (29.0) 

Family structure (%)    

Single parent family 437 (60.5) 89 (58.2) 348 (61.2) 

    
Caregiver's employment status (%)    

employed 522 (72.3) 105 (68.6) 417 (73.3) 

House density^2 (%)    

high 615 (85.2) 129 (84.3) 486 (85.4) 

Child's immigrant status (%)    

Immigrant children 382 (52.9) 111 (72.5) 271 (47.6) 

ENABLING FACTORS    

Household net income/month     

>750eur 503 (69.7) 107 (69.9) 396 (69.6) 

Child's health insurance (%)    

having 308 (42.7) 53 (34.6) 255 (44.8) 
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Immigrant status resulted to be significantly associated to both the considered out-

comes, with immigrant children being 18% (PR=0.82 [0.76, 0.89]) less likely to be 

tested for COVID-19 and undertaking in mean a 26% (RR=0.74 [0.67, 0.82]) less of 

number of tests, after adjusting the models for the other covariates (Figure 4.2, Table 

S4.3).  

Children’s perceived health status was also shown to significantly associated with both 

the likelihood to be tested and the number of tests undertaken in mean. Children who 

were perceived by their caregivers being bad/very healthy, as compared to those per-

ceived in very good health status, were 15% (PR=1.15 [1.00, 1.33]) more likely to 

undergo at least one COVID-19 test and were undertaking, in mean, the 38% (RR=1.38 

[1.03, 1.81]) more of number of tests. Also, those children perceived in good and rea-

sonably good health status were undertaking a significantly higher number of tests in 

mean, as compared to those perceived very good by their caregivers (RR=1.14 [1.02, 

1.28] and RR=1.24 [1.07, 1.43]).  

Children with normal birthweight significantly underwent a higher number of tests, in 

mean, as compared to those with low birthweight (RR=1.18 [1.01, 1.40]).  

Caregiver’s age and employment status were significantly associated with number of 

tests undertaken by their children (RR=1.25 [1.07, 1.49] and RR=1.18 [1.05,1.33]).   

Figure 4.2 show comparison of results from Robust Poisson, Log-binomial and Probit 

NEED FACTORS    

Child's perceived health status (%)    

Very good 228 (31.6) 49 (32.0) 179 (31.5) 

Good 344 (47.6) 75 (49.0) 269 (47.3) 

Reasonable 128 (17.7) 26 (17.0) 102 (17.9) 

Bad / Very bad 17 (2.4) 1 (0.7) 16 (2.8) 

Child's birthweight    

High (≥ 4 kg) 76 (10.5) 23 (15.0) 53 (9.3) 

Normal (≥ 2.5 - < 4kg) 568 (78.7) 114 (74.5) 454 (79.8) 

Low (≥ 1.5 - < 2.5kg) /  

Very low (< 1.5kg) 
46 (6.4) 10 (6.5) 36 (6.3) 
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models, for the binary outcome being tested (Figure 4.2). Interpretation of coefficients 

of probit models is slightly different from those of the other models; since they repre-

sent a change in the z-score of the outcome, exponents are not reducible to prevalence 

or odds ratios. Although the three models identified the same significant associations 

between the considered variables and the outcome, log-binomial model resulted in 

wider confidence intervals (Figure 4.3).    

Figure 4.2. Estimated coefficients and CIs, for the associations among sample characteristics 

and the two outcomes ( ever tested for COVID-19 and number of tests performed). Results Ro-

bust Poisson (left) and Standard Poisson (right) regressions. 
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4.7 Discussion 

The WHO Refugee and Migration Health Program (126) emphasizes that refugees and 

migrants are some of society's most vulnerable members, facing daunting challenges 

including xenophobia, discrimination, substandard living conditions, and inadequate 

access to healthcare. Amid the COVID-19 pandemic, these groups, encountered height-

ened risks of infection and mortality, disproportional adverse outcomes might also be 

influenced by reduced attendance to the healthcare practise.  

Rethinking the system is imperative to ensure healthcare services sensitive to the spe-

cific needs of migrant communities.  

Our study investigated immigration as possible discriminant factor for healthcare un-

derutilization, reframing the question to a more specific setting: access to COVID-19 

Figure 4.3. Estimated coefficients and CIs, for the associations among sample character-

istics and the binary outcome ever tested for COVID-19. Results from Logistic (orange), 

Probit (green) and Robust Poisson (light blue) regressions. 
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tests during the pandemic, among immigrant children in Lisbon metropolitan area. 

Testing rates and median number of performed tests were calculated, during the time 

window spanning from March 2020 till October 2023, and compared between immi-

grants and non-immigrants children. Factors associated to testing patterns were also 

analysed. Several variables can influence immigrants’ choice to access health systems 

in the host countries, either for health prevention or treatment purposes. Barriers may 

have different origins and vary from country to country, region to region and case to 

case. The structure, organisation, accessibility and cost of the health care system, as 

well as individual-level characteristics and the degree of integration in the host country, 

play a fundamental role in determining differences in uptake. 

Only few studies in literature investigated COVID-19 testing coverage among immi-

grant population. A study in North Carolina revealed that ethnic minorities completed 

18% to 31% fewer tests than the general population (114); another one, in Italy, ob-

served a significant higher proportion of nasal swabs among Italians, compared to mi-

grants across all Regions, difference that disappeared in the following periods, proba-

bly due to a major availability of diagnostic tests (127).  

In our sample, 78.8% of children underwent COVID-19 testing during the analysed 

period. However, a disproportion was observed between non-immigrants and immi-

grants, with the first one having testing rates. 

Immigrant status was identified as a discriminant factor statistically associated to prob-

ability of being testing at least once for COVID-19, even after adjusting for the other 

covariates. Non-immigrant children were also shown to undertake a higher number of 

tests, in mean. Caregivers’ higher educational level, age, employment status, percep-

tion of children health status and children birthweight were also significantly associated 

with the binary outcome.  

Many factors may hinder health care access for immigrant population, for example lack 

of transportation services (private or public) in their residential areas (usually under-

served), lack of health insurance because of legal bureaucracy or economic reasons, 

full employment schedule hindering their time off work, and lastly lack of confidence 

with the healthcare system organizational structure (128).  
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Our analysis was confined to five municipalities in Lisbon metropolitan area. In 2022, 

16.7% of children in Portugal were registered as born inside the country but having 

mothers with different nationality. Immigration plays a significant role in the country 

and can have, therefore, strong implications for public health practise and management. 

During health crises such as the COVID-19 pandemic, comprehensive testing is a crit-

ical measure to contain the spread of disease and mitigate its adverse impact on health 

systems. However, under-testing of migrants and migrant communities often leads to 

inaccurate estimation of positivity rates, making it difficult to accurately assess spread 

of the disease among these groups. Lack of accurate information hampers health inter-

ventions in resource allocation and system planning, which are critical to effectively 

managing and containing outbreaks. In addition, it can lead to delayed or inadequate 

support and medical care, exacerbating vulnerabilities and health risks faced by these 

communities and individuals. 

 

4.8 Limitations 

This study may have some limitations. It is important to acknowledge that not all po-

tential factors that can confound differences in accesses to tests, between immigrants 

and non-immigrants, might be here considered. To address these limitations and gain 

a more comprehensive understanding, future research could integrate qualitative meth-

odologies. Qualitative studies could delve into the obstacles and experiences faced by 

immigrant families when accessing COVID-19 testing and healthcare services in gen-

eral, providing valuable insights beyond quantitative data. Also, geographical location 

of children’s residence, might be considered in the models.  

Time of access to COVID-19 tests was not investigated, with no chance to reveal is a 

delayed perception of the emergency existed among immigrants and investigate even-

tual time-period related factors influencing accesses. 

Because of the observational design of the study, it is not possible to infer causality 

from the disclosed associations. Moreover, further refinement could involve distin-
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guishing non-immigrant children by their country of origin to discern potential varia-

tions in access rates within this group. This could undiscover nuanced disparities that 

were overlooked in this study's analysis. 

Our findings are not generalizable to other regions or countries with different 

healthcare systems, policies, or demographics. Each locale has its unique set of factors 

influencing healthcare access, and what holds true for Lisbon's metropolitan area may 

not apply universally. In this analysis we also didn’t distinguish immigrants for their 

nationality. Cultural differences may influence their health behaviour and perception.  

Furthermore, examining the testing strategies employed during the study period, par-

ticularly those targeting children, and understanding any changes over time could pro-

vide valuable context for interpreting the results. Variations in testing availability, pri-

oritization criteria, and public health messaging could significantly influence testing 

rates and accessibility. For instance, shifts in policy regarding who should be tested, 

the introduction of mass testing campaigns, or changes in school testing protocols may 

have impacted the data. By accounting for these factors, the analysis could better dif-

ferentiate between structural barriers to healthcare access and the effects of evolving 

public health strategies. 

Lastly, immigrants seeking healthcare services might not represent the entire immi-

grant population; to the contrast, more deprived families may be less likely to attend 

primary healthcare centres and therefore findings on testing rates might be already un-

derestimated at start. 

 

4.9 Conclusion 

Our findings indicate that immigrant children compared to non-immigrants were less 

likely to undergo COVID-19 tests in the region under study. This holds substantial 

implications for health policy formulation and intervention strategies aimed at achiev-

ing equitable healthcare access for immigrant populations. Policy initiatives which fo-

cus on tailored outreach efforts, ensuring culturally sensitive education campaigns and 
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addressing specific concerns and perceptions related to testing prevention for infec-

tions, within immigrant communities are advisable. 

Health system policies should actively tackle barriers such as language diversity, cul-

tural nuances, legal complexities, and socio-economic disparities that hinder healthcare 

access. Strategies might involve providing interpreter services, cultural competency 

training for healthcare providers, and financial support programs to bridge these gaps. 

Collaborative partnerships between healthcare providers, community organizations, 

and migrant support networks are crucial for fostering trust and facilitating streamlined 

access to healthcare services. 

Interventions to promote access should involve active community engagement, initia-

tives to improve health literacy within immigrant populations, and training healthcare 

professionals to deliver culturally competent care. 

Further studies might investigate influence of children residence's closeness to testing 

locations on the outcome; or even more generally investigate residence area character-

istics such as transport availability and deprivation index might, to possibly unravel 

important determinants that should be considered.  

Also, other research directions should explore aspects regarding immigrant experiences 

in and perception of the healthcare system, related to access during public health crises, 

combining quantitative with qualitative data collection. Longitudinal studies tracking 

healthcare access patterns among immigrants and comparative analyses between dif-

ferent immigrant groups and non-immigrant populations would provide deeper insights 

and guide targeted interventions. 

Finally, evaluating the impact of policy interventions is crucial to assess their effec-

tiveness in improving healthcare access for immigrants. This evidence-based approach 

is essential in guiding future system development and address the complex dynamics 

influencing healthcare access and as consequence, health outcomes among immigrant 

populations.  
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4.10 Supplementary Material   

Supplementary Figure 4.1. Map of Lisbon Metropolitan district. Created using QGIS 

software). 

 

 

Supplementary Figure 4.2. Andersen and Newman concept framework of Health Ser-

vice Utilization. Below are presented figures 1 and 4 from the original article “Societal 

and Individual determinants of medical care utilization in the United States” (123). 
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Supplementary Table 4.1. Variance inflation coefficients (GVIFs) resulting from the 

two fully adjusted regressions (left: Robust Poisson, right: Standard Poisson). model-

ling the outcomes ‘being tested’ and ‘number of tests undertaken’.  

OUTCOME: Tested (yes/no) Nr of tests undertaken 

 GVIF GVIF 

Caregiver's age  1.10 1.11 

Caregiver's sex 1.07 1.06 

Caregiver’s education level 1.24 1.25 

Caregiver's employment status 1.13 1.12 

Single parent family 1.19 1.19 

Household density 1.09 1.09 

Child Immigrant status 1.19 1.07 

Household net income/month >750€ 1.13 1.11 

Child’s health insurance 1.25 1.25 

Child’s birthweight 1.04 1.04 

Child's perceived health status 1.08 1.08 
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Supplementary Table 4.2. Comparison of estimated univariate (uPR and uRR) and adjusted prevalence and risk ratios, computed for 

the two outcomes under study (being tested and number of tests undertaken). 

OUTCOME: Tested (yes/no) Nr of tests undertaken 

  uPR 95%CI aPR 95%CI uRR 95%CI  aRR 95%CI 

Caregiver’s age 1.00 [0.99; 1.01] 0.98 [0.87, 1.11] 1.00 [0.99; 1.01] 1.25 [1.07, 1.49] 

Caregiver's sex = Female (Ref. Male) 0.99 [0.88; 1.11] 1.00 [0.99, 1.01] 1.22 [0.78; 1.27] 0.99 [0.99, 1.00] 

House family structure = single parent 1.02 [0.95; 1.11] 0.97 [0.89, 1.06] 1.03 [0.87; 1.21] 0.99 [0.89, 1.10] 

Immigrant child (Ref. Non-immigrant) 
0.81 [0.75; 0.87] 

0.82 [0.76, 0.89] 
0.69 [0.69; 0.95] 

0.74 [0.67, 0.82] 

House density^2 = high  1.02 [0.91; 1.14] 1.09 [0.96, 1.22] 1.01 [0.81; 1.3] 1.12 [0.98, 1.29] 

Caregiver’s educational level  

(Ref. Less than secondary) 
              

Upper secondary education 1.00 [0.91; 1.09] 1.01 [0.91, 1.12] 1.01 [0.82; 1.21] 1.02 [0.91, 1.15] 

University degree/professional 1.06 [0.96; 1.16] 1.06 [0.95, 1.18] 1.13 [0.86; 1.3] 1.13 [0.99, 1.29] 

Caregiver working status = employed (Ref. Unem-

ployed) 1.05 [0.96; 1.15] 
0.99 [0.9, 1.09] 

1.21 [0.87; 1.27] 
1.18 [1.05, 1.33] 

Household income salary >750eur (Ref. < 750eur) 0.97 [0.89; 1.06] 0.96 [0.89, 1.05] 1.00 [0.81; 1.18] 0.95 [0.85, 1.06] 

Child's health insurance = having 1.09 [1.01; 1.17] 1.03 [0.95, 1.13] 1.21 [0.92; 1.29] 1.10 [0.99, 1.23] 

Child's birthweight (Ref. = low (<2.5 kg))               
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OUTCOME: Tested (yes/no) Nr of tests undertaken 

  uPR 95%CI aPR 95%CI uRR 95%CI  aRR 95%CI 

Normal (> 2.5 - < 4 kg) 1.15 [0.98; 1.34] 1.16 [0.99, 1.36] 1.24 [0.87; 1.54] 1.18 [1.01, 1.40] 

High (< 4 kg) 1.12 [0.9; 1.39] 1.17 [0.95, 1.44] 0.99 [0.73; 1.71] 1.04 [0.81, 1.33] 

Child's perceived health status  

(Ref. Very good) 
              

Good 1.00 [0.91; 1.09] 1.00 [0.91, 1.1] 1.16 [0.83; 1.2] 1.14 [1.02, 1.28] 

Reasonable 1.02 [0.91; 1.13] 1.02 [0.91, 1.14] 1.24 [0.79; 1.29] 1.24 [1.07, 1.43] 

Bad / Very bad 1.20 [1.04; 1.38] 1.15 [1, 1.33] 1.44 [0.69; 1.93] 1.38 [1.03, 1.81] 

Supplementary Table 4.3. Estimated coefficients (coeff) and standard errors (SE) from the three alternative regressions used to model 

the binary outcome ‘being tested at least once for COVID-19’. 

Model: Robust Poisson  Log-binomial Probit 

  coeff SE coeff SE coeff SE 

Caregiver’s age -0.001 (-0.003) -0.006 (-0.014) -0.003 (-0.008) 

Caregiver's sex = Female (Ref. Male) -0.019 (-0.064) -0.092 (-0.32) -0.044 (-0.184) 

House family structure = Single parent -0.028 (-0.045) -0.132 (-0.226) -0.065 (-0.13) 

Immigrant child (Ref. Non-immigrant) -0.193 *** (-0.041) -1.005 *** (-0.22) -0.575 *** (-0.122) 

House density^2 = high  0.083 (-0.061) 0.416 (-0.284) 0.243 (-0.164) 
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Model: Robust Poisson  Log-binomial Probit 

  coeff SE coeff SE coeff SE 

Caregiver’s educational level  

(Ref. Less than secondary) 
 (0.011)   (0.062)  (0.036) 

Upper secondary education 0.011 (-0.051) 0.062 (-0.243) 0.036 (-0.141) 

University degree/professional 0.055 (-0.057) 0.288 (-0.285) 0.171 (-0.163) 

Caregiver working status = employed (Ref. Unemployed) -0.009 (-0.049) -0.026 (-0.234) -0.002 (-0.135) 

Household income salary >750eur (Ref. < 750€) -0.036 (-0.043) -0.22 (-0.247) -0.134 (-0.141) 

Child's health insurance = having 0.034 (-0.043) 0.164 (-0.224) 0.08 (-0.129) 

Child's birthweight (Ref. = low (<2.5 kg))  (0.147)   (0.606 *)  (0.352 *) 

Normal (> 2.5 - < 4 kg) 0.147 (-0.081) 0.606 * (-0.29) 0.352 * (-0.173) 

High (< 4 kg) 0.155 (-0.108) 0.648 (-0.467) 0.377 (-0.272) 

Child's perceived health status  

(Ref. Very good) 
 (0.001)   (-0.009)  (0.004) 

Good 0.001 (-0.046) -0.009 (-0.231) 0.004 (-0.133) 

Reasonable 0.017 (-0.06) 0.062 (-0.302) 0.05 (-0.173) 

Bad / Very bad 0.142 * (-0.072) 1.251 (-1.06) 0.696 (-0.527) 

AIC 1269.883  643.734   643.533   

BIC 1341.192  715.042   714.841   

Log Likelihood -618.942  -305.867   -305.766   
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Model: Robust Poisson  Log-binomial Probit 

  coeff SE coeff SE coeff SE 

Deviance 225.883  611.734   611.533   

Num. obs. 637   637   637   

*** p < 0.001; ** p < 0.01; * p < 0.05       
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Chapter 5 General Discussion  

Vulnerabilities intricately intertwine with health, manifesting through both direct and 

indirect impact on healthcare access and outcomes.  

Global health research on health inequalities and disparities is continuously evolving, 

with the important effort to recognize and intervene to counteract determinant factors. 

This area of research may benefit from a multifaceted investigation that spans the life 

course and highlights the complex links between childhood experiences and adult vul-

nerability. Year after year, Public Health moves closer to achieve universal health cov-

erage. However, still much work must be done in addressing the root causes of health 

inequalities, looking into social determinants such as income inequality, education lev-

els, access to nutritious food, housing stability, and exposure to environmental hazards. 

When adverse factors converge, they create a breeding ground for health vulnerability.  

Policies and initiatives implementation often faces hurdles due to systemic barriers and 

different priorities among nations. Additionally, access to healthcare itself remains a 

critical challenge, especially in marginalized communities where resources are scarce. 

Despite progress made, we have to consider that vulnerability is not a static concept. 

Vulnerabilities might change and accumulate over time and are shaped by a variety of 

social factors that span generations. 

The collection and analysis of quantitative data has been instrumental in unravelling 

the interdependencies between vulnerability factors and understanding how they clus-

ter together, revealing their association with deteriorating health outcomes and the 

complex dynamics at play. However, to catalyse a more effective shift in global health 

initiatives, a shift in focus towards holistic approaches that combine qualitative and 

quantitative data and multiple disciplines should be prioritised. Only by recognising 

the interconnectedness of different dimensions of health, social, systemic and individ-

ual it would be possible to develop strategies that address broader systemic and societal 

factors, leading to more effective and inclusive interventions. 

In this manuscript, we have presented two case studies focusing on vulnerability factors 

that may determine uptake of health care, for antenatal care visits and disease  
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testing. Furthermore, we reported a study discussing vulnerability factors that may in-

fluence the development of adverse respiratory outcomes in children.  

In chapter two we analysed differences in trends, in time and among provinces in an-

tenatal care coverage in Mozambique. We commented on the fragility of the health 

infrastructure in conflict areas, on healthcare underutilization, healthcare worker short-

ages, and how it is important to shift priorities from merely emergency interventions 

to prevention plans, in these contexts. The inability to adapt to conflict zones showcases 

the importance of resilient health systems capable of navigating challenging contexts. 

Vulnerabilities stemming from conflict and displacement, reconfigure the perception 

and conception of health itself.  

In chapter four, we analysed testing differences among immigrant and non-immigrant 

children, during COVID-19 pandemic in Lisbon Metropolitan area district (Portugal). 

The study elucidates general subtleties of vulnerabilities in shaping healthcare-seeking 

behaviours. Family education, economic status, culture and nationality create a web of 

complexities that indirectly impact healthcare access, as well as distinct health percep-

tions could mould different responses to health crises. 

In chapter three, we analysed individual and community-level factors possibly associ-

ated with asthma, rhinitis and eczema diseases among 6-7 years old children, in Santi-

ago Island (Cape Verde). In this context, vulnerabilities were shown to be embedded 

within the community system—family education levels, environmental characteristics, 

and even dietary habits are interwoven, synergistically elevating probabilities of dis-

ease development.  

The complex interplay of health vulnerability factors shows how outcomes are not de-

termined by individual characteristics alone but are strongly influenced by contextual 

factors.  

 

5.1 Data sources and methodological challenges 

While vulnerabilities hold a critical role in shaping health outcomes, data collection 
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methods employed in their assessments introduce its own complexity. Recall and re-

porting biases inherent in self-reported characteristics may bias measures of vulnera-

bilities. These and other methodological limitations call for careful interpretation and 

cautious reliance on self-reported data. Collecting data for research on health vulnera-

bilities can involve various methodologies and sources, to capture their intricate and 

interconnected nature. Useful data, for example, can be gathered through population-

wide surveys that assess health indicators, administrative health records documenting 

disease prevalence and access to care, socioeconomic and census databases offering 

insights into living conditions. Qualitative research can be very useful to deep into in-

dividual experiences and narratives of vulnerability. 

Data representativeness problems can often emerge. For example, secondary data from 

national public surveys are readily available, but they are generally collected for dif-

ferent purposes. This was the case with DHS, MIS and AIS data for data on antenatal 

care coverage in Mozambique.  

Data collection can also pose significant challenges when it comes to reaching vulner-

able populations. For example, in settings such as areas affected by conflict, displace-

ment or migration, there are significant logistical and geographical barriers to over-

come. On the other hand, even when contact is established, vulnerable individuals 

might be reluctant to participate in studies, for reasons closely related to their own 

vulnerability, such as mistrust, fear of repercussions or past traumatic experiences, 

among others. 

The Inverse Care Law, we have mentioned in Chapter 1 (4), also, highlights a stark 

reality: vulnerable populations, those most in need of health care, tend to seek it less, 

use it with lower access rates and receive inadequate services. Even in countries that 

are close to accomplish universal health coverage, vulnerable individuals are recog-

nised less likely to access care services for health maintenance, chronic disease man-

agement and disease prevention. This cycle perpetuates their vulnerability and creates 

a scenario where those most in need of care have limited access to it. 

Disparity in the distribution of health resources complicates research efforts aimed at 

understanding and addressing the health vulnerabilities of these communities.  
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Collecting meaningful data and designing interventions that are truly inclusive and ef-

fective requires nuanced and comprehensive multidisciplinary approaches.  

In general, research on health vulnerability could benefit from pursuing two lines of 

research: one focusing on aggregated data to identify trends, patterns and overarching 

determinants of vulnerability across populations or regions. This approach can help 

researchers identify systemic issues and societal determinants that influence vulnera-

bility. Conversely, a second strand focusing on individual experiences, narratives and 

contexts of vulnerability can provide nuanced insights into specific challenges faced 

by individuals or communities. 

Policymakers can use macro-level insights to design broad strategies, while leveraging 

micro-level understandings to tailor interventions that address the specific needs and 

experiences of vulnerable populations. 

As final remark, variability of definitions and measurements of vulnerability across 

contexts, can also arise complications for a worldwide and time-static interpretation of 

analyses’ findings.  

 

5.2 Policies and interventions  

Addressing vulnerabilities in public health mandates a paradigm shift in policies and 

approaches. The case studies reported in this manuscript contributed to highlight the 

need for tailor-made interventions that consider the context-specific vulnerabilities that 

contribute to health inequalities. Conflict settings, for example, call for adaptive health 

systems that prioritise flexible and mobile health facilities. Such systems respond to 

the unique challenges posed by vulnerabilities resulting from displacement and con-

flict. According to Flaskerud and Wislow "vulnerability stems from a lack of socio-

economic and environmental resources (129). Health systems need to intervene by 

adopting solutions to achieve health equity and universal coverage; improve accessi-

bility, affordability and cultural competence of health services; promote prevention and 

early intervention; forge partnerships with community organisations; and advocate for 

policies that address the root causes of health inequalities. Recognising that different 
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populations may have different needs and face different challenges, even when the 

same vulnerability factors are at play, is crucial to effectively tailoring interventions 

and resources. Health systems should continually reassess their strategies, adapt to 

changing circumstances and update practices.  

Public awareness and advocacy, play a significant role in addressing health vulnerabil-

ities and the Inverse Care Law (4).  

Engaging the community and fostering a sense of collective responsibility for improv-

ing healthcare access is an important component of this comprehensive approach. 

Continuity of data collection and analysis is essential to measure interventions’ effec-

tiveness and consequently plan improvements. Focus on outcomes and transparency 

also helps to build trust and accountability within the healthcare system.  

Effective coverage measurement (130) becomes the compass in navigating and quan-

tifying vulnerabilities in access and utilization, probing not just the reach of healthcare 

services but also their adequacy and equity among vulnerable groups. It's the synergy 

between these concepts that unveils critical insights, aiding policymakers and 

healthcare providers in pinpointing gaps, tailoring interventions, and ensuring that 

healthcare services effectively bridge the disparities faced by vulnerable communities. 

This link not only illuminates the hurdles but also offers a pathway towards equitable 

healthcare provisioning for those most in need. 

The ultimate objective is to create healthcare systems that not only treat illnesses but 

also actively work to prevent them. 

Understanding and recognizing coping and resilient strategies that individuals imply to 

face health vulnerabilities, can lead to plan more empowering strategies in health pro-

motion, diagnosis, treatment, fostering new developments and approaches to care. 

Individuals and communities develop innovative ways to manage chronic conditions, 

and these strategies can be incorporated into healthcare models to empower patients to 

take an active role in their care. Patient-centred care is a cornerstone of this approach. 

Vulnerable individuals frequently become experts in their own health conditions. By 

involving them in the decision-making process, healthcare providers not only improve 
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treatment outcomes but also empower patients to advocate for their well-being. Vul-

nerable populations often rely on strong community support networks. Healthcare sys-

tems can harness these networks to promote health education, outreach, and commu-

nity-based care. Collaborating with community organizations can facilitate access to 

care and ensure that resources are effectively utilized. Cultural competence is essential 

when working with vulnerable populations; incorporating cultural values into treatment 

or interventions’ plans can foster trust and improve healthcare outcomes. 

Innovations in healthcare models can stem from vulnerability; use of telemedicine and 

mobile clinics and community health workers can, for example, help to reach under-

served populations improving their access to healthcare. 

Advocacy and policy changes often arise from the experiences of vulnerable popula-

tions. Their insights can drive reforms that address the root causes of health disparities, 

leading to more equitable access to care and better outcomes for all. 

Promotion of health equity is a natural outcome of recognizing the strengths within 

vulnerable populations. It encourages healthcare systems to actively work to reduce 

disparities in access and outcomes, fostering a more inclusive and equitable healthcare 

environment. 

 

5.3 Conclusive remarks 

The aim of this manuscript was to reframe the endless topic of health vulnerability 

research, presenting practical examples of how vulnerability factors act in practise and 

discussing about their inherent impact on public health management. 

We first introduced the concept of vulnerability from a general point of view and then 

delved into its conceptualization in the health care framework.  

We presented a review of the existing literature and included a discussion of the meth-

odological designs and analyses commonly used to study the topic. We tried to high-

light possible gaps and future suggestions for research development.  

In the first chapter, we set the stage for a holistic understanding of vulnerability in 

different contexts. In the following chapters, we reported on three different case studies 
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as examples of vulnerability in health outcomes and access to health care, demonstrat-

ing the multifaceted nature of the question under investigation. We have explored the 

interplay of socio-economic, cultural and political factors that shape health inequalities, 

causing populations, communities, individuals’ vulnerabilities. We have sought to pro-

vide a comprehensive understanding of vulnerability, looking at multiple dimensions 

and highlighting the urgency of tailoring interventions to address context-specific chal-

lenges. It is important to note that this analysis can lead to important considerations 

that go beyond the findings and observations of individual case studies. We have dis-

cussed, how interplaying scenarios in low- and middle-income countries (LMICs), can 

combine to increase population's health vulnerability. In these settings health data un-

derreporting, absence or inadequacy of policies, lack or lower level of health literacy, 

shortage of skilled health workers and limited diagnostic resources, significantly, com-

bined with lower socio-economic levels, can lead to lower rates of healthcare access, 

hampering timely disease detection and increasing diseases burden and susceptibility 

to health crises. We argued for interdisciplinary studies, refined methodologies, cross-

sectoral collaboration and contextually relevant interventions to effectively address 

health vulnerabilities globally. It paves the way for future research efforts and policy 

interventions that respond skilfully and dynamically. Promoting universal coverage is 

a fundamental pillar in reducing health vulnerability. Ensuring access to health services 

for all, regardless of their socio-economic status or background, is central to safeguard-

ing against vulnerability. This inclusive approach not only improves health outcomes, 

but also promotes societal resilience by reducing inequalities. In scenarios where bar-

riers to access persist, the use of cost-effectiveness analysis facilitates the optimisation 

of the allocation and reallocation of limited health resources.  

Reframing global health challenges through the lens of the vulnerable could represent 

a transformative shift in research design, moving away from traditional top-down ap-

proaches and adopting a bottom-up perspective that values the lived experiences, needs 

and voices of vulnerable populations in planning analyses. This shift would require 

researchers to actively engage and collaborate with communities to ensure their in-

volvement in the research process and could be a revolutionary opportunity to promote 
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inclusive, empathetic, and impactful studies that truly addresses the health inequities 

experienced by the world's most vulnerable populations.  
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