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Abstract 

Asthma is becoming increasingly frequent in children in urban and rural areas of 

low and middle-income countries (LMICs), with a high prevalence in urban 

centres. The urbanisation process has been suggested as a possible explanation for 

this temporal increase and urban-rural differences in asthma prevalence. This 

thesis aims to explore the influence of urbanisation on asthma prevalence in a 

developing region of Latin-America in which the rural-urban transition is 

occurring rapidly. 

A systematic review evaluated how epidemiological studies have assessed the 

associations between asthma and urbanisation in LMICs. To understand better the 

relationship between urbanisation and wheeze/asthma in transitional areas, four 

cross-sectional studies were conducted in northwest Ecuador. In the first of these, 

the level of urbanicity at census ward level was quantified for children living in 

diverse urban and rural localities and urbanicity level was associated with asthma. 

The second and third study explored how internal migration, an important 

element of the urbanisation process, is associated with the prevalence of current 

wheeze in urban and rural populations, respectively. The fourth analysis identified 

lifestyle domains in urban and rural populations based on socioeconomic and 

behavioural characteristics and explored how these characteristics could explain 

the prevalence of wheeze in a transitional region. 

This thesis provide evidence that even small-scale increases in levels of urbanicity 

are associated with a higher prevalence of wheeze/asthma. Analysis of internal 

migration showed that in urban areas, rural to urban migration was associated 

with an increase in the prevalence of wheeze while in rural areas the absence of 

the child’s mother at home, through temporary or permanent migration, was 

associated with an increase in prevalence of wheeze, rhinitis and eczema. Finally, 

an analysis of lifestyle factors showed that living in substandard housing and a 

high level of sedentarism were associated with a greater prevalence of wheeze. 
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Preface 

This thesis is written in the form of five research articles in various stages of 

publication.  At the time of submission, three of the articles have been published 

and two have been submitted and are under revision. In the present thesis, each 

article represents a chapter, apart from the two articles discussing the effects of 

internal migration on asthma in urban and rural populations that comprise a single 

chapter. Research paper cover sheets giving the publication details are provided at 

the beginning of each chapter. Additionally, a short summary before each chapter 

is provided to maintain coherence of the thesis and ensure it is presented as one 

body of work. Although I have used distinct but complementary approaches in the 

course of writing this thesis to evaluate the effects of urbanisation on asthma, 

repetition in in places may occur particularly in the descriptions of study areas and 

populations. Nevertheless, the thesis does not exceed the word limit of 100,000. I, 

Alejandro Rodriguez, am the first author on all papers. 

 

Two different projects conducted in the same tropical region of Ecuador provided 

the data used in this thesis. These projects have focused on identifying risk factors 

for asthma and other allergic diseases in populations living in diverse urban and 

rural environments. The information obtained through these projects was 

particularly well suited to study the effects of urbanisation on asthma because 

individual-level, household-level and census ward-level data were available for 

most of the study participants. I have played a key role in the collection of data for 

both studies and designed instruments that were used to collect data on factors 

related to urbanisation at individual, household, and community-levels in both.  

 

This thesis is organized in six chapters: the first chapter is a general introduction  

to the studies describing objectives, populations and study areas; the second 

chapter is a systematic review of the scientific literature on the relationship 

between asthma and urbanisation; the third chapter discusses the construction of 

a multidimensional measure of urbanicity for studies of wheezing illness and 

asthma; the fourth chapter discusses the effects of internal migration on asthma; 

the fifth chapter discusses the changes in lifestyle and their relationship to asthma 
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and the sixth chapter presents conclusions and recommendations for the study of 

urbanisation in asthma research.  
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Background 

General characteristics of Asthma  

Over recent decades, asthma has emerged as a major challenge for health systems 

around the world affecting individuals of all ages.(1) While the global prevalence of 

asthma is difficult to determine because of lack of up-to-date information and gaps 

in data, the most recent global estimates suggest that 334 million people 

worldwide have asthma.(2) Among those who have asthma, children are most 

affected and asthma is now the most common chronic disease of childhood.(2) 

Although there are wide variations in the prevalence of asthma symptoms among 

countries, the International Study of Asthma and Allergies in Childhood (ISAAC) 

estimated that around 14% of the world’s children experience asthma 

symptoms.(3) The global ranking of disability-adjusted life years among children 

placed asthma among the top 20 chronic conditions affecting school and working 

performance productivity.(2) Although asthma has no cure, symptoms can be 

controlled by treatment ranging from the identification and avoidance of the 

asthma triggers to the use of medications to relieve and control symptoms. 

However, significant direct and indirect costs are associated with this condition 

through emergency visits, physician visits, diagnostic tests, among other social 

costs.(4)  

Asthma is widely recognized as a complex and heterogeneous disorder 

characterized often by chronic inflammation of the airways leading to the 

obstruction of airflow through the lungs.(5) Although asthma symptoms vary 

between and within patients in severity and frequency, wheezing is the most 

common symptom used to identify this disorder.(2) Other important clinical 

symptoms include chest tightness, breathlessness and cough. While important 

advances have been made in asthma research, we still have an incomplete 

understanding of the causes associated with the development of asthma. A 

complex combination of environmental exposures, changes in lifestyles and host 

genetics has been suggested as possible causes for asthma.(1) Substances or 

irritants that can start asthma symptoms or make them worse are considered as 

asthma triggers. Among the most common triggers are airborne substances such as 

pollen, dust mite or cockroaches, mold, pet dander; respiratory infections; 
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exercise; air pollutants; allergic reactions to certain foods; strong emotions and 

stress, certain medications, among others.(1) 

 

Multiple asthma subgroups or phenotypes have been identified based 

on demographic, clinical or pathophysiological characteristics. Among the 

characteristics of asthma used for classification are frequency of symptoms, lung 

function, age of onset, type of the cells involved in inflammation, biomarkers for 

allergy (e.g. IgE and Th2 cytokines), and medication use.(1) The most widely used 

phenotype is that based on the presence of atopy. Atopic asthma (also called 

allergic or extrinsic asthma) is considered to be triggered by environmental 

antigens, such as dust, pollens, animal dander, and foods, that induce specific IgE 

responses and IgE-mediated inflammation. Patients with this condition usually 

have a positive family history of atopy, and asthmatic attacks are often preceded 

by allergic rhinitis, urticaria, or eczema.(6) In contrast, non-atopic asthma (also 

called intrinsic asthma) occurs when asthma symptoms are not caused by or at 

least not associated with measurable allergen-specific IgE or allergen skin test 

positivity.(6) It is estimated that 50% of childhood asthma and 30% all adult 

asthmatic patients could be non-atopic asthma.(6) Another important 

classification of asthma is that based on the severity of this condition (measured by 

the frequency of symptoms and lung function parameters) in which asthma has 

been defined as intermittent, mild persistent, moderate persistent and severe 

persistent.(7) 

 

 For research purposes, there is no a standard operational definition for asthma so 

different studies have used different definitions such as doctor diagnosis, the 

presence of clinical symptoms, bronchial hyperresponsiveness, pulmonary 

function tests, or a combination.(8) Additionally, a number of factors influence the 

clinical diagnosis of asthma within populations such as differences in awareness of 

asthma, medical training and experience as well as cultural and social factors.(2) 

 

 Asthma trends   

Geographical and temporal trends in asthma and other related Allergic Diseases 

(AllDis) have been observed worldwide.(9) Among such studies, ISAAC was set up 
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to generate estimates of asthma prevalence in different populations using 

standardized methodology. Four patterns were identified from these studies which 

were not explained by prevailing knowledge of asthma causation: 1) a progressive 

increase in the prevalence of asthma and other related AllDis over the previous 40 

or so years.(9); 2) this increase was accompanied by variations in the prevalence 

between regions with different levels of development (10) showing trends of 

higher prevalence in high Income Countries (HICs), especially in speaking English 

countries, compared with Low and Middle Income Countries (LMICs); 3) that the 

prevalence of asthma in HICs appeared to have reached a plateau, while prevalence 

in LMICs continued to increase(11); and 4) differences in asthma prevalence 

between urban and rural populations in diverse geographic regions with a 

tendency for lower prevalence in rural populations.(12). This urban-rural 

difference has been attributed to diverse factors. In the case of rural areas, 

exposures related to a more traditional rural lifestyle such as farming have been 

suggested to provide protection against the development of asthma and other 

AllDis.(12) On the other hand, numerous exposures related to the acquisition of an 

urban lifestyle have been identified as potential risk factors for asthma.(13) 

However, recent evidence from studies conducted in the same locations but at 

different times (8-10 years apart), showed that asthma and other related AllDis are 

increasing in urban and even in rural populations in LMICs, reducing the 

prevalence gap between urban and rural areas.(14,15) 

Urbanisation and asthma in LMICs 

Epidemiological studies conducted in LMICs have suggested that changes from 

traditional/rural to modern/urban societies, especially the acquisition of a modern 

lifestyle, may be in part responsible for the geographical and temporal trends in 

asthma prevalence.(16) This hypothesis has been based on the fact that asthma 

prevalence is frequently higher in urban than rural areas, indicating that urban 

residence is a potential risk factor for asthma.(12) Further, evidence from studies 

in rural areas of LMICs have shown that the prevalence of asthma and other AllDis 

increase with increasing levels of urbanisation.(17) The increase in asthma 

prevalence in rural areas has been also associated with the extension of 

urbanisation and modernisation processes into rural populations (i.e. urban 

sprawl).(18) Epidemiological studies have identified that numerous environmental 
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and social changes arise from the urbanisation process that are in themselves 

potential risk factors.(12,13) These factors may include changes in socioeconomic 

well-being, changes in diet, sedentarism, migration, reduction in the frequency of 

infections, reduction in family size, increasing vaccine coverage, use of antibiotics, 

increases in environmental pollution, household exposure to allergens. However, 

the nature of these associations remains poorly understood.(13)  

 

Urbanisation also feeds rural-urban migration which is associated with changes in 

lifestyle and new environmental exposures. Most of what we know about the 

effects of migration on asthma comes from studies using international migrant 

populations, especially those who migrate from LMICs (presumed as being of low 

asthma risk) to HICs (considered to be higher risk).(19) These studies have shown 

that dimensions of the migration process such as place of origin, age of migration 

and time since migration, are important determinants of risk of asthma and other 

related AllDis.(20) Internal migration is an important part of the urbanisation 

process in LMICs and presents almost the same characteristics as international 

migration. Migrants from rural to urban areas may face similar social, 

psychological, economic and environmental changes as those who migrate to other 

countries. However, few studies have assessed the effects of internal migration on 

asthma.(21) 

Asthma in Latin America  

Although most countries in Latin America (LA) share similar cultural backgrounds, 

important geographical, political and economic differences characterize this 

region. Reflecting this diversity, the burden of asthma in children is highly variable 

across LA countries.(22) Only during the last 10 years has it been possible to get 

comparable and reliable information on the prevalence and severity of asthma in 

children in LA.(11) The first estimation of the prevalence of asthma or asthma 

symptoms in the region was provided by the ISAAC studies.(18) that showed that 

children living in cities in several LA countries reported similar or higher rates of 

asthma symptoms compared to those reported from HICs known to have a high 

prevalence of asthma.(23) Recent estimates have shown that the prevalence of 

childhood asthma ranges widely within LA from 2.6% in Guatemala to 33.1% in 

Peru (Figures 1).(23) 
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Figure 1. Asthma Prevalence in Latin America 

 

Thorax 2015;70(9):898–905. 

Although atopy has been associated consistently with asthma symptoms,(24) non-

atopic wheeze/asthma seems to be the most common form of childhood 

wheeze/asthma in LA.(25) Cross-sectional studies conducted in Ecuador and 

Brazil have estimated that 2.4% (25) and 24.5% (26) of wheeze cases are 

attributable to atopy, respectively, and are considerably lower than the 40.7% 

average reported from developed countries.(27) While the regional variation in 

asthma prevalence is likely multifactorial, the process of urbanisation, migration, 

and the adoption of a modern lifestyle may play an important role within this 

region. Evidence from studies conducted in transitional populations in Ecuador 

(traditional to modern urban) have shown that the increase in asthma prevalence 



21 
 

is associated with the level of urbanisation.(17) Other studies have shown that the 

acquisition of a “Western diet” or consumption of fast food is associated with 

higher asthma risk in Mexico and Brazil.(28,29) At the same time, air pollution and 

community violence are associated with asthma morbidity in urban LA.(18) 

However, asthma has been associated also with urban poverty.(30,31)  

Study problem and objectives 

Gap in understanding 

Although it has been hypothesized that the urbanisation process could be in part 

responsible for the temporal increases in asthma prevalence in LMICs, very little is 

known of how and through which mechanisms this process may affect the increase 

in asthma prevalence. Worldwide, the population is becoming progressively more 

urban and it has been estimated that by 2030, approximately sixty per cent of the 

world’s population will be urban, with most global population growth occurring in 

poorer regions of LMICs, especially in smaller cities.(32) According to this trend, 

one would predict that asthma prevalence will grow to epidemic levels in LMICs 

over the coming decades. The causes of asthma in LA are likely to be associated 

with urbanisation, migration, and the adoption of a modern lifestyle. It is 

important to understand how these processes and their exposures may increase or 

decrease the asthma risk to identify potential public health interventions. This 

knowledge could be used to alleviate the growing burden of asthma-related 

disability, particularly among the urban poor of LA, where asthma is highly 

prevalent and an important cause of morbidity. 

Aim of the study 

The present study aimed to evaluate the influence of urbanisation on asthma 

prevalence through different approaches and using diverse indicators based on 

contextual, household and individual variables, in order to identify urban living 

and urban conditions associated with childhood asthma in transitional populations 

in northwest Ecuador. To achieve this aim, the study first evaluated the 

approaches used by published epidemiological studies to study the relationship 

between urbanisation and asthma in LMICs. Taking into consideration, the 

different approaches used in asthma research, the study then used a 

multidimensional approach to measure the process of urbanisation generating a 
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urbanicity scale to explore the gradual effect of urbanisation on asthma in 

transitional populations. Next, the study explored the effects of internal migration 

on asthma prevalence within urban and rural populations using several relevant 

indicators for migratory status. Finally, the study evaluated changes in lifestyle in 

urban and rural populations based on social, behavioural and household 

characteristics of the population and explored how these changes could explain the 

differences in asthma prevalence in transitional areas of Ecuador. 

Methods 

Context of the study 

The present research is nested within two larger projects conducted in the 

province of Esmeraldas, Ecuador. These projects have been studying risk factors 

for asthma and other related AllDis in populations living in urban and rural 

areas.(33,34) The first project, ECUAVIDA  (Impact of early life exposures to 

geohelminth infections on the development of vaccine immunity, allergic 

sensitization, and allergic inflammatory diseases in children living in tropical 

Ecuador), is an ongoing birth cohort with follow up to 8 years of age, designed to 

investigate the impact of pre- and postnatal exposures to soil-transmitted helminth 

parasites on the development of asthma and other related AllDis.(34) The study 

recruited 2,404 newborns between November 2006 and December 2009.  

Detailed information has been collected for each child around the time of the birth, 

at 7 and 13 months and at 2, 3, 5, and 8 years. Data collection at 8 years finished in 

December 2017.The second project, SCAALA (Social Changes, Asthma and Allergy 

in Latin America), includes two cross-sectional studies conducted between 2005 

and 2010. SCAALA aimed to study changes in the prevalence and risk factors for 

asthma and allergy in populations that migrated from rural to urban areas and 

examine how such changes may relate to changes in the risk of asthma and other 

related AllDis.(33)  
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Table1. Information collected by SCAALA and ECUAVIDA projects. 

Indicator Variables SCAALA ECUAVIDA 

Demographic  Sex, age, ethnicity (child) X X 

Marital status (parents)  X 

Socioeconomic Household income  X X 

Parental education and occupation X X 

Domestic goods and services X X 

Household  

Characteristics  

Building materials X X 

Area of residence X X 

Crowding  X X 

Geographical Coordinates  X 

Child Characteristics  

And exposures  

Pet/farming/animal exposures X X 

Environmental tobacco smoke X X 

Use of medications/antibiotics  X 

Vaccination history  X 

Food frequency questionnaire X X 

Child health history  X 

Parents health history  X 

Child birth history  X 

Intestinal helminth infections X X 

Sedentarism and exercise X X 

ISSAC Allergy  

Questions 

Symptoms of wheezing X X 

Symptoms of eczema X X 

Symptoms of rhinitis X X 

Clinical evaluations Stool samples for parasites X X 

Blood samples for DNA X X 

Indicators of vaccine responses  X 

Allergen skin prick test X X 

Anthropometry X X 

Psychosocial evaluations  X 

Exercise-induced bronchospasm X  

History of Migration  Place of origin and residence X  

Age and time of migration X  

Distance of migration X  

Urbanisation Urban Infrastructure  X X 

Connectivity  X 

Population size and density   X 

Community violence   X 

Census ward data  X 
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Both studies collected extensive data including: demographic and lifestyle factors; 

psychosocial and dietary factors (ECUAVIDA only); childhood morbidity and 

clinical outcomes, clinical evaluations, stool samples for parasites; blood samples 

for measurement of vaccine responses (ECUAVIDA only); migration status; atopy 

measured by skin prick testing and IgE in sub-samples; anthropometric 

measurements for assessment of nutritional status; exercise testing for assessment 

of exercise-induced bronchospasm (SCAALA only); and dust sampling for 

measurement of household endotoxin and allergen levels.(Table 1).  

Because of the widely available information of these studies, and the geographic 

and socioeconomic characteristics of their populations (transitional populations 

which are undergoing a rapid transformation from a traditional rural lifestyle to a 

more urban way of living), the ECUAVIDA and SCAALA studies were particularly 

well suited to study the effects of urbanisation on asthma.  

Study design  

Five scientific papers based on diverse approaches were prepared to explore the 

effects of urbanisation on asthma prevalence:  

 

 Paper 1 comprises a systematic review assessing the relationship between 

asthma and urbanisation in studies conducted in LMICs.  

 Paper 2 comprises a cross-sectional analysis generating an urbanicity scale 

in diverse urban and rural wards (within 3 Districts in Esmeraldas 

province) to evaluate the gradual effect of urbanisation on asthma 

prevalence. 

 Paper 3 comprises a cross-sectional analysis exploring the effects of 

internal migration on the prevalence of asthma in an urban area.  

 Paper 4 comprises a cross-sectional analysis exploring the effects of 

internal migration on the prevalence of asthma in a rural area.  

 Paper 5 comprises a cross-sectional analysis evaluating changes in lifestyle 

in urban and rural populations to explore how new lifestyles could explain 

the differences in asthma prevalence in transitional areas. 
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Study site  

The present research was based in the northern coastal province of Esmeraldas, 

Ecuador. This province comprises seven districts and covers an area of 15,256 

km2, with a population of 534,092 inhabitants.(Figure 2) The district of 

Esmeraldas is the most important district in northwest Ecuador because it is home 

to the provincial capital, City of Esmeraldas, and the national oil refinery. The main 

economic activities in the province are oil industry, tourism, timber extraction, 

African palm oil, and other agricultural activities. Based on the last national census 

(2010), Esmeraldas province was considered to be one of the poorest regions of 

Ecuador, with a poverty rate by unsatisfied basic needs of 78.3% and an illiteracy 

rate of 9.5%. Basic services are deficient with 69% of the population lacking a 

household sewage system and only 36% of the households having access to piped 

water.(35) 

 

Figure 2. Study area in the province of Esmeraldas, Ecuador. Figure shows 
map of Ecuador: 1A- map of Esmeraldas and their districts, 1B- ECUAVIDA study 
area, 1C- SCAALA study area. Dots represent geographical distribution of the 
population households. 

Study Population 

Each paper used a different population from the ECUAVIDA and SCAALA studies 

with the exception of Paper 5 that used the populations from Papers 3 and 4. Study 

populations describing sample size, age and locations are shown in Table 2.  
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 Paper 2 evaluated 1,843 children of 5-7 years old living in diverse urban 

and rural areas of the district of Quinindé, La Concordia, Puerto Quito 

and Las Golondrinas. This population was used to evaluate urban 

conditions at the census ward level. Several characteristics were used to 

develop a multidimensional quantitative measure of urbanicity to 

investigate the associations between urban conditions and asthma 

prevalence. This study population belongs to ECUAVIDA cohort and at 

time of analysis most of the children were over 6 years of age. 

 Paper 3 evaluated 2,510 schoolchildren, aged 7 to 16 years, living in the 

City of Esmeraldas. This population was used to evaluate the effects of 

internal migration on asthma prevalence in children living in urban 

neighbourhoods. In this population, the schools were selected from 

barrios or neighbourhoods in which there was a predominance of Afro-

Ecuadorian migrants from two northern rural Districts, Eloy Alfaro and 

San Lorenzo. This study population belonged to the SCAALA study. 

 Paper 4 evaluated 4,295 schoolchildren, aged 7 to 16 years, living in 59 

rural communities of the Districts of Eloy Alfaro and San Lorenzo, in the 

north of the Esmeraldas province. This study population was used to 

evaluate the effects of internal migration on asthma prevalence in 

children living in rural environments. This study population belonged to 

the SCAALA study. 

 Paper 5 evaluated 6,805 schoolchildren living in the City of Esmeraldas 

and 59 rural communities located in the District of Eloy Alfaro and San 

Lorenzo. This population was used to evaluate changes in lifestyles 

based on behavioural and socioeconomic characteristics of the children 

and their households to understand how changes in lifestyles might 

explain differences in asthma prevalence. This study population 

belonged to the SCAALA study 

Data collection 

Although the present research used data from the ECUAVIDA and SCAALA projects, 

especially that information related with the health status of the children, additional 

data related with household’s characteristics of the children in the district of 

Quinindé was collected by the student (AR). Geographical coordinates and social 
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and economic features of the households and the neighbourhoods where the 

children lived were collected using a questionnaire between August 2015 to July 

2016.(Annex section) Demographic and socioeconomic data at the census ward 

level was obtained through the National Institute of Statistics and Census of 

Ecuador (INEC).    

Table 2. Study populations by scientific papers 

Paper Population Age (years) Study Area Area  Project 

Paper 1 -- All years LMICs Urban  

Rural 

-- 

Paper 2 1843 5-7 Quinindé 
Urban  

Rural 
ECUAVIDA 

Paper 3 2510 7-16 City of Esmeraldas  Urban SCAALA 

Paper 4 4295 7-16 
Eloy Alfaro 

San Lorenzo 
Rural SCAALA 

 

Paper 5 

 

6805 

 

7-16 
City of Esmeraldas  

Eloy Alfaro 

San Lorenzo 

Urban  

Rural 
SCAALA 

Asthma Definition 

Asthma symptoms were collected using a questionnaire based on ISAAC phase 

II.(36) The questionnaire was modified and adapted to the local conditions and 

translated into Spanish and extensively pre-tested in the relevant populations 

before use. A parent or guardian of each child was interviewed by a trained 

physician from the ECUAVIDA and SCAALA study teams. This research used 

several definitions of asthma, especially in the systematic review paper. However, 

most analyses were focused mainly on current wheeze defined as the presence of 

wheeze in the last 12 months. This definition has been validated in different 

populations and is widely used in epidemiologic studies, especially those among 

populations with limited access to health care.(36) 
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Measures of Urbanisation. 

Various definitions and criteria from different disciplines and studies were taken 

into account to select indicators susceptible to evaluating the multi-dimensional 

character of urbanisation.(32,37,38) According to our conceptual model, four 

dimensions were evaluated using different indicators at the census ward, 

household and individual level. 1) Demographic - representing the phenomenon of 

population concentration within restricted spaces (variables - population size and 

density). 2) Socioeconomic - representing changes in living conditions related to 

the rural-urban transition (non-agricultural activities, secondary education, 

commercial activities, housing constructed with cement, access to mobile phones, 

internet, computers and satellite tv, etc). 3) Built Environment - physical 

characteristics of the urban environment characterized by access to basic services, 

public and private institutions, and urban infrastructure (street paving, sewage 

access, electricity, and educational institutions and health institutions). 4) 

Geographical - representing the spatial distribution of the settlement where the 

child lives (geopolitical division, proximity to urban centres and access to 

highways). Table 3 describes a list of indicators by dimension and unit of analysis 

that were evaluated in the different papers conducted in this research. 

Plan of analysis 

The analysis was designed to address seven principal study questions: 1) Which 

methods are used by asthma studies to assess the effects of urbanisation in LMICs? 

2)  Is there a rural-urban gradient for the prevalence of asthma in LMICs and if so, 

to what extent? 3) How can we measure the level of urbanisation in transitional 

populations? 4) Is the level of urbanisation associated with asthma prevalence? 5)  
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Table 3. Urban indicators by dimension and unit of analyses 

Indicators  Infrastructure Socioeconomic Geographical Demographic 

1.   Population density (per/km2)     C 

2.   Size of the population     C 

3.   Urban influence     C C 

4.   Political division    C C 

5.   Connectivity   H  

6.  Tap water (access/coverage) C H   

7.   Electricity (access/coverage) C H   

8.   Sewerage (access/coverage) C H   

9. Telephone (access/coverage) C H   

10. Garbage collection (coverage) C H   

11. Presence of health institutions  C    

12. Presence of private institutions C C   

13. Number of commercial locals C C-I   

14. Presence of food retail provision  C C-I   

15. Presence of recreation facilities  C    

16. Presence of public Transport  C    

17. Housing materials  C-H H   

18. Housing: combustible for cooking  H   

19. Presence of pavement streets   C-H    

20. Presence of sidewalks C-H    

21. Electrical appliances   H-I   

22. Access to cable or satellite tv  C-H H-I   

23. Access to internet  C-H H-I   

24. Employment  C-H   

25. Income   C-H   

26. Educational attainment   C-H   

27. Illiteracy  C   

28. Presence of educational 

institutions 

C C   

29. Food consumption patterns   I   

30. Physical Exercise   I   

31. Time watching tv   I   

32. Agricultural activities   H-I   

33. Raising livestock   H   

34. Migration history  H-I   

35. Family structure  H-I   

36. Level of violence   H   

*Level of analyses: C=Census ward, H= Household and I= Individual. Some variables are included in more than one 
group of indicators because they represent different conceptual constructs 
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What urban characteristics are associated with the increase in asthma prevalence? 

6) Are place of birth, age of migration and time since migration associated with 

asthma risk in children living in urban and rural areas? 7) What changes in 

lifestyles related to urbanisation increase the risk of asthma if so, are they 

potentially modifiable through intervention programmes? The statistical analysis 

for each question is detailed in each paper.  

Ethical considerations 

Ethical approval was granted for the ECUAVIDA cohort study by London School of 

Hygiene and Tropical Medicine (LSHTM- ref 8819) and the Ministry of Health in 

Ecuador (Subsecretaria General de Salud SSG-10-000285). The study protocol was 

approved by the Ethics Committees of the Hospital Pedro Vicente Maldonado, 

Universidad San Francisco de Quito, Pontificia Universidad Catolica del Ecuador, 

and  Universidad Internacional del Ecuador and is registered as an observational 

study (ISRCTN 41239086). Ethical approval was granted for the SCAALA study by 

the ethics committees of the Hospital Pedro Vicente Maldonado and Pontificia 

Universidad Catolica del Ecuador and approval was obtained from the Ministry of 

Health in Ecuador. 

Study Funding 

The ECUAVIDA and SCAALA studies were funded by the Welcome Trust (grant 

088862/Z/09/Z and 072405/Z/03/Z). Additionally, my research was also 

supported by the Ecuadorian Institute of Educational Credit through a 4-year 

scholarship that covers living expenses, research training, aeroplane tickets and 

some field work costs in UK and Ecuador.    

Candidate’s involvement 

Since I trained as a sociologist in 2005 at the Catholic University in Quito, Ecuador, 

I have developed a particular interest in the processes of modernization and 

urbanisation in LMICs and their effects on human health particularly their effects 

on the development of asthma and other non-communicable diseases. I have been 

involved in a research programme supported by a Wellcome Trust Centres of 

Excellence in Latin America Award - SCAALA, run by Professor Mauricio Barreto in 

Salvador, Brazil and Dr Philip Cooper in Quininde, Ecuador. I have conducted 
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several research studies within the SCAALA programme, especially studies 

evaluating the effects of modernization process on asthma and other AllDis in rural 

communities. Supported by the SCAALA programme, I did a Masters in degree in 

Epidemiology at the Instituto de Saude Coletiva, Universidad Federal de Bahia that 

was jointly supervised by Professors Mauricio Barreto and Philip Cooper.  

Since 2012, I have been working in the ECUAVIDA cohort that is supported 

through a Wellcome Trust Senior Fellowship to Professor Philip Cooper. In 

Ecuador, the ECUAVIDA and SCAALA studies have been running by the Ecuadorian 

Foundation for Health Research (FEPIS). Currently, I am part of the research team 

and I am in charge of the social component of the two studies, working closely with 

Professor Philip J Cooper who is my co-supervisor in this PhD course. The present 

research is part of this social component and I have been responsible for the 

design, data collection, data analysis and manuscript preparation of all papers 

presented in this research.  

Structure of the Thesis   

Considering the objectives and the different methods used to evaluate the effects of 

urbanisation on asthma, the present research has been organized into five 

chapters:  

Chapter 1 comprises a manuscript version of the study protocol. This chapter 

includes a general introduction of the current state of asthma in LMICs, objectives 

and context of the study, study locations and populations, methods, ethical 

approval, study funding and the structure of the thesis.  

Chapter 2 describe a systematic review paper evaluating how epidemiological 

studies have assessed the relationship between asthma and urbanisation in LMICs 

and explored urban/rural differences in asthma prevalence. This chapter reports 

that prevalence is greater in urban than rural populations in LMICs, but the 

mechanisms by which urbanisation affects asthma are not clear, explained 

probably by the methods used to measure urbanisation. 

Chapter 3 includes one paper approaching the relationship between the process of 

urbanisation and asthma using a multi-dimensional, quantitative measure of 

urbanicity. This chapter explores how increases in urbanicity levels are associated 
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with a higher prevalence of asthma and show that the use of a multi-dimensional 

urbanicity indicator can identify better associations between wheeze/asthma and 

the process of urbanisation compared to widely-used urban vs. rural dichotomies. 

Chapter 4 includes two papers evaluating the effects of internal migration on the 

prevalence of asthma in urban and rural areas. This chapter report how different 

dimensions of the migration process as place of birth, place of residence, age of 

migration and time since migration influence in the occurrence of asthma in 

children living in urban and rural environments. 

Chapter 5 includes one manuscript exploring how changes in lifestyles between 

urban and rural areas could explain differences in asthma prevalence. The 

approach adopted in this study was to define lifestyle as a set of attributes 

representing groups of linked risk factors rather than the traditional approach of 

investigating the independent effects of individual risk factors. This chapter shows 

that the use of lifestyle as a set of attributes provides an alternative methodology 

for the evaluation of variations in wheeze prevalence in populations with different 

levels of development. 

Chapter 6 includes a general discussion of the main findings in this research. It 

stresses the use of contextual and ecological analyses assessing the effects of 

urbanisation on asthma. It also highlights the relevance of this research in public 

health, epidemiology and social sciences. This chapter concludes with a short 

summary of the main results found in the five papers.  
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Overview Chapter 2 

Over the last two decades, the suggestion that the process of urbanisation is 

associated with the increase of asthma prevalence in LMICs has become widely 

accepted.  However, although a number of epidemiological studies conducted in 

urban and rural locations have provided important evidence to support this 

relationship, these studies are diverse in approaches, definitions and 

methodologies. Bearing in mind all these issues, our research starts with an 

overview of the scientific literature evaluating how epidemiological studies have 

assessed the relationship between asthma and urbanisation in LMICs. This part of 

the research discusses the most common epidemiological approaches used to 

evaluate the effects of urbanisation on asthma:  studies comparing the prevalence 

of asthma between rural and urban areas; studies comparing the prevalence of 

asthma between cities, towns or communities within a country or across countries; 

and studies examining variations in the prevalence of asthma within cities. It then 

explains the advantages and limitations of these three approaches, focusing on the 

methodological issues inherent to each type of study. This chapter also discusses 

the urban-rural gap in asthma prevalence in LMICs and evaluates the magnitude of 

this difference using several asthma definitions. It concludes with a discussion on 

the need to use new approaches that include different dimensions of the 

urbanisation processes to a better understanding of the relationships between 

urbanisation and asthma. 
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Abstract  

Background: Urbanisation has been associated with increases in asthma 

prevalence in low and middle-income countries (LMICs). However, little is known 

of the mechanisms by which urbanisation and asthma are associated, perhaps 

explained by the methodological approaches used to assess the urbanisation-

asthma relationship. 

Objective: This review evaluated how epidemiological studies have assessed the 

relationship between asthma and urbanisation in LMICs, and explored urban/rural 

differences in asthma prevalence.  

Methods: Asthma studies comparing urban/rural areas, comparing cities, and 

examining intra-urban variation were assessed for eligibility. Included 

publications were evaluated for methodological quality and Pooled Odds Ratios 

(OR) were calculated to indicate the risk of asthma in urban over rural areas.  

Results: Sixty-six articles were included in our analysis. Fifty-nine compared 

asthma prevalence between urban and rural areas, five compared asthma 

prevalence between cities, and two examined intra-urban variation in asthma 

prevalence. Urban residence was associated with a higher prevalence of asthma, 

regardless of asthma definition: current-wheeze OR:1.43 (95%CI:1.21-1.70), 

doctor diagnosis OR:1.89 (95%CI:1.47-2.41), wheeze-ever OR:1.44 (95%CI:1.15-

1.81), self-reported asthma OR:1.59 (95%CI:1.22-2.06), asthma questionnaire 

OR:1.57 (95%CI:1.07-2.29), and exercise challenge OR:1.96 (95%CI:1.32-2.91).  

Conclusions: Most evidence for the relationship between urbanisation and asthma 

in LMICs comes from studies comparing urban and rural areas. These studies tend 

to show a greater prevalence of asthma in urban compared to rural populations. 

However, these studies have been unable to identify which specific characteristics 

of the urbanisation process may be responsible. An approach to understand how 

different dimensions of urbanisation, using contextual household and individual 

indicators, is needed for a better understanding of how urbanisation affects 

asthma.  

Key words: urbanisation, asthma, urban and rural areas, LMICs  
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Introduction 

The prevalence of asthma and Related Allergic Disorders (RAD) has been 

increasing over the past 4 decades.(1) However, recent evidence indicates that the 

prevalence may have reached a plateau in high-income countries (HICs) with a 

high prevalence, but continues to increase in lower prevalence LMICs, particularly 

among urban populations.(2,3) The factors that underlie such temporal and 

geographic trends in asthma prevalence are poorly understood, but are likely to 

reflect a complex interplay of biologic, environmental and social factors.(4)  

 

It has been hypothesized that the urbanisation process could be in part responsible 

for the temporal and geographic variations of asthma prevalence in both HICs and 

LMICs.(5–7) This hypothesis has received support mainly by three observations. 

First, studies on wheezing or asthma in different regions of the world have 

regularly shown a lower asthma prevalence in rural settlements compared to 

cities.(5,8,9) Second, the low asthma prevalence in rural areas has been explained 

by possible protection provided by traditional rural exposures such as 

farming.(6,7) However, recent studies have shown that allergic disorders could be 

increasing in rural areas, reducing the urban-rural gap in asthma prevalence.(10–

12) Third, exposures relating to environmental and lifestyle changes that originate 

from the urbanisation process have been identified as risk factors for asthma 

including changes in diet, sedentarism, reductions in childhood infections, smaller 

families, use of antibiotics, environmental pollution, and migration. (6,13)  

 

Epidemiological studies have provided invaluable information about the 

relationship between urbanisation and asthma through use of diverse methods 

and indicators of urbanisation. However, studies evaluating the effects of 

urbanisation on asthma are complex and face several conceptual and 

methodological limitations. Firstly, there is no standard definition of urbanisation. 

Urbanisation is a highly complex process that affects all levels of human activity 

and no single definition can fully describe the multidimensional nature of this 

process.(14) Secondly, there is no universally accepted definition of what 

constitutes an urban area. Different countries use different definitions for urban 

areas mainly based on demographic, political or economic characteristics of their 

populations.(15) Thirdly, there is no agreed definition of asthma for research 
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purposes, so different studies use different definitions such as doctor diagnosis, 

presence of clinical symptoms and bronchial hyper-responsiveness.(16,17)  

 

In LMICs the specific features and mechanisms by which urbanisation affects 

asthma are not clear. Part of this problem may lie in the methods used by asthma 

studies to assess the effects of urbanisation on asthma. The aim of this systematic 

review is to provide a general overview of how epidemiological studies have 

assessed the relationship between asthma prevalence and urbanisation in LMICs. 

 

In this review, we addressed the following research objectives: 

 To examine the methods used to evaluate the effects of urbanisation on 

asthma. 

 To examine rural ⁄urban differences in asthma prevalence 

Methods  

We performed a systematic review of the scientific literature to identify studies 

that have assessed the relationship between asthma and urbanisation in LMICs 

following PRISMA guidelines.(18) The protocol can be accessed on PROSPERO 

(registration CRD 42017064470). 

Inclusion and exclusion criteria 

Population and context: Subjects of all ages living in urban or rural areas of 

LMICs. We excluded populations living in HICs.  

Study designs: Cross-sectional, cohort and ecological studies. We excluded case-

control studies, intervention, experimental and genetic studies. Studies that lacked 

essential data for calculating ORs were also excluded.  

Exposure: Urban areas or urban environments defined by demographic, 

socioeconomic, administrative or other indicators associated to the urbanisation 

process. We excluded studies evaluating the effects of air pollution on asthma.  

Outcomes: Studies using different asthma definitions such as wheeze/asthma in 

the last 12 months, clinical symptoms, doctor’s diagnosis, questionnaire data and 

pulmonary function tests. 
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Search strategy 

A literature search was done in PubMed, ScienceDirect and Scielo databases in 

February 2017 (Figure 1). To include all available evidence, past reviews, letters to 

the editor and publications discussing the relationship between urbanisation and 

asthma were also evaluated. Further, no restrictions were imposed regarding 

sample size, age, sex and publication date. Articles in English, Spanish and 

Portuguese were included in the search. 

 

Figure 1. Major search terms in free text for search strategy in PubMed, 

ScienceDirect and Scielo. 

 

 

 

 

 

 

 

Paper selection and retrieval process  

Publications were grouped by three methods: a) studies comparing the prevalence 

of asthma between rural and urban areas; b) studies comparing the prevalence of 

asthma between cities, towns or communities within a country or across countries; 

and c) studies examining variations in the prevalence of asthma within cities.(19) 

Titles and abstracts of the articles identified with the initial search were screened 

by AR. Full-text papers were retrieved and classified based on the previously 

mentioned categories. Retrieved texts were evaluated by two reviewers (AR and 

PC) and a final decision upon their inclusion or exclusion was made based on the 

criteria previously outlined. In case of any doubts and uncertainties, a third author 

was consulted (LR). Review papers were included to provide a general overview of 

the topic and as a reference source only and did not provide primary data. A flow 

chart of the selection process is shown in Figure 2. 

((asthma) OR (asthma prevalence) OR (wheeze) OR (allergic diseases) 

OR (allergy)) AND ((urbanization) OR (urbanisation) OR (urban area) OR 

(rural area) OR (urban rural difference) OR (rural urban comparison) OR 

(urban rural environment) OR (urban rural population) OR (metropolitan) 

OR (city) OR (inner-city) OR (municipal) OR (urban neighbourhood) OR 
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Data extraction 

A working database was designed using SPSS-20 including relevant characteristics 

of the publications: authors(s) name, title, publication year, country, region, study 

design, study approach, area description, age range, sample size, indicators of 

urbanisation, urban area definition, asthma definition, urban-rural asthma 

prevalence, unadjusted OR, and P value for the urban-rural difference. For studies 

using more than one category for urban or rural settings (e.g. urban and peri-

urban, or rural and peri-rural), those categories were grouped into either urban or 

rural area as appropriate. 

Study quality assessment  

Study quality was assessed using STROBE (Strengthening the Reporting of 

Observational Studies in epidemiology) guidelines,(20) and “Critical Appraisal of 

Health Research Literature: Prevalence or Incidence of a Health Problem”.(21) 

Seven criteria were considered (setting description, population description, 

sample method, sample size, urban definition, asthma definition, and adequate 

response rate) to classify study quality as high, medium or low. High-quality 

studies were those providing complete information for these criteria while 

medium quality studies lacked information for one criterion. Studies lacking 

information on more than one criterion were considered to be of low quality.  

Statistical Analysis 

A descriptive analysis was done based on the relevant characteristics of included 

publications. For studies comparing urban and rural areas, forest plots and 

unadjusted ORs were used to explore the association between asthma prevalence 

and area of residence. Because of the large degree of heterogeneity, studies were 

analysed by asthma definition. A single descriptive pooled OR (and 95%CI) was 

estimated for each definition using a random-effects model as a synthesis of 

available information. Results of individual studies were entered into the Cochrane 

Collaboration Review Manager 5 and analysed using Metaview 5. The I2 test was 

used to evaluate heterogeneity between studies. 
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Figure 2. Flow chart of publication selection process. 

 

Results 

Literature Search 

From 1156 titles and abstracts identified for eligibility in the 3 databases, 151 

articles were selected for a full text review. Sixty-six articles met our inclusion 

criteria after full-text review. We found two manuscripts with information for two 

locations in the same publication,(22,23) and 3 publications comparing asthma 

studies in the same location but at two different times.(10–12) These articles were 

included in our analysis considering each location (survey) as an independent 

study. We identified eleven asthma studies that used several categories to define 

urban and rural - these were re-categorized into a dichotomous urban versus rural 
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classification for inclusion (Supplementary Table 1). (10,24–33) Although we did 

not consider review articles for data extraction, eleven review articles addressing 

the relationship between urbanisation and asthma in LMICs were identified in the 

literature search.(5,7,8,34–42) Eighty-five articles were excluded because they 

were conducted in high-income countries, case-control studies, studies that lacked 

data to estimate ORs, and duplicate publications.(Figure 2)  

Figure 3. Map of countries in which studies on asthma and urbanisation have 

been done (countries in black)  

 

Narrative Analysis  

Sixty-six articles published between 1979 and 2017 met the inclusion 

criteria.(Table1) Fifty-nine publications compared asthma prevalence between 

urban and rural areas, five compared asthma prevalence between cities or rural 

settlements of the same country or among countries, and two studied intra-urban 

variations in asthma prevalence. Latin America (LA), Africa and Asia presented a 

similar number of publications (n=21, n=22, n=22, respectively).(Figure 3) Current 

wheeze was the most used asthma definition (42 publications). Forty-nine 

publications studied age groups ≤18 years including studies of children (0-12 

years), adolescents (12-18 years), or both (0-18years). 
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Table 1. Characteristics of publications included in the systematic review  

Variables and Categories n  (%) 

Study approach:  

Comparing urban vs. rural areas  59 (89%) 

Comparing cities or settlements 5 (8%) 

Comparing intra-urban variation 2 (3%) 

Region:  

Asia  22 (33%) 

Africa 22 (33%) 

Latin America 21 (32%) 

Easter Europe 1 (2%) 

Study design:  

Cross-sectional 58 (88%) 

Ecologic 7 (10%) 

Cohort 1  (2%) 

Methodology:  

ISAAC** 34 (52%) 

Other 32 (48%) 

*Asthma Definition:  

Wheezing ever  19 (16%) 

Current wheeze 42 (35%) 

Doctor diagnosis  24 (20%) 

Exercise challenge test 10 (8%) 

Self-report asthma 15 (12%) 

Questionnaire diagnosis  11 (9%) 

Age category (years):  

Children (0-12) 15 (23%) 

Adolescent (12-18) 13 (18%) 

Children and Adolescent (0-18) 21 (34%) 

Adult (>18) 9 (14%) 

All ages 7 (11%) 

Year of the publication:  

Before 1990 2 (3%) 

1990 – 1999 6 (9%) 

2000 – 2009 23 (35%) 

2010 – 2017 35 (53%) 
*Some studies used 2 or 3 asthma definition, so percentages were calculated using the total number of definitions as 
denominator. **ISAAC – International Study of asthma and Allergies in Childhood 

 

Asthma studies comparing rural and urban areas 

We found fifty-nine cross-sectional studies conducted in thirty-two different 

countries of Africa,(10,23,26,27,30,31,33,43–56) Asia,(11,12,28,29,32,57–71) 

LA,(22,24,25,72–81) and Eastern Europe.(82) Figure 4 shows differences in 

asthma prevalence between urban and rural areas of these countries. Asthma 

prevalence was generally higher in urban areas. However, proportions of studies 

showing greater prevalence in urban compared to rural areas varied by asthma 
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definition (Figure 5): current wheeze 69% (27/39 of which findings were 

statistically significant in 20 studies), wheezing ever 79% (15/19 of which 11 were 

significant), doctor diagnosis 90% (17/20 of which 11 were significant), exercise 

challenge test 90% (9/10 studies of which 6 were significant) self-reported asthma 

80% (12/15 of which 8 were significant), and questionnaire diagnosis 92% (10/11 

of which 5 were significant). Complete data are shown in Supplementary Table 2. 

Pooled unadjusted ORs and forest plots for urban vs. rural comparisons of asthma 

prevalence by asthma definition are shown in Figures 6-8. Pooled ORs were: 

current wheeze, OR:1.43 (95%CI 1.21-1.70); doctor diagnosis, OR:1.89 (95%CI 

1.47-2.41); wheeze ever, OR:1.44 (95%CI 1.15-1.81); self-reported asthma, 

OR:1.59 (95%CI 1.22-2.06); questionnaire-defined asthma, OR:1.57 (95%CI 1.07-

2.29); and exercise-induced asthma OR:1.96 (95%CI1.32-2.91). A high statistical 

heterogeneity was found (I2 > 60) for all definitions. 

Asthma studies comparing cities   

Publications in this group used ecological designs to compare different urban 

characteristics between locations in the same country or across countries to infer 

effects of the urban environment on asthma.(Table 2) Five studies were included 

in this group. The first evaluated associations between asthma prevalence and 

eleven health and socioeconomic indicators in 20 Brazilian cities and showed that 

indicators related to urban poverty and inequality were associated with a greater 

asthma prevalence.(83) The second evaluated 59 rural communities in Ecuador 

and correlated community asthma prevalence with different indices constructed to 

represent the process of urbanisation in the communities.(84) The study showed 

that greater levels of urbanisation, particularly with respect to lifestyle and 

socioeconomic indices, were positively associated with asthma prevalence. The 

third compared the prevalence of asthma between 31 urban centres across LA 

using several socioeconomic and environmental indicators.(85) This study found 

that social inequalities between cities could be a central determinant of the 

geographic variation in asthma prevalence within LA. A fourth study conducted in 

Brazil used 266 municipalities with more than 100,000 inhabitants as the unit of 

analysis.(86) 
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Figure 4. Urban-rural gradient in asthma prevalence in low and middle-
income countries. Asthma definition: (*) exercise challenge test, (**) wheeze ever, 
(***) asthma questionnaire, (****) Doctor diagnosis. All other studies were defined 
using current wheeze. 

This study correlated indicators of socioeconomic factors and violence with the 

rate of hospital admissions for asthma. The study found a direct correlation 

between indicators of violence and rates of admission due to asthma, and an 

inverse correlation with indicators of development. The final study evaluated the 

effect of urbanisation on hospital admissions and death rates from asthma in 5,505 

municipalities in Brazil using time series analysis in which urbanisation was 

defined as the proportion of people living in urban areas by municipality.(87) The 

study showed that urban population growth by municipality was associated with a 

rise in hospital admissions and death rates from asthma in children and young 

adults.(87)   

Asthma studies examining intra-urban variations within cities 

We found two studies describing the spatial distribution of asthma and their 

relationships with social and health determinants in two Brazilian cities.(88,89) 

Both publications were ecological studies using census wards as the unit of 

analysis evaluating how living in a particular spatial setting within a city might be 

associated with asthma. The first study found that areas of Salvador whose 

population had lower levels of education and income, had a higher risk of 

hospitalization for respiratory diseases, particularly for asthma and 

pneumonia.(88) The second study conducted in Belo Horizonte found that hospital 

admissions for asthma were higher in areas of greater social vulnerability, 

suggesting that social and environmental factors may be determinants of variation 

in asthma prevalence.(89) 
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Figure 5. Proportions of studies showing greater prevalence of asthma in 

urban compared to rural areas by asthma definition. 

 

Study quality  

Information on study quality is provided in Supplementary Table 3. There was 

considerable variation in methodological quality between studies. Of the 66 

studies included in this systematic review, 26 were considered of low 

methodological quality.  Although most studies used schools as the unit of analysis 

(comparing urban and rural schoolchildren), the methods by which schools were 

selected were variable and generally not random but based on convenience 

samples (n=16). Twenty-three studies provided no information on response rates. 

Most studies used population size and administrative criteria to define urban and 

rural areas, comparing populations living in cities with those in rural towns or 

cities versus communities or villages. However, fifteen studies did not provide 

general information about the settings in which they were done (n=12). For 

studies comparing urban and rural areas, sample sizes ranged between 405 and 

60,000 subjects. In the case of ecological studies sample size ranged between 20 

and 5,505 units of analysis. 
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Figure 6. Forest Plot and unadjusted Odd Ratios for studies using current 

wheeze to define asthma comparing populations living in urban versus rural 

areas. 
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Figure 7. Forest Plots and unadjusted Odd Ratios for studies using wheezing 

ever and doctor diagnosis to define asthma comparing populations living in 

urban versus rural areas. 
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Figure 8. Forest Plots and unadjusted Odd Ratios for studies using exercise 

challenge test, self-reported asthma and asthma questionnaire to define 

asthma comparing populations living in urban versus rural areas. 
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Discussion  

In this systematic review, we assessed how epidemiological studies conducted in 

LMICs have addressed the relationship between urbanisation and asthma. We 

compared also the reported prevalence of asthma in the urban and rural settings 

studied. Our analyses showed that almost all publications addressing the 

relationship between asthma and urbanisation come from studies comparing 

asthma prevalence between urban and rural populations. Few studies from LMICs 

have used more complex approaches to assess the relationship between 

urbanisation and asthma. This review provides evidence for an urban-rural 

gradient in asthma prevalence in LMICs, showing that the risk of asthma is higher 

in urban compared to rural areas, findings that were consistent irrespective of the 

asthma definition used. However, any interpretation of these data needs to be 

cautious because of the high level of heterogeneity between studies.   

 

The study of urbanisation in asthma research has used different methodological 

approaches to measure the effects of urban areas and urban environments on 

asthma occurrence, of which the most widely used is comparison urban and rural 

populations. Although this approach has been useful to identify differences 

between environmental and social factors that could explain the urban-rural 

gradient in asthma prevalence,(6,90) they have limited usefulness understanding 

the multidimensional nature of urbanisation. Issues such as diverse dimensions of 

urban environments, differences in lifestyle between populations, distinct levels of 

urbanisation between urban centres and changes over time, cannot be properly 

addressed using this approach. For example, in our review, 13 studies reported a 

similar or a higher prevalence of asthma in rural compared to urban areas. It is 

likely that differences in lifestyle between urban and rural population may be 

responsible for these findings. Indeed, a non-systematic review of urban-rural 

comparisons of asthma prevalence showed only minimal differences, particularly 

where socioeconomic and environmental factors were comparable between urban 

and rural populations.(40) Thus, rural and urban populations that share similar 

living conditions and socioeconomic factors are likely to have comparable asthma 

risks. Such a situation is commonly found in HICs where rural and urban 

populations have similar lifestyles and standards of living, but also in LMICs where 
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many urban (and peri-urban) localities may have similar living conditions to more 

rural settings, and in the case of urban slums living conditions may be worse than 

many rural settings.(91) This is important because of the frequent misconception 

in asthma studies that urban populations in LMICs live in cleaner and healthier 

environment.(92)  

 

A second common approach has been to compare asthma prevalence or asthma 

hospitalization rates by different urban characteristics of cities, municipalities or 

communities - such as infrastructure, socioeconomic indicators, level of violence, 

urban services, health indicators, among others - to identify features of the 

urbanisation process that could be related to asthma prevalence. In studies 

comparing cities, a higher prevalence of asthma was observed in those cities with 

poor sanitation, high infant mortality, social inequalities and elevated levels of 

violence. Overall, these studies indicate that social deprivation in cities could 

contribute to asthma risk. In agreement with this, cross-sectional studies from the 

United States and LA have observed associations between asthma risk and poverty 

and lack of basic services in urban areas.(40,93,94) In the Ecuadorian study 

comparing rural communities, indices representing different domains of the 

urbanisation process as socioeconomic, lifestyle, urban infrastructure, and a 

summary urbanisation derived from representative variables of each of these, 

were associated with asthma prevalence. While significant heterogeneity was 

observed in the level of urbanisation between rural communities, the community 

prevalence of asthma increased with greater levels of urbanisation, especially with 

indices representing lifestyle and socioeconomic factors. These findings mirror 

those of other studies done in LMICs.(24,25,29,32) For example, a cross-sectional 

study from Mongolia compared the prevalence of asthma and RAD in localities 

with different levels of urbanisation: city, urban town and villages. The study 

showed an increasing prevalence of allergic diseases with greater level of 

urbanisation.(29) Comparisons of urban settlements within the same country offer 

advantages over inter-country studies: 1) the definition of urban is likely to be the 

same; and 2) lifestyle characteristics and a rural-urban comparison of these can be 

more reliably done within a country than between countries where other factors 

such as climate and culture are likely to be different. Such an approach may be 
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more valid for generating aetiological hypotheses to explain why differences in 

asthma prevalence exist between urban areas. Similarly, comparisons between 

rural localities allow the study of urbanisation processes and urban sprawl in 

transitional societies where changes in lifestyle and environmental factors occur 

more rapidly. A weakness of studies using cities or settlements as the unit of 

analysis is the assumption that aggregate behaviours or characteristics at the city 

level are equally important for all residents. This ecologic fallacy requires a 

cautious interpretation of findings from such studies.(95) 

Intra-urban studies evaluate how living in a particular area of a city may be 

associated with asthma outcomes. Such studies tend to use spatial groupings of 

individuals, commonly represented by neighbourhoods or census wards, to assess 

the effect of place of residence within an urban area on community or individual 

health.(19) These studies often require spatial and socio-economic information in 

these localities at individual and contextual levels, commonly provided by 

censuses and other publicly available data sources. For asthma research, this 

approach would be appropriate for addressing questions related to identifying the 

characteristics of areas within cities that may be associated with asthma. However, 

few such studies have been done in LMICs. 

Limitations of this review 

Studies evaluating specific characteristics of the urban environment, such as air 

pollution,(96) were not included. In the case of air pollution, there is a large 

literature and this topic may be better dealt with separately. We considered only 

studies done in LMICs because these countries share historical and developmental 

processes determining the evolution of the urban environment that are distinct 

from those that have occurred in HICs.(97) Case-Control studies were excluded 

from our analyses because all such studies were nested within cross-sectional 

studies already included in our search.  Other ecological studies, especially those 

related to the International Study of Asthma and Allergies in Childhood (ISAAC), 

were not included here because they use populations from both LMICs and 

HICs.(98–100) Finally, because of the large degree of heterogeneity between 

studies (different study setting, population age, asthma definitions, urban-rural 
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definitions) and variable methodological quality, pooled ORs estimated by asthma 

definition, need to be interpreted with caution.   

Conclusions  

This systematic review analysed the effects from the published literature of 

urbanisation on the prevalence of asthma in LMICs. Published epidemiological 

studies addressing this issue have mostly used one of 3 methodological 

approaches; comparisons of asthma prevalence between urban and rural areas, 

comparisons of cities within and between countries, and comparisons of areas 

within cities. Similarly, published studies have used a variety of definitions to 

define asthma. However, despite such heterogeneity in asthma definitions a 

number of consistent patterns emerged in this systematic review: 1) irrespective 

of the asthma definitions used, the prevalence of asthma was greater in urban than 

rural areas in most but not all studies; 2) indicators of social deprivation, 

inequality and or poverty within or between cities were associated with the 

prevalence of asthma or hospitalization rates for asthma; and 3) even at the rural 

level, indicators of urbanization, particularly lifestyle and socioeconomic factors, 

were associated with asthma prevalence. Overall, these findings provide evidence 

that urban residence and urbanisation are important determinants of asthma 

prevalence but do not permit us to identify which aspects of the urbanization 

process are most important as determinants of risk. There is a clear need for 

studies to address the multifactorial dimensions of the urbanisation process to 

identify specific urban factors or conditions that may be associated with asthma. 

Urbanisation is not a process confined to urban centres but is present in rural 

areas especially among population undergoing the transition from a traditional to 

a more urban and modern way of life. The study of transitional populations may 

provide the clearest clues as to how urbanisation affects asthma risk and 

urbanisation needs to be studied as a multidimensional process that affects all 

spheres of human activity.  
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Overview Chapter 3 

As noted in the previous chapter, most of what we know about the relationship 

between urbanisation and asthma in LMICs is derived from studies comparing 

urban and rural areas. However, although these studies have been useful in 

defining the burden of asthma in urban and non-urban areas, issues such as 

diverse dimensions of urban environments, distinct levels of urbanisation between 

localities and urban environment and living conditions, cannot be properly 

addressed using this approach. To overcome these issues, the present chapter 

introduces the use of multi-dimensional approach to evaluate the effects of 

urbanisation on asthma in transitional populations. This novel approach is based 

on a composite measure of urbanicity based on different urban indicators and 

using geographical and census ward information. This section describes the 

methodology to build an urbanicity scale and stresses the usefulness of this 

measure in asthma research, especially compared to other commonly used 

measures of urbanicity such as political division and the rural-urban dichotomy. 

The chapter concludes with a discussion on the usefulness of this approach to 

provide novel insights into how urbanisation may affect asthma prevalence and 

especially how a population does not have to live in a city to experience many of 

the processes associated with urbanisation. 
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Abstract  

Background: Although the process of urbanisation has been consistently 

associated with the increase in asthma prevalence in low- and middle-income 

countries, the nature of this association remains poorly understood.  

Objective: This study explored the relationship between the process of 

urbanisation and asthma using a multi-dimensional, quantitative measure of 

urbanicity. 

Methods: A cross-sectional analysis was conducted in 1843 children living in areas 

with diverse levels of urbanisation in the district of Quinindé, Ecuador. Categorical 

Principal Components Analysis was used to generate an urbanicity score 

conformed by 18 indicators representing demographic, socioeconomic, built 

environment and geographical dimensions of the process of urbanisation. Urban 

indicators were measured at census ward level using data from the last national 

census. Random effect logistic regression models were used to identify 

associations between urbanicity score, urban indicators and wheezing illness or 

asthma. 

Results: The prevalence of wheeze ever, current wheeze and doctor diagnosis of 

asthma were 33.3%, 13% and 6.9% respectively. The urbanicity score ranged 0 to 

10. Positive associations were observed between the urbanicity score and wheeze 

ever (OR=1.03) and doctor diagnosis (OR=1.05). For each point of increase in 

urbanicity score, the prevalence of wheeze ever and doctor diagnosis of asthma 

increased by 3% and 5%, respectively. Variables related with socioeconomic and 

geographical factors of the urbanisation process were associated with greater 

wheeze/asthma outcomes. 

Conclusions: In transitional areas, even small-scale increases in urbanicity levels 

are associated with a higher prevalence of asthma. We show here that the use of a 

multi-dimensional urbanicity indicator can identify better associations between 

wheeze/asthma and the process of urbanisation compared to widely-used urban 

vs. rural dichotomies. 

Key words: urbanisation, asthma, urban and rural areas, LMICs  
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Introduction 

Studies conducted in low- and middle-income countries (LMIC) have consistently 

associated the process of urbanisation with temporal and geographical trends of 

increasing asthma prevalence.(1,2) These studies have shown that asthma 

prevalence is frequently higher in urban compared to rural settings, indicating 

urban residence to be a potential risk factor.(2,3) However, it is not yet clear how 

urban residence increases asthma susceptibility or the mechanisms by which the 

urbanisation process affects asthma prevalence in LMICs.  

Numerous environmental, social and behavioural changes related to the process of 

urbanisation have been associated with differences in asthma prevalence between 

urban and rural populations.(4) Changes in diet, sedentarism, reduction in the 

frequency of infections, reduction in family size, use of antibiotics, increases in 

environmental pollution, migration, among other factors, have been identified as 

possible risk factors for asthma.(5–7) However, the nature of these associations 

remains poorly understood. Mechanisms to explain rural-urban gradients in in 

asthma prevalence in LMICs have been provided by the hygiene hypothesis in 

which childhood exposures to infectious diseases and a wide diversity of micro-

organisms in the environment associated with traditional rural lifestyles are 

hypothesized to provide protection against asthma.(3) For example,  helminth 

infections, endemic among many populations living in rural regions of LMICs and 

which have allergy-modulating effects, have been proposed as an explanation for 

the lower prevalence of asthma and allergies in rural populations.(8) However, the 

findings of studies investigating the effects of childhood infections and microbial 

diversity on asthma prevalence in LMICs have been far from conclusive(9) and 

there is a need to identify other factors associated with the process of urbanisation 

to explain urban-rural differences in asthma prevalence? 

The process of urbanisation has been generally defined by the proportion of the 

population living in cities or urban areas.(10) However, the idea that urbanisation 

mostly affects populations living in cities is too simplistic a view of the urban 

process that inevitably reduces the concept to a phenomenon of population 

density. In broad terms, urbanisation can be defined as the gradual process of 

becoming urban and includes certainly a high concentration of people in relatively 
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small areas, but also population growth by migration and natural increase, 

improvements in built infrastructure and changes in social and economic 

activities.(11) Although such a definition covers the multidimensional nature of 

the process, it also introduces a longitudinal perspective that is difficult to evaluate 

in cross-sectional studies. The use of the concept of “urbanicity” becomes relevant 

in this context to overcome this problem, concept which refers to the presence of 

conditions that are more common in urban areas than in non-urban areas at a 

given time.(12) 

Our knowledge of the relationship between urbanisation and asthma in LMICs is 

derived from studies comparing urban and rural populations.(13) Although these 

studies have provided valuable information about the burden of the disease and 

differences in risk factors between urban and rural populations, they do not 

consider the multifactorial dimensions of the urbanisation process and cannot 

identify specific ways and conditions of living that may affect the prevalence of 

asthma, especially in populations within which levels of urbanisation are highly 

variable.  The aim of this study was to develop a multidimensional quantitative 

measure of urbanicity to investigate the associations between urban conditions 

and asthma prevalence in a District of coastal Ecuador with a highly variable level 

of urbanisation. 

In this analysis, we address the following objectives: 

1. To develop a urbanicity scale using a set of indicators that represent the 

main dimensions of the urbanisation process. 

2. To explore the associations between urbanicity scale, urban indicators and 

different definitions of asthma. 

3. To compare the performance of the urbanicity scale with the urban-rural 

dichotomy and other commonly used definitions of urbanicity.   

Methods  

Context of the study 

We used data from a birth cohort (the ECUAVIDA cohort) that followed 2404 new-

borns of mothers living within the District of Quininde, Esmeraldas Province, to 8 

years of age. The primary objective of the cohort was to study effects of infectious 
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diseases in early childhood on the development of asthma and allergies.(14) This 

cohort is using a multidisciplinary approach to understand better  the causes of 

asthma and data that have been collected on children include information on 

demographic, lifestyle, psychosocial, and dietary factors, etc., in addition to clinical 

measurements. Data from this cohort are particularly well suited to study the 

effects of urbanisation on asthma because individual-level, household-level and 

census ward-level data are available for all study participants. 

Study Area and Population  

The study was conducted in the Districts of Quinindé and Puerto Quito, located in 

northwest Ecuador, a transitional area where the population is undergoing a rapid 

transformation from a traditional rural lifestyle to a more urban way of living. 

Although the recruitment of the cohort was defined by residence within the 

District of Quinindé, the District of Puerto Quito was included in the present 

analysis because of migration of cohort families to this District during follow-up. 

With an extension of 5019 km2, and approximately 200,000 inhabitants, the study 

area is divided into 9 sub-districts and 330 census wards, of which 38 represent 

settlements of different population sizes as district capitals, towns and 

communities.(Figure 1) The settlements of La Concordia, Quinindé and Puerto 

Quito are the only 3 census wards considered as urban areas by the Ecuadorian 

census,(15) which classifies urban areas based mainly on  administrative criteria  

rather than population size or coverage of urban services. Because of this, other 

settlements with significant populations in the study area (i.e. 5000 to 15,000 

inhabitants) are not categorized as urban areas. The main economic activities in 

this region are focused on cattle and agriculture, especially cultivation of African 

palm oil and tropical fruits. Provision of basic services and other facilities are 

present in larger settlements where coverage, however, is deficient. (Table 1) The 

educational level is low (26% of urban and 17% of rural adults have completed 

secondary education) and  main ethnic groups are Mestizo (52%) and Afro-

Ecuadorian (35%).(15) 
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Study design and Sample  

A cross-sectional analysis, nested within the birth cohort, to explore the effects of 

the process urbanisation on asthma prevalence. Asthma was measured at 5 years. 

Urban conditions were measured at the level of census wards where cohort 

children live, using data from the last national census in 2010.   

Data Collection  

Asthma symptoms were collected using a questionnaire that included the core 

asthma questions of the International Study of Asthma and Allergies in Childhood 

(ISAAC).(16,17)  The questionnaire was administered to the child’s mother by a 

trained physician (MV and MEC).  Three different definitions were used for 

asthma: wheeze ever, current wheeze (wheeze in the last 12 months) and doctor 

diagnosis of asthma. Geographical coordinates of the child’s household allowed 

each child to be referenced to a specific census ward. Geographical information on 

the study area and urban indicators by census ward were obtained through 

National Institute of Statistical and Census of Ecuador (INEC) where data on 

geographic, demographic, economic and social characteristics of household within 

each census ward are available.(15) 

 

Figure 1. Study area by political division. Figure shows: 1A - map of Ecuador 
and location of study area. 1B - Geo-political divisions of the study area by parish 
and main population settlements.  
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Measures of Urban Conditions   

Based on different dimensions of the urbanisation process and data available for 

analysis, 18 indicators were selected for inclusion in our urbanicity scale. These 

variables were classified into 4 groups representing some of the main dimensions 

of the urbanisation process: 1) Demographic - representing the phenomenon of 

population concentration within restricted spaces (variables - population size and 

density). 2) Socioeconomic - representing changes in living conditions related to 

the rural-urban transition (non-agricultural activities, secondary education, 

commercial activities, housing constructed with cement, access to mobile phones, 

internet, computers and satellite tv). 3) Built Environment - physical 

characteristics of the urban environment characterized by access to basic services, 

public and private institutions, and urban infrastructure (street paving, sewage 

access, electricity, and educational institutions and health institutions). 4) 

Geographical - representing spatial distribution of the settlement where the child 

lives (geo-political division, proximity to urban centres and access to highways). 

Urban indicators and definitions for each dimension group are shown in Table 1. 

Spatial Analysis 

A geographical information system was used to allocate observations and urban 

characteristics (educational, health institutions and roads) to respective census 

wards. Additionally, buffering analyses was used to build concentric circles of 

Euclidian distances around the main cities to calculate distances between 

households and core urban centres to evaluate urban sprawl. Maps representing 

the urbanicity scale and other characteristics of the study area were built using 

ArcGIS 10.2.2 

Statistical Analyses  

Categorical Principal Components Analysis (CATPCA) was used to generate a 

composite measure of urbanicity using demographic, socioeconomic, built 

environment and geographical indicators. CATPCA is a multivariate technique that 

summarises a large number of correlated variables in a reduced number of 

components or independent variables.(18) In contrast to similar techniques that 

are restricted to numeric variables, CATPCA integrates quantitative and qualitative 
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variables in the analysis. This technique simultaneously concedes metric 

properties to the qualitative variables assigning numerical values to each category 

of nominal or ordinal variables through optimal scaling. (19). In CATPCA analysis, 

the first component explains the highest proportion of observed variance while the 

second component accounts for most of the variance not explained by component 

1, and so on. The original variables are associated with each component through 

component loadings that show contributions to a given component. Values of 

correlation range -1 to +1, with a larger absolute value indicating a stronger 

contribution of a variable to that component. Each component produces a Z score 

for each observation (in our case by each census ward) that summarises the 

contribution of all variables to each component.(18) Two components were 

retained in our model and the score provided by the first one was used as a 

measure of urbanicity. The urbanicity score was interpreted such that higher 

values of component scores by census wards indicated a higher level of urbanicity. 

Subsequently, the urbanicity index was categorized in several groups representing 

diverse levels of urbanisation to assess its performance against other measures of 

urbanicity such as urban-rural classifications and geo-political division.   

Bivariate analyses using random effects logistic regression models were used to 

identify associations between asthma definitions, urbanicity score and urban 

indicators, allowing for two-level data structure (i.e. at individual and census ward 

levels). Odds ratios (ORs) were estimated for each association. Variables with 

P<0.05 were considered statistically significant. Statistical analyses were done 

using SPSS V.24  

Results 

We evaluated 1843 children living in 157 census wards of 330 present within the 

two study districts.  The study population represented 77% of the 2,404 newborns 

recruited into the ECUAVIDA birth cohort.  Most of children not included in the 

study had either migrated outside the study area (15%) or were lost to follow-up 

(8%). The prevalence of wheeze ever, current wheeze and doctor diagnosis were 

33.3%, 13% and 6.9%, respectively. Table 1 shows descriptive measures for 18 

indicator variables representing demographic, socioeconomic, built environment 

and geographic dimensions for the 157 census wards included in this analysis and  
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for all 330 census wards in the two districts. The urban characteristics of the 157 

census wards included in this analysis were similar to those of the entire districts. 

There was considerable variation in indicator variables between census wards. 

Table 2. Component loadings by infrastructure, socioeconomic and lifestyle 

indices. Component loadings were calculated using Categorical Principal 

Components Analysis 

 

Component Loadings Dimensions 

1 2 

Population Size 0.782 -0.476 

Population density 0.794 -0.384 

Non-agriculture activities 0.654 -0.172 

Secondary of Education  0.803 0.25 

Commercial activity 0.907 -0.161 

Concrete housing 0.498 0.517 

Mobile phone access 0.282 0.599 

Internet access 0.644 0.231 

Computer access 0.723 0.371 

Satellite TV access 0.777 0.045 

Pavement street 0.513 0.491 

Sewage system  0.637 -0.244 

Electricity  0.453 0.511 

Educational Institutions  0.647 -0.499 

Health Institutions 0.587 -0.358 

Geo-political Division   0.74 -0.379 

Proximity to Urban Centres 0.519 0.273 

Close access to highway 0.404 0.493 

Variance explained  42.3% 15.1% 

 

CATPCA results are provided in Table 2. All 18 indicators were included in the 

model and all had positive loadings for the first component.  Fourteen had loadings 

>0.5, 3 had loadings 0.4-0.5, and 1 (mobile phone access) had a low component 
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loading <0.3). The total variance explained by the first component was 42.3%. The 

proportion of variance explained by each variable and the quantifications for each 

category for all variables are shown in Supplementary Figure SF1 and 

Supplementary Table ST1. To allow an easier interpretation of the urbanicity score 

with a scale of 0-10 (0 being the least and 10 the most urban), 1 was added to each 

of the z values for the first component.(Figure 2A)  

The location of children’s households within their respective census ward is shown 

in Figure 2B. Forty percent of the study population resided within census wards 

with urbanicity scores of >7.5, 23% resided in wards with scores of 2.5-7.5, and 

37% resided in wards with an urbanicity score of <2.5. Comparisons between the 

urbanicity measure and the urban-rural dichotomy and political division are 

shown in figure 3. The urbanicity score was categorized into 7 groups representing 

an ascendant level of urbanisation based on census ward scores (Level 0=score<1; 

level1=1-1.9; level 2=2-2.9; level 3=3-3.9; level 4=4-4.9; level 5=5-5.9; level 6=≥6).  

Children living in wards level 2 (OR=1.72, CI:1.06-2.79, p=0.027), level 3 (OR=2.12, 

CI:1.25-3.56, p=0.005); level 4 (OR=1.45, CI:1.1-1.93, p=0.009), and level 6 

(OR=1.57, CI:1.19-2.08, p=0.002), presented a higher prevalence of wheeze ever 

than those living in wards level cero. Likewise, children living in wards level 3 (OR 

2.87 CI:1.77-4.66, p=<0.001) and level 6 (OR 1.58 CI:1.01-2.47, p=0.048) showed a 

higher prevalence of doctor diagnosis of asthma compared to children living in 

wards level cero. 
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Figure 2. Study area by level of urbanicity. Figure shows 2A - district of 
Quinindé showing urbanicity score by census ward; 2B -  district of Quinindé 
showing the geographic location of study households (green dots) within census 
wards.  

Associations among urbanicity score, urban indicators, and asthma 

The results of bivariate analyses between urbanicity scores, urban indicators and 

asthma definitions are shown in Table 3. Positive and significant associations were 

observed between the urbanicity score and wheeze ever (OR 1.029, p=0.049) and 

doctor diagnosis (OR 1.05, p=0.003). Thus, for a one-unit increase in urbanicity 

score, the risk of wheeze ever and doctor diagnosis increased by 2.9% and 5%, 

respectively. Associations between wheeze ever and urban indicators were 

observed for 3 of the 18 indicators: concrete house (OR 1.012, p=0.008), sewage 

system (OR 1.012, p=0.005) and close access to highway (1.41, p=0.021). Thus, for 

an increase in 10% of housing being of cement and proportion of households 

having access to a sewage system, the risk of wheeze increased by 12%. Similarly, 

children living in wards with close access to highways had 41% greater risk of 

having a history of wheeze compared to children living in wards without access to 

a highway. Two urban indicators were associated with current wheeze: adult 

secondary education levels (OR 1.015, p=0.04) and home access to a computer (OR 

1.025, p=0.014). Twelve indicators were associated with doctor diagnosis of 

asthma: population size (OR  1.000014, p=0.003), adult rates of secondary 

education (OR 1.018, p=0.006), commercial activities (OR 1.011, p=0.007),  mobile 

phone access (OR 1.024, p=0.034), home internet access (OR 1.046, p=0.019), 

home computer access (OR 1.032, p=0.001), home satellite TV access (OR 1.008, 

p=0.001), household sewage systems (OR 1.016, p=0.02), presence of educational 

(OR 1.021, p=0.007) and health institutions (hospital vs. none, OR 1.45, p=0.027), 

geo-political division (City vs. countryside, OR 1.46, p=0.034) and proximity to an 

urban centre (OR 0.62, p=0.006). Thus, for each increase in 10,000 inhabitants, the 

odds of doctor diagnosis of asthma increased by 14%; for each increase in 10% in 

rate of secondary education, commercial activities, mobile phone access, internet 

access, computer access, satellite TV access and sewage system, the odds of doctor 

diagnosis of asthma increased by in 18%, 11%, 24%, 46%, 32%, 8% and 16%, 
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respectively. Children living in wards with hospitals had a 45% chance of a doctor 

diagnosis of asthma than those living in wards without any health institution, 

while children living in wards distant from urban centres has 38% less risk of 

doctor diagnosis of asthma compared with children living in cities.  

 

Figure 3.  Comparison of the urbanicity measure with the urban-rural 
dichotomy and geo-political division. Figure shows 3A- Wheeze ever, 3B- 
Current wheeze and 3C – Doctor diagnosis of asthma. 
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Discussion 

In the present study, we generated an urbanicity scale to understand better how 

the process of urbanisation may be associated with the prevalence of childhood 

asthma in transitional areas of an MIC. Clearly, a population does not have to live in 

a city to experience many of the factors associated with the process of 

urbanisation. Urban characteristics are present in small settlements and rural 

communities due to a gradual process of change occurring in rural towns or 

through the influence of cities on the rural areas that surround them. The degree of 

presence of these urban characteristics or urban conditions in a given time and 

locality is called Urbanicity level. Our data showed a wide variation in levels of 

urbanicity across census wards within the two Districts included in our analysis 

with evidence that the prevalence of childhood asthma was associated with 

increasing levels of urbanicity. Further, our data showed which indicators within 

the urbanicity index included in the analysis were more relevant as determinants 

of the prevalence of asthma symptoms at 5 years of age. Our analysis illustrates the 

benefits of using a multidimensional measure of urbanicity to study the 

epidemiology of asthma, allowing us to understand better which components may 

be most relevant, compared to more traditional urban-rural dichotomies. 

Our findings are consistent with previous studies observing a higher risk of asthma 

in urban environments. Such studies have tended to use simple dichotomies of 

urbanicity in which populations living in large cities have been compared with 

those residing in rural towns or communities.(13) Several asthma studies have 

used more than two categories to represent different levels of urbanicity.(20–25) 

For example, studies conducted in Chile, Mozambique and Palestine compared 

asthma prevalence between urban, sub-urban, semi-rural and rural populations, 

(21,22,26) observing a lower prevalence of asthma in rural settlements that 

increased with increasing urbanization. Others studies have evaluated the effects 

of urbanisation on asthma by comparing populations living in different cities with 

diverse levels of urban development.(20,27,28)  For example, a study conducted in 

Peru compared the prevalence of asthma between four geographically distinct 

sites with varying levels of urbanisation (urban vs. semi-urban vs. rural) and  

observed a greater prevalence with increasing levels of urbanisation.(20) Thus, in  
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contrast, to previous studies, we used a continuous measure of urbanicity to 

identify a wide variation in urbanicity levels within a geographically localized area 

in Ecuador, and were able to show that higher levels of urbanicity were associated 

with a greater risk of asthma. These findings extend previous observations from 

the same geographic region in Ecuador in which we showed that the community 

prevalence of asthma in rural settlements increased with greater levels of 

urbanisation (or urbanicity) at an ecologic level. The urban indicators most 

strongly associated with this were related to changes in socioeconomic and 

lifestyle factors.(29) However, not all ‘urban’ environments in LMICs increase 

asthma risk, at least when defined using a simple urban-rural dichotomy: some 

studies observed a lower prevalence of asthma in urban areas or were unable to 

detect a difference in prevalence between urban and rural populations.(30,31) 

There is no generally accepted definition for asthma in epidemiological studies. 

Most studies have used a single definition, generally recent wheeze or a doctor 

diagnosis, which may measure different phenotypes and severity of asthma. Doctor 

diagnosis of asthma in poor settings in LMICs will also be affected by access to 

health care. In the present study we used 3 definitions for asthma - wheeze ever, 

current wheeze and doctor diagnosis - allowing us to explore better the 

associations between urbanicity indicators and a wider range of disease 

phenotypes represented by these definitions. Although several associations were 

identified, the presence and magnitude of these associations varied by phenotype. 

For example, doctor diagnosis of asthma was associated with 14 of 18 urban 

indicators, much greater than for wheeze ever (3 indicators) and recent wheeze (2 

indicators).  Differences in access to health care between urban and rural 

populations could be explain the greater number of associations with doctor 

diagnosis. Populations living in cities or other urban settlements have greater 

access to health care compared to rural populations because of the larger number 

of doctors and health institutions present.(32) Wheeze ever or current wheeze 

may be better definitions for asthma in populations with highly variable access to 

doctors. However, asthma defined as current wheeze, may be less useful for 

contextual indicators of urbanicity in cross-sectional analyses because of the 

restricted time the symptom would have been present (i.e. within the previous 12 
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months). Urban lifestyles and conditions may require years or even decades to 

affect human health outcomes.(33)   

 

Some urban indicators appeared to be consistently associated with asthma, 

irrespective of the definition used. Positive trends between indicators for the 

socioeconomic dimension of urbanism such as rates of adult secondary education, 

commercial activities, cement housing, and home computer and satellite TV access 

were observed for more than one asthma definition.  Indicators such as home 

computer and satellite TV access could be related to sedentarism within 

households. 

 

.   

 

Figure 4. Evaluation of urban sprawl using buffer analyses. Figure shows the 
cities of Quininde, La Concordia and La Union bounded by concentring rings 
representing the influence of the urban areas on the rural surroundings 
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Low rates of physical activity and time spent indoors have been associated with 

asthma.(34,35) The association between the proportion of cement-built houses 

within a census ward and asthma, might be explained by higher levels of humidity 

and mold exposure. In transitional areas, such houses are generally built without 

regulatory controls and often suffer from poor ventilation and high humidity. 

Several studies have observed associations among previous respiratory infections, 

humidity within the house, and asthma.(36) Geographic indicators of the process 

of urbanisation may also be determinants of asthma prevalence, especially in rural 

populations. Children residing in census wards close to cities and with easy access 

to the highway had a higher prevalence of asthma compared to children living in 

distant areas.  Such associations could be explained by “urban sprawl” that extends 

urban influences from cities to the rural areas surrounding them such that rural 

populations living close to urban centres can experience the similar social and 

environmental exposures to those living within the urban environment.(32) In this 

study, we evaluated the effect of urban sprawl by building buffers around the main 

cities of the study area (Quinindé, La Concordia and La Union). Households located 

within 3 km of these cities were included within cities and children living within 

these households had 44% greater risk of wheeze ever compared to those living 

outside these areas. (Figure 4)  

Several epidemiological studies have used scale-based approaches to measure the 

effects of urbanicity on the risk of other non-communicable diseases.(37,38) Of 

these, most have used community-level data to develop urbanicity scales although 

the urban indicators used tended to vary depending on study context, level of 

urbanisation, unit of analysis and availability of information. Some of these studies 

have applied methodologies with predefined scale algorithms to rank each 

indicator which when added were used to quantify level of urbanicity.(39,40) 

Other studies have used more complex statistical procedures such as data 

reduction techniques in order to generate indexes or scales of urbanicity.(29,30) 

The scale in the present analysis used relevant urban indicators from publicly 

available data (from a national census at ward level) to derive an urbanicity index 

by principal components analysis. We included a wide range of urban indicators 

that included sociological, geographic and demographic factors allowing us to 

detect associations with asthma prevalence and urbanicity, when analysed either 
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as a continuous or categorical variable. As a categorical variable, our urbanicity 

measure identified differences in asthma prevalence (measured as wheeze ever) 

between 7 differences levels of urbanicity, differences that were not detected by 

standard urban-rural geo-political approaches. (Figure 3)   

 

The present analysis is subject to a number of limitations. The cross-sectional 

design does not allow us to determine the direction of the effects between 

urbanicity and asthma risk. Further, we have not considered potential effects of 

migration between areas of different urbanicity, something that may be frequent in 

this study population. This analysis did not include urban indicators related to the 

lifestyle of the population because such data is not available from the census. 

Further, while the data is derived from the 2010 census, data on asthma outcomes 

were collected between 2013 and 2015. Future studies will plan to analyse the 

effects on asthma prevalence of urbanicity indicators that are being collected at the 

level of each household. 

Urbanisation is a process that takes place over time and which involves a range of 

processes determined by cultural, historical, economic, and other dimensions that 

are difficult to define and measure. Inclusion of all such factors in any analysis is 

challenging. However, to date most studies exploring the effects of urbanization on 

asthma have used simple urban-rural dichotomies, that can only identify the 

totality of multiple and often counter-balancing effects acting on asthma. Such an 

approach does not allow us to consider the multifactorial dimensions of the 

urbanisation process and cannot identify specific factors or conditions associated 

with asthma risk. .(11) We need to start thinking about more complex chains of 

causation in urban studies and asthma.  An important issue for studies of the 

effects of urbanisation and asthma is a lack of an adequate conceptual model for 

how social, psychological, and biological determinants within urbanization 

processes interact to affect asthma risk. A better understanding of how such 

processes operate is likely to lead to a better understanding of asthma causation 

and potential strategies to the primary prevention of this important debilitating 

disease.  
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Conclusion 

This study has used a multi-dimensional urbanicity approach to evaluate the 

effects of urbanisation on asthma prevalence. Our data provide evidence that even 

small-scale increases in urbanicity levels in rural populations may be associated 

with a higher prevalence of asthma. The present study also shows that the use of a 

multicomponent scale for measuring urbanicity can identify more clearly the 

relationship between the process of urbanisation and asthma and, challenges the 

prevailing use of urban-rural dichotomies in epidemiological studies of asthma. We 

believe that this multifactorial approach in asthma studies will provide novel 

insights into how urbanisation may affect asthma prevalence.  
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Overview Chapter 4 

As discussed in the previous chapter, urbanisation is a complex process that 

comprises an array of dimensions which have different effects on asthma 

prevalence. However, although some of the most relevant dimensions of the 

urbanisation process were considered in our study, the dimension of migration 

was excluded due to its complexity. The process of internal migration is a key 

dimension of urbanisation and it has been largely overlooked by asthma studies in 

LMICs. The migration process, especially from rural to urban areas, involves 

exposures to new environmental and social factors as pollution, housing 

conditions, diet and accessibility to medical services, factors that have been 

associated with asthma.  The present chapter presents two papers, one conducted 

in an urban population and other conducted in a rural population, discussing the 

effects of internal migration on asthma prevalence. This part of the study explores 

how distinctive characteristics of the migrant population such as area of origin and 

residence, age of migration and time since migration could be possible 

determinants of asthma prevalence. This section also discusses the social and 

economic conditions of the migrant populations and their possible implications on 

asthma prevalence. The chapter concludes with a discussion of how social 

phenomenon associated with internal migration such as the feminization of 

migration and circular migration could be in part responsible for the temporal and 

geographical trends in asthma prevalence in LMICs.  
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Overview Chapter 5 

The process of urbanisation has a profound impact on the lifestyle of populations 

not only in urban but also in rural areas. Changes in dietary patterns, health 

behaviours, work activities, economic status, housing materials, among many 

others, are all associated with the urbanisation process. In asthma research, 

changes in lifestyles, especially the acquisition of a modern way of life, have been 

associated with the increase in asthma and differences in asthma prevalence 

between rural and urban populations. However, it has been extremely difficult for 

epidemiologists interested in the effects of lifestyle factors on the prevalence of 

asthma to disentangle independent effects of individual risk factors that together 

constitute lifestyle. The current chapter introduces a new approach to define 

lifestyle as a set of attributes representing groups of linked risk factors rather than 

the traditional approach of investigating independent effects of individual risk 

factors. This chapter describes the methodology to identify lifestyle domains based 

on a combination of social, behavioural and housing characteristics of the 

population. It uses multiple correspondence analysis to recognise groups of 

associated personal characteristics. The chapter also discusses how urban 

processes such as internal migration and urban sprawl are constantly modifying 

the lifestyle in urban and rural areas of LMICs. The chapter concludes discussing 

how the effects of lifestyle may be better understood through a combination of 

effects or a set of attributes allowing us to identify common features that may help 

explain differences in asthma prevalence between populations.  
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The study of the effects of urbanisation on health is complex, not only because of 

the multidimensional nature of this process but also because of the methodological 

and conceptual limitations inherent in epidemiological and urban studies. In the 

case of asthma research, the study of the relationships between urbanisation and 

asthma is no exception. While numerous of epidemiological studies have provided 

a large body of evidence for the relationship between urbanisation and asthma, 

these studies have differed in their conceptual approaches, methodologies, and 

definitions. Additionally, due to different historical, socio-economic and political 

backgrounds of societies, diverse levels of urbanisation are present in different 

countries and regions, making comparisons between studies difficult. Taking this 

into consideration, our research has taken a multidimensional approach to study 

the effects of urbanisation on asthma, conducting several analyses in different 

populations of Ecuador. Our studies provide novel evidence about how the process 

of urbanisation could be in part responsible for the temporal and geographical 

trends in asthma prevalence in LMICs, and identify specific urban characteristics 

associated with asthma prevalence. The five scientific papers presented in this 

research evaluated methodological issues related to asthma studies assessing 

urbanisation, identified urban living and urban conditions in transitional 

populations associated with asthma prevalence, measured the different levels of 

urbanisation and their relationship with asthma, identified migrant characteristics 

in urban and rural populations related to asthma prevalence, and identified 

lifestyle domains associated with the occurrence of asthma.    

Asthma studies and urbanisation  

Over the last decades, the number of asthma studies has increased dramatically, 

making the amount of information generated almost overwhelming due to the 

multifactorial nature of this condition. To help make sense of this information, 

more and more review articles that pool the results of multiple asthma studies are 

needed to simplify the information available. Among this information, studies 

assessing the association between urbanisation and asthma have become more 

frequent both in HICs and LMICs. However, although some articles have 

documented and discussed the possible effects of the urbanisation process on 

asthma,(1–3) the asthma-urbanisation association has not been evaluated using a 
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systematic review or a meta-analysis. In the present thesis, we provide the first 

systematic review and meta-analysis assessing the relationship between asthma 

and urbanisation in LMICs. While difference approaches, definitions and 

methodologies were used by asthma studies to evaluate the possible effects of 

urbanisation, we have reduced these studies into three principal groups: a) studies 

comparing the prevalence of asthma between rural and urban areas; b) studies 

comparing the prevalence of asthma between cities, towns or communities within 

a country or across countries; and c) studies examining variations in the 

prevalence of asthma within cities. These three categories were based on 

epidemiological and urban research methodologies addressing the effects of urban 

areas on health.(4) Our analysis combined all this information through a 

systematic review and meta-analysis to generate a general overview of how 

epidemiological studies assess the relationship between urbanisation and asthma 

in LMICs.   

 

The systematic review showed that studies comparing the prevalence of asthma 

between rural and urban areas is the predominant approach by asthma studies. 

Our analysis suggests that the lack of knowledge on the mechanism and specific 

urban factors associated with asthma occurrence could be related to limitations 

that characterize the urban-rural approach. The systematic review also described 

the methodological and conceptual issues that epidemiological studies face 

assessing the effects of urbanisation on asthma, especially those related to the lack 

of a clear definitions of urban areas and operational definitions of asthma. 

However, although meta-analysis is a powerful approach to summarizing and 

comparing results from empirical literature, several conditions needs to be fulfilled 

for such a meta-analysis to be sound.(5) These conditions are: 1) Well-defined 

objectives, including precise definitions of clinical variables and outcomes; 2) An 

appropriate and well-documented study identification and selection strategy; 3) 

Evaluation of bias in the identification and selection of studies; 4) Description and 

evaluation of heterogeneity; 5) Justification of data analytic techniques; 6) Use of 

sensitivity analysis. While our systematic review and meta-analysis considered all 

these conditions, the broad nature of our aims encompassed a substantial variety 
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of settings, populations, methodologies and asthma definitions yielding a high level 

of statistical heterogeneity (I2 test˂90) in the meta-analysis. However, despite 

significant heterogeneity among studies included in the meta-analysis, we 

presented pooled ORs and forest plots by asthma definition and age because they 

provide useful general statistics (subgroup analysis), but we do emphasize that 

these results should be interpreted with caution.  

 

A subgroup analysis comparing forest plots and meta-analyses based on different 

sets of studies (such as asthma definition, age, income per-capita and region) were 

conducted in our review. However, although these comparisons are an important 

method to identify possible causes of heterogeneity,(6) subgroup analysis present 

some limitations: 1) information about specific characteristics or variables that can 

be used for comparison may not be available in published studies; 2) Individual 

patient data, rather than published summary statistics, have greater power to 

carry out informative subgroup analyses; 3) frequently, the findings of these 

subgroup analyses fail to be confirmed by later research, and 4) the underlying 

risk of occurrence of asthma is related to the level of exposure, that is to say, 

populations living in a more urban environment are more likely to develop asthma, 

5) confounding factors could exist between the variable used to compare groups 

and the outcome.(6) Attempting to utilise a meta-analysis to produce more than a 

simple overall effect estimate is tempting, but needs to be treated cautiously, for 

the reasons detailed above. Trying to explore possible reasons for heterogeneity is 

likely to lead to over-interpretation of the results. Moreover apparent, even 

statistically significant, heterogeneity may always be due to chance and searching 

for its causes would then be misleading.  

 

Alternative approaches to comparing the strength of associations of urbanisation 

with different measures of asthma are narrative analysis (as done in Chapter 5) 

and meta-regression analyses.(7) The advantages of the latter are that continuous 

(and categorical) variables can be simultaneously modelled but this approach is 

not considered adequate where numbers of studies with information on the 

relevant variables are small. In the case of urbanisation, meta-regression could be 
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used to model effects of urbanisation on asthma prevalence, taking into account 

the effects of variables such as age, per capita income, human development index, 

infant mortality rate, etc. However, such data were not available for most of the 

studies included in the meta-analysis, making meta-regression inappropriate in 

this case.(8) 

Urban dimensions and urban indicators in asthma studies  

The starting point of this research project was the observation that many rural 

communities in the north of Ecuador presented a number of urban characteristics 

which varied substantially between communities. Aware of the possible 

relationship between the urbanisation process and the increase in asthma 

prevalence, we have done previously an ecological analysis of the associations 

between the level of urbanisation - measured through infrastructure, 

socioeconomic and lifestyle indexes - and the prevalence of asthma in 59 rural 

communities of the north of Ecuador.(9)  The study showed that the prevalence of 

asthma increases with increasing levels of urbanisation, and factors associated 

with greater socioeconomic level and changes towards a more urban lifestyle were 

particularly relevant.(9) However, although this study was potentially useful in 

identifying urban features that could be related to the increase of asthma 

prevalence in transitional communities, the ecological approach presented limited 

usefulness in determining how these urban characteristics may be associated with 

individual asthma risk.(4) Other important limitations of the previous ecologic 

approach were the risk of an ecological fallacy and the lack of data on relevant 

urban indicators. To overcome these limitations, we set out with a broader 

approach which included a set of studies addressing the urbanisation-asthma 

relationship through different perspectives (ecological, contextual and multilevel 

analysis) and using different urban indicators at individual, household, community 

and census ward level. The papers presented in chapter three and five are part of 

this broader approach. 

Traditionally, asthma research has focused on individual level risk factors to 

explain the differences in asthma prevalence between urban and rural population, 

giving less attention to contextual or ecological factors. This trend is evident in our 
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systematic review where only 11% of studies assessing the relationship between 

urbanisation and asthma used information at the ecological or contextual level. A 

reason for the limited use of ecological-level data in asthma research could be the 

fear of falling prey to the ecological fallacy. The ecological fallacy is the incorrect 

inference that a relationship observed at an aggregate level will be observed at the 

same direction and magnitude at the individual level.(10) However, it is important 

to distinguish between the improper use of aggregate data as a proxy for individual 

data (the ecological fallacy) and the analysis of the effects of urban indicators (an 

ecological perspective).(11) This distinction is highlighted by the fact that 

urbanisation is mainly represented by ecological variables, due to the ecological 

nature of this process. The process of urbanisation affects different levels of human 

activity such that urban indicators can be operationalised at different levels at 

individual and household levels.  

 

In epidemiological research, the effects of urbanisation on health have been 

commonly analysed at the contextual and the individual level. The contextual level 

refers to the effects of urbanisation measured through ecological variables or 

group variables, often based on census data (contextual effects). These variables 

commonly represent geographical locations (neighbourhoods, census wards, 

cities) or specific feature of an urban area or an urban population (e.g. presence of 

urban services, percentage of population engaged in agricultural activities, 

population density, etc). At the individual level, epidemiological research uses 

personal characteristics related to the urbanisation process that can be measured 

at the individual level such as access to urban services, quality of housing, lifestyle, 

level of sedentarism, etc. However, It is important to understand that contextual 

variables sometimes have an analogue at the individual-level (e.g., mean 

neighbourhood income and individual-level income), both variables could be 

measuring different urban constructs.(11) For example, the construct of 

community smoking prevalence is distinct from individual consumption of 

tobacco, and both are important to asthma. The presence of an electricity grid, 

measured as physical infrastructure, is distinct from the access to electricity 

service by the population. The main idea behind this reasoning is that contextual 
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variables may provide information that is not captured by its individual-level 

analogue. Moreover, urban constructs defined at a contextual level may be 

important in explaining variability at an individual level, and constructs defined at 

an individual level may be important in explaining variability at a contextual 

level.(11) 

 

We conducted a review of various definitions of urban, urbanisation and 

urbanicity, derived from different disciplines to identify the most relevant 

dimensions and indicators of the urbanisation process in transitional 

populations.(12–15) This review helped to establish demographic, social, 

economic, geographical and spatial dimensions of urbanisation. Once the 

dimensions were established, we identified a set of variables to represent each 

dimension. For example, in the demographic dimension were considered 

indicators such as population concentration, population density, population 

growth and dynamics. The spatial dimension, for example, was represented by 

urban environment – concentration and expansion, land use/land cover, housing 

type materials and construction etc. However, although a number of indicators 

were identified for each dimension in the literature review, the operationalization 

issues with urban variables and the lack of existing information in the national and 

regional census reduced significantly the number of indicators in the selection 

phase.  

In our research, we started conducting an ecological analysis where both 

independent and dependent variables were measured at group level. A set of 

indicators based on infrastructure, socioeconomic and lifestyle characteristics of 

the communities were associated with the community asthma prevalence using 

correlations and linear regressions. This ecological analysis helped us to generate 

hypotheses about specific characteristics and dimensions of the urbanisation 

process that might affect the occurrence of asthma.  Next, we conducted a 

contextual analysis where independent variables where measured at census ward 

level but the dependent variable was measured at individual level (Chapter three). 

Eighteen indicators representing demographic, socioeconomic, built environment-

infrastructure and geographical dimensions of the process of urbanisation were 
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associated with individual occurrence of asthma using random effects logistic 

regression models. Contextual analyses attributed to each individual, a variable 

that represents whether or not one lives in a census ward with a specific urban 

characteristic. A second contextual analysis (Chapter five) was conducted to 

understand how lifestyles domains affect the prevalence of asthma. Seventeen 

indicators related to the process of urbanisation were included in this analysis.  

Four group-level variables were identified using multiple correspondence analysis 

and cluster analysis: socioeconomic status of the household, characteristics of the 

children home, sedentarism of the child, agricultural activities of the household. 

Characteristics of these four group variables were ascribed to the individual and 

using logistic regression were associated with individual risk of asthma. In the 

future, a multilevel analysis using data from the chapter 3 is planned. This study 

will integrate contextual and individual variables in the same analysis to 

understand how urban indictors measured at different levels interplay among 

them and affect the risk of asthma. A table summarizing dimensions, indicators and 

study analyses is provided above.  

 

Our studies identified a number of urban indicators associated with asthma, 

especially those related to changes in lifestyle. Greater access to computer or 

satellite TV, in the case of children living in Quinindé district (Chapter three), or 

high levels of sedentarism, in the case of children living in the rural communities of 

Eloy Alfaro (Chapter five), were particularly important. These factors represent the 

acquisition of a modern lifestyle in transitional populations and suggest the 

possible mechanisms associated to the increase of asthma prevalence in LMICs. 

The urban way of life is easily adopted in transitional or rural populations through 

the presence of new technology, especially communications technologies. These 

technologies introduce and shape new lifestyles in these populations. For example, 

in the case of a family, the access of a satellite TV could modify the dietary patterns 

through the consumptions of new foods advertised or seen on TV or simply reduce 

the physical activity because of the time watching TV or working at home on a 

computer. There is evidence for an association between the consumption of fast 

food or lack of physical activity with asthma prevalence.(16–20) Another 
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important factor associated with asthma prevalence in our research was the 

quality of the house where the children lived. 

  Study approach and unit of analysis 

Dimensions Indicators  Ecological 
Analysis1 

 

Contextual 
Analysis2 

(Chapter 3) 

Contextual  
Analysis3 

(Chapter 5) 

Multilevel  
analysis4 
(future) 

Demographic  Population Size  *  * 

Population density  *  * 

Infra- 
Structure  
Or 
Built 
environment 

Pavement street  *  * 

Sewage system   **  * 

Piped water system * *  * 

Electricity  ** *  * 

Educational Institutions  * *  * 

Health Institutions ** *  * 

Transport access **   * 

Telephone system *   * 

Presence of Pharmacies  **   * 

Number of Shops  **   * 

Socio- 
economic 

Non-agriculture activities ** ** * * 

Type of Employment    * * 

Secondary Education  * ** * * 

Commercial activities  * **  * 

Concrete housing/ 
housing materials 

** ** ** * 

Mobile phone access  *  * 

Internet access  *  * 

Computer access  **  * 

Satellite TV access  **  * 

Gas for cooking **  ** * 

Household income **  * * 

Access to electricity **  ** * 

Access to basic services   ** * 

Motor vehicles **   * 

Material goods **  * * 

Uncrowded household *  * * 

Lifestyle Consumption of hamburgers **  ** * 

Consumption of fizzy drinks **  ** * 

No physical exercise **  ** * 

Nutritional status   ** * 

Television in house * *  * 

TV viewing **  ** * 

Cat in house **   * 

Dog in house *   * 

Migration *   * 

Parasite infection rate *   * 

Contact with animals in farms   * * 

Geographic  Geo-political division   * *  * 

Proximity to urban centres  **  * 

Close access to a highway  **  * 

Spatial organisation (community)  *   * 

*Indicators included in the analysis. ** Significant associations between urban indicators and asthma (current wheezing). 
 1 Ecological study: Urbanisation is associated with prevalence of childhood asthma in diverse, small rural communities in 
Ecuador.  
2Contextual study (Chapter 3): Measuring Urbanicity as a Risk Factor for Childhood Asthma in Transitional Areas of Ecuador: 
A Cross-sectional Analyses. 3Contextual study (Chapter 5): Lifestyle domains as determinants of wheeze prevalence in urban 
and rural schoolchildren in Ecuador: cross sectional analysis. 4 Future analysis: Multilevel analysis using data from the 
chapter 3 integrating contextual and individual variables in the same analysis. 
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In the study evaluating lifestyle domains, asthma risk was related to poor housing, 

both in urban and rural areas. In the study measuring the level of urbanicity, this 

association was related to the proportion of houses constructed with cement.  In 

both cases, the use of new housing materials and housing design may be important 

determinants of asthma prevalence in transitional populations.(21,22) As we 

discussed in previous chapters, these houses are frequently made with bricks and 

cement without plastering and most lack windows in bedrooms or adequate 

ventilation. This type of house is characterized by high levels of humidity and mold 

in the presence of overcrowding, providing environments with a likely increase 

risk of respiratory infections and exposures to respiratory irritants, both of which 

are important  risk factors for asthma, especially for non-atopic asthma(23,24) 

which is the most common phenotype in LA. 

 

Based on the above table, several considerations need to be taken into account. 

First, some urban dimensions cannot be evaluated at the individual level. In our 

model, the demographic dimension is represented by population size and density. 

These two variables do not have an analogue indicator at individual level. Second, 

some urban variables can represent different constructs and dimensions. For 

example, the variable “housing materials” could characterize the infrastructure 

dimension (measured as a built environment indicator - the proportion of houses 

built with concrete) or the socioeconomic dimension (measured as a 

socioeconomic characteristic of the household). Third, contextual variables of 

urbanisation mostly depend on availability of census data. Four, urban indicators 

related to housing materials seems to be an important determinant of asthma, 

regardless of level of analysis or approach. The three studies presented 

associations between asthma prevalence and housing materials indicators. 

Although important issues were identified in these analyses, we must be aware 

that the study samples and locations of the studies in the chapter 3 and 5 belong to 

different populations in different regions within the same Province in Ecuador, so 

the level of exposure to urban environment or urban characteristics could vary 

considerably among individuals in the two studies. 
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Finally, since the acquisition of a modern lifestyle has been the most common 

explanation for the increase in asthma and differences in asthma prevalence 

between LMICs, efforts to define and measure a “modern lifestyle” need to be done 

through epidemiological studies. Our study in chapter five, offers a novel approach 

to identify and measure ‘modern lifestyle’ based on a group of variables that 

represent socioeconomic factors, sedentarism, agricultural activities and 

household characteristics of the study population.  We believe that this approach is 

superior to analysis of individual risk factors, particularly because individual 

lifestyle indicators have failed to account fully for the rise in and regional 

differences in asthma prevalence. However, we are aware of the limitations of this 

approach, especially those related with the uncertainty of exposure allocation for 

individual subjects. It is clear that, different methods of clustering usually give very 

different results. This occurs because of the different criterion for merging clusters 

(including cases). Additionally, when an observation is allocated to a certain group 

the characteristic of the group is ascribed to the individual with a fixed effect so all 

the individuals in the group will have the same effect.  Alternative approaches can 

be used to classify and analyse these types of data such as discriminant analysis or 

principal components analysis. 

Internal Migration and asthma 

The study of the effects of internal migration on asthma is poorly understood. The 

different types of migrations and the psychological and socioeconomic conditions 

of migrants before and after moving,(25) make difficult the evaluation the specific 

effects of the migration process on asthma.  

In epidemiological literature, studies evaluating the effects of the internal 

migration on asthma are rare. Most that we know about the relationship between 

migration and asthma comes from studies evaluating international immigrants, 

especially those who move from LMICs to HICs. This absence of studies assessing 

internal migration seem surprising especially because internal migration is 

considered as one of the most important components of the urbanisation process 

which has been frequently associated with the increase and differences in asthma 

prevalence. The major reason for the small number of studies evaluating the 
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association between internal migration and asthma is attributed to the absence of 

individual formal records for this type of migration, contrary to the international 

migration where each individual is registered in the country of origin as well as in 

the country of destination. However, although other sources of information and 

methodologies are available to collect this information, asthma studies seem to shy 

away from this type of analysis. The current thesis presents first study evaluating 

the effects of internal migration on asthma in a LMICs, both in rural and urban 

areas. Our results showed that, in urban areas, rural-to-urban migrants had 2-fold 

greater risk of asthma compared with the host population (non-migrants), and this 

association increase depending of the age of the children and time since migration. 

However, urban-to-urban migration was not associated with differences in asthma 

prevalence.  In the rural area, although an association was observed between age 

of migration and wheeze, the most relevant finding was the relationship between 

the history of migration of the mothers and asthma prevalence in their children. 

Children with mothers with history of migration had 2-fold greater risk of asthma. 

Urban-to-rural migration was not associated with asthma prevalence in rural 

areas.  

 

Numerous epidemiological studies have shown evidence that migration from 

countries of low asthma prevalence(LMICs) to those of high asthma prevalence 

(HICs) provide certain protection to immigrants to develop asthma compared to 

the host population.(26–28) A systematic review assessing the association 

between international migration and asthma showed that, the prevalence of 

asthma and allergic diseases in immigrants is generally lower than the host 

population and this immigrant health advantage diminishes over time 

substantially.(29) Also, second generation of immigrants presents a higher asthma 

prevalence than the first generation, and with length of residence in the host 

country the prevalence of asthma and allergies increases steadily.(29) Contrary to 

the idea of international migration studies, that immigrants from a low asthma 

prevalence area moving to a high asthma prevalence area had a less risk of present 

asthma, our result showed that rural to urban migration is associated with a higher 

risk of asthma. This apparently paradox could have several explanations: 1) The 
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low prevalence of asthma in immigrants living in HICs could be caused by the 

“healthy migration effect”: healthy people are more likely to migrate and the host 

states may prefer healthier people.  Additionally, the sick or unhealthy immigrants 

could return to the home state (especially adult population), which may possibly 

cause the statistical bias of immigrants’ health status.(30) 2) Differences in 

socioeconomic characteristics between international and internal migrants could 

be producing   differences in asthma prevalence. Rural urban migration is still 

triggering by economic factors. Access to social services and labour opportunities 

in the rural areas are still considerable worse than in urban areas. Disadvantaged 

economic and social conditions of rural areas have been responsible for the rapid 

process of urbanisation in Latin America. Additionally, civil violence has also 

promoted this type of flow, as we saw in the rural migration study where a number 

of immigrants from Colombia were found. In the other hand, international 

migrants are not a random sample of their country of origin, they are a highly 

selected group who are able or motivated to deal with the stress, cost and 

organisation that such a process entails. Individuals or families who migrate are in 

a relatively advantageous position, whether financial or social, compared with the 

native population.(31) 3)   The high prevalence of asthma in rural urban migrants 

could be specifically caused by factors related to the settlement and adaptation 

stages. Factors as psychosocial stressors or family dissolutions consequent to 

migration could contribute to an increase in wheeze/asthma in migrant 

populations.(32) 4) Additionally, we believe that  a considerable number of 

children migrating from rural to urban areas are children that did not live with 

their parents, so the cause of their migration is family reunification. Considered 

this, the prevalence of asthma in migrant population could be high due to the over 

represented cases related to absence of parents at home and, as we saw in the 

rural study, children with mothers with history of migration presented a higher 

risk of asthma.  

 

The effects of internal migration on asthma are complex and difficult to 

disentangle. Urban migrants form a hugely diverse group that comprises internal 

migrants from rural and urban areas, cross border migrants, internally displaced 
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persons and urban refugees. Because of this, internal migration has become more 

complex to quantify. It now involves a multiplicity of places of origin and 

destination and also a change of sociodemographic characteristics of migrants. 

Additionally, migration impacts not only the individual but also family and 

community. At the level of the family, migration has effects on roles, support 

structures, and responsibilities of family members resulting in changes in social 

and psychological factors that might be related to the occurrence of allergic 

diseases.  At the level of the community, migrants and other mobile population 

reflect the health characteristics of their place and environment of origin and carry 

several of these characteristics with them when they move affecting the burden of 

diseases in the place of origin and destination. A better understanding of the social 

and environmental effects of internal migration on asthma is necessary -  further 

analyses in different populations living in rural and urban areas of LMICs that are 

subject to migration are required in which detailed information is collected at 

individual, household and community levels, and by place of origin and place of 

destination. 

Relevance of the Study  

This study is of general interest to public health researchers, epidemiologists and 

social scientists. For public health, our data offer specific urban factors associated 

with the increase of asthma prevalence that could be modified through public 

health programmes such as improved housing and education for healthy lifestyles. 

Our findings are likely to be of general relevance to epidemiologists interested in 

the potential role of urbanisation and migration process in explaining asthma 

prevalence in LMICs. This study also offers new approaches to assess the effects of 

urbanisation on asthma, thus increasing the methodological armamentarium in 

epidemiological studies of asthma. For social scientist, this study shows the 

relevance of social processes on population health and the importance of 

integrating new concepts and methodologies widely used in other scientific fields. 

In conclusion, this information is relevant to identify urban factors associated with 

an increased risk of asthma in transitional populations, to improve the 

understanding of the causes of the increase in asthma prevalence in LMICs and to 
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identify potentially modifiable factors to inform the design of prevention 

programmes to reduce the risk of asthma in urban and rural populations of LA. 

Future Studies 

Although the current research thesis has produced five studies in order to respond 

the scientific questions posed at the beginning of the project, the information 

obtained by these studies has generated several new questions that needs to be 

addressed with new studies. Additionally, several methodological and practical 

limitations presented in our studies need to be corrected with new methodologies, 

designs and statistical analysis. Among the most important limitations we can cite: 

1) Most of my analysis relied on cross-sectional design even when the original 

design of one of them was a cohort. This is a crucial point because cross-sectional 

analysis are limited in their ability to identify causal effects of urbanisation and 

cannot deal appropriately with problems of migration and stability of the 

population. 2) In the national census database, information related to lifestyle 

factors at the census ward level is scarce. 3) The unit of analysis was defined using 

a geographical criteria (census ward), this could cause misclassification in some 

urban indicators, unless the boundaries of census ward coincide exactly with this 

boundaries dimensions. 4) My studies are focused in transitional communities and 

small cities. It is quite possible that a new theoretical frame and a new set of 

variables will be necessary to evaluate the effect of urbanisation on asthma in 

middle size and big cities. 5) Conceptual issues with the definition of urban area 

and urbanisation. 6) Cities are characterized by multiple factors that in many ways 

make each city unique. The complexity of cities and of city living may mean that 

urban characteristics that are important in one city may not be important in 

others, limiting the generalizations that can be drawn about how urban living 

influences asthma.     

Considering all these points, my futures studies will be focus in three main groups: 

a) Asthma studies using new analysis and study designs. Two studies are 

already underway. The first one is a multilevel analysis to evaluate independent 

effects of the associations between asthma prevalence and urbanisation using 

variables at census ward, household and individual levels.  Data of the ECUVIDA 
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study is being used for this analysis.  Due to the number of urban indicators in the 

three levels is considerable, urbanicity indices will be built by census ward level 

(as in chapter three) to reduce the number of variables to be included in the 

multilevel models. The second study will evaluate the history of migration on the 

occurrence of childhood asthma. This study will use retrospective data of the 

children participating in ECUAVIDA cohort based on the annual periodic visit 

conducted over 8 years. This study will evaluate how migration and mobility 

within a city are associated with asthma prevalence. The study not only will 

include information on the history of migration of the children but also housing 

and individual health information.    

b) Studies evaluating the intra-urban variability in asthma prevalence 

(neighbourhood studies). At the moment, only one study has been considered for 

this group. As we saw in the chapter two, studies evaluating the intra-urban 

variability in asthma prevalence are conducted exclusively in cities, using as a unit 

of analysis the neighbourhoods or urban census wards. Due to the availability of 

geographical, socioeconomic and health information, I will conduct this kind of 

study in the city of Quininde, Ecuador.  Data will be obtained from the National 

Institute of statistic and census and ECUAVIDA cohort. This study will help to 

understand how urban issues in cities such as violence, urban poverty, 

gentrification, socio-spatial segregation, urban slums, and other factors could be 

associated with the higher prevalence of asthma in urban settings. We hope that 

future studies of this kind can be carried out in bigger cities of Ecuador as Quito or 

Guayaquil. 

c) Theoretical studies. New concepts and theories are needed to understand the 

relationship between urban living, urban conditions and asthma. Definitions as 

urban areas, urbanisation, urbanicity and lifestyle must be more precise. 

Particularly, I am interested to define the concept of modern lifestyle in asthma 

research, so I will elaborate a theoretical paper related with this topic.     

 Final Conclusions 

The aetiology of asthma is increasingly recognized as a complex interplay of 

factors operating at several levels, including the individual, the family and the 
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community. As a part of this growing complexity, the process of urbanisation 

seems to play an important role at each level.  Additionally, internal migration may 

be a key determinant in the increase in asthma prevalence in LMICs, not only 

because most of population growth in urban areas is attributable to population 

movements, but also because migration, as a social process, involves a variety of 

environmental, social, economic changes that are associated with asthma. 

However, it has been difficult to disentangle the effects of the urbanisation and 

internal migration on asthma prevalence, especially identifying the mechanisms 

and specific factors associated with asthma.  The present research used different 

methodologies to identify several issues in asthma studies but also identified 

urban living and urban conditions associated with the prevalence of asthma in 

transitional populations, which are summarized in the next points:  

 Most that we know about the relationship between urbanisation on asthma 

come from studies comparing urban and rural populations, an approach 

which does not allow us to identify specific urban characteristics associated 

with asthma. 

 In LMICs, urban residence is a potential risk factor for asthma. 

 In urban areas of LMICs, urban indicators related to poverty and social 

deprivation were associated with asthma prevalence. 

 In a transitional area, even small-scale increases in urbanicity levels were 

associated with a higher prevalence of asthma. 

 In a transitional area, contextual indicators of urbanisation related to 

changes in lifestyle and socioeconomic factors were associated with the 

prevalence of asthma. 

 The process of internal migration was associated with the prevalence of 

asthma in urban and rural populations. 

 In an urban area, rural to urban migration was associated with a higher 

prevalence of asthma, and this association varied according the age and 

time since migration.   

 In a rural area, a higher prevalence of asthma in children was associated 

with the history of migration of the mother.  
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 Lifestyle domains related to poor housing conditions were associated with 

asthma in urban and rural areas. 

 Lifestyle domains related with sedentarism was associated with asthma 

prevalence in a rural area. 

All these findings provide evidence that urbanisation and internal migration are 

important determinants of asthma prevalence in LMICs. Additionally, the use of a 

multidimensional approach to study urbanisation allow us to identify specific 

urban living and urban conditions associated with asthma occurrence and help us 

to understand better the possible mechanisms to explain the temporal and 

geographical trends in asthma prevalence. Finally, the historical view of asthma 

being a disease of HICs no longer holds - most people affected by this condition are 

now in LMICs - and asthma prevalence is estimated to be increasing fastest in 

LMICs. It is possible that this increase may be associated with the urbanisation and 

migration processes occurring within these regions.  
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Appendix I. SCAALA Study Protocol 
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Appendix II: ECUAVIDA Study Protocol 
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Appendix III. Households characteristics questionnaire   
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Supplementary Figure SF1. Percentage of variance accounted by variables of 

each dimension. 
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Supplementary Table 1. Categories and Quantifications derived from 

Categorical Principle Component Analysis. 

Population Size 4296.85 1 3.114 78.95 1 2.945 
Category Freq Value 4583.00 - 4587.76 2 3.114 82.28 1 3.439 
36 - 226 98 -0.315 4864.89 - 4899.78 2 9.148 85.07 1 3.439 

227 - 461 189 -0.231 Non-agricultural activities 86.22 - 86.31 2 5.432 
468 - 682 25 0.688 Category Freq Value 95.7 1 5.432 
706 - 922 7 1.288 0 1 -0.953 98.15 1 5.432 

1142 1 1.367 3.85 - 4.76 5 -0.718 Adult secondary education  
2597 - 2767 2 2.14 5.08 - 6.90 15 -0.718 Category Freq Value 
3080 - 3186 2 2.971 6.94 - 8.55 10 -0.718 0 1 -1.197 

3306 1 2.971 8.82 - 10.68 18 -0.718 0.81 1 -1.197 
3634 1 4.297 10.74 - 12.62 21 -0.605 1.2 1 -1.197 
4726 1 4.942 12.63 - 14.49 19 -0.524 1.89 - 2.31 7 -1.197 

10169 1 6.015 14.58 - 16.39 19 -0.469 2.73 - 3.23 6 -1.17 
29310 - 29356 2 9.225 16.51 - 18.33 19 -0.469 3.32 - 3.92 7 -0.991 

Population density  18.75 - 20.18 14 -0.45 3.98 - 4.69 15 -0.899 
Category Freq Value 20.54 - 21.98 12 -0.45 4.76 - 5.44 13 -0.723 

1.49 - 9.02 36 -0.288 22.22 - 23.76 14 -0.351 5.47 - 6.15 17 -0.723 
9.09 - 98.97 248 -0.288 24.36 - 25.68 9 -0.351 6.25 - 6.94 18 -0.669 

107.34 - 175.27 7 0.152 26.09 - 27.59 9 -0.156 7.02 - 7.62 15 -0.661 
209.28 - 282.03 2 0.453 28.00 - 29.55 14 -0.156 7.73 - 8.40 17 -0.599 
474.79 - 558.14 2 0.453 30.00 - 31.51 15 -0.156 8.44 - 9.09 16 -0.593 

884.51 1 0.475 32.14 - 33.62 6 -0.15 9.19 - 9.92 16 -0.261 
956.23 1 0.475 34.01 - 35.36 10 0.166 10.00 - 10.67 8 -0.261 

1346.62 - 1384.59 2 0.672 35.59 - 37.44 6 0.166 10.67 - 11.29 14 -0.261 
1399.89 1 0.672 38.16 - 39.31 6 0.166 11.46 - 12.08 7 -0.261 
1543.19 1 0.672 39.39 - 41.24 5 0.166 12.20 - 12.88 14 0.173 
1600.85 1 0.672 41.28 - 42.86 12 0.262 12.90 - 13.61 16 0.173 
1692.75 1 0.672 43.33 - 45.05 6 0.262 13.73 - 14.29 9 0.173 
1831.26 1 0.672 45.28 - 46.81 9 0.262 14.49 - 15.10 12 0.173 

1948.75 - 1984.76 2 1.304 47.68 - 48.59 6 0.466 15.24 - 15.85 7 0.173 
2125.48 1 1.304 49.04 - 50.79 8 0.466 15.89 - 16.56 11 0.194 
2289.62 1 1.304 52.48 1 0.466 16.67 - 17.31 9 0.297 

2320.82 - 2325.26 2 1.304 52.83 - 54.55 6 0.466 17.53 - 17.91 6 0.537 
2414.12 - 2465.53 4 2.275 54.90 - 56.52 4 0.466 18.13 - 18.83 7 0.537 

2502.83 1 2.547 56.94 - 58.33 3 0.466 19.30 - 19.39 3 0.537 
2696.57 1 2.547 59.19 - 59.70 2 1.396 19.59 - 20.26 7 0.537 
2923.71 1 2.547 61.11 - 62.21 3 1.396 20.55 - 20.72 3 0.871 
3053.99 1 2.547 62.86 - 63.21 4 1.396 21.13 - 21.58 8 0.871 
3196.02 1 2.547 64.71 1 1.396 21.96 - 22.50 3 0.871 
3260.98 1 2.547 66.85 - 67.46 2 2.945 22.65 - 22.96 4 0.871 
3357.47 1 2.547 68.75 - 69.44 4 2.945 23.49 - 23.59 2 1.785 
3541.13 1 2.547 71.82 1 2.945 24.20 - 24.66 4 1.785 
3688.84 1 2.547 73.13 1 2.945 24.82 - 25.25 3 1.785 
3773.54 1 2.547 74.6 1 2.945 25.7 1 1.785 
4038.19 1 3.114 75.66 - 76.44 2 2.945 26.39 - 27.01 2 1.785 
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Continuation Supplementary Table 1 

27.08 - 27.74 5 1.785 30.51 - 30.85 2 1.881 65.38 1 1.097 
27.84 - 28.00 3 1.785 31.62 1 1.881 66.67 - 66.94 3 1.097 
28.72 - 28.99 3 1.785 33.89 1 3.44 68.83 - 69.81 3 1.097 
30.29 - 30.58 2 1.785 34.58 - 34.68 2 3.44 72 1 1.097 
31.03 - 31.33 2 1.785 37.86 1 3.44 72.50 - 74.19 3 1.097 

32.39 1 1.83 38.24 - 38.90 3 3.44 76.67 - 77.30 2 1.097 
33.5 1 2.315 39.09 1 3.44 Mobile phone access 

33.98 1 5.315 44.22 1 4.135 Category Freq Value 
38.39 1 6.972 51.05 1 5.274 18.97 1 -2.49 
43.04 1 6.972 51.71 1 10.878 30.36 1 -2.49 
Commercial activity Cement housing 33.33 2 -2.49 

Category Freq Value Category Freq Value 35.00 - 35.14 2 -2.49 
0 23 -0.449 .00 - 1.08 24 -2.052 37.18 - 37.86 4 -2.226 

.53 - .93 12 -0.449 1.56 - 3.16 14 -1.353 38.24 1 -1.971 
1.10 - 1.87 25 -0.449 3.39 - 5.17 6 -1.199 39.76 - 40.00 3 -1.971 
1.94 - 2.88 41 -0.449 5.88 - 6.90 4 -1.199 41.18 1 -1.971 
2.90 - 3.75 26 -0.429 7.41 - 9.09 13 -1.01 42.35 - 42.86 3 -1.971 
4.00 - 4.76 21 -0.429 9.33 - 10.94 6 -1.01 44.23 1 -1.655 
4.84 - 5.71 24 -0.382 11.11 - 12.99 9 -1.01 47.23 - 47.73 4 -1.655 
5.75 - 6.56 14 -0.382 13.21 - 15.00 18 -0.964 48.78 1 -1.655 
6.73 - 7.58 12 -0.382 15.22 - 16.67 12 -0.41 50 1 -1.655 
7.69 - 8.54 9 -0.252 17.24 - 18.82 9 -0.41 51.58 1 -1.655 
8.65 - 9.46 9 -0.252 19.61 - 20.75 9 -0.312 52.07 - 53.33 6 -1.655 

9.52 - 10.40 14 -0.015 21.05 - 22.77 12 -0.312 53.62 - 54.24 4 -1.655 
10.57 - 11.36 9 0.104 23.44 - 24.64 7 -0.018 55.93 - 56.72 5 -0.703 
11.59 - 12.06 3 0.104 25.00 - 26.83 14 -0.018 57.45 - 57.89 6 -0.703 
12.50 - 12.88 9 0.104 27.06 - 28.85 6 -0.018 58.70 - 59.78 7 -0.703 
13.33 - 13.91 8 0.104 28.89 - 30.77 10 -0.018 60.22 - 60.53 6 -0.689 
14.34 - 14.96 5 0.104 30.95 - 32.56 13 0.2 61.18 - 62.07 7 -0.536 
15.29 - 16.09 4 0.27 32.91 - 34.67 9 0.734 62.77 - 63.64 11 -0.536 
16.18 - 17.07 7 0.442 34.78 - 36.36 12 0.734 64.00 - 64.94 11 -0.536 
17.14 - 17.88 7 0.496 37.04 - 38.46 12 0.734 64.95 - 66.20 9 -0.536 
18.06 - 18.78 4 0.496 39.53 - 40.54 5 0.734 66.28 - 67.44 11 -0.536 
19.15 - 19.87 4 0.496 41.03 - 42.55 8 0.895 68.00 - 68.75 10 -0.536 

20.75 1 0.496 42.94 - 44.44 9 0.895 68.89 - 70.00 13 -0.536 
21.37 - 21.67 2 0.496 44.64 - 46.51 10 1.068 70.18 - 71.25 22 -0.536 
22.22 - 22.58 3 0.496 46.81 - 48.50 11 1.068 71.43 - 72.46 11 0.314 
23.20 - 23.49 3 0.836 48.68 - 50.50 14 1.068 72.73 - 73.91 17 0.314 
24.53 - 24.64 2 0.836 50.65 - 52.50 9 1.068 74.00 - 75.18 16 0.314 
24.71 - 25.30 4 0.836 52.63 - 54.26 5 1.068 75.32 - 76.47 13 0.472 

25.76 1 0.836 54.72 - 56.45 8 1.068 76.54 - 77.78 19 0.646 
26.81 - 27.14 4 0.836 56.79 - 57.14 3 1.097 78.02 - 79.09 15 0.646 
27.54 - 28.30 2 0.836 59.09 - 60.27 5 1.097 79.25 - 80.36 15 0.646 
28.57 - 28.87 3 0.836 60.53 - 62.35 7 1.097 80.41 - 81.61 16 0.874 

29.46 1 1.881 62.90 - 64.17 4 1.097 82.00 - 82.98 10 0.874 
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Continuation Supplementary Table 1 

83.15 - 84.21 6 0.874 9.52 1 2.933 21.62 1 2.804 
84.38 - 85.53 6 1.18 10.28 - 10.34 2 2.933 23.08 1 2.804 
85.71 - 86.84 8 1.18 10.69 1 4.077 24.84 1 5.014 
87.18 - 87.50 6 1.18 11.76 1 4.077 27.94 1 5.483 
88.24 - 89.19 6 1.286 12.9 1 4.077 Satellite TV access 
89.58 - 90.70 3 1.286 13.04 1 4.077 Category Freq Value 
90.91 - 91.67 3 1.286 13.33 1 4.077 0 165 -0.561 
92.16 - 92.52 2 3.002 Computer access .83 - 1.37 31 -0.263 

93.33 1 3.002 Category Freq Value 1.45 - 2.13 27 -0.263 
95.74 1 3.002 0 101 -0.887 2.15 - 2.86 14 0.373 
96.97 1 3.002 .70 - .87 2 -0.663 3.03 - 3.61 18 0.373 
97.22 1 3.002 .91 - 1.33 15 -0.659 3.65 - 4.35 7 0.487 

Internet access 1.37 - 1.79 17 -0.457 4.38 - 5.08 12 0.487 
Category Freq Value 1.89 - 2.20 16 -0.231 5.17 - 5.63 4 0.487 

0 139 -0.686 2.30 - 2.70 18 -0.231 5.88 - 6.52 8 0.763 
.66 - .73 3 -0.686 2.82 - 3.13 17 -0.231 6.82 - 7.14 3 0.763 

.88 - 1.00 8 -0.686 3.23 - 3.64 17 -0.182 7.46 - 7.81 3 0.763 
1.03 - 1.26 24 -0.273 3.65 - 4.00 11 0.091 8.41 - 8.77 4 0.763 
1.27 - 1.49 12 -0.259 4.11 - 4.55 15 0.263 8.82 - 9.52 7 0.763 
1.52 - 1.75 20 -0.092 4.60 - 4.92 5 0.263 9.68 - 10.14 5 1.679 
1.79 - 2.00 7 -0.092 5.05 - 5.48 12 0.263 10.39 - 10.91 2 1.679 
2.04 - 2.17 8 -0.092 5.62 - 5.83 5 0.263 12.00 - 12.43 4 1.679 
2.27 - 2.50 14 -0.086 5.97 - 6.39 9 0.529 12.77 1 1.679 
2.53 - 2.74 10 0.208 6.45 - 6.82 8 0.529 16.68 1 1.705 
2.78 - 2.92 4 0.208 6.90 - 7.14 5 0.529 17.28 1 1.705 
3.03 - 3.23 13 0.6 7.44 - 7.66 4 0.89 18.42 - 18.82 2 1.705 
3.28 - 3.45 9 0.6 7.81 - 8.24 6 1.02 19.70 - 19.80 2 1.927 
3.51 - 3.70 6 0.6 8.33 - 8.70 7 1.183 23.21 1 1.927 
3.77 - 3.97 4 0.6 8.82 - 8.93 3 1.183 24.44 1 1.927 
4.00 - 4.05 3 0.6 9.24 - 9.52 5 1.183 29.6 1 1.927 
4.29 - 4.48 7 0.6 9.68 - 10.02 4 1.183 32.18 1 1.927 

4.55 2 0.6 10.34 - 10.53 3 1.183 39.13 1 1.927 
4.88 - 4.92 2 0.6 10.61 - 10.94 3 1.94 41.34 1 4.017 
5.00 - 5.10 2 0.672 11.54 - 11.91 2 2.282 45.95 1 4.017 
5.26 - 5.41 6 1.914 12.06 1 2.282 52.49 1 8.541 
5.49 - 5.62 3 1.914 12.5 1 2.282 66.18 1 8.541 

5.77 1 1.914 12.91 - 13.16 2 2.305 Paved streets 
6.00 - 6.19 4 2.138 13.54 - 13.64 2 2.305 Category Freq Value 
6.25 - 6.38 3 2.138 14.57 1 2.432 .00 - 1.30 178 -0.734 
7.14 - 7.23 2 2.138 15.15 1 2.432 1.37 - 2.70 30 -0.253 
7.49 - 7.69 2 2.933 15.19 - 15.52 2 2.432 2.94 - 4.44 18 0.113 

8.11 1 2.933 16 1 2.432 4.49 - 6.00 15 0.113 
8.82 1 2.933 17.54 - 17.78 3 2.432 6.10 - 7.58 7 0.213 

9 1 2.933 18.79 1 2.804 7.81 - 8.89 3 0.918 
9.3 1 2.933 19.57 1 2.804 9.32 - 10.71 8 0.918 
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Continuation Supplementary Table 1 

11.76 - 12.06 3 1.168 9.09 1 1.264 77.27 - 79.25 9 -0.324 
12.50 - 13.79 5 1.168 9.38 1 1.264 79.59 - 81.63 8 -0.324 
14.00 - 14.81 3 1.168 12.5 1 1.264 81.82 - 83.72 13 -0.208 
15.56 - 16.82 4 1.168 15.49 1 1.264 84.04 - 85.98 24 -0.208 
17.59 - 18.06 3 1.168 22.8 1 5.878 86.25 - 88.28 34 -0.171 
19.98 - 20.00 3 1.876 25.99 1 5.878 88.52 - 90.70 33 0.631 
21.88 - 22.78 4 1.876 30.37 1 5.878 90.91 - 92.94 31 0.817 
23.81 - 24.14 2 1.876 35.17 1 5.878 93.12 - 95.12 32 0.817 
25.00 - 25.71 3 1.876 41.68 1 5.878 95.29 - 97.06 27 1.149 
27.42 - 27.63 2 1.876 51.33 1 5.878 97.67 - 99.01 12 1.398 

28.17 1 1.876 61.17 1 5.878 100 10 1.398 
29.63 - 31.03 4 1.876 74.03 1 5.878 Educational institutions  

31.43 1 1.876 Electricity  Category Freq Value 
32.91 - 34.21 2 1.876 Category Freq Value 0 83 -0.2 

35.48 1 1.876 0 2 -2.48 1 145 -0.2 
36.00 - 37.31 2 1.876 1.35 - 2.22 3 -2.48 2 61 -0.069 
37.50 - 38.46 3 1.876 2.90 - 3.57 2 -2.33 3 22 0.037 

39.53 1 1.899 6.67 1 -2.33 4 11 1.072 
40.58 1 1.899 7.84 - 8.51 2 -2.33 5 3 1.072 

42.06 - 43.33 5 1.899 15.05 1 -2.33 7 1 1.072 
44.78 1 1.899 17.39 - 17.44 2 -2.3 8 1 5.607 
45.61 1 1.899 22.22 - 22.89 3 -2.3 9 1 6.683 

47.41 - 48.08 2 1.899 25 1 -2.3 20 1 7.697 
48.65 - 48.98 3 1.899 25.33 - 27.50 2 -2.3 21 1 12.959 
51.46 - 51.76 2 1.899 29.55 1 -2.25 Health institutions 

56.53 1 1.899 32.81 - 34.15 2 -2.25 Category Freq Value 
58.59 1 1.899 34.62 - 35.80 2 -2.25 None 305 -0.277 

60 1 1.899 36.67 - 38.46 3 -1.68 Health centre 23 3.109 
65.22 1 1.899 38.96 - 40.91 5 -1.24 Hospital 2 6.494 
66.67 1 1.899 42.06 1 -1.24 Close access to highway 
71.11 1 1.899 44.12 1 -1.24 Category Freq Value 
71.79 1 1.899 45.68 - 47.83 3 -1.24 No 221 -0.702 

76.60 - 77.50 2 2.839 49.00 - 50.00 2 -1.24 Yes 109 1.424 
Sewage system  50.60 - 52.27 5 -1.24 Geo-political division   

Category Freq Value 53.03 - 53.33 4 -1.14 Category Freq Value 
.00 - .66 238 -0.36 55.17 - 55.70 2 -1.14 Rural area 292 -0.324 

.67 - 1.35 20 0.254 57.14 - 58.33 4 -1.14 Community 30 1.877 
1.41 - 2.08 22 0.366 59.38 - 60.53 2 -0.83 Town 5 3.978 
2.13 - 2.72 17 0.497 61.54 - 62.71 7 -0.83 City 3 6.179 
2.86 - 3.45 9 0.497 65.33 1 -0.83 Proximity to urban centres 
3.61 - 3.95 6 0.497 66.28 - 67.44 6 -0.75 Category Freq Value 

4.65 1 0.497 68.42 - 70.11 7 -0.32 Far from the city 271 -0.452 
5.13 - 5.38 3 0.497 70.49 - 72.17 6 -0.32 Close to the city  55 1.914 

5.98 1 1.264 73.44 - 74.51 4 -0.32 City 4 4.279 
7.67 1 1.264 75.00 - 77.01 10 -0.32   
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Supplementary Table S1. Discrimination measures (dimensions) and 

proportion of variance explained for each dimension by variable groups.  

 

Variable groups  

 

Variables 

Dimensions  

Mean 1 2 

Socioeconomic 

Status of the 

household 

Father's education 0.510 0.345 0.428 

Mother's education 0.562 0.389 0.476 

Father's job 0.555 0.300 0.428 

Mother's job 0.478 0.321 0.372 

Household income 0.478 0.086 0.333 

% of Variance A 50.59 30.82 40.71 

Characteristics 

of the child’s 

home  

Basic Services  0.794 0.062 0.428 

Drinking water source 0.799 0.456 0.628 

House construction materials 0.402 0.078 0.240 

Bathroom  0.688 0.328 0.508 

Electrical appliances  0.403 0.199 0.301 

Cooking fuel 0.221 0.127 0.174 

% of Variance A 55.11 20.83 37.97 

Sedentary 

characteristic of 

the child 

BMI Z value 0.188 0.011 0.100 

Soda 0.214 0.400 0.307 

Hamburger 0.460 0.182 0.321 

Exercise 0.026 0.204 0.115 

TV viewing 0.403 0.338 0.371 

% of Variance A 25.84 22.70 24.27 

Agriculture 

activities of the  

household 

Farm activities  0.342 0.231 0.287 

Contact with animals in farms 0.241 0.380 0.311 

Pigs breeding around home 0.447 0.018 0.233 

Chicken breeding around 

home 

0.442 0.105 0.273 

Other farm animals around 

home 

0.361 0.216 0.288 

% of Variance A 36.64 19 27.82 

                        A % variance represents the sum of inertias for each constituent variable belonging to each variable group. 
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Supplementary Table S2. Socioeconomic status of the household: variables 

stratified by domains. 

 Domains 

Variables Categories 
Low SES   Medium SES High SES   

n % n % n % 

Father's educationA <6 years 2356 79.0% 601 21.0% 68 7.0% 

6-11 years 488 16.4% 1966 68.8% 209 21.7% 

>11 years 138 4.6% 291 10.2% 688 71.3% 

Mother's educationA <6 years 2385 80.0% 498 17.4% 63 6.5% 

6-11 years 485 16.3% 2095 73.3% 214 22.2% 

>11 years 112 3.8% 265 9.3% 688 71.3% 

Father's job Farm worker 2662 89.3% 1006 35.2% 121 12.5% 

Employee 174 5.8% 1197 41.9% 311 32.2% 

Trader 117 3.9% 600 21.0% 113 11.7% 

Professional 29 1.0% 55 1.9% 420 43.5% 

Mother's job House wife 2171 72.8% 1595 55.8% 368 38.1% 

Farm worker 573 19.2% 50 1.7% 8 0.8% 

Employee 158 5.3% 894 31.3% 133 13.8% 

Trader 73 2.4% 310 10.8% 125 13.0% 

Professional 7 0.2% 9 0.3% 331 34.3% 

IncomeB <=$170 2734 91.7% 1608 56.3% 258 26.7% 

$171-$340 198 6.6% 1106 38.7% 236 24.5% 

>$341 50 1.7% 144 5.0% 471 48.8% 

A <6 years (incomplete primary); 6-11 years (incomplete secondary; >11 years (complete secondary and 
higher). Income is stratified by number of basic wages based on on a basic family income (canasta familiar) of 
US$170 in 2007. 
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Supplementary Table S3. Characteristics of the child’s home: variables 

stratified by domains. 

  Domains  

Variables Categories 
Transitional Rudimentary Basic Urban 

n % n % n % 

Basic Services  0-1 Services 2017 95.3% 2211 97% 26 1.1% 

2-3 Services 100 4.7% 69 3% 2382 98.9% 

Source of 

drinking water  

River/well 899 42.5% 2165 95% 2 0.1% 

Piped 1119 52.9% 28 1.2% 15 0.6% 

Potable 99 4.7% 87 3.8% 2391 99.3% 

House 

construction 

materials 

Wood/Bamboo 925 43.7% 2003 87.9% 674 28.0% 

Concrete/others 672 31.7% 124 5.4% 567 23.5% 

Concrete 520 24.6% 153 6.7% 1167 48.5% 

Bathroom Field 288 13.6% 1291 56.6% 71 2.9% 

Latrine 1757 83.0% 987 43.3% 669 27.8% 

Toilet 72 3.4% 2 0.1% 1668 69.3% 

Electrical 

appliances 

0-2 appliances 623 29.4% 1851 81.2% 408 16.9% 

3 appliances 889 42.0% 240 10.5% 844 35.0% 

4 appliances 605 28.6% 189 8.3% 1156 48% 

Cooking fuel Only gas 1872 88.4% 1270 55.7% 2287 95% 

Gas/wood/charcoal 245 11.6% 1010 44.3% 121 5% 
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Supplementary Table S4. Sedentary characteristics of the child: variables 

stratified by domains. 

  Domains  

Variables Categories 
High Medium Low 

n % n % n % 

BMI Z score Normal weight 850 76.1% 1014 65.0% 3991 96.7% 

Overweight 267 23.9% 545 35.0% 138 3.3% 

Fizzy Drinks Sometimes 170 15.2% 155 10.0% 1456 35.4% 

1-4 times by week 261 23.4% 1274 82.0% 2234 54.3% 

> 4 times by week 686 61.4% 125 8.0% 424 10.3% 

Hamburger Never 260 23.3% 621 39.9% 3298 80.2% 

Sometimes 615 55.1% 233 15.0% 751 18.3% 

once a month 242 21.7% 703 45.2% 63 1,5% 

Exercise Daily 922 82.6% 623 40.0% 3514 85.4% 

1-3 times per week 168 15.1% 882 56.7% 523 12.7% 

Sometimes 16 1.4% 5 0.3% 53 1.3% 

Barely 10 0.9% 46 3.0% 26 0.6% 

TV viewed (daily) <1 hours 21 1.9% 58 3.7% 1299 31.5% 

1-3 hours 354 31.7% 1430 91.7% 2345 56.8% 

>=4 hours 742 66.4% 71 4.6% 485 11.7% 
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Supplementary Table S5. Agricultural activities of the household: variables 

stratified by domains 

 Domains 

Variables Categories 
Farm 

environment 

Non-farming 

environment 

n % n % 

Farm activities  No  416 13.8% 2506 66.1% 

Yes 2595 86.2% 1288 33.9% 

Contact with animals on 

farms  

No 1738 57.7% 3537 93.2% 

Yes 1273 42.3% 257 6.8% 

Pigs breeding around house No 914 30.4% 3393 89.5% 

Yes 2095 69.6% 397 10.5% 

Chicken breeding around 

house 

No 59 2.0% 1539 40.6% 

Yes 2951 98.0% 2251 59.4% 

Other farm animals around 

house 

No 1051 34.9% 3261 86.1% 

Yes 1959 65.1% 528 13.9% 

 
 

 

 

 

 

 

 

 

 

 


