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Abstract 
 

Low levels of physical activity are a global public health issue. Along with prolonged bouts 

of sitting, low physical activity is associated with an increase in the risk of noncommunicable 

diseases. Approximately 17.4% of adults and 39.5% of adolescents in Mexico do not meet 

the World Health Organization’s recommended level of physical activity. Urbanisation is a 

potential correlate of physical activity that, at this moment, remains under-researched. The 

aim of this thesis was to study the association between physical activity in Mexico and two 

aspects of urbanisation: urbanicity and perception of safety.  

 

In this thesis, the urbanicity was estimated using the measure developed by Novak et al. 

(2012). The first study used physical activity data from the Mexican 2012 National Health 

and Nutrition Survey and multivariable linear regression models to examine the association 

between physical activity and urbanicity. The characteristics of urbanicity that were 

negatively associated with physical activity were population size, economic activity, diversity 

and communication. The second and third studies, were based on a primary data collection 

from 4,079 Mexican adolescents. The second study investigated the associations between 

urbanicity and physical activity. Results showed negative associations between physical 

activity and communication-based urbanicity; and positive associations with overall 

urbanicity and population density. The third study investigated the association of physical 

activity with perception of safety; finding that lower perception of pedestrian safety was 

associated with lower physical activity amongst females.   

 

Findings from this thesis demonstrated there is an association between urbanisation and 

physical activity in Mexico. Also, it gave an insight of the complexity of these associations, 

being different between adults and adolescents, between gender, state, and type of physical 

activity; highlighting the value of examining urbanicity as a multidimensional construct. The 

findings highlight that urbanisation should be considered in efforts to increase physical 

activity levels in developing countries.  
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Chapter 1 Introduction 

 

1.1 Mexico 

The federal republic of the United Mexican States is the 13th largest nation state in the world 

by area (1,972,550 km2). It is bordered on the north by the United States of America, the 

southeast by Guatemala and Belize, and it is surrounded by the Pacific Ocean on the south 

and west, the Caribbean Sean on the southeast and Gulf of Mexico on the east (Figure 1-1). 

Mexico is divided into 32 federated states, each of which are divided into municipalities. Its 

capital, Mexico City, has a land area of 1,485.49 km2 and is the seat of the federal powers of 

the union.  

 

 

Figure 1-1 Map of Mexico 

 

According to the latest census, the total population of Mexico is of 119,938,473 individuals 

with an average growth of 1.4% per year from which 64.4% are between 15 and 54 years 

old1. Twenty-one percent of Mexicans identify themselves as indigenous. The most densely 

populated area in Mexico is the Metropolitan Area of the Mexican Valley (Valle de Mexico 

in Spanish) with a population density of 2,752 habitants per km2 (21,650,668 habitants in an 

area of 7,866 km2). 
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A metropolitan area is defined as “a set of two or more municipalities where a city of 50 

thousand or more inhabitants is located, whose urban area, functions and activities overflow 

the boundary of the municipality that originally contained it, incorporating as part of itself 

neighbouring municipalities, predominantly urban, with which maintains a high degree of 

socioeconomic integration”2.  The Metropolitan Area of the Mexican Valley, also known as 

“The Greater City”, is the economic, financial, political and cultural centre of Mexico. It is 

the largest metropolitan area in North America and the third biggest in the world, after Tokyo 

in Japan and Seoul Incheon in South Korea3. The Metropolitan Area of the Mexican Valley 

includes the whole of Mexico City, 59 municipalities of Mexico State and one municipality 

of Hidalgo (Figure 1-2). The number of people living in urban areas in Mexico has been 

increasing over time. According to the latest census (2010) from the National Institute of 

Geography and Statistics in Mexico (INEGI, for its initials in Spanish) in 1950, 43% of the 

population lived in urban areas, in 1990 that percentage increased to 71% and in 2010 it 

reached 78%1.  

 

Figure 1-2 Metropolitan Area of the Mexican Valley 



3 

 

1.2 Physical Activity and Health 

Physical activity is defined as “any bodily movement produced by skeletal muscles that 

results in energy expenditure”4. Exercise is “a subcategory of physical activity that is 

planned, repetitive, structured and purposive in the sense that improvement of maintenance of 

one or more components of physical fitness is an objective”4. While physical activity is 

positively correlated with physical fitness, exercise has physical fitness as an objective. 

Physical fitness is “the ability to carry out daily tasks with vigour and alertness, without 

undue fatigue and with ample energy to enjoy leisure-time pursuits”4. Health related 

components of physical fitness are body composition, flexibility, cardiorespiratory 

endurance, muscular endurance and muscular strength.  

 

According to the latest results from the Health and Nutrition National Survey (ENSANUT for 

its initials in Spanish), only 69.9% of male adolescents and 51.2% of female adolescents 

between 15 and 19 years old meet the World Health Organisation’s physical activity 

guidelines of 420 minutes per week of moderate-to-vigorous physical activity (MVPA)5. 

Among adults, 86.2% of males and 84.9% of females meet the World Health Organisation’s 

(WHO) guidelines of 150 minutes per week of moderate physical activity (MPA). Even 

though these values might not seem concerning, still 78.6% of adolescents and 55.5% of 

adults spend more than two hours per day in front of a screen. Thus, there is a need to 

increase physical activity in Mexican adults and adolescents and the overall aim of this thesis 

is to examine how urbanisation may be associated with physical activity in these groups and 

what that may mean for changing physical activity at a population level.  

 

1.3 Urbanisation 

More than half (55%) of the current world’s population resides in urban areas and by 2050 it 

is likely that it will increase to 68%. North America (Canada, United States, Mexico) is the 

most urbanised region in the world with 82% of the population living in urban areas. In 

Mexico, the population size has tripled during the last 65 years, with 73% of the people living 

in urbanised areas. High urbanisation has been associated with an increase in NCDs’ risk 

factors6, 7, this is concerning because it is likely that population growth and therefore the 

expansion of urban areas will continue increasing with time.  
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Urbanisation has been quantified by different approaches. A systematic review8 examining 

the ways urbanisation has been measured in relation to chronic diseases in developing 

countries found that half of the studies that met the inclusion criteria used demographic 

measures to assess urbanisation, this being a problem when trying to compare urbanisation 

between countries, due to different definitions and measurements of urbanisation, also failing 

to portray clearly the relationships between urbanisation and health. The other half of studies 

in the review, used a more complicated measure of urbanisation, including area level data for 

presence of markets, main economic activity of the population, land ownership etc... These 

measures start considering urbanisation as a process rather than a static concept, and if 

measured consistently across studies, could allow comparison between countries.  

 

Urbanisation has many impacts on the work, residence and health of individuals. It therefore 

seems likely that the level of urbanisation and associated constructs such as safety and 

accessibility to physical activity infrastructure will affect physical activity in Mexican 

adolescents. There is, however, a lack of information on this topic.  

 

1.4 Aim of the thesis 

The main aim of this thesis is to investigate the association between urbanisation and physical 

activity in Mexico. In the next chapter there is an overview of the current literature in this 

area and the key research gaps that this thesis is designed to address. Detailed research 

questions and the structure of the remainder of the thesis are then presented in Chapter 3. 
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Chapter 2  

Literature Review 

 

In this chapter, the literature relevant to the thesis is reviewed. The chapter begins with a 

review of the health benefits of physical activity, the prevalence of NCDs’, overweight and 

obesity in the Mexican population, the WHO’s physical activity guidelines for adults and 

adolescents and a review of the health policy in Mexico. Following this, a summary of the 

main results, regarding physical activity in adults and adolescents in health surveys in Mexico 

is summarised. A review of the most common behaviour change theories in physical activity 

and an explanation on how the study of urbanisation fits into the Ecological Model is then 

presented. Finally, the topic of urbanisation is addressed, including its definition, 

measurement through urbanicity and the perception of safety and its associations with 

physical activity. Chapter 3 then presents the research questions and the structure of the 

thesis.  

 

The literature discussed in this chapter was identified via systematic searches of several 

databases (PubMed, MEDLINE, EMBASE). A specific search was conducted for each 

section of the literature review using appropriate combinations. For example, for section 2.1, 

which focussed on physical activity and health, the following terms and combinations were 

used: (“physical activity” OR sports OR exercise OR walking OR cycling OR running) AND 

“non-communicable diseases” AND diabetes AND cancer AND “heart diseases” AND 

“respiratory diseases”).  Only studies from the last 15 years, in English or Spanish and with 

full free text available through University of Bristol were included. Once the literature had 

been identified, the review was prioritised based on the Oxford Hierarchy of Evidence9 such 

as where there was a recent systematic review or meta-analysis, it was considered the primary 

source of evidence, followed by adequately powered randomised controlled trials, 

prospective cohort studies, cross-sectional studies and qualitative methods, which was used to 

understand the context and support a deeper understanding of key constructs.  
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2.1 Physical Activity and Health 

Physical activity is essential for the maintenance of good health. Physical activity is 

associated with lower rates of all cause-mortality, coronary heart disease, stroke, type 2 

diabetes, high blood pressure, metabolic syndrome, colon cancer, breast cancer, and 

depression10. A burden of disease analysis11 calculated the population attributable fractions 

associated with physical activity of the major NCD’s by country to estimate how much 

disease could be prevented if physical inactivity were eliminated. Findings showed that 

physical inactivity was found to be responsible for 6% of the burden of coronary heart 

diseases, 7% of type 2 diabetes, 10% of breast cancer, 10% of colon cancer, and 9% of 

premature mortality (or 5.3 million of the 57 million deaths worldwide). In Mexico, the 

estimated population attributable fractions associated with physical inactivity were 6.2% of 

coronary heart disease, 7.7% of type 2 diabetes, 10% of breast cancer, 11.2% of colon cancer, 

10.1% of all cause of mortality. If physical inactivity were eliminated in Mexico, the life 

expectancy in Mexico would increase by 0.76 years while in the world it would be 0.68 

years. Apart from lowering the rates of NCDs, physical activity reduces the risk of hip 

fracture. A meta-analysis of 22 prospective cohort studies found that risk of hip fracture was 

39% lower among individuals with high physical activity compared to the ones with lowest 

physical activity (95%, CI = 0.54 to 0.69)12. Moreover, physical activity increases the level of 

cardiorespiratory and muscular fitness and helps achieve a healthier body and mass 

composition10. Thus, increasing physical activity at a population level is important for health 

and disease burden globally and in Mexico.  

 

2.1.1 Adult Physical Activity and Health 

Non-communicable diseases (NCDs), also known as chronic diseases, are defined as long 

duration diseases with a combination of genetic, physiological, environmental and 

behavioural factors13. NCDs are responsible for 41 million deaths every year, from which 32 

million occur in low-and-middle-income countries. Importantly, in low and middle-income 

countries, 15 million deaths occur in adults between 30 and 69 years old (premature deaths). 

The main types of NCDs are cardiovascular diseases (e.g. heart attack, stroke), cancers, 

chronic respiratory diseases (e.g. chronic obstructive pulmonary disease and asthma) and 

diabetes; together they account for over 80% of all premature NCDs deaths13.  In Mexico, 

according to the latest health data available (ENSANUT 2016, medio camino), 9.4% of the 
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adult population have type 2 diabetes and its prevalence has been increasing throughout the 

years (from 7.2% in 2006 to 9.2% in 2012)14.  The prevalence of diabetes is defined as “the 

percentage of the population of 20-year-old and older that has been diagnosed as diabetic 

through a doctor or that has glucose levels beyond 126 mg/dl or causal beyond 200 mg/dl. 

The prevalence of arterial hypertension is the percentage of the population of 20-year-old and 

older that has been diagnosed as hypertensive through a doctor or that presents a blood 

pressure considered a risk for health (systolic ≥ 140 mmHg o diastolic ≥ 90 mmHg)14. In 

Mexico the prevalence of hypertension was of 25.5% and the main risk factor of 

cardiovascular, cerebrovascular and kidney diseases. In terms of the causes of premature 

death in Mexico (deaths between 30 and 69 years old), 47% of males are expected to develop 

NCDs and 67% of females. The most common NCD are cardiovascular diseases, followed by 

diabetes, respiratory diseases and cancer (Figure 2-1)15. 

 

   

Figure 2-1 Main causes of premature death in Mexico (30-69 years old). 

 

NCDs’ risk factors (Figure 2-2) are divided into three: common risk factors, metabolic risk 

factors, and socio-economic, cultural, political and environmental determinants. The common 

risk factors are either modifiable (e.g. physical inactivity, unhealthy diet, excessive energy 

intake, harmful use of alcohol, tobacco use) or non-modifiable (e.g. age, race, heredity). 

Metabolic risk factors are raised blood pressure, raised blood glucose, abnormal blood lipids, 

overweight and obesity13. From these risk factors, raised blood pressure is the leading one 

with 19% of global deaths, followed by overweight and obesity, and raised blood glucose13. 
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The socio-economic, cultural, political and environmental determinants are related to 

globalisation, urbanisation and population ageing.  

 

Figure 2-2 Noncommunicable Diseases’ Risk Factors 

 

According to the WHO, overweight and obesity are defined as abnormal or excessive fat 

accumulation that may impair health16. Overweight and obesity are classified by using Body 

Mass Index (BMI), a measure of weight (kg) divided by the square of height (meters), with a 

BMI 25 and ≤ 30 classified as overweight and a BMI ≥30 classified as obese16. Overweight 

and obesity are caused by an energy imbalance between calories consumed and calories 

expended. All over the world, there has been an increase of consumption of high density 

caloric foods and a decrease of physical activity16. Reasons for this include changes in the 

dietary and physical activity patterns and environmental and social changes of the modern 

world, such as the appearance of sedentary employment and changes to passive transportation 

due to increasing urbanisation. Dietary changes such as the increased availability of energy 

dense food and the emergence of highly processed food have also been associated with the 

increase in obesity16. Globally, obesity has nearly tripled since 1975. In 2016, 39% of adults 

(39% men, 40% women) aged 18 years and over were overweight, and 13% (11% men, 15% 

women) were obese. According to the latest health and nutrition survey in Mexico 

(ENSANUT 2016), the combined prevalence of overweight and obesity has increased from 

71.2% in 2012 to 72.5% in 201614. The same survey reported an overweight prevalence of 
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41.7% in men and 37% in women, and an obesity prevalence of 27.7% in men and 38.6% in 

women.  

 

Insufficient physical activity is one of the 10 leading risk factors for global mortality, causing 

3.2 million deaths each year17. In 2010, insufficient physical activity caused 69.3 million 

Disability-Adjusted Life Years (DALY), 2.8% of the global total17. Low levels of physical 

activity have been associated with cardiovascular diseases, diabetes, respiratory diseases and 

cancer. Regarding cardiovascular diseases, a meta-analysis of 23 prospective epidemiological 

studies found that moderate and high levels of leisure time physical activity are associated 

with a moderate reduced risk of cardiovascular diseases18. Even though, in the same study, 

moderate and high levels of occupational physical activity were found to increase the risk of 

cardiovascular diseases. The reason according the authors is that occupational physical 

activity might be detrimental of health because it continues for prolonged hours at work, it is 

repetitive (lifting, bending…) and usually under uncomfortable postures. Whereas leisure 

physical activity is of shorter duration, it involves numerous muscle groups and increases the 

whole-body metabolism and cardiac output. Regarding type 2 diabetes, systematic reviews 

and meta-analysis have found that physical activity reduces the risk of type 2 diabetes19-21, 

either leisure physical activity or vigorous physical activity (VPA), identifying higher levels 

of physical activity as more beneficial in decreasing the incidence of type 2 diabetes than 

moderate levels. In the case of cancer, results from a meta-analysis suggest that regular 

physical activity might be associated with reduced risk of lung cancer22, 23, colon cancer24, 

breast cancer25 and other types of cancer26. 

 

2.1.2 Adolescent Physical Activity and Health 

According to the WHO, the prevalence of overweight and obesity among children and 

adolescents between 5 and 19 years old has risen from 4% in 1975 to 18% in 201616. The 

latest data reports that 216 million children and adolescents are overweight and 124 million 

are obese globally. In this age group, overweight and obesity are measured using the WHO 

Growth Reference median tables; being 1 standard deviation above the median is considered 

overweight, and 2 standard deviations above obese27. In Mexico, the prevalence of 

overweight has slightly increased from 21.6% (19.6% males, 23.7% females) in 2012 to 

23.3% (21% males, 25.4% females) in 2015, while obesity has slightly decreased from 13.3% 
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in 2012 to 12.8% in 201528; still the combined prevalence of overweight and obesity in 

adolescents in greater than 30%, meaning that at least three from 10 adolescents are either 

overweight or obese and at risk of maintaining or increasing weight and their risk factor of 

suffering a NCD in their adult life. In terms of urban and rural areas, the prevalence of 

overweight and obesity is higher in urban areas (overweight: 23.5%, obesity: 14.6%) than in 

rural areas (overweight: 22.8%, obesity: 8.7%)28. 

 

In children and adolescents, physical activity provides significant health benefits by 

contributing to the development of healthy musculoskeletal tissues (i.e. bones, muscles, 

joints), healthy cardiovascular system, neuromuscular awareness, helps in the maintenance of 

a healthy body weight, helps in the prevention of anxiety and depression, builds self-

confidence and social integration29. Physical activity is associated with the reduction of 

cardiovascular risk factors (i.e. systolic blood pressure, insulin, triglycerides) in children and 

adolescents30, regardless of the time spend sedentary31. Moreover, evidence from a systematic 

review and a meta-analysis of 17 studies found aerobic exercise to be associated with 

reductions in fasting insulin levels and also prevent metabolic syndrome and type 2 

diabetes32. Regarding asthma, a meta-analysis of cohort studies revealed that children and 

adolescents with low physical activity had and increased risk of new onset asthma33. Thus, 

ensuring that children and adolescents are physically active is important for the prevention of 

future disease.  

 

Physical activity levels track moderately well from childhood and adolescence to adulthood. 

Previous longitudinal studies have found that the frequency of physical activity declines with 

age34, 35 and that high levels of physical activity shown between 9 and 18 years old predict 

high levels of physical activity in adults36. Moreover, physical activity during childhood and 

adolescence may form the foundation for active habits in the future, carrying as well the 

health benefits associated with physical activity37. Therefore, adolescent physical activity is 

key for future disease prevention and adolescence will be the focus of this thesis.  
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2.1.3 Limitations on the Current Evidence on Physical Activity 

As seen in the previous sections, there is extensive evidence of the positive effects of regular 

physical activity in health; the prevention of NCD’s, reduced risk of premature death and 

even reversing the disease process in cardiovascular diseases. The evidence is built up on 

several types of observational studies (i.e. cross-sectional, longitudinal, cohort studies etc...), 

randomized controlled trials, meta-analysis and systematic reviews that coincide on the health 

benefits of regular physical activity. However, there are some unanswered questions that 

evidence has not agreed on. The first one is the ideal method of physical activity (resistance 

vs. aerobic training), resistance exercise (i.e. weight lifting) has been found to reduce average 

blood glucose levels38 and preserve lean body weight and a decrease the resting metabolic 

rate39, while aerobic training has been associated with a faster initial blood glucose decline38. 

The second one is the intensity level of physical activity, even though there are guidelines of 

physical activity, there is still a debate on which intensity of physical activity beneficiates the 

most to a particular health benefit40-42. And third, research still debating regarding the 

frequency of exercise to achieve health outcomes43, 44. 

 

2.1.4 Physical Activity Guidelines 

According to the WHO, adults between 18 and 64 years old should engage in at least 150 

minutes of moderate intensity aerobic physical activity throughout the week, or 75 minutes of 

VPA throughout the week, or an equivalent combination of moderate and vigorous intensity 

activity29. For additional health benefits, it is recommended to increase MPA to 300 minutes 

per week or increase VPA to 150, or a combination of both. Additionally, muscle-

strengthening activities involving major muscle groups on 2 or more days a week29.  

 

For children and adolescents between 5 and 17 years old, to improve cardiorespiratory and 

muscular fitness and bone health, at least 60 minutes of MVPA every day should be 

accumulated. According to WHO, most of the daily physical activity should be aerobic and 

include at least 3 times per week activities that strengthen muscles and bones (e.g. 

gymnastics, football, martial arts...)29. According to ENSANUT 2012, 59% of the Mexican 

adolescents meet the WHO’s guidelines, even though only 36.1% reported less than 2 hours 

per day of screening time5. The complete results from ENSANUT 2012 regarding physical 
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activity in adults and adolescents can be found in sections 2.2.1 and 2.2.2 of the current 

chapter.  

 

In June 2018, the WHO launched the Global Action Plan on Physical Activity (2018-2030) 

“More active people for a healthier world”45. The programme shows how countries can 

reduce physical inactivity in adults and adolescents by 15% by 2030. To achieve this, it 

proposes a “systems-based approach” of four objectives that countries are encouraged to 

adopt to create active societies through the improvement of environments and the creation of 

opportunities for people of all ages to do more cycling, walking, sport, play and recreation. 

The first objective is to create active societies, focus on the promotion of health benefits 

related to physical activity, provide mass participation events and build a workforce capacity 

with health professionals. The second one is to create active environments, starting with 

integrating transport and urban planning policies, improving active commuting networks, 

strengthen road safety, improve accessibility of spaces and implement proactive building 

policies. The third objective is to create active people by investing in physical education at 

school, incorporate physical activity into social and health services, improve physical activity 

provision for adults and prioritize attention to people who are least active. And the fourth one 

it to create active systems by strengthening policies, building research, improve data systems 

and expand advocacy.  

 

2.2 Physical Activity in Mexico 

Physical activity data in Mexico is reported in two different surveys. The first one, the 

National Health and Nutrition Survey (ENSANUT)5 is the national probabilistic survey 

conducted by the National Institute of Public Health that offers health related data (including 

physical activity) of the whole population from urban and rural areas of every entity of the 

country. Data for ENSANUT is officially taken every six years, being representative at 

national and state level. The latest complete ENSANUT survey was in 2012. In 2016, a “half 

way” survey was implemented to investigate the perception and knowledge of the latest 

health campaigns (Get Moving and Take Care of Yourself). The second survey that reports 

physical activity data of the population is the Module of Sport Practice and Exercise 

(MOPRADEF)46. This survey was initially done every three months by INEGI; now 

MOPRADEF is done every year. MOPRADEF offers statistical information of sport and 
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physical activity participation of males and females between 18 and 69 years old living in 

urban and rural areas. Both, ENSANUT and MOPRADEF offer a practical insight of the 

physical activity behaviour of the population. Their main objectives, methodology, sample 

size and population groups of both surveys are discussed in the following paragraphs. 

 

ENSANUT offers information that constitutes an up-to-date description of the health 

conditions of Mexicans, as well as acting as the response of the health system to these 

conditions and the results achieved. The data provided by the survey also helps identify the 

challenges in health in the coming years and formulate the appropriate strategies to address 

them. The main objective of ENSANUT is “quantify the frequency, distribution and tendency 

of health and nutrition conditions apart from their determinants in the Mexican population; 

also, to make possible examining the answer from the Health Sector to the health and 

nutrition challenges from the population, including the quality and coverage of the services”5. 

Sampling was done through household selection through the national statistical framework 

generated by INEGI. Once households had been randomly selected, one-to-one interviews 

with one person per selected household representing different age groups (0 to 4 years old, 5 

to 9, 10 to 19, 20 and older) were done. Later, a subsample of people were asked to provide 

weight and height measures, blood samples, hypertension measures and self-reported 

physical activity data. The sample sizes, representativeness, objectives and assessments of 

these surveys are presented in Table 2-1. ENSANUT 2012, holds information of 50,528 

households distributed in the 32 states in Mexico and represents information for 29,429,252 

households in the country, according to population projections; while ENSANUT 2016 holds 

information of 9,474 households. In terms of the physical activity subsample, ENSANUT 

2012 offers information covering 16,934 individuals (representing 92,888,568 individuals) 

and ENSANUT 2016 reporting information for 10,549 individuals (representing 86,927,523 

of individuals). 
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Table 2-1 Summary of surveys reporting physical activity data in Mexico 

  

ENSANUT 2012 

 

 

ENSANUT 2016 

 

MOPRADEF 

 

Recurrence 

 

Every six years 

Middle survey 

between 2012 and 

2018 (official ones) 

Every 3 months until 

2013, every year after 

then 

Coverage National Level National Level Urban areas 

Age 0 to 4 years old; 5 to 9 years old; 10 to 19 years 

old, 20 to more 

18 to 69 

Sample 50,005 households 

96,031 individuals 

 

9,474 households 

29,795 individuals 

2,336 households 

Represented at 

national level 

29,429,252 households 117,029 individuals n/a 

Physical Activity 

subsample 

13,009 individuals 10,549 individuals  n/a 

Represented 

Physical Activity at 

national level 

92,888,568 individuals 86,927,523 individuals n/a 

Objective Frequency, distribution, 

tendency and 

determinants of health. 

Evaluate quality and 

coverage of the 

services. 

Investigate the 

perception and 

knowledge of the 

latest health 

campaigns 

Generate statistic 

information regarding 

sport participation and 

PA. 

Frequency, duration, 

intensity of activities, 

reasons and places for 

being active. 

 

Assessment Interviews and questionnaires. 

IPAQ short for PA assessment. 

Interviews and 

questionnaires. 

ENSANUT: Health and Nutrition Survey 

MOPRADEF: Module of Sport Practice and Exercise 

IPAQ: International Physical Activity Questionnaire 

PA: Physical activity 

 

The main objective of MOPRADEF is “to generate statistic information regarding the 

participation in sport and physical activity of males and females aged 18 years old and older”. 

The survey identifies, frequency, duration, intensity of the activities, main reasons of people 

for being active, types of places where sport and physical activity are performed and other 

determinants of physical activity. The sample was done randomly but only in urban areas. 

Data collection entailed interviews and questionnaires but the use of a specific tool to collect 

physical activity data is not mentioned within their methodology. MOPRADEF was initially 

performed every three months but from 2013 onwards, it has been done every year in the 

month of November.  
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2.2.1 Adult Physical Activity 

ENSANUT uses the WHO’s guidelines of physical activity to catalogue physical activity of 

the population into three: “inactive” for those who does not meet the minimum physical 

activity recommended by the WHO of 150 minutes per week of MPA or 75 minutes per week 

of VPA, “moderately active” for those who meet the mentioned guidelines but don’t exceed 

them, and “active” for those with equal or more than 300 minutes per week of VPA. In 

Figure 2-3, the percentage of inactive, moderately active and active people is shown at 

national level, in rural and urban locations. It shows that 82.6% of the population in the 

country reported meeting the WHO’s physical activity guidelines, with people living in rural 

environments more active than in urban (84.6% vs. 82%). Even though more than 82.6% of 

adults were classified as active according to WHO, when evaluated per type of activity 

approximately 16 hours of the day were spent sedentary. ENSANUT recognizes that there is 

a possibility of data being overreported by 34%. The proportion of “inactive” adults was 

17.4%, compared to ENSANUT 2016 which reported 14.4% of adults to be inactive. In 

ENSANUT 2016, 67.3% of adults considered themselves as active, 85.5% reported feeling 

“capable” or “very capable” to do at least 30 minutes of physical activity per day.  

 

Figure 2-3 Percentage of Adults meeting WHO’s physical activity guidelines according to ENSANUT 2012 

 

17.40%

11.90%

70.70%

Inactive Moderately active Active



16 

 

In the survey conducted by MOPRADEF 201746, 49.1% of adults reported “enough” physical 

activity (meeting but not exceeding 150 minutes per week of MPA or 75 minutes per week of 

VPA) compared to past surveys, the percentage of people with “enough” physical activity has 

increased in an important way; in 2016 the percentage was of 46.1%, compared to 23.5% in 

2015, 24.1% in 2014 and 21.5% in 2013. Regarding the most popular places where adults 

keep active, 62% mentioned public spaces while 33.5% mentioned private spaces. More than 

half of the adults keep active for health reasons, 19% do it for fun, 17.6% to look better and 

3.7% for unknown reasons. Participants that reported to be physically “inactive”, 26.5% had 

never done physical activity, 73.5% have been involved in physical activity in the past but 

stopped because of lack of time (47.3%), feeling tired after work (24.3%) and health 

problems (16.5%).  

 

As seen in this section, even though the results of ENSANUT reflect “active persons” and 

MOPRADEF mentioned that nearly half of the adults in urban areas report enough physical 

activity, this does not mean that they are involved in less sedentary activities throughout the 

day. It is possible that, beyond overreporting physical activity, individuals show a display of 

physical activity in constricted periods of time during the day and spent most of the hours in 

sedentary activities, just like ENSANUT 2012 reported 82.6% of adults spending 

approximately 16 hours per day being sedentary. It is important for health strategies to 

promote physical activity, but it is also important to promote a reduction in sedentary 

activities by incorporating physical activity in more aspects of our daily lives (e.g. replacing 

sedentary leisure activities with active leisure activities, choosing active commuting over 

motorised vehicles, etc…).  

 

2.2.2 Adolescent Physical Activity 

As in the adults’ survey, ENSANUT uses the WHO’s physical activity guidelines to classify 

adolescents’ physical activity into three categories: inactive (less than 30 minutes per day of 

MPA and VPA), moderately active (30 - 60 minutes per day of MPA and VPA) and active (at 

least 60 minutes of MPA or VPA per day). In ENSANUT 20125, at national level, 22.7% 

adolescents reported to be inactive, 18.3% moderately active and 59% to be active Figure 

2-4. Similar to adults, adolescents from rural areas were more active than the ones living in 

urban areas (66.6% vs. 56.4%). According to this survey, more than 50% of adolescents meet 
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the WHO’s physical activity guidelines but only 36.1% in 2012 and 27.1% in 2016 spend less 

than two hours on screen time per day. With the prevalence of sedentary activities increasing 

with age, health policies should come up with strategies to reduce the time spent in sedentary 

activities and promote physical activity, putting emphasis on young age where many habits 

are picked. This with the goal to prevent and control the incidence of chronic diseases.  

 

 

Figure 2-4 Percentage of Adolescents meeting WHO’s physical activity guidelines according to ENSANUT 2012 

 

ENSANUT 2012, finishes its report of physical activity in adolescents and adults recognising 

that among the several actions taken to prevent obesity and NCDs’, apart from the ones 

directed to the individual there has to be changes to the physical environment to promote 

healthy lifestyles, for example by building cycling routes to increase active travel, improve 

the accessibility to sport centres, or by providing safe spaces for recreational activities.  

 

Compared to ENSANUT 20125, ENSANUT 201614 reported a slight and non-significant 

increase of active adolescents (60.5%), while adolescents that only spent less than two hours 

per day on screening time reduced to 27.1%. According to ENSANUT, this slight increase in 

physical activity could be explained by the increase of massive leisure physical activity 

programs that were introduced in 2012 (e.g. night cycle rides, park yoga, Sunday cycling, 

etc..). Thus, there is a need to find ways to increase physical activity in Mexican adolescents, 

22.70%

18.30%
59.00%

Inactive Moderately active Active
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and to achieve this aim we need to understand the key factors that are associated with 

physical activity.  

 

2.2.2.1 Increasing adolescent physical activity in Mexico  

The evidence presented above highlights a need to increase physical activity in Mexican 

adolescents. This creates a major public health challenge as most of interventions to increase 

adolescent physical activity have had limited effect or only worked in small sub-groups47. 

Moreover, the majority of the interventions have been focussed on individual behaviour 

change and have been delivered in developed nations as USA, Australia and European 

countries. Thus, the potential of these programs to have an impact in any country and 

particularly a middle-income country such as Mexico is very limited. As such, new strategies 

that take account of the country-specific issues in Mexico are needed. The Medical Research 

Council guidance for complex intervention development48 states that a key phase in the 

intervention development is understanding the context of interventions and modelling 

potential intervention approaches. In order to achieve this, it is important to identify the 

potential determinants of behaviour and the variables that would need to be adapted or 

changed in order to facilitate increased physical activity49, 50. These variables will be context 

specific so the potential determinants of physical activity behaviour in Mexico will not be the 

same as in the UK. Thus, in order to identify strategies to increase physical activity in 

Mexican adolescents there is a need to identify the key potential determinants of behaviour 

change in this group.  

 

2.2.3 Health Policy 

The Sectorial Health Programme (Programa Sectorial de Salud, in Spanish) 2013 – 2018 

refers to the Mexican national health strategy and key action points taken by the government 

to improve the health of the population, reduce health inequalities, provide access to health 

services, and the efficient administration of health resources51. One of the key action points of 

this programme is the prevention of NCDs through the promotion of healthy lifestyles. In 

Mexico, the main causes of death are cardiovascular diseases and diabetes mellitus, which 

risk can be reduced by engaging in regular physical activity52. In the following sections, the 

national and state health strategies for the promotion of physical activity are discussed.   
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2.2.3.1 National Level 

The Food and Physical Activity Programme (FPAP) (Programa de Accion Especifico de 

Alimentacion y Actividad Fisica) 2013 – 201853 is part of the Sectorial Health Programme 

that seeks the prevention of NCDs’ through the improvement of food and physical activity 

habits through the promotion of healthy lifestyles at all life stages. The action points of this 

programme are: 

 

1. The promotion of an appropriate diet in different environments. 

2. The promotion of physical activity between all age groups. 

3. The implementation of campaigns that promote healthy lifestyles. 

4. To encourage lactation among mothers as the main way to feed their child and the 

provision of adequate nutrition complementation. 

5. The promotion and rescue of the traditional food culture. 

6. Strengthening the skills of health personnel in terms of nutrition.  

7. The supervision and evaluation of the mentioned actions.   

 

As seen before, the second action point is related to the promotion of physical activity and the 

third one to the implementation of health campaigns, including the ones related to physical 

activity. The FPAP has identified three action plans for physical activity (Table 2-2). First, 

disseminate health campaigns with the help of mass media. In the past this kind of strategy 

has been very helpful to instate behaviour change in specific settings and in different age 

groups. For example: “Less diabetes more health” targeted to elderly adults or the annual 

heath strokes campaigns. Regarding physical activity, the government suggests targeting 

adults with desk jobs by recommending “physical activity breaks” during working hours, and 

children by promoting better Physical Education classes and encouraging them to play more 

outside during school breaks. The second strategy is to improve the physical environment at 

community level by improving the urban designs, street use and planned transport. The 

FPAP, with the help from the Secretariat of Agrarian, Land and Urban development, looks to 

provide adequate public spaces like parks, gyms, sports centres and courts, and swimming 

pools along with walking and cycling routes that connect these spaces generating a grid of 

places intended for physical activity. This new infrastructure should at least have appropriate 
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lighting, regular maintenance and vigilance, and be suited for people with disabilities, be 

signalised and most important, have universal free access. The third action is the use of 

technologies to prevent overweight and obesity in the population. The Secretariat of Public 

Health and the Mexico’s Children Hospital Federico Gomez developed an overweight and 

obesity prevention programme with the use of the app PAIDOS54. This app registers the type 

of food ingested during the day and suggests personalised physical activity routines, it also 

helps identify users when the sense of hunger is originated by anxiety, anger, sadness and 

other feelings. During the implementation of this pilot trial, users had an adherence to the 

programme of 85% after three months of use and 70% after six months. Even though the use 

of technologies is just on early stages, its approach from the government to promote healthy 

lifestyles has triggered alliances between schools and private industry to develop apps to 

increase physical activity and healthy eating behaviour in the population.   
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Table 2-2 Action plans for physical activity from the Food and Physical Activity Programme (FPAP) 

 

 

 

Action Plans 

 

Objective 

 

Specific 

Actions 

 

Minimum 

required 

Other public 

or private 

institutions 

involved 

 

 

 

 

1 

 

 

Dissemination of 

health campaigns 

through mass media 

 

Instate 

behaviour 

change in 

different age 

groups – Be 

more active 

TV and radio 

adverts about 

importance of 

active breaks 

during working 

hours (adults) 

and classes 

(children and 

adolescents)  

  

 

Secretariat of 

Public 

Education 

 

 

 

 

 

 

2 

 

 

 

 

 

Improve the physical 

environment at 

community level 

 

 

 

Improve 

urban design, 

street use, 

planned 

transport 

 

Provide 

adequate public 

spaces for PA 

(parks, gyms, 

sports centres, 

courts, 

swimming 

pools) 

 

1. Appropriate 

lighting  

2. Regular 

maintenance 

3. Vigilance 

4. Universal 

Access  

 

 

 

Secretariat of 

Agrarian, Land, 

and Urban 

Development 

 

Provide walking 

and cycling 

routes that 

connect to 

spaces intended 

for PA 

 

1. Appropriate 

lighting 

2. Suited for 

people with 

disabilities 

3. Signalised 

 

 

 

 

 

3 

 

 

Use of technologies  

 

Prevention of 

overweight 

and obesity 

 

Use Apps to 

give nutrition 

and health 

advice to 

individuals 

  

Mexico’s 

Children 

Hospital 

Federico 

Gomez 

 

Involve other public 

and private 

institutions in the 

promotion of PA 

 

Receive 

support and 

contribution 

from other 

government 

agencies 

 

Help in the 

organization, 

dissemination 

and logistics of 

PA promotion 

campaigns 

 SSA, IMSS, 

ISSSTE, SEP, 

DIF, CONADE, 

PEMEX, 

SEDENA, 

SEMAR, STPS, 

CONAGUA, 

PROFECO 
PA: Physical activity, 

For their initials in Spanish: 

SSA: Health Secretariat 

IMSS: Mexican Social Security Institute 

ISSSTE: Institute for Social Security and Services 

for State Workers 

SEP: Secretariat of Public Education 

DIF: National System for Integral Family 

Development 

CONADE: National Commission for Physical Culture 

and Sport 

PEMEX: Mexican Petroleum 

SEDENA: Mexican Secretariat of National Defence 

SEMAR: Naval Secretariat 

STPS: Secretariat of Labour and Social Welfare of 

Mexico 

CONAGUA: National Water Commission 

PROFECO: Office of the Federal Prosecutor for the 

Consumer 
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2.2.3.2 State Level 

In response to the FPAP, each of the 32 states in Mexico have developed state programmes to 

promote and facilitate physical activity. The one that is best documented and publicly 

available is the one from Mexico City, and this section is mainly dedicated to describing the 

Mexico City campaign.  

 

In Mexico City, the campaign “Get Moving and Take Care of Yourself” (Checate, Midete, 

Muevete, in Spanish) is an informed social movement that promotes healthy lifestyles 

through nutrition and physical activity. After three years since it started in 2008, it has 

impacted one million and a half of people through different areas of intervention. Its main 

objective, intervention groups, activities and material used are mentioned on Table 2-3. 

 

Table 2-3 Mexico City Food and Physical Activity Programme. Summary of key points. 

Objective: generate an informed and organised social movement to promote healthy lifestyles that achieve a 

deceleration in the prevalence of overweight and obesity in the population, through actions of nutritional 

orientation and promotion of physical activity.  

 

Intervention Groups 

 

 

Activities 

 

Material and Training 

 

Move with the help 

of groups  

 

Activities of nutrition and PA promotion in 

the 16 sanitary jurisdictions 

 

Referral to health centres. 

Informing of PA, per age group.  

 

 

Get moving in the 

Office 

 

Ten-minute exercise routines in the 

workplace and diffusion of healthy eating 

messages through posters 

 

 

Training of more than 600 

“volunteer activators”  

Posters, flyers around the office 

 

 

Get moving in the 

City (Eco-bike) 

 

 

Sunday and evening bike rides.  

 

Information Kiosks in Paseo de la 

Reforma every Sunday. 

 

Get moving at 

School 

 

Consultancy provision about the “healthy 

lunch-box”, as the “Eat well plate”, as the 

implementation of exercise routines. 

 

 

Information Banners 

Personnel registering BMI and waist 

circumference 

 

Get moving at the 

Park 

 

Health Fairs at parks in which the promotion 

of healthy eating and physical activity is 

done through games and activities. 

 

 

Informing adequate physical 

activities, exercises per age group. 

 

Other 

 

Information kiosks in subway exits about 

healthy lifestyles 
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In the latest health and nutrition survey in Mexico (ENSANUT 2016), 8,458 adults were 

interviewed regarding the awareness of the Get Moving and Take Care of Yourself health 

campaign in their state. Fifty-seven percent of the interviewed adults mentioned knowing 

about the campaign, 64% of these adults live in an urban area and 43.7% in a rural area. 

Mexico City is the state in which the people are most aware of the health campaign, followed 

by the centre of the country, then the north and finally the south. Regarding differences 

between gender, more women knew about the campaign than men (61% vs. 53.3%), while 

people between 20 and 39 years old are the ones that identified the campaign the most 

(63.7%), followed by people between 40 and 59 year old (58.1%), and lastly the group of 

60’s and more (36%)14. Even though most of the population are aware of this programme, 

evidence suggests that changing awareness does not necessarily mean changing behaviour. 

Programme evaluations of mass media marketing campaigns showed that increasing 

awareness has very little impact on attitudes and behaviours55, and that even though self-

efficacy on physical activity can be increased through these campaigns, it is difficult to 

confirm their long-term effects56, 57. Therefore, it is important that the objectives and 

messages of the campaign reach more people, specially adolescents that will likely carry 

behaviours into adulthood and adults over 40 years old; but it is imperative to start adapting 

the built environment to suit the needs of the population in terms of physical activity and 

explore other strategies to change behaviour besides awareness.   
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2.3 Health and Behaviour Theories in Physical Activity 

A theory is “a set of interrelated concepts, definitions, and propositions that present a 

systematic view of phenomena by specifying relations among variables, with the purpose of 

explaining or predicting phenomena”58. Theories are abstract by nature, and do not have a 

specific content, instead “they come alive when filled with practical topics, goals, 

problems”59, as in the case of public health. Due to health behaviours being far too complex 

to be explained by one single theory, a collection of theories come together forming a model. 

Apart from models being informed by more than one theory, models are complemented with 

empirical findings. Models and theories explain behaviours and suggest ways to achieve 

behaviour change, and in social sciences, they specify the determinants influencing the 

phenomena of interest59.  

 

Even though several theories of behaviour change in physical activity have been used, the 

ones mentioned Table 2-4 have been more frequently applied to physical activity behaviour60. 

From cognitive theories that focus on behaviour change on the individual to the trans-

theoretical model that studies behaviour change as a process, to ecological models that 

consider behaviour to have multiple levels of influence apart from the individual, the variety 

of focus on behaviour change is broad. Self-determination theory (SDT) is specifically a 

theory of motivation, which forwards concepts around the quality of motivation and the 

psychological needs to achieve autonomous motivation. SDT has been extensively applied in 

physical activity and health61 but it does not specifically account for the physical 

environment. The Social Cognitive Theory (SCT) (evolved from the Social Learning Theory) 

explains the “why and how” people change individual health behaviours and the 

psychological and environmental determinants that influence them60. A strength of SCT is 

that it provides explanations for almost all human phenomena, even though the breadth of 

this makes it difficult to be tested comprehensively as a whole theory, compared to other 

theories62. Only the psychological construct of self-efficacy has been validated repeatedly62. 

The theories of Reasoned Action (TRA), Planned Behaviour (TPB) and the Integrated 

Behavioural Model (IBM) hypothesise relationships between attitudes, intentions and 

behaviours. TRA points out that the best predictor of a behaviour is behavioural intention, 

determined by attitude towards the behaviour and the social normative beliefs towards it. 

TPB adds to this theory the construct of “perceived control” which is composed by control 
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beliefs and perceived power; while IBM integrates constructs of TRA and TPB and 

concludes that the most important determinant of behaviour is intention to perform 

behaviour, composed by attitude, perceived norms and personal agency; followed by 

knowledge and skills to perform the behaviour, salience of the behaviour, environmental 

constraints and habit. These three theories provide a clear framework to decode individuals’ 

actions and measure factors that affect behaviour and might be good for behaviours over 

which people have less volitional control60. However, targeting a few beliefs might not be 

effective if they represent a small proportion of the total set of beliefs affecting intentions. 

Moreover, literature has reported discrepancies regarding the strength of the intention-

behaviour association63, 64. The theories discussed up to this point have focused on the 

individual, dealing with behaviour change through prediction and control but considering 

change as a sole event and not like a process.  
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Table 2-4 Strengths and Limitations of Health Behaviour Theories 

 

Theory/Model 

 

 

Description 

 

Strengths 

 

Limitations 

 

Self-

determination 

Theory 

 

Motivation differs in its type based on if it is relatively autonomous 

or controlled. Autonomous motivation → predictive of behavioural, 

cognitive and affective outcomes65. Basic psychological needs: 

 

Autonomy: Being the perceived origin or source of own behaviours 

Competence: Feeling effective in ongoing interactions 

Relatedness: Feeling connected to others, belongingness. 

 

 

A theory comprised of sub-

theories that seek to explain 

human motivation and behaviour 

based on individual differences. 

Extensively applied and tested in 

physical activity and health. 

 

 

Focuses on 

changing the 

behaviour of 

the 

individual 

and less on 

the 

environment. 

Not self-

adherent to 

PA. 

Oversimplify 

the 

complexity 

of PA 

behaviour. 

 

Does not specifically account 

for physical environment.  

 

Social Cognitive 

Theory 

 

Why and how people change individual health behaviours and the 

social and physical environments that influence them60. 

 

1. Psychological determinants of behaviour: Outcome 

expectations and self-efficacy. 

2. Observational learning: Learning to perform new behaviours 

by exposure to media or peer modelling. 

3. Environmental determinants of behaviour: Incentive motivation 

(reward/punishment) and facilitation (provision of 

tools/resources) 

4. Self-regulation: Self-monitoring, goal-setting, self-reward, self-

instruction 

5. Moral disengagement: Violation of moral that avoids violence 

to others.  

 

 

Provides explanations for a range 

of human phenomena. 

 

Not tested comprehensively, just 

self-efficacy has been validated 

within the PA domain62. 

 

Theory of 

Reasoned Action 

(TRA) 

 

 

Best 

predictor of a 

behaviour is 

behavioural 

intention, 

determined 

by attitude 

and social 

beliefs.   

 

  

Provides a clear framework that 

conceptualizes, measures, and 

identify factors that affect 

behaviour.  

 

Good for behaviour over which 

people have less volitional 

control.  

 

Targeting a few beliefs may not 

be effective if they represent a 

small proportion of the total set 

of beliefs affecting intentions. 

 

Discrepancies regarding the 

strength of the intention-

behaviour association:  Does not 

decline over time63; declines 

over time64.  

 

Theory of 

Planned 

Behaviour (TPB) 

 

Adds “perceived control”, composed by: 

1. Control beliefs 

2. Perceived power  
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Integrated 

Behavioural 

Model (IBM) 

 

 

 

Integrates constructs from TRA and TPB.  

Most important determinant of behaviour is 

intention to perform the behaviour:  

1. Attitude 

2. Perceived Norm 

3. Personal Agency 

also: 

4. Knowledge and skills 

5. Salience of the behaviour 

6. Environmental constraints 

7. Habit 

 

Limited to single proximal 

determinant of behaviour - 

intention 

 

The 

Transtheoretical 

Model/States of 

Change (TTM) 

 

Change not as an “event” but as a process that unfolds over time. 

 

1. Pre-contemplation: No intention to take action in 6 months 

2. Contemplation: Intents to take action within 6 months 

3. Preparation: Take action in 30 days 

4. Action: Change behaviour for less than 6 months 

5. Maintenance: Change behaviour for more than 6 months 

6. Termination: No temptation relapse, 100% confidence 

7. Processes of change: Covert and overt activities people use to 

progress through stages 

8. Decisional Balance: Weighing the pros and cons of changing. 

9. Self-efficacy: Confidence that people can cope with high-risk 

situations without relapsing.  

 

 

- Provides a framework to 

categorise individuals into a 

particular stage of 

change→how to encourage?  

- Interventions that meet 

individuals’ requirements on 

their stage of change. 

- Enhance participation 

- Increase retention rates  

- Reduces the resistance of 

individuals to initiate 

difficult behaviours 66.   

 

Depends of the culture in which 

is applied. 

More research needed to 

structure the stages of change in 

PA. 

TTM describes behavioural 

stages but not any 

psychological, social, 

environmental determinants of 

behaviour 59. 

 

Ecological 

Models/Social 

Ecology 

 

Behaviour has multiple levels of influence: 

1. Intrapersonal 

2. Interpersonal 

3. Organizational 

4. Community 

5. Public Policy 

Behaviour is maximized when environment and policies support 

healthful choices, when social norms and social support are strong, 

and when individuals are motivated and educated to make those 

choices59. 

 

Focuses on individual influences 

as well as social, environmental 

factors and policy. 

Multiple levels of influence 

broaden options for 

interventions. 

Policy → affects population ( 

from individual based theories). 

Acknowledges that influence of 

determinants may change over 

time → influence upon 

behaviour.  

 

 

Unspecific about the mechanisms of important 

hypothesized influences→ methodological and 

conceptual challenges. 

 

Hard to identity critical factors because of the 

lack of information about how the broader levels 

of influence operate or how variable interact 

across levels. 

 

Fail to provide applicable measures to be 

implemented across numerous domains and 

settings. 
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To overcome the limitations of the social cognitive models, The Transtheoretical Model 

(TTM), also known as “Model of Change”, treats behaviour change as a process that unfolds 

over time. TTM uses stage-based approaches which are characterised by a particular set of 

psychological and behavioural changes. The stages of TTM start with precontemplation, 

contemplation and preparation, in which the individual does not take immediate action in a 

set of time but ponders the change to make; followed by action of changing the behaviour for 

less than six months; and then maintaining that behaviour for more than 6 months 

(maintenance), and finally adopting that behaviour completely with a 100% confidence 

(termination). TTM also borrows constructs from other theories by incorporating individuals’ 

weighing of “pros and cons” of the behaviour and self-efficacy as part of the model of 

change. A strength of this model is that designing interventions that are tailored to the 

requirements of individuals based on their stage of change is considered to enhance 

participation and retention rates of individuals, but most importantly to reduce the resistance 

of individuals to initiate difficult behaviours66. Moreover, it provides a framework to 

categorise individuals into the stage they are at, and also encourages them to change 

behaviour and progress through the stages. Limitations of the model would be its dependence 

on the culture in which it is applied; also, failing to recognise, as the case of cognitive 

individual theories, that apart from the individual complexities there are external and social 

factors such as age, socio-economic status, gender, social and built environment and policy 

environment that help to explain multifaceted and complex phenomenon such as the 

engagement in physical activity59, 67, 68.  

 

2.3.1 Multi-layered models of understanding behaviour  

As noted above, the majority of the current intervention approaches have employed the 

individual level behaviour change approaches that have been based on the theories identified 

above. These approaches have not yielded the hypothesized effects at individual level nor the 

potential to scale these approaches for population level behaviour change, and as such, 

alternative designs need to be considered. In the last 20 years, researchers have become aware 

that changing health behaviour is a complex phenomenon that has multiple levels of 

influences67, 69. In an attempt to, not only focus on the individual but also in social, 

environmental and policy factors that may facilitate or inhibit individual behaviour, the use of 

ecological approaches has become popular. The Ecological Model introduces the idea of 

behaviour having multiple levels of influence: intrapersonal, interpersonal, organizational, 
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community and public policy. According to this model, behaviour is maximized when 

individuals are motivated and educated to make those choices, but, differently from 

individualistic theories and TTM, also when environment and policies support healthful 

choices and when social norms and social support for healthful choices are strong. 

Individualistic theories might be more specific about the most important hypothesized 

influences, but they are unlikely to drive population change. Ecological models, due to their 

multiple levels of influence, broadens options for interventions that are more likely to reach 

entire populations and chance policy. In the following sub-section, the main concept, core 

principles and limitations of the Ecological Model are described, as well as why it was the 

chosen health and behaviour theory for this thesis.  

 

2.3.1.1 Ecological Model 

The term “ecology” refers to the interrelations between organisms and their environments59. 

The Ecological Model, aside from studying the individual, recognises the influence of the 

organizational elements and the polices implemented, on health behaviour of the broader 

community. In other words, the ecological model emphasizes the environmental and policy 

contexts of behaviour, while incorporating social and psychological influences. Ecological 

models guide the development of more comprehensive population approaches to changing 

behaviours that will reduce the prevalence of health problems. The main concept of the 

ecological model is to consider “behaviour” as a construct of multiple levels of influence. 

Behaviour is maximised when it is supported by environments and policies, strong social 

support, and when individuals are motivated and educated to make those choices.  

 

The four core principles of ecological models of health behaviour are: 1) there are multiple 

levels of influence on specific health behaviours: intrapersonal (biological, psychological), 

interpersonal (social, cultural), organizational, community, physical environment, and policy, 

2) the different influences on these health behaviours interact across different levels, 3) 

ecological models should be behaviour specific, 4) multi-level interventions are most 

effective in changing behaviour. The Ecological Model of Active Living70 proposes the 

following ecological approach to creating more physically active communities: intrapersonal 

(i.e. demographics, biological, psychological, family situation), perceived environment (i.e. 

safety, comfort, accessibility, convenience), access and characteristics of the neighbourhood, 
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recreation environment, home environment, workplace and school environment; and the final 

ring deals with policy environment (i.e. health care incentives, transport and public recreation 

investments, park policies, school policies…) (Figure 2-5). These rings are soft divided by 

active recreation, household activities, occupational activities and active transport; and hard 

divided into information environment (i.e. mass-media, media regulations), social cultural 

environment (i.e. social support, social climate, advocacy by individuals and organizations) 

and natural environment (i.e. weather, air quality, open space, land use policies). This onion-

like division with cross-level divisions gives an extremely complete panorama of all the 

factors at different levels affecting the change of behaviour in physical activity.   
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Figure 2-5 Ecological Model of Active Living by Sallis, et al. 200670 
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The main strength of the ecological model is that it includes multiple levels of influence, 

thereby broadening the options for interventions. This multi-level influence increases the 

possibility of influencing the entire population, in contrast with interventions based on the 

individual. A limitation of this model is the lack of specificity about the hypothesized 

influence; also it is difficult to identify critical factors due to lack of information regarding 

how the broader levels of influence operate and how the variables interact across levels. On 

the other hand, individual-level psychosocial theories of health behaviour are more likely to 

specify the mechanisms of interaction and the variables expected to influence behaviours. In 

a country such as Mexico, where physical activity research is in its early stages, the socio-

ecological model provides a broad framework for understanding physical activity. Even 

though the model does not specifically mention urbanisation nor many factors that underpin 

it, some are scattered at different levels (e.g. perceived crime, traffic safety, presence of 

trails/paths, availability of electronic entertainment, demographics). Thus, the socio-

ecological model provides an appropriate framework for promoting physical activity in 

middle income countries such as Mexico, which have a limited evidence base.  

 

2.4 Urbanisation 

The study of urbanisation is complex, it involves the study of many elements, not only 

environmental and therefore it is a key candidate to be considered within an ecological 

framework of physical activity. For example, the population density of a place and the 

primary source of activity of the region (i.e., farming, services, business) are socio-cultural 

elements that impact the individual; the perception of crime and traffic safety are part of the 

perceived environment; the elements of the number of paved roads, sewage services, 

education related buildings and health buildings are part of the neighbourhood environment, 

and the availability of television, internet, technological devices could be part of the 

information and school environment of an adolescent.  

 

Urbanisation refers to the rate of increase in the proportion of people living in urban areas 

and the expansion of built-up areas (i.e. buildings, infrastructure). The proportion of people 

living in urban areas is increased by urban growth. Urban growth is the increase in the 

number of people living in urban areas through settlement transition, which is when an 

existing village meets administrative criteria of a town, through a re-adjustment of boundaries 
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during settlement expansion or by rural-urban migration or by natural increase, where births 

exceed amount of deaths (Figure 2-6).   

 

 

Figure 2-6 Definition of urbanisation and urban growth 

 

According to the 2018 revision of World Urbanisation Prospects from United Nations3, 55% 

of the current world’s population resides in urban areas and by 2050 this percentage is 

projected to increase to 68%. The most urbanised regions include North America where 82% 

of the population live in urban areas, followed by Latin America and the Caribbean with 

81%, then Europe (74%), Oceania (68%), Asia (50%) and Africa (43%). Urban populations 

have rapidly increased in the world, rising from 751 million in 1950 to 4.2 billion in 2018, 

from which Asia holds 54% of the world’s urban population, followed by Africa (13%) and 

Europe (13%)3. In Mexico, the population size has tripled in the last 65 years, 73% of the 

population live in metropolitan areas, urban centres and megacities (cities with 10 million 

inhabitants or more)71. Mexico City, with a population 22 million habitants, is approximately 

the fourth largest city along with Sao Paulo; after Tokyo, New Delhi and Shanghai3.  

 

Urbanisation is conceptualised as a process, a non-static concept that is hard to measure 

because of its constant change. Consequently, urbanicity is used to provide an idea of the 

level of urbanisation of a location. Urbanicity is the presence of conditions that are specific to 
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urban areas or are present to a much greater extent than in non-urban areas72. Some authors 

consider urbanicity as a complementary aspect of urbanisation72, which is understandable 

when both refer to different features of the urban environment. For example, while 

urbanisation would focus on industrialization as one of many elements of the physical 

environment, urbanicity would focus on number of industries and factories or pollution; 

industrialization refers to a social and economic change which is hard to measure because of 

unclear markers and continuous change, while it is easier to count the number of factories 

within a municipality. Due to the above, it is understandable why urbanicity is seen by some 

authors as a complementary aspect of urbanisation, but in practice urbanicity is a static 

concept that gives us an idea of how urbanised an area is at a given point in time.  

 

2.4.1 Urbanicity 

As mentioned above, urbanicity is used to estimate how urbanised an area is, as it refers to 

the elements and circumstances that are present to a greater extent in urban versus rural 

places. According to Vlahov, Galea 72, urbanicity refers to the “impact of living in urban 

areas at a given point in time, the presence of conditions that are particular to urban areas or 

are present to a much greater extent than in non-urban areas”. Urbanicity can be practically 

assessed by measuring physical elements, for example the number of paved roads, 

availability of televisions, number of health centres and number of schools. But urbanicity 

could also be the presence of other non-physical elements, such as substantial industrial 

pollution, pedestrian-motor-vehicle injuries, homicide rates, substance abuse, availability of 

public transport and perception of safety.  

 

To measure urbanicity, several authors have created urbanicity scales. These scales give a 

value (between 0 and 10) to a range of features of a location depending on their presence in 

the environment, and then they are aggregated into one urbanicity score. A number of 

different scales have been created and the most widely used scales are summarised in Table 

2-5. Mendez, Du, Popkin 73 (2004) created the multicomponent measure for urbanicity basing 

their work on an unpublished manuscript from Mendez, Stookey, Adair, Popkin 74 (2003). 

Mendez et al. (2004) studied the association between urbanicity and food availability and 

included 10 items to calculate urbanicity.  Later, Dahly, Adair 75 (2008) refined the urbanicity 

score and applied it to communities in the Philippines. Following this, Jones-Smith, Popkin 76 
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(2010) identified, common definitions for distinguished features of the urban environment 

and developed a list of characteristics to measure urbanicity.  

 

The scale by Jones-Smith and Popkin (2010) used the scoring system from Dahly and Adair 

(2008) for some of the urbanicity items but included the sub-scales of “social services”, 

referring to the availability of preschool and social services, and “diversity”, referring to the 

variance in housing quality and years of education among mothers, and differentiated 

between “traditional markets” and “modern markets”. This scale showed very good internal 

consistency (α= 0.85 to 0.89), good item scale correlations (>0.4) and good test-retest 

reliability (r=0.90 to 0.94). Moreover, it showed “fair-to-good” inter-scale agreement 

(Spearman correlation = 0.75 to 0.78) when compared to the official government rural-urban 

classification of communities. A limitation of this measure was that the 12 elements included 

make assessment impractical when conducting studies on larger scales such as state level, 

national or even large localities due to the availability of public data.  

 

Parallel to Jones-Smith and Popkin’s scale, Allender and other authors 6, 7 (2010 & 2011) 

developed a scale, based partially on the scoring system from Dahly and Adair but adapted to 

fit the Indian and Sri Lankan context. Then they used the urbanicity scale to study the 

association between urbanicity and NCDs’ risk factors. The authors also suggested that 

urbanicity might need to be targeted to the culture of the country and also to the availability 

of data needed to calculate scores. In 2012, Novak, Allender, Scarborough, West 77 developed 

the urbanicity scale further and assessed its feasibility in other countries (Ethiopia, India, 

Peru). The scale was tested for criterion validity, in which the composite urbanicity scale 

score was compared with a dichotomised version of urbanicity (urban-rural), resulting in 

good agreement (Kappa=0.76; Spearman’s rank-correlation coefficient=0.84, p<0.0001). 

Construct validity was assessed through factor analysis which tested if the scale accurately 

measured the latent construct (urbanicity) and scale correlations for each domain of the 

urbanicity score were calculated. The scores demonstrated good item-factor correlations 

(r≥0.40); meaning that each domain of the scale is associated with the concept of urbanicity 

and contributes to its measurement. Moreover, construct validity was supported by evaluating 

the relationship between the urbanicity scale and other factors that are known to vary with 

urbanicity, such as housing quality and socio-economic status. In all three countries, both 
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variables showed a positive correlation with urbanicity (p<0.05). As previously mentioned, 

there are several scales to measure urbanicity, most of them share similar items and they are 

often based on the same score from Dahly and Adair (2008). On these grounds, there is not 

an obvious choice regarding which scale to use to assess urbanicity in Mexico. In this thesis, 

the scale by Novak et al. (2012) was selected for the following reasons (1) it has been tested 

for validity in three different countries with a cultural and political situation similar to 

Mexico, (2) there is a published clear methodology for the assessment of each of the 

urbanicity sub-scores and (3), the information required to calculate the seven proposed sub-

scores is publicly available in Mexico.  
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Table 2-5 Composite measures of urbanicity 

 Mendez, 

Du, Popkin 
73 (2004) 

Dahly, 

Adair 75  

(2008) 

Jones-

Smith, 

Popkin 76 

(2010) 

Allender, 

Lacey, Webster, 

Rayner, Deepa, 

Scarborough, 

Arambepola, 

Datta, Mohan 7 

(2010)  

Allender, 

Wickramasinghe, 

Goldacre, 

Matthews, 

Katulanda 6 

(2011) 

Novak, 

Allender, 

Scarborough, 

West 77 

(2012) 

 China Philippines China India Sri Lanka Ethiopia, 

India, Peru 

Population size 

Number of people in a 

place 

X X  X X X 

Population density 

Number of people per 

km2 

X X X X X  

Communications or 

Media 

Presence of phone 

services, internet, cable 

TV, mobile phones 

newspaper 

X X X X X X 

Education 

Amount of primary 

schools, secondary 

schools, colleges, 

vocational schools 

X X X X X X 

Health infrastructure 

or health services 

Presence of health 

services/centres, 

amount of 

doctor/nurses per 

person 

X X X X X X 

Economic Activity 

Amount of people 

involved in 

agriculture/farming 

X  X  X X 

Built environment or 

Sanitation 

Amount of paved 

roads, light posts, 

sewage services… 

X  X  X X 

Transportation 

Availability of public 

transport* 

X X X X X  

Housing Quality 

Structural integrity of 

the place, structural 

hazards 

X  X  X  

Access to markets 

Number of retail shops, 

drug stores, grocery 

stores 

X X X  X  

Diversity 

Variance in housing 

quality plus variance in 

years of education 

among mothers 

  X X  X 

Social Services 

Availability of 

preschool and social 

services 

  X    

* Depending on the scale, density of paved roads could also be measured.  
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2.4.2 Safety 

As mentioned in 2.4.1 Urbanicity, apart from the built environment, communication media, 

transportation, health services etc... there are other elements that are present to a greater 

extent in urban areas than rural and that are not taken into account in the several urbanicity 

scales; two of them being crime safety and pedestrian safety. It is of note that these are 

included (perceived environment) in the Socio-ecological model (Figure 2-5). According to 

the National Survey of Urban Public Safety (ENSU, for their initials in Spanish)(March, 

2018)78, the perception of unsafe environments in Mexico has increased in the last three years 

from 69.4% in females and 66% in males, to 81% in females and 71.8% in males. According 

to ENSU, the most common places where the Mexican population feel unsafe and at risk of 

crime, are ATMs in public roads (81.3%), public transport (74.3%) and walking along the 

streets they use daily (68.7%) (Figure 2-7)79. Also, 56.8% of the adults interviewed 

mentioned feeling unsafe at leisure centres and parks. As a result of unsafe environments, 

70.5% of adults wouldn’t let their children go out alone and 33.5% wouldn’t go out for a 

walk80.  

 

Figure 2-7Percentage of the population (>18 years old) that feel unsafe per location, ENSU (2018) 
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Public Transport
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The most common problems identified by the population with the place they live in are 

shown on Figure 2-8. Crime is the second most common problem, mentioned by 68% of the 

population, followed by insufficient public lighting (63.3%), heavy traffic in streets and 

avenues (47.6%), inefficient public transport (41.4%), neglected parks (34.9%) and 

inefficient litter collection (28.8%)79. Considering the environmental influences on physical 

activity (Figure 2-5), these elements potentially influence the population’s physical activity. 

This is corroborated into the findings of the ENSANUT 2016 survey which found that after a 

lack of time (56.8%), the second most common barrier of performing physical activity was 

lack of adequate and safe spaces (37.7%)14.  

 

 

Figure 2-8 Most common problems in the city identified by the population. 

 

The measurement of people’s perception of safety is mainly done using; (1) single-item 

questions with dichotomized answers (i.e. agree/disagree)81, 82, (2) unvalidated published 

questions83, or (3) by using environmental scales that explore multiple aspects such as 

walkability, road and personal safety and general aesthetics. Examples of these environment 

scales are the Children’s Perceptions of the Physical Environment84 and the Neighbourhood 

Environment Walkability Scale for Youth (NEWS-Y)85. The Children’s Perceptions of the 

Physical Environment assesses children’s perceptions of the physical and social environment 

at home and in their neighbourhood; it has moderate internal reliability and fair test-retest 

reliability84. The NEWS-Y mainly assesses walkability through several aspects of the 
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environment (i.e. mix-land use, street connectivity, neighbourhood aesthetics etc...) that make 

an area “walkable or not”, pedestrian automobile traffic safety and crime safety being two of 

them. The pedestrian automobile traffic safety sub-scale has been used in previous literature 

to assess perception of safety in a sample of Brazilian adolescents86, and in many other 

research papers cited in Table 2-7. Previous work has reported acceptable test-retest 

reliability in adolescents85.  The traffic safety and crime safety questions can be found in 

Appendix H.    

 

2.4.3 Urbanicity, Safety and associations with Physical Activity 

2.4.3.1 Urbanicity 

Previous literature has used composite measures to assess urbanicity and examine 

associations with physical activity (Table 2-6). A study in India7 investigated the association 

between a composite measure of urbanicity and NCD risk factors in a sample of adolescents 

and adults (n=3,705); findings reported that urbanicity was positively associated with 

physical inactivity in males (OR=3.26, 95% CI=2.5 to 4.3) and females (OR=4.13, 95% 

CI=3.0 to 5.7). Similarly, in a study in Sri Lanka, using the same urbanicity measure, a 

positive association with physical inactivity was found in males (OR=3.22, 95% CI=2.27 to 

4.57) and females (OR=2.29, 95% CI=1.64 to 3.23)6. Moreover, a study in 7,340 adolescents 

and adults in Uganda found that increases of urbanicity in communities defined by the 

government as “rural” were positively associated with an increased risk of physical inactivity 

(RR=1.19, 95% CI=1.14 to 1.24)87. Even though physical activity is lower in areas with high 

urbanicity, larger declines of physical activity are seen in areas with low urbanicity. A study 

examining the differences in physical activity over time according to urbanicity and income 

in Chinese adults (n=20,083) found that the weekly physical activity in places with low 

urbanicity declined from 500 MET-hours per week in 1991 to 300 MET-hours per week in 

2009, whereas in areas with high urbanicity the decline was less, from 200 MET-hours per 

week in 1991 to 125 MET-hours per week in 200988; even though it can be argued that the 

physical activity decline was proportional in both cases. Together the data from a number of 

studies suggests that urbanicity is associated with physical activity in low and middle-income 

countries but there is a lack of information about the association between urbanicity and 

physical activity in Mexico using composite measures.  
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There have been a number of studies that have investigated associations between urbanisation 

and physical activity through non-composite measures. A study in Papua New Guinea 

examined the influence of urbanisation on physical activity and dietary changes, urbanisation 

was measured as per government definitions for “urban settlement” and “village”. Findings 

showed that females living in urban settlements reported less physical activity than females 

from villages (urban: PAL=1.63±0.19 vs. rural: PAL=1.88±0.26; p<0.01)89. Similarly, adults 

(n=552) living in urban areas in Cameroon reported lower physical activity energy 

expenditure (PAEE) than those living in rural areas (PAEE kJ/kg/day=44.2±21 vs. PAEE 

kJ/kg/day=59.6±23.7; p<0.001)90. Regarding adolescents, a study in Kenya compared 

objective physical activity data from rural and urban areas and found that MVPA was higher 

among adolescents living in rural areas (males: 68±22; females:62±20) than in adolescents 

living in urban areas (males: 50±17; females:37±20) (p<0.001)91. Physical activity among 

adolescents not only seems to be higher in places with low urbanicity, but also children living 

in rural areas spend more time in outdoor activities (185.2 minutes per day) and less time in 

structured physical activity than children living in suburban (132.0 minutes per day) or urban 

places (129.4 minutes per day)92. Thus, again there is growing evidence of a link between 

urbanicity and physical activity but a lack of data on comparable associations in Mexico or 

other Latin American Countries.  
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Table 2-6 Associations between urbanicity, urbanisation and physical activity. Summary of key studies. 

 

Author 

 

 

Population 

Sample 

 

 

Objective 

 

Urbanicity 

Measure 

 

Findings 

 

Allender, Lacey, 

Webster, Rayner, 

Deepa, 

Scarborough, 

Arambepola, 

Datta, Mohan 7 

(2010) 

India 

 

 

Adults  

(15-64y) 

n=3,705 

 

Find an 

association 

between 

urbanicity an 

NCDs’ Risk 

Factors 

 

Multicomposite 

measure 1 to 

10 (refer to 

Table 2-5) 

 

Urbanicity had a positive association with 

physical inactivity 

Males:  

OR=3.26, 95% CI=2.5 to 4.3 

Females:  

OR=4.13, 95% CI=3.0 to 5.7 

 

Allender, 

Wickramasinghe, 

Goldacre, 

Matthews, 

Katulanda 6 

(2011) 

Sri Lanka 

 

 

Adults 

n=4,485 

 

Find an 

association 

between 

urbanicity an 

NCDs’ Risk 

Factors 

 

Multicomposite  

(refer to Table 

2-5) 

 

Urbanicity had a positive association with 

physical inactivity 

Males: 

OR=3.22, 95% CI=2.27 to 4.57 

Females: 

OR=2.29, 95% CI=1.64 to 3.23 

 

Attard, Howard, 

Herring, Zhang, 

Du, Aiello, 

Popkin, Gordon-

Larsen 93  

(2015) 

China 

 

Adults 

(18-75y) 

n=20,083 

 

Examine the 

differences in 

PA over time 

according to 

urbanicity and 

income.  

 

Multicomposite 

scale by Jones-

Smith 

PA is lower in individual living in urban 

areas than in less urban areas, larger 

declines of PA are seen in low urban areas 

than in urban areas. 

Low urban areas: 

1991: 500 MET-hr/wk  

2009: 300 MET-hr/wk 

High urban areas: 

1991: 200 MET-hr/wk  

2009: 125 MET-hr/wk 

In low urban areas the association between 

income and total PA went from negative in 

1991 (p<0.05) to positive in 2000 (p<0.05); 

in high urban areas the association remain 

positive.  

 

Riha, 

Karabarinde, 

Ssenyomo, 

Allender, Asiki, 

Kamali, Young, 

Sandhu, Seeley 87 

(2014) 

Uganda 

 

Adolescents 

and adults 

(13- y) 

n=7,340 

Examine the 

distribution of 

urban 

characteristics 

across rural 

communities in 

Uganda and 

their 

associations 

with NCDs’ risk 

factors. 

 

Multicomposite 

scale by Novak 

et al 

 

Urbanicity positively associated with an 

increase in risk of physical inactivity 

RR=1.19, 95% CI=1.14 to 1.24 

 

 

Fleischer, Diez 

Roux, Alazraqui, 

Spinelli, De Maio 
94 

(2011) 

Argentina 

 

Adults 

(18-97y) 

n=40,849 

 

Investigate the 

associations 

between SES 

and NCDS’ risk 

factors by 

urbanicity level 

 

Indicators from 

the national 

census 

Greater levels of urbanicity were associated 

with higher odds of low physical activity 

Males: 

OR=1.19, 95% CI=1.09 to 1.38 

Females: 

More education was associated with greater 

probability of low physical activity in more 

urban areas (p=0.002). 
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Yamauchi, 

Umezaki, Ohtsuka 
89 

(2001) 

Papua New 

Guinea 

 

 

Adults  

(20-69y) 

n=56 

 

Examine the 

influence of 

urbanisation on 

physical activity 

and dietary 

changes 

 

Urban 

settlements vs. 

villages 

 

Males: 

Urban PAL: 1.71±0.21 

Rural PAL=1.84±0.22  

Females: 

Urban PAL: 1.63±0.19 

Rural PAL=1.88±0.26 (p<0.01) 

 

Donatiello, Dello 

Russo, 

Formisano, 

Lauria, Nappo, 

Reineke, Sparano, 

Barba, Russo, 

Siani 92 (2013)  

Italy 

 

Children 

(2-10y) 

n=1,673 

Investigate the 

distribution of 

adiposity 

indices 

according to 

urbanisation 

level and 

patterns of 

physical activity 

among children 

 

Rural, 

suburban, 

urban 

 

Children in rural areas spent more time in 

outdoor activities but less time in structured 

physical activity than suburban and urban 

children.  

Outdoor activity (min/day): rural=185.2, 

suburban=132, urban=129.4 (p<0.001) 

Structured PA (%): rural=28.8, 

suburban=43.2, urban=47.2 (p<0.001) 

 

Ojiambo, Easton, 

Casajus, 

Konstabel, Reilly, 

Pitsiladis 91  

(2012) 

Kenya 

 

Adolescents 

(13-16y) 

n=200 

 

Compare 

objective 

physical activity 

from rural and 

urban areas.  

 

Rural, urban 

 

Males: 

Urban MVPA (min) =50±17  

Rural MVPA (min) = 68±22 (p<0.001) 

Females: 

Urban MVPA (min) =37±20  

Rural MVPA (min) = 62±20 (p<0.001) 

 

 

Assah, Ekelund, 

Brage, Mbanya, 

Wareham 90 

(2011) 

Cameroon 

 

Adults  

(25-55y) 

n=552 

 

Examine the 

associations 

between 

objectively 

measured free-

living PAEE 

and the 

metabolic 

syndrome 

  

Participants living in urban areas had lower 

PAEE than rural participants 

Urban PAEE KJ/Kg/day=44.2±21 

Rural PAEE KJ/Kg/day=59.6±23.7 

(p<0.001) 

 

 

Reis, Bowles, 

Ainsworth, 

Dubose, Smith, 

Laditka 95 

(2004) 

USA 

 

Adults  

(18-75) 

n=137,359 

 

Estimate levels 

of non-

occupational 

leisure-time PA 

by degree of 

urbanization 

and region. 

 

Rural-urban 

continuum 

codes (metro, 

large urban, 

small urban, 

rural) 

Participants from South, greatest likelihood 

of physically inactivity compared to the 

rest of the Country. 

Participants in rural areas from Midwest 

and South, greatest likelihood of being 

physically inactive compared to their large 

urban and small urban counterparts.  

Rural Midwest: OR=2.59, 95% CI= 1.35 to 

4.97 

Rural South: OR=5.49, 95% CI= 2.82 to 

10.68 

Small Urban Midwest: OR=1.99, 95% CI= 

1.65 to 2.40 

Small Urban South: OR=2.32, 95% CI= 

2.02 to 2.67 

Large Urban Midwest: OR=1.83, 95% CI= 

1.51 to 2.23 

Large Urban South: OR=2.04, 95% CI= 

1.72 to 2.41 

PAL: Physical Activity Level 

PAEE: Physical Activity Energy Expenditure 
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2.4.3.2 Perception of Safety 

The main studies related to perception of pedestrian and traffic safety, and crime safety are 

shown in Table 2-7 and Table 2-8. The elements they have in common have been grouped 

into columns for an easier visualisation.  

 

In terms of road safety, a study in Australia found that road unsafety was negatively 

associated with MVPA (min per day) during the evening (ß=-0.714, p=0.044) and outside 

school hours (ß=-1.5, p=0.047)96; similarly, a study in Belgium found that feeling safer 

around traffic was associated with more leisure-time sports (ß=0.104 (0.036); p<0.001)97. 

Regarding specific elements of roads, a study of 346 adolescents in Australia found that 

female adolescents in neighbourhoods with traffic lights were more likely to walk and cycle 

than females in neighbourhoods with scarce traffic lights (OR=2.7, 95% CI=1.2 to 6.2). In the 

same study, the presence of speed humps were positively associated with males’ MVPA 

during the evenings (OR=0.38, 95% CI=0.15-0.97)98. Another element of roads that is 

important in the perception of pedestrian and traffic safety is the presence of “cul-de-sacs” 

(i.e. streets closed at one end). There is evidence that suggests that the presence of cul-de-sacs 

might be more important for males’ physical activity than females. A study found that male 

adolescents living on cul-de-sacs recorded increases of 9 to 22 minutes of MVPA per day, 

compared to males living by “through roads”98. Cul-de-sacs likely present a safer 

environment for young people to play in, facilitated by lower volume and speed of traffic, 

close presence of children from other households and use of the closed end of the street for 

sport/games (i.e. football matches, baseball, etc...). Thus, there is emerging evidence that road 

safety is associated with physical activity but there is a lack of data from Mexico.  

 

In terms of distance and accessibility to destinations, apart from contradictory findings 

regarding mixed-use land, findings from the literature seem to be consistent. A prospective 

study in Belgian adolescents found that a shorter distance to school (ß=0.164 (0.024), 95% 

CI=0.117 to 0.211) and the perception of connected streets (ß=0.116 (0.057), 95% CI=0.004 

to 0.228) were associated with more minutes per day of active travel to and from school 99. 

Contrarily, a study in United Kingdom found that children living in highly connected, short 

and direct routes were less likely to active commute100. A reason for this disparity might be 
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the cultural differences but also disparities in deprivation and traffic flow in the areas. A 

study in Belgium and studies in Nigeria and China have found that difficult access to 

recreational facilities is negatively associated with physical activity97, 101, 102. The presence of 

mixed-use land means that different types of buildings are present in a space (i.e. single 

buildings, residential houses, commercial, cultural, industrial places, etc.). The findings in the 

literature regarding mixed-use land are contradictory. A prospective study in Belgium found 

that mixed-use land was negatively associated with active travel to and from school in 

adolescents (ß=-0.112 (0.049), 95% CI=-0.208 to 0.016)99, while another Belgian study found 

that high mixed-use land was associated with more active travel (ß=0.020 (0.011); p<0.05)97. 

Both studies used NEWS-Y for the assessment of mixed-use land so, perhaps the difference 

in the direction of the association lies in the purpose of active travel, the first study found a 

negative association with active travel to school; and the second study a positive association 

with active travel as a means of transportation. A possible reason for this might be that mix-

land areas are more likely to have traffic during rush hours compared to residential areas, and 

traffic might discourage adolescents from active commuting to school. Moreover, residential 

density was found to be positively associated with leisure time MVPA101. Regarding walking 

infrastructure, the literature reports contradictory findings. Less infrastructure for walking 

was associated with more minutes per day of active travel to school (ß=-0.091 (0.045), 95% 

CI=-0.179 to -0.003)99, while the opposite was found in Nigeria, where availability of 

walking infrastructure was positively associated with leisure-time MVPA (ß=0.14, 95% 

CI=0.49 to 2.68)101; in Portugal, adolescents with a positive perception of infrastructure for 

active travel were 44.2% more likely to be active (OR=1.44, 95% CI=1.05 to 1.98)103, and in 

China were adolescents living in neighbourhoods without sidewalks were 1.3 times more 

likely to be inactive (95% CI:1.0 to 1.6)102. The authors contend that the negative association 

between infrastructure for walking and active travel to school might be because adolescents 

prefer to take routes that go through parks, back streets and recreation areas that in essence 

are not paved, in order to avoid busy city centres99. Thus, there is emerging evidence on the 

importance of accessibility to destinations being associated with physical activity in 

adolescents but again there is a lack of data from Mexico or other comparable Latin 

American countries. 
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Table 2-7 Perception of Pedestrian and Traffic Safety in Adolescents 

 

Author 

 

Sample 

 

Objective 

Assessment 

of Perception 

of Safety 

 

Road Safety 

 

Road Elements 

 

Distance/Access to 

destinations 

 

Mix Land Use 

 

Walking 

infrastructure 

 

Carver, 

Timperio, 

Crawford 96, 

(2008) 

Australia 

 

13-15y 

n=346 

 

Examine the 

associations 

between 

perceptions of 

neighbourhood 

safety and PA.  

 

Questionnaire 

(agree – 

disagree) 

Females: 

Perception of unsafety 

negatively associated 

with MVPA during 

the evening (-0.714, 

p=0.04) and outside 

school hours (-1.5, 

p=0.047) 

 

    

 

Carver, 

Timperio, 

Crawford 98 

(2008) 

Australia 

 

13-15y 

n=346 

 

Examine the 

associations 

between 

objective 

measures of 

the local road 

environment 

and physical 

activity 

 

Objective 

measure of 

road 

environment 

(Arcview GIS 

3.3) 

 Females in 

neighbourhoods with 

traffic lights more 

likely to AC than 

females in 

neighbourhoods with 

fewer traffic lights 

(OR=2.7, 95% 

CI=1.2 to 6.2). 

Males living on a 

cul-de-sac more 

MVPA than males 

living in a “through 

road”. Speed-humps, 

positively associated 

with MVPA. 

(OR=0.38, 95% 

CI=0.15-0.97) 

   

 

De Meester, 

Van Dyck, De 

Bourdeaudhuij, 

Deforche, 

Cardon 99 

(2013) 

 Belgium 

 

13-15y 

n=637 

Prospective 

study 

Investigate 

relationship 

between the 

perception of 

neighbourhood 

attributes and 

adolescents 

AT 

NEWS-Y    

Shorter distance to school, 

more AT to and from 

school (ß=0.164 (0.024), 

95% CI=0.117 to 0.211). 

Connected streets, more 

AT to and from school 

(ß=0.116 (0.057), 95% 

CI=0.004 to 0.228) 

 

 

Lower degree of land 

use mix diversity, more 

AT to and from school.  

(ß=-0.112 (0.049), 95% 

CI=-0.208 to 0.016) 

 

Less walking 

infrastructure, more AT 

to and from school.  

(ß=-0.091 (0.045), 95% 

CI=-0.179 to -0.003) 
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Oliveira, Mota, 

Moreira, Vale, 

Abreu, 

Moreira, 

Santos 103 

(2014) 

Portugal 

 

 

15-18y 

n=948 

Verify if PA 

behaviour is 

associated 

with 

environmental 

features. 

Environmental 

Questionnaire 

developed by 

Evenson et al. 
104 

    Positive perception of 

transportation 

infrastructure, more 

likely to be classified as 

active. (OR=1.44, 95% 

CI=1.05 to 1.98). 

 

Oyeyemi, 

Ishaku, 

Deforche, 

Oyeyemi, De 

Bourdeaudhuij, 

Van Dyck 101 

(2014) 

Nigeria 

 

12-19y 

n=1006 

 

Assess the 

associations 

between 

perceived built 

environment 

and 

adolescents’ 

PA. 

 

 

PANES 

   

Males: 

Access to destinations 

was positively associated 

with AT to school 

(ß=0.18, 95% CI=0.67 to 

2.24)  

 

 

Residential density 

positively associated 

with leisure-time 

MVPA (ß=0.10, 95% 

CI=0.01 to 1.74)  

 

 

 

Availability of 

infrastructure (ß=0.14, 

95% CI=0.49 to 2.68) 

positively associated 

with leisure-time 

MVPA 

 

Deforche, Van 

Dyck, 

Verloigne, De 

Bourdeaudhuij 
97  

(2010)  

Belgium 

 

n=1445 

 

Determine if 

perceptions of 

the 

environment 

are associated 

with AT and 

leisure-time 

sports  

 

NEWS 

 

Higher perceived 

safety from traffic, 

more active transport 

(ß=0.104 (0.036); 

p<0.001) 

 Higher street connectivity 

(ß=0.023 (0.014); p<0.05) 

and difficult access to 

recreational facilities (ß=-

0.020 (0.010); p<0.01) 

associated with more AT. 

 

Difficult access to 

recreational facilities (ß=-

0.043 (0.026); p<0.05), 

were associated with 

more leisure-time sports. 

 

 

Higher land use mix 

diversity associated 

with more AT (ß=0.020 

(0.011); p<0.05).  

 

 

Li, Dibley, 

Sibbritt, Yan 
102 

(2004)  

China 

 

13-18y 

n=1804 

 

Cross-

sectional  

 

 

MICS from 

UNICEF 

  Difficult access to 

community recreational 

facilities (moderate 

OR=1.4, 95% CI=1.0 to 

1.9; difficult OR=1.7, 

95% CI:1.2-2.4) were 

associated to inactivity. 

 

 Adolescents living in 

neighbourhoods without 

sidewalks were 1.3 

times more likely to be 

inactive (95% CI:1.0-

1.6).  

 

MICS: Multiple Indicator Cluster Surveys 

UNICEF: United Nations Children’s Fund 

PANES: Physical Activity Neighbourhood Environment Survey 

AC: Active Commuting 

AT: Active Travel 

PA: Physical activity 
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Regarding crime safety, there is not extensive literature available in adolescents and the one 

available is for the most part qualitative studies. The summary of the studies is in Table 2-8. 

Two quantitative studies in the United States found a positive association between 

neighbourhood safety and physical activity. The first study found that adolescents with low 

perception of neighbourhood safety had 21% reduced odds of being physically active, on five 

or more days, compared to adolescents who felt safe (OR=0.79, CI=0.56 to 0.89)105. The 

second study found that lower neighbourhood safety was positively associated with less 

physical activity (OR=0.5, 95% CI=0.3 to 0.8)106. The qualitative studies support these 

findings. Interviews with 25 Latino adolescents from the United States, who expressed 

greater fear of crime were the ones with less physical activity and outdoor recreation. 

Additionally, the perception of anti-social behaviour kept them from engaging in outdoor 

activities107. Furthermore, interviews with 22 Malaysian adolescents revealed that adolescents 

who felt unsafe also felt demotivated to be physically active108. On the other hand, four focus 

groups (n=8 per focus group) in Ecuador found that, more than adolescents expressing crime 

safety concerns, they referred more to their parents’ safety concerns and how that influenced 

in them not being active in outdoor areas109. The role of parents in determining adolescents’ 

exposure to favourable or unfavourable aspects has been reported before in quantitative 

studies110, 111. Adolescents are more physically active outdoors when parents perceive higher 

levels of safety112. 
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Table 2-8 Perception of Crime Safety and Physical Activity in Adolescents. 

 

Author 

 

Sample 

 

Objective 

Assessment of 

Perception of 

Crime 

 

Findings 

Lenhart, 

Wiemken, 

Hanlon, 

Perkett, 

Patterson 
105 

(2017)  

USA 

 

Adolescents  

 

The association 

between perceived 

neighbourhood safety 

and levels of physical 

activity 

 

YRBS 

 

Low perception of neighbourhood 

safety has 21% reduced odds of 

being physically active on 5 or 

more days, compared to those who 

felt safe (OR = 0.79, CI = 0.56-

0.89, p=0.04). 

 

 

Molnar, 

Gortmaker, 

Bull, Buka 
106 

(2004) 

USA 

 

Adolescents 

(11-16y) 

n=1,378 

 

Associations between 

activity levels of urban 

adolescents and limited 

access to safe 

recreation areas in their 

neighbourhoods.  

 

 

Own measure 

Five items, 

safe/unsafe answers  

 

Lower neighbourhood safety was 

associated with less activity 

(OR=0.5, 95% CI=0.3 to 0.8). 

 

Shinew, 

Stodolska, 

Roman, 

Yahner 107 

(2013) 

USA 

 

Adolescents 

(Latino) 

n=25 

 

Examine how fear of 

crime, crime 

victimization and 

incivilities are related 

to physical activity 

participation. 

 

 

Interview 

 

-Greater fear of crime, less PA and 

outdoor recreation.  

 

-Perceived incivilities engaged in 

less outdoor recreation.  

 

Saimon, 

Choo, 

Bulgiba 108 

(2015) 

Malaysia 

 

Adolescents 

n=22 

 

Understand factors 

influencing physical 

activity 

 

 

 

Interview 

 

-Feeling unsafe outdoors 

demotivates for being physically 

active.  

 

Van 

Royen109 

(2015) 

Ecuador 

 

Adolescents 

n=32 in 4 

focus 

groups 

 

Develop a conceptual 

framework through 

identifying context-

specific factors. 

 

 

Focus groups 

 

-Some mentions of crime safety 

concerns but referred more to their 

parents’ concerns.  

 

2.5 Summary of Literature 

The most recent health survey in Mexico has shown that most adults and adolescents (82.6 

and 77.3%, respectively) meet the WHO’s physical activity guidelines, although the survey’s 

authors recognise the possibility of the data being overreported by 34% due to its self-

reported nature, as the data also shows that 8 in 10 adults and 7 in 10 adolescents spend more 

than 16 hours per week on leisure screen time. As a number of studies have shown that 

adolescents who are active are more likely to be active as adults, and adolescents who are 

inactive are at an increased risk of obesity, which is also very high in Mexico, there is an 

urgent need to increase physical activity and reduce sedentary time among Mexican 

adolescents. Although a number of different strategies to promote physical activity are 
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currently underway in Mexico, the evidence base to inform these approaches is limited. In 

order to develop new, scalable, population level interventions to change behaviour we need to 

understand the key factors that are associated with physical activity. Current literature in this 

area is dominated by individual level studies (which have reported limited effects) and have 

not taken Mexican context into account. A key issue in Mexico is the current levels of 

urbanisation and how it is associated with adolescent physical activity. International evidence 

suggests that urbanisation is likely to be important but there is a lack of Mexican data nor any 

study that has assessed broader aspects of the ecological model such as perception of safety.  

Urbanicity scales exist to account for elements of the urban environment and give a sense of 

the urbanisation of a place. Research in other countries has shown that urbanicity as a whole 

is negatively associated with non-communicable risk factors, but its association with physical 

activity has not been explored in depth in Mexico. Moreover, the association of the elements 

of urbanicity with physical activity have never been addressed before. Perception of safety is 

an element of urbanisation that is not currently considered within the urbanicity scale and has 

not been studied in Mexico notwithstanding the high rates of crime and traffic unsafety. 

Several studies have found a positive association between elements related to pedestrian and 

traffic safety and physical activity but research regarding crime safety is not as broad and still 

needs to be explored. Thus, the main aim of this thesis is to examine how urbanisation and 

safety are associated with adult and adolescent physical activity in Mexico as a mean of 

filling key gaps in current knowledge. The next chapter outlines how the current thesis will 

address these issues, the research questions and structure of the thesis.  
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Chapter 3  

 Research Questions and Structure of the Thesis 

 

The aim of this thesis is to investigate the association between urbanisation and physical 

activity in Mexico. The overall aim has been broken down into three quantitative studies 

which address the following research questions: 

1. Is there an association between physical activity, sitting time and urbanicity in an 

adult population in Mexico? 

a. Is it possible to use a validated score to measure urbanicity in Mexico? 

2. What are the associations between different types of physical activity and urbanicity 

among adolescents in Mexico? 

a. Is it possible to use a composite urbanicity score with local-level data in 

Mexico? 

b. Is there a difference on associations between males and females? 

3. Is there an association between perception of safety and adolescents’ physical 

activity? 

a. Do existing questionnaires, translated to Spanish assessing perceptions of 

safety demonstrate construct validity amongst Mexican adolescents? 

b. Is the perception of pedestrian and traffic safety associated with physical 

activity in adolescents? 

c. Is the perception of crime safety associated with physical activity in 

adolescents? 

d. Is there any difference of perception of safety between males and females? 

3.1 Structure of the Thesis 

This section provides an overview of the structure of the thesis and the implications of the 

studies and corresponding chapters used to address the research questions. Figure 3-1 shows 

how Chapters 4, 6 and 7 correspond to individual quantitative studies, in which their 

background, results, discussion and implication for the thesis are discussed in each chapter. 

Chapter 5 is a fully detailed Methods section for Chapters 6 and 7. Chapter 8 is the 

Discussion in which the findings from the results and discussions in Chapters 4, 6 and 7 are 

synthesised and the strengths and limitations of the overall thesis and conclusions are 
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considered. To facilitate the understanding of the structure of the thesis, an overview and 

implications for the thesis sections are explained as follows.   

 

Figure 3-1 Structure of the Thesis 
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3.2 Overview of Chapter 4 

This chapter addresses the first key research question of the thesis: Is there an association 

between physical activity, sitting time and urbanicity in an adult population in Mexico? A 

quantitative study was conducted using self-reported physical activity and sitting time data 

collected by the Mexican Government in 2012, as part of the National Health and Nutrition 

Survey (ENSANUT, for its initials in Spanish), and a composite measure of urbanicity based 

on the scale developed by Novak, Allender, Scarborough, West 77.  

 

The content of this chapter was published as a peer reviewed article (Hermosillo-Gallardo 

ME, Jago R, Sebire SJ. The Associations Between Urbanicity and Physical Activity and 

Sitting Time in Mexico. Journal of Physical Activity & Health. Mar 2017;14(3):189-194.) 

in the Journal of Physical Activity and Health in 2017 and is presented in this format after a 

brief introductory section. The chapter outlines previous research within this area and the 

rationale of conducting this study, followed by the methods used and analysis process. The 

results are presented along three tables that present the descriptive statistics of the study and 

all the studied associations. The results are then discussed in relation to the existing literature, 

followed by a section of the study implications to the overall thesis.  

 

The findings of this chapter show that urbanicity and its sub-scores are associated with 

adults’ physical activity and sitting time. Even though the associations were generally small 

between physical activity and state-level urbanicity, it is important to recognize that in 

sedentary adults these associations might be important at population level. A detailed 

summary of findings is found in Chapter 4, section 4.4. In addition, the findings reported in 

this chapter raise the question of a possible inadequacy of the urbanicity score at state level 

when having individual measures of physical activity. Having this disparity in measurement 

might fail to account for individual-level detail in terms of immediate urbanicity 

(environment) in which participants live.  
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3.3 Overview of Chapter 5 

This chapter describes in detail the methodology used for studies in Chapters 6 and 7 which 

address research questions 2 and 3. It starts with the study design of both studies, describing  

the recruitment of schools and participants, the questionnaire used and gives a rationale for 

using the Youth and Physical Activity Questionnaire over other self-reported measures of 

physical activity and some items of the Neighbourhood and Environmental Walkability Scale 

for measuring the perception of safety. Moreover, Confirmatory Factor Analysis to test the 

construct validity assessment of the Spanish translation of specific sections of the 

Neighbourhood and Environmental Walkability Scale in a sample of Mexican adolescents is 

reported. The chapter also addresses the handling of missing data in Chapters 6 & 7. 

 

3.4 Overview of Chapter 6 

This chapter addresses the second research question: What are the associations between 

different types of physical activity and urbanicity among adolescents in Mexico? The 

quantitative research designed to answer this question involved data collection in Mexico 

(Mexico City & Oaxaca) due to insufficient public information of physical activity on 

adolescents. Also, unlike the study in Chapter 4, urbanicity was computed using local-level 

data, making it possible to give each participant a unique urbanicity score depending on their 

household location.  

 

The content of this chapter is under second revision at PLOS One and is presented as such, 

after a brief introductory section and with an abbreviated version of the methods which have 

been fully explained in Chapter 5. Chapter 6 reviews previous research in urbanicity and 

adolescents and the rationale of the study, followed by an abbreviated version of the 

methodology, results and discussion. It includes tables for the descriptive statistics of the 

participants by gender and state (Mexico City, Oaxaca) and tables of the linear regression 

models are included within the results. The chapter finalises with a section of study 

implications to the overall thesis. 
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The findings from Chapter 6 show that the items composing urbanicity were differently 

associated with physical activity. In some cases, the direction of the association depended on 

participants’ gender or the state context, and in other cases on the type of physical activity 

and the urbanicity item. These more nuanced associations highlight the value of examining 

urbanicity as a multidimensional construct. Moreover, the associations found in this chapter 

are different from the associations found in Chapter 4 with adults, suggesting that adults and 

adolescents may be influenced differently by their urban environment.   

 

3.5 Overview of Chapter 7 

This chapter addresses the third research question: Is there an association between perception 

of safety and adolescents’ physical activity? The quantitative research designed to answer 

these questions used the same sample of adolescents from Chapter 6. Perception of safety 

was measured through the subscales of perception of pedestrian and traffic safety, and 

perception of crime safety from the Neighbourhood Environment Walkability Scale for 

Youth (NEWS-Y). The chapter summarizes previous research within the area and provides 

rationale for the study, followed by an abbreviated methods section and continues to outline 

the results, including tables for the CFA factor loadings, descriptive statistics of participants 

and the regression models; finishing with a discussion section and implications for the thesis.  

 

A summary of the results of this chapter can be found in Chapter 7, section 7.4. Briefly, 

pedestrian safety was negatively associated with physical activity in female adolescents, this 

coincides with the belief that environments with better lighting, appropriate crosswalk and 

walking and cycling trails might increase physical activity in adolescents. In addition, the 

study provides evidence for the validity of perception of safety in Mexican adolescents, based 

on the subscales of NEWS-Y. The findings of this chapter contribute to improve the 

understanding of adolescents’ perception of safety, its measurement and how this might be 

affecting their physical activity.  
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3.6 Role of the PhD candidate  

This section summarises the activities carried out during the PhD and reviews the work of the 

PhD candidate throughout each study. Table 3-1 shows the role of the PhD candidate on 

studies corresponding to Chapters 4, 6 and 7 on this thesis. In the first study (Chapter 4), the 

student was responsible for the study design, selection of methods, ethics application, 

analysis of data and writing the original draft. The student was not involved in the 

recruitment of participants, data collection or project administration, as the data was obtained 

from different government databases. In the second and third studies (Chapters 6 and 7), the 

student was responsible for all the roles described in Table 3-1. 

 

Table 3-1 Role of the PhD candidate across each study 

 

Role/Study 

 

  

 

Study 1 

(Chapter 4) 

 

Study 2 

(Chapter 6) 

  

 

Study 3 

(Chapter 3) 

  
 

Study design 

 

 

 

 

 

 

Methodology 
   

Ethics application 
   

Recruitment of 

schools and 

participants 

 

  

Data Collection 
 

  

Project 

administration 

 

  

Analysis and 

Software 

   

Writing original 

draft 

 
 

  

 

The timeline of activities during the PhD is shown in Table 3-2. The initial task and 

completion of courses, description of activities within each study and duration of tasks and 

the month of publication of each are displayed. Please note that the publication of the third 

study is pending.  
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Table 3-2 Timeline of activities and studies across the PhD 
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Start of the PhD

Completion of courses

Brief Literature Review

Design

Compose the database

Learning STATA

Analysis

Write-up for publication

Publication

Upgrade preparation

Study design
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Data Collection

Compose the database

Analysis

Write-up for publication

Publication

Design

Recruitment

Data Collection

Compose the database

Analysis

Write-up for publication

Publication (pending)

Thesis (preparation)

VIVA Examination

Study 2 

(Chapter 6)

Study 3 

(Chapter 7)

TASK/MONTH

20152014 2016 2017 2018

Study 1 

(Chapter 4)
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Chapter 4  

The Associations between Urbanicity and Physical 

Activity and Sitting Time in Mexico 

 

4.1 Overview  

The work presented in this chapter has been published in the Journal of Physical activity and 

Health, and, except from this overview and the implications sections at the end, it is as per the 

published article. “The Associations between Urbanicity and Physical Activity and Sitting 

Time in Mexico” answers the Research Question 1 of this thesis: Is there an association 

between physical activity, sitting time and urbanicity in an adult population in Mexico? 

Findings from this study provide an insight of the association between urbanicity and its 

components and physical activity in adults. The rationale, methods, results, discussion are 

presented below, concluding with a brief section of implications of the findings for this 

thesis.  

 

4.2 Rationale 

Low levels of physical activity are a current global public health issue113. Along with 

prolonged bouts of sitting, low physical activity is associated with an increase in the risk of 

noncommunicable diseases such as overweight and obesity114. In the National Survey of 

Health and Nutrition in Mexico, 17.4% of people self-reported physical activity levels below 

the WHO’s guidelines (150 minutes of moderate-intensity physical activity (MPA) or 75 

minutes of vigorous-intensity physical activity (VPA) per week)10 and 82.6% spent an 

average of 260 minutes of MPA or 118 minutes of VPA per week and 3.5 hours per day 

sitting in front of a screen5. In the quarterly survey from the Module of Sport and Physical 

Activity (MOPRADEF by its initials in Spanish) in Mexico, 54.6% of people reported low 

levels of physical activity, 27.5% reported having never been involved in any regular 

physical activity and 43.8% of people who consider themselves as “active” did not meet the 

WHO’s guidelines46. Several attempts have been made by the Mexican government to 

increase physical activity53, but there is lack of information about the key factors that are 
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associated with physical activity in Mexico. Previous research has studied the association 

between physical activity and different aspects of urbanization (e.g., urbanicity, built 

environment, urban sprawl). Urbanicity in defined as “the impact of living in urban areas at a 

given point in time... the presence of conditions that are particular to urban areas or present to 

a much greater extent than in non-urban areas”72. Urbanicity has been estimated in a variety 

of ways including rural-urban dichotomy, population size and population density75. More 

recently, tools have been developed to provide a more comprehensive measurement of 

urbanicity, incorporating variables such as economic activity, communications, education, 

infrastructure and social services 7, 76, 77. Features of the built environment such as the 

perceived proximity to shops and recreational facilities, street connectivity, and aesthetic 

qualities of a place are positively associated with physical activity115, 116. A number of studies 

have also suggested that areas in which buildings are within close proximity to one another, 

and that facilitate walking between locations, are associated with greater physical activity117. 

 

Existing evidence suggests that the association between urbanicity and physical activity may 

differ in developing and non-developing countries. In developed countries, a positive 

association between physical activity and urbanicity has been found. For example, a cross-

sectional study in Belgium found a positive relationship between adults’ physical activity and 

environmental variables (quality of sidewalks, accessibility to public spaces, public transport, 

activity facilities outside home)118, while a study in United States found that adolescents 

living in urban areas reported more minutes of moderate-to-vigorous physical activity per day 

than adolescents living in rural areas119. In contrast, cross-sectional studies in Sri Lanka, India 

and Uganda have found a negative association between urbanicity and physical activity6, 7, 87. 

Another example of the association between physical activity an urbanicity in China, in 

which the rapid urbanization from the last 6 years has been associated with 68% greater odds 

in men and 51% greater odds in women of having light (less active) versus heavy (more 

active) occupational activity120. Mexico is a developing country with extensive variation in 

urbanicity, from rural communities in Chiapas and Guerrero to urban cities such as Mexico 

City and Monterrey. Even though to the best of our knowledge no previous research has 

examined the association between urbanicity and physical activity in Mexico. Evidence in 

Mexico suggest that high residential density and street connectivity (measured as intersection 

density or few cul-de-sacs) represent a barrier121, 122 for physical activity and that the 

combination of mixed land use with residential density is negatively associated with all 
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physical activities123. The aims of this study is to measure urbanicity in Mexico and assess its 

associations with physical activity (walking time, MPA and VPA) and sitting time.   

 

4.3 Methods 

The data for this paper were obtained in 2014 from multiple datasets to provide a national 

picture of physical activity and urbanicity in Mexico. Data from the National Institute of 

Statistics and Geography (INEGI)1, the Public Education Department (SEP)124, and the 

National Council of Politics and Social Development (CONEVAL)125 were used to calculate 

state-level (n = 32 states) urbanicity scores based on previous work by Novak et al (2012) 

and were then merged by locality with physical activity data from the National Health and 

Nutrition Survey 2012 (ENSANUT)5. The anonymised data sets are publicly available from 

the webpage http://ensanut.isnp.mx/basesdoctos.php. Participants provided informed consent. 

To verify data quality, random checks of scanned questionnaires from ENSANUT with the 

corresponding cases in the database were performed to see if the information captured in the 

excel file was the same as the printed version questionnaires. Also, for computing the 

urbanicity measure, methods and procedures were documented.  

 

4.3.1 Study Population 

The study population was determined by those individuals with physical activity and sitting 

time variables in the ENSANUT (2012) survey. The ENSANUT survey was collected 

between October 2011 and May 2012, it is representative at state and national level. Fifty 

thousand and five households were selected from all the states in Mexico using data from the 

CENSUS 2010, resulting in 96,031 participants, from which a subsample (n = 13,009) of 

5459 men and 7550 women aged 20 to 69 self-reported their physical activity. Participants 

had complete data for MPA, VPA, walking and sitting time. Other variables such as self-

reported weight (Kg), height (m), calculated BMI (Kg/m2), educational level and 

socioeconomic status were also reported.  

 

http://ensanut.isnp.mx/basesdoctos.php
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4.3.2 Assessment of Physical Activity 

The variables of MPA (minutes per week), VPA (minutes per week), walking time (minutes 

per week) and sitting time (minutes per week) were derived from the short form of the 

International Physical Activity Questionnaire (IPAQ)126. The outcome variables were 

analysed as continuous and were processed according to the Guidelines for Data Processing 

and Analysis of the International Physical Activity Questionnaire (IPAQ)-Short Form127. The 

short form of the IPAQ has a moderate reliability (r = .55, P<.001) and weak validity (r = .26, 

r = .31, P<.01) for assessing moderate and vigorous physical activity among Mexican 

adults128.  

 

4.3.3 Assessment of Urbanicity Level 

Urbanicity scores were estimated for the 32 Mexican states using the measure developed by 

Novak et al. (2012) and data from the CENSUS 2010, the Public Education Department, and 

the National Council of Politics and Social Development in Mexico. The overall scores 

comprised seven categories: (1) demographic (either based on population size or on 

population density), (2) economic activity (percentage of people involved in agriculture as a 

primary source of income), (3) built environment (amount of blocks with paved roads, 

households with sewage services and flush toilet), (4) communication (percentage of 

households with television, mobile phone, internet and blocks with pay phones in all their 

roads), (5) education (amount of preschools, elementary schools, secondary schools, 

universities and average of women’s education), (6) diversity (households with floor made of 

ground and inhabitants per room), and (7) health (number of doctors per inhabitant, amount 

of medical units and access to health services)77. For each participant, an urbanicity score was 

given according to their state. Two overall urbanicity indices were computed by summing the 

seven sub-scores where the Demographic sub-score was measured as population size (Overall 

urbanicity 1) and as population density (Overall urbanicity 2). The rationale for doing this is 

that in Mexico there are large rural areas that would have a similar population size compared 

to small urban cities, suggesting that for Mexico, population density might be a better 

indicator of urbanicity. More detailed information on how the sub-scores were computed can 

be found as Appendix A.  
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4.3.4 Statistical Analysis 

Statistical analyses were performed using STATA, Version 13 (Statacorp, College Station, 

TX). Datasets of physical activity and urbanicity were merged according to locality of each 

participant. Descriptive statistics were calculated for all variables. Linear regression models 

were used to examine the association between physical activity (outcome) and urbanicity 

(exposure). Sixteen models were run with MPA, VPA, walking time, and sitting time as 

outcomes. For each of the 4 outcomes there were 4 separate models. In the first group (Group 

I) there were simple and multi-variable models where demographic was measured as 

population size. In the second group (Group II) 2 further models were run (simple and 

multivariable) where demographic was measured as population density. All models were 

adjusted for participant sex, education level, socioeconomic status and BMI and were 

checked for multicollinearity using the variance inflation factor. Although there was some 

evidence that the outcome variables were skewed, further analysis indicated that the residuals 

from all models were normal and as such all analyses presented include the original variables 

without transformation.  

 

In the current analysis, the different levels of data were state level urbanicity and individual 

physical activity and, as mentioned before, they were analysed using linear regression 

models. A different approach for the analysis of the data would have been through multilevel 

analysis. Multilevel analysis allows for different regression coefficients for each predictor in 

each location. For example, if a categorical variable to account for state (1 to 32) on top of 

state level urbanicity and individual physical activity is added, a multilevel approach would 

assume that the effect of urbanicity is not the same everywhere because of differences of 

other factors (i.e. local laws, culture, economy) between states. This means that people from a 

given state would have physical activity data generated by a single set of urbanicity sub-

scores, whereas people from another state would have physical activity data generated by a 

different set of urbanicity sub-scores. This analysis would be useful in future research to 

account for interactions between the different levels and the individual, but for the aim of this 

study, a linear regression works better to initially understand the unstudied association 

between urbanicity and physical activity in Mexico.  
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4.4 Results 

Descriptive statistics are presented in Table 4-1 and Table 4-2. The mean age (±SD) of 

participants in 2012 was 41.26 ± 13.53 years, with a mean BMI of 28.79 ± 5.71 (Kg/m2), an 

educational level in which 23.88% of the participants (n = 7091) had elementary studies or 

lower, 50.30% lower secondary studies and 34.23% upper secondary studies; and a 

socioeconomic status in which 30.40% of participants reported low socioeconomic status, 

35.37% medium and 34.23% high. Participants reported an average of 255.21 ± 316.78 

minutes per week of MPA, 117.55 ± 260.98 minutes per week of VPA, 214.20 ± 257.22 

minutes per week of walking and 1470 ± 1132.98 minutes per week of sitting time. The mean 

variance inflation factor for the multivariable regressions was 1.74 for the regressions from 

Group I and 2.05 for the regressions from Group II, and the tolerance greater than 0.1, 

meaning that the urbanicity sub-scores are moderately correlated.  

 

Table 4-1 Descriptive Statistics of Participant Physical Activity and Sitting Time 

Education level  n = 7,091 % 

Elementary studies or lower 1552 21.89 

Lower secondary studies 3425 48.30 

Upper secondary studies 2114 29.81 

Socio-economic status n = 7,091 % 

Low 2156 30.40 

Medium 2508 35.37 

High 2427 34.23 

BMI (Kg/m2) n = 6,837 % 

Underweight 123 1.80 

Normal weight 3596 52.60 

Overweight 2427 35.50 

Obesity 691 10.10 

Physical Activity Mean SD Range Median IQR 

Moderate physical activity (n = 6946)  

minutes per week 

255.21 316.78 (0-1155) 198.32 142.12-288.36 

Vigorous physical activity (n = 6948) 

minutes per week 

117.55 260.98 (0-1200) 96.11 88.36-134.72 

Walking time (n = 6945) 

minutes per week 

214.20 257.22 (0-1155) 132.12 99.24-314.61 

Sitting time (n = 6904)   

minutes per week 

1470.00 1132.98 (0-6720) 934.71 651.57-1636.15 
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Table 4-2 Descriptive statistics of urbanicity variables in Mexican states (n = 32) 

 Mean SD Range Median IQR 

Demographic 1a d 9.89 0.50  (5-10) 9.02 8.93-9.92 

Demographic 2b d 6.42 2.99 (1-10) 6.13 6.05-6.56 

Economic Activity d 9.53 1.11 (2-10) 9.32 9.12-9.63 

Built Environment d 8.91 0.87 (3.36-9.98) 8.82 8.77-9.01 

Communication d 4.41 1.03 (0.64-8.77) 4.22 4.01-4.56 

Education d 5.54 1.39 (3.42-9.53) 5.32 5.14-5.69 

Diversity d 8.95 1.04 (4-10) 8.72 8.55-9.10 

Health d 4.84 0.60 (2.08-7.93) 4.80 4.75-4.86 

Overall 1a c 52.10 4.58 (33.22-65.29) 51.95 51.87-52.19 

Overall 2b c 48.63 6.54 (25.22-65.29) 48.52 48.47-48.79 

a Based on population size.  
b Based on population density. 
c Overall scores can range from 0 to 70.  
d Sub-scores can range from 1 to 10. 

 

Models in Group I are shown in Table 4-3. In the simple linear regression models, for every 

unit increase of overall urbanicity (when measured as population size) there was a mean 

decrease of 2.08 minutes per week of MPA (95% CI = -3.90 to -0.27), a decrease of 3.60 

minutes per week of VPA (95% CI = -5.03 to -2.17), and an increase of 14.38 minutes per 

week of sitting time (95% CI = 8.18 to 20.58). In the multivariable linear regressions, a 

negative association was found between the demographic and communication sub-scores and 

MPA; meaning that a 1 unit increase in demographic urbanicity was associated with 17.10 

(95% CI = -32.57 to -1.63) and 12.61 minutes less MPA per week (95% CI = -25.30 to -

0.07). VPA was negatively associated with the economic (coef = -10.58, 95% CI = -17.07 to -

4.09) and communication (coef = -11.43, 95% CI = -21.43 to -1.44) sub-scores; and 

positively associated with the built environment sub-score (coef = 12.35, 95% CI = 2.93 to 

21.77), meaning that for every unit increase in the built environment sub-score there is an 

increase of 12.35 minutes of VPA per week. For walking, a unit increase in the demographic 

sub-score was associated with 14.48 fewer minutes of walking per week (95% CI = -26.99 to 

-1.97) and a similar result was found for the diversity sub-score where a unit increase was 

associated with 11.95 minutes less waling per week (95% CI = -20.31 to -3.59). In contrast, 

education had a positive association with walking where for each unit increase of the 

education there was an increase of 6.91 minutes per week of walking (95% CI = 1.48 to 

12.33). Regarding sitting time, per every unit increase of the health sub-score there was an 

increase of 48.52 minutes per week of sitting time.  
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Table 4-3 Group I of linear regression models: Associations between urbanicity, physical activity and sitting time where demographic is measured as population size.  

 

Linear 

regression a 

 

 

Score/sub-

score 

 

MPAb   (n=6946) 

 

VPAb   (n=6948) 

 

WALKING TIME (n=6945) 

 

SITTING TIME (n=6904) 

  min per week min per week min per week minutes per week 

  Coef. [95% Conf. 

Interval] 

P>|t| Coef. [95% Conf. 

Interval] 

P>|t| Coef. [95% Conf. 

Interval] 

P>|t| Coef. [95% Conf. 

Interval] 

P>|t| 

Simple Overall 

urbanicity 1 

-2.08 -3.90 -0.27 0.02 -3.60 -5.03 -2.17 0.00 -0.04 -1.51 1.42 0.95 14.38 8.18 20.58 0.00 

Multivariable Demographic  -17.10 -32.57  -1.63  0.03  -11.09 -23.28 1.09 0.07 -14.48 -26.99 -1.97 0.02 24.69 -28.00 77.4 0.35 

Economic 

Activity 

3.37 -4.86 11.60 0.42 -10.58 -17.07 -4.09 0.00 -5.86 -12.52 0.79 0.08 26.77 -1.36 54.92 0.06 

Built 

Environment 

5.48 -6.47 17.43 0.36 12.35 2.93 21.77 0.01 4.89 -4.77 14.56 0.32 36.16 -4.67 77.01 0.08 

Education 3.14 -3.56 9.85 0.35 -2.21 -7.50 3.06 0.41 6.91 1.48 12.33 0.01 16.34 -6.54 39.22 0.16 

Health 8.97 -4.87 22.82 0.20 6.57 -4.32 17.48 0.23 10.50 -0.70 21.70 0.06 48.52 1.34 95.71 0.04 

Diversity -9.22 -19.55 1.11 0.08 -4.87 -13.02 3.27 0.24 -11.95 -20.31 -3.59 0.00 26.31 -8.96 61.58 0.14 

Communication -12.61 -25.30 0.07 0.05 -11.43 -21.43 -1.44 0.02 3.4 -6.86 13.68 0.51 -38.61 -81.93 4.71 0.08 
a Simple linear regression models: Overall urbanicity, demographic score measured as population size. Multivariable linear regression models: Seven-urbanicity sub-scores 

(demographic score measured as population size). 
b MPA: Moderate physical activity, VPA: Vigorous physical activity. 
c All associations adjusted for socioeconomic status, education level and BMI. 
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In the multiple linear regression in Group II (Table 4-4), for every unit increase of overall of 

urbanicity (measured as population density) there was a mean decrease of 1.44 minutes per 

week of MPA (95% CI = -2.71 to -0.17), a mean decrease of 2.31 minutes per week of VPA 

(95% CI = -3.31 to -1.32) and a mean increase of 10.42 minutes per week of sitting time. In 

the multivariable linear regressions from the same group, communication was negatively 

associated with MPA, meaning that a unit increase of the communication urbanicity was 

associated with 14.10 (95% CI = -26.66 to -1.53) minutes less of MPA per week. Regarding 

VPA, the economic and communication sub-scores were associated with 10.60 (95% CI = -

17.10 to -4.11) and 12.40 (95% CI = -22.29 to -2.51) minutes less per week respectively. The 

built environment sub-score was positively related to VPA (coef = 14.57, 95% CI = 4.70 to 

24.80). Walking was negatively associated with the diversity sub-score, meaning that a unit 

increase of diversity was associated with 11.20 minutes less walking time per week (95% CI 

= -19.60 to -2.81). Sitting time was positively associated with demographic urbanicity (coef = 

17.23, 95% CI = 4.18 to 30.28) and health related urbanicity (coef = 69.32, 95% CI = 19.95 

to 118.70).  
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Table 4-4 Group II of linear regression models: Associations between urbanicity, physical activity and sitting time where demographic is measured as population density. 

Linear 

regression a 

Score/sub-

score 

MPAb    

(n=6946) 

VPAb    

(n=6948) 

WALKING TIME  

(n=6945) 

SITTING TIME  

(n=6904) 

  min per week min per week min per week minutes per week 

  Coef. [95% Conf. 

Interval] 

P>|t| Coef. [95% Conf. 

Interval] 

P>|t| Coef. [95% Conf. 

Interval] 

P>|t| Coef. [95% Conf. 

Interval] 

P>|t| 

Simple Overall 

urbanicity 2 

-1.44 -2.71 -0.17 0.02 -2.31 -3.31 -1.32 0.00 0.53 -0.49 1.56 0.30 10.42 6.10 14.74 0.00 

Multivariable Demographic  -3.29 -7.13 0.53 0.09 -2.09 -5.11 0.92 0.17 1.60 -1.49 4.69 0.31 17.23 4.18 30.28 0.01 

Economic 

Activity 

3.34 -4.89 11.58 0.42 -10.6 -17.10 -4.11 0.00 -5.54 -12.20 1.12 0.10 27.95 -0.19 56.10 0.05 

Built 

Environment 

9.27 -3.48 22.03 0.15 14.75 4.70 24.80 0.00 3.01 -7.30 13.33 0.56 16.18 -27.37 59.74 0.46 

Education 6.38 -1.63 14.40 0.11 -0.17 -6.49 6.14 0.95 4.58 -1.90 11.06 0.16 -2.73 -30.06 24.60 0.84 

Health 4.40 -10.10 18.90 0.55 3.67 -7.74 15.08 0.52 11.61 -0.11 23.35 0.05 69.32 19.95 118.70 0.00 

Diversity -9.67 -20.04 0.70 0.06 -5.15 -13.33 3.02 0.21 -11.20 -19.60 -2.81 0.00 30.07 -5.31 65.46 0.09 

Communication -14.10 -26.66 -1.53 0.02 -12.40 -22.29 -2.51 0.01 1.18 -8.99 11.35 0.82 -39.20 -82.06 3.65 0.07 
a Simple linear regression models: Overall urbanicity, demographic score measured as population density. Multivariable linear regression models: Seven-urbanicity sub-scores 

(demographic score measured as population density). 
b MPA: Moderate physical activity, VPA: Vigorous physical activity. 
c All associations adjusted for socioeconomic status, education level and BMI. 
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4.5 Discussion 

The data presented in this paper show evidence of associations between some components of 

urbanicity and physical activity in Mexico but the magnitude of the majority of associations 

is relatively small. It is important to recognize, however, that in sedentary adults these small 

differences may be important at the population level. Existing literature has reported an 

association between physical activity and urbanicity115-117 but inconsistency in the 

measurement of urbanicity in these studies makes direct comparison of these findings 

difficult. The reason for studying disaggregated urbanicity indicators is that a composite 

urbanicity score might be masking associations between components of urbanicity and 

physical activity variables and sitting time.  

 

Previous research suggests a positive association between certain features of the built 

environment (eg, presence of sidewalks, availability of recreational infrastructure, 

walking/cycling routes) and physical activity. A literature review of the influence of physical 

environment in children’s physical activity found a positive relationship between the 

presence of sidewalks and controlled intersections with children’s physical activity129. A 

literature review in adults found positive associations between several environmental features 

(eg, enjoyable sceneries, presence of sidewalks, adequate roads for cycling/walking, and 

public lighting among others) and physical activity130. In the current study, the build 

environment sub-score refers to the amount of paved roads per block, sewage services and 

availability of electricity in public areas, and as such, its positive association with VPA 

supports previous literature. The education sub-score was only positively related to 6.91 

minutes of walking per week and not related to any other physical activity outcomes, unlike 

previous research that has found that access to recreational facilities and schools enhances 

physical activity129. This might be because the measurement of education is slightly related to 

the built environment features (amount of preschools, elementary schools, secondary schools, 

universities) which should be responsible of the positive associations with walking but not 

enough to be associated with the other physical activity values.  
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There was evidence of small negative associations between the physical activity variables and 

demographic, economic, diversity and communication-based urbanicity. A high score in the 

economic activity sub-score refers to a higher proportion of people not involved in 

agriculture, therefore the findings may indicate lower physical activity among people living 

in more urbanized areas who do not work in agriculture, therefore the findings may indicate 

lower physical activity among people living in more urbanized areas who do not work in 

agriculture, farming, or fishing for example. This is consistent with previous studies in 

developing countries in which people living in rural areas had higher levels of physical 

activity than those living in urban areas131-133. Diversity and communication sub-scores are 

closely related to household quality and availability of electricity and internet connection, 

characteristics that are more frequent in urbanized environments.  

 

Regarding sitting time, its positive association with the overall urbanicity and the 

demographic sub-score is consistent with previous research. Sitting time spent in TV 

viewing, in the workplace and in transport are among the main determinants of adults’ 

sedentary behaviour and are more closely related to urban lifestyles134. Moreover, people in 

jobs requiring manual labour are more likely to spend less time sitting that people enrolled in 

office jobs135. The biggest association with sitting time was health based urbanicity. The 

health sub-score measures the amount of doctors, medical units and access to health services 

which are more likely to be in urban areas than in rural communities. In the results, the mean 

health score was 4.8, meaning that there are still a lot of opportunities for it increase as 

development continues. This could mean that health access is a key urbanicity indicator as it 

is so fundamental to communities. Supporting this idea, the correlation between the health 

sub-score and the overall urbanicity is 0.47, which indicates a medium correlation between 

the variables. 

 

4.5.1 Strengths and Limitations 

Strengths of the study include the use of a large sample that is representative at state level in 

Mexico, the combination of different databases from the Government and a comprehensive 

measure of urbanicity. The identification of both positive and negative associations between 

the different components of urbanicity and physical activity suggest that there is merit in 

studying these disaggregated components to prevent the potential masking of associations 
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that may occur if only overall urbanicity is considered. Limitations include the possibility of 

over-estimates of self-reported physical activity and some research has questioned the 

reliability of the IPAQ in measuring physical activity in developing countries136. Moreover, 

studying state-level measures of urbanicity and individual measures of physical activity may 

fail to account for individual-level detail in terms of the immediate environment in which 

participants live. For example, the measure of urbanicity used could not capture more fine-

grained features of the immediate environment that could be associated with people’s 

physical activity in Mexico (e.g., street lighting, perception of safety, proximity to parks)137, 

138. 

 

4.6 Conclusions 

We identified generally small associations between physical activity and state-level 

urbanicity. The demographic, economic and communication features of urbanicity had a 

negative association with physical activity while the built environment and the presence of 

educational facilities had a positive relationship. Overall urbanicity was positively associated 

with sitting time and this is consistent with previous literature. The other urbanicity variables 

were no associated with physical activity or sitting, this may be due to limitations in 

measurement or reflective of a null association between these variables. Future research 

could focus on studying these associations using individual-level data on physical activity 

and local data on urbanicity.  
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4.7 Implications for the Thesis 

Results of this study provide a better understanding of the role of urbanisation in the 

Ecological Model of Active Living70. The opposite direction of associations between 

components of urbanicity and physical activity (positive association: built environment, 

educational facilities; negative association: size/density, economic activity, availability of 
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communication services) give an insight on how complex urbanicity can be and highlight the 

need for composite urbanicity measures instead of dual ones (urban vs. rural).  Moreover, this 

chapter confirmed that is possible to compute the urbanicity measure at state level with the 

information publicly available from government sources, this being critical for the 

methodology of the study in Chapter 6. Finally, this chapter highlights that an urbanicity 

score calculated using state level data may not be accurate enough for portraying the 

immediate environment of a person. As such more local-level data is likely to be needed to 

provide a better understanding of the individual’s environment and this will be discussed and 

developed in Chapter 6. 
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Chapter 5  

Detailed Methods for studies reported in Chapters 6 & 7 

 

5.1 Study Design 

From the little research concerning urbanisation and physical activity in the world, the great 

majority is on adults. In Mexico no information exists about the association of urbanisation 

and physical activity on adolescents. The study of this association is essential to broaden the 

understanding of the correlates of adolescents’ physical activity and improve the health 

strategies targeted to them. Due to all of the above, Chapters 6 and 7 focus on the adolescent 

population in Mexico and in this chapter, more detailed methods for the studies 

corresponding to these chapters are presented, adding greater detail to the methods reported 

in the peer-reviewed publications. Figure 5-1 shows the steps in sampling and recruitment, 

data collection and analysis. The figure also links with the sub-sections from this chapter that 

explain the assessment of the variables and the analysis performed.  

 

Studies in Chapters 6 & 7 used data from a cross-sectional study which was collected in 

Mexico City and Oaxaca between February and June 2016. In Chapter 6, a study of the 

associations between different types of physical activity and urbanicity amongst adolescents 

in Mexico is reported, and in Chapter 7, the associations between adolescents’ perception of 

safety and physical activity in Mexico is reported. In both chapters, adolescents’ physical 

activity (outcome) was self-reported using the Youth Physical Activity Questionnaire (Y-

PAQ). In Chapter 6, urbanicity (exposure) was objectively assessed using the urbanicity scale 

developed by Novak, Allender, Scarborough, West 77 applied to data from the National 

Population and Housing Census (2010)139, the Council for the Evaluation of the Social 

Development Policy (CONEVAL)125 and the Education Department124. In Chapter 7, 

Perception of Safety (exposure) was self-reported using the Neighbourhood Environment 

Walkability Scale for Youth (NEWS-Y). Ethical approval was obtained by the University of 

Bristol’s School for Policy Studies Research Ethics committee (Ref: SPSREC14-15.A55) 

(Appendix B) and written informed consent was obtained for all participants. 
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Figure 5-1 Flow diagram of methods for Chapter 6 and 7. 

 

5.2 Recruitment of Schools & Participants 

Mexico City and Oaxaca were chosen as the two sites for data collection as they provide 

variation in urbanicity (Mexico City: 58.16 vs Oaxaca: 39.70, on a zero to 70 scale using the 

urbanicity scale developed by Novak, Allender, Scarborough, West 77). The map with the 

urbanicity scores for all the states in Mexico can be found in Appendix M. A list of state 
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schools in both states was provided by the Department of Education in Mexico and school 

sampling was stratified by socio-economic status (SES) and urbanicity level. Each 

municipality from both states was allocated to a SES tertile (low, medium or high) according 

to the National INEGI1 and then each municipality in the SES categories was given an 

urbanicity level (low, medium, high) based on results from Chapter 4. Schools in 

municipalities were identified and fifteen schools from each SES-urbanicity combination 

were sampled, giving 1,440 potential schools for each state. From that list, 1,319 schools 

were eligible (with students between 15 and 18 years old), 517 were excluded for being in 

areas deemed unsafe for data collection, 637 for not having publicly available contact details, 

and 69 were not approached having met the recruitment stratification quota (Figure 5-2). An 

example of the recruitment letter sent to schools, the information sheet provided and the 

consent form can be found on Appendices C, D and E. Ninety-six schools were contacted; 79 

did not reply, seven refused and 10 schools agreed to participate. Schools that refused to 

participate showed lack of interest in the study from their headmasters or were lacking 

personnel at that time due to teachers being on strike, or they lacked on sport facilities, gyms 

or recreational areas and they thought they were going to be “judged badly”. Figure 5-3 

shows the location of the schools which agreed to participate and the percentage of 

participants that contributed to the final total sample. 

 

Data were collected from six schools from Mexico City (n participants = 1,918) and four 

schools from Oaxaca (n participants = 2,530). Participants were recruited within schools 

where the researcher gave all eligible (students between 15 and 18 years old) and present 

pupils an information sheet (Appendix F) and a consent form (Appendix G). From 4,448 

eligible students, 4,079 completed the questionnaire on the day of data collection (recruitment 

rate: 91.70%). Students that did not want to participate were either feeling ill, were not 

allowed to take part due to bad behaviour or were falling behind with their studies and 

preferred to use that time to catch up with work.  
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Figure 5-2 Eligibility Criteria 
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Figure 5-3 School sampling and percentage of participants per school (n=4,079) 
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5.3 Description of the questionnaire 

Consenting participants were asked to complete the questionnaire which was in Spanish 

(English version in Appendix H) and comprised of eight sections: 1) Descriptive Information, 

2) Getting Around in Your Neighbourhood, 3) Barriers to Walking and Cycling to School, 4) 

Places for Physical Activity Near Your Home, 5) Other Places for Physical Activity, 6) 

Proximity to Parks and Green Areas, 7) Your Physical Activity, 8) Your Free Time. Details 

of each section are outlined below. 

 

5.3.1 Descriptive Information 

This section measured descriptive information of the participants: gender (male/female), age, 

weight (kg) and height (cm); location information of participants’ household (delegation, 

street name and post code), duration of residence (less than a year/between 1 and 3 

years/between 4 and 10 years/between 10 and 15 years/all my life); and educational level of 

parents or guardians (primary school/secondary school/college/higher education 

[undergraduate]/postgraduate degree/none). Household information was later used to 

calculate urbanicity scores for Chapter 6. 

 

5.3.2 Physical Activity Measurement  

There are several possible self-reported measures for assessing adolescents’ physical activity. 

These include the Oxford Physical Activity Questionnaire (OPAQ), the Quantification de 

l’activité physique en altitude chez les enfants (QAPACE), the Previous Day Physical 

Activity Recall (PDPAR), the Self-administration Physical Activity Checklist (SAPAC), the 

International Physical Activity Questionnaire (IPAQ) and the Youth Physical Activity 

Questionnaire (YPAQ). A summary of each measure, its strengths/limitations, and evidence 

for the validity and reliability of its scores are shown in Table 5-1.  

 

Two recent systematic reviews140, 141 suggested that the “Previous Day Physical Activity 

Recall” (PDPAR) and the “Quantification de l’activité physique en altitude chez les enfants” 

(QAPACE) showed higher construct validity than the YPAQ (Table 5-1). However, both 

questionnaires were unsuitable for use in the studies reported in Chapters 6 and 7 due to the 
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recall period. Specifically, the period of measurement of the PDPAR, which measures 

physical activity on the previous day only, was deemed too short to provide a robust measure 

of young people’s habitual physical activity142, while QAPACE is one year recall period too 

long for the objectives of this PhD and only measures daily energy expenditure. Other 

measures, such as the Oxford Physical Activity Questionnaire (OPAQ)143 and the 

International Physical Questionnaire for Adolescents (IPAQ-a), have a one week recall period 

but have not shown a construct validity as high as the YPAQ. In terms of test re-test 

reliability, Y-PAQ showed acceptable reliability (Intra Class Correlation Coefficient 

[ICC]=0.73) for MVPA, and even though the OPAQ scores showed stronger reliability 

(>0.90), its validity was weaker than the Y-PAQ (r=0.32, accelerometer [Caltrac]) and does 

not include questions to assess “walking” outside from active commuting to school, an 

activity that contributes to overall MVPA144 (e.g. walk for exercise/hike, MET = 6.0) or 

leisure physical activity (e.g. walk the dog, MET = 3.0)145. 

 

The validity and reliability of the YPAQ scores have been reported previously140, 141, 146, 147. 

One study reported Spearman correlations of r=0.11 with accelerometer estimates and r=0.46 

with estimates of energy expenditure from doubly labelled water140; while another study 

reported a Spearman correlation of r=0.39 and a Pearson correlation of r=0.47 with 

accelerometer assessed146. These correlation coefficients showed acceptable construct 

validity, apart from one which was insufficient (r=0.11). Moreover, YPAQ was found to 

elicit over-reported MVPA by 25.6±50.2 minutes per day (95%, CI=10.4 to 40.9)146 and 

because of this, and according to McCrorie, Perez, Ellaway 146, YPAQ should not be used 

interchangeably with accelerometers as it tends to over report higher levels of physical 

activity and underreport lower levels. With regards to reliability, YPAQ scores showed an 

acceptable (>0.70) ICC of 0.73 for MVPA and a ICC of 0.79 for Physical Activity Energy 

Expenditure (PAEE)147.  

 

Even though construct validity is not as strong as other self-report questionnaires, the YPAQ 

still presents a moderate correlation and poses advantages above other measures. Firstly, 

participants can choose from 47 listed activities according to their physical activity and 

having the activities listed might favour the recall process. Secondly, at present there is no 

Spanish version for most self-reported measures of physical activity and the format and 
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number of questions in the YPAQ is sufficiently simple to translate so that the loss of 

information or risk of mistranslation was minimised. YPAQ also differentiates between 

activities considered as sport, leisure and sedentary on weekdays and weekends, and allows 

the calculation of MVPA, VPA, MPA and PAEE, giving the opportunity to explore 

associations between these different intensities of physical activity. 

 

As there is no official Spanish translation of the YPAQ and also no evidence of the scale 

being implemented amongst Mexican adolescents, future research could focus in validating a 

Spanish version of the YPAQ that could be used in Latin America.  
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Table 5-1 Comparison chart of some self-reported measures of physical activity in youth. 

 Oxford Physical Activity 

Questionnaire 

(OPAQ) 

Quantification de l’activité 

physique en altitude chez 

les enfants (QAPACE) 

Previous Day PA Recall 

(PDPAR) 

Self-admin PA checklist 

(SAPAC) 

International Physical 

Activity Questionnaire 

(IPAQ) 

Youth Physical Activity Questionnaire 

(YPAQ) 

Age group Mean = 13.1 

 

8-16 7 - 12 11-15 13-18 12-17 

Recall 

period 

1 week 1 year Previous day 3 days 1 week 1 week 

Number of 

items 

 

Time table format 

 

18 questions 35 activities to be filled in 30 

min blocks 

50 activities IPAQ: 27 questions 

IPAQ-s:  7 questions 

47 activities 

Validity MVPA Spearman r=0.32 

(against accelerometer 

[Caltrac]) 

DEE  

ICC=0.56 (against indirect 

maximum oxygen uptake) 

ICC:0.69 (against direct 

maximum oxygen uptake) 

TEE 

r=0.77 (against accelerometer 

[Caltrac]) 

r=0.88 (against pedometer) 

Time spent in PA  

r=0.51(against MET) 

Sedentary minutes 

Pearson r=0.18 (95% 

CI=0.07-0.28) (against 

Actigraph) 141 

Spearman r=0.14(95% 

CI=0.05-0.23) (against 

Actigraph) 141 

IPAQ-A 

Spearman r=0.20 (p<0.01) 
141 

 

MVPA  

Spearman r=0.11 (against accelerometer) 

Spearman r=0.46 (against DLW) 

MVPA 

Pearson r=0.47 Spearman r=0.39 (against 

accelerometer)146 

PAEE 

Spearman r=0.46 (p=0.03) (against DLW) 
141 

Reliability  

MPA 

ICC=0.76 

VPA  

ICC=0.80  

MVPA  

ICC=0.91 

 

DEE 

ICC=0.96 

 

METmin 

ICC = 0.98141 

TEE 

Pearson r=0.98  

(p<0.01) 141 

 

MVPA  

r=0.67  

VPA  

r=0.63 

MPA: ICC=0.37141 

LPA: ICC=0.28141  

MPA: ICC=0.15141 

VPA: ICC=0.40141 

MPA: ICC=0.55141  

VPA: ICC=0.54141 

WALKING: ICC=0.62141 

IPAQ-s (used in youth) 

ICC= 0.10 to 0.30141 

 

MVPA  

ICC=0.73147 

PAEE  

ICC=0.79 (p<0.001) 141 

Strengths -Provides an example on 

how to report PA data. 

-Differentiates PA during 

PE class from PA inside 

school facilities. 

 

-Used in a Latin-American 

country (Colombia)  

-Covers PA during 

Holidays 

 

-Highest validity 

 

-Used on a population 

of mixed ethnicity 

 

-Spanish version available 

-Used internationally in 

different populations 

 

-Differentiates from activities considered 

as sports, leisure PA & sedentary apart 

from recording MVPA and PAEE 

-Weekend and week recall  

Limitations -Does not allow 

participants to report 

“walking” outside of AC to 

school.  

-Does not measure 

MPA/VPA/MVPA  

-Minimum 1 year of 

assessment 

-Only measures previous day 

PA, specifically after school 

hours. (3 pm to 11:30 pm)148  

-Used on a younger age 

 

-Used on a younger 11-

15 

IPAQ-A: Mainly used in 

European ethnicity 

-Used in mainly white ethnicity 

Note: Information obtained from Chinapaw, Mokkink, van Poppel, van Mechelen, Terwee 140, unless cited differently in the table. PA: Physical activity, PE: Physical education, MVPA: Moderate-to-vigorous physical 

activity, MPA: Moderate Physical Activity, VPA: Vigorous Physical Activity, DEE: Daily Energy Expenditure, TEE: Total Energy Expenditure DLW: Doubly Labelled Water, PAEE: Physical Activity Energy Expenditure. 
IPAQ-s: International Physical Activity Questionnaire. Short Version, IPAQ-A: International Physical Activity Questionnaire Adolescents, AC: Active Commuting 



81 

 

Based on the evidence above, the Y-PAQ149 was used as a 7-day self-reported questionnaire 

that assesses the duration and frequency of 47 activities. The following five variables were 

derived: 

 

a) Sport Activities (15 activities): Duration (hours/minutes) and frequency (how 

many times) from Monday to Sunday, distinguishing between weekdays and 

weekends. These activities included team sports as well as individual sports no 

matter if they were performed during or outside school time. For example: 

baseball, gymnastics, swimming (lessons or for fun), martial arts, tennis etc... 

b) Leisure time activities (13 activities): Duration and frequency from Monday to 

Sunday, distinguishing between weekdays and weekends. Example of these 

activities are: walking for exercise and cycling for fun, trampolining, bowling, 

household chores, scooter, etc...  

c) Activities at school (3 activities): Duration and frequency from Monday to Friday. 

These activities were commuting to school by bike (to and from school), 

commuting to school walking (to and from school) and physical activity performed 

during Physical Education (PE) class.  

d) Activities during free time (12 activities): Duration from Monday to Sunday, 

distinguishing weekdays from weekends. The listed activities were sedentary 

activities such as watching television, playing indoors with toys, reading, etc... 

Commuting by car or bus to school was also noted in this section.  

e) Other (2 activities): Y-PAQ allows participants to list duration and frequency on 

weekdays or weekends of any non-listed activity.  

 

Different measures of physical activity are obtained from the Y-PAQ: total minutes of 

physical activity, MET-minutes and Physical Activity Energy Expenditure (PAEE). Total 

minutes of physical activity are calculated by multiplying duration (number of minutes/hours) 

by frequency (number of times the activity was done) to derive the total amount per weekday, 

weekend or week. MET-minutes are calculated as follows:  

 

𝑀𝐸𝑇 𝑚𝑖𝑛 = 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 × 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 × 𝑀𝐸𝑇 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦150 
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PAEE is calculated by the assumption that one MET is equivalent to an oxygen consumption 

rate of 4.54 mL*kg-1*min-1 for adolescents between 12 and 13 years old and 4.00 mL*kg-

1*min-1 for adolescents between 16 and 17 years old151. The formula to estimate daily PAEE 

from the Y-PAQ is: 

 

𝑃𝐴𝐸𝐸 = (𝑅𝑒𝑝𝑜𝑟𝑡𝑒𝑑 𝑡𝑖𝑚𝑒)(𝑂𝐸𝐸 × 𝑀𝐸𝑇 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡) (
𝑇𝑜𝑡𝑎𝑙 𝑀𝐸𝑇𝑚𝑖𝑛

𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑓𝑟𝑎𝑚𝑒
) 

 

Where: 

MET equivalent = 4.54 mL*kg-1*min-1 or 4.00 mL*kg-1*min-1 depending on age  

OEE (Oxygen Energy Equivalent) = 0.0209 kJ*mL-1  

Reported time = 1440 (minutes in one day) 

 

The data collected on activities during free time was not included in the analyses of Chapters 

6 and 7 because these studies are a continuation of findings from Chapter 4, and because this 

chapter was mainly based on physical activity data (the only sedentary behaviour variable 

was sitting time), a decision to mainly focus on physical activity data was taken. Sedentary 

behaviour data was still collected in hope that its analysis could be done within the duration 

of this PhD, but this was not the case.  

 

5.3.2.1 Assessment of Physical Activity 

Physical activity was measured using the Y-PAQ. Minutes per week of physical activity were 

calculated by multiplying duration (minutes) and frequency (times per week) of the activities 

previously mentioned. These activities were then grouped, as shown in Appendix I, into five 

domains of physical activity:  
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1) Moderate-to-vigorous physical activity: Any activity with a metabolic equivalent 

≥ 4 kcal·kg−1·h−1) according to the compendium of physical activity150, regardless 

of their type (sport activities, leisure activities, activities commuting to school...). 

Total MVPA was the sum of minutes per week of all these activities. 

2) Sport activities: Any activity listed under this questionnaire subheading (e.g., 

baseball, football, gymnastics, swimming). Total time spent in sport activities was 

the sum of minutes per week of these activities.  

3) Leisure time activities: Any activity listed in this part of the questionnaire (e.g., 

bowling, roller-skating, and playing with pets). Total leisure activity was the sum 

of minutes per week of these activities.  

4) Physical Education (PE) class at school: Minutes per week reported under this 

section on weekdays. 

5) Active commuting to school: Sum of minutes per weekday walking or cycling to 

and/or from school.  

 

5.3.2.2 Data Processing Rules for Physical Activity 

There are many different ways to analyse physical activity data, yet at present there is no 

consensus on a “correct” method for defining levels of physical activity based on self-report 

population surveys. Because there are no data truncation rules specifically for the Y-PAQ, the 

guidelines for data processing and analysis of the International Physical Activity 

Questionnaire (IPAQ) Long Form127 were adapted as follows for data processing rules: 

 

1. Data Cleaning: Any responses to duration (time) provided in hours were converted 

into minutes. 

2. Exclusion of outliers: All cases in which the sum of total physical activity was 

greater than 960 minutes per day (16 hours) were excluded from the analysis, this 

is considering an average sleeping time of eight hours.  

3. Minimum values for duration of physical activity: Values less than 10 minutes of 

duration were re-coded as ‘zero’ for the calculation of MVPA, sport activities and 

leisure physical activity. The reason for this is that, in order to achieve health 

benefits, a minimum of 10 minutes of physical activity should be performed31.  
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4. Truncation of data: In an attempt to normalise the distribution of physical activity, 

which is usually skewed in large population datasets, any total of MVPA, sport 

activity, leisure physical activity was truncated to 8 hours per day. Physical activity 

during PE class was truncated to a maximum of 3 hours per day and active 

commuting to 4 hours per day. 

 

5.3.3 Perception of Safety  

The questionnaire items related to perception of safety were utilised in the study reported in 

Chapter 7. There are scarce validated and reliable self-reported tools to assess the perception 

of safety in one’s surrounding environment. Several studies measure perception of safety 

through unvalidated questions designed for each study83, or the perception of neighbourhood 

safety is measured through single item (e.g. I feel safe to engage in physical activity in my 

neighbourhood) with dichotomised answers (e.g., agree & disagree)81, 82. Other measures like 

the Children’s Perceptions of the Physical Environment explore multiple aspects of children’s 

environment like home, neighbourhood, aesthetics & incivilities, general safety (e.g. it is easy 

to walk/cycle around), traffic/road safety (e.g. I feel safe crossing the road) and personal 

safety (e.g. I am worried about strangers). The safety scales from this questionnaire have 

shown moderate internal reliability (α = 0.65) and fair test and retest reliability (ICC = 0.88, 

CI = 0.76 – 0.94)84. A limitation of this tool is the dichotomised response format (“no” and 

“yes”) that does not allow for a more graded indication of individuals’ perception of safety.  

 

On the other hand, the Neighbourhood Environment Walkability Scale for Youth (NEWS-Y) 

self-report measure, adapted from the adults’ NEWS questionnaire which was developed to 

provide a more concise and empirically-derived measure of several features of the built 

environment related to walking in young people. Nevertheless, subscales from the NEWS-Y 

have been used for different purposes apart from the assessment of walkability, including 

assessment of the perception of neighbourhood safety amongst Brazilian adolescents86. 

Another study examined the relationship between children’s physical activity and the 

subscales from the NEWS-Y152. For the purpose of the study reported in Chapter 7, the 

“Pedestrian automobile traffic safety” and “Crime safety” subscales from NEWS-Y were 

used to assess perception of safety.  
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NEWS-Y subscales had acceptable test-retest reliability (pedestrian and automobile traffic 

safety ICC=0.67, crime safety ICC=0.73) in a sample of 171 adolescents between 12 and 18 

years old85. In terms of validity, in the same sample, the pedestrian and automobile traffic 

safety subscale has been associated with walking to a park (p=0.003) and crime safety has 

been associated to walking to shops (p=0.027)85. In a study with adults, NEWS used self-

reported walking as validity criterion and reported a positive association between traffic and 

crime safety and walking for transport153. No further research has studied the criterion 

validity of the NEWS, NEWS-Y, NEWS-A as a tool to measure the environment. Even 

though NEWS-Y can be used to examine neighbourhood environment correlates of physical 

activity, no study has measured the validity of the pedestrian and automobile traffic safety 

and crime safety subscales.   

 

NEWS-Y has been translated to Maltese and Traditional Chinese, but there is no official 

Spanish translation. Future research should not only develop a Spanish translation of the 

NEWS-Y but a cultural adaptation that enhances the environment features that are unique to a 

country or group of countries that share similarities in society values, government and 

lifestyle. India, Korea and some sub-Saharan African countries (Cameroon, Ghana, 

Mozambique, Nigeria, South Africa, Uganda) have adapted the NEWS scale to their own 

culture154 155 156.  

 

5.3.3.1 Assessment of Perception of Safety 

The “Pedestrian and automobile traffic safety” and “Crime safety” sub-scales from the 

NEWS-Y comprise the following items: 

 

a) Pedestrian and automobile traffic safety: was measured using six items scored 

on a four-point scale: 1. Strongly disagree, 2. Somewhat disagree, 3. Somewhat 

agree, 4. Strongly agree. The items were: 

1. There is so much traffic along nearby streets that it makes it difficult or 

unpleasant to walk in my neighbourhood. 

2. The speed of traffic on most nearby streets is usually slow. (*) 

3. Most drivers exceed the posted limits while driving in my neighbourhood. 
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4. Our neighbourhood streets have good lighting at night. (*) 

5. Walkers and bikers on the streets in our neighbourhood can be easily seen 

by people in their homes. (*) 

6. There are crosswalks and signals to help walkers cross busy streets in our 

neighbourhood. (*) 

 

b) Crime safety: Five items were used to assess crime safety using the same response 

options as above. The items were: 

1. There is a high crime rate in our neighbourhood. 

2. I am worried about being taken or hurt by a known bad person in my 

neighbourhood. 

3. I am worried about being taken or hurt by a stranger in my yard, driveway 

or apartment common area.  

4. I am worried of being taken or hurt by a stranger on local streets. 

5. I am worried of being taken or hurt by a stranger in a local park.  

 

Following reverse scoring of the items indicated with a “*”, subscales’ scores were derived 

by averaging the items within each subscale. Higher scores in both subscales denote lower 

walkability, thus lower perception of pedestrian and automobile traffic safety and lower 

perception of crime safety.  

 

5.3.3.1.1 Confirmatory Factor Analysis 

In view of the lack of existing evidence for the construct validity of pedestrian and 

automobile traffic safety and crime safety subscales of the NEWS-Y in Mexican adolescents, 

a Confirmatory Factor Analysis (CFA) was performed to examine the construct validity of 

the hypothesised structure and relationship between the subscales.  

 

CFA is a specific instance of structural equation modelling. It is a multivariate technique used 

to test hypotheses of the relations among a set of observed variables (i.e., indicators) and the 

construct they were designed to measure (i.e., factor/latent variable)157. Each observed 

variable has its own unique variance and develops a scale score that represents the shared 

meaning of the set of observed variables on a single dimension158. 
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A measurement model was specified in which the 11 observed variables loaded onto their 

hypothesised latent variables: Pedestrian and automobile traffic safety (PAS) and Crime 

Safety (CS) (Figure 5-4). The number next to each item corresponds to their order in the 

questionnaire, as it was not sequential. It is important to note that in the final CFA model the 

latent variable of PAS changed for Pedestrian Safety (PS), to best represent the content of the 

retained items.  

 

Figure 5-4 Latent variables and observed variables for Perception of Safety prior to CFA. 

 

Following the recommendations of Acock 158, the CFA model was built in STATA (Version 

13), College Station, TX, and the “sem” command was used. Model fit was assessed using 

the following Goodness of Fit Indicators:  

a) Chi2 (𝜒2): Compares the model to a saturated model that has no degrees of 

freedom. The number of degrees of freedom is based on the number of parameters 

that are being estimated and the amount of information that is available. Structural 

equation modelling tries to reproduce the covariance matrix for the eleven items 

and picks the combination of parameters estimates that best reproduces the 

covariance matrix158. Even though non-significant values of chi2 indicate good fit, 
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it is sensitive to sample size and it should be considered alongside other goodness 

of fit indices158.  

 

b) Comparative fix index (CFI): Compares the model with a baseline model that 

assumes there is no relationship between the six observed indicator variables of 

PAT and the five variables of CS. Values of 0.90 or 0.95 indicate good fit158.  

 

𝐶𝐹𝐼 =
max (𝑜𝑢𝑟 𝑐ℎ𝑖 𝑠𝑞𝑢𝑎𝑟𝑒𝑑 𝑑𝑓, 0)

max (𝑜𝑢𝑟 𝑐ℎ𝑖 𝑠𝑞𝑢𝑎𝑟𝑒𝑑 𝑑𝑓, 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑐ℎ𝑖 𝑠𝑢𝑎𝑟𝑒𝑑 𝑑𝑓
 

Where: 

df = degrees of freedom for the corresponding model 

 

c) Standardised root mean squared residual (SRMR): Indicates proximity to 

reproduce each correlation on average. Values <0.08 indicate good fit158. 

 

d) Root mean squared error of approximation (RMSEA): Considers how much 

error there is for each degree of freedom. RMSEA penalises the model for 

unnecessary added complexity (i.e. adding more paths). A complex model benefits 

from chance and might fit better, but RMSEA adjusts for this. Values ≤0.05 

indicate good fit and values between 0.05 and 0.08 indicate a reasonably close 

fit158. 

 

𝑅𝑀𝑆𝐸𝐴 = √
𝑇

(𝑁 − 1)⁄

𝑑𝑓
 

Where: 

T = max (model chi-squared – df, 0) 

df = degrees of freedom 

N = sample size 

Besides goodness-of-fit indicators, item-factor loadings and modification indices were 

considered to derive and fit the final model. The value of item-factor loadings indicates 
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whether an observed variable can be considered as a defining part of a latent variable.  Even 

though there are “rules of thumb” that indicate item loading should be higher than 0.3 to be 

acceptable, another approach is to decide the importance of the factor loading when 

compared to other ones; ideally there should be a homogeneous correlation and deviations 

from this may be caused by measurement errors. Modification indices are estimates of how 

much the chi-squared will be reduced if a particular extra parameter is estimated (i.e., the 

largest modification indices point towards model adjustments that would result in the biggest 

improvement in fit), it indicates which correlations of errors from pairs of variables should be 

applied for the model to fit better158. However, model modification based on modification 

indices alone can result in a data driven approach which may not be theoretically or logically 

coherent. As such, modification indices were used to guide but not prescribe model 

modification.  

 

Results of goodness-of-fit indicators are shown in Table 5-2. An iterative model refinement 

process was undertaken which used evidence from the goodness-of-fit indices, item-factor 

loadings, modification indices and theoretical logic. As such, a balance was sought between 

data and theory-driven approaches to model fit which did not simply seek good fit at the 

expense of conceptual clarity. Model 1 did not show good fit. Modification indices suggested 

that correlating error terms between items would improve model fit and this was performed 

where this made conceptual sense (e.g. between items 1&3, 1&2, 3&4, 4&9, in Figure 5-4.) 

(Model 2). In Model 2, fit was improved but items 1, 2 and 3 on the PAS subscale showed 

very weak loadings (0.07, 0.14, 0.10), therefore items 1 and 3, which had the weakest 

loadings, where dropped for the next model. Model 3 therefore included the five items 

loading on the CS factor and 4 items loading on PAS (1 and 3 were excluded) and 

demonstrated improved fit over Model 2, even though the test scale (internal consistency) for 

PAS (α = 0.4969) indicated that fit would increase to α = 0.5833 if item 2 were erased. Model 

4 raised the possibility of a model with three latent variables: Traffic safety (TS) comprising 

items 1, 2 and 3 from Figure 5-4, pedestrian safety (PS) comprising items 5, 6 and 7, and 

crime safety (CS) comprising items 4, 8, 9, 10, 11. As seen in Table 5-2, model fit for SRMR 

and RMSEA was good but not for CFI. Internal consistency estimates for the latent variables 

showed acceptable alpha coefficient for CS (α = 0.7941), acceptable for PS (α = 0.5833) and 

unacceptable for TS (α = 0.3290)159, suggesting that items 1, 2 and 3 should not be treated as 

items measuring one latent variable. Consequently, it was decided to delete items 1, 2 and 3 
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from the model and analyse separately item 2 in the multivariable regression as it was the 

item with the least weak loading (I2 = 0.14 compared to I1 = 0.07 and I3 = 0.10) to 

perception of pedestrian and automobile traffic safety that still represented the “transit and 

driving” part and that could contribute to understanding the association of perception of 

safety and physical activity in adolescents as an independent variable outside the CFA model.   

 

The final model (Model 5) shown in Figure 5-5, comprised three items assessing PS (internal 

consistency α = 0.5833) and five items assessing CS (internal consistency α=0.794). This 

model exhibited good fit for CFI and SRMR, and even though RMSEA was not ideal, it was 

the best model because it identified that items 1, 2 and 3 were not related to perception of 

pedestrian safety and were driving down the internal consistency of the latent variable 

previously named as PAS. 

 

Table 5-2 Results of iterative CFA model testing of the perception of pedestrian and automobile safety and crime safety. 

Models 

 1 2 3 4 5 

Description 

of the model 

2 factors  

PAS: 6 items  

CS: 5 items 

Correlation 

between 

factors 

2 factors  

PAS: 6 items  

CS: 5 items 

Correlation 

between factors 

Correlated error 

terms: 9&4, 

1&3, 1&2, 3&4 

2 factors 

PAS: 4 items 

(no 1&3) 

CS: 5 items 

Correlation 

between factors 

3 factors 

TS: 3 items 

(1&2&3) 

PS: 3 items  

CS: 5 items 

Correlation 

between factors 

2 factors 

PS: 3 items (no 

1&2&3) 

CS: 5 items 

Correlation 

between factors 

x2(df) 1694.761 (43) 837.983 (39) 745.911 (26) 1075.345 (41) 720.392 (19) 

CFI 0.800 0.903* 0.903* 0.875 0.906* 

SRMR 0.090 0.075* 0.046* 0.050* 0.048* 

RMSEA  

(90% CI) 

0.101  

(0.097, 0.106) 

0.075  

(0.070, 0.079) * 

0.085 

(0.080, 0.091) * 

0.082  

(0.078, 0.087) * 

0.098  

(0.092, 0.104) 

 

* Model meets Goodness-of-fit indicator 

df: Degrees of freedom 

CFI: Comparative Fit Index 

SRMR: Standardised Rood Mean Squared Residual 

RMSEA: Root Mean Squared Error of Approximation 

CI: Confidence Interval 

PAS: Pedestrian and Automobile Safety 

TS: Traffic Safety 

PS: Pedestrian Safety 

CS: Crime Safety 

 

 

 



91 

 

The arrangement of observed and latent variables resulting from the CFA is shown in Figure 

5-5. As mentioned before the variable PAS has been edited to PS after dropping items 1, 2 

and 3; referring to automobile safety, and will be referred as PS for the following sections of 

this thesis.  

 

Figure 5-5 Perception of Safety final model output from STATA. 

  

5.3.4 Assessment of Urbanicity 

For Chapter 6, urbanicity scores and sub-scores were computed using location information 

(home postcode, street name, delegation/municipality and state) from each participant, and 

the urbanicity scale developed by Novak, Allender, Scarborough, West 77. Location 

information was used to allocate each participant within a Basic Geostatistical Area (BAGA) 

from the CENSUS 2010 using the Digital Map of Mexico developed by INEGI160. A BAGA 

is a geographical unit defined by the Mexican Government as “a group of blocks (generally 

between one and 50) delimited by streets and avenues. In rural areas, a BAGA is a territorial 

extension delimited by paths, rivers/streams, railroad tracks and canyons”161. A group of 

BAGAS form a locality and a group of localities form a municipality within a state (Figure 

5-6). BAGAs have unique serial numbers that identify them, and along with other codes for 

state, municipality/delegation and locality conform one unique serial number for each place 

in Mexico. These serial numbers appear in the database of the CENSUS, making possible the 

link between each participant’s household location with information (e.g. paved roads, 

amount of light posts, public availability of internet...) from that area.  
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Figure 5-6 Geographical division of a state 

 

The scale by Novak, Allender, Scarborough, West 77, as described in Chapter 2, is an 

objective measure of several elements of the environment that measure urbanicity. The 

original scale is formed by seven sub-scores but for Chapter 6, the urbanicity score had to be 

adapted to the information available at local level as follows: 

 

1. Demographic: People per unit area living in this locality (Information obtained from 

Census, INEGI). 

2. Economic Activity: Proportion of people involved in agriculture as a primary 

occupation (Information obtained from Census, INEGI and CONEVAL). 

3. Built Environment: Amount of paved or unpaved roads, sewage services, electricity 

service (Information obtained from Census, INEGI). 

4. Communication: Proportion of houses with television, mobile phone, public internet, 

public phone (Information obtained from Census, INEGI). 

5. Education: Educational facilities per locality, primary schools, university, average 

education of mothers in community (Information obtained from SEP). 
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6. Health services: Health facilities available, health centres, dispensaries/pharmacies, 

health workers available, village health worker (Information obtained from Census, 

INEGI). 

 

Each of the six domains is scored from zero to 10. Unlike the original urbanicity scale 

described in Chapter 2, the diversity sub-score was omitted due to lack of information of 

housing quality index at BAGA level. Consequently, the maximum value for the composite 

scale (sum of all subscales except diversity) was 60. All the formulas used to compute the 

sub-scores are explained in Appendix A. Urbanicity scores were merged with the physical 

activity data by BAGA, so that for each participant an urbanicity score was given according 

to their household location.  

 

The validity, reliability and preference of this score over other ones has been previously 

discussed in Chapter 2. It is worth mentioning that the urbanicity scale has not been 

previously used in the Mexican population, even though it has been previously applied in 

other Latin American countries like Peru77. 

 

5.4 Multiple Imputation for Missing Data 

To include information of all participants and increase statistical power, multiple imputation 

(MI) of missing data was implemented for 4,079 participants. Multiple imputation (MI) is a 

simulation-based statistical technique used for handling missing data162. Even though the MI 

methodology makes no assumption about the missing-data mechanism, several imputation 

methods require the missing-data mechanism to be ignorable otherwise there might be a risk 

of bias163. There are three reasons why data could be missing: 

a) Missing data completely at random (MCAR): If the probability that data are 

missing does not rely upon observed or unobserved data, meaning that the missing 

values are a simple random sample of all data values, and so analysis that discards 

the missing values remains consistent, although inefficient. 

b) Missing data at random (MAR): If the probability that data are missing does not 

depend on unobserved data but may depend on observed data. Missing values do 
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not contain any additional information given observed data about the missing-data 

mechanism. If missing values are missing at MAR, then the missing-data 

mechanism is said to be ignorable, making it possible to ignore the process that 

causes missing data in the imputation model.  

c) Missing data not at random (MNAR): If there are systematic differences between 

missing values and the observed values. 

 

It was assumed that the data used in Chapters 6 and 7 were missing at random. In Chapter 6, 

completeness of data (i.e. percentage of people who had complete data) was 82%; all physical 

activity measures (i.e., MVPA, sport activities, leisure time activities, PE class, active 

commuting to school), the six urbanicity sub-scores and participants’ characteristics (i.e., sex, 

weight, height, parents’ education level, age, school, time they have been living in their latest 

address and state) were potential predictors of missingness. In Chapter 7, completeness of 

data was 78% and all physical activity measures, Perception of Safety items (Pedestrian and 

Automobile Traffic Safety & Crime Safety) and participants’ characteristics were potential 

predictors of missingness. The MI process is divided into three steps: imputation, completed-

data analysis and pooling.  

 

5.4.1 Imputation 

An imputation represents a set of possible values for the missing data. In this step the chosen 

imputation model creates “x” imputations (i.e., completed datasets) that later are combined 

into a single MI result. In theory, the validity of MI relies on an infinite number of 

imputations even though the procedure also has good statistical properties with a finite 

number of imputations162. In practice, the number of imputations necessary for a satisfactory 

MI depends on the amount of missing information due non-response and on the analysis 

model and the data. In chapters 6 and 7, 20 imputation cycles were used, as recommended by 

The STATA Multiple-imputation Reference Manual162, to reduce the sampling error due to 

imputations.  
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5.4.2 Completed-data Analysis 

Completed-data Analysis is the primary analysis to be performed after missing data have 

been imputed. This analysis is performed separately on each imputation. In the analysis from 

Chapters 6 and 7, linear regressions separated by gender were used to examine the 

associations between urbanicity or Perception of Safety and physical activity.  

 

5.4.3 Pooling 

The results obtained from the completed-data analysis are combined into a single multiple-

imputation result. These are shown as an output and final result of the MI.  
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Chapter 6  

Association between Urbanicity and Physical Activity in 

Mexican Adolescents: The Use of a Composite 

Urbanicity Measure 

 

6.1 Overview 

The work presented in this chapter has been published in PLOS one and except for this 

overview, the methods section that has been summarized and previously addressed in detail 

in Chapter 5, and the implications sections at the end, it is as per the published article. The 

article title is: “Association between urbanicity and physical activity in Mexican 

adolescents: The use of a composite urbanicity measure” and is designed to answer the 

Research Question 2 of this thesis: What are the associations between different types of 

physical activity and urbanicity among adolescents in Mexico? Findings from this study 

reveal that there are positive and negative associations between elements of urbanicity and 

adolescents’ physical activity. The rationale, methods (abbreviated), results and discussion 

are presented next, ending with a brief section of implications of the findings for the thesis.  

 

6.2 Rationale 

Physical activity is associated with reduced risk of developing non-communicable diseases29. 

The latest National Health and Nutrition Survey 2016 in Mexico reported that 39.5% (30.1% 

males & 48.8% females) of adolescents between 15 and 19 years old do not meet the WHO’s 

guidelines for physical activity of at least 60 minutes of MVPA per day29.  

 

Overweight and obesity are a global health issue164. Mexico has one of the highest prevalence 

of obesity and overweight (combined prevalence 72.5%, 95% CI = 70.8 to 74.3) in the 

world165. The prevalence of overweight and obesity amongst adolescents is 26.4% and 12.8% 

respectively for girls, and 18.5% and 15% respectively for boys166. Previous research has 

found that physical activity is a viable strategy to treat and prevent overweight and obesity in 

adolescents167. Authors from a systematic review concluded that 155-180 minutes per week 
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of MVPA is effective for reducing body fat in overweight children and adolescents168, while 

in another systematic review in Latin America, combined interventions targeting nutrition 

and physical activity were most successful for the prevention of overweight and obesity in 

young people aged five to 17 years old169.  

 

Urbanicity and environmental features (e.g., speed of traffic, number of pedestrian crossings 

and sidewalks) have been identified as potential correlates of physical activity170. Urbanicity 

is defined as “the impact of living in urban areas at a given point in time... the presence of 

conditions that are particular to urban areas or are present to a much greater extent than in 

non-urban areas”72. The study of urbanicity is particularly interesting in low and middle 

income countries such as Mexico due to the rapid rate of urbanisation and migration of 

people from rural to urban areas171. There is strong evidence that urbanicity is associated with 

increased odds of adults in India being classed as having low physical activity (men: OR: 

3.26; 95% CI = 2.5 to 4.3 and women: OR: 4.13; 95% CI = 3.0 to 5.7)7. Similarly, the 

physical activity level (PAL= total energy expenditure/basal metabolic rate) of adults 

dwelling in urban areas of Papua New Guinea was lower (PAL=1.63±0.19, sedentary or light 

activity lifestyle) than those in rural areas (PAL= 1.88±0.26, active or moderately active 

lifestyle) (p<0.01)89. Further, overall urbanicity in Mexico accounted for a mean decrease of 

MPA between 10 and 17.6 minutes per week, and education and diversity urbanicity sub-

scores were negatively associated with VPA amongst adults170. In a study with Kenyan 

adolescents, urban habitants reported lower MVPA (18 minutes per day in men & 25 minutes 

per day in women (p<0.05)), than those living in a rural environment91. Urbanicity involves 

the study of many components (i.e., built environment, presence of communication media, 

availability of health services and population density). Some of these elements have been 

found in the literature to have a positive effect in adolescents’ physical activity. A meta-

analysis found that features from the built environment (paved roads, walking paths, public 

lighting, traffic lights, street connectivity) had a positive effect on adolescents’ MVPA172. 

Moreover, the presence of streets and pavements has been associated with greater odds of 

being active among adolescents173 and the perception of walkable destinations and the 

presence of open space had been associated with meeting recommendations for walking174, 

175. Even though these elements of urban environment have been positively associated with 

physical activity in adolescents, there are other elements of urbanicity that have been found 

detrimental for health. For example, the presence of television in the bedroom has been 
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associated with an increase of odds of having a large waist circumference and high levels of 

fat mass176; and residential density has been positively associated with adolescents’ 

obesity177. The complexity of the association between urbanicity and physical activity might 

be a reason why people living in highly urbanised areas, who possibly have better access to 

pavements, cycling paths and recreation areas still have low physical activity. This evidence 

suggests that the urban environment has an important role in physical activity levels in 

developing countries such as Mexico. However, currently, there is a lack of evidence on 

whether urbanicity is associated with adolescents’ physical activity in Mexico. 

 

Urbanisation, as an environmental factor, is one of the fundamental parts of Socio-ecological 

models. Socio-ecological models, introduced in the 1970’s, address the understanding of the 

relations between various personal and environmental factors; focusing in social, institutional 

and cultural contexts of people-environment relations178. The most recognized socio-

ecological model is the Ecological Model for Human Development from Urie 

Bronfenbrenner, in which, in order to understand human development, the ecological system 

(microsystem, mesosystem, exosystem, macrosystem, chronosystem) needs to be taken into 

account. In 2006, Sallis, J.F. adapted Bronfenbrenner’s levels of behaviour change to active 

living 179. The study or urbanisation overlaps with the exosystem ring posed by 

Bronfenbrenner and its equivalent “Behaviour Setting” from Sallis’ Ecological Model.  

 

A number of different approaches have been used to measure urbanisation. At the simplest 

level, these approaches have dichotomised locations as urban or rural based on population 

size/density, economic activity or size of the city91. These measures are limited as they only 

consider basic aspects of urbanisation and fail to quantify other contributory factors, such as 

the number of paved roads, presence of communication media or proximity to markets which 

may be associated with physical activity. More recently, several composite measures have 

been developed which assess broader urbanisation75-77. These measures are tailored to the 

political and socioeconomic situation of a country, allowing the assessment of urbanicity over 

time and across different environments through multi-item scales (e.g., population size, 

population density, communication, transportation, educational facilities, health services, 

markets, housing, diversity, sanitation, & built environment). Recent research in Mexico 

examined the association between physical activity and urbanicity using the scale by Novak 
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et al., in this study, physical activity was negatively associated with population size/density, 

economic activity, communication and diversity sub-scales of urbanicity170. However, this 

study used state-level measures of urbanicity that may fail to quantify individuals’ immediate 

environment, which is likely to have a stronger influence on their physical activity.  

 

The aim of this study was to examine the association between multidimensional local-level 

urbanisation and the MVPA, sport activities, leisure physical activity, time spent in Physical 

Education (PE) class and active commuting to school of adolescents in two states of Mexico.  

 

6.3 Methods (abbreviated) 

Detailed methods can be found on Chapter 5. In summary, the study used a cross-sectional 

design and data were collected in Mexico City and Oaxaca between February and June 2016. 

Objectively-assessed urbanicity scores were derived from national statistics using a 

urbanicity measure based on the scale by Novak, Allender, Scarborough, West 77.  The 

urbanicity scale used comprised six sub-scores: 1) Demographic (people per unit area living 

in this locality), 2) Economic Activity (proportion of people involved in agriculture as a 

primary occupation), 3) Built Environment (amount of paved or unpaved roads, sewage 

services, electricity service), 4) Communication (proportion of houses with television, mobile 

phone, public internet, public phone), 5) Education (educational facilities per locality, 

primary school, university, average education of mothers in community) and 6) Health 

Services (health facilities available, health centres, dispensaries/pharmacies, health workers 

available, village health worker). Each of the six domains was scored from zero to 10. 

Adolescent physical activity was self-reported using the YPAQ and physical activity was 

grouped into five domains: 1) Moderate-to-vigorous physical activity (any activity with a 

metabolic equivalent ≥  4 kcal·kg−1·h−1)150, 2) sports activities (e.g., baseball, football, 

gymnastics, swimming), 3) leisure time activities (e.g., bowling, roller-skating, playing with 

pets), 4) Physical Education (PE) class at school, and 5) active commuting to school (walking 

or cycling). 

 

Physical activity variables were log-transformed due to violation of normality and all 

urbanicity sub-scores were standardised. To include information of all participants and 
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increase statistical power, multiple imputation of missing data was implemented. Descriptive 

statistics were calculated for all variables in the multiple imputed data set, BMI was 

computed by age and sex using BMI Cut-Offs for children (five to 19 years old) from the 

WHO180. The Wald test for an interaction between gender and the urbanicity-physical activity 

association revealed that including this variable improved (p<0.05) the fit of all the models. 

As such, linear regression models were performed for males and females separately to 

examine the association between urbanicity and the physical activity outcomes. Also, the 

Wald test revealed there was evidence of an interaction by state (Mexico City vs. Oaxaca) 

and the association between urbanicity and sports activities. There was no evidence for 

further interactions by state. Twenty-four linear regression models were run: twenty 

regressions of physical activity variables (MVPA, sports activities, leisure activities, PE 

class, active commuting) and urbanicity (total and sub-scores) differentiating between sex; 

and four regressions of sport activities and urbanicity (total and sub-scores) differentiating by 

state. All models were adjusted for parents’ education level, participants’ age and for school-

level clustering using Robust Standard Errors. Interpretation of results was based on the 

impact of a standard deviation change in each variable. Analyses were performed using 

STATA, Version 13 (Statacorp, College Station, TX). 

 

6.4 Results 

The final sample (N = 4079) from the imputed dataset consisted of 1,752 adolescents from 

Mexico City and 2,327 from Oaxaca. Forty-nine percent were males, mean age was 

16.55±0.01 years and BMI was “normal” on average 180. Descriptive statistics of participants’ 

physical activity by sex are presented in Table 6-1. Males reported higher MVPA (1,040.00 

vs. 877.28 minutes per week), sports activity participation (731.07 vs. 573.15 minutes per 

week), time spent in PE class (15.83 vs 14.70 minutes per week) and active commuting 

(98.62 vs. 95.11 minutes per week) than females, while females reported more leisure 

physical activity (608.93 vs. 516.52 minutes per week).  
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Table 6-1 Descriptive Statistics of Participants by sex 

 Males (n=2005) Females (n=2074) 

Age in years n % n % 

15 274 13.66 340 16.37 

16 698 34.81 752 36.25 

17 573 28.57 598 28.84 

18 460 22.96 385 18.55 

Parents Education Level     

Primary School 155 7.73 257 12.37 

Secondary School 559 27.88 573 27.62 

College 725 36.18 740 35.69 

Undergraduate Level 365 18.19 339 16.36 

Postgraduate Degree 194 9.67 154 7.43 

None 7 0.35 11 0.54 

BMI per age Un No Ov Ob Un No Ov Ob 

 n % n % n % n % n % n % n % n % 

15 5 1.8 157 57.2 87 31.8 25 9.1 7 1.9 246 72.4 69 20.3 18 5.4 

16 17 2.4 437 62.6 201 28.8 43 6.1 17 2.1 553 73.6 159 21.2 23 3.1 

17 10 1.8 395 68.9 130 22.6 38 6.7 14 2.3 449 75.1 121 20.2 14 2.4 

18 10 2.3 315 68.4 108 23.4 27 5.9 4 1.2 298 77.3 65 16.9 18 4.5 

Physical Activity n Mean SD Range n Mean SD Range 

Moderate to Vigorous Physical 

Activity (min/week)* 

 

 

2005 

1040.00 942.57 10.00-3360.00  

 

2074 

877.28 894.69 10.00-3360.00 

Sports Activities (min/week)* 731.07 766.11 0.00-3360.00 573.15 708.92 0.00-3360.00 

Leisure Activities (min/week)* 516.52 564.90 0.00-3360.00 608.93 562.06 0.00-3360.00 

PE Class (min/weekday)* 15.83 59.48 0.00-900.00 14.70 49.07 0.00-700.00 

Active Commuting 

(min/weekday)* 

98.62 175.81 0.00-1020.00 95.11 164.29 0.00-960.00 

 

*  T-test between males and females: p-value=0.00 

Un: Underweight, No: Normal weight, Ov: Overweight, Ob: Obesity 
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Descriptive statistics of participants’ physical activity by state are presented in Table 6-2. 

Participants living in Mexico City reported higher MVPA (1,025.47 vs. 910.56 minutes per 

week), leisure physical activity (625.80 vs. 514.83 minutes per week) and active commuting 

(129.40 vs. 72.11 minutes per week) than participants living in Oaxaca. Participants living in 

Oaxaca reported more time spent in PE class than those from Mexico City (20.16 vs. 8.83 

minutes per week). Descriptive statistics for the unstandardized values of urbanicity sub-

scores and scores by sex and state are reported in Table 6-3 and Table 6-4 respectively.  
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Table 6-2 Descriptive Statistics of Participants by state 

 Mexico City (n=1752) Oaxaca (n=2327) 

Characteristic n % n % 

Age in years     

15 166 9.47 447 19.23 

16 586 33.48 863 37.07 

17 573 32.71 598 25.69 

18 427 24.35 419 18.01 

Parents Education Level     

Primary School 101 5.76 310 13.32 

Secondary School 477 27.23 652 28.00 

College 723 41.29 744 31.95 

Undergraduate Level 313 17.85 394 16.91 

Postgraduate Degree 133 7.58 215 9.24 

None 5 0.29 13 0.57 

BMI per age Un No Ov Ob Un No Ov Ob 

 n % n % n % n % n % n % n % n % 

15 2 1.45 99 59.72 48 28.99 16 9.84 9 2.02 306 68.35 109 24.38 23 5.24 

16 13 2.26 410 69.96 142 24.28 21 3.50 20 2.29 586 67.89 220 25.56 37 4.26 

17 9 1.57 420 73.38 118 20.63 25 4.42 15 2.53 428 71.55 134 22.35 21 3.57 

18 10 2.23 254 59.56 138 32.24 25 5.97 5 1.28 263 62.69 117 27.96 34 8.07 

Physical Activity n Mean SD Range n Mean SD Range 

Moderate to Vigorous Physical Activity 

(min/week)* 

 

 

1752 

1025.47 986.11 10.00-3360.00  

 

2327 

910.56 872.83 10.00-3360.00 

Sports Activities (min/week)* 656.15 788.47 0.00-3360.00 651.05 709.76 0.00-3360.00 

Leisure Activities (min/week)* 626.80 587.34 0.00-3360.00 514.83 543.60 0.00-3360.00 

PE Class (min/weekday)* 8.83 32.23 0.00-450.00 20.16 63.68 0.00-900.00 

Active Commuting (min/weekday)* 129.40 187.74 0.00-940.00 72.11 150.55 0.00-1020.00 

* T-test between Mexico City and Oaxaca: p-value=0.00 
Un: Underweight, No: Normal weight, Ov: Overweight, Ob: Obesity 
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Table 6-3 Descriptive Statistics of Urbanicity Variables in males and females. Unstandardized values 

 Males (n=2005) 

 

Females (n=2074) 

 Mean SD Range Mean SD Range 

Demographica 4.25 1.50 1.00-10.00 4.15 1.46 1.00-10.00 

Economic Activit a 4.32 0.47 1.87-5.99 4.35 0.47 1.87-7.09 

Built Environmenta 8.74 0.86 5.5-10.00 8.75 0.88 1.00-10.00 

Communication a 4.17 1.60 1.00-10.00 4.16 1.68 1.00-10.00 

Education a 7.03 0.72 3.80-9.44 7.06 0.76 3.93-9.75 

Health a 6.12 0.94 0.63-9.54 6.16 0.96 0.00-9.75 

Overall b 34.65 2.04 25.29-45.49 34.66 2.05 23.29-44.42 
a Sub-score values range from 0 to 10 
b Overall from 0 to 60. 

 

Table 6-4 Descriptive Statistics of Urbanicity Variables in Mexico City and Oaxaca. Unstandardized values 

 Mexico City (n=1752) 

 

Oaxaca (n=2327) 

 Mean SD Range Mean SD Range 

Demographic* a 5.01 1.42 1.00-10.00 3.59 1.20 1.00-10.00 

Economic Activity* a 4.55 0.40 2.76-7.09 4.17 0.45 1.87-5.62 

Built Environment* a 8.96 0.56 7.00-10.00 8.59 1.02 1.00-10.00 

Communication a 2.86 1.10 0.75-7.76 5.16 1.25 0.44-10.00 

Education* a 7.35 0.74 4.19-9.75 6.82 0.66 3.80-9.43 

Health* a 6.22 0.79 0.00-9.75 6.09 1.04 0.63-9.54 

Overall b 34.96 1.85 23.29-44.36 34.43 2.11 25.29-45.49 
a Sub-score values range from 0 to 10  
b Overall from 0 to 60. 

* T-test between Mexico City and Oaxaca: p-value<0.05 

 

The multivariable regression models of overall urbanicity and urbanicity sub-scores in males 

and females are presented by physical activity outcome in Table 6-5 and Table 6-6, 

respectively. For MVPA, in the base model, every standard deviation increase in overall 

urbanicity was associated with a mean increase of 5% of females’ MVPA per week (95% 

CI=0.00 to 0.11), there was no evidence of an association for males. In the multivariable 

linear regression model, for every standard deviation increase in the demographic sub-score 

there was a mean increase of 6% (95% CI=0.01 to 0.10) MVPA per week for females. There 

was no evidence of an association between the other urbanicity sub-scores and MVPA. 
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Table 6-5 Linear Regression Models: Associations Between Urbanicity (Z-scores), Moderate to Vigorous Physical Activity, Sports Activities, Leisure Activities, Physical Education Class and 

Active Commuting in Males. 

  MVPA Sports Leisure Activities PE Class Active commuting 

Min/wk Min/wk Min/wk Min/wk Min/wk 

Linear 

regression 

 

Score/subscore 

 

Coef, 

 

95% CI 

 

P>|t| 

 

Coef, 

 

95% CI 

 

 

 

P>|t| 

 

Coef, 

 

95% CI 

 

 

 

P>|t| 

 

Coef, 

 

95% CI 

 

 

 

P>|t| 

 

Coef, 

 

95% CI 

 

 

 

P>|t| 

Males  

(n=2005) 

Base model 

 

Overall 

urbanicity 

-0.01 -0.10 0.07 0.70 -0.04 -0.22 0.14 0.62 -0.08 -0.27 0.09 0.30 0.15 0.04 0.25 0.01 0.20 -0.00 0.42 0.05 

 

 

Multivariable 

 

 

Demographic 

-0.01 -0.09 0.07 0.79 -0.02 -0.15 0.09 0.61 -0.01 -0.21 0.17 0.85 0.01 -0.13 017 0.79 0.21 0.00 0.42 0.04 

Economic 

Activity 

0.01 -0.06 0.08 0.75 -0.02 -0.23 0.18 0.78 0.00 -0.14 0.15 0.97 0.18 -0.10 0.47 0.17 -0.06 -0.23 0.09 0.37 

Built 

Environment 

0.01 -0.05 0.08 0.64 0.02 -0.05 0.11 0.45 -0.02 -0.21 0.15 0.73 0.07 -0.00 0.16 0.07 0.08 -0.06 0.23 0.21 

Communication -0.00 -0.12 0.11 0.93 0.23 0.00 0.46 0.04 -0.38 -0.71 -0.05 0.02 0.16 -0.29 0.61 0.43 -0.49 -0.91 -0.07 0.02 

Education -0.05 -0.15 0.04 0.21 0.03 -0.18 0.25 0.70 -0.05 -0.39 0.28 0.71 -0.15 -0.45 0.13 0.24 -0.15 -0.49 0.18 0.30 

Health -0.01 -0.08 0.04 0.57 -0.00 -0.16 0.16 0.97 -0.20 -0.37 -0.03 0.02 0.17 0.05 0.28 0.00 -0.01 -0.19 0.16 0.87 
aAdjusted by parents’ education level and participants’ age 
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Table 6-6 Linear Regression Models: Associations Between Urbanicity (Z-scores), Moderate to Vigorous Physical Activity, Sports Activities, Leisure Activities, Physical Education Class and 

Active Commuting in Females 

 

  MVPA Sports Leisure Activities PE Class Active commuting 

  Min/wk Min/wk Min/wk Min/wk Min/wk 

Linear 

regression 

 

Score/subscore 

 

Coef, 

 

95% CI 

 

P>|t| 

 

Coef, 

 

95% CI 

 

 

 

P>|t| 

 

Coef, 

 

95% CI 

 

 

 

P>|t| 

 

Coef, 

 

95% CI 

 

 

 

P>|t| 

 

Coef, 

 

95% CI 

 

 

 

P>|t| 

Females 

(n=2074) 

Base model 

 

Overall 

urbanicity 

0.05 0.00 0.11 0.04 -0.01 -0.14 0.12 0.85 0.02 -0.06 0.11 0.59 0.16 0.05 0.27 0.01 0.15 -0.04 0.35 0.11 

 

 

Multivariable 

 

 

Demographic 

0.06 0.01 0.10 0.01 -0.02 -0.12 0.08 0.62 0.06 0.00 0.12 0.04 0.01 -0.14 0.17 0.86 0.28 0.16 0.41 0.00 

Economic 

Activity 

0.00 -0.05 0.06 0.75 0.04 -0.07 0.16 0.40 -0.11 -0.29 0.06 0.18 0.09 -0.03 0.21 0.14 -0.03 -0.20 0.13 0.63 

Built 

Environment 

-0.04 -0.09 0.01 0.13 -0.07 -0.15 -0.00 0.04 -0.08 -0.21 0.04 0.18 0.07 -0.02 0.16 0.12 -0.08 -0.21 0.04 0.15 

Communication -0.09 -0.24 0.06 0.19 0.08 -0.21 0.39 0.50 -0.36 -0.69 -0.03 0.03 0.08 -0.31 0.49 0.62 -0.40 -0.90 0.09 0.09 

Education -0.02 -0.15 0.10 0.65 -0.01 -0.25 0.22 0.90 0.07 -0.20 0.35 0.54 -0.09 -0.36 0.17 0.44 -0.01 -0.36 0.33 0.92 

Health 0.04 -0.00 0.09 0.70 0.07 -0.06 0.22 0.23 -0.02 -0.13 0.09 0.62 0.22 0.06 0.38 0.01 -0.07 -0.20 0.05 0.24 
 

aAdjusted by parents’ education level and participants’ age 
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For sport participation, in the multivariable linear regression, for every standard deviation 

increase in the communication sub-score there was a mean increase of 23% (95% CI=0.00 to 

0.46) of time spent in sport activities in males. Amongst females, every standard deviation 

increase in the built environment sub-score was associated with 7% decrease (95% CI= -0.15 

to -0.00) in sport participation. 

 

For leisure physical activity, in the multivariable linear regression, amongst males there was a 

mean decrease of 38% (95% CI=-0.71 to -0.05) minutes per week for every standard 

deviation increase in the communication sub-score and mean decrease of 20% (95% CI=-0.37 

to -0.03) for every standard deviation increase in the health sub-score. Amongst females, 

there was a mean decrease of 36% (95% CI=-0.69 to -0.03) minutes per week for every 

standard deviation increase in the communication sub-score and a mean increase of 6% (95% 

CI=0.00 to 0.12) for every standard deviation increase in the demographic sub-score.  

 

For time spent in PE class, in the linear regressions of the base models, there was a mean 

increase of 15% (95% CI=0.04 to 0.25) in males and a 16% increase (95% CI=0.05 to 0.27) 

in females for every standard deviation increase in overall urbanicity. In the multivariable 

linear regression, for every standard deviation increase in the health sub-score there was a 

mean increase of 17% (95% CI=0.05 to 0.28) minutes per weekday in males and an increase 

of 22% (95% CI=0.06 to 0.38) in females.  

 

For active commuting, in the multivariable linear regression models, for every standard 

deviation increase in the demographic sub-score there was a mean increase of 21% (95% 

CI=0.00 to 0.42) in males and an increase of 28% (95% CI=0.16 to 0.41) in females, 

respectively. Additionally, for every standard deviation increase in the communication sub-

score there was a mean decrease of 49% (95% CI=-0.91 to -0.07) minutes per weekday of 

active commuting in males.  
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Multivariable regression models of urbanicity and sport activities by state are presented in 

Table 6-7. Results are reported relative to the standard deviation units for the urbanicity 

values in Mexico City and Oaxaca. 

 

Table 6-7 Linear Regression Models: Associations Between Urbanicity (Z-scores) and Sports Activities. By state. 

  Sports 

Min/wk 

 

Linear regression 

 

Score/subscore 

 

Coef, 

 

95% CI 

 

 

 

P>|t| 

Mexico City (n=1752) 

 

Base Model 

 

 

Overall urbanicity 

 

 

0.16 

 

 

0.02 

 

 

0.31 

 

 

0.03 

 

 

Multivariable 

Demographic 0.07 0.01 0.14 0.02 

Economic Activity -0.10 -0.32 0.11 0.26 

Built Environment 0.15 -0.09 0.40 0.16 

Communication -0.05 -0.42 0.30 0.66 

Education -0.17 -0.50 0.16 0.22 

Health 0.26 0.02 0.50 0.03 

 

Oaxaca (n=2327) 

 

Base Model 

 

 

 

Overall urbanicity 

 

 

 

-0.09 

 

 

 

-0.14 

 

 

 

-0.03 

 

 

 

0.01 

 

 

Multivariable 

Demographic -0.05 -0.11 0.00 0.05 

Economic Activity 0.07 -0.01 0.16 0.07 

Built Environment -0.08 -0.12 -0.03 0.00 

Communication -0.03 -0.40 0.33 0.77 

Education -0.05 -0.35 0.23 0.55 

Health -0.04 -0.15 0.05 0.26 

*Adjusted by parents’ education level and participants’ age. 

 

 

In the base models, for every standard deviation increase in overall urbanicity there was a 

mean increase of 16% (95% CI=0.02 to 0.31) in the time spent in sport activities of 

participants from in Mexico City and a mean decrease of 9% (95% CI=-0.14 to -0.03) in the 

time spent in sport activities of participants from Oaxaca. In the multivariable regression 

models, there was a mean increase of 7% (95% CI=0.01 to 0.14) minutes per week with 

every standard deviation increase of the demographic sub-score and a mean increase of 26% 

(95% CI=0.02 to 0.50) minutes per week per standard deviation increase in the health sub-

score in Mexico. In Oaxaca, for every standard deviation increase in the built environment 

sub-score there was a mean decrease of 8% (95% CI=-0.12 to -0.03) time spent in sport 

activities. 
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6.5 Discussion 

This study investigated the association between five domains of physical activity and 

different indicators of urbanicity in adolescents from two contrasting states in Mexico; 

Mexico City which is 58.2 and Oaxaca which is comparatively 39.7. Household 

electronic media presence (assessed by the communication scale) was negatively 

associated with leisure time physical activity and active commuting in males. This finding 

is comparable to previous findings of a negative association between TV watching and 

time spent in leisure physical activity amongst Taiwanese adolescents181. There is no 

previous evidence that directly associates household electronic media presence and active 

commuting. However, there might be a potential causal pathway between home electronic 

media and active commuting. Previous research has found electronic media to be 

negatively associated with sleep quality182-184, and adequate sleep duration has been found 

to be associated with greater active commuting to school185. Findings from this study 

strengthen the argument of the last part of the pathway, suggesting that maybe the vast 

research between sleep quality and media use might lead to adolescents to not actively 

commute to school.  

 

Compared to adolescents from areas of low population density (demographic sub-score), 

adolescents who lived in areas of higher population density did more active commuting to 

school. Previous research has shown contrasting findings. Studies in Irish and German 

adolescents have found that living in more densely populated areas had greater odds of 

active commuting than those in less densely populated186, and that living in rural areas 

was associated with lower levels of cycling compared to medium-sized towns187. In 

contrast, research in Mexico found that adolescents from urban areas were 32% less likely 

to engage in active commuting than their peers from rural areas 188. The positive 

association between urbanicity defined by density and active commuting might be 

explained by the higher school concentration in highly populated areas, making it easier 

to walk or cycle to school. Also there might be a higher presence of walking trails or 

cycling routes that make it easier to commute189. On the other hand, the negative 

association previously found in Mexico188 might be explained by the measurement of 

urbanicity an urban-rural dichotomy compared with our measure based on population 

density. An alternative explanation might be car ownership; with people dwelling in high 
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density places more able to buy a car and primarily commute in that way 190. More in-

depth work is needed to further understand these associations.  

 

Adolescents living in places with higher urbanicity and more health services spent more 

time in PE class. In line with our findings, children from urban areas in the United States 

reported a greater frequency of physical activity during PE class than children from rural 

areas191. We are not aware of evidence that supports the association between health 

services with time spent in PE class, and it might be the case that the health sub-score, 

which measures availability to health services that are more likely to be in more urbanised 

areas, is a proxy for broader urbanicity which may also reflect more well-developed PE 

provision in schools. Even though rural adolescents might be getting their physical 

activity from other sources, it is useful to identify PE as a potential setting in which to 

increase total physical activity in these areas of lower urbanicity. 

 

Adolescents living in more urbanised areas of Mexico City spent more time in sport 

activities, compared to adolescents from more urbanised areas of Oaxaca. Adolescents in 

Mexico City living in a place with high urbanicity would spend 8% more time in sport 

activities than their peers living in a place with low urbanicity, while adolescents living in 

a place with high urbanicity in Oaxaca would spend 4.5% less time in sports than their 

peers living in a place with low urbanicity. Previous evidence coincides with the positive 

association found in Mexico City; for example, in Taiwan adolescents living in rural areas 

were less interested in recreational sports than adolescents living in urban areas 192. 

Further, parents of children from urban schools were more likely to drive their children to 

sport facilities than parents from rural areas, and the weekly frequency of sports club 

attendance was higher amongst urban children193. The opposite association found in 

Oaxaca could be explained by the density of sport facilities per square kilometre which is 

0.01 in Oaxaca and 2.30 in, Mexico City 194. In this instance, higher urbanicity may be 

supporting adolescent physical activity by providing access to places to do structured 

physical activity. 
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In relation to confounders in this study, the associations between urbanicity and physical 

activity were adjusted for parents’ education level and participants’ age. According to 

Skelly, A. C., a confounder is a factor that predicts the outcome (i.e. physical activity) 

even in the absence of the exposure (i.e. urbanicity)195. The main requirements of a 

confounder are: first, to have an independent relationship with the outcome and second, 

not to be a result of the exposure. The confounding factor might be associated with the 

exposure but without being a proxy measure of it. Failing to account for confounding 

might lead to bias and weak credibility. In the current study, parents’ education level and 

participants’ age may act as predictors of physical activity and be present in the study of 

urbanicity, but they are not a result of urbanicity or act as proxy measures. Likewise, 

there might be other variables acting as confounders that are not being accounted in the 

analysis of this study, therefore results need to be interpreted with care. Socio-economic 

status, household income, BMI and car ownership might be variables with an independent 

relationship with physical activity. Previous research found that adults and adolescents 

living in a household with one or more cars reported less physical activity compared to 

adults and adolescents without an access to a car196, 197. Moreover, there is extensive 

literature addressing the associations between physical activity and socio-economic 

status198, household income199 and BMI200.  

 

Among the strengths of the study is the use of a large data set which allowed various 

forms of physical activity to be examined. In addition, we sampled from a population that 

have not been fully studied in Mexico which was enhanced by use of a robust multiple 

imputation method. Further, we used a comprehensive measure of multidimensional 

urbanicity components that extend beyond the rural-urban dichotomy that has been used 

in other developing countries. Urbanicity data were derived using the most precise 

location level of data available (i.e., BAGA), which gives a better understanding of the 

environment in which each individual resides. Notwithstanding these strengths, the cross-

sectional design prevents an understanding of the causal pathways at play in the 

urbanicity-physical activity association. Further, representativeness is limited to 

adolescents between 15 and 18 years old attending public schools as private schools were 

not sampled, also it is important to recognise the potential selection bias due to non-

response to participate from 79 schools. Finally, schools from regions considered as 
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unsafe in both states were excluded which may have implications for the variability of the 

urbanicity measure.  

 

Understanding urbanicity and behaviours in the context in which they take place is key 

for the development of health programmes. The findings have implications at global and 

local level. Global physical activity guidelines should refer to the need to consider 

urbanicity in the physical activity plans of developing countries. Local health promotion 

teams should consider the nature and downstream effects of urbanicity such as increased 

communication infrastructure and access to media devices, in their local context.  

 

6.6 Conclusions 

Urbanicity is related to young people’s physical activity in Mexico, however the 

associations are varied, with some components of urbanicity positively, and some 

negatively associated with different domains of physical activity. Our findings suggest 

that some urbanicity-physical activity associations may be different in places with 

different urbanicity. In Mexico City, areas with high urbanicity were associated with 

more time spent in PE class in males and females and more time spent in sport activities. 

In contrast, high urbanicity areas in Oaxaca were associated with less time spent in sport 

activities. The presence of electronic media at home (communication sub-score) was 

associated with less time spent in leisure physical activity in males and females and active 

commuting to school in males. High densely populated areas were associated with more 

active commuting.  
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6.7 Implications for the Thesis 

The positive and negative associations of the urbanicity sub-scales with physical activity 

found in this chapter agree with the dual associations found in Chapter 4, reinforcing the 

complexity of urbanicity and the need for multicomponent urbanicity measures that allow 

to investigate each sub-score of urbanicity and their association with the dependent 

variable. Furthermore, the associations in this chapter in adolescents are different from 

the ones found in Chapter 4 among adults, stressing the different interaction both 

populations experience with their environment; suggesting that in urbanicity studies 

adolescents and adults must be studied separately. This chapter also confirmed that it is 

possible to assess urbanicity at a local level with public government information (except 

from the diversity sub-score originally featured in the urbanicity scale by Novak et al.), 

enabling a more accurate urbanicity measure that is more likely to portray the immediate 

environment of the adolescent.   
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Chapter 7  

Perception of Safety and its Association with Physical 

Activity in Adolescents 

 

7.1 Overview 

The work presented in this chapter is aimed to be submitted to the Journal of Physical 

Activity and Health as it stands with exception of this overview, the methods section that 

has been summarized and previously addressed in Chapter 5, and the implications 

sections at the end. Also, Appendices J and K of this thesis will be submitted as 

supplementary material. “Perception of Safety and its Association with Physical Activity 

in Adolescents” answers the Research Question 3 of this thesis: Is there an association 

between perception of safety and adolescents’ physical activity? Results from this study 

provide an insight of the association of one of the many elements of urbanisation, 

currently not considered within the urbanicity score, and different types of physical 

activity in adolescents. The rationale, methods, results, discussion and a brief section of 

implications of the findings for the thesis are presented below.  

 

7.2 Rationale 

Low levels of physical activity are associated with several non-communicable diseases 

(NCDs). Physical inactivity is responsible for 10% of the burden of disease of colon 

cancer, 10% of breast cancer, 7% of type 2 diabetes, and 6% of coronary heart disease 

worldwide11. Moreover, physical inactivity was responsible for 5.3 million of the 57 

million deaths in 200811. In Mexico, 9.4% of adults have been diagnosed with diabetes, 

25.5% with hypertension201 and approximately 16% of premature deaths of people 

between 30 and 70 years old is attributed to NCDs202.The latest National Health and 

Nutrition Survey in Mexico (2016) reported that 39.5% of adolescents (48.8% females, 

30.1% males) do not meet the WHO’s physical activity guidelines (60 minutes per day of 

moderate-to-vigorous physical activity)201. 
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Mexico is a middle-income country which has experienced a fast pace of recent 

urbanisation. Currently, 63% of the population lives in urban areas and this is expected to 

reach 79% by 2050203. The rapid urbanisation poses a number of challenges to physically 

active lifestyles such as creating recreational public spaces or cycling/walking trails, 

guaranteeing safety and creating means to facilitate physical activity203,170. In Mexico, 

after lack of time (56.8%), the second most common barrier to performing physical 

activity is lack of adequate and safe spaces (37.7%), 201 and the perception of safety has 

worsened in the last few years78. In a 2016 survey, 74% of Mexicans reported that they 

perceive their city as unsafe to live in and 33.5% have stopped going out for walks as a 

result. In terms of safety related to crime, in 2016, the incidence of criminal activity for 

street and public transport armed robbery and assault was 9,599 per 100,000 habitants204. 

Furthermore, 67.7% of the entire population considers that living in their city is unsafe in 

terms of crime and 67.1% has witnessed a robbery or assault78. Regarding pedestrian 

safety, 62.6% Mexicans identified insufficient public lighting as an issue, 49.6% 

perceived streets and avenues in their city to be frequently full with traffic and 38% 

mentioned neglected parks and public spaces78. Consequently, 68.6% of adults would not 

let their underage children (<18) go out alone205, possibly constraining their physical 

activity to indoor areas or nearby spaces considered as “safe”. There is a risk that rapid 

and unplanned urbanization in Mexico will affect crime and pedestrian safety, and 

therefore may reduce physical activity.  

 

Previous literature has explored the associations between perception of safety (crime 

safety, pedestrian safety) and physical activity. A recent meta-analysis found that people 

reporting feeling safe from crime had 27% greater odds of achieving higher levels of 

physical activity, compared to those living in areas with higher crime rates who had 28% 

reduced odds of achieving higher levels of physical activity206. However, only 10.1% of 

the papers from a systematic review found a negative association between physical 

activity and crime safety207. This surprising finding could be because studies were 

conducted in high-income countries where crime rates are significantly lower than in low-

and-middle income countries like Mexico. Pedestrian safety, the presence of traffic lights 

and walking tracks have been associated with greater active travel among female 

adolescents111, while living in areas with low neighbourhood safety decreased the odds of 

being physically active outside school by 48%208. Although these studies indicate how the 
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perception of safety is associated with physical activity, information is needed about this 

relationship in middle-income countries where a high rate of crime is experienced along 

with a rapid urbanisation. Also, as most of data pertaining to perceptions of safety in 

Mexico is amongst adults, and therefore there is a need to better understand how young 

people’s perceptions of safety are associated with their physical activity.  

 

The aim of this study was to examine the association between perceived safety (crime and 

pedestrian safety) and five domains of physical activity (moderate-to-vigorous physical 

activity, sport participation, leisure physical activity, Physical Education class, and Active 

Commuting) in a sample of Mexican adolescents between 15 and 18 years old.  

 

7.3 Methods (abbreviated) 

Detailed study design and recruitment of schools and participants of this cross-sectional 

study can be found on Chapter 5. In summary, data for 4,079 adolescents were collected 

in Mexico between February and June 2016 from six schools from Mexico City and four 

schools from Oaxaca State. Adolescent physical activity data and perception of safety 

were self-reported. The duration and frequency of physical activity in the last 7-days was 

measured with the YPAQ and grouped into five domains: MVPA, sport activities, leisure 

time activities, PE class at school, and active commuting; according to the classification 

proposed in Appendix I. Perception of Safety was assessed using Spanish translations of 

the “Pedestrian and Automobile Traffic Safety” and “Crime Safety” sub-scales from the 

NEWS-Y.  

 

7.3.1 Statistical analysis 

The five domains of physical activity were assessed for normality through Shapiro-

Francia test, skewness and kurtosis. Due to non-normality, physical activity data was log-

transformed. The continuous variables of Pedestrian Safety and Crime Safety had a 

normal distribution.  
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There is no existing evidence for the construct validity of the safety sub-scales of the 

NEWS-Y in Mexican adolescents, therefore, a Confirmatory Factor Analysis (CFA) was 

performed to examine the construct validity of the hypothesised structure and relation 

between the subscales. Full methods and results can be found in Chapter 5. The final 

model comprised of three items assessing pedestrian safety (α = 0.583) and five items 

assessing crime safety (α = 0.794). Even tough item 2 (Speed of traffic on most streets is 

usually slow) did not load on pedestrian safety, it was retained and analysed separately to 

minimise a loss of information about this component of safety perceptions. 

 

To increase statistical power, multiple imputation of missing data was implemented for 

the 4,079 participants. Completeness of data was 78% and values were missing at 

random. Moderate-to-vigorous physical activity, sports activities, leisure time activities, 

PE class, active commuting to school, the items resulting from the CFA for pedestrian 

safety and crime safety, and participants’ characteristics that were potential predictors of 

missingness (i.e. gender, weight, height, parents’ education level, age, school and state) 

were included in the imputation method. Twenty imputed datasets were created using 20 

cycles of regressions and results were then averaged over these datasets using Rubin’s 

rules209. Complete case analysis of the original dataset is available in Appendix L.  

 

Descriptive statistics were calculated for all variables in the imputed data. Body Mass 

Index (BMI) was computed by age and sex using BMI Index Cut-Offs for overweight and 

obese children (five to 19 years old) from the World Health Organization180. The 

associations between the three Perception of Safety variables (i.e. high speed of traffic, 

Pedestrian Safety, Crime Safety) and the five physical activity domains were examined 

using linear regression models. The Wald test for an interaction between gender and the 

perception of safety to physical activity association showed that by including gender in 

the model, the fit would be improved (p<0.05). Five linear regression models were run 

with physical activity outcome variables (MVPA, sport activity, leisure activities, PE 

class, active commuting) and exposures of Perception of Safety (i.e., High Speed of 

Traffic, Pedestrian Safety, Crime Safety) for males and females separately. All models 

were adjusted for parents’ education level and participants’ age. Robust standard errors 
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were used in all models to account for the clustering (non-independence) of children in 

schools. All analyses were performed in STATA (Version 13), College Station, TX.  

 

7.4 Results 

The factor loadings, item means, standard errors, standard deviations and squared 

multiple correlations of the CFA are shown in Table 7-1. Factor loadings for Pedestrian 

Safety showed a strong association to the underlying factor (ranged from 0.44 to 0.68) as 

well as factor loadings for Crime Safety (0.46 to 0.75). Pedestrian safety and crime safety 

showed mean values greater than 2 (1 being safe and 4 unsafe), being greater among 

females than males.  

 

Table 7-1 CFA Factor Loadings, Item Means, Standard Deviation, Standard Error, Squared Multiple Correlation of 

Model 5. Standardized values. 

   Factor   

 

Item 

 

M 

 

SD 

I 

Pedestrian 

Safety 

II 

Crime 

Safety 

 

SE 

 

SMC 

 

Pedestrian Safety 

 

      

Streets do not have good lighting at night (B5) 2.61 0.76 0.59  0.00 0.34 

Walkers and cyclists cannot be easily seen by 

people in their homes (B6) 

2.56 0.70 0.68  0.00 0.46 

There are not crosswalks and signals on busy 

streets (B7) 

2.57 0.72 0.44  0.00 0.19 

 

Crime Safety 

 

      

I am afraid of being taken or hurt by a stranger 

in a local park (B4) 

2.41 0.86  0.64 0.00 0.54 

There is a high crime rate (B8) 2.48 0.78  0.46 0.00 0.51 

I am afraid of being taken or hurt by a stranger 

on local streets (B9) 

2.44 0.81  0.75 0.00 0.56 

I am afraid of being taken or hurt by a stranger 

in my yard, driveway or apartment common 

area (B10) 

2.11 0.84  0.72 0.00 0.21 

I am afraid of being taken or hurt by a known 

“bad” person in my neighbourhood (B11) 

2.32 0.82  0.74 0.00 0.40 

SD: Standard deviation 

SE: Standard Error 

SMC: Squared Multiple Correlation 

 

Descriptive statistics of participants’ physical activity by gender are shown in Table 7-2. 

Mean moderate-to-vigorous physical activity exceeded in both cases the WHO’s 
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guidelines for adolescents between 5 and 17 years old (60 minutes of MVPA per day). 

Sixty-two percent of males and 55% of females met the WHO’s physical activity 

guidelines. In all the physical activity domains, except from leisure physical activity, 

males reported more minutes per week than females. The prevalence of overweight for 

males was 26.71% and for obesity 6.13%, while in females it was of 20.46% and 2.85% 

respectively.  

 

Table 7-2 Descriptive Statistics of Participants’ Physical Activity by gender. 

 Males (n=2005) Females (n=2074) 

 Mean SD Range Mean SD Range 

BMI(Kg/m2) by age:       

15 

 

22.27 3.55 12.49-43.82 21.76 3.38 10.25-35.55 

16 

 

22.36 3.55 8.31-43.82 22.16 3.24 8.43-38.19 

17 

 

22.78 3.40 10.69-35.15 22.27 3.17 8.90-37.36 

18 

 

23.40 3.72 11.51-46.29 22.76 3.41 8.15-43.11 

High Speed of Traffic* 

 

2.37 0.77 1.00-4.00 2.41 0.71 1.00-4.00 

Pedestrian Safety* 

 

2.55 0.54 1.00-4.00 2.62 0.53 1.00-4.00 

Crime Safety* 

 

2.22 0.60 1.00-4.00 2.48 0.59 1.00-4.00 

Moderate to Vigorous 

Physical Activity 

(min/week) 

 

824.27 713.03 10.00-3360.00 671.61 615.48 10.00-3360.00 

Sports Activities 

(min/week) 

 

604.60 585.46 0.00-3360.00 450.17 459.35 0.00-3360.00 

Leisure Activities 

(min/week) 

 

605.28 592.21 0.00-3360.00 679.69 596.40 0.00-3360.00 

PE Class 

(min/weekday) 

 

156.19 144.14 0.00-700.00 137.26 129.10 0.00-700.00 

Active Commuting 

(min/weekday) 

 

196.37 195.29 0.00-1020.00 174.54 178.50 0.00-960.00 

* Items scored from 1(safe) to 4(unsafe). 

 

The associations between perceived safety and physical activity are shown in  

Table 7-3. To interpret the results, the logistic transformation of physical activity (logYi= 

α + βXi + Ei) needs to be considered. For a quick interpretation of small values of the 
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coefficient (β), the approximation 100 x β may be used for the expected percentage 

change in the dependent variable (y) for a unit increase in the independent variable (x)210. 

Hence in females, every unit increase of pedestrian safety was associated with 12% lower 

MVPA per week (95% CI = -0.19 to -0.05), and 13% less sport activity per week (95% 

CI = -0.23 to -0.03). Confidence Intervals were relatively wide, indicating variability in 

these estimates. Crime safety was not associated with physical activity participation in 

females. There were no associations between either crime or pedestrian safety and any 

physical activity variables amongst males.  

 

Table 7-3 Linear Regression Models: Associations between Perceived Safety and Moderate to Vigorous Physical 

Activity, Sports Activities, Leisure Activities, Physical Education Class and Active Commuting. By gender. 

 

7.5 Discussion 

In this study, the perception of lower pedestrian safety was associated with lower MVPA 

and sport participation amongst females. Results of this study suggest that the lack of 

crosswalks, walking/cycling trails and proper lighting is associated with less MVPA and 

  

Males (n=2005) 

 

 

Females (n=2074) 

 

 High Speed of 

Traffic 

Pedestrian 

Safety 

Crime Safety High Speed of 

Traffic 

Pedestrian 

Safety 

Crime Safety 

MVPA 

min/week 

      

Coef  

(95% CI) 

0.00 

(-0.07 to 0.07) 

-0.07 

(-0.18 to 0.03) 

-0.00 

(-0.12 to 0.10) 

0.01 

(-0.05 to 0.09) 

-0.12 

(-0.19 to -0.05) 

0.03 

(-0.05 to 0.12) 

P>|t| 0.99 0.13 0.85 0.63 0.00 0.42 

Sports 

min/week 

      

Coef; 

(95% CI) 

0.00 

(-0.07 to 0.08) 

-0.06 

(-0.22 to 0.08) 

0.03 

(-0.08 to 0.15) 

0.03 

(-0.03 to 0.09) 

-0.13 

(-0.23 to -0.03) 

0.07 

(0.00 to 0.15) 

P>|t| 0.86 0.34 0.52 0.24 0.01 0.06 

Leisure 

Activities 

min/week 

      

Coef; 

(95% CI) 

0.05 

(-0.04 to 0.14) 

-0.05 

(-0.18 to 0.07) 

-0.05 

(-0.21 to 0.09) 

-0.01 

(-0.10 to 0.08) 

-0.04 

(-0.15 to 0.06) 

-0.05 

(-0.12 to 0.02) 

P>|t| 0.26 0.31 0.40 0.78 0.34 0.13 

PE Class 

min/week 

      

Coef; 

(95% CI) 

0.07 

(-0.16 to 0.32) 

0.05 

(-0.25 to 0.36) 

-0.10 

(-0.40 to 0.20) 

0.06 

(-0.14 to 0.28) 

0.06 

(-0.49 to 0.62) 

-0.05 

(-0.38 to 0.27) 

P>|t| 0.29 0.53 0.28 0.30 0.50 0.55 

Active 

Commuting 

min/week 

      

Coef; 

(95% CI) 

-0.01 

(-0.14 to 0.12) 

0.00 

(-0.19 to 0.20) 

-0.04 

(-0.16 to 0.08) 

0.00 

(-0.12 to 0.14) 

0.06 

(-0.07 to 0.20) 

0.00 

(-0.12 to 0.14) 

P>|t| 0.79 0.99 0.42 0.85 0.22 0.86 

*Adjusted by parents’ education level, age, state 
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sport participation in females by 12% and 13% respectively. This increment of MVPA 

and Sport participation might be the difference between meeting and not meeting the 

WHO’s physical activity guidelines for some Mexican females.  

 

As in many studies211, 212, females reported less physical activity than males, and the data 

reported here suggest that pedestrian safety might be a contributing factor of this, as it is 

not associated with physical activity in males, but it is in females. It is feasible that the 

lack of lighting in public spaces generates uneasiness and a feeling of being a target of 

crime among females. It has previously been shown that the presence of traffic lights is 

associated with greater active transport among female adolescents111. Evidence suggests 

that accessibility (i.e. how easy it is to get to…) to sport facilities (basketball courts, 

parks, swimming pools, tennis courts...) is positively associated with the MVPA of 

female adolescents’213, 214, further, the total length of walking trails has been associated 

with greater active transport among this population111. Another explanation why 

perception of pedestrian safety affect females might be previous negative experiences in 

the neighbourhood or around the city and a sense of risk. It has been suggested that 

females respond differently to risk-taking behaviours than males. As such, it may be the 

case that the lack of cycling/walking trails and crosswalks in areas with heavy traffic 

might be discouraging for females’ MVPA and sport involvement208.  

 

In this study there was no association between active commuting and the perception of 

safety. This lack of an association could be because in Mexico children have to walk or 

cycle to school in spite of safety perceptions as their family does not own a private 

vehicle. Leisure activities might have not shown any association as they are frequently 

performed indoors or in private areas (e.g. play with pets, rope skipping), while 

participation in PE class is usually performed inside school or on external school facilities 

in which cases transport is provided. 

 

In this study a Spanish version of the NEWS-Y scale was used to assess Pedestrian Safety 

and Crime Safety. While testing the hypothesised factor structure, three items from the 

Pedestrian Safety subscale, showed weak associations with other items of the same latent 
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variable and also cross-loaded with Crime Safety. Cross-loading could be explained by 

the order in which the questions were asked (i.e., one item belonging to Crime Safety is 

placed in the middle of the Pedestrian Safety items) and participants could have followed 

a pattern of answers without fully reading the individual items. Future research should 

test new arrangements of items. Further, although we translated the NEWS-Y items, we 

did not engage in more extensive piloting or examination of the clarity of the questions in 

Spanish and these steps are needed in order to develop a more robust measure of 

Perception of Safety.     

 

In this study, the reported mean physical activity was greater than the WHO’s guidelines, 

this could be due to over-reporting, as it has been suggested that the YPAQ overestimates 

MVPA by 25.6±50.2 minutes per day (95% CI = 10.4 to 40.9)215. On the other hand, a 

previous cross-sectional study in the same population found similar results to the current 

study of over-reporting by 143 minutes per day of MVPA in males and 89 minutes per 

day in females216. In terms of percentage of adolescents, 62.35% of males and 55.32% of 

females met the WHO’s guidelines, compared to the 69.9% and 51.2% respectively 

reported in ENSANUT 2016.  

 

The prevalence of overweight and obesity for males in this study was 26.71% and 6.13% 

respectively, and 20.46% and 2.85% for females. Comparatively, the latest health survey 

in Mexico reported a prevalence of overweight and obesity for males of 18.5% and 15% 

respectively, and females 26.4% and 12.8%. These different values might be explained by 

the different method of assessing weight and height as ENSANUT (2016) employed 

trained staff to collect objective measurements (electronic scale and stadiometer) and this 

study relied on self-reported weight and height which may be biased towards 

underestimation of body weight and over estimation of height217.  

 

7.5.1 Strengths and limitations 

Among the strengths of the study is the use of a large dataset with complete physical 

activity information for 4,079 adolescents. In addition, we provided some support for the 

validity of the NEWS-Y measures of Pedestrian Safety and Crime Safety among Mexican 
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adolescents. The study is limited by the assessment of perceived safety, as opposed to an 

objective measure of safety. This limitation is important because perceived safety 

acknowledges how people feel in their neighbourhood and surroundings in terms of 

safety, instead of using data provided by the government. The study is also limited by the 

cross-sectional design that prevents the drawing of conclusions pertaining to the causality 

of the perception of safety-physical activity relationship. Also, schools were excluded if 

they were in a very unsafe area, which could lead to an overestimate of perceptions of 

safety and not be generalizable to unsafe areas.  

 

7.6 Conclusions 

Perception of pedestrian safety was negatively associated with MVPA and sport 

participation in females, there was no association among males. Results from this study 

suggest that environments with better lighting, crosswalks, walking trails and signals on 

busy streets could increase females’ MVPA and sport participation. More research is 

needed in the perception of pedestrian safety and crime safety in low-and-middle income 

countries.  

 

7.7 Implications for the Thesis 

Findings from this chapter confirmed that there is a negative association between the 

perception of pedestrian safety and physical activity in female adolescents. In other 

words, the lack of appropriate street lighting, crosswalks and walking/cycling trails 

potentially hinders females’ physical activity, showing the importance of the presence of 

these elements on the Ecological Model to change physical activity behaviour. 

Furthermore, this chapter showed that there are other elements that are particular to urban 

areas or present to a much greater extent than in rural areas that are not considered within 

the urbanicity score and also play a role in the physical activity of the population.  
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Chapter 8 Discussion 

 

This thesis investigated associations between urbanisation and adults’ and adolescents’ 

physical activity in Mexico by addressing three key questions: 1) Is there an association 

between physical activity, sitting time and urbanicity in an adult population in Mexico? 

(Chapter 4); 2) What are the associations between different types of physical activity and 

urbanicity among adolescents in Mexico? (Chapter 6); and 3) What is the impact of the 

perception of safety on adolescents’ physical activity (Chapter 7)? To address these 

questions, this chapter will bring together the findings from Chapters 4, 6 and 7. This 

chapter also discusses the implications for future research policy, the strengths and 

limitations of the work, and provides suggestions for future research in this area. The 

chapter concludes with a section of self-reflections and insights from my PhD experience.  

 

8.1 Summary of findings 

This section comprises the main findings from Chapters 4, 6 and 7 starting with a brief 

section about the physical activity in adults and adolescents studied in this thesis 

compared with the latest physical activity data from the Mexican government, followed 

by the implications of measuring urbanisation in Mexico and its associations with 

physical activity.  

 

8.1.1 Physical Activity in Mexico 

As seen in Chapter 4, adults (18 to 69 years old) reported an average of 255.21 minutes 

per week of MPA, 117.55 minutes per week of vigorous physical activity VPA, 214.20 

minutes per week of walking, and 1,470 minutes per week of sitting time. In Chapter 6, 

mean values of physical activity for adolescents (15 to 18 years old) were 1,040 minutes 

per week of MVPA for males and 877.28 for females, 731.07 minutes per week of time 

spent in sport activities in males and 573.15 in females, 516.52 minutes per week of time 

spent in leisure activities in males and 608.93 in females, 15.83 minutes per weekday of 

time spent in PE class for males and 14.70 for females, and 98.62 minutes per weekday 

spent in active commuting to school in males and 95.11 in females. Consistent with 
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previous research, these data provide evidence of higher activity in males than females 

among both adolescents and adults211, 212. 

 

The results from this study are compared with evidence from previous studies in Table 8-

1. Comparisons demonstrate minimal agreement in terms of minutes of physical activity 

between studies that have used the IPAQ to investigate physical activity levels in both 

adults and children. The differences might represent a degree of measurement error or 

could be a result of sampling variation; one study included in Table 8-1 investigated 

physical activity in females with fibromyalgia218, which may have implications for 

physical activity levels. On the other hand, YPAQ shows similar physical activity values 

across studies among adolescents and the ones obtained in Chapter 6; even though the 

studies cited on Table 8-1 are not directly comparable to the ones of this thesis due to 

being from different age groups. Unfortunately, there were not many studies measuring 

physical activity as “minutes per week” as they used “MET minutes”, therefore the 

information from this table is not a true representation of adults’ and adolescents’ 

physical activity information that is available in the literature. The use of minutes per 

week over MET minutes in this thesis was due to minutes per week being more 

interpretable than MET minutes, especially for non-specialists.  

 

Preliminary results from the latest health and nutrition survey (ENSANUT 2016)14, 

carried out in 2016 by the Mexican government, indicate that 69.9% of male adolescents 

and 51.2% of female adolescents reported at least 60 minutes of MVPA per week, and 

86.2% of male adults and 84.9% of female adults reported at least 150 minutes per week 

of physical activity. Considering current population health issues in Mexico (e.g. high 

prevalence of diabetes, hypertension, heart diseases, etc...), and the high amount of 

sedentary time (approximately 81.8% of time reported from the ENSANUT 2012 survey), 

the high levels of physical activity reported in the current thesis should be interpreted 

with caution. Nonetheless, the findings from this thesis provide evidence of the 

importance of urbanisation in both adults and adolescents’ physical activity, as discussed 

below.  
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Table 8-1 Physical activity results from other studies using IPAQ and YPAQ 

 

Author 

Country 

of the 

study 

 

Sample 

 

Measurement 

used 

 

Physical Activity 

 

Adults 

 

Van Holle, De 

Bourdeaudhuij, 

Deforche, Van 

Cauwenberg, Van Dyck 
219 

 

 

Belgium 

n = 434  

(65y and older) 

IPAQ-L MVPA = 630.1±492.8 (min per week) 

 

Total PA = 687.3±577.5 (min per week)   

Segura-Jimenez, 

Munguia-Izquierdo, 

Camiletti-Moiron, 

Alvarez-Gallardo, 

Ortega, Ruiz, Delgado-

Fernandez 218 

 

Spain n = 183  

(mean 51.1±8.2y) 

 

* Fibromyalgia 

patients 

IPAQ Females  

Walking =  

96.55 (min per week) 

Rosa, Gracia-Marco, 

Barker, Freitas, 

Monteiro 220 

Brazil n = 40 

(mean 45±16y) 

IPAQ Males 

LPA = 900 (min per week) 

MVPA = 60 (min per week) 

Total PA = 1,134 (min per week) 

 

Females: 

LPA = 1,260 (min per week) 

MVPA = 0.0 (min per week) 

Total PA = 1,680 (min per week) 

 

Adolescents 

 

McCrorie, Perez, 

Ellaway 146 

 

UK n = 44  

(12 to 13 y) 

YPAQ Females:  

MVPA = 88.44±55.08 (min per day)  

 

Males: 

MVPA = 117.76±54.83 (min per day) 

 

Raistenskis, 

Sidlauskiene, 

Cerkauskiene, 

Burokiene, 

Strukcinskiene, Buckus 
221 

Lithuania n = 532  

(11 to 14 y) 

YPAQ Town: 

MVPA = 89.2±83.7  

(min per day) 

 

City: 

MVPA = 98.5±90.1 

(min per day) 

 

Smith, Lewis, Fahy, 

Eldridge, Taylor, 

Moore, Clark, 

Stansfeld, Cummins 222 

UK n = 3,105  

(11 to 12y) 

YPAQ Females: 

PA = 12.6 (11.8 to 13.4) (min per day)  

 

Males: 

PA = 14 (13.3 to 14.8) (min per day)  

 

y: years old 

PA: physical activity 

MVPA: Moderate-to-vigorous physical activity 

LPA: Light physical activity 

IPAQ: International Physical Activity Questionnaire 

IPAQ-L: International Physical Activity Questionnaire Long Version 

YPAQ: Youth Physical Activity Questionnaire 

 



127 

 

8.1.1.1 Physical Activity Assessment: Objective vs. Subjective Measures 

As mentioned in Chapters 4, 6 and 7, self-report questionnaires (IPAQ in adults and 

YPAQ in adolescents) were used to assess physical activity. These subjective measures 

used in these studies pose several advantages compared to objective measures that could 

have been used (heart rate measurement, accelerometer, pedometer). The first one is the 

low cost of their use in data collection as using printed questionnaire copies was cheaper 

that using accelerometers or pedometer to assess physical activity. Secondly, they were 

easier to administer and allowed reaching a bigger sample. And thirdly, the physical 

activity questionnaires allowed the participant to report various types of physical activity 

according to different settings (i.e. leisure physical activity, walking time, active 

commuting, time spent in sports etc...), whereas objective measures would have been 

limited to the number of steps, heart frequency or physical activity intensity (i.e. low, 

moderate, vigorous). However, there are disadvantages of having used self-reported 

measures, the first one being recall bias. Recall bias is a systematic error that occurs when 

participants do not remember previous experiences accurately. Another disadvantage 

would be overreporting, when participants, intentionally or unintentionally, report 

behaviours above to their true value and might lead to affecting the validity of self-

reports.  

 

It is possible that the choice of outcome measure (self-report questionnaires) is 

responsible for the high physical activity data reported in this thesis and in addition recall 

bias should definitely be considered. However, the direction of the associations between 

urbanicity and perception of safety and physical activity would have likely remained the 

same as if an objective approach had been used. It is possible that the magnitude of the 

associations would have been different, but the direction of the associations would have 

remained equal. Moreover, the physical activity data collected in Chapter 6 and 7 should 

not be interpreted as a true representation of the physical activity of adolescents in 

Mexico. 

  

8.1.2 Measuring Urbanisation in Mexico 

As outlined in Chapter 2, urbanisation is defined as the “the rate of increase in the 

proportion of people living in urban areas and the expansion of built-up areas”72. 
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Urbanisation is seen as a process, and therefore very hard to measure accurately. 

However, urbanicity is a static concept that has been defined as “the impact of living in 

urban areas at a given point in time, the presence of conditions that are particular to urban 

areas or present to a much greater extent than in non-urban areas”72. Therefore, urbanicity 

can be used to estimate the degree of urbanisation. The urbanicity measure used in the 

current thesis includes elements that are generally higher in urbanised areas but that are 

also present in less urbanised areas (population density, economic activity, diversity, 

education, health services, built environment, communication). It is important to note that 

whilst it is an extensive measure of urbanicity, there are other conditions that form part of 

urbanicity that are not incorporated in the urbanicity measure used (e.g. air pollution, 

substance and drug use, availability of motorised transport and perception of safety etc.) 

and that might be key for physical activity.  

 

As demonstrated in Chapters 4 and 6, it is possible to measure urbanicity based on the 

validated urbanicity measure by Novak, Allender, Scarborough, West 77 and using 

publicly available data from the Mexican Government, with the exception of the diversity 

sub-score. This has not been done before and therefore the application of this method to 

national data is an original contribution to the literature. The sub-scores from the 

urbanicity measure were able to be calculated using state level data information. This was 

not possible in Chapter 6, in which the need for the urbanicity measure to be more 

specific drew me to analyse the data at local level, a level at which the information 

required to calculate the diversity sub-score was not available. A thoughtful review was 

done between calculating all the urbanicity sub-scores at state level like the study in 

Chapter 4 or having one sub-score less than the original measure and have local level 

data. Having a local measure of urbanicity was more important for the study presented in 

Chapter 6 than having all complete sub-scores at a higher level. It is important to 

highlight that by doing this the validity of the urbanicity measure might be compromised, 

but nevertheless the results are extremely valuable for the field and for the Public Health 

sector in Mexico and Latin America as urbanicity has not been measured quantitively 

before with the level of specification this scale can provide.   
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For this thesis the demographic sub-score was modified for both Chapter 4 and 6. The 

authors of the original urbanicity scale77 proposed measuring the demographic sub-score 

by population size, in which specific ranges of amount of people give a certain amount of 

points, regardless of geographical size of the state. Consequently, this means that higher 

values of the sub-scale indicate more urbanised areas. Such an approach was deemed in 

appropriate for measuring urbanicity in Mexico. In some Mexican states a higher 

population does not necessarily mean that the state is more densely populated. For 

example, Oaxaca, a state location in the south of Mexico, has a population of 3,970,000 

but this is spread across a land size of, 93,757 km2, equating to approximately 42 people 

per square kilometre. Using the Novak, Allender, Scarborough, West 77 approach of 

population, numbers would greatly over inflate the urbanicity of this state. Consequently, 

an approach that considers land size in combination with population was developed to 

estimate the demographic sub score of the urbanicity measure.  Results were similar in 

terms of the association of other sub-scores with physical activity, but in terms of the 

demographic sub-score itself, it presented very different associations (MPA: coef = -

17.10, 95% CI=-32.57 to -1.63 in population size vs. no association in population density; 

walking time: coef = -14.48, 95% CI=-26.99 to -1.97 in population size vs. no association 

in population density; and sitting time: coef = 17.23, 95% CI=-4.18 to 30.28 in population 

density vs. no association in population size). However, measuring the demographic sub-

score by population density suits better countries with large states with big populations 

but not necessarily dense populations.  

 

8.1.2.1 Specificity of the Ecological Model in Physical Activity 

As mentioned in Chapter 2, urbanisation, as an environmental factor, is one of the 

essential parts of socio-ecological models. Results from the studies of Chapters 4, 6 and 7 

provide a better understanding of the role of urbanisation in the Ecological Model of 

Active Living70. However, this general approach to studying the environmental correlates 

may underestimate the association between urbanisation and physical activity. In a 

review, Giles-Corti, Timperio, Bull, Pikora 223 refer to the need for ecological models to 

be specific to behaviours. This means that it is not enough to study a behaviour in a 

setting (e.g. physical activity in recreational areas) but to study a specific behaviour 

within clearly defined environments (e.g. leisure physical activity in parks). Doing so 

could enhance the inferring capacity of ecological models by making individual and 
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socio-environmental variables behaviour-specific and contextualised. A downside of 

specificity of models in physical activity is that they require a thorough review of the 

literature in order to define the ecological model for a specific behaviour and setting and 

doing this for every physical activity behaviour and element of urbanicity addressed in 

this thesis would have bn a task greater than the scope of this PhD. However, hopefully 

the findings from this thesis can be used to prompt context-specific behaviours for future 

research in urbanisation.  

 

In addition to possibly underestimating the association between urbanisation and physical 

activity, the issue of residual confounding on these associations must be considered. 

There is a possibility that even though the variables of socio-economic status, education 

level and BMI in Chapter 4, and parents’ education level and participants’ age in 

Chapters 6 and 7, were adjusted in the linear regression models, they were not 

appropriately measured to eliminate their confounding onto the association between 

physical activity and urbanicity. Moreover, there might be additional confounders (i.e. car 

ownership) that were not considered and might be influencing the outcome variables.  

 

8.1.3 Associations Between Physical Activity and Urbanicity 

In this thesis there was some evidence that urbanicity (as an overall score and sub-score) 

was associated with physical activity in Mexico, but the magnitude of associations was 

weak and inconsistent at the sub-score level. This section reviews all the associations 

from Chapters 4 and 6 separated by sub-score. Some sub-scores had a positive association 

with physical activity and whereas others had negative associations. This highlights the 

need to measure urbanicity with a composite scale that allows researchers to look into 

each sub-scale independently and study its own association with physical activity.  

 

8.1.3.1 Overall Urbanicity 

Overall urbanicity had a negative association with MPA and VPA in adults (Chapter 4), a 

positive association with MVPA in female adolescents and a positive association with PE 

Class in male and female adolescents (Chapter 6). 
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In adults, a mean decrease of MPA between 1.44 and 2.08 minutes per week and 2.31 and 

3.60 minutes per week of VPA was found with every unit increase of overall urbanicity 

(MPA by population size: β = -2.08, 95% CI = -3.90 to -0.27; by population density: β = -

1.44, 95% CI = -2.71 to -0.17) (VPA by population size: β = -3.60, 95% CI = -5.03 to -

2.71; by population density: β = -2.31, 95% CI = -3.31 to -1.32). While this association 

might seem small, it needs to be remembered that it corresponds to “1” unit increase in 

the urbanicity scale, meaning that a change of 10 points in urbanicity would mean 

between 14.4 and 20.8 minutes per week less of MPA for example. Given that the WHO 

recommends 30 minutes per day, such reduction in physical activity could have serious 

implication for population health. This negative association is in line with previous 

international literature. A negative association between urbanicity and physical activity 

was found in studies from Sri Lanka and India where low physical activity was more 

likely in a place with high urbanicity activity compared to a place with low urbanicity 

(males: OR = 3.22; 95% CI = 2.27 to 4.57; females: OR = 2.92; 95% CI = 2.41 to 

3.55)6(males: OR = 3.26, 95% CI = 2.5 to 4.3; females: 4.13; 95% CI = 3.0 to 5.7)7, in 

Uganda where urbanicity was associated with an increase of physical inactivity (RR = 

1.19, 95% CI = 1.14 to 1.24)87, and in China there was an increase in odds of 68% in 

males (OR = 1.07, 95% CI = 1.05 to 1.09) and 51% in females (OR = 1.06, 95% CI = 

1.04 to 1.08) of performing light physical activity over heavy physical activity given the 

mean change in urbanisation over a six years period120. Mexico is still a developing 

country and its association between urbanicity and adults’ physical activity is in line with 

that reported in other developing countries.   

 

Evidence from studies conducted in Belgium118 and the United States of America119 

found a positive association between urbanicity and physical activity, perhaps because in 

urban areas of developed countries there is a higher proportion of public areas dedicated 

to physical activity or the average income is enough to pay access to private gyms and 

sport clubs. It is worth mentioning that the negative association found in Mexico and 

other developing countries may change with time, as is the case in China93. Longitudinal 

work has shown differences in physical activity in rural and urban places narrowed over 

time due to the increase of the individual level income. Perhaps, with more research, 

governments would decide to narrow even more this difference and invest in public 

physical activity places in more urbanised areas. Collectively, the evidence suggests that 
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long-term monitoring of the role of urbanicity is needed to understand associations and 

the potential for using urbanisation to change behaviour.   

 

The positive association between overall urbanicity and MVPA in female adolescents 

reported in Chapter 6, which showed an increment of 5% of their mean MVPA per week 

for every unit increase of overall urbanicity, was an unexpected finding. Contrasting with 

this result, a study in Portugal found that females in urban places were less physically 

active than their peers in rural areas, this was the opposite for the males in the study224. 

The positive or negative association between these variables does not seem to follow a 

trend, with evidence indicating higher physical activity in urban areas in countries like 

Poland225, and higher physical activity in rural areas in Brazil226 and Kenya91. This 

suggests that maybe the association between adolescents’ physical activity and urbanicity 

is unique to the context of the population sampled, as there might be other undetected 

characteristics specific to the place that might have an effect on physical activity (e.g. 

culture, climate, SES, etc...).  

 

8.1.3.2 Demographic – Population Density and Population Size 

The demographic sub-score essentially measures the amount of people in a place as both 

population density and as population size. When measured as population size in Chapter 

4, it had a negative association with MPA1 (coef = -17.10, 95% CI = -32.57 to -1.63) and 

walking (coef = -14.18, 95% CI = -26.99 to -1.97) in adults, and when measured as 

population density in Chapter 6, it had a positive association with MVPA (coef = 0.06, 

95% CI = 0.01 to 0.10) and leisure physical activity (coef = 0.06, 95% CI = 0.00 to 0.12) 

in female adolescents and a positive association with active commuting to school in male 

(coef = 0.21, 95% CI = 0.00 to 0.42) and female (coef = 0.28, 95% CI = 0.16 to 0.41) 

adolescents. It is possible to explain the disparity of the association as a product of the 

different way the demographic sub-score is being measured. Equally it could be the case 

that there is a real difference, which reflects the effect the demographic sub-score has in 

an adult population compared to an adolescent population. Further work is needed to 

                                                 

1 MPA was calculated in Chapter 4 whereas in Chapter 6 it was MVPA. 
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investigate these variations and to develop a more appropriate measure of urbanicity that 

encapsulates demographics more comprehensively.  

 

As reported in Chapter 4, for every unit increase in the demographic sub-score there was 

a decrease of 17.10 and 14.48 minutes per week of MPA and walking time in adult males 

and females, and an increase of 17.23 minutes per week of sitting time. Previous research 

in adults has shown different results regarding the association between population size or 

density with physical activity. In the Black Women’s Health Study, women who moved 

to less dense neighbourhoods were more likely to report decreased levels of utilitarian 

walking (OR = 1.36, 95% CI = 1.14 to 1.62)227, while results from the Twin Cities 

Walking Study reported increased odds of travel walking in higher density areas (OR = 

1.99, 95% CI = 1.29 to 3.06)228. Opposing this finding, a negative association between 

higher residential density and physical activity has been reported in an urban multi-ethnic 

sample of adults (beta coefficient = -0.03, SE = 0.01, p = 0.01)229. It is important to 

highlight, however that these studies are not directly comparable with the results of this 

thesis as they measure neighbourhood or household density rather than population density 

but could give a proxy measure.  

 

Unlike the results in adults, there was a positive association of densely populated areas 

with MPVA and leisure physical activity in female adolescents, and with active 

commuting in female and male adolescents in Chapter 6. A possible explanation for this 

positive association could relate to the higher concentration of school and public facilities 

in highly populated areas, which may make it easier to either actively commute to school 

or to nearby recreational spaces. A similar positive association has been found in studies 

in developed countries in which adolescents living in more densely populated areas had 

greater odds of active commuting (χ2 (df = 3) = 839.64, p < 0.001) than their peers living 

in areas with less population density186. Moreover, evidence suggests that living in rural 

areas lowers the chance of walking (females: OR = 0.29, 95% CI = 0.18 to 0.50; males: 

OR = 0.54, 95% CI = 0.32 to 0.93) and cycling (females: OR = 0.12, 95% CI = 0.06 to 

0.24; males: OR = 0.34, 95% CI = 0.21 to 0.56) compared to living in cities187. In 

contrast, research in a population of Chinese adolescents show residential density 

negatively associated with recreational physical activity (OR = 0.64, 95% CI = 0.42 to 
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0.97)230. Moreover, a negative association has been found in previous research in Mexico 

where adolescents from urban areas were 32% less likely (p = 0.027) to engage in active 

commuting than adolescents from rural areas188. The difference in findings from previous 

research conducted in Mexico and those reported in Chapter 6 might be explained by the 

difference in the urbanicity measure used; the previous study had an urban-rural 

dichotomy approach, whereas findings reported in this thesis were found using a 

composite urbanicity subscale. Another possibility could be that the samples in question 

represent different groups of adolescents or differ in time. Either way, more work is 

needed to further understand the association between population density and physical 

activity in adolescents.  

 

8.1.3.3 Built Environment 

The built environment sub-score measures the number of paved roads, sewage services, 

availability of flushing toilets and electricity (with a high score indicating greater or more 

progressed urbanicity). The built environment sub-score had a positive association with 

adults’ VPA in Chapter 4, and a negative association with sport participation in females 

and sport participation in adolescents from Oaxaca in Chapter 6. In adults (Chapter 4), 

every unit increase of the built environment sub-score was associated with a mean 

increase between 12.35 and 14.75 minutes of VPA per week. This finding supports 

previous literature, in which the presence of certain elements of the built environment 

(e.g., pavements, public lighting) were positively related to adults’ physical activity130. It 

should be noted, that the majority of papers cited were based on samples living in 

developed countries in which the built environment measure included elements such as 

the presence of enjoyable sceneries, adequate roads for cycling/walking, elements that are 

related to “desired” aspects of the built environment that are expected to promote physical 

activity.  

 

In female adolescents (Chapter 6), every unit increase of the built environment was 

associated with a decrease of 7% of time spent in sport. A possible explanation for this is 

that places with rapidly growing urbanisation do not consider the accessibility of sport 

centres as part of their urban development plan. Studies in China, a country with similar 

fast urbanisation development compared to Mexico, have found that difficult access to 
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sport facilities and community recreational facilities (i.e. lack of sidewalks) diminish 

sport participation and physical activity in both male and female adolescents102. However, 

this association might only be happening in the female population in Mexico, where lack 

of paved roads and street lighting inhibit their sport participation. Evidence suggests that 

female adolescents who experience difficulty to access their nearest gym (i.e., living 

further away from it) are less likely to engage in indoor sport activities231.  

 

In male and female adolescents living in Oaxaca (urbanicity score: 39.70, from a 0 to 70 

scales), every unit increase in the built environment scale was associated with an 8% 

decrease of time spent doing sport, no association was found in Mexico City. Regarding 

the result obtained between overall urbanicity and time spent in sport in the two states, in 

which there was a positive association in Mexico City but a negative association in 

Oaxaca, suggests that perhaps the built environment sub-score is acting as a proxy 

measure of urbanicity and that is having the same effect on sport participation as overall 

urbanicity has. As explained in Chapter 6, section 6.5, the direction of the association 

between overall urbanicity and participation in sport depends on the state. Oaxaca has a 

lower density of sport facilities per square kilometre than Mexico City (0.01 vs. 2.30). 

Evidence suggests that perceived availability of sports is positively associated with being 

sufficiently active232 and increasing the perceived availability of sport facilities predicts 

more leisure-time physical activity in adolescents233.  

 

8.1.3.4 Communication 

Communication based urbanicity relates to the amount of televisions, computers and 

mobile phones within households as well as internet availability and pay phones on roads. 

Communication based urbanicity was negatively associated with MPA and VPA in adults 

and negatively associated to leisure time physical activity in female and male adolescents, 

and negatively associated to active communing in males. Only one positive association 

was found, sport participation in males. In adolescents, the negative association between 

leisure time physical activity and active commuting has previously been found in similar 

studies where watching TV diminished the time spent in leisure physical activity amongst 

Taiwanese adolescents181. Also, even though there is no previous evidence that directly 

associates household electronic media presence with active commuting, electronic media 
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is negatively associated with sleep quality182-184, and adequate sleep duration is associated 

with greater active commuting to school in adolescents185.  

 

8.1.3.5 Economic Activity, Diversity, Education and Health 

There was little evidence to suggest that the urbanicity indicators of economic activity, 

diversity, education and health were associated with physical activity. In most cases this 

association was not present after adjusting for the other indicators of urbanicity. 

Therefore, it is likely these associations are merely proxy measures of other sub-scores 

like the built environment and by themselves are unimportant. In summary, economic 

activity and diversity had a negative association with VPA and walking in adults, 

respectively; while the presence of school facilities had a positive association with 

walking in adults. In terms of the health sub-score, the presence of health-related 

buildings and medical personnel had a positive association with sitting time in adults, a 

positive association with physical activity during PE class in adolescents, and a negative 

association with leisure physical activity in male adolescents. Furthermore, the education 

and health sub-scores are related to the built environment by taking into account the 

presence of buildings; consequently, its association with physical activity might be due to 

this similarity of measure.  

 

8.1.4 Association Between Physical Activity and Perception of 

Safety 

There was evidence that perception of pedestrian safety was associated with MVPA and 

sport activity in female adolescents. Results from this thesis suggest that the lack of 

crosswalks, walking/cycling trails, and proper lighting are associated with 12% less 

MVPA and 13% less sport participation among female adolescents. Various factors might 

explain this finding, for example feelings of being a target in public spaces with lack of 

lighting, mobility being hindered by the lack of crosswalks, not enough accessibility to 

sport facilities, and a possible unwillingness to engage in risk-taking behaviours like 

cycling and walking in areas with heavy traffic. As these findings are discussed in greater 

depth and compared and contrasted to previous literature in Chapter 7, this in not repeated 

here.   
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8.2 Implications for Research 

The findings presented in this thesis build upon previous research and provide an insight 

into the role urbanisation plays in adult and adolescent physical activity. There are four 

main research implications that can derive from the findings reported in this thesis 

(Figure 8-1). The first implication relates to the use of urbanicity to measure urbanisation. 

Until now, it was common to think that urbanisation had a negative impact on physical 

activity89-91. This belief might be product of an instant association of urbanisation with the 

built environment, which in part and as mentioned throughout this chapter, is true. 

However, such a belief may not accurately represent the wider and more complex picture. 

Urbanisation goes beyond the built environment and the presence of paved roads, 

households with electricity service and availability of sewage services. Urbanisation is a 

collective of different elements which all affect the way individuals perceive their 

environment, and subsequently the way they behave. Considering urbanisation as a multi-

faceted construct fills the current gaps in research regarding wider correlates of health-

related behaviours such as the social, economic and physical environment. This approach 

extends beyond the dichotomised measure of urban and rural and makes a unique 

contribution to the literature.  
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Figure 8-1 Main Research Implications of the Thesis 

 

The second research implication relates to the use of Mexican population data which 

could be considered a methodological advancement.  Using large datasets collected by the 

government allowed for an in-depth exploration of urbanicity and its impact on PA. Such 

an approach could be applicable to other countries with open government data sources 

and similar cultural background to Mexico, such as El Salvador, Nicaragua, Colombia, 

Brazil, Peru, Argentina and Uruguay234. Moreover, it is important to understand that 

overall urbanicity might have a different association with physical activity than, in some 

cases, its sub-scores with physical activity as was shown in Chapters 4 and 6. If this is the 

case, future research should consider the use of a multidimensional measure of urbanicity, 

which allows research to study individual associations between sub-scores and physical 

activity. Such an approach would avoid measures of overall urbanicity that potentially 

mask the component effects. Furthermore, urbanicity is dependent on cultural and 

socioeconomical factors of a place235, therefore it may be more appropriate to measure it 
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by state or by an area with similar background and collate information if and when 

necessary.  

 

The third research implication is the need to consider whether to measure population 

density instead of population size in urbanicity related studies. As discussed above 

(section 8.1.2), countries with state divisions that have several large territories might not 

be well suited to a population size measurement as their natural large population size 

would give them a high urbanicity score despite the population being widely spread. 

Population density measures address this problem by measuring the amount of people per 

km2 and assigning high density population areas with high urbanicity. The work of this 

thesis suggests the use of population density over population size when assessing the 

demographic aspect of a country.   

 

The fourth research implication is that the impacts of urbanicity on physical activity may 

not be the same for adults and adolescents. Findings from this thesis showed that adults 

and adolescents do not share the same associations with urbanicity and their sub-scores, 

therefore keeping them separate in urbanicity studies might avoid confounding results, 

also, age-specific studies are needed in the future.  

 

The work presented here highlights the need for future research to investigate the impact 

of urbanicity on PA. Whilst not comprehensive of all the work required, Table 8-2 

outlines several suggestions for future research. Firstly, there is a need for a prospective 

study that investigates the changes of physical activity on adults and adolescents moving 

from a less urbanised area to a more urbanised one. Secondly, a multilevel approach 

could be used to account for the effect of hierarchical structures of urbanicity (state, 

municipality, locality, set of blocks, individual physical activity). Finally, the field of 

research would benefit from using qualitative methods to explore how perception of 

safety, and whether particular safety concerns, impacts on physical activity choices and 

behaviours.  
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Table 8-2 New Research Studies that Findings Might Inspire 

 Description of Study 

 

Type 

 

1 

 

Study the effect of exposure to high urbanicity on the decrease of physical 

activity in adults and adolescents 

 

 

Prospective 

Study 

 

2 

 

Use multilevel analysis to study urbanisation and physical activity.  

 

 

 

Quantitative 

 

3 

 

Explore other features from the environment that make female adolescents 

feel unsafe. 

 

 

Qualitative 

 

8.3 Implications for Policy 

The main aim of the thesis was to address the lack of research evidence regarding the 

impact of urbanisation on physical activity in Mexico. To do so, a composite scale of 

urbanicity was used to measure the environment and study its association with physical 

activity. Also, perception of safety, a component of urbanisation currently not considered 

in the urbanicity scale, was measured and its association with physical activity was 

studied. The results from Chapters 4, 6 and 7 show that it is possible to measure 

urbanisation and that it is associated with physical activity. In terms of projecting the 

results to other settings, generalisability of the findings must be done with care 

considering that the sample used in studies from Chapters 6 and 7 is not representative 

and poses selection bias (explained in 6.5 Discussion). However, the sample used in 

Chapter 4 is representative at state level and was initially randomly selected by the 

government, suggesting that the association between urbanicity and adults’ physical 

activity might be true to the population. Nevertheless, the acknowledgement of 

unaccounted confounders in its analysis should be considered when generalising the 

results to the adult population in the country and to other countries that share a similar 

cultural, political and economic background with Mexico.  

 

The findings of the thesis that fit directly within current Government Strategies at 

National and Local level are presented in Table 8-3 with their contributions to the health 
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programmes, while a list of other strategies that do not necessarily fit within the current 

health and wellbeing plan but could be used to promote physical activity among the 

Mexican population are showed in Figure 8-2. 
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Table 8-3 Summary of Thesis Implications for Policy in Mexico 

 

 

Finding 

 

 

Programme 

 

What is the programme about? 

 

Implication 

 

1. Elements of the 

environment like good 

street lighting, the 

presence of crosswalks 

and signals might 

increase MVPA and 

sport participation in 

female adolescents 

(part of perception of 

safety). 

 

National Level 

Secretariat of 

Health 

(Mexico) 

The Food and 

Physical 

Activity 

Programme 

(2013 – 2018) 

 

The creation 

of clean, safe, 

and accessible 

“healthy 

environments” 

through: 

 

1. Adequate 

infrastructure: 

Public spaces for 

physical activity 

(e.g. parks, gyms, 

sport centres, 

pits...)  

 

 

 

- Invest in adequate signalling of 

public spaces and promote the 

importance of proper lighting. 

 

2. Functional 

walking/cycling 

routes 

 

 

- Stress the importance of 

lighting, crosswalks and signals in 

walking/cycling routes likely used 

to access public spaces intended 

to physical activity.  

- Link public spaces destined to 

sport and physical activity 

through cycling/walking trails → 

“Active Space Network”. 

 

 

 

 

 

 

State Level 

(Mexico City) 

Get Moving 

and Take Care 

of Yourself 

(launched 

2008). 

 

 

 

 

 

Prevention 

and treatment 

of overweight 

and obesity 

through health 

prevention 

actions 

 

1. Move in the 

Park: 

- Provide free 

activities in parks 

and public areas 

(yoga, Zumba, 

kick boxing...) 

 

 

2. Population density 

positively associated 

with active commuting  

 

 

2. Move around 

the City: 

- Night rides 

- Cycling classes 

- Sunday rides 

 

- Encourage the population to 

cycle as a way to commute to 

school/work, rather than a leisure 

activity.  

- Implement the campaign in 

other states with high population 

density.  

 

 

3. PE class is a possible 

way to increase 

physical activity in 

adolescents living in 

low urbanicity areas 

 

3. Move at 

School: 

- Participation in 

exercise routines 

and physical 

activity at school. 

- Monthly sport 

tournaments and 

sport events. 

 

 

- Design and monitor the general 

structure and minimum 

requirements of a PE class and 

train personnel to deliver it. 

- Treat PE class as an important 

way to increase total physical 

activity in areas with low 

urbanicity. 

 

 

4. The presence of 

electronic devices is 

negatively associated 

with active commuting 

to school in male 

adolescents and leisure 

physical activities in 

male and female 

adolescents 

 

 

- Include the concept “Move to 

school” in the campaign, promote 

active commuting. 

- Campaign of the presence of 

electronic media in modern life 

and how is affecting physical 

activity. 
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The work reported in this thesis could have implications at a national level and could be 

used to inform the Food and Physical Activity Programme (2013 – 2018) of the 

Secretariat of Health (Mexico). This programme seeks the improvement of nutritional and 

physical activity habits of the population by promoting and encouraging healthy 

lifestyles. The complete objectives and all strategies of the programme can be found in 

Chapter 2. In terms of physical activity, it aims to create “healthy environments” by 

creating, developing and maintaining adequate infrastructure and functional active 

commuting routes. Based on the Government response, these elements should at least 

include appropriate street lighting, cleanness, vigilance, universal access, pavement in 

good condition and signalling. Findings from this thesis point out that elements of the 

environment, such as good levels of street lighting and the presence of crosswalks and 

signals, might help to increase moderate-to-vigorous physical activity and sport 

participation in female adolescents as they contribute to the perception of safety. This 

could mean that providing safe spaces for physical activity and recreation is as important 

as the infrastructure is to active commuting to these spaces. Currently, there are walking 

and cycling routes available in Mexico, but they are uncommon and tend not to link with 

public spaces designed to encourage physical activity and recreation. One action point is 

to improve this connectivity and to make walking and cycling routes clearer, perhaps by 

creating an “active space network” with all the public spaces for physical activity and 

recreation sites with the routes to get there. Furthermore, there is also a need to invest in 

adequate signalling of public spaces and stress the importance of proper lighting. 

 

The second contribution of the thesis to policy, is at state level in the plan “Get Moving 

and Take Care of Yourself” (In Spanish: “Muevete y metete en cintura”) launched in 

2008 in Mexico City. The campaign seeks to influence the modification of the 

determinants of overweight, obesity and sedentarism, and encourage the incorporation of 

physical activity in the daily life of the community. The campaign encourages strategies 

for different settings, including “Move in parks”, “Moving around the City”, and “Move 

at School”.  

 

Move at the Park provides free physical activity classes (e.g. Zumba, yoga, kick boxing, 

etc...) once a week at different parks in Mexico City. The attendance to these events 
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might increase if walking/cycling routes and street elements such as proper lighting, 

crosswalks and signals are improved. Findings from this thesis suggest that these 

elements might increase physical activity and sport participation in female adolescents by 

creating a better perception of a safe environment, therefore their presence might be key 

for increasing female participation in the Move at the Park campaign.  

 

Move around the City encourages people to cycle around the city by organising “night 

rides”, facilitating cycling classes and closing main avenues in the city for the weekly 

“Sunday ride”. These events have become very popular in Mexico City. Findings from 

this thesis align with the popularity of this programme; adolescents living in places with 

higher density are more likely to actively commute to school. This could be an inspiration 

for other states with high population density to develop and include a cycling program as 

part of their health policy to increase physical activity in the population.  

 

Move at School seeks participation from children and adolescents in exercise routines and 

physical activity at school through weekly PE classes and monthly sport tournaments. 

Findings from the thesis report PE class as a possible way to increase physical activity in 

adolescents living in places with low urbanicity. Local authorities should design and 

monitor the minimum requirements and general structure of a PE class and train 

personnel to deliver it. Also, it should be stressed to schools in low urbanicity areas the 

importance of PE class in the health of their students. Moreover, within school strategies, 

it would be a good idea to introduce the concept “Move to school” to promote active 

commuting to school in line with findings from this thesis along with an audit of active 

commuting infrastructure for and around schools. At the moment there are no school 

policies about this.  

 

Another point that needs to be included within school health policies is the presence of 

electronic media and how it affects physical activity in adolescents. According to findings 

from the thesis, electronic devices are negatively associated with active commuting to 

school and leisure physical activity. Campaigns from local governments in Chile236 have 

been informing in schools the detrimental effect of mobile phones in learning and France 
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is, at the time of writing, considering a ban at schools, but the impact on physical activity 

has not yet been addressed. Therefore, the implications for policy from this thesis are to 

provide support to the Move at School program by stressing the importance of PE class, 

to suggest the promotion of active commuting to school and audit related infrastructure, 

and to add an awareness campaign about the health impact of the use of gadgets at school.  

 

The implications discussed above relate to programmes that are currently happening in 

Mexico that could be complemented and enriched with the findings reported in this thesis. 

Other strategies that could be useful to promote physical activity among the Mexican 

population are mentioned in Figure 8-2. The first one refers to help people think about 

how their environment might be influencing their behaviour and the impact on their 

physical activity. The Secretariat of Health in Mexico can put this point across by 

including the urbanisation factor in public health campaigns or even in the National Day 

of Physical Activity in Mexico (6th of April). At the moment these physical activity and 

health campaigns do not include urbanisation as a potential correlate of physical activity.     

 

The second strategy is to increase the number of pavements, street lights, improve safety 

in the streets and building safe paths to school to force the environment to change in ways 

that support healthier living. For example, safe street environments might inspire weekly 

group runs, weekend walks, “walk buses” to school, active play groups at parks and more. 

A similar approach has been taken by some cities in Europe, for example, Istanbul makes 

some streets only accessible for pedestrians between 10:00 am and 6:00 pm; Moscow has 

been transforming places, once intended for cars, into places for people; Ljubljana in 

Slovenia has closed one of its main avenues to motor traffic; and Barcelona has 

introduced the “superblocks” which are groups of block areas where traffic is limited to 

their boundaries whereas within them they are restricted to pedestrians237. Exploring these 

opportunities in an informal way with people from the same neighbourhood, university or 

workplace could play an essential role in increasing physical activity at an immediate 

local level. 
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The third strategy is to create an app with all the cycling routes and how they can be 

paired with public transport services. At the moment, the app “EcoBike” (EcoBici in 

Spanish) allows users to check availability of bikes and cycling stations and facilitates 

cycling routes but without linking the cycling experience to the public transport system in 

Mexico. It is unusual that the daily commute of a person in Mexico City can be achieved 

entirely by cycling due the size of the city and the sparse availability of cycling routes. 

Most of the time cycling has to be paired with another type of transport system (e.g. tube, 

bus, etc...). Having one single app that combines the availability of cycling routes with 

the availability of other type of transport might be more appealing for the population and 

might inspire active commute for at least one part of their daily journey, and by so, 

probably increasing their daily physical activity.  

 

 

Figure 8-2 National and Local Health Strategies inspired from findings of this thesis 

 

8.3.1 Global Action Plan on Physical Activity by the WHO 

The Global Action Plan of Physical Activity (GAPPA) by the WHO aims to reduce 

physical inactivity of the population by 15% by 2030 through a system-based approach of 

four objectives (described in Chapter 2, section 2.1.3). Findings of this thesis provide 

valuable information of the role of urbanisation in adults’ and adolescents’ physical 

activity that could be used to accomplish objectives 1. Create an active society and 2. 

Create active environments from the global action plan. The strategies of “Create an 

active society” seek to create awareness and knowledge about physical activity and 

sedentary behaviour. As seen in the current thesis in Chapters 4 and 6, there are several 

Secretariat of Health (Mexico)

• Raise awareness about how the environment might physical activity.

Local Governments

• Improve the immediate environment (quality of pavements, lighting, security) in 
order to support healthier living. 

Local Transport Systems

• Create an app with all the cycling routes and how they can be paired with a 
public transport service.
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elements of urbanisation that either enhance or diminish physical activity, sometimes 

differing between gender and population (adults vs. adolescents). It is important that these 

elements are considered when planning communication campaigns and mass participation 

events as proposed in the GAPPA. For example, the use of electronic devices is 

negatively associated with leisure physical activity in adolescents (Chapter 6, section 6.4), 

so a physical activity campaign in adolescents could raise awareness about the excessive 

use of electronic devices and their role in sedentary lifestyles. The second objective 

“Create active environments”, refers to integrating transport and urban planning policies, 

improving active commuting networks and strengthening road safety.  

 

Findings from Chapter 6 showed that adolescents actively commute in densely habited 

places. There is opportunity to enhance this behaviour in adolescents by providing trails 

and paths that join in a commuting network. Regarding road safety, as seen on Chapter 7, 

perceived road safety could increase physical activity in females. Therefore, ensuring 

safety of places destined to recreation and exercise and their connecting paths and trails is 

key for increasing physical activity in adolescents.  

 

8.4 Strengths and Limitations 

There are three main strengths of the work reported in this thesis. The first strength of the 

thesis is the use of two large samples. The first one in Chapter 4, referred to the national 

sample taken by the Government in 2012, which is representative of Mexico at state level. 

The second sample used in Chapter 6 corresponded to a population that has not been fully 

studied in Mexico up to date: adolescents. This large data set was gathered from schools 

from different locations in Mexico City and Oaxaca; aiming to have one school from each 

municipality/zone. Moreover, by using multiple imputation approaches it was possible to 

create complete physical activity data for all participants.  

 

The second strength of the current thesis is the use of a composite tool to measure 

urbanicity. This measure goes beyond the urban-rural definition and gives a better 

understanding of the context of the location that is being measured by using different 

databases from the Mexican Government. The urbanicity score can be used regardless of 
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the size of the place if the demographic sub-score is calculated as population density (as 

done in Chapters 4 and 6) and not as population size. The differentiation of sub-scores 

within the urbanicity score enables the association of each one of them to an outcome and 

study its own positive or negative impact. In the case of physical activity, studying these 

sub-scores separately prevented the potential masking of associations that could have 

occurred if only the overall score had been considered. Finally, the third strength is the 

use of a subjective measure of perception of safety that accounts for how the adolescents 

feel in their surroundings instead of using data of incidence of crime and amount of road 

signs and light posts that might not necessarily represent the perception of safety of the 

population.   

 

Despite these strengths, the cross-sectional design of all studies prevents an unequivocal 

understanding of the true urbanicity-physical activity association due to causality.  Also, 

there is the possibility of self-reported physical activity being over-reported by adults and 

adolescents. Moreover, the use of the IPAQ, as in Chapter 4, in populations in developing 

countries has been questioned before136. Ideally, it would have been desirable to use 

objective measures for the assessment of physical activity, but this was not possible due 

to limited funding for this thesis. Regarding data quality in Chapter 4, it is important to 

recognise that even though random checks of scanned questionnaires with the database 

were performed, and that the procedures and methods for computing the urbanicity 

measure where documented; data quality could have been better assured by having access 

to data collection protocols from the government, obtaining proof that the staff in charge 

of data collection were trained to perform that task, and that there was a data entry quality 

control (i.e. double data entry). Without this, quality of the data used in Chapter 4 can 

only be guaranteed to an extent. It is also important to highlight that the sample for 

Chapter 6 and 7 was limited to public school students between 15 and 18 years old. As 

10% of pupils attend private schools238, this might mean that the sample is under-

representative of this demographic. The sample was also limited as no data was collected 

from areas in Mexico City and Oaxaca considered as unsafe as it would risk the 

researcher’s safety. This might have implications for the variability of the urbanicity 

measure and results not being generalizable to unsafe areas, but most importantly, could 

lead to an overestimate of perceptions of safety in Chapter 7. 
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8.5 Self-reflections 

Initially, when designing the first study in Chapter 4, I did not know whether there was 

going to be an association between urbanicity and physical activity in Mexico nor 

whether it was going to be possible to use the urbanicity scale by Novak in Mexico. 

Therefore, I see my first paper as an exploratory work that examined if there was 

something there that needed more study. Because of this, the design of my second study 

(Chapter 6) was done after having results from study one and realising how to improve 

the study design by using local level data for the assessment of urbanicity. The idea of 

being able to give each individual its own urbanicity values was very exciting and 

represented a big challenge for two reasons: first, the success of locating each participant 

in its household area relied on him/her providing their full address, information difficult 

to obtain because of a cultural perception of unsafety/mistrust. Second, once the full 

address was available, I had to learn how to use the government programme to localise 

the Basic Geographical Area code of each participant using their address in order to link 

that location with the data used from the Census to calculate the urbanicity sub-scores. 

This process was done manually for each one of the 4,079 participants.  

 

In terms of physical activity assessment, I initially started using data from the 

ENSANUT, which used the IPAQ to assess physical activity, reported as minutes per 

week. My experience with this is that on several occasions when I was getting familiar 

with the database, realising the limitations of self-report, it specifically became clear that 

some participants did not understand what was actually being asked. It is possible that the 

translation of the IPAQ to Spanish is not clear enough for the Mexican population and 

might need improvement or to include the participation of a facilitator who takes time to 

fully explain what is being asked. I understand this could have been a major task for a 

large sample like the one from ENSANUT (n= 2,880) but I wanted to avoid this issue 

with the data I was going to collect for Chapter 6. Therefore, I decided to investigate 

other self-report tools to measure the physical activity of adolescents. I found the YPAQ 

to be a convenient tool for the information I wanted to know and for the delivery of the 

questionnaire. Besides the acceptable reliability and validity of the questionnaire, the 

arrangement of the questions and their syntax is very straight forward and easy for the 
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participants to understand. This was going to prove to be an advantage when giving the 

questionnaire to complete to auditoriums full of students (over 200) and with not enough 

time to pay individual attention to any of the possible questions.  

 

A further reflection on my experience in schools is that most of the times teachers and 

headmasters expressed their concerns about their students not being able to have the 

minimum requirements of physical activity and the possible ways to help them. Some of 

them even sought advice on how to address this issue with local authorities. This 

demonstrated that there is an undeniable interest in improving health through physical 

activity as a result of recent public health campaigns from the government but there is 

still a lack of information about the individual, or in this case school strategies, to 

improve health and wellbeing of people. I hope that findings from this thesis can 

contribute to addressing these questions and fill some gaps in missing knowledge.  

 

8.6 Conclusions 

The aim of this thesis was to study the association between urbanisation (measured as 

urbanicity and perception of safety) and adults’ and adolescents’ physical activity in 

Mexico. The findings demonstrate that some aspects of urbanisation are associated with 

some types or intensities of physical activity, but these are not uniform in their direction 

or strength and can be moderated by age, gender and geographical location. As such, the 

findings highlight the complexity in understanding these associations but the important 

role that urbanisation can plan in physical activity in Mexico. 

 

Future research can rely on the use of urbanicity as a proxy measure for urbanisation, and 

a composite measure is advisable to capture the unique cultural and socioeconomical 

factors of a state. Moreover, it is recommended to use population density rather than 

population size in urbanicity-related studies, especially in areas where the variation of 

geographical area of studied municipalities or zones varies greatly.  
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Some of the current public health strategies at national and local level are reinforced by 

findings of this thesis. The need of adequate and functional infrastructure for physical 

activity, investing in street elements that increase perception of safety in women, the 

demand of walking and cycling paths, and the need of school campaigns promoting active 

commuting and moderation of electronic media should all be part of the current health 

policy in Mexico to increase physical activity on its population.  

  



152 

 

References 
 

1. INEGI. Censo de Poblacion y Vivienda 2010. Available at: 
http://www.inegi.org.mx/sistemas/consulta_resultados/ageb_urb2010.aspx?c=28111&s
=est. Available at: 
http://www.inegi.org.mx/sistemas/consulta_resultados/ageb_urb2010.aspx?c=28111&s
=est. 

2. INEGI. Delimitacion de las Zonas Metropolitanas de Mexico. Available at: 
http://internet.contenidos.inegi.org.mx/contenidos/productos/prod_serv/contenidos/es
panol/bvinegi/productos/historicos/1329/702825010048/702825010048_1.pdf. 
Accessed 21/05/2018. 

3. United Nations. World Urbanization Prospects: The 2018 Revision. Available at: 
https://esa.un.org/unpd/wup/publications/Files/WUP2018-KeyFacts.pdf. Accessed 
29/06/2018. 

4. Caspersen CJ, Powell KE, Christenson GM. Physical-Activity, Exercise, and Physical-
Fitness - Definitions and Distinctions for Health-Related Research. Public Health Reports. 
1985;100(2):126-131. 

5. Encuesta Nacional de Salud y Nutricion. Encuesta Nacional de Salud y Nutricion. 
Available at: http://ensanut.insp.mx/. 

6. Allender S, Wickramasinghe K, Goldacre M, Matthews D, Katulanda P. Quantifying 
Urbanization as a Risk Factor for Noncommunicable Disease. Journal of Urban Health-
Bulletin of the New York Academy of Medicine. Oct 2011;88(5):906-918. 

7. Allender S, Lacey B, Webster P, et al. Level of urbanization and noncommunicable 
disease risk factors in Tamil Nadu, India. Bulletin of the World Health Organisation Apr 
2010;88(4):297-304. 

8. Allender S, Foster C, Hutchinson L, Arambepola C. Quantification of urbanization in 
relation to chronic diseases in developing countries: a systematic review. Journal of 
Urban Health. Nov 2008;85(6):938-951. 

9. OCEBM. Levels of Evidence. Available at: https://www.cebm.net/2016/05/ocebm-levels-
of-evidence/. Accessed 21/01/2018. 

10. World Health Organization. Global Strategy on Diet, Physical Activity and Health. 
Available at: http://www.who.int/dietphysicalactivity/factsheet_adults/en/. Accessed 
17/05/2018. 

11. Lee IM, Shiroma EJ, Lobelo F, et al. Effect of physical inactivity on major non-
communicable diseases worldwide: an analysis of burden of disease and life expectancy. 
Lancet. Jul 21 2012;380(9838):219-229. 

12. Qu XH, Zhang XY, Zhai ZJ, et al. Association Between Physical Activity and Risk of 
Fracture. Journal of Bone and Mineral Research. Jan 2014;29(1):202-211. 

13. World Health Organization. Noncommunicable Diseases. Available at: 
http://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases. 
Accessed 17/06/2018. 

14. Encuesta Nacional de Salud y Nutricion. Encuesta Nacional de Salud y Nutrición de 
Medio Camino 2016. Available at: http://transparencia.insp.mx/2017/auditorias-
insp/12701_Resultados_Encuesta_ENSANUT_MC2016.pdf. Accessed 12/11/2017. 

15. Pan American Health Organization. Mexico: Perfil de Enfermedades Cardiovasculares. 
Available at: https://www.paho.org/hq/dmdocuments/2014/MEXICO-PERFIL-ECV-
2014.pdf. Accessed 04/04/2015. 

16. World Health Organization. Obesity and Overweight. Available at: 
http://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight. Accessed 
11/04/2018. 

http://www.inegi.org.mx/sistemas/consulta_resultados/ageb_urb2010.aspx?c=28111&s=est
http://www.inegi.org.mx/sistemas/consulta_resultados/ageb_urb2010.aspx?c=28111&s=est
http://www.inegi.org.mx/sistemas/consulta_resultados/ageb_urb2010.aspx?c=28111&s=est
http://www.inegi.org.mx/sistemas/consulta_resultados/ageb_urb2010.aspx?c=28111&s=est
http://internet.contenidos.inegi.org.mx/contenidos/productos/prod_serv/contenidos/espanol/bvinegi/productos/historicos/1329/702825010048/702825010048_1.pdf
http://internet.contenidos.inegi.org.mx/contenidos/productos/prod_serv/contenidos/espanol/bvinegi/productos/historicos/1329/702825010048/702825010048_1.pdf
https://esa.un.org/unpd/wup/publications/Files/WUP2018-KeyFacts.pdf
http://ensanut.insp.mx/
https://www.cebm.net/2016/05/ocebm-levels-of-evidence/
https://www.cebm.net/2016/05/ocebm-levels-of-evidence/
http://www.who.int/dietphysicalactivity/factsheet_adults/en/
http://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
http://transparencia.insp.mx/2017/auditorias-insp/12701_Resultados_Encuesta_ENSANUT_MC2016.pdf
http://transparencia.insp.mx/2017/auditorias-insp/12701_Resultados_Encuesta_ENSANUT_MC2016.pdf
https://www.paho.org/hq/dmdocuments/2014/MEXICO-PERFIL-ECV-2014.pdf
https://www.paho.org/hq/dmdocuments/2014/MEXICO-PERFIL-ECV-2014.pdf
http://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight


153 

 

17. World Health Organization. Global Health Risks: Mortality and burden disease 
attributable to selected major risks. Available at: 
http://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_report_full.p
df. Accessed 01/11/2017. 

18. Li J, Loerbroks A, Angerer P. Physical activity and risk of cardiovascular disease: what 
does the new epidemiological evidence show? Current Opinion in Cardiology. Sep 
2013;28(5):575-583. 

19. Aune D, Norat T, Leitzmann M, Tonstad S, Vatten LJ. Physical activity and the risk of type 
2 diabetes: a systematic review and dose-response meta-analysis. European Journal of 
Epidemiology. Jul 2015;30(7):529-542. 

20. Cloostermans L, Wendel-Vos W, Doornbos G, et al. Independent and combined effects 
of physical activity and body mass index on the development of Type 2 Diabetes - a 
meta-analysis of 9 prospective cohort studies. International Journal of Behavioral 
Nutrition and Physical Activity. Dec 1 2015;12. 

21. Huai PC, Han HJ, Reilly KH, Guo XL, Zhang JY, Xu AQ. Leisure-time physical activity and 
risk of type 2 diabetes: a meta-analysis of prospective cohort studies. Endocrine. May 
2016;52(2):226-230. 

22. Brenner DR, Yannitsos DH, Farris MS, Johansson M, Friedenreich CM. Leisure-time 
physical activity and lung cancer risk: A systematic review and meta-analysis. Lung 
Cancer. May 2016;95:17-27. 

23. Zhong SL, Ma TF, Chen L, et al. Physical Activity and Risk of Lung Cancer: A Meta-analysis. 
Clinical Journal of Sport Medicine. May 2016;26(3):173-181. 

24. Wolin KY, Yan Y, Colditz GA, Lee IM. Physical activity and colon cancer prevention: a 
meta-analysis. British Journal of Cancer. Feb 17 2009;100(4):611-616. 

25. Wu YL, Zhang DF, Kang S. Physical activity and risk of breast cancer: a meta-analysis of 
prospective studies. Breast Cancer Research and Treatment. Feb 2013;137(3):869-882. 

26. Friedenreich CM, Neilson HK, Lynch BM. State of the epidemiological evidence on 
physical activity and cancer prevention. European Journal of Cancer. Sep 
2010;46(14):2593-2604. 

27. World Health Organization. Growth reference 5-19 years. Available at: 
http://www.who.int/growthref/who2007_bmi_for_age/en/. Accessed 21/06/2018. 

28. Secretaria de Salud Publica. Informe sobre la salud de los mexicanos. Available at: 
https://www.gob.mx/cms/uploads/attachment/file/64176/INFORME_LA_SALUD_DE_LO
S_MEXICANOS_2015_S.pdf. Accessed 16/06/2018. 

29. World Health Organization. Global recommendations on physical activity for health. 
Available at: http://www.who.int/dietphysicalactivity/factsheet_recommendations/en/. 
Accessed 10/03/2015. 

30. Cesa CC, Sbruzzi G, Ribeiro RA, et al. Physical activity and cardiovascular risk factors in 
children: meta-analysis of randomized clinical trials. Preventive Medicine. Dec 
2014;69:54-62. 

31. Ekelund U, Luan J, Sherar LB, et al. Moderate to vigorous physical activity and sedentary 
time and cardiometabolic risk factors in children and adolescents. JAMA. Feb 15 
2012;307(7):704-712. 

32. Marson EC, Delevatti RS, Prado AKG, Netto N, Kruel LFM. Effects of aerobic, resistance, 
and combined exercise training on insulin resistance markers in overweight or obese 
children and adolescents: A systematic review and meta-analysis. Preventive Medicine. 
Dec 2016;93:211-218. 

33. Lochte L, Nielsen KG, Petersen PE, Platts-Mills TAE. Childhood asthma and physical 
activity: a systematic review with meta-analysis and Graphic Appraisal Tool for 
Epidemiology assessment. Bmc Pediatrics. Apr 18 2016;16. 

http://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_report_full.pdf
http://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_report_full.pdf
http://www.who.int/growthref/who2007_bmi_for_age/en/
https://www.gob.mx/cms/uploads/attachment/file/64176/INFORME_LA_SALUD_DE_LOS_MEXICANOS_2015_S.pdf
https://www.gob.mx/cms/uploads/attachment/file/64176/INFORME_LA_SALUD_DE_LOS_MEXICANOS_2015_S.pdf
http://www.who.int/dietphysicalactivity/factsheet_recommendations/en/


154 

 

34. Roberts C, Tynjala J, Komkow A. Young people's health in context. Health Behaviour in 
School-aged Children (HSBC) study. Copenhagen: World Health Organization; 2004. 

35. Pate RR, Freedson PS, Sallis JF, et al. Compliance with physical activity guidelines: 
Prevalence in a population of children and youth. Annals of Epidemiology. Jul 
2002;12(5):303-308. 

36. Telama R, Yang XL, Viikari J, Valimaki I, Wanne O, Raitakari O. Physical activity from 
childhood to adulthood - A 21-year tracking study. American Journal of Preventive 
Medicine. Apr 2005;28(3):267-273. 

37. Malina RM. Tracking of physical activity and physical fitness across the lifespan. Research 
Quarterly for Exercise and Sport. Sep 1996;67(3):S48-S57. 

38. Yardley JE, Kenny GP, Perkins BA, et al. Resistance Versus Aerobic Exercise Acute effects 
on glycemia in type 1 diabetes. Diabetes Care. Mar 2013;36(3):537-542. 

39. Bryner RW, Ullrich IH, Sauers J, et al. Effects of resistance vs. aerobic training combined 
with an 800 calorie liquid diet on lean body mass and resting metabolic rate. Journal of 
the American College of Nutrition. Apr 1999;18(2):115-121. 

40. Biddle SJ, Batterham AM. High-intensity interval exercise training for public health: a big 
HIT or shall we HIT it on the head? International Journal of Behavioral Nutrition and 
Physical Activity. Jul 18 2015;12:95. 

41. Wicker P, Frick B. Intensity of physical activity and subjective well-being: an empirical 
analysis of the WHO recommendations. Journal of Public Health. Jun 1 2017;39(2):e19-
e26. 

42. Gay JL, Buchner DM, Schmidt MD. Dose-response association of physical activity with 
HbA1c: Intensity and bout length. Preventive Medicine. May 2016;86:58-63. 

43. Brown RE, Riddell MC, Macpherson AK, Canning KL, Kuk JL. The association between 
frequency of physical activity and mortality risk across the adult age span. Journal of 
Aging and Health. Aug 2013;25(5):803-814. 

44. Kolt GS, George ES, Rebar AL, et al. Associations between quality of life and duration and 
frequency of physical activity and sedentary behaviour: Baseline findings from the WALK 
2.0 randomised controlled trial. PLoS One. 2017;12(6):e0180072. 

45. World Health Organization. More Active People For a Healthier World. Available at: 
http://apps.who.int/iris/bitstream/handle/10665/272722/9789241514187-eng.pdf. 
Accessed 01/07/2018. 

46. INEGI. Modulo de Practica Deportiva y Ejercicio Fisico (MOPRADEF). Available at: 
http://www.beta.inegi.org.mx/proyectos/enchogares/modulos/mopradef/. Accessed 
14/06/2018. 

47. Dobbins M, Husson H, DeCorby K, LaRocca RL. School-based physical activity programs 
for promoting physical activity and fitness in children and adolescents aged 6 to 18. 
Cochrane Database of Systematic Reviews. 2013(2). 

48. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M. Developing and 
evaluating complex interventions: the new Medical Research Council guidance. 
International Journal of Nursing Studies. May 2013;50(5):587-592. 

49. Baranowski T, Jago R. Understanding the mechanisms of change in children's physical 
activity programs. Exercise and Sport Sciences Reviews. Oct 2005;33(4):163-168. 

50. Baranowski T, Cerin E, Baranowski J. Steps in the design, development and formative 
evaluation of obesity prevention-related behavior change trials. International Journal of 
Behavioral Nutrition and Physical Activity. Jan 21 2009;6:6. 

51. Gobierno de la Republica. Programa Sectorial de Salud. Available at: 
http://www.conadic.salud.gob.mx/pdfs/sectorial_salud.pdf. Accessed 16/06/2018. 

52. Wahid A, Manek N, Nichols M, et al. Quantifying the Association Between Physical 
Activity and Cardiovascular Disease and Diabetes: A Systematic Review and Meta-
Analysis. Journal of the American Heart Association. Sep 2016;5(9). 

http://apps.who.int/iris/bitstream/handle/10665/272722/9789241514187-eng.pdf
http://www.beta.inegi.org.mx/proyectos/enchogares/modulos/mopradef/
http://www.conadic.salud.gob.mx/pdfs/sectorial_salud.pdf


155 

 

53. Departamento de Salud Publica. Programa de Accion Especifico, Alimentacion y 
Actividad Fisica. Available at: 
http://promocion.salud.gob.mx/dgps/descargas1/actividad_fisica/Programa_de_Accion
%20_Especifico_Alimentacion_y_Actividad_Fisica_2013_2018.pdf. 

54. Secretariat of Health. PAIDOS: An App to prevent overweight and obesity: Available at: 
https://www.gob.mx/salud/articulos/paidos-an-app-to-prevent-overweight-and-obesity; 
2018. 

55. Croker H, Lucas R, Wardle J. Cluster-randomised trial to evaluate the 'Change for Life' 
mass media/social marketing campaign in the UK. Bmc Public Health. Jun 6 2012;12. 

56. Craig CL, Bauman A, Latimer-Cheung A, et al. An Evaluation of the My ParticipACTION 
Campaign to Increase Self-Efficacy for Being More Physically Active. Journal of Health 
Communication 2015;20(9):995-1003. 

57. Leavy JE, Bull FC, Rosenberg M, Bauman A. Physical activity mass media campaigns and 
their evaluation: a systematic review of the literature 2003-2010. Health Education 
Research. Dec 2011;26(6):1060-1085. 

58. Kerlinger FN. Foundations of Behavioral Research. 3rd Edition ed. New York: Holt, 
Rinehart & Winston; 1986. 

59. Glanz K, Rimer BK, Viswanath K. Health Behavior and Health Education. 4th Edition ed. 
United States of America: Jossey-Bass; 2008. 

60. Buchan DS, Ollis S, Thomas NE, Baker JS. Physical activity behaviour: an overview of 
current and emergent theoretical practices. Journal of Obesity. 2012;2012:546459. 

61. Teixeira PJ, Carraca EV, Markland D, Silva MN, Ryan RM. Exercise, physical activity, and 
self-determination theory: a systematic review. International Journal of Behavioral 
Nutrition and Physical Activity. Jun 22 2012;9:78. 

62. Dishman RK, Motl RW, Saunders R, et al. Self-efficacy partially mediates the effect of a 
school-based physical-activity intervention among adolescent girls. Preventive Medicine. 
May 2004;38(5):628-636. 

63. Hausenblas HA, Carron AV, Mack DE. Application of the theories of reasoned action and 
planned behavior to exercise behavior: A meta-analysis. Journal of Sport & Exercise 
Psychology. Mar 1997;19(1):36-51. 

64. Chatzisarantis NLD, Hagger MS, Biddle SJH, Smith B. The stability of the attitude-
intention relationship in the context of physical activity. Journal of Sports Sciences. Jan 
2005;23(1):49-61. 

65. Deci EL, Ryan RM. The "what" and "why" of goal pursuits: Human needs and the self-
determination of behavior. Psychological Inquiry. 2000;11(4):227-268. 

66. Marcus BH, Simkin LR. The transtheoretical model: applications to exercise behavior. 
Medicine and Science in Sports and Exercise. Nov 1994;26(11):1400-1404. 

67. Stokols D. Social ecology and behavioral medicine: implications for training, practice, and 
policy. Behavioural Medicine. Fall 2000;26(3):129-138. 

68. McLeroy KR, Bibeau D, Steckler A, Glanz K. An ecological perspective on health 
promotion programs. Health Education Quarterly. Winter 1988;15(4):351-377. 

69. Sallis JF, Glanz K. The role of built environments in physical activity, eating, and obesity 
in childhood. The Future Children. Spring 2006;16(1):89-108. 

70. Sallis JF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. An ecological approach 
to creating active living communities. Annual Review of Public Health. 2006;27:297-322. 

71. Secretaria de Desarollo Social. Sistema Urbano Nacional. Available at: 
http://www.conapo.gob.mx/work/models/CONAPO/Resource/1539/1/images/PartesIaV
.pdf. Accessed 30/06/2018. 

72. Vlahov D, Galea S. Urbanization, urbanicity, and health. Journal of Urban Health. Dec 
2002;79(4 Suppl 1):S1-S12. 

http://promocion.salud.gob.mx/dgps/descargas1/actividad_fisica/Programa_de_Accion%20_Especifico_Alimentacion_y_Actividad_Fisica_2013_2018.pdf
http://promocion.salud.gob.mx/dgps/descargas1/actividad_fisica/Programa_de_Accion%20_Especifico_Alimentacion_y_Actividad_Fisica_2013_2018.pdf
https://www.gob.mx/salud/articulos/paidos-an-app-to-prevent-overweight-and-obesity
http://www.conapo.gob.mx/work/models/CONAPO/Resource/1539/1/images/PartesIaV.pdf
http://www.conapo.gob.mx/work/models/CONAPO/Resource/1539/1/images/PartesIaV.pdf


156 

 

73. Mendez M, Du S, Popkin BM. Urbanization, income and the nutrition transition in China: 
A case study. FAO technical workshop on "Globalization of food systems: impacts on food 
security and nutrition". Rome, Italy; 2004. 

74. Mendez M, Stookey JD, Adair LS, Popkin BM. Measuring urbanization and its potential 
impact on health: the China case; 2003. 

75. Dahly DL, Adair LS. Quantifying the urban environment: a scale measure of urbanicity 
outperforms the urban-rural dichotomy. Social Sciences and Medicine. Apr 
2007;64(7):1407-1419. 

76. Jones-Smith JC, Popkin BM. Understanding community context and adult health changes 
in China: development of an urbanicity scale. Social Sciences and Medicine. Oct 
2010;71(8):1436-1446. 

77. Novak NL, Allender S, Scarborough P, West D. The development and validation of an 
urbanicity scale in a multi-country study. BMC Public Health. 2012;12:530. 

78. INEGI. Encuesta Nacional de Seguridad Publica Urbana. Available at: 
http://sistemas.conade.gob.mx/portalCenso/index_2.aspx. Accessed 11/12/2017. 

79. INEGI. Encuesta Nacional de Seguridad Publica Urbana: Principales Resultados. Available 
at: 
http://www.beta.inegi.org.mx/contenidos/proyectos/enchogares/regulares/ensu/doc/e
nsu2018_marzo_presentacion_ejecutiva.pdf. Accessed 05/07/2018. 

80. INEGI. Encuesta Nacional de Victimizacion y Percepcion sobre Seguridad Publica 
(ENVIPE). Available at: 
http://www.beta.inegi.org.mx/contenidos/proyectos/enchogares/regulares/envipe/201
7/doc/envipe2017_presentacion_nacional.pdf. Accessed 18/06/2018. 

81. Subramanian SV, Kennedy MH. Perception of neighborhood safety and reported 
childhood lifetime asthma in the United States (U.S.): a study based on a national survey. 
PLoS One. Jun 30 2009;4(6):e6091. 

82. Chong S, Lobb E, Khan R, Abu-Rayya H, Byun R, Jalaludin B. Neighbourhood safety and 
area deprivation modify the associations between parkland and psychological distress in 
Sydney, Australia. Bmc Public Health. May 1 2013;13. 

83. Kim SS, Choi J, Park K, Chung Y, Park S, Heo J. Association between district-level 
perceived safety and self-rated health: a multilevel study in Seoul, South Korea. Bmj 
Open. 2014;4(7). 

84. Hume C, Ball K, Salmon J. Development and reliability of a self-report questionnaire to 
examine children's perceptions of the physical activity environment at home and in the 
neighbourhood. International Journal of Behavioral Nutrition and Physical Activity. Jul 17 
2006;3:16. 

85. Rosenberg D, Ding D, Sallis JF, et al. Neighborhood Environment Walkability Scale for 
Youth (NEWS-Y): reliability and relationship with physical activity. Preventive Medicine. 
Aug-Sep 2009;49(2-3):213-218. 

86. Prado CV, Rech CR, Hino AAF, Reis RS. Perception of neighborhood safety and screen 
time in adolescents from Curitiba, Brazil. Revista Brasileira de Epidemiologia. Oct-Dec 
2017;20(4):688-701. 

87. Riha J, Karabarinde A, Ssenyomo G, et al. Urbanicity and Lifestyle Risk Factors for 
Cardiometabolic Diseases in Rural Uganda: A Cross-Sectional Study. Plos Medicine. Jul 
2014;11(7). 

88. Attard SM, Howard AG, Herring AH, et al. Differential associations of urbanicity and 
income with physical activity in adults in urbanizing China: findings from the population-
based China Health and Nutrition Survey 1991-2009. International Journal of Behavioral 
Nutrition and Physical Activity. Dec 12 2015;12. 

http://sistemas.conade.gob.mx/portalCenso/index_2.aspx
http://www.beta.inegi.org.mx/contenidos/proyectos/enchogares/regulares/ensu/doc/ensu2018_marzo_presentacion_ejecutiva.pdf
http://www.beta.inegi.org.mx/contenidos/proyectos/enchogares/regulares/ensu/doc/ensu2018_marzo_presentacion_ejecutiva.pdf
http://www.beta.inegi.org.mx/contenidos/proyectos/enchogares/regulares/envipe/2017/doc/envipe2017_presentacion_nacional.pdf
http://www.beta.inegi.org.mx/contenidos/proyectos/enchogares/regulares/envipe/2017/doc/envipe2017_presentacion_nacional.pdf


157 

 

89. Yamauchi T, Umezaki M, Ohtsuka R. Influence of urbanisation on physical activity and 
dietary changes in Huli-speaking population: a comparative study of village dwellers and 
migrants in urban settlements. British Journal of Nutrition. Jan 2001;85(1):65-73. 

90. Assah FK, Ekelund U, Brage S, Mbanya JC, Wareham NJ. Urbanization, physical activity, 
and metabolic health in sub-Saharan Africa. Diabetes Care. Feb 2011;34(2):491-496. 

91. Ojiambo RM, Easton C, Casajus JA, Konstabel K, Reilly JJ, Pitsiladis Y. Effect of 
urbanization on objectively measured physical activity levels, sedentary time, and 
indices of adiposity in Kenyan adolescents. Journal of Physical Activity & Health. Jan 
2012;9(1):115-123. 

92. Donatiello E, Dello Russo M, Formisano A, et al. Physical activity, adiposity and 
urbanization level in children: results for the Italian cohort of the IDEFICS study. Public 
Health. Aug 2013;127(8):761-765. 

93. Attard SM, Howard AG, Herring AH, et al. Differential associations of urbanicity and 
income with physical activity in adults in urbanizing China: findings from the population-
based China Health and Nutrition Survey 1991-2009. International Journal of Behavioral 
Nutrition and Physical Activity. Dec 12 2015;12:152. 

94. Fleischer NL, Diez Roux AV, Alazraqui M, Spinelli H, De Maio F. Socioeconomic gradients 
in chronic disease risk factors in middle-income countries: evidence of effect 
modification by urbanicity in Argentina. American Journal of Public Health. Feb 
2011;101(2):294-301. 

95. Reis JP, Bowles HR, Ainsworth BE, Dubose KD, Smith S, Laditka JN. Nonoccupational 
physical activity by degree of urbanization and U.S. geographic region. Medicine and 
Science in Sports and Exercise. Dec 2004;36(12):2093-2098. 

96. Carver A, Timperio A, Crawford D. Perceptions of neighborhood safety and physical 
activity among youth: the CLAN study. J Phys Act Health. May 2008;5(3):430-444. 

97. Deforche B, Van Dyck D, Verloigne M, De Bourdeaudhuij I. Perceived social and physical 
environmental correlates of physical activity in older adolescents and the moderating 
effect of self-efficacy. Prev Med. Jan 2010;50 Suppl 1:S24-29. 

98. Carver A, Timperio AF, Crawford DA. Neighborhood road environments and physical 
activity among youth: the CLAN study. Journal of Urban Health. Jul 2008;85(4):532-544. 

99. De Meester F, Van Dyck D, De Bourdeaudhuij I, Deforche B, Cardon G. Does the 
perception of neighborhood built environmental attributes influence active transport in 
adolescents? International Journal of Behavioral Nutrition and Physical Activity. Mar 26 
2013;10. 

100. Panter JR, Jones AP, Van Sluijs EM, Griffin SJ. Neighborhood, route, and school 
environments and children's active commuting. American Journal of Preventive 
Medicine. Mar 2010;38(3):268-278. 

101. Oyeyemi AL, Ishaku CM, Deforche B, Oyeyemi AY, De Bourdeaudhuij I, Van Dyck D. 
Perception of built environmental factors and physical activity among adolescents in 
Nigeria. International Journal of Behavioral Nutrition and Physical Activity. Apr 27 
2014;11. 

102. Li M, Dibley MJ, Sibbritt D, Yan H. Factors associated with adolescents' physical inactivity 
in Xi'an City, China. Medicine and Science in Sports and Exercise. Dec 2006;38(12):2075-
2085. 

103. Oliveira A, Mota J, Moreira C, et al. Adolescents' Perception of Environmental Features 
and its Association With Physical Activity: Results From de Azorean Physical Activity and 
Health Study II. Journal of Physical Activity & Health. Jul 2014;11(5):917-921. 

104. Evenson KR, Birnbaum AS, Bedimo-Rung AL, et al. Girls' perception of physical 
environmental factors and transportation: reliability and association with physical 
activity and active transport to school. International Journal of Behavioral Nutrition and 
Physical Activity. Sep 14 2006;3:28. 



158 

 

105. Lenhart CM, Wiemken A, Hanlon A, Perkett M, Patterson F. Perceived neighborhood 
safety related to physical activity but not recreational screen-based sedentary behavior 
in adolescents. Bmc Public Health. Sep 18 2017;17. 

106. Molnar BE, Gortmaker SL, Bull FC, Buka SL. Unsafe to play? Neighborhood disorder and 
lack of safety predict reduced physical activity among urban children and adolescents. 
American Journal of Health Promotion. May-Jun 2004;18(5):378-386. 

107. Shinew KJ, Stodolska M, Roman CG, Yahner J. Crime, physical activity and outdoor 
recreation among Latino adolescents in Chicago. Preventive Medicine. Nov 
2013;57(5):541-544. 

108. Saimon R, Choo WY, Bulgiba A. "Feeling unsafe": a photovoice analysis of factors 
influencing physical activity behavior among Malaysian adolescents. Asia Pacific Journal 
of Public Health. Mar 2015;27(2):NP2079-2092. 

109. Van Royen K, Verstraeten R, Andrade S, et al. Factors affecting physical activity in 
Ecuadorian adolescents: a focus group study. Journal of Physical Activity and Health. Mar 
2015;12(3):340-348. 

110. Gustafson SL, Rhodes RE. Parental correlates of physical activity in children and early 
adolescents. Sports Medicine. 2006;36(1):79-97. 

111. Carver A, Timperio A, Hesketh K, Crawford D. Are safety-related features of the road 
environment associated with smaller declines in physical activity among youth? Journal 
of Urban Health. Jan 2010;87(1):29-43. 

112. Yu CY, Woo A. From Perception to Action: The Mediating Role of Parental Safety 
Concerns on Adolescents' Physical Activity. Journal of Physical Activity and Health. Aug 
2017;14(8):652-659. 

113. World Health Organization. Physical Inactivity: A Global Public Health Problem. Available 
at: http://www.who.int/dietphysicalactivity/factsheet_inactivity/en/. Accessed 
10/03/2015. 

114. Wilmot EG, Edwardson CL, Achana FA, Davies MJ, Gorely T, Gray LJ. Sedentary time in 
adults and the association with diabetes, cardiovascular disease and death: systematic 
review and meta-analysis. Diabetologia. 2012;55(2):895-905. 

115. Troped PJ, Tamura K, Whitcomb HA, Laden F. Perceived built environment and physical 
activity in U.S. women by sprawl and region. American Journal of Preventive Medicine. 
Nov 2011;41(5):473-479. 

116. Handy SL, Boarnet MG, Ewing R, Killingsworth RE. How the built environment affects 
physical activity - Views from urban planning. American Journal of Preventive Medicine. 
Aug 2002;23(2):64-73. 

117. Lee IM, Ewing R, Sesso HD. The built environment and physical activity levels: the 
Harvard Alumni Health Study. American Journal of Preventive Medicine. Oct 
2009;37(4):293-298. 

118. De Bourdeaudhuij I, Sallis JF, Saelens BE. Environmental correlates of physical activity in 
a sample of Belgian adults. American Journal of Health Promotion. Sep-Oct 
2003;18(1):83-92. 

119. Moore JB, Brinkley J, Crawford TW, Evenson KR, Brownson RC. Association of the built 
environment with physical activity and adiposity in rural and urban youth. Preventive 
Medicine. Feb 2013;56(2):145-148. 

120. Monda KL, Gordon-Larsen P, Stevens J, Popkin BM. China's transition: the effect of rapid 
urbanization on adult occupational physical activity. Social Science and Medicine. Feb 
2007;64(4):858-870. 

121. Jauregui A, Soltero E, Santos-Luna R, Hernandez-Barrera L, Barquera S, Juaregui E. A 
multi-site study of environmental correlates of active commuting to school in Mexican 
children Journal of Physical Activity and Health. 2015. 

http://www.who.int/dietphysicalactivity/factsheet_inactivity/en/


159 

 

122. Salvo D, Reis RS, Stein AD, Rivera J, Martorell R, Pratt M. Characteristics of the Built 
Environment in Relation to Objectively Measured Physical Activity Among Mexican 
Adults. Preventing Chronic Disease. 2014;11(E147):16. 

123. Lee RE, Soltero E, Jauregui A, et al. Disentangling Associations of Neighborhood Street 
Scale Elements with Physical Activity in Mexican School Children. SAGE. 2016;48(1):21. 

124. Secretaria de Educacion Publica. Sistema Nacional de Informacion de Escuelas. Available 
at: http://www.snie.sep.gob.mx/SNIESC/. Available at: 
http://www.snie.sep.gob.mx/SNIESC/. 

125. Consejo Nacional de Evaluacion de la Politica de Desarrollo Social. Pobreza a Nivel 
Municipio 2010. 2010. 

126. International Physical Activity Questionnaire. IPAQ Spanish, self-adminstered short 
version. Available at: https://sites.google.com/site/theipaq/questionnaire_links. 
Available at: https://sites.google.com/site/theipaq/questionnaire_links. 

127. IPAQ Research Committee. Guidelines for Data Processing and Analysis of the 
International Physical Activity Questionnaire (IPAQ). 

128. Medina C, Barquera S, Janssen I. Validity and reliability of the International Physical 
Activity Questionnaire among adults in Mexico. Revista Panamericana de Salud Publica. 
2013;34(1):8. 

129. Krahnstoever-Davison K, Lawson C. Do attributes in the physical environment influence 
children's physical activity? A review of the literature. International Journal of Behavioral 
Nutrition and Physical Activity. 2006;3(19). 

130. Humpel N, Owen N. Environmental factors associated with adults' participation in 
physical activity: A review. American Journal of Preventive Medicine. 2002;22(3):188-
199. 

131. Masterson-Creber RM, Smeet L, Gilman RH, Miranda JJ. Physical activity and 
caridovascular risk factors among rural and urban groups and rural-to-urban migrants in 
Peru: a cross-sectional study. Revista Panamericana Salud Publica. 2010;28(1):1-8. 

132. Karkera A, Swaminathan N, Mj-Pais S, Rai S. Physical Fitness and Activity Levels among 
Urban School Children and their Rural Counterparts. The Indian Journal of Pediatrics. 
2013;81(4):13-33. 

133. Assah F, Mbanya JC, Ekelund U, Wareham NJ, Brage S. Patterns and correlates of 
objectively measured free-living physical activity in adults in rural and urban Cameroon. 
Journal of Epidemiology Community Health 2015;10(2):123-131. 

134. Owen N, Sugiyama T, Eakin EE, Gardiner PA, Tremblay MS, Sallis JF. Adults' Sedentary 
Behavior: Determinants and Interventions. American Journal of Preventive Medicine. 
2013;41(2):189-196. 

135. Vandelanotte C, Duncan MJ, Short C, et al. Associations between occupational indicators 
and total, work-based and leisure-time sitting: a cross-secitonal study. BMC Public 
Health. 2013;13(1). 

136. Oyeyemi AL, Bello UM, Philemon ST, Aliyu HN, Majidadi RW, Oyeyemi AY. Examining the 
reliability and validity of a modified version of the International Physical Activity 
Questionnaire, long form (IPAQ-LF) in Nigeria: a cross-sectional study. BMJ Open. 
2014;4(12):e005820. 

137. Cohen DA, Marsh T, Williamson S, et al. Parks and physical activity: Why are some parks 
used more than others? Preventive Medicine. Jan 2010;50:S9-S12. 

138. Wilbur J, Chandler PJ, Dancy B, Lee H. Correlates of physical activity in urban Midwestern 
Latinas. American Journal of Preventive Medicine. Oct 2003;25(3 Suppl 1):69-76. 

139. INEGI. Census. Available at: http://www.beta.inegi.org.mx/proyectos/ccpv/2010/, 2015. 
140. Chinapaw MJ, Mokkink LB, van Poppel MN, van Mechelen W, Terwee CB. Physical 

activity questionnaires for youth: a systematic review of measurement properties. 
Sports Medicine. Jul 1 2010;40(7):539-563. 

http://www.snie.sep.gob.mx/SNIESC/
http://www.snie.sep.gob.mx/SNIESC/
https://sites.google.com/site/theipaq/questionnaire_links
https://sites.google.com/site/theipaq/questionnaire_links
http://www.beta.inegi.org.mx/proyectos/ccpv/2010/


160 

 

141. Helmerhorst HJ, Brage S, Warren J, Besson H, Ekelund U. A systematic review of 
reliability and objective criterion-related validity of physical activity questionnaires. 
International Journal of Behavioral Nutrition and Physical Activity. Aug 31 2012;9:103. 

142. Bai Y. Measuring general activity levels in children and adolescents using self-report: 
youth activity profile. Iowa, USA: Behavioural Basis of Physical Activity, Iowa State 
University; 2012. 

143. Lubans DR, Sylva K, Osborn Z. Convergent validity and test-retest reliability of the Oxford 
Physical Activity Questionnaire for secondary school students. Behaviour Change. 
2008;25(1):23-34. 

144. Smith L, Sahlqvist S, Ogilvie D, Jones A, Griffin SJ, van Sluijs E. Is active travel to non-
school destinations associated with physical activity in primary school children? 
Preventive Medicine. Mar-Apr 2012;54(3-4):224-228. 

145. Ainsworth BE, Haskell WL, Herrmann SD, et al. 2011 Compendium of Physical Activities: 
A Second Update of Codes and MET Values. Medicine and Science in Sports and Exercise. 
Aug 2011;43(8):1575-1581. 

146. McCrorie P, Perez A, Ellaway A. The validity of the Youth Physical Activity Questionnaire 
in 12-13-year-old Scottish adolescents. BMJ Open Sport & Exercise Medicine. 2016(2). 

147. Corder K, van Sluijs EMF, Wright A, Whincup P, Wareham NJ, Ekelund U. Is it possible to 
assess free-living physical activity and energy expenditure in young people by self-
report? American Journal of Clinical Nutrition. Mar 1 2009;89(3):862-870. 

148. University of South Carolina. Previous Day Physical Activity Recall. Available at: 
http://www.asph.sc.edu/USC_CPARG/pdpar.html. Accessed 02/02/2018. 

149. Y-PAQ. Youth Physical Activity Questionnaire. Accessed 17/03/2016. 
150. Ainsworth BE, Haskell WL, Whitt MC, et al. Compendium of physical activities: an update 

of activity codes and MET intensities. Medicine and Science in Sports and Exercise. Sep 
2000;32(9 Suppl):S498-504. 

151. Gonzalez S, Lozano O, Ramirez A, Grijalba C. [Physical activity levels among Colombian 
adults: inequalities by gender and socioeconomic status]. Biomedica. Jul-Sep 
2014;34(3):447-459. 

152. Datar A, Nicosia N, Wong E, Shier V. Neighborhood environment and children's physical 
activity and body mass index: evidence from military personnel installation assignments. 
Childhood Obesity. Apr 2015;11(2):130-138. 

153. Cerin E, Saelens BE, Sallis JF, Frank LD. Neighborhood Environment Walkability Scale: 
validity and development of a short form. Medicine and Science in Sports and Exercise. 
Sep 2006;38(9):1682-1691. 

154. Adlakha D, Hipp JA, Brownson RC. Adaptation and Evaluation of the Neighborhood 
Environment Walkability Scale in India (NEWS-India). International Journal of 
Environmental Research and Public Health. Apr 2 2016;13(4):401. 

155. Kim H, Choi Y, Ma J, Hyung K, Miyashita M, Lee S. The Neighborhood Environment 
Walkability Scale for the Republic of Korea: Reliability and Relationship with Walking. 
Iran J Public Health. Nov 2016;45(11):1427-1435. 

156. Oyeyemi AL, Conway TL, Adedoyin RA, et al. Construct Validity of the Neighborhood 
Environment Walkability Scale for Africa. Medicine and Science in Sports and Exercise. 
Mar 2017;49(3):482-491. 

157. Hoyle RH. Confirmatory Factor Analysis. Handbook of Applied Multivariate Statistics and 
Mathematical Modelling: Academic Press; 2000:465-491. 

158. Acock A. Discovering Structural Equation Modeling Using Stata. First Edition ed. Texas: 
Stata Press; 2013. 

159. University of Virginia. Using and Interpretinc Cronbach's Alpha. Available at: 
http://data.library.virginia.edu/using-and-interpreting-cronbachs-alpha/. Accessed 
24/04/2018. 

http://www.asph.sc.edu/USC_CPARG/pdpar.html
http://data.library.virginia.edu/using-and-interpreting-cronbachs-alpha/


161 

 

160. INEGI. Digital Map of Mexico. Available at: 
http://gaia.inegi.org.mx/mdm6/?v=bGF0OjE5LjMyODgyLGxvbjotOTkuMTUyMDEsejoxNS
xsOmMxMDk=. Accessed 13/02/2018. 

161. INEGI. Manual de cartografia geoestadistica. Available at: 
http://www.inegi.org.mx/geo/contenidos/geoestadistica/doc/manual_cartografia_cens
al.pdf. Accessed 08/10/2016. 

162. StataCorp. Stata Multiple-imputation Reference Manual. 2013:371. Located at: Stata: 
Release 13. Statistical Software, College Station, TX. 

163. Sterne JA, White IR, Carlin JB, et al. Multiple imputation for missing data in 
epidemiological and clinical research: potential and pitfalls. BMJ. Jun 29 
2009;338:b2393. 

164. Malik VS, Willett WC, Hu FB. Global obesity: trends, risk factors and policy implications. 
Nature Reviews Endocrinology. Jan 2013;9(1):13-27. 

165. WHO. Global Health Observatory Data. Available at: 
http://www.who.int/gho/ncd/risk_factors/overweight/en/. Available at: 
http://www.who.int/gho/ncd/risk_factors/overweight/en/, 2017. 

166. ENSANUT. Encuesta Nacional de Salud y Nutricion de Medio Camino: Instituto Nacional 
de Salud Publica; 2016. 

167. Vasconcellos F, Seabra A, Katzmarzyk PT, Kraemer-Aguiar LG, Bouskela E, Farinatti P. 
Physical activity in overweight and obese adolescents: systematic review of the effects 
on physical fitness components and cardiovascular risk factors. Sports Medicine. Aug 
2014;44(8):1139-1152. 

168. Atlantis E, Barnes EH, Singh MA. Efficacy of exercise for treating overweight in children 
and adolescents: a systematic review. International Journal of Obesity. Jul 
2006;30(7):1027-1040. 

169. Navarrete JAM, Villamil SSG, Bautista JEC, Meneses-Echavez JF, Gonzalez-Jimenez E, 
Schmidt-RioValle J. Effectiveness of Educational Interventions Conducted in Latin 
America for the Prevention of Overweight and Obesity in Scholar Children from 6-17 
Years Old; a Systematic Review. Nutricion Hospitalaria. Jan 2015;31(1):102-114. 

170. Hermosillo-Gallardo ME, Jago R, Sebire SJ. The Associations Between Urbanicity and 
Physical Activity and Sitting Time in Mexico. Journal of Physical Activity & Health. Mar 
2017;14(3):189-194. 

171. INEGI. Migracion; 2010. 
172. McGrath LJ, Hopkins WG, Hinckson EA. Associations of Objectively Measured Built-

Environment Attributes with Youth Moderate-Vigorous Physical Activity: A Systematic 
Review and Meta-Analysis. Sports Medicine. Jun 2015;45(6):841-865. 

173. Oreskovic NM, Perrin JM, Robinson AI, et al. Adolescents' use of the built environment 
for physical activity. Bmc Public Health. Mar 15 2015;15. 

174. McGinn AP, Evenson KR, Herring AH, Huston SL, Rodriguez DA. Exploring associations 
between physical activity and perceived and objective measures of the built 
environment. Journal of Urban Health. Mar 2007;84(2):162-184. 

175. Durand CP, Andalib M, Dunton GF, Wolch J, Pentz MA. A systematic review of built 
environment factors related to physical activity and obesity risk: implications for smart 
growth urban planning. Obesity Reviews. May 2011;12(5):e173-182. 

176. Staiano AE, Harrington DM, Broyles ST, Gupta AK, Katzmarzyk PT. Television, Adiposity, 
and Cardiometabolic Risk in Children and Adolescents. American Journal of Preventive 
Medicine. Jan 2013;44(1):40-47. 

177. Xu F, Li JQ, Liang YQ, et al. Residential density and adolescent overweight in a rapidly 
urbanising region of mainland China. Journal of Epidemiology and Community Health. 
Nov 2010;64(11). 

http://gaia.inegi.org.mx/mdm6/?v=bGF0OjE5LjMyODgyLGxvbjotOTkuMTUyMDEsejoxNSxsOmMxMDk
http://gaia.inegi.org.mx/mdm6/?v=bGF0OjE5LjMyODgyLGxvbjotOTkuMTUyMDEsejoxNSxsOmMxMDk
http://www.inegi.org.mx/geo/contenidos/geoestadistica/doc/manual_cartografia_censal.pdf
http://www.inegi.org.mx/geo/contenidos/geoestadistica/doc/manual_cartografia_censal.pdf
http://www.who.int/gho/ncd/risk_factors/overweight/en/
http://www.who.int/gho/ncd/risk_factors/overweight/en/


162 

 

178. McLaren L, Hawe P. Ecological perspectives in health research. Journal of Epidemiology 
and Community Health. Jan 2005;59(1):6-14. 

179. Sallis JE, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. An ecological approach 
to creating active living communities. Annual Review of Public Health. 2006;27:297-322. 

180. WHO. Body Mass Index Cut-Offs for Children (5-19 years). Available at: 
http://www.who.int/growthref/who2007_bmi_for_age/en/. Available at: 
http://www.who.int/growthref/who2007_bmi_for_age/en/. 

181. Lo FE, Tsai FC, Lee MB, Tsai LT, Lyu SY, Yang CC. Contextual factors influencing leisure 
physical activity of urbanized indigenous adolescents. Journal of the Formosan Medical 
Association. Nov 2015;114(11):1082-1087. 

182. Bartel KA, Gradisar M, Williamson P. Protective and risk factors for adolescent sleep: A 
meta-analytic review. Sleep Medicine Reviews. Jun 2015;21:72-85. 

183. Cain N, Gradisar M. Electronic media use and sleep in school-aged children and 
adolescents: A review. Sleep Medicine. Sep 2010;11(8):735-742. 

184. Hale L, Guan S. Screen time and sleep among school-aged children and adolescents: A 
systematic literature review. Sleep Medicine Reviews. Jun 2015;21:50-58. 

185. Martinez-Gomez D, Veiga OL, Gomez-Martinez S, et al. Behavioural correlates of active 
commuting to school in Spanish adolescents: the AFINOS (Physical Activity as a 
Preventive Measure Against Overweight, Obesity, Infections, Allergies, and 
Cardiovascular Disease Risk Factors in Adolescents) study. Public Health Nutrition. Oct 
2011;14(10):1779-1786. 

186. Nelson NM, Foley E, O'Gorman DJ, Moyna NM, Woods CB. Active commuting to school: 
how far is too far? International Journal of Behavioral Nutrition and Physical Activity. Jan 
08 2008;5:1. 

187. Reimers AK, Jekauc D, Peterhans E, Wagner MO, Woll A. Prevalence and socio-
demographic correlates of active commuting to school in a nationwide representative 
sample of German adolescents. Preventive Medicine. Jan 2013;56(1):64-69. 

188. Jauregui A, Medina C, Salvo D, Barquera S, Rivera-Dommarco JA. Active Commuting to 
School in Mexican Adolescents: Evidence From the Mexican National Nutrition and 
Health Survey. Journal of Physical Activity and Health. Aug 2015;12(8):1088-1095. 

189. SEDEMA. Encuesta ECOBICI 2014; 2015. 
190. INEGI. Vehiculos de motor registrados en circulacion. Available at: 

http://www.inegi.org.mx/est/contenidos/proyectos/registros/economicas/vehiculos/def
ault.aspx. Available at: 
http://www.inegi.org.mx/est/contenidos/proyectos/registros/economicas/vehiculos/de
fault.aspx. 

191. Joens-Matre RR, Welk GJ, Calabro MA, Russell DW, Nicklay E, Hensley LD. Rural-urban 
differences in physical activity, physical fitness, and overweight prevalence of children. J 
Rural Health. Winter 2008;24(1):49-54. 

192. Chen C, Tsai LT, Lin CF, et al. Factors influencing interest in recreational sports 
participation and its rural-urban disparity. Plos One. May 25 2017;12(5). 

193. Loucaides CA, Plotnikoff RC, Bercovitz K. Differences in the correlates of physical activity 
between urban and rural Canadian youth. Journal of School Health. Apr 2007;77(4):164-
170. 

194. CONADE. Registro Nacional de Infraestructura Deportiva. Available at: 
http://sistemas.conade.gob.mx/portalCenso/index_2.aspx. Available at: 
http://sistemas.conade.gob.mx/portalCenso/index_2.aspx. 

195. Skelly AC, Dettori JR, Brodt ED. Assessing bias: the importance of considering 
confounding. Evidence-Based Spine-Care Journal. Feb 2012;3(1):9-12. 

http://www.who.int/growthref/who2007_bmi_for_age/en/
http://www.who.int/growthref/who2007_bmi_for_age/en/
http://www.inegi.org.mx/est/contenidos/proyectos/registros/economicas/vehiculos/default.aspx
http://www.inegi.org.mx/est/contenidos/proyectos/registros/economicas/vehiculos/default.aspx
http://www.inegi.org.mx/est/contenidos/proyectos/registros/economicas/vehiculos/default.aspx
http://www.inegi.org.mx/est/contenidos/proyectos/registros/economicas/vehiculos/default.aspx
http://sistemas.conade.gob.mx/portalCenso/index_2.aspx
http://sistemas.conade.gob.mx/portalCenso/index_2.aspx


163 

 

196. Shoham DA, Dugas LR, Bovet P, et al. Association of car ownership and physical activity 
across the spectrum of human development: Modeling the Epidemiologic Transition 
Study (METS). Bmc Public Health. Feb 21 2015;15. 

197. Oyeyemi AL, Ishaku CM, Oyekola J, et al. Patterns and Associated Factors of Physical 
Activity among Adolescents in Nigeria. Plos One. Feb 22 2016;11(2). 

198. Stalsberg R, Pedersen AV. Effects of socioeconomic status on the physical activity in 
adolescents: a systematic review of the evidence. Scandinavian Journal of Medicine & 
Science in Sports. Jun 2010;20(3):368-383. 

199. Jin YC, Jones-Smith JC. Associations Between Family Income and Children's Physical 
Fitness and Obesity in California, 2010-2012. Preventing Chronic Disease. Feb 2015;12. 

200. Rauner A, Mess F, Woll A. The relationship between physical activity, physical fitness and 
overweight in adolescents: a systematic review of studies published in or after 2000. 
Bmc Pediatrics. Feb 1 2013;13. 

201. ENSANUT. Encuesta Nacional de Salud y Nutricion de Medio Camino; 2016:18. 
202. WHO. Countries Profiles: Mexico 11/12/2017 2014. 
203. United Nations. World Urbanization Prospects: Highlights 10/12/2017 2014. 
204. INEGI. Seguridad Publica y Justicia: Incidencia Delictiva. Available at: 

http://www.beta.inegi.org.mx/temas/incidencia/. Accessed 11/12/2017. 
205. INEGI. Encuesta Nacional De Victimizacion y Percepcion Sobre Seguridad Publica; 2016. 
206. Rees-Punia E, Hathaway ED, Gay JL. Crime, perceived safety, and physical activity: A 

meta-analysis. Preventive Medicine. Nov 20 2017. 
207. Da Silva IC, Payne VL, Hino AA, et al. Physical Activity and Safety From Crime Among 

Adults: A Systematic Review. Journal of Physical Activity and Health. Jun 2016;13(6):663-
670. 

208. Janssen I. Crime and perceptions of safety in the home neighborhood are independently 
associated with physical activity among 11-15 year olds. Preventive Medicine. Sep 
2014;66:113-117. 

209. Rubin DB. Multiple imputation after 18+ years. Journal of the American Statistical 
Association. Jun 1996;91(434):473-489. 

210. Benoit K. Linear Regression Models with Logarithmic Transformations. London: London 
School of Economics; 2011. 

211. Irwin JD. Prevalence of university students' sufficient physical activity: a systematic 
review. Perceptual and Motor Skills. Jun 2004;98(3 Pt 1):927-943. 

212. World Health Organization. Physical Activity and Women. Available at: 
http://www.who.int/dietphysicalactivity/factsheet_women/en/. Accessed 02/05/2018. 

213. Young D, Saksvig BI, Wu TT, et al. Multilevel correlates of physical activity for early, mid, 
and late adolescent girls. Journal of Physical Activity and Health. Jul 2014;11(5):950-960. 

214. Dwyer JJ, Allison KR, Goldenberg ER, Fein AJ, Yoshida KK, Boutilier MA. Adolescent girls' 
perceived barriers to participation in physical activity. Adolescence. Spring 
2006;41(161):75-89. 

215. McCrorie P, Perez A, Ellaway A. The validity of the Youth Physical Activity Questionnaire 
in 12-13-year-old Scottish adolescents. BMJ Open Sport & Exercise Medicine. 2016(2):8. 

216. Hutchens A, Soltero EG, Barquera S, et al. Influence of parental perception of school 
safety and gender on children's physical activity in Mexico: A cross sectional study. Salud 
Publica Mex. Jan-Feb 2016;58(1):7-15. 

217. Saunders JF, Frazier LD, Nichols-Lopez KA. Self-esteem, diet self-efficacy, body mass 
index, and eating disorders: modeling effects in an ethnically diverse sample. Eating and 
Weight Disorders. Sep 2016;21(3):459-468. 

218. Segura-Jimenez V, Munguia-Izquierdo D, Camiletti-Moiron D, et al. Comparison of the 
International Physical Activity Questionnaire (IPAQ) with a multi-sensor armband 

http://www.beta.inegi.org.mx/temas/incidencia/
http://www.who.int/dietphysicalactivity/factsheet_women/en/


164 

 

accelerometer in women with fibromyalgia: the al-Andalus project. Clinical and 
Experimental Rheumatology. Nov-Dec 2013;31(6 Suppl 79):S94-101. 

219. Van Holle V, De Bourdeaudhuij I, Deforche B, Van Cauwenberg J, Van Dyck D. 
Assessment of physical activity in older Belgian adults: validity and reliability of an 
adapted interview version of the long International Physical Activity Questionnaire 
(IPAQ-L). BMC Public Health. Apr 28 2015;15:433. 

220. Rosa CS, Gracia-Marco L, Barker AR, Freitas IF, Jr., Monteiro HL. Assessment of Physical 
Activity by Accelerometer and IPAQ-Short Version in Patients with Chronic Kidney 
Disease Undergoing Hemodialysis. Blood Purification. 2015;40(3):250-255. 

221. Raistenskis J, Sidlauskiene A, Cerkauskiene R, Burokiene S, Strukcinskiene B, Buckus R. 
Physical Activity and Sedentary Screen Time in Obese and Overweight Children Living in 
Different Environments. Central European Journal of Public Health. Nov 2015;23 
Suppl:S37-43. 

222. Smith NR, Lewis DJ, Fahy A, et al. Individual socio-demographic factors and perceptions 
of the environment as determinants of inequalities in adolescent physical and 
psychological health: the Olympic Regeneration in East London (ORiEL) study. BMC 
Public Health. Feb 15 2015;15:150. 

223. Giles-Corti B, Timperio A, Bull F, Pikora T. Understanding physical activity environmental 
correlates: Increased specificity for ecological models. Exercise and Sport Sciences 
Reviews. Oct 2005;33(4):175-181. 

224. Machado-Rodrigues AM, Coelho ESMJ, Mota J, et al. Urban-rural contrasts in fitness, 
physical activity, and sedentary behaviour in adolescents. Health Promotion 
International. Mar 2014;29(1):118-129. 

225. Hoffmann K, Bryl W, Marcinkowski JT, Strazynska A, Pupek-Musialik D. Estimation of 
physical activity and prevalence of excessive body mass in rural and urban Polish 
adolescents. Annals of Agricultural and Environmental Medicine. 2011;18(2):398-403. 

226. Regis MF, Oliveira LM, Santos AR, Leonidio AD, Diniz PR, Freitas CM. Urban versus rural 
lifestyle in adolescents: associations between environment, physical activity levels and 
sedentary behavior. Einstein (Sao Paulo). Oct-Dec 2016;14(4):461-467. 

227. Coogan PF, White LF, Adler TJ, Hathaway KM, Palmer JR, Rosenberg L. Prospective study 
of urban form and physical activity in the Black Women's Health Study. American Journal 
of Epidemiology Nov 1 2009;170(9):1105-1117. 

228. Oakes JM, Forsyth A, Schmitz KH. The effects of neighborhood density and street 
connectivity on walking behavior: the Twin Cities walking study. Epidemiologic 
Perspectives & Innovations. Dec 13 2007;4:16. 

229. Johnson-Lawrence V, Schulz AJ, Zenk SN, et al. Joint Associations of Residential Density 
and Neighborhood Involvement With Physical Activity Among a Multiethnic Sample of 
Urban Adults. Health Education & Behavior. Aug 2015;42(4):510-517. 

230. Xu F, Li J, Liang Y, et al. Associations of residential density with adolescents' physical 
activity in a rapidly urbanizing area of Mainland China. Journal of Urban Health. Jan 
2010;87(1):44-53. 

231. Reimers AK, Wagner M, Alvanides S, et al. Proximity to sports facilities and sports 
participation for adolescents in Germany. PLoS One. 2014;9(3):e93059. 

232. Wong BY, Cerin E, Ho SY, Mak KK, Lo WS, Lam TH. Adolescents' physical activity: 
competition between perceived neighborhood sport facilities and home media 
resources. International Journal of Pedriatic Obesity. Apr 2010;5(2):169-176. 

233. Wong BY, Ho SY, Lo WS, Cerin E, Mak KK, Lam TH. Longitudinal relations of perceived 
availability of neighborhood sport facilities with physical activity in adolescents: an 
analysis of potential moderators. Journal of Physical Activity and Health. Mar 
2014;11(3):581-587. 



165 

 

234. Global Right to Information Rating. Global Right to Information Rating Map. Available at: 
http://www.rti-rating.org/, 24/07/2018. 

235. Gutierrez JP, Atienzo EE. Socioeconomic status, urbanicity and risk behaviors in Mexican 
youth: an analysis of three cross-sectional surveys. BMC Public Health. Nov 30 
2011;11:900. 

236. No Chat Abordo. Area de Educacion. Available at: http://nochatabordo.cl/que-
hacemos/. Accessed 03/04/2018. 

237. World Health Organization. Towards More Physical Activity in Cities. Available at: 
http://www.euro.who.int/__data/assets/pdf_file/0018/353043/2017_WHO_Report_FIN
AL_WEB.pdf?ua=1. Accessed 23/07/2018. 

238. INEGI. Censo de Escuelas, Maestros y Alumnos de Educacion Basica y Especial 2013. 
Atlas Educativo. Available at: http://cemabe.inegi.org.mx/. Accessed 16/04/2018. 

 

  

http://www.rti-rating.org/
http://nochatabordo.cl/que-hacemos/
http://nochatabordo.cl/que-hacemos/
http://www.euro.who.int/__data/assets/pdf_file/0018/353043/2017_WHO_Report_FINAL_WEB.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0018/353043/2017_WHO_Report_FINAL_WEB.pdf?ua=1
http://cemabe.inegi.org.mx/


166 

 

List of Appendix 
 

Appendix A Urbanicity Scale Manual .................................................. 167 

Appendix B Ethics Approval Letter ..................................................... 172 

Appendix C Recruitment Letter to Schools ......................................... 173 

Appendix D Information Sheet for Schools ......................................... 175 

Appendix E Consent Form for Schools ................................................ 177 

Appendix F Participant Information Sheet ......................................... 178 

Appendix G Consent Form for Participants ........................................ 180 

Appendix H English Version of the Questionnaire ............................. 181 

Appendix I YPAQ Questionnaire with METs and PA Classification

 190 

Appendix J Confirmatory Factor Analysis ......................................... 192 

Appendix K Complete Case Analysis for Chapter 6 ........................... 194 

Appendix L Complete Case Analysis for Chapter 7 ........................... 198 

Appendix M Map of urbanicity scores of the states in Mexico ........... 200 

Appendix N Examples of places in Mexico with low, medium and high 

urbanicity 201 

 

  



167 

 

Appendix A Urbanicity Scale Manual 

1. DEMOGRAPHIC 

 

1.1. POPULATION SIZE 

Description: How many people (including children) live in this locality? 

1 – 500 ………………………......….. 1 point 

501 – 1000 …………………….......... 2 points 

1001 – 2000 …………………........… 3 points 

2001 – 4000 ………………................ 4 points 

4001 – 6000 ………………….......…. 5 points 

6001 – 8000 ………………….......…. 6 points 

8001 – 10,000 ………………........…. 7 points 

10,001 – 15,000 ………….........……. 8 points 

15,001 – 20,000 …………….........…. 9 points 

> 20,000 ……………………......….. 10 points 

 

 

1.1. POPULATION DENSITY 

Description: Number of people per unit area. 

0 – 10 .................................................. 1 point 

11 – 30 ................................................ 2 points 

31 – 70................................................. 3 points 

71 – 150 .............................................. 4 points 

151 – 310 ............................................ 5 points 

311 – 630 ............................................ 6 points 

631 – 1,270 ......................................... 7 points 

1,271 – 2,550 ...................................... 8 points 

2,551 – 5,110 ...................................... 9 points 

> 5,110 ...............................................10 points 

 

 

 

2. ECNONOMIC ACTIVITY 

 

Description: Percentage of population involved in agriculture as a primary occupation 

(PIA%). 

 

𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =  
100% − 𝑃𝐼𝐴%

10
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Example: 

 

42% of the population are involved in agriculture as primary occupation. 

 

𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =  
100% − 42%

10
 

 

𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =  5.8 

 

The score for “Economic Activity” is 5.8 

 

 

3. BUILT ENVIRONMENT 

 

 

3.1.Paved Roads 

 

Description: Overall blocks with paved roads (Pvdrd) in all roads. 

 

If Pvdrd% > than 50% then 2 points 

If Pvdrd% < than 50% then 1 point 

 

 

3.2.Sewage Services 

 

Description: Habited households with sewage (Hs). 

 

If Hs% > than 90% then 2 points 

If 40% < Hs% < 90% then 1 point 

If Hs% < than 40% then 0 points 

 

 

3.3.Availability of Flush Toilet 

 

 

Description: Habited households with flush toilet (Hft). 

 

𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝐻𝑓𝑡 =  
2(𝐻𝐹𝑇%)

100
 

 

 

3.4.Electricity Service 

 

Description: Habited households with electricity service (Hes). 

 

If Hes% > than 66.6% then 2 points 

If 33.3% < Hes% < 66.6% then 1 point 

If Hes% < than 33.3% then 0 points 
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3.5.Availability of electricity 

 

Description: Habited households with electricity (He). 

 

𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝐻𝑒 =  
2(𝐻𝑒%)

100
 

 

 

4. COMMUNICATION 

 

4.1. TV availability 

 

Description: Habited households with television (Htv). 

 

𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝐻𝑡𝑣 =  
2(𝐻𝑡𝑣%)

100
 

 

4.2. Mobile phone availability 

 

Description: Habited households with at least one mobile phone (Hmp). 

 

𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝐻𝑡𝑣 =  
2(𝐻𝑚𝑝%)

100
 

 

4.3. Internet availability 

 

Description: Habited households with internet (Hi). 

 

𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝐻𝑡𝑣 =  
2(𝐻𝑖%)

100
 

 

4.4. Public telephone 

 

Description: Public telephones per block (Pt) 

 

If Pt% > than 50% then 4 points 

If Pt% < than 50% then 2 points  

 

 

5. Education 

 

 

5.1.Educational facilities in locality: Nursery and/or preschool (EFpresch) 

 

Description: Number of nurseries and/or preschools in locality per borough. 

 

𝐸𝐹𝑝𝑟𝑒𝑠𝑐ℎ =  
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑜𝑐𝑎𝑙𝑖𝑡𝑖𝑒𝑠 𝑤𝑖𝑡ℎ 𝑛𝑢𝑟𝑠𝑒𝑟𝑦 ∗ 2

𝑡𝑜𝑡𝑎𝑙 𝑜𝑓 𝑙𝑜𝑐𝑎𝑙𝑖𝑡𝑖𝑒𝑠 𝑏𝑦 𝑏𝑜𝑟𝑜𝑢𝑔ℎ
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5.2.Educational facilities in locality: Primary school (EFpsch) 

 

Description: Number of primary schools in locality per borough. 

 

𝐸𝐹𝑝𝑠𝑐ℎ =  
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑜𝑐𝑎𝑙𝑖𝑡𝑖𝑒𝑠 𝑤𝑖𝑡ℎ 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑠𝑐ℎ𝑜𝑜𝑙 ∗ 2

𝑡𝑜𝑡𝑎𝑙 𝑜𝑓 𝑙𝑜𝑐𝑎𝑙𝑖𝑡𝑖𝑒𝑠 𝑏𝑦 𝑏𝑜𝑟𝑜𝑢𝑔ℎ
 

 

 

 

5.3.Educational facilities in locality: Secondary school (EFssch) 

 

Description: Number of secondary schools in locality per borough. 

 

𝐸𝐹𝑠𝑠𝑐ℎ =  
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑜𝑐𝑎𝑙𝑖𝑡𝑖𝑒𝑠 𝑤𝑖𝑡ℎ 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑠𝑐ℎ𝑜𝑜𝑙 ∗ 2

𝑡𝑜𝑡𝑎𝑙 𝑜𝑓 𝑙𝑜𝑐𝑎𝑙𝑖𝑡𝑖𝑒𝑠 𝑏𝑦 𝑏𝑜𝑟𝑜𝑢𝑔ℎ
 

 

 

 

5.4.Educational facilities in locality: University (undergraduate and graduate) 

(EFuni) 

 

Description: Number universities in locality per borough, including undergraduate and 

graduate centres.  

 

𝐸𝐹𝑢𝑛𝑖 =  
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑜𝑐𝑎𝑙𝑖𝑡𝑖𝑒𝑠 𝑤𝑖𝑡ℎ 𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦 ∗ 2

𝑡𝑜𝑡𝑎𝑙 𝑜𝑓 𝑙𝑜𝑐𝑎𝑙𝑖𝑡𝑖𝑒𝑠 𝑏𝑦 𝑏𝑜𝑟𝑜𝑢𝑔ℎ
 

 

 

 

5.5.Women’s education score (WE) 

 

Description: Overall years of women’s education (aged 15-130). 

 

𝑊𝐸 =  
𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑦𝑒𝑎𝑟𝑠 𝑜𝑓 𝑤𝑜𝑚𝑒𝑛′𝑠 𝑒𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 ∗ 2

17
 

 

*Maximum amount of years of study 

 

 

 

6. Diversity 

 

Habited households with floor made of ground 

 

hh_fg: habited households with floor made of ground 

 

If hh_fg% > than 25% then 1 point 

If 5% < hh_fg% < 25% then 2 points 

If hh_fg% < than 5% then 3 points 
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Habited households with floor made of a material different to ground (tiles, wood, 

concrete...) (%hh_fo) 

 

If hh_fo% > than 70% then 3 points 

If 50% < hh_fo% < 70% then 2 points 

If hh_fo% < than 50% then 1 point 

Habitants per room (HperR) 

 

If HperR > than 2 then 1 point 

If 1.5 < HperR < 2 then 2 points 

If 1 < HperR < 1.5 then 3 points 

If HperR < than 1 then 4 points 

 

 

 

7. Health 

7.1.Doctors per habitant (docperH) 

 

If docperH > than 4 then 2 points 

If 1 < docperH < 4 then 1 point 

If docperH < 1 then 0 points 

 

 

 

7.2.Medical units 

 

Amount of hospitals, clinics, health centres per 100,000 habitants (Mu). 

If Mu ≥ 2 then 4 points 

If 1 ≤ MU < 2 then 3 points 

If 0.7 ≤ MU < 1 then 2 points 

If Mu < 0.7 then 1 point 

 

 

7.3.Access to health services (4 pts) 

 
𝑷𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏 𝒔𝒊𝒛𝒆 ∗ 𝟒

𝑷𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏 𝒘𝒊𝒕𝒉 𝒂𝒄𝒄𝒆𝒔𝒔 𝒕𝒐 𝒉𝒆𝒂𝒍𝒕𝒉 𝒔𝒆𝒓𝒗𝒊𝒄𝒆𝒔
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Appendix B Ethics Approval Letter 
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Appendix C Recruitment Letter to Schools 

 

Centre for Exercise, Nutrition and Health Sciences 

School for Policy Studies 

8 Priory Road 

Tel: +44 (0)117 954 6755 

maria.hermosillo@bristol.ac.uk 

 

PHYSICAL ACTIVITY, SEDENTARY BEHAVIOUR AND URBANISATION STUDY 

 

Dear [name of school], 

 

My name is Maria Hermosillo, I am a Mexican student funded by Conacyt to study for a PhD in The Centre 

for Exercise, Nutrition and Health Sciences in the School for Policy Studies at the University of Bristol in 

England. I am conducting research to better understand physical activity and sedentary behaviour study 

among older adolescents in Mexico City and the state of Oaxaca. We are inviting [name of the school] to 

take part in this research study.  

 

This project will provide valuable information about adolescents’ physical activity and sedentary behaviour 

and how they might be affected by where they live. Results from this study might be helpful for future 

research and for future urban planning.  

 

The project is being carried out by Ms Maria Hermosillo, who is a PhD candidate in Health and Well-being 

at the University of Bristol. The project is supervised by Professor Russ Jago and Dr Simon Sebire and has 

received ethical approval from the School for Policy Studies Research Ethics Committee. 

 

Please take time to read the attached information sheet which provides details of the study procedures and 

feel free to contact me if you require more information. 

 

If you agree to participate, kindly sign the attached consent form and return it to me by e-mail (you can use 

an electronic signature), and also please provide me with the following information: 

- How many students aged 16-18y does the school have? 

- How do you normally communicate news or events to students (i.e. e-mail, newsletter, other)? 

- Will you be willing to arrange groups of students to complete the questionnaire? 
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I will then send you details of how to proceed with the invitation for students to take part in the study. 

 

If this email has not been sent to the appropriate person I would appreciate if you forwarded this message to 

the correct person or provide me with her or his details. Also please do not hesitate to contact me if you 

require more information. 

 

Thank you very much in advance for your time and look forward to hearing from you. 

 

Sincerely, 

 

Ms. Maria Hermosillo 

Centre for Exercise, Nutrition and Health Sciences 

School for Policy Studies 

8 Priory Road, BS8 1TZ 

Bristol, England  

Tel: +44 (0)117 954 6755 

maria.hermosillo@bristol.ac.uk 
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Appendix D Information Sheet for Schools 

 

Centre for Exercise, Nutrition and Health Sciences 

School for Policy Studies 

8 Priory Road 

Tel: +44 (0)117 954 6755 

maria.hermosillo@bristol.ac.uk 

 

PHYSICAL ACTIVITY, SEDENTARY BEHAVIOUR AND URBANISATION STUDY 

INFORMATION SHEET FOR SCHOOLS 

 

My name is Maria Hermosillo, I am a Mexican student funded by Conacyt to study for a PhD in 

The Centre for Exercise, Nutrition and Health Sciences in the School for Policy Studies at the 

University of Bristol in England. I am conducting research to better understand physical activity 

and sedentary behaviour study among older adolescents in Mexico City and the state of Oaxaca. 

We are inviting [name of the school] to take part in this research study.  

 

What is the purpose of the study? 

This project is intended to provide valuable information about older adolescents’ physical activity 

and sedentary behaviour with the aim of looking for an association with urbanisation. The study is 

being carried out by Ms. Maria Hermosillo, who is a PhD candidate in Health and Well-being at 

the University of Bristol. The project is supervised by Professor Russell Jago and Dr. Simon 

Sebire. Ethical approval has been granted from the School for Policy Studies Research Ethics 

Committee. 

 

What will happen if [name of the school] takes part? 

Before deciding to take part in this study is important to understand what the research will 

involve. Please read the following information carefully. 

 

The study will take place from February to October 2016 and it will consist of a hand written 

survey to assess physical activity and sedentary behaviour of adolescents between 16 and 18 years 

old. We will also ask children their place of residency, gender and age as well as their weight and 

height. The questionnaire will take approximately 25 minutes to complete and the students can 

choose to withdraw at any moment during completion of it. After handing the questionnaire in it 

will not be possible for students to withdraw because we will not ask them to tell us their name.  

 

If your school agrees to take part we will ask you to arrange classes of your 16-18 year old 

students where they can complete the questionnaire. We would also ask you to give students a 
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letter from the research team telling them about the study and giving them the option to take part 

or not.  

 

What are the benefits of taking part in the study? 

Once the data is analysed [Name of the school] will be given a report of their students’ physical 

activity and sedentary behaviour and how this compares to the overall study results and 

recommendations from the World Health Organisation. 

 

Are there any risks involved in taking part in the study? 

The procedures of this study carry no risk of physical or psychological harm.  

 

What happens to the information students at [name of the school] provide? 

All the collected information will be kept strictly confidential and will only be used by the 

research team. The data (not identifying your school or students individually will be written up in 

my PhD dissertation and for a peer –reviewed paper. You will be notified when results of this 

research get published and you will be able to obtain a copy of it if you wish. 

 

What happens if [name of the school] wants to drop out of the study?  

Your consent and participation are totally voluntary. This also applies to the consent your students 

give for completing the questionnaire. If you decide to participate in this study you may withdraw 

without giving any reason before one month of the completion of the survey.  

 

Thank you for reading this Information Sheet. We hope that [name of the school] will be able to 

take part and if you have further queries please do not hesitate to contact us. If you decide to take 

part, please complete the attached Consent Form and return it to us by e-mail. 

 

For further information please contact: 

 

Ms. Maria Hermosillo 
Centre for Exercise, Nutrition and Health Sciences 

School for Policy Studies 

8 Priory Road, BS8 1TZ 

Bristol, England  

Tel: +44 (0)117 954 6755 

maria.hermosillo@bristol.ac.uk 
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Appendix E Consent Form for Schools 

 

Centre for Exercise, Nutrition and Health Sciences 

School for Policy Studies 

8 Priory Road 

Tel: +44 (0)117 954 6755 

maria.hermosillo@bristol.ac.uk 

 

PHYSICAL ACTIVITY, SEDENTARY BEHAVIOUR AND URBANISATION STUDY 

CONSENT FORM FOR SCHOOLS 

Please read each statement and tick the box in the space provided if you agree: 

- I confirm that I have read and understood the information sheet.                                                             

 

- I confirm that I have had the opportunity to ask questions about this study and 

if so, I have received satisfactory answers to all my questions. 

 

 

- I understand that participation of the [name of the school] is voluntary and that 

we are free to withdraw from the study up to a month of completion without 

giving any reasons. 

 

- I understand that any files containing information about the school and its 

students will be made anonymous, will be treated as confidential and will be 

stored on password protected computers. At the end of the project, data will be 

stored for 10 years in appropriate storage facilities.  

 

 

- I agree to the University of Bristol processing this information and I 

understand that this information will be used only for the purposes of this 

study. My consent is conditional upon the University complying with its duties 

and obligations under the Data Protection Act.  

 

- I agree for the school to take part in the above study.  

 

Please sign and date here 

_____________________________________________________ 

Name of School 

____________________________________        _____________________         _____________ 

Name of School Representative                           Signature                                  Date 

 

Please return the signed form to maria.hermosillo@bristol.ac.uk. A copy will be sent back 

to you to keep.  

mailto:maria.hermosillo@bristol.ac.uk
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Appendix F Participant Information Sheet 

 

Centre for Exercise, Nutrition and Health Sciences 

School for Policy Studies 

8 Priory Road 

Tel: +44 (0)117 954 6755 

maria.hermosillo@bristol.ac.uk 

 

YOUR DAILY ACTIVITIES AND SURROUNDINGS 

PARTICIPANT INFORMATION SHEET 

 

My name is Maria Hermosillo, I am a Mexican student funded by Conacyt to study for a PhD in 

The Centre for Exercise, Nutrition and Health Sciences in the School for Policy Studies at the 

University of Bristol in England. I am conducting research to better understand physical activity 

and sedentary behaviour study among older adolescents in Mexico City and the state of Oaxaca. 

We are inviting [name of the school] to take part in this research study.  

What will I need to do if I want to take part in your study? 

You will be asked to answer a pencil & paper questionnaire that will take about 25 minutes to 

complete.  

The questionnaire will ask you: 

1. Your age and school year 

2. Where you live and for how long have you been living there 

3. To tell us your height and weight 

4. About your physical activity and other activities you do during the day, how often 

you do them and how long for 

What happens to the information I give you? 

The information you give will be anonymous (this means your name will not be recorded) and 

will be kept private; your teachers, parent/guardian or class mates will not see any of your 

answers. This information will be used by the research team only. You will not be able to be 

identified by your responses and all reports of this research will present group, not individual 

information. When the results of this research get written up your school will be told and sent a 

copy. At the end of the project data will be stored securely for 10.  

 

What are the benefits of taking part in the study? 

The results we get from this study will help us to understand better the impact of where you live 

on your physical activity and sedentary behaviour. This research might also lead to more research 

in the area and impact on future planning of the places people live  
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Are there any risks involved in taking part in the study? 

The specific procedures of this study carry no risk of physical or psychological harm. 

 

Do I have to take part in the study? 

No, you do not have to take part. If you decide that you will complete the survey, you may stop 

completing it at any time without giving a reason. However, once you hand in the survey will not 

be able to withdraw your answers as the questionnaire does not ask for your name. 

How do I take part in the study? 

You just need to attend to the completion session arranged by your school on the  

 

[day] at [time], [room/place]. 

 

Thank you for reading this Information Sheet. We hope that you will be able to take part in the 

study and if you have any further queries please do not hesitate to contact us.  

 

Ms. Maria Hermosillo 

Centre for Exercise, Nutrition and Health Sciences 

School for Policy Studies 

8 Priory Road, BS8 1TZ 

Bristol, England  

Tel: +44 (0)117 954 6755 

maria.hermosillo@bristol.ac.uk 
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Appendix G Consent Form for Participants 

 

Centre for Exercise, Nutrition and Health Sciences 

School for Policy Studies 

8 Priory Road 

Tel: +44 (0)117 954 6755 

maria.hermosillo@bristol.ac.uk 

 

YOUR DAILY ACTIVITIES AND SURROUNDINGS 

CONSENT FORM FOR PARTICIPANTS 

Please read each statement and tick the box in the space provided if you agree: 

- I confirm that I have read and understood the information sheet.                                                             

 

- I confirm that I have had the opportunity to ask questions about this 

study and if so, I have received satisfactory answers to all my questions. 

 

- I understand my participation is voluntary.  

 

- I understand that I am free to withdraw from the study at any moment 

and without giving any reason before handing in my questionnaire.  

 

- I understand that any files containing information about myself will be 

made anonymous, will be treated as confidential and will be stored on 

password protected computers. At the end of the project, data will be 

stored for 10 years in appropriate storage facilities.  

 

- I agree to the University of Bristol processing this information and I 

understand that this information will be used only for the purposes of 

this study. My consent is based upon the University complying with its 

duties and obligations under the Data Protection Act.  

 

- I agree for the school to take part in the above study.  

 

Please sign and date here 

_________________________________        _____________________         

__________ 

Name                                                                      Signature                                  Date  
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Appendix H English Version of the Questionnaire 

Section 2. corresponds to Sections H and I form the NEWS-Y and Section 7 to the YPAQ.  

 

 

Centre for Exercise, Nutrition and Health Sciences 

School for Policy Studies 

 

URBANIZATION, PHYSICAL ACTIVITY AND SEDENTARY BEHAVIOUR 

QUESTIONNAIRE 

 

Section 1: General questions 

First of all we would like you to answer 

some questions about yourself. 

1. Are you a female or a male?  

I am a ___________. 

2. How old are you? 

I am ______ years old. 

3. What is the educational level from your 

parents or guardians?  

 Primary school 

 Secondary school 

 College 

 Higher education (undergraduate) 

 Postgraduate degree 

 None 

4. In which delegation do you live? 

I live in: __________________ 

 

5. What is the name of your street?  

The name of my street is: 

________________ 

6. What is your post code?  

My post code is: ________________ 

7. How much time have you been living 

there?  

 Less than a year 

 Between 1 and 3 years 

 Between 4 and 10 years 

 Between 10 and 15 years 

 All my life 

8. How tall are you?  

I am _________ cm. 

9. How much do you weight?  

I weight __________ Kg.
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Section 2. Getting Around in Your Neighbourhood 

 

Please circle the answer that best applies to you and your local neighbourhood, which means 

within a 10-15 minutes walk from your home. Please circle one response for each item. 

 

1. The traffic makes it difficult or unpleasant for me to walk.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

2. The speed of traffic on most streets is usually slow (30 mph or less).  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

3. Most drivers go faster than the posted speed limits.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

4. I’m afraid of being taken or hurt by a stranger in a local park.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

5. Streets have good lighting at night.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

6. Walkers and bikers can be easily seen by people in their homes.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

7. There are crosswalks and signals on busy streets.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

8. There is a high crime rate.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 
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9. I’m afraid of being taken or hurt by a stranger on local streets.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

10. I’m afraid of being taken or hurt by a stranger in my yard, driveway or apartment 

common area.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree  

1 2 3 4  

 

11. I’m afraid of being taken or hurt by a known “bad” person in my neighbourhood.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

12. I feel safe crossing the streets in my neighbourhood.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

Section 3. Barriers to Walking and Biking to School 

Please circle the answer that best applies to you. Please circle one response for each item. 

1. There are no sidewalks or bike lanes.  

 

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

2. The route is boring.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

3. The route does not have good lighting.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

4. There are one or more dangerous crossings.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 
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5. I get too hot and sweaty.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

6. No other teens walk or bike.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

7. It’s not considered cool to walk or bike.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

8. I have too much stuff to carry.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

9. It’s easier to drive or get driven there.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

10. It involves too much planning ahead.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

11. There is nowhere to leave a bike safely.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

12. There are stray dogs.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

13. It is too far.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 
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14. I would have to walk/bike through places that were unsafe because of crime or things 

sometimes related to crime (e.g. vandalism, graffiti, people drinking alcohol in public places).  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

15. I don’t enjoy walking or biking to school.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

16. There are too many hills.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

17. There is too much traffic.  

Strongly disagree Somewhat disagree Somewhat agree Strongly agree 

1 2 3 4 

 

Section 4. Places for Physical Activity Near Your Home 

How often are you physically active in/at the following places? 

1. Inside your home.  

Never Once a month or 

less 

Once every other 

week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

2. In your yard or common area.  

Never Once a month or 

less 

Once every other 

week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

 

3. In your driveway or alley.  

Never Once a month or 

less 

Once every other 

week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

4. At a neighbour’s house, yard or driveway.  

Never Once a month or 

less 

Once every other 

week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 
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5. On a local street, sidewalk or vacant lot.  

Never Once a month or 

less 

Once every other 

week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

6. In a nearby dead-end street.  

Never Once a month or 

less 

Once every other 

week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

7. In a nearby park or open space.  

Never Once a month or 

less 

Once every other 

week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

Section 5. Other Places for Physical Activity 

How often are you physically active in/at the following locations? 

1. Indoor recreation or exercise facility (public or private: YMCA/Boys & Girls Club, dance, 

martial arts).  

Never Once a month or 

less 

Once every other 

week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

2. Beach, lake, river or creek.  

Never Once a month or 

less 

Once every other 

week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

3. Bike/hiking/walking trails, paths.  

Never Once a month or 

less 

Once every other 

week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

4. Basketball court.  

Never Once a month or 

less 

Once every other 

week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

5. Other playing fields/courts (like football, softball, tennis).  

Never Once a month or 

less 

Once every other 

week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 
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6. Indoor swimming pool.  

Never Once a month or 

less 

Once every 

other week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

7. Small public park. 

Never Once a month or 

less 

Once every 

other week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

8. Large public park.  

Never Once a month or 

less 

Once every 

other week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

9. Public open space (like plaza, square or undeveloped land).  

Never Once a month or 

less 

Once every 

other week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

10. Friend’s or relative’s house.  

Never Once a month or 

less 

Once every 

other week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

11. School grounds (during non-school hours).  

Never Once a month or 

less 

Once every 

other week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

12. School grounds (during school hours).  

Never Once a month or 

less 

Once every 

other week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

13. Skate-park.  

Never Once a month or 

less 

Once every 

other week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

14. Swimming pool.  

Never Once a month or 

less 

Once every 

other week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 
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15. Parking lot.  

Never Once a month or 

less 

Once every 

other week 

Once a week 2 or 3 times per 

week 

4 or more times 

per week 

0 1 2 3 4 5 

 

Section 6. Proximity to parks and green areas. 

Please circle the answer that best applies to you. Please circle one response for each item. 

1. How close or far from your home is the nearest park?  

Less than 5 mins 

walk 

5 mins walk 10 mins walk 20 mins walk 30 mins walk More than 30 

mins walk 

0 1 2 3 4 5 

 

Section 7. Your physical activity. 

Which of the following physical activities did you do in the past 7 days? 

 

 

Did you do the following activities in the past 7 

days? 

 

Monday – Friday 

 

 

Saturday - Sunday 

How many 

times Mon-

Fri? 

Total 

hours/minute

s Mon-Fri? 

How many 

times Sat-

Sun? 

Total 

hours/minutes 

Sat-sun? 

EXAMPLE: 

Bike riding 

No Yes 2 40 mins 1 15 mins 

SPORTS ACTIVITIES       

Aerobics No Yes     

Baseball/softball No Yes     

Basketball/volleyball No Yes     

Cricket No Yes     

Dancing No Yes     

Football No Yes     

Gymnastics No Yes     

Hockey (field or ice) No Yes     

Martial arts No Yes     

Netball No Yes     

Rugby No Yes     

American Football No  Yex     

Running or jogging No Yes     

Swimming lessons No Yes     

Swimming for fun No Yes     

Tennis/badminton/squash/other 

racquet sport 

No Yes     

LEISURE TIME ACTIVITIES No Yes     

Bike riding (not school travel) No Yes     

Trampolining No Yes     

Bowling No Yes     

Household chores No Yes     

Play on playground equipment No Yes     

Play with pets/horse riding No Yes     

Rollerblading/roller-skating No Yes     

Scooter No Yes     

Skateboarding No Yes     
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Did you do the following activities in the past 7 

days? 

 

Monday – Friday 

 

 

Saturday – Sunday 

 

How many 

times Mon-

Fri? 

Total 

hours/minute

s Mon-Fri? 

How many 

times Sat-

Sun? 

Total 

hours/minutes 

Sat-sun? 

Skiing, snowboarding, sledging No Yes     

Skipping rope No Yes     

Walk the dog No Yes     

Walk for exercise/hiking No Yes     

ACTIVITIES AT SCHOOL       

Physical education class No Yes     

Travel by walking to school (to and 

from school = 2 times) 

No Yes     

Travel by cycling to school (to and 

from school = 2 times) 

No Yes     

OTHER 

Please state: 

 

___________________________ 

 

 

      

 

Section 8. Your free time. 

Which of the following activities did you do in the past 7 days? 

 

Did you do the following activities during your free 

time in the past 7 days? 

 

Monday – Friday 

 

 

Saturday – Sunday 

 

Total 

hours/minutes  

Total hours/minutes  

EXAMPLE: 

Watching TV/videos 

No Yes 15 hrs 6 hrs 30 mins 

Art & craft (e.g. Pottery, sewing, 

drawing, painting) 

No Yes   

Doing homework No Yes   

Listen to music No Yes   

Play indoors with toys No Yes   

Playing board games/cards No Yes   

Playing computer games (e.g. 

playstation/gameboy) 

No Yes   

Playing musical instrument No Yes   

Reading No Yes   

Sitting talking No Yes   

Talk on the pone No Yes   

Travel by car / bus to school (to and 

from school) 

No Yes   

Using computer / internet No Yes   

Watching TV / videos No Yes   

OTHER 

Please state: 

__________________________ 
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Appendix I YPAQ Questionnaire with METs and PA Classification 

 

 

 

 

 

LIST OF ACTIVITIES 

 

 

MET VALUES CLASSIFICATION*  

 

PHYSICAL ACTIVITY 

CLASSIFICATION 

 

 

 

CODE 

 

 

METS 

 

 

OBSERVATIONS 

M
V

P
A

 

S
P

O
R

T
 

A
C

T
IV

IT
IE

S
 

L
E

IS
U

R
E

 P
A

 

P
E

 C
L

A
S

S
 

A
C

T
IT

V
E

 

C
O

M
M

U
T

IN
G

 

SPORTS ACTIVITIES         

Aerobics 03015 6.5  X X    

Baseball/softball 15620 5.0  X X    

Basketball/volleyball 15050 6.0 Basketball, non-game, general X X    

Cricket 15150 5.0  X X    

Dancing 03025 4.5 General, Greek, Middle 

Eastern, hoola, flamenco, 

belly, swing 

X X    

Football 15610 7.0 Casual, general soccer X X    

Gymnastics 15300 4.0  X X    

Hockey (field or ice) 15350 8.0  X X    

Martial arts 15430 10.0  X X    

Netball 15070 4.5 Basketball, shooting baskets X X    

Rugby 15560 10.0  X X    

American Football 15560 10.0 Same as rugby X X    

Running or jogging 12020 7.0 Jogging, general X X    

Swimming lessons 18320 8.0 Swimming sidestroke, general X X    

Swimming for fun 18310 6.0 Swimming, leisurely, not lap 

swimming, general 
X X    

Tennis/badminton/squas

h/other racquet sport 

15675 7.0 General X X    

LEISURE TIME 

ACTIVITIES 

        

Bike riding (not school 

travel) 

01015 8.0 Bicycling, general X  X   

Trampolining 15700 3.5    X   

Bowling 15090 3.0    X   

Household chores 05030 3.0 Cleaning, house or cabin, 

general 
  X   

Play on playground 

equipment 

15135 5.0 Children’s games (dodge ball, 

hopscotch, 4-square, 

playground apparatus, t-ball, 

tetherball, marbles, arcade 

games) 

X  X   

Play with pets/horse 

riding 

05193 

 

15370 

4.0 

 

4.0 

Walk/run, playing with 

animals, moderate, only 

active periods 

 

Horseback riding, general 

X  X   

Rollerblading/roller-

skating 

15590 7.0 Skating, roller X  X   

Scooter 15580 5.0 Same as skateboarding X  X   

Skateboarding 15580 5.0  X  X   

Skiing, snowboarding, 

sledging 

19075 7.0 Skiing, general, sledding X  X   

Skipping rope 15552 8.0 Rope jumping, slow X  X   

Walk the dog 17165 3.0    X   
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Walk for exercise/hiking 17200 

 

 

 

 

 

17080 

3.8 

 

 

 

 

 

6.0 

 

Walking 3.5 mphg, brisk, 

firm surface, walking for 

exercise.  

 

Hiking, cross country 

  X   

ACTIVITIES AT 

SCHOOL 

        

Physical education class 11876 6.5 Teach physical education, 

exercise, sports classes 

(participate in the class) 

X   X  

Travel by walking to 

school (to and from 

school = 2 times) 

17270 4.0 Walking, to work or class X   X X 

Travel by cycling to 

school (to and from 

school = 2 times) 

01010 4.0 Bicycling <10 mpg, leisure, to 

work or for pleasure. 
X   X X 

OTHER 

Please state: 

 

____________________ 

 

 

MET values and physical activity classification was done according to each stated 

answer. 

MET: Metabolic Equivalent of Task 

MVPA: Moderate-to-vigorous physical activity 

PA: Physical Activity 

PE: Physical Education 

 

* MET values from The Compendium of PA: and update of activity codes and MET intensities 

http://www.juststand.org/portals/3/literature/compendium-of-physical-activities.pdf 

 

 

 

  



192 

 

Appendix J Confirmatory Factor Analysis 

Confirmatory Factor Analysis for the adolescent version of the Neighbourhood Environment 

Walkability Scale-youth (NEWS-Y) in a Mexican population. 

Method  

The CFA was performed on the complete case data for the NEWS-Y (n = 3,737) in STATA 

(Version 13), College Station, TX. A measurement model was specified in which the 11 

measured items loaded onto their hypothesised latent variables (Pedestrian Safety and Crime 

Safety). 

 

Fig 1. Latent variables and observed variables for Perception of Safety prior to CFA. 

 

Model fit was assessed using Goodness of Fit indicators (Comparative fit index [CFI, where 

values of 0.90 or 0.95 indicate good fit], Standardized root mean squared residual [SRMR, 

where values <0.08 indicate good fit], and Root mean squared error of approximation 

[RMSEA, where values ≤0.05 indicate good fit and values between 0.05 and 0.08 indicate a 

reasonably close fit])158. In addition to model fit, factor loadings (both their magnitude and 

potential cross-loadings) were examined and modification indices were examined to identify 

P
er

ce
p

ti
o

n
 o

f 
Sa

fe
ty

Pedestrian and 
Automobile 

Traffic Safety

(PAS)

B1: There is so much traffic along nearby streets that it 
makes it difficult for unpleasant to walk in my neighbourhood

B2: The speed of traffic on most nearby streets is usually 
slow*

B3: Most drivers go faster than the posted speed limits

B5: Our neighbourhood streets have good lighting at night*

B6: Walkers and bikers on the streets in our neighbourhood 
can be easily seen by people in their homes*

B7: There are crosswalks and signals to help walkers cross 
busy streets in our neighbourhood*

Crime Safety

(CS)

B4: I am worried of being taken or hurt by a stranger in a 
local park

B8: There is a high crime rate in our neighbourhood

B9: I am worried of being taken or hurt by a stranger on local 
streets

B10: I am worried about being taken or hurt by a stranger in 
my yard, driveway or apartment common area

B11: I am worried about being taken or hurt by a known bad 
person in my neighbourhood*Reverse scored items 
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potential model misspecification. This quantitative data were combined with examination of 

the item wording to ensure modification decisions were based on a balance of data and theory 

driven approaches.  

 

Results 

The baseline model was not a good fit to the data (Chi2 = 1694.761 (43), p < 0.001, CFI = 

0.796, SRMR = 0.089, RMSEA = 0.099), with internal consistency estimates α = 0.329 for 

Pedestrian Safety and α = 0.794 for Crime Safety. Modification indices suggested the 

removal of items B1, B2 & B3 which resulted in improved fit (Chi2 = 720.391 (19), p < 

0.001, CFI = 0.906, SRMR = 0.048, RMSEA = 0.098) with internal consistency for 

Pedestrian Safety of α = 0.583 and for Crime Safety of α = 0.794. Item B2 related to speed of 

traffic was included as a separate dependent variable in the regression. From the three erased 

items, B2 was the one with the least weak loading (B2 = 0.14 compared to B1=0.07 and 

B3=0.10) to perception of pedestrian and automobile traffic safety that was related to “transit 

and driving” as such, keeping it as an independent variable outside of the CFA model could 

contribute to understanding the association of perception of safety and physical activity in 

adolescents.  
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Appendix K Complete Case Analysis for Chapter 6 

 

Table 1. Descriptive Statistics of Participants’ Physical Activity by sex.  

 Men Women 

 Mean SD Range Mean SD Range 

BMI(Kg/m2) by age:       

15 22.28 3.57 15.03-41.35 21.75 3.30 15.43-35.55 

16 22.34 3.57 15.42-43.11 22.24 3.08 15.23-34.69 

17 22.81 3.41 15.14-35.15 22.27 3.06 15.43-34.71 

18 23.38 3.66 15.03-46.29 22.76 3.39 15.62-43.11 

Moderate to Vigorous 

Physical Activity 

(min/week)* 

917.26 795.78 10.00-3360.00 771.47 706.11 10.00-3360.00 

Sports Activities 

(min/week)* 

682.68 679.30 0.00-3360.00 422.24 457.40 0.00-3360.00 

Leisure Activities 

(min/week)* 

491.50 581.48 0.00-3360.00 593.07 586.42 0.00-3360.00 

PE Class 

(min/weekday)* 

13.34 59.72 0.00-900.00 12.25 48.64 0.00-700.00 

Active Commuting 

(min/weekday)* 

84.56 171.59 0.00-1020.00 81.60 157.97 0.00-960.00 

* p-value=0.00 

 

Table 2. Descriptive Statistics of Participants’ Physical Activity by state. 

 Mexico City  Oaxaca  

 Mean SD Range Mean SD Range 

BMI(Kg/m2) by age:       

15 22.59 3.78 15.03-41.35 21.74 3.26 15.23-34.02 

16 22.16 3.21 15.23-34.23 22.40 3.41 15.42-43.11 

17 22.52 3.17 15.14-33.20 22.58 3.31 15.43-35.15 

18 22.99 3.30 15.62-36.22 23.24 3.80 15.03-46.29 

Moderate to Vigorous 

Physical Activity 

(min/week)* 

938.32 863.20 10.00-

3360.00 

847.14 751.400 10.00-3360.00 

Sports Activities 

(min/week)* 

555.54 607.32 0.00-3360.00 535.19 540.79 0.00-3360.00 

Leisure Activities 

(min/week)* 

608.34 625.89 0.00-3360.00 495.22 552.63 0.00-3360.00 

PE Class 

(min/weekday)* 

5.19 29.09 0.00-450.00 18.30 64.25 0.00-900.00 

Active Commuting 

(min/weekday)* 

112.23 183.96 0.00-940.00 61.73 145.10 0.00-1020.00 

* p-value=0.00 
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Table 3. Descriptive Statistics of Urbanicity Variables in men and women. Unstandardized 

values. 

 Men  Women  

 Mea

n 

SD Range Me

an 

SD Range 

Demographic* 4.32 1.62 1.00-10.00 4.2

0 

1.55 1.00-10.00 

Economic 

Activity* 

4.32 0.47 1.87-5.99 4.3

5 

0.47 1.87-7.09 

Built 

Environment* 

8.7 0.86 5.5-10.00 8.7

6 

0.88 1.00-10.00 

Communicatio

n* 

4.10 1.57 0.33-7.80 4.0

9 

1.67 0.30-8.64 

Education* 6.9 0.66 4.68-9.14 7.0

0 

0.70 5.25-9.22 

Health* 6.12 0.94 0.63-9.54 6.1

6 

0.96 0.00-9.75 

Overall* 38.6

6 

3.37 26.73-47.94 38.

71 

3.42 26.73-47.94 

a Sub-score values range from 0 to 10 and overall from 0 to 60. 

*p-value<0.05 

 

Table 4. Descriptive Statistics of Urbanicity Variables in Mexico City and Oaxaca. 

Unstandardized values. 

 Mexico City  Oaxaca  

 Mean SD Range Mean SD Range 

Demographic* 5.01 1.42 1.00-10.00 3.59 1.20 1.00-10.00 

Economic 

Activity* 

4.55 0.40 2.76-7.09 4.17 0.45 1.87-5.62 

Built 

Environment* 

8.96 0.56 7.00-10.00 8.59 1.02 1.00-10.00 

Communication 2.86 1.10 0.30-6.65 5.14 1.20 0.44-8.64 

Education* 7.26 0.71 5.75-9.22 6.75 0.56 4.68-9.14 

Health* 6.22 0.79 0.00-9.75 6.09 1.05 0.63-9.54 

Overall 41.10 2.35 30.66-47.94 36.60 2.71 26.73-42.33 
a Sub-score values range from 0 to 10 and overall from 0 to 60. 

*p-value<0.05 
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Table 5. Linear Regression Models: Associations Between Urbanicity (Z-scores), Moderato to Vigorous Physical Activity, Sports Activities, 

Leisure Activities, Physical Education Class and Active Commuting. By sex. 

aAdjusted by parents’ education level and participants’ age 

  MVPA Sports Leisure Activities PE Class Active commuting 

Min/wk Min/wk Min/wk Min/wk Min/wk 

Linear 

regression 

 

Score/subscore 

 

Coef, 

 

95% CI 

 

P>|t| 

 

Coef, 

 

95% CI 

 

 

 

P>|t| 

 

Coef, 

 

95% CI 

 

 

 

P>|t| 

 

Coef, 

 

95% CI 

 

 

 

P>|t| 

 

Coef, 

 

95% CI 

 

 

 

P>|t| 

Men  

Simple 

Overall urbanicity -0.12 -0.19 -0.05 0.00 -0.26 -0.40 -0.12 0.00 0.12 -0.12 0.38 0.27 0.10 0.04 0.21 0.02 0.41 0.28 0.55 0.00 

 

 

Multivariable 

 

 

Demographic 

-0.03 -0.12 0.05 0.36 -0.04 -0.26 0.17 0.63 0.00 -0.26 0.27 0.97 0.00 -0.10 0.11 0.90 0.26 0.05 0.48 0.01 

Economic 

Activity 
0.03 -0.03 0.10 0.33 -0.03 -0.23 0.16 0.68 0.05 -0.21 0.32 0.66 0.12 -0.02 0.28 0.09 -0.16 -0.36 0.04 0.11 

Built Environment -0.08 -0.16 -0.00 0.03 0.01 -0.11 0.15 0.79 -0.08 -0.25 0.07 0.25 0.04 -0.00 0.10 0.08 0.12 -0.03 0.28 0.11 
Communication 0.07 -0.06 0.21 0.23 0.34 0.09 0.58 0.01 -0.33 -0.73 0.06 0.08 0.12 -0.24 0.48 0.47 -0.46 -0.94 -0.06 0.05 
Education 0.00 -0.05 0.06 0.91 0.08 -0.05 0.21 0.21 0.03 -0.30 0.37 0.81 -0.10 -0.31 0.11 0.30 0.00 -0.27 0.28 0.95 
Health -0.04 -0.13 0.04 0.25 0.00 -0.22 0.23 0.97 -0.32 -0.53 -0.11 0.00 0.16 0.01 0.31 0.03 -0.11 -0.40 0.17 0.39 

Women  
Simple 

 
Overall urbanicity 

0.03 0.02 0.09 0.02 -0.10 -0.20 -0.00 0.04 0.18 -0.06 0.44 0.12 0.06 -0.14 0.26 0.50 0.33 0.10 0.56 0.01 

 

 
Multivariable 

 

 
Demographic 

0.02 0.01 0.05 0.00 -0.13 -0.25 -0.00 0.04 0.02 0.00 0.20 0.05 0.01 -0.06 0.09 0.75 0.21 0.12 0.45 0.04 

Economic 

Activity 
0.00 -0.07 0.08 0.98 0.05 -0.08 0.19 0.36 -0.22 -0.39 -0.05 0.01 0.03 -0.17 0.24 0.73 -0.03 -0.25 0.18 0.74 

Built Environment -0.09 -0.14 -0.04 0.00 -0.13 -0.23 -0.02 0.01 -0.08 -0.18 0.02 0.11 0.09 0.01 0.17 0.03 -0.03 -0.16 0.10 0.61

3 
Communication -0.07 -0.23 0.08 0.30 -0.01 -0.25 0.21 0.86 -0.39 -0.66 -0.13 0.00 0.13 -0.21 0.49 0.40 -0.29 -0.86 0.27 0.27 
Education -0.00 -0.10 0.10 0.99 -0.06 -0.22 0.10 0.41 0.14 -0.16 0.45 0.32 -0.04 -0.21 0.11 0.54 0.08 -0.17 0.35 0.46 
Health 0.00 -0.07 0.09 0.81 0.07 -0.07 0.21 0.30 -0.16 -0.36 0.03 0.09 0.31 0.01 0.61 0.03 -0.15 -0.46 0.14 0.26 
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Table 6. Linear Regression Models: Associations Between Urbanicity (Z-scores) and Sports 

Activities. By state. 

  Sports 

Min/wk 

Linear 

regression 

 

Score/subsco

re 

 

Coef, 

 

95% CI 

 

 

P>|t

| 

Mexico 

City 

Simple 

 

Overall 

urbanicity 

0.10 0.02 0.42 0.04 

 

 

Multivariab

le 

 

 

Demographic 

0.02 -0.01 0.06 0.06 

Economic 

Activity 

-0.11 -0.24 0.02 0.08 

Built 

Environment 

0.10 -0.23 0.44 0.48 

Communicati

on 

-0.14 -0.46 0.17 0.30 

Education -0.14 -0.27 -0.01 0.03 

Health 0.25 0.03 0.43 0.02 

Oaxaca  

Simple 

 

Overall 

urbanicity 

-0.12 -0.24 -0.00 0.04 

 

 

Multivariab

le 

 

 

Demographic 

-0.11 -0.21 -0.01 0.03 

Economic 

Activity 

0.12 0.10 0.14 0.00 

Built 

Environment 

-0.11 -0.20 -0.03 0.02 

Communicati

on 

-0.06 -0.39 0.26 0.61 

Education -0.08 -0.27 0.09 0.25 

Health -0.06 -0.10 -0.02 0.00 

*Adjusted by parents’ education level and participants’ age. 
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Appendix L Complete Case Analysis for Chapter 7 

Table 1. Descriptive Statistics of Participants’ Physical Activity by gender.  

 Males (n=1613) Females (n=1576) 

 Mean SD Range Mean SD Range 

BMI(Kg/m2)a by age:       

15 22.28 3.57 15.03-41.35 21.75 3.30 15.43-35.55 

16 22.34 3.57 15.42-43.11 22.24 3.08 15.23-34.69 

17 22.81 3.41 15.14-35.15 22.27 3.06 15.43-34.71 

18 23.38 3.66 15.03-46.29 22.76 3.39 15.62-43.11 

High Speed of 

Traffic* 

2.38 0.77 1.00-4.00 2.41 0.71 1.00-4.00 

Pedestrian Safety* 2.55 0.54 1.00-4.00 2.62 0.53 1.00-4.00 

Crime Safety* 2.22 0.60 1.00-4.00 2.47 0.59 1.00-4.00 

Moderate to 

Vigorous Physical 

Activity (min/week) 

817.26 695.78 10.00-3360.00 671.472 60611 10.00-3360.00 

Sports Activities 

(min/week) 

582.68 579.30 0.00-3360.00 422.24 457.40 0.00-3360.00 

Leisure Activities 

(min/week) 

491.50 581.48 0.00-3360.00 593.07 586.44 0.00-3360.00 

PE Class 

(min/weekday) 

13.34 56.72 0.00-900.00 12.25 48.64 0.00-700.00 

Active Commuting 

(min/weekday) 

84.56 171.59 0.00-1020.00 81.60 157.97 0.00-960.00 

a According to WHO’s BMI cut-off points for each age group and gender, 40% of male participants 

had overweight and 9.41% obesity; 31.32% of female participants had overweight and 4.38% 

obesity. 

* Items scored from 1(safe) to 4(unsafe). 
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Table 2. Linear Regression Models: Associations between Perceived Safety and Moderate to 

Vigorous Physical Activity, Sports Activities, Leisure Activities, Physical Education Class and 

Active Commuting. By gender. 

 

*Adjusted by parents’ education level, age, state.

 Males (n=1613) Females (n=1576) 

 

 High Speed of 

Traffic 

Pedestrian 

Safety 

Crime Safety High Speed of 

Traffic 

Pedestrian 

Safety 

Crime Safety 

MVPA 

min/week 

      

Coef  

(95% CI) 

0.00 

(-0.05 to 0.07) 

-0.07 

(-0.19 to 0.04) 

0.00 

(-0.12 to 0.13) 

0.03 

(-0.03 to 0.09) 

-0.10  

(-0.16 to -0.05) 

0.19 

(-0.07 to 0.11) 

P>|t| 0.795 0.198 0.894 0.314 0.001 0.657 

Sports 

min/week 

      

Coef; 

(95% CI) 

0.05  

(-0.11 to 0.23) 

0.12 

(-0.28 to 0.31) 

0.04  

(-0.11 to 0.20) 

-0.00 

(-0.08 to 0.07) 

-0.21 

(-0.34 to -0.08) 

0.03 

(-0.16 to 0.23) 

P>|t| 0.470 0.926 0.513 0.836 0.004 0.696 

Leisure 

Activities 

min/week 

      

Coef; 

(95% CI) 

-0.01 

(-0.18 to 0.15) 

-0.11 

(-0.34 to 0.12) 

-0.01 

(-0.28 to 0.25) 

-0.12 

(-0.30 to 0.05) 

-011 

(-0.28 to 0.06) 

-0.24 

(-0.46 to -

0.01) 

P>|t| 0.835 0.305 0.909 0.143 0.183 0.038 

PE Class 

min/week 

      

Coef; 

(95% CI) 

-0.00 

(-0.14 to 0.13) 

-0.03 

(-0.14 to 0.07) 

0.10 

(-0.01 to 0.22) 

0.03 

(-0.07 to 0.14) 

0.05 

(-0.11 to 0.23) 

0.03 

(-0.02 to 0.09) 

P>|t| 0.906 0.442 0.085 0.452 0.454 0.180 

Active 

Commuting 

min/week 

      

Coef; 

(95% CI) 

0.05 

(-0.08 to 0.18) 

-0.05 

(-0.37 to 0.26) 

-0.14 

(-0.32 to 0.03) 

-0.06 

(-0.23 to 0.11) 

-0.01 

(-0.21 to 0.19) 

0.04 

(-0.12 to 0.21) 

P>|t| 0.421 0.701 0.098 0.441 0.899 0.577 
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Appendix M Map of urbanicity scores of the states in Mexico 
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Appendix N Examples of places in Mexico with low, medium and high urbanicity 





 




