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Summary

Physical inactivity is a major public health problem, and evidence 
suggests that it is a contributing factor in numerous chronic diseases 
and conditions. Along with smoking and poor dietary habits, physical 
inactivity is one of the main risk factors for chronic diseases that can 
be modified through behavior change Performing physical activity on 
a regular basis has been linked with positive effects on health and 
well-being, and physical activity improvement has been appointed 
as the leading health indicator for the next decades. The availability 
of health data is important for national discussions on health policies. 
Such data can highlight real variations in health status and the factors 
affecting health across communities. Moreover, it could be useful to 
guide policy-related discussions on best practices to improve the 
health of population.

The objectives of this thesis are to describe changes on leisure time 
and occupational physical activity status at the community level 
and to evaluate sociodemographic, health related, and life style 
determinants of such changes, and also, to evaluate the association 
of different physical activity domains for women and men, with overall 
mortality.

The thesis is composed by two original articles based on two 
population-based cohorts studies: the Cornellà Health Interview 
Survey Follow-Up Study and the Barcelona Health Interview Study.

The studies included in this thesis suggest that there were changes 
in the physical activity status of the population, whereas no clear 
determinants of such changes were recognized. Moreover the effects 
of all domains of physical activity were associated with a substantial 
decreased mortality. Therefore, promoting moderate levels of leisure 
time physical activity, occupational physical activity and walking 
seem to be essential in comprehensive health promotion programs 
at community levels. 
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Resumen

La inactividad física o el sedentarismo es un problema central de la 
salud pública, la evidencia científica muestra que es un factor de riesgo 
para numerosas enfermedades de las denominadas crónicas o no 
transmisibles. Junto al hábito de fumar y a la alimentación es un factor 
de riesgo de enfermedad que puede ser modificado por cambios de 
comportamiento y hábitos. Se postula que realizar actividad física de 
manera regular permite lograr efectos positivos sobre el bienestar y 
la salud; además, el mejoramiento en los niveles de actividad ha sido 
señalado como un indicador líder de las ganancias en salud. En este 
sentido disponer de datos poblacionales es fundamental para discutir 
las políticas públicas sanitarias: las variaciones a nivel poblacional 
de los indicadores de salud son los que guían las discusiones para 
desarrollar guías que mejoren la salud comunitaria.

Los objetivos de la presente tesis son: describir los cambios en 
la actividad física de ocio y la ocupacional a nivel comunitario 
y evaluar los determinantes de dichos cambios tales como los 
sociodemográficos, los relacionados con el status de salud, y los 
estilos de vida; Identificar la asociación de los distintos dominios de 
actividad física con la mortalidad general tanto en hombres como en 
mujeres en estudios de cohortes de base poblacional. 

La tesis se compone de artículos originales desarrollados en el 
marco de dos estudios de cohortes con base poblacional, el Estudio 
de Seguimiento de la Cohorte de Cornellà y el de La Encuesta de 
Salud de Barcelona año 2000.

Los estudios analizados evidencian que hubo cambios en 
los niveles de actividad física a nivel poblacional, y que no se 
demostraron determinantes claros de esos cambios más que los 
sociodemográficos. También demostraron que todos los dominios 
de actividad física realizada tanto en mujeres como en hombres 
decrecen la mortalidad por todas las causas evaluada a nivel 
poblacional. Por lo tanto para el diseño de programas abarcativos 
de promoción de la salud a nivel comunitario deben incluirse 
recomendaciones apropiadas para la realización de actividad física 
de ocio y del caminar y laboral. 



xii



xiii

Preface 

This thesis was completed at the Cancer Prevention and Control 
Unit of the Institut Català d’Oncologia, under the supervision of Dr. 
Esteve Fernández with the co-direction of Prof. Fernando Garcia 
Benavides from the Universitat Pompeu Fabra. It was presented 
as a collection of publications according to the PhD in Biomedicine 
program regulations at the Department of Experimental and Health 
Sciences at the University Pompeu Fabra.

This thesis was made possible with the collaboration of different 
researchers in Barcelona. The first study was done into the frame 
of the Cornellà Health Interview and their follow-up study, directed 
by Dr. Esteve Fernández and colleagues of the Catalan Institute of 
Oncology, Prevention Cancer Unity. The second one was performed 
using the dataset collected by the Public Health Agency of Barcelona, 
the Barcelona Health Survey and the study linkage with de Mortality 
Registry of that city, under de direction of Dr. Carme Borrell and her 
team at the Public Health Agency.

My personal contributions in the production of the articles presented 
in this thesis include, a literature review, study design, statistical 
analysis of the data and interpretation of results, and writing of the 
reports.

The thesis is formed by the following two papers:

Paper 1
Cornelio CI, García M, Schiaffino A, Borrès JM, Nieto FJ, Fernández 
E. Changes in leisure time and occupational physical activity over 
8 years: the Cornellà Health Interview Survey Follow-Up Study. J 
Epidemiol Community Health. 2008; 62(3):239–44.

Paper 2
Cornelio CI, Fernández, Marí-Dell’Olmo M, Borrell C. Physical 
activity and mortality in a prospective cohort of women and men in a 
Mediterranean population. Submitted



xiv



xv

Index

Acknowledgements  ........................................................................v
Summary  .......................................................................................ix
Resumen  .......................................................................................xi
Preface  .........................................................................................viii
Abbreviation List  ..........................................................................vxi
1. Introduction  ......................................................................................1

1.1 Overview  ..............................................................................3
 1.2 Leisure time (LTPA) and occupational (OPA) physical  
                  activity status in the community ........................................4
 1.3 Measuring physical activity  ...............................................5
 1.4 Behavior change, health promotion and prevention .......9
 1.5 Morbidity and mortality in relation of physical    
      activity  ................................................................................12
2. Hypotheses and Objectives  .......................................................17
 2.1 Hypotheses  ........................................................................17
 2.2 Objectives  ..........................................................................17
  a) General Objective  ..................................................17
  b) Specific Objectives  ................................................17
3. Methods  ...........................................................................................19
The Cornellà Health Interview Survey Follow-Up Study  ..............21
The Barcelona Health Interview Survey Follow-Up Study  ...........25
4. Results  ............................................................................................29
 ARTICLE 1  ..............................................................................33
 ARTICLE 2  ..............................................................................43
5. Discussion  ......................................................................................69
 Limitations  ................................................................................75
 Strengths  ..................................................................................76
6. Conclusions  ...................................................................................79
7. Bibliography  ...................................................................................83



xvi

Abbreviation List

PA  Physical Activity

LTPA   Leisure Time Physical Activity

OPA   Occupational Physical Activity

ICO   Institut Català d´Oncología

CHIS   The Cornella Health Interview Survey

CHIS.FU  Cornella Health Survey Interview Follow-Up



1

PART 1

Introduction 



2



3

INTRODUCTION

1.1 Overview

Performing physical activity on a regular basis has been linked 
with positive effects on health and well-being.1, 2 Its association with 
reduction of all-cause mortality is also established.3-7 In addition, 
physical activity has many other health benefits, including reduced 
risk of cardiovascular diseases, stroke, depression, and diabetes7-10. 
The evidence for a beneficial effect of physical activity on cancer is 
growing, mainly for some of the major cancer sites: colon, breast and 
prostate.11, 12

All of these cumulated evidence relating to the health benefits of 
increasing PA has resulted in guidelines that emphasizes the utility 
of the “physical exercise” approach1, 13, 14, 15, and promoting heart-
healthy behaviours is a major strategy to reduce the development 
of cardiovascular disease, among other chronic disorders.15 Despite 
increasing awareness and commitment concerning these issues, 
the United Nations have voiced their ongoing concern about the 
increase in non-communicable diseases which are now responsible 
for more deaths than all other causes combined, pointing out that 
physical activity is one of the few proven and affordable measures to 
prevent this fatal outcome.16, 17

Although most of the recommendations hinge on individuals’ 
behaviour and focus primarily on activities based on clinical settings, 
the importance of population-level determinants is also recognized18. 
Therefore, the role of community-based intervention to promote 
healthy changes in physical activity is of importance in a global 
strategy for health promotion and prevention.

Therefore, understanding the balance made by increasing 
sedentarism trends and activity patterns in each community is 
fundamental to prevent adverse health consequences or delayed 
onset of non-communicable diseases from a contemporary 
perspective.19, 20
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1.2 Leisure time (LTPA) and occupational (OPA) 
physical activity status in the community

The availability of health data is important for national discussions 
on health policies. Such data can highlight real variations in health 
status and the factors affecting health across communities, and can 
then guide policy-related discussions on best practices to improve 
the health of populations. As the importance of health information 
systems for decision-making has increased, health interview surveys 
remain a unique source of data for some essential indicators. In 
health surveys, quantifying physical activity (PA) has been used as 
an approach to a major behavioral determinant of health. 

Information of the level of PA –Leisure Time Physical Activity (LTPA) 
and Occupational Physical activity (OPA)- in Barcelona, Spain was 
collected in some health surveys as the Health Interview Survey 
of Barcelona in 1992.21, 22 From that assessment the conclusion 
was that 20% of population was inactive, 60.7% of population 
participated in light activities or less than three times in moderate 
and/or intense LTPA (moderately active people), and only 19.3% 
performed exercise moderate and/or intense exercise on a more 
regular basis (3 times/week or more) (vigorously active people). 
Inactivity was higher in women than in men (22% vs. 17.5%). A 
major difference between men and women was observed in the 15-
24 years old group, whilst there were minor differences in the 45-
65 years old group. In the analysis of the information, if recoding 
as inactive those people who performed less than three times 
moderate and/or intense LTPA, the survey found that inactivity 
increase with age, and in people with a low socioeconomic level. 
Men and women with incomplete primary studies were more 
likely to be inactive than people with graduate studies. Smoker 
men were more inactive than non-smokers. Regarding OPA, 50% 
of the population surveyed reported being physically active, but 
activity was lower among workers than non-workers, although 
workers reported more physical effort. OPA was associated with 
occupation and educational level among male workers, but only 
with occupation among female workers. Non-workers with a poor 
self-perceived health status did less physical activity. Data from The 
Catalonian Health Interview Survey carried out in 2006 shows that 
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sedentarism increased moderately from 1994 to 2006, reaching to 
25.8% of the population.23

In spite of the high level of inactivity detected by the Barcelona Health 
Interview Survey, the Spanish National Health Surveys carried out 
in 1987, 1995 and 1997 showed a positive attitude of the population 
towards performing any variety of LTPA.24-26 During that period both 
men and women of all age groups had increased their activity. In 
the period 1987-1995/1997 the prevalence of intense or regular 
LTPA increased by 5.7 and 6.2 % in women and men, respectively.27 
However, regardless of those improvements, inequalities between 
gender and social class were evident and increasing from 1987 to 
1993.28, 29 Inactivity increases as socioeconomic status decreases. 
Moreover, the percentage of inactivity is high in the Spanish regions 
with low income per capita. In the last decade, the National Health 
Survey carried out during the year 2011 and 2012 showed that at least 
one out of six adults has any of the chronic disease risk factors such 
as: low back pain (18.6%), high blood pressure (18.5%), and high 
serum cholesterol levels (16.4%). Trends of chronic conditions and 
risk factors of cardiovascular diseases seem continuously growing: 
from 1993 hypertension has increased from 11.2% to 18.5%, diabetes 
from 4.1% to 7.0% and high cholesterol from 8.2% to 16.4%. Obesity 
affects 17.0% of the population. From the First National Health Survey 
in 1987, obesity has increased in both men and women, more notorious 
among male than in women; while in 1987 7.4% has a BMI equal or 
more than 30 kg/m2, in 2012 that percentage reaches 17%. 54% of 
the population has overweight or obesity. Regarding PA, four out of 
ten interviewed peoples declared to be sedentary (35.9% and 46.6% 
male and women respectively). Considering occupational, commuting 
and leisure time, 40% reported at moderate-intense PA, near 50% in 
male and 30% in women.30 A more recent paper analyzed time- trends 
in Physical activity in Spanish populations, and found an increase in 
leisure time physical activity in the older population.31

1.3 Measuring physical activity

Many studies of physical activity have been done. These studies 
include cross-sectional investigations, randomised controlled trials, 
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and cohort studies.3-12 The highest quality research study in humans 
is the randomised controlled trial (RCT), and short term RCTs have 
looked at the effect of exercise on risk factors. A longer RCT of physical 
activity with more definite outcomes would be ideal but difficult. 
Cross-sectional studies compare activity levels and risk factors in 
various population groups although their ability to establish causal 
relationship is null. Cohort studies follow groups of people over time, 
measuring the outcome of different exposure to an agent, in this 
case: exercise. In practical terms, a cohort study is the observational 
design that allows identifying risk and protective factors. 

Results from most studies are contradictory, and it has been 
suggested that part of the problem in identifying a relationship 
between PA and diseases has been the difficulty in assessing PA, 
with involving variation in measurement accuracy, that may be a 
source of heterogeneity contributing to inconsistent results among 
studies.32

Although there are several certain techniques for assessing PA, 
the cost and time burden required,33 make them not suitable for 
epidemiological research. Hence, PA questionnaires are the most 
practical and widely used approach in epidemiologic research. 
Public health initiatives aimed at increasing physical activity depend 
on the measurement of physical activity to monitor their success. 
Physical activity is multidimensional, and a complex behaviour to 
measure; its various domains are often misinterpreted. Erroneous 
or crude measures of PA have serious implications, and are likely 
to lead to misleading results and underestimate effect size. Key 
definitions and theoretical aspects, which support the measurement 
of physical activity, are essential in evaluated the relayed information 
from papers.

While, the best way to measure PA is to observe people and record 
every activity, this is very difficult to implement with a large number 
of people. PA questionnaires vary from a few basic questions to a 
detailed recall diary looking back over weeks, months, or years. But 
measuring physical activity by questionnaire can be inaccurate, and 
even a subtle difference in the wording of a question can change the 
interpretation. The more detailed the diary or questionnaire, the better 
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as it is more likely to represent true activity. Although questionnaires 
have shortcomings, they are often the best available method. 

Four main dimensions can be considered for PA measurement 
and vary extensively across studies, i.e. (1) type, (2) frequency, 
(3) duration, and (4) intensity of activity. According to use of 
divergent concepts of physical activity the focus of questions varies 
considerably between studies and countries even when related to 
the same dimension (i.e. Spanish Health Interview Study investigate 
the frequency of physical activity related to different forms of intensity 
(light, moderate, vigorous). And, in most cases different reference 
periods are used to report the frequency of physical activity (e.g. last 
7 days, usual week, last 14 days, last 12 months). 

Several criteria are used to assess the utility of questionnaires before 
using for research: 

1) Validity: implies that a comparison is made with a superior, 
although typically imperfect, standard. A validation study can 
and should evaluate the questionnaire’s assessment of the type 
of activity. Examples of different activity types include PA such 
as exercise, occupational activity, domestic activity, as well as 
childcare. A validation study should also assess the questionnaire’s 
assessment of frequency –how often the activity is performed, its 
duration – how long it is performed for each bout, as well as its 
intensity– the effort expended to conduct the activity-. Unstructured 
activities (e.g., household activities) are often difficult for subjects to 
report accurately, and recreational activities may be more memorable 
since they may require planning or an effort that other activities do 
not. Different validation procedures are doing accordingly research 
objectives and across groups’ populations, e.g. adults, adolescents, 
older adults, child, obese or pregnant women.34, 35 

2) Reliability: implies the consistency of the measurements on more 
than one administration, to the same people at different times. 

Comparison measures include both a) subjective measures (based 
on self-report of subjects), and b) objective measures (based 
on direct measurement): Self-reported measures can be self-
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administered or interviewer administered, both in person or on 
the telephone; Objective measures include markers of movement 
(accelerometers), physiological responses that are affected by 
physical activity ( i.e. heart-rate, sweat), direct measures of energy 
expenditure (doubly labelled water), and observed or video-taped 
activity (direct observation).

Other two important criteria to consider before deciding use a 
questionnaire are:

3) Practicality, the instrument should be practical in terms of both time 
and cost to the investigator and in terms of time for the participants. 

4) Relationship to disease: The questionnaire results should been 
assessed in relationship to chronic disease or factors associated. 

For further classifying sports and other recreational activities 
according to intensity and duration a Compendium of Physical 
Activity was developed to facilitate the coding of PA obtained from 
records, logs, and surveys.36 It enhances the comparability of results 
across observational studies. It is defining metabolic equivalents 
(METs). One MET is defined as the energy expended per minute 
while sitting quietly for an hour and is equivalent to 3.5 ml of oxygen 
uptake per kilogram of body weight per minute for an adult weighing 
70 kg. Summary estimates of energy expenditure must be calculated 
for the questionnaire. The number of times an activity is performed 
is multiplied by the number of hours spent on the activity at each 
session as well as its intensity defined in METs to arrive at a measure 
of total energy expenditure attributable to the activity. 

An update of the initial compendium (developed in 1989 and 
published in 1993) has been published.37 This update reflects public 
health interests in evaluating the contribution of various types of 
PA to daily energy expenditure by providing additional categories 
done during the day. The Compendium was used globally to quantify 
the energy cost of PA in adults for surveillance activities, research 
studies, and, in clinical settings, to write PA recommendations and 
to assess energy expenditure in individuals. Recently,38 in 2011, the 
Compendium was updated as a system for quantifying the energy 
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cost of adult human PA. Approximately half (317/604) of the codes 
from the 2000 Compendium were modified to improve the definitions 
and/or to consolidate specific activities and to update estimated MET 
values where measured values did not exist. It is a living document 
that is moving in the direction of being 100% evidence based.

For the immediate future, the questionnaire methods of assessing 
PA will most likely remain the method of choice for epidemiologic 
research. However, questionnaires continue to be developed and 
improved to provide more accurate PA information to allow testing 
of specific hypotheses regarding the relationship between PA and 
several chronic diseases. New technologies as the use of mobile 
technologies for PA assessment, sedentary behavior assessment, 
and/or interventions for PA behavior change were included for analysis 
in a recent review,39 concluding that new adaptive, sequential research 
designs that take advantage of ongoing technology development are 
needed.

1.4 Behavior change, health promotion and 
prevention 

Physical inactivity is a major public health problem, and evidence 
suggests that it is a contributing factor in numerous chronic diseases 
and conditions.17, 18 Along with smoking and poor dietary habits, 
physical inactivity is one of the main risk factors for chronic diseases 
that can be modified through behavior change.18 Recognition of 
the health and functional hazards of a sedentary way of life has 
led numerous groups to developed public health recommendations 
for physical activity. Public recommendations and health promotion 
campaigns have been established for these major risk factors,13-15, 

40, 41 and also policy for physical activity being an integral part of 
chronic disease prevention and health promotion; and moreover, 
physical activity improvement had been appointed as the leading 
health indicator for the year 2010.42 

A summary of current recommendations are listed below: 

Adults: 
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• All adults should avoid inactivity. Some physical activity is better 
than none, and adults who participate in any amount of physical 
activity gain some health benefits.

• For substantial health benefits, adults should do at least 150 
minutes (2 hours and 30 minutes) a week of moderate-intensity, 
or 75 minutes (1 hour and 15 minutes) a week of vigorous-
intensity aerobic physical activity, or an equivalent combination 
of moderate- and vigorous-intensity aerobic activity. Aerobic 
activity should be performed in episodes of at least 10 minutes, 
and preferably, it should be spread throughout the week.

• For additional and more extensive health benefits, adults should 
increase their aerobic physical activity to 300 minutes (5 hours) a 
week of moderate-intensity, or 150 minutes a week of vigorous-
intensity aerobic physical activity, or an equivalent combination 
of moderate- and vigorous-intensity activity. Additional health 
benefits are gained by engaging in physical activity beyond this 
amount.

• Adults should also do muscle-strengthening activities that are 
moderate or high intensity and involve all major muscle groups 
on 2 or more days a week, as these activities provide additional 
health benefits.

Although US national recommendations include advice on vigorous 
physical activity, the committee recommends focusing the message 
only on increasing physical activity in general. To reduce risk of injury, 
it is important to increase the amount of physical activity gradually 
over a period of weeks to months. For example, an inactive person 
could start with a walking program consisting of 5 minutes of slow 
walking several times each day, 5 to 6 days a week. The length of 
time could then gradually be increased to 10 minutes per session, 3 
times a day, and the walking speed could be increased slowly.2

Young persons: 

Children and adolescents should do 60 minutes (1 hour) or more of 
physical activity daily.43

• Aerobic: Most of the 60 or more minutes a day should be either 
moderate or vigorous-intensity aerobic physical activity, and should 
include vigorous-intensity physical activity at least 3 days a week. 
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• Muscle-strengthening: As part of their 60 or more minutes of 
daily physical activity, children and adolescents should include 
muscle-strengthening physical activity on at least 3 days of the 
week.

• Bone-strengthening: As part of their 60 or more minutes of daily 
physical activity, children and adolescents should include bone-
strengthening physical activity on at least 3 days of the week.

• It is important to encourage young people to participate in physical 
activities that are appropriate for their age, that are enjoyable, 
and that offer variety.

We have reached a point where the health benefits of PA are 
well documented, there is some understanding of individual and 
environmental determinants of PA, appropriate data on intervention 
efficacy exists, recommendations for both individual PA and 
community interventions are clear, public health tools for surveillance 
and evaluation are in place, and a policy agenda provides a frame 
under which these components can work. However, as scientists 
and as a public health community we have not dedicated sufficient 
resources to adapt these approaches to diverse settings and 
populations and across several sectors, and suffice understanding 
of the balance sedentarism-activity in each community.44 

While most of the guidelines have been done for individuals and 
offered into health care appointments, is also documented some 
modest effect at a population setting based in individual level 
recommendations to modify life styles or risk factors.18, 45 

Changes in physical activity behavior have been used to assess 
effectiveness of such strategies of health promotion46, and to relate 
physical activity behaviors with other factors implicated, i.e. smoking, 
obesity, diet and other socio demographic.47, 48, 49 

Prospective studies in representative samples of the population 
may be helpful to assess the community status of physical activity 
change and to evaluate variables linked to changes in PA that can 
contribute towards designing better public health interventions to 
drive population level changes in the prevalence of PA.48 
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1.5 Morbidity and mortality in relation of physical 
activity

There is a huge body of evidence and agreement, both from a 
preventive and a rehabilitative viewpoint, that regular physical activity 
results in positive health-related outcomes, including reduction 
of all-cause-mortality.50-52 An association of leisure time physical 
activity with overall mortality, with active persons having a longer life 
expectancy has been shown in different studies -mostly in Anglo-
Saxon contexts.53, 54 However it is not clear whether other domains 
of physical activity, such as occupational and daily commuting or 
walking are associated with lower risk of disease and death. Most 
of the studies on PA and mortality to date have been conducted 
among selected population groups 54, 55 and, moreover, there is scant 
evidence about those effects among women.56, 57 Hence, prospective 
studies in representative samples of the general population can 
help to estimate the relative risk of death associated to different 
dimensions and levels of physical activity.58 In addition, a joint 
effect between a healthy lifestyle and the process of healthy living 
are likely to occur; therefore, major determinants must be studied 
simultaneously. Cigarette smoking, higher body mass index, less 
physical activity, and a lower healthy diet score were all associated 
with increased cardiovascular, cancer, and all-cause mortality.59, 60

In a recent study of middle aged women, adherence to lifestyle 
guidelines involving a healthy diet, regular physical activity, and 
weight management was also associated with noticeably lower 
mortality and the results indicate that a healthy diet and regular 
physical activity have important health benefits independent of 
reducing adiposity.61

One recent systematic review and meta-analysis of prospective 
epidemiological studies in general population samples, to quantify 
relationships between all-cause mortality and different domains of 
PA, supports an inverse relationship between increasing levels of 
total and domain-specific physical activity and all-cause mortality, 
with stronger associations for women than for men, and for exercise 
and sports, leisure-time activities and activities of daily living than for 
occupational and transport-related activity.62
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As PA is undertaken in different contexts or domains, which are 
related to occupation, the routines of daily living (e.g. domestic 
activities, active commuting) and leisure (e.g. recreational activities, 
exercise and sports); the intensity, duration and frequency within each 
of these domains are used to estimate the total amount of physical 
activity. Different culture and behaviors are well known exist across 
communities, therefore reductions in mortality per increment of time 
of physical activity whether due to vigorous exercise or moderate to 
vigorous leisure activities or for moderate activities of daily living, as 
well as physical activity for transportation and walking are expected 
to be investigated similarly for Mediterranean populations.
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2. Hypotheses and Objectives

2.1 Hypotheses

1. Changes in the status of physical activity measured at community 
level in the last two decades have occurred.

2. Such changes are related to socio-demographic characteristics, 
or community or individual interventions.

3. There is an association between physical activity domains and 
reductions of all-cause mortality at the community level. 

2.2 Objectives

a) General Objective

To analyze the correlates of the changes on physical activity status 
and the association of physical activity domains with overall mortality 
at the community level.
 
b) Specific Objectives

• To describe changes on leisure time and occupational physical 
activity status at the community level.

• To evaluate sociodemographic, health related, and life style 
determinants of such changes. 

• To estimate the association of different physical activity domains 
for women and men, with overall mortality in population-based 
cohorts in Mediterranean setting.
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3. Methods

Paper 1: Changes in leisure time and occupational physical activity 
over 8 years: the Cornellà Health Interview Survey Follow-Up Study

Summary of methods: we have used data from the Cornellà Health 
Interview Survey Follow-Up Study, a prospective cohort study of 
a representative sample of the population. We considered for this 
analysis 1246 subjects, 567 men and 679 women, who had complete 
data on physical activity at baseline in 1994 and at follow-up in 2002. 
We fitted Breslow-Cox regression models to assess the association 
between correlates of interest and changes in physical activity. 

The Cornellà Health Interview Survey Follow-Up Study

This cohort was formed based on a previously cross-sectional survey 
of 2,500 people conducted in1994 (The Cornella Health Interview 
Survey). The specific aims of the Cornella Health Survey Interview 
Follow-Up (CHIS.FU) were: a) to analyze changes in smoking 
habit, alcohol consumption, and level of physical activity between 
1994 (baseline interview) and 2002 (follow-up interview), and their 
sociodemographic determinants; b) to determine the mortality and 
incidence of cardiovascular diseases and cancer in the cohort and to 
analyze their association with socioeconomic status, self-perceived 
health, life styles, and chronic conditions. Secondary to this 
objective, the CHIS.FU provided new cross-sectional information to 
be used in further follow-up, otherwise we could use that data for the 
following analyses: c) to describe risk perception beliefs on cancer; 
d) to study the prevalence of exposure to second hand smoke and 
its determinants; e) to analyze social support variables and their 
association with self-perceived health, life-styles, and use of health 
care services; and, f) to analyze health locus of control in relation 
to lifestyles and mortality. Inception cohort: The baseline health and 
sociodemographic characteristics of subjects in this investigation were 
obtained from a cross-sectional survey, the Cornella Health Interview 
Survey (CHIS) carried out in 1994. Cornella de Llobregat (http://www.
aj-cornella.es) is a town of approximately 85,000 inhabitants, mainly 
of working- and middle classes, located on the metropolitan area of 
Barcelona, Catalonia (Spain). A representative sample of the non-
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institutionalized population (all ages) of 2,500 people (1,263 women 
and 1,237 men) was selected by simple random sampling from the 
Census and interviewed face-to-face during 1994 (12 months) to 
avoid seasonal variations. 

The variables studied in the CHIS included sociodemographic and 
personal information (place of birth, age, sex, educational level and 
social class); height and weight, health behaviours (smoking habit, 
alcohol consumption, and physical activity); chronic conditions; self-
perceived health; and use of health care services. Detailed information 
of the survey is available elsewhere.63, 64, 65 Follow-up: 1994 with 
follow-up until death, migration or censoring date (30/07/02). Record 
linkage: In April 2000, we implemented a computerized record linkage 
to update the address and vital status of all 2,500 participants, with 
the objective of optimizing the response rate and improving direct 
tracing of cohort members. Afterwards, we attempted to trace the 
cohort members to conduct the phone follow-up interviews. Data in 
the CHIS.FU were managed centrally at the Prevention and Cancer 
Control Unit from the Catalan Institute of Oncology, following the 
confidentiality rules for this type of data. 

The effort spent in locating cohort members improves the precision 
as well as the validity of the study results. In this study we obtained a 
full response from 64.2% of cohort members. In our study, the cohort 
population is defined by geographic boundaries so the follow-up 
was made among those subjects who were alive and who were still 
living in Cornella. Therefore, given that migrations and deaths are 
natural losses to follow-up, the actual participation rate after follow-
up was 83.3% (1,605 interviews over 1,928 non-migrated and non-
deceased cohort members). Although 94 cohort members refused to 
answer the general questionnaire, they provided basic information 
through the short questionnaire (total participation rate of 88.1%). 
Study variables to PA analysis: Leisure time physical activity (LTPA) 
and occupational physical activity (OPA) in the previous 7 days was 
assessed using adapted questionnaires from the US Health Interview 
Survey and in the Welsh Heart Health Study; these instruments 
have been previously used in similar population surveys.21–22 LTPA 
was assessed with the following questions: During last week, how 
many times did you perform any light physical activity for at least 20 



23

minutes (walking, light recreational activities, going upstairs)?; During 
last week, how many times did you perform any moderate physical 
activity for at least 20 minutes (riding a bike, gym, running, tennis, 
swimming)?; During last week, how many times did you perform any 
intense physical activity for at least 20 minutes (team sports, hockey, 
football, physical training)?; We then classified LTPA in 1994 and in 
2002 into the following categories: sedentary: people who did not 
perform any activity; light/moderate: any number of times/week of 
light activity gathered from question 1 and up to two times/week of 
moderate or vigorous physical activity gathered from questions 2 
and 3; and vigorous: more than two times/week any moderate or 
vigorous physical activity gathered from questions 2 and 3.OPA 
was assessed with the question: ‘‘Which of the following options 
best describes your main or usual activity?; Inactive: sitting down 
most of the day; Light: standing most of the day, with little movement 
or exertions of energy; Moderate: walking, carrying some weight, 
frequent movement; Intense: physical effort and heavy labour. We 
then classified OPA in 1994 and in 2002 into two main categories: 
sedentary: subjects who answered options 1 or 2 and; and active: 
subjects who replied options 3 and 4 as daily activities. To further 
characterise subjects’ profile regarding LTPA and OPA changes at 
follow-up, we defined a ‘‘positive’’ change when an upper level of 
physical activity was reached in 2002 from a ‘‘sedentary’’ status 
in 1994. A ‘‘negative’’ LTPA change was identified when subjects 
changed from ‘‘light/moderate’’ to ‘‘sedentary’’ LTPA. A ‘‘negative’’ 
OPA change was identified when subjects changed from ‘‘active’’ 
OPA in 1994 to ‘‘sedentary’’ in 2002. 

Other independent variables in these analyses included 
sociodemographic characteristics as measured in 1994: sex, age 
(15–24 years; 25–44 years; 45–64 years; >65 years), maximum 
educational level attained (less than primary or primary studies; 
secondary or university studies) and social class categorised in 
terms of occupation. Social class was defined following the Spanish 
adaptation of the British Registrar General classification 18: class I 
(directives of the public administration and managers of companies 
with 10 or more employees, professionals associated with advanced 
university degree); class II (managers of companies with fewer than 
10 employees, professionals associated with initial university degree, 
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technicians and support professionals, artists, sportsmen); class IIIa 
(administrative workers and support professionals in administrative 
and financial management, workers in personal and security 
services); class IIIb (self-employed workers); class IIIc (supervisors 
of manual workers); class IVa (high skilled manual workers); class 
IVb (semiskilled manual workers); and class V (unskilled manual 
workers). For the analysis, we grouped these categories in three 
levels: class I-II, class III (IIIa + IIIb), and class IV-V (IVa + IVb + V). 
We also used working status according to main activity (employed; 
unemployed; disabled or retired; student; housewife).

Lifestyle variables: smoking (never smokers; former smoker; 
current smokers; including occasional and daily smokers), alcohol 
consumption (non-drinkers and thirds of consumption in g/day 
according to the separate distribution in men and women) and 
health-related variables: number of chronics conditions (0; 1 and >2); 
self-perceived health (recoded into two categories as ‘‘suboptimal’’ 
if subjects declared themselves to have a ‘‘poor rather bad,’’ ‘‘bad,’’ 
or ‘‘very bad’’ health and as ‘‘optimal’’ if they declared themselves 
to have a ‘‘poor rather good,’’ ‘‘good,’’ or ‘‘very good’’ health) and 
body mass index (BMI) calculated as weight/height squared (kg/
m2). ‘‘Obesity/overweight’’ was defined as BMI >25.0 kg/m2; BMI 
between 18.5 and 24.9 kg/m2 was considered ‘‘normal’’ weight.

In order to investigate the variables that were associated with 
changes in physical activity, we fitted Breslow-Cox regression models 
to calculate the hazard ratio (HR) of change in LTPA and OPA and 
corresponding 95% confidence intervals (CI).The assumption of 
proportionality of hazards was verified using standard graphic and 
statistical methods. Separate analyses for men and women were 
conducted. All models were adjusted for age and, when necessary, 
for other potential confounders.

Paper 2: Physical activity and mortality in a prospective cohort of 
women and men in a Mediterranean population.

Summary of methods: we use data from the 2000 Barcelona Health 
Interview Survey Follow-Up Study. The survey collected socio-
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demographic data and information about chronic conditions, life 
styles (including physical activity), self-perceived health, health 
services use, preventive practices and disability and mental health 
disorders at the initial time and it was not assessed again. 10,000 
subjects randomly selected in a multi-stage sampling strategy were 
interviewed, and from them, only subjects 45 years old and more were 
included for follow-up in our study, giving a total of 4,465 subjects. The 
vital status was established by linkage with the Barcelona Mortality 
Register for each year from 2000 to 2008. We will analyze the data 
using Cox proportional hazard regression models to estimate the 
hazard ratios of death and 95% confidence intervals (total mortality) 
for physical activity. 

The Barcelona Health Interview Survey Follow-Up Study

The inception cohort was a representative sample of the non-
institutionalized population of Barcelona in year 2000, with information 
on socio-demographic factors, chronic conditions, life styles (including 
PA), self-perceived health, health services use, preventive practices 
and disability and mental health disorders at baseline Details on 
subject recruitment and procedures are described elsewhere.66, 67  
In brief, the survey included 10,000 subjects randomly selected in a 
multi-stage sampling strategy: the sample strata were the 10 districts 
of the city and, in each stratum, a random sample of residents was 
obtained, the sample unit being the individual. The information was 
collected during face-to-face interviews at home, between February 
2000 and March 2001. Interviews were conducted in Catalan and 
Spanish. The interviewer could be helped by a proxy person in 
case the index person did not understand the language or had 
communication problems.

Main Outcome measure: Total (all-cause) mortality was the main 
outcome measure as recorded in the Barcelona Mortality Register. 
Given the limited number of deaths, we disregarded the analysis 
by specific causes of death. Independent variables: We considered 
separately leisure time physical activity and occupational (i.e., work-
related) physical activity, from physical activities recalled during the 
last 2 weeks before the interview. Also, we included walking practice 
considering cumulative hours of walking per 2 weeks of walking. 
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Questions on leisure time physical activity were adapted from those 
used in the Welsh Heart Health Study (asking for the activities 
done, how many times and how many minutes). These questions 
have been successfully used in the same population and have a 
high correlation with physical fitness. Thus, leisure time physical 
activities from the questionnaire were defined in multiples of the 
metabolic equivalents (METs, kcal/kg*h) and were obtained from a 
compendium of physical activities. Total energy expended in METs 
was estimated from reported time and frequency of each activity in 
the past 2 weeks. Total energy expended in METs was categorized 
according to quartiles (in women, sedentary: ≤ 243; low: 243.1 to 
1,408; moderate: 1,408.1 to 3,157.9; and high: ≥3,158; in men: 
sedentary:≤795.9; low: 796 to 2,026.9; moderate: 2,027 to 4,319.9; 
high: ≥4,320;). Occupational physical activity was assessed with the 
question: “Which of the following possibilities best describes your 
usual activity at work, home or in study place (excluding sports and 
leisure-time physical activity)? that admitted the following answers: 
1) sitting down most of the day; 2) standing most of the day, with 
little movement or exertions of energy; 3) walking, carrying some 
weight, frequent movement; and 4) physical effort and heavy labor. 
These categories were labeled as sedentary, low, moderate and high 
occupational physical activity, respectively. 

Cumulative hours per 2 week of walking habits recalled from the 
questionnaire during the last 2 weeks (number of times and minutes 
each time) before the interview were assessed, then no-walking 
and amount of walking were graded in three levels according to its 
frequency (1st third: 0.5 to 6; 2nd third:6.6 to 15; 3rd : third > or equal 
16). The other independent variables included socio-demographic 
determinants such as sex, age (45-54 years; 55-64 years; 65-74 
years; ≥75 years), maximum educational level attained (less than 
primary or primary studies; secondary or university studies) and 
social class based on occupation. Social class was obtained using 
the Spanish adaptation of the British Registrar General classification, 
through the current of past occupation of the interviewed or, if she/
he had never worked, the occupation of the head of the household. 
We also used working status according to main activity (employed; 
unemployed; disabled or retired; student; housewife). The following 
life style were included as potential confounders: smoking (never 
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smokers; former smoker; current smokers), alcohol consumption 
(nondrinkers and sex-specific thirds of consumption in g/day), and 
health-related variables: number of chronic conditions (0; 1 and ≥ 2); 
self-perceived health (recoded into two categories as “suboptimal” if 
subjects declared to have a “poor”, “ bad” or “very bad” health and 
as “optimal” if they declared to have a “good” or “very good” health) 
and body mass index (BMI) from self-reports on weight and height, 
calculated as weight/height squared (in Kg/m2). We categorized BMI 
as “obesity/overweight”, “regular” and “underweight” according to 
WHO recommendations for men and women.

Follow-up: We included the 4,465 subjects older than 45 for follow-
up (2516 women and 1949 men). The vital status was established by 
linkage with the Barcelona Census Register, which is connected with 
the Catalan Mortality Register, for each year from 2000 to 2008. The 
beginning of the follow-up was established by the date of interview 
and the end of follow-up with the date of death for deceased subjects 
or the censoring date (August 30th, 2008). Migrants were censored at 
the date of migration, as recorded in the Census. We obtained 29,683 
person-years of follow-up. Statistical procedures: Participants were 
classified by physical activity levels. We examined the distribution of 
covariates according to level of physical activity for women and men 
using the X² test to compare proportions and the analysis of variance 
to compare means. We used multivariate Cox proportional hazard 
regression models to estimate the hazard ratios (HR) of death and 
the corresponding 95% confidence intervals (CI) by level of physical 
activity while controlling for relevant covariates. We considered time 
on entry at the study (interview date) as the time scale. Physical 
activity was included in the models as a categorical variable, with 
the lower level of physical activity as the reference category. The 
proportional hazard assumption was assessed and confirmed with 
graphical methods, and with models including time-by-covariate 
interactions. To examine the potential for residual confounding of 
the age-adjusted estimates, we compared age-adjusted estimates 
and estimates adjusted for multiple confounding factors. We tested 
performed separated analysis for women and men. All the statistical 
analyses included the sample weights derived from the complex 
sample design.
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4. Results

In order to assess the objectives, the thesis was carried out in 2 
separates studies. These studies are presented into two scientific 
articles:

• Article 1: Cornelio CI, García M, Schiaffino A, Borrès JM, 
Nieto FJ, Fernández E; CHIS.FU Study Group. Changes in 
leisure time and occupational physical activity over 8 years: the 
Cornellà Health Interview Survey Follow-Up Study. J Epidemiol 
Community Health. 2008 Mar; 62(3):239–44.

• Article 2: Cornelio CI, Fernández E, Marí-Dell’Olmo M, Borrell C. 
Physical activity and mortality in a prospective cohort of women 
and men in a Mediterranean population. Submitted
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ARTICLE 1

Changes in leisure time and occupational 
physical activity over 8 years: the Cornellà Health 
Interview Survey Follow-Up Study 

Cornelio CI, García M, Schiaffino A, Borrès JM, Nieto FJ, 

Fernández E; CHIS.FU Study Group.

J Epidemiol Community Health. 2008; 62(3):239–44.

doi:10.1136/jech.2006.051953

http://jech.bmj.com/content/62/3/239.abstract
http://jech.bmj.com/content/62/3/239.abstract
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ARTICLE 2

Physical activity and mortality in a prospective 
cohort of women and men in a Mediterranean 
population

Cornelio CI, Fernández E, Marí-Dell’Olmo M, Borrell C
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ABSTRACT

• Background To analyze the association of different physical 
activity domains with overall mortality in a population-based 
cohort of women and men in a Mediterranean population. 

• Method Baseline data from 10,000 subjects randomly selected 
from the population of Barcelona in a multi-stage sampling 
strategy was collected between February 2000 and March 2001. 
Subjects ≥45 years old were included for follow-up, obtaining a 
total of 4,465 participants (2,516 women and 1,949 men). The vital 
status was established by linkage with the Barcelona Mortality 
Register up to 2008. To determine the association between all-
cause mortality and domains of physical activity, crude mortality 
rates per 1,000 persons-years and hazard ratios (HR) with 95% 
confidence intervals (CI) were computed.

• Results There were 694 deaths (355 women and 339 men) 
during the 6.6-years follow-up. Leisure time physical was 
inversely associated to the risk of death with a 60% reduction in 
the more active women (HR=0.40, 95% CI 0.27- 0.60) and men 
(HR=0.60, 95% CI 0.27-0.78). The multivariate analysis showed 
similar figures. Walking habit was associated with decreased 
mortality which was stronger among women. An inverse trend in 
mortality is also apparent for occupational physical activity. 

• Conclusion The effects of all domains of physical activity were 
substantial; therefore promoting moderate levels of Leisure 
Time Physical Activity, Occupational Physical Activity and 
walking should be essential in comprehensive health promotion 
programs. 

• Keywords Physical activity, mortality, cohort study, leisure time, 
occupation
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Introduction

There is a huge body of evidence and agreement, both from a 
preventive and a rehabilitative viewpoint, that regular physical activity 
results in positive health-related outcomes, including reduction 
of all-cause-mortality.1-4 An association of leisure time physical 
activity with overall mortality, with active persons having a longer life 
expectancy has been shown in different studies -mostly in Anglo-
Saxon contexts.5-8 However it is not clear whether other domains 
of physical activity, such as occupational and daily commuting or 
walking are associated with lower risk of disease and death.9-11

Most of the studies on PA and mortality to date have been conducted 
among selected population groups12-16 and, moreover, there is scant 
evidence about those effects among women.17- 19 Hence, prospective 
studies in representative samples of the general population can help 
to assess the public health impact of physical activity as well as to 
estimate the relative risk of death associated to different dimensions 
and levels of physical activity. In addition, a joint effect between a 
healthy lifestyle and the process of healthy living are likely to occur; 
therefore, major determinants must be studied simultaneously.20, 21 

Cumulated evidence relating to the health benefits of increasing PA 
has resulted in guidelines that emphasizes the utility of the “physical 
exercise” approach,22-24 and promoting heart-healthy behaviours 
is a major strategy to reduce the development of cardiovascular 
disease, among other disorders.25 Despite increasing awareness 
and commitment concerning these issues, the United Nations 
have voiced their ongoing concern about the increase in non-
communicable diseases which are now responsible for more deaths 
than all other causes combined, pointing out that physical activity is 
one of the few proven and affordable measures to prevent this fatal 
outcome. 26, 27 Therefore, understanding the balance of sedentarism 
trends and activity patterns in each community is fundamental to 
prevent adverse health consequences or delayed onset of non-
communicable diseases from a contemporary perspective.28

Consequently, this paper analyzes separately, for women and 
men, the association of different physical activity domains with 
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overall mortality in a population-based cohort in a Mediterranean 
population. 

Methods

Study subjects

We used data from the Barcelona Health Interview Survey Follow-
Up Study. The inception cohort was a representative sample of 
the non-institutionalized population of Barcelona in year 2000, and 
collected socio-demographic information about chronic conditions, 
life styles (including PA), self-perceived health, health services use, 
preventive practices and disability and mental health disorders 
at baseline Details on subject recruitment and procedures are 
described elsewhere.29, 30 In brief, the survey included 10,000 
subjects randomly selected in a multi-stage sampling strategy: the 
sample strata were the 10 districts of the city and, in each stratum, a 
random sample of residents was obtained, the sample unit being the 
individual. The information was collected in face-to-face interviews 
at home, between February 2000 and March 2001. Interviews were 
conducted in Catalan and Spanish. The interviewer could be helped 
by a proxy person in case the index person did not understand the 
language or had communication problems.31

Main Outcome measure

Total (all-cause) mortality was the main outcome measure as 
recorded in the Barcelona Mortality Register. Given the limited 
number of deaths, we disregarded the analysis by specific causes 
of death. 

Independent variables

We considered separately leisure time physical activity and 
occupational (i.e., work-related) physical activity, from physical 
activities recalled during the last 2 weeks before the interview. Also, 
we included walking practice considering cumulative hours of walking 
per 2 weeks of walking. 



51

Questions on leisure time physical activity were adapted from those 
used in the Welsh Heart Health Study (asking for the activities done, 
how many times and how many minutes).32, 33 These questions 
have been successfully used in the same population and have a 
high correlation with physical fitness.34-37 Thus, leisure time physical 
activities from the questionnaire were defined in multiples of the 
metabolic equivalents (METs, kcal/kg*h) and were obtained from a 
compendium of physical activities.38 Total energy expended in METs 
was estimated from reported time and frequency of each activity in 
the past 2 weeks. Total energy expended in METs was categorized 
according to quartiles (in women, sedentary: ≤ 243; low: 243.1 
to 1,408; moderate:1,408.1 to 3,157.9; and high: ≥3,158; in men: 
sedentary:≤795.9; low: 796 to 2,026.9; moderate: 2,027 to 4,319.9; 
high: ≥4,320;). Occupational physical activity was assessed with the 
question: “Which of the following possibilities best describes your 
usual activity at work, home or in study place (excluding sports and 
leisure-time physical activity)? that admitted the following answers: 
1) sitting down most of the day; 2) standing most of the day, with 
little movement or exertions of energy; 3) walking, carrying some 
weight, frequent movement; and 4) physical effort and heavy labor. 
These categories were labeled as sedentary, low, moderate and 
high occupational physical activity, respectively. 

Cumulative hours per 2 week of walking habits recalled from the 
questionnaire during the last 2 weeks (number of times and minutes 
each time) before the interview were assessed, then no-walking 
and amount of walking were graded in three levels according to its 
frequency (1st third: 0.5 to 6; 2nd third:6.6 to 15; 3rd : third > or 
equal16).

The other independent variables included socio-demographic 
determinants such as sex, age (45-54 years; 55-64 years; 65-74 
years; ≥75 years), maximum educational level attained (less than 
primary or primary studies; secondary or university studies) and 
social class based on occupation. Social class was obtained using 
the Spanish adaptation of the British Registrar General classification, 
through the current of past occupation of the interviewed or, if she/he 
had never worked, the occupation of the head of the household.39, 40 
We also used working status according to main activity (employed; 



52

unemployed; disabled or retired; student; housewife). The following 
life style were included as potential confounders: smoking (never 
smokers; former smoker; current smokers), alcohol consumption 
(non drinkers and sex-specific thirds of consumption in g/day), and 
health-related variables: number of chronic conditions (0; 1 and ≥ 2); 
self-perceived health (recoded into two categories as “suboptimal” if 
subjects declared to have a “poor”, “ bad” or “very bad” health and 
as “optimal” if they declared to have a “good” or “very good” health) 
and body mass index (BMI) from self-reports on weight and height, 
calculated as weight/height squared (in Kg/m2). We categorized BMI 
as “obesity/overweight”, “regular” and “underweight” according to 
WHO recommendations for men and women.41

Follow-up

We included the 4,465 subjects older than 45 for follow-up (2516 
women and 1949 men). The vital status was established by linkage 
with the Barcelona Census Register, which is connected with the 
Catalan Mortality Register, for each year from 2000 to 2008. The 
beginning of the follow-up was established by the date of interview 
and the end of follow-up with the date of death for deceased subjects 
or the censoring date (August 30th, 2008). Migrants were censored 
at the date of migration, as recorded in the Census. We obtained 
29,683 person-years of follow-up. 

Statistical procedures

Participants were classified by physical activity levels. We examined 
the distribution of covariates according to level of physical activity for 
women and men using the Χ² test to compare proportions and the 
analysis of variance to compare means.

We used multivariate Cox proportional hazard regression models 
to estimate the hazard ratios (HR) of death and the corresponding 
95% confidence intervals (CI) by level of physical activity while 
controlling for relevant covariates. We considered time on entry 
at the study (interview date) as the time scale. Physical activity 
was included in the models as a categorical variable, with the 
lower level of physical activity as the reference category. The 
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proportional hazard assumption was assessed and confirmed with 
graphical methods, and with models including time-by-covariate 
interactions42 To examine the potential for residual confounding of 
the age-adjusted estimates, we compared age-adjusted estimates 
and estimates adjusted for multiple confounding factors. We 
tested performed separated analysis for women and men. All the 
statistical analyses included the sample weights derived from 
the complex sample design. All procedures were carried out with 
STATA (StataCorp 4905 Lakeway Drive College Station, Texas 
77845 USA) version 9.

Results

There were 694 deaths (355 women and 339 men) during the study 
period, with a median follow-up of 6.7 years for women and 6.5 for 
men. Tables 1 and 2 show the mean age values and distribution of 
potential confounders and socio-demographic variables at baseline, 
by levels of leisure time physical activity, occupational physical 
activity and walking. 

The high performers of leisure time physical activity and occupational 
physical activity compared with sedentary participants tended to 
be younger, in both women and men. Differences between leisure 
time physical activity and occupational physical activity were seen 
in educational and social class terms: moderate and high leisure 
time physical activity participants had a higher education and were 
in advantaged social classes, both in women and men. Conversely, 
women and men with moderate/ high occupational physical activity 
were less educated. 

There were significant differences in the levels of PA attributable to 
walking according to other lifestyle and socio-demographic variables. 
In general, male participants in the two most active groups (upper 
thirds) had less education, were in disadvantage social classes and 
were older. Minor differences were seen among women across thirds 
of walking categories.

Tables 3 and 4 show the number of deaths, the crude mortality rates 
and the HRs and 95% CIs of death, according to leisure time physical 
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activity, walking and occupational physical activity, for women and 
men respectively. 

Leisure time physical activity was inversely associated to the risk of 
death. In the case of women, a reduction of mortality was observed 
across levels of leisure time physical activity, with a clear linear trend 
(p for trend < 0.001), getting a 60% reduction in the more active 
women (age-adjusted HR=0.40, 95%CI 0.27 to 0.60) when compared 
with sedentary. This pattern remained after adjustment for several 
potential confounders (table 3). The protective effect of walking was 
also evident among women, with a 59% reduction of mortality risk 
and a clear dose-response relationship (p for trend < 0.0001). Men 
with high leisure time physical activity habits had an age-adjusted 
HR of death of 0.57, 95%CI 0.41 to 0.79). The multivariate analysis 
showed similar figures, confirming the significant protective effect of 
high leisure time physical activity whereas a linear trend in the HR 
was not apparent. The analysis of walking habits showed a trend 
towards reduction of mortality as the amount of walking increases, 
up to a 33% of reduction when observing the highest performing 
group (multivariate HR 0.67, 95%CI 0.48 to 0.95).

An inverse trend in mortality was also apparent for occupational 
physical activity. In women, age-adjusted mortality risk and 
multivariate analysis show a statistically significant protective effect 
upon mortality: for those women who were physically more active, 
the risk of all-cause mortality was 39% lower than for those who were 
physically inactive (multivariate HR 0.61; 95%CI 0.41 to 0.93). In 
men, a pattern towards reduced mortality was also present, whereas 
the mortality risk reduction was less than that observed in women.

Discussion

Our data show that PA, anyway analyzed as leisure time physical 
activity, walking habits and occupational physical activity, is clearly 
associated with lower risk of all-cause mortality in both women and 
men. One of the key findings is that PA was related to all-cause 
mortality risk with a dose–response pattern (more pronounced in 
women than in men) as verified in other populations, according to 
other authors’ findings.43-46
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Even though walking habits and occupational physical activity have 
been shown to be inversely associated with all-cause mortality in this 
representative sample of general population, the published evidence 
of such an association in terms of gender and physical activity 
intensity is not well established.47, 48 Sundquist et al.49  demonstrate 
that even occasional physical activity is associated with decreased 
all-cause mortality and insist on the benefits of walking in the 
elderly. Other studies have found that regular walking among older 
men participating was also associated with decreased all-cause 
mortality.50, 51 Moreover, our study shows that even low amount of 
walking in both women and men, middle aged and over, is associated 
with decreased all-cause mortality. In contrast, data from the Seventh 
Day Adventist Study revealed only a small effect of physical activity 
on mortality for men, although relevant for men aged 65 to 74 at the 
start of the study.52

Regarding occupational physical activity, conflicting results 
characterize the available scientific evidence. In some studies, high 
levels of occupational physical activity have been reported to reduce 
the risk of cardiovascular and all-cause mortality.53 In contrast, other 
studies have reported an increased risk of cardiovascular disease 
and premature mortality resulting from a high level of occupational 
physical activity.54 This divergence might be due to a number of 
reasons, including discrepancies in the assessment of physical 
activity at work, differences between the study populations, or work 
groups, the length of follow-up, and lack of potential confounders 
control.

This paper adds epidemiological evidence in support of the physical 
activity amount accumulation hypothesis through an “active living” 
(based on diverse activities, such as walking, occupation, housework 
or fitness) for improving health gains. These results also contribute 
to the understanding of the epidemiology of the activity-sedentarism 
binomium. All aspects of daily life and their impacts on population 
health outcomes must be considered for a clear understanding of 
the new paradigm in activity-inactivity research.19, 55

Taking into account that public recommendations for health-
promoting physical activity17 do not discriminate between activities 



56

occurring at the workplace, in daily life or during leisure time, our data 
emphatically stresses the importance of health effects of walking. Why 
is this significant? Our society is experimenting increasing levels of 
technological development and potential increase of passive tasks, 
as reflected in trends in life expectancy and alarming increases in 
levels of obesity around the world.56 Thus, it is highly unlikely that 
mere recommendations of moderate leisure time physical activity –
also extremely difficult to achieve and sustain- will suffice to prevent 
increasing burden of chronic diseases in the population and to 
restore the balance between activity and sedentarism, as proposed 
by some researchers.28 Therefore, walking is the most accessible 
tool to achieve this goal.

Although randomized controlled trials provide the strongest form 
of scientific evidence of physical activity intervention effectiveness, 
one of the most significant strengths of this observational cohort 
study is that it captures the variation of the community daily living. 
This study also includes a representation of what happens in the 
general population, a limitation when studying samples recruited 
in randomized controlled trials or in selected population groups.57 

Furthermore, to our knowledge, this investigation is the first one of 
its class in a Mediterranean population.

However, potential limitations have to be considered. Participants 
selected for this analysis were adults over 45, thus the present 
findings cannot be generalized to younger ages, while levels of 
physical activity among younger people are even higher.26, 27 
Although we used self-reports to assess physical activity, such 
information has been considered to be reliable and valid.20-24 
The present analysis controlled for major potential confounding 
variables, but residual confounding cannot be ruled out. All study 
variables were measured at baseline, and no repeated measures 
were considered in the design of the study. Hence, changes in 
the levels of physical activity and other variables might affect the 
results. A tendency to increase the levels of leisure time physical 
activity during the last decades in Spain has been described, as 
well as other healthy life styles, whereas obesity and overweight 
have increased.58, 59 Given that almost all potential changes would 
have been favourable in terms of health gain; our results, if biased, 
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would be an underestimation of the real impact of physical activity 
upon mortality.

In conclusion, this cohort study shows that low and moderate levels 
of physical activity are associated with a reduction of all-cause 
mortality risk among both women and men and, furthermore, that 
there is a noticeable protective trend in women. This protective effect 
was observed after controlling for other mortality determinants, 
such as age, BMI, education, smoking and other health and social 
conditions.

Therefore, promoting moderate levels of leisure time physical 
activity, including walking, and occupational physical activity, should 
be an essential component in comprehensive health promotion 
programmes for the primary prevention of non-communicable 
diseases. 
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5. Discussion

The main results of this thesis are that there were changes at 
population levels on the physical activity status, and that no clear 
determinants of such changes were recognized. Moreover, the 
effects of all domains of physical activity considered -Leisure Time 
Physical Activity, Occupational Physical Activity and walking- were 
associated with a substantial decreased of mortality risk. 

Regarding the changes in Physical activity (Article 1), we found that 
among our study participants, 61.6% of those reporting sedentary 
LTPA habits and 64.3% reporting sedentary OPA at baseline changed 
to more active levels 8 years later. These changes are consistent with 
reported trends of increasing LTPA in Mediterranean populations, 
despite the fact that populations have a high prevalence of obesity.27, 

68 Even though we could not identify clear correlates of changes in 
either LTPA or OPA in this community-based study, they appear to be 
more closely associated with socio-demographic factors than with 
other health conditions, related behaviours or lifestyle. 

Although some studies69-71 have linked the former factors with 
the likelihood of change of physical activity, many others have 
not.72, 73 The lack of a statistically significant association between 
factors such as smoking habits and LTPA or self-perceived health 
and OPA are possibly affected by the relatively small sample size 
of the cohort. It is important to keep in mind, however, that we 
only explored associations between change in physical activity 
in association with baseline levels of these risk factors (that is, 
smoking, alcohol consumption, BMI, etc.), thus assuming that 
those factors remained unchanged during follow-up. Changes 
in these risk factors may affect changes in physical activity and, 
thus, this is a possible limitation of the study. Although we know 
that changes have occurred, we can’t determine at which point in 
the follow-up these changes occurred, and hence we are not able 
to properly adjust for them in the analysis. However, our findings 
are in agreement with previously published results reporting no 
association or weak associations between changes in LTPA status 
and tobacco, alcohol consumption or obesity.74 Our study focused 
mainly on the ‘‘first step of change,’’ from sedentary to light/
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moderate LTPA, since sedentary subjects are those most critically 
needing some increase in physical activity. 

Demographic factors, such as age and sex, were related to physical 
activity changes. Gender differences in reported LTPA levels were 
consistent with previous reports75 and the association with age varied 
according to gender. Positive changes in LTPA were more likely 
in men than in women. Men reaching their 40s were more stable 
in their habits. Thus, targeting behavioural interventions to young 
men may have greater impact from a public health perspective. In 
this cohort, women were less likely to modify their physical activity 
habits, regardless of age. 

Some authors have argued that decreasing OPA is one of the 
factors implicated in the steadily increasing prevalence of obesity 
in the developed world.76, 77 In such societies, an increasing reliance 
on technology has considerably reduced work-related physical 
activity and the energy expenditure required for daily living. The 
circumstances in specific community settings such as ours with a 
unique social or cultural environment and economic organisation may 
lead to different relations between these social phenomena, however. 
The results of this study show that there were positive changes in 
OPA that could be attributable in part to changes in the overall pattern 
of occupation of the cohort: the proportion of employed people 
increased between 1994 (37.9%) and 2002 (48.7%); it is conceivable 
that those newly employed were in occupations with higher demands 
of OPA. Although an association of physical activity and social class 
has been reported by several authors,29, 78, 79 the relative homogeneity 
of social class in our cohort (nearly 80% of the population belongs 
to social class categories IV and V) limited our ability to explore this 
issue. Nevertheless, we did observe some degree of association 
between education and changing physical activity habits especially in 
women. Educated and occupationally active women were more likely 
to increase their LTPA; furthermore employed women had greater 
tendency to be active in OPA terms. On the other hand, educated 
and older women had a greater probability to change to sedentary 
occupation-related physical activity. Therefore, this reveals some 
association between social class, education and occupation, as 
previously described in the literature.80, 81
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Physical and social environment have been linked with increased 
physical activity.47, 82   Community interventions45, 83 to reduce sedentari-
ness and to promote healthy habits have been proposed as primary 
health promotion activities. In addition, physical activity is ranked as a 
leading health indicator for future objectives of health improvement.16 
Several campaigns promoted walking and local community-
sponsored wellness initiatives to promote exercise and to reduce 
cholesterol levels were developed in Cornellà de Llobregat during the 
late 1990s.84 Whereas our objective did not focus on measuring the 
effectiveness of such activities, their impact could partially explain the 
magnitude of the observed changes in this population. Our design 
lacks repeated measures of physical activity at regular points of time 
that would have helped in evaluating a potential progressive increase 
in physical activity. 

Complementary information, not only at the individual level but at 
contextual level (that is, number of fitness facilities in neighborhoods), 
should also be included in new studies aimed at assessing changes 
in physical activity. Available evidence suggests the benefits of a 
moderate amount of regular walking in improving wellbeing and 
cardiovascular fitness, while being easier to maintain than more 
demanding physical activity levels that have been recommended by 
international organisations.85

The campaigns in Cornella` de Llobregat were noticeable in positive 
effects on the exercise intention and walking behaviours of the cohort 
members: more than 50% of subjects who changed to sedentary and 
light/moderate physical activity declared walking as the preferred 
daily activity.

Concerning the association between physical activity and mortality 
(Article 2), our data show that PA, anyway analyzed as leisure time 
physical activity, walking habits and occupational physical activity, is 
clearly associated with lower risk of all-cause mortality in both women 
and men. One of the key findings is that PA was related to all-cause 
mortality risk with a dose–response pattern (more pronounced in 
women than in men) as verified in other populations, according to 
other authors’ findings.60, 62 
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Even though walking habits and occupational physical activity have 
been shown to be inversely associated with all-cause mortality in this 
representative sample of general population, the evidence of such 
an association in terms of gender and physical activity intensity is not 
well established. Sundquist et al 86, demonstrate that even occasional 
physical activity is associated with decreased all-cause mortality 
and insist on the benefits of walking in the elderly. Other studies 
have found that regular walking among older men participating was 
also associated with decreased all-cause mortality. Moreover, our 
study shows that even low amount of walking in both women and 
men, middle aged and over, is associated with decreased all-cause 
mortality. In contrast, data from the Seventh Day Adventist Study 
revealed only a small effect of physical activity on mortality for men, 
although relevant for men aged 65 to 74 at the start of the study.87

Regarding occupational physical activity, conflicting results 
characterize the available scientific evidence. In some studies, high 
levels of occupational physical activity have been reported to reduce 
the risk of cardiovascular and all-cause mortality. In contrast, other 
studies have reported an increased risk of cardiovascular disease 
and premature mortality resulting from a high level of occupational 
physical activity. This divergence might be due to a number of 
reasons, including discrepancies in the assessment of physical 
activity at work, differences between the study populations, or work 
groups, the length of follow-up, and lack of potential confounders 
control.

This paper adds epidemiological evidence in support of the physical 
activity amount accumulation hypothesis through an “active living” 
(based on diverse activities, such as walking, occupation, housework 
or fitness) for improving health gains. These results also contribute 
to the understanding of the epidemiology of the activity-sedentarism 
binomium. All aspects of daily life and its impacts on population 
health outcomes must be considered for a clear understanding of 
the new pattern in activity-inactivity research. 

Taking into account that public recommendations for health-
promoting physical activity44 do not discriminate between activities 
occurring at the workplace, in daily life or during leisure time, our data 
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emphatically stresses the importance of health effects of walking. Why 
is this significant? Our society is experimenting increasing levels of 
technological development and potential increase of passive tasks, 
as reflected in trends in life expectancy and alarming increases in 
levels of obesity around the world.88 Thus, it is highly unlikely that 
mere recommendations of moderate leisure time physical activity –
also extremely difficult to achieve and sustain- will suffice to prevent 
increasing burden of chronic diseases in the population and to 
restore the balance between activity and sedentarism, as proposed 
by some researchers.20 Therefore, walking is the most accessible 
tool to achieve this goal.

Limitations

When evaluating the results of the results of this thesis, it should be 
taken into account certain limitations that appear in our studies. 

Firstly, within the Changes in levels of PA (Article 1) one potential 
limitation of our study could be some degree of information bias 
because of different ways of administering the questionnaire: the 
baseline interview was face-to-face at the participant’s home while 
the follow-up questionnaire was administered by telephone.89 Face-
to-face and telephone interviews have been shown to have high 
levels of agreement in a similar setting.90 The questions used were 
the same, and interviewers were similarly trained. However, some 
degree of non-differential misclassification is possible and, hence, 
some bias towards the null hypothesis cannot be ruled out. 

The results presented here attempt to show how a community 
has changed habits in the last decade. These correlates 
(sociodemographic, health conditions and lifestyles) should not 
be represented as unchanging factors, but factors with close 
interdependence, and also with changing patterns across time.

Unfortunately, our data do not allow us to adjust for changes in these 
factors, since we do not know exactly when the observed changes 
occurred. This is an aspect that future studies might consider 
addressing.
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Finally, some potential limitations in the second study have to be 
considered. Participants selected for this analysis were adults over 
45, thus the present findings cannot be generalized to younger ages, 
while levels of physical activity among younger people are even 
higher.17,18 Although we used self-reports to assess physical activity, 
such information has been considered to be reliable and valid. 1, 61, 

62 The present analysis controlled for major potential confounding 
variables, but residual confounding cannot be ruled out. All study 
variables were measured at baseline, and no repeated measures 
were considered in the design of the study. Hence, changes in the 
levels of physical activity and other variables might affect the results. 
A tendency to increase the levels of leisure time physical activity 
during the last decades in Spain has been described,31 as well 
as other healthy life styles, whereas obesity and overweight have 
increased.27 Given that almost all potential changes would have 
been favourable in terms of health gain; our results, if biased, would 
be an underestimation of the real impact of physical activity upon 
mortality. 

Strengths

Among the strengths of the first study included in this thesis, its 
population-based, longitudinal and prospective design has permitted 
us to evaluate the actual change in physical activity patterns in a 
sample of the adult population. Moreover, we want to stress the high 
participation rates in the study. Ninety-two per cent of the Cornellà 
Health Interview Survey Follow-Up study members were effectively 
traced and the response rate at follow-up was 64.2%.63 In addition, 
to our knowledge, this is the first study that evaluates changes and 
correlates in physical activity levels in a Mediterranean population-
based cohort with active follow-up. The results presented here 
attempt to show how a community has changed habits in the last 
decade.

Although randomized controlled trials provide the strongest form 
of scientific evidence of physical activity intervention effectiveness, 
one of the most significant strengths of the observational cohort 
study offered in Article 2 is that it captures the variation of the 
community daily living. This study also includes a representation of 
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what happens in the general population, a limitation when studying 
samples recruited in randomized controlled trials or in selected 
population groups.91

Furthermore, to our knowledge, this investigation is the first one of 
its class in a Mediterranean population.
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6. Conclusions

The main conclusion of the thesis is that in these Mediterranean 
populations there were changes, in the last two decades, in the 
physical activity status in a positive way and, moreover, we identified 
that low and moderate levels of physical activity are associated to a 
reduction of all-cause mortality risk among both women and men and, 
furthermore, that there is a noticeable protective trend in women.

One of the key messages of this thesis is the contribution to the 
understanding of the activity-sedentarism research. Our study 
focused mainly on the ‘‘first step of change’’, from sedentary to light/
moderate LTPA. We identified the determinants of such changes 
that could improve the health status in those most in need of some 
increase of physical activity. On the other hand, the thesis shows 
that even small amounts of activity in diverse settings across the 
day, -for example, in walking, in transport, occupations, and house- 
work may decrease mortality. 

From our point of view, as public health researchers, this thesis 
demonstrates that there is some degree of awareness in our 
population about the health benefits of performing movements.

Changes seem to be more constrained to gender traits. Demographic 
factors, such as age and sex, were related to physical activity 
changes. Gender differences in reported LTPA levels were consistent, 
and the association with age varied accordingly. Positive changes in 
LTPA were more likely in men than in women. Men reaching their 
40s were more stable in their habits. Thus, targeting behavioural 
interventions to young men may have greater impact from a public 
health perspective. 

Finally, this thesis adds epidemiological evidence to lead public 
health policy to adopt the “moderate physical activity” message in 
Mediterranean communities, but also, we contributed to the new 
paradigm what has become known as “active living” or “healthy 
lifestyle” approach. Although the epidemiological evidence at that 
point is not huge, it was proposed that energy expenditure in slight 
activities as walking or commuting or occupational could enhance 
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across the day to deliver health benefits. These results also contribute 
to the understanding of the epidemiology of the activity-sedentarism 
binomium. All aspects of daily life and their impacts on population 
health outcomes must be considered for a clear understanding of 
the new paradigm in activity-inactivity research.

Thus, new lines of research would be essential to updating and 
clarifying the evidence about the balance of activity–inactivity. New 
interventions and cohort studies should include patterns of sedentary 
behaviors, for example the health effect of sitting at work and in 
leisure time, as well as the benefits of active commuting or domestic 
activities. 

Improvements in the way we assess daily energy expenditure 
and sitting time in population-based surveys could lead towards 
designing better public health interventions, aimed to drive population 
level changes in the prevalence of PA as an essential component 
in comprehensive health promotion programmes for the primary 
prevention of non-communicable diseases.
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