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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 Cornella 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 fisica o el sedentarismo es un problema central de la
salud publica, la evidencia cientifica muestra que es un factor de riesgo
para numerosas enfermedades de las denominadas crénicas o no
transmisibles. Junto al habito de fumar y a la alimentacién es un factor
de riesgo de enfermedad que puede ser modificado por cambios de
comportamiento y habitos. Se postula que realizar actividad fisica de
manera regular permite lograr efectos positivos sobre el bienestar y
la salud; ademas, el mejoramiento en los niveles de actividad ha sido
seflalado como un indicador lider de las ganancias en salud. En este
sentido disponer de datos poblacionales es fundamental para discutir
las politicas publicas sanitarias: las variaciones a nivel poblacional
de los indicadores de salud son los que guian las discusiones para
desarrollar guias que mejoren la salud comunitaria.

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

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

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

1.1 Overview

Performing physical activity on a regular basis has been linked
with positive effects on health and well-being." 2 Its association with
reduction of all-cause mortality is also established.*” In addition,
physical activity has many other health benefits, including reduced
risk of cardiovascular diseases, stroke, depression, and diabetes™°.
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. 2

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” approach '* ' 15 and promoting heart-
healthy behaviours is a major strategy to reduce the development
of cardiovascular disease, among other chronic disorders.' 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.® 7

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 recognized™.
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.'® 20



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 1992.2" 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.?

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% 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.?”
However, regardless of those improvements, inequalities between
gender and social class were evident and increasing from 1987 to
1993.% 20 |nactivity 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.** 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.®!

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.>'? The highest quality research study in humans
is the randomised controlled trial (RCT), and short term RCTs have
looked at the effect of exercise onrisk factors. Alonger 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.*?

Although there are several certain techniques for assessing PA,
the cost and time burden required,*®* 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.3* 3%

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.* 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.®” 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,*® 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 arecent review,* 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." '® 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.’® 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,'*'%
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:



» 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 onincreasing 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.?

Young persons:

Children and adolescents should do 60 minutes (1 hour) or more of

physical activity daily.*3

» 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.

* ltisimportantto 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.*4

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.® 4°

Changes in physical activity behavior have been used to assess
effectiveness of such strategies of health promotion*¢, and to relate
physical activity behaviors with other factors implicated, i.e. smoking,
obesity, diet and other socio demographic.*” 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.®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.%* % 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 %% and, moreover, there is scant
evidence about those effects among women.% % 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.®® 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.5®

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.®’

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.®?
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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.

2.

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

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

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 Cornella Health Interview Survey Follow-Up Study

Summary of methods: we have used data from the Cornella 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 Cornella 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 subjectsinthis 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.®® % 6 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.?'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
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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 3.0PA
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 |
(directives of the public administration and managers of companies
with 10 or more employees, professionals associated with advanced
university degree); class Il (managers of companies with fewer than
10 employees, professionals associated with initial university degree,

23



technicians and support professionals, artists, sportsmen); class llla
(administrative workers and support professionals in administrative
and financial management, workers in personal and security
services); class lllb (self-employed workers); class llic (supervisors
of manual workers); class [Va (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-1l, class Il (Illa + llIb), and class IV-V (IVa + Vb + 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 (Cl).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.®: ¢
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 fithess. 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: =23,158; in men:
sedentary:<795.9; low: 796 to 2,026.9; moderate: 2,027 to 4,319.9;
high: 24,320;). 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
litle 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; 275 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 (Cl) 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 Cl, Garcia M, Schiaffino A, Borrés JM,
Nieto FJ, Fernandez E; CHIS.FU Study Group. Changes in
leisure time and occupational physical activity over 8 years: the
Cornella Health Interview Survey Follow-Up Study. J Epidemiol
Community Health. 2008 Mar; 62(3):239-44.

¢ Article 2: Cornelio Cl, Fernandez E, Mari-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 Cornella Health
Interview Survey Follow-Up Study
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ARTICLE 2

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

Cornelio CIl, Fernandez E, Mari-Del’Olmo M, Borrell C

Submitted

43






ARTICLE 2

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

- . 1,2 i 1,3,4% .

Cecilial. Cornelio ', Esteve Fernandez , Marc Mari-
5,6,7 2,5,6,7

Dell’OImo " ", Carme Borrell

» Tobacco Control Unit, Cancer Controland Prevention Programme,
Institut Catala d’Oncologia-ICO. L'Hospitalet de Llobregat
(Barcelona), Spain.

» Department of Exprimental and Life Sciences, School of Life
Sciences, Universitat Pompeu Fabra, Barcelona (Spain).

» Department of Clinical Sciences, School of Medicine, Universitat
de Barcelona, Carretera de la Feixa llarga s/n. 08908 L'Hospitalet
del Llobregat (Barcelona), Spain.

» Cancer Control and Prevention Group, Institut d’'Investigacié
Biomédica de Bellvitge-IDIBELL, L’'Hospitalet de Llobregat
(Barcelona), Spain.

» Ageéncia de Salut Publica de Barcelona, Barcelona, Barcelona,
Spain.

* CIBER Epidemiologia y Salud Publica (CIBERESP), Spain.

* Institut d'Investigacié Biomédica (lIB Sant Pau). Barcelona,
Spain.

* Corresponding author:

Dr. Esteve Fernandez, Tobacco Control Unit, Cancer Control and
Prevention Programme, Institut Catala d’Oncologia-ICO. Av. Gran
Via de [I'Hospitalet 199-203, 08908 L'Hospitalet de Llobregat
(Barcelona), Spain. E-mail: efernandez@iconcologia.net

45






ABSTRACT

e 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 245 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 (Cl) 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.

e 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.™ 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.>® 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'>'¢ and, moreover, there is scant
evidence about those effects among women.'-'® 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.?® 2!

Cumulated evidence relating to the health benefits of increasing PA
has resulted in guidelines that emphasizes the utility of the “physical
exercise” approach,?>?* and promoting heart-healthy behaviours
is a major strategy to reduce the development of cardiovascular
disease, among other disorders.?® 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. 262" 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.?

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.?® * 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.?

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).’> 3 These questions
have been successfully used in the same population and have a
high correlation with physical fithess.*** 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: 24,320;). 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
litle 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; 275 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.3® 40
We also used working status according to main activity (employed;
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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.*'

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 X? 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 (Cl) 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
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. 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% Cls 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.4346
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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.*” 4 Sundquist et al.** 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.5® 5' 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.%?

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 their impacts on population
health outcomes must be considered for a clear understanding of
the new paradigm in activity-inactivity research.'® %

Taking into account that public recommendations for health-
promoting physical activity'” do not discriminate between activities
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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.*® 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.?® 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.®”
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.?s 27
Although we used self-reports to assess physical activity, such
information has been considered to be reliable and valid.?*?*
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.®® % 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.

Acknowledgements

Cecilia Cornelio received a Doctoral Fellowship of the AlBan
Programme (E04D045892AR). EF was partly funded by the Instituto
de Salud Carlos Ill (RTICC RD12/0036/0053) and the Department
of Universities and Research, Government of Catalonia (grants

2009SGR192).

Competing interest: None.

57



References

' Pekkanan J, Marti B, Nisinen A et al. Reduction of premature
mortality by high physical activity: a 20-year follow-up of middle-
aged Finnish men. Lancet 1987;1:1473-7.

2 Johansson SE, Sundquist J. Change in lifestyle factors and their
influence on health status an all-cause mortality. Int J Epidemiol
1999; 28:1073-80.

3 Nusselder W, Franco O, Peeters A, Mackenbach J. Living healthier
for longer: Comparative effects of three heart-healthy behaviors on
life expectancy with and without cardiovascular disease. BMC Public
Health 2009; 9:487.

4Holmes MD, Chen WY, Hankinson SE, Willett WC. Physical activity's
impact on the association of fat and fiber intake with survival after
breast cancer. Am J Epidemiol 2009; 170:1250—6.

5 Patel AV, Bernstein L, Deka A et al. Leisure time spent sitting in
relation to total mortality in a prospective cohort of US adults. Am J
Epidemiol 2010; 172:419-29.

6 Smith GD, Shipley MJ, Batty GD et al. Physical activity and
cause-specific mortality in the Whitehall study. Public Health 2000;
114:308-15.

" Myers J, Kaykha A, George S et al. Fitness versus physical activity
patterns in predicting mortality in men. Am J Med 2004; 117:912-8.

8 Stamatakis E, Hamer M, Lawlor DA. Physical Activity, Mortality, and
Cardiovascular Disease: Is Domestic Physical Activity Beneficial?:
The Scottish Health Survey—1995, 1998, and 2003. Am J Epidemiol
2009; 169:1191-1200.

® Hamer M, Chida Y. Active commuting and cardiovascular risk: A
meta-analytic review. Prev Med 2008; 46:9-13.

©Woodcock J, Franco OH, Orsini N, Roberts |. Non-vigorous physical

58



activity and all-cause mortality: systematic review and meta-analysis
of cohort studies. Int J Epidemiol 2011; 40:121-138.

" Andersen LB, Schnohr P, Scroll M, Hein HO. All- cause mortality
associated with physical activity during leisure time, work, sports,
and cycling to work. Arch Intern Med 2000; 160:1621-8.

2Byberg L, Melhus H, Gedeborg R et al. Total mortality after changes
in leisure time physical activity in 50 year old men: 35 year follow-up
of population based cohort. BMJ 2009; 338:b688.

3 Paffenbarger RS Jr, Hyde RT, Wing AL, Hsieh CC. Physical activity,
all-cause mortality, and longevity of college alumni. N Engl J Med
1986; 314:605-13.

4 Paffenbarger RS Jr, Hyde RT, Wing A.L et al. The association of
changes in physical-activity level and other lifestyle characteristics
with mortality among men. N Engl J Med 1993; 328:538-545.

5 Paffenbarger RS Jr, Kampert J, Lee IM, et al. Changes in physical
activity and other life way patterns influencing longevity. Med Sci
Sports Exerc 1994; 26:857—-65.

'6 Blair SN, Kohl HW, Barlow C.E. et al. Changes in physical fithess
and all-cause mortality. A prospective study of healthy and unhealthy
men. JAMA 1995; 273:1093-8.

7 Baer HJ, Glynn RJ, Hu FB et al. Risk factors for mortality in the
nurses' health study: a competing risks analysis. Am J Epidemiol
2011; 173:319-29.

'8 Lissner L, Bengtsson C, Bjorkelund C, Wedel H. Physical activity
levels and changes in relation to longivity: a prospective study of

Swedish women. Am J Epidemiol 1996; 143:54-62.

' Trolle-Lagerros Y, Mucci L, Kumle M et al. Physical Activity as a
Determinant of Mortality in Women. Epidemiology 2005; 16:780-5.

20yvan Dam RM, Li T, Spiegelman D et al. Combined impact of lifestyle

59



factors on mortality: prospective cohort study in US women. BMJ
2008; 337:a1440.

21 Kvaavik E, Batty GD, Ursin G et al. Influence of individual and
combined health behaviors on total and cause-specific mortality in
men and women: the United Kingdom health and lifestyle survey.
Arch Intern Med 2010; 170:711-8.

22 Haskell WL, Lee IM, Pate RP et al. Physical activity and public
health: updated recommendation for adults from the American
College of Sport Medicine an the American Heart Association.
Circulation 2007; 116:1081-93.

2 U.S. Department of Health and Human Services. Physical Activity
Guidelines Advisory Committee Report 2008. Washington, D.C, 2008
http://www.health.gov/paguidelines/report/pdf/committeereport.pdf
(accessed 4th December 2013)

2 U.S. Department of Health and Human Services. The Surgeon
General’s Vision for a Healthy and Fit Nation. Rockville, MD: U.S.
Department of Health and Human Services, Office of the Surgeon
General, 2010.

%5 US Department of Health and Human Services: Healthy People
Understanding and Improving Health Volume I-11.2nd edition.
Washington D.C, 2010.

% United Nations. Prevention and control of non-communicable
diseases. Report of the Secretary General, 2011. http://www.un.org/
en/ga/president/65/issues/A-RES-65-238.pdf, and  http://www.
un.org/ga/search/view_doc.asp?symbol=A/66/L.1 (accessed on 4th
December 2013)

27 Alwan A, MacLean DR, Riley LM, et al. Monitoring and surveillance
of chronic non-communicable diseases: progress and capacity in
high burden countries. Lancet 2010; 376:1861-8.

2 Brown WJ, Bauman AE, Owen N. Stand up, sit down, keep
moving: turning circles in physical activity research? Br J Sports Med

60



2009;43:86-8.

2 Borrell C, Baranda L, Rodriguez M. Manual de I'enquesta de salut
de Barcelona 2000. Barcelona: Institut Municipal de Salut Publica,
2002

%0 Borrell C, Muntaner C, Sola J et al. Immigration and self-reported
health status by social class and gender: the importance of material
deprivation, work organisation and household labour. J Epidemiol
Community Health 2008 May; 62:e7.

31 Borrell C, Baranda L, Rodriguez M. Manual de I'enquesta de salut
de Barcelona 2000. Barcelona: Institut Municipal de Salut Publica;
2002.

32 Pereira MA, Fitzer Gerald SJ, Gregg EW, et al. A collection of
physical activity questionnaires for health-related research. Med Sci
Sports Exerc 1997; 29(6 Suppl):S1-S205.

3 Health Promotion Authority for Wales. Heart of Wales: clinical
results of the Welsh Heart Health Survey 1985. Cardiff: Health
Promotion Authority for Wales 1989.

3 Weiss TW, Slater CH, Green LW, et al. The validity of single-item,
self-assessment questions as measures of adult physical activity. J
Clin Epidemiol 1990; 43:1123-9.

% Dominguez-Berjon MF, Borrell C, Nebot M et al. Physical activity
assessment in population surveys: can it really be simplified? Int J
Epidemiol 1999; 28:53—7.

% Dominguez-Berjon MF, Borrell C, Nebot M et al. La actividad
fisica de ocio y su asociacién con variables sociodemograficas y
otros comportamientos relacionados con la salud. Gac Sanit 1998;
12:100-9.

37 Dominguez-Berjon MF, Borrell C, Nebot M et al. Actividad fisica
habitual de la poblacién residente en la ciudad de Barcelona. Gac

Sanit 1998; 12:110-7.

61



3% Ainsworth BE, Haskell WL, Whitt MC et al. Compendium of physical
activities: an update of activity codes and MET intensities. Med Sci
Sports Exerc 2000; 32(9 Suppl):S498-504.

39 Muntaner C, Borrell C, Benach J et al. The associations of social
class and social stratification with patterns of general and mental
health in a Spanish population. Int J Epidemiol 2003; 32:950-8.

40 Alvarez-Dardet, C, Alonso, J, Domingo, A., Regidor, E., coord. La
medicién de la clase social en ciencias de la salud. Barcelona: SG-
Editores, Sociedad Espanola de Epidemiologia; 1995.

41 Obesity: Preventing and Managing the Global Epidemic. Report
of a WHO Consultation. World Health Organ Tech Rep Ser 2000;
894:i-xii:1-253.

42 Cox DR. Regression models and life tables (with discussion). J
Roy Statist Soc B 1972; 34:187-220.

4 Thune |, Furberg AS. Physical activity and cancer risk:dose-
response and cancer, all sites and site-specific. Med Sci Sports
Exerc 2001; 33(6 suppl):S530-50.

44 Takahashi H; Kuriyama S; Tsubono Y et al. Time spent walking and
risk of colorectal cancer in Japan: The Miyagi Cohort Study. Eur J
Cancer Prev 2007; 16: 403—408.

4 Oguma Y, Sesso HD, Paffenbager RS jr, Lee IM. Physical activity
and all-cause mortality in women: a review of the evidence. Br J
Sports Med 2002; 36:162-72.

46 Samitz G, Egger M, Zwahlen M. Domains of physical activity and
all cause mortality: systematic review and meta-analysis of cohort
studies. Int J Epidemiol 2011; 40:1382—400.

47 Schnohr P, Scharling H, Jensen J. Intensity versus duration of

walking, impact on mortality: the Copenhagen City Heart Study. Eur
J Cardiovasc Prev Rehabil 2007; 14:72-78.

62



48 Orsini N, Mantzoros CS, Wolk A. Association of physical activity
with cancer incidence, mortality ,and survival: a population-based
study of men. Br J Cancer 2008; 98:1864-9.

49 Sundquist K, Qvist J, Sundquist J, Johansson SE. Frequent and
Occasional Physical Activity in the Elderly: A 12-Year Follow-up
Study of Mortality. Am J Prev Med 2004; 27:22—7.

% Hakim AA, Petrovitch H, Burchfiel CM, et al. Effects of walking
on mortality among nonsmoking retired men. N Engl J Med 1998;
338:94-9.

5 Landi F, Russo A, Cesari M et al. Walking one hour or more per day
prevented mortality among older persons: Results from ilISIRENTE
study. Prev Med 2008; 47:422-6.

%2 Lindsted KD, Tonstad S, Kuzma JW. Self-report of physical activity
and patterns of mortality in Seventh-Day Adventist men. J Clin
Epidemiol 1991; 44:355-64.

% Holtermann A, Mortensen OS, Burr H et al. The interplay between
physical activity at work and during leisure time risk of ischemic heart
disease and all-cause mortality in middle-aged Caucasian men.
Scand J Work Environ Health 2009; 35:466—74.

% Raum E, Rothenbacher D, Ziegler H, Brenner H. Heavy physical
activity: risk or protective factor for cardiovascular disease? A life
course perspective. Ann Epidemiol 2007; 17:417-24.

% Vartiainen E, Laatikainen T, Peltonen M et al. Thirty-five-year
trends in cardiovascular risk factors in Finland. Int J Epidemiol 2010;
39: 504-18.

% Leon DA. Editorial: trends in European Life expectancy: a salutary
view. Int J Epidemiol 2011; 40:271-7.

5" de Groot LC, Verheijden MW, de Henauw S et al. Lifestyle,
nutritional status, health, and mortality in elderly people across

Europe: a review of the longitudinal results of the SENECA study. J

63



Gerontol A Biol Sci Med Sci 2004; 59:1277-84.

% Cornelio Cl, Garcia M, Schiaffino A et al. Changes in leisure time
and occupational physical activity over 8 years: the Cornella Health
Interview: Survey Follow-Up Study. J Epidemiol Community Health
2008; 62:239-44.

% Regidor E, Gutiérrez-Fisac JL, de los Santos Ichaso M, Fernandez

E. Trends in principal cancer risk factors in Spain. Ann Oncol 2010;
suppl3:iii37—42.

64



09-91p,€ 'GL-9'91,€ 19-G'0 | ‘Bupijes oN pue spliyy ul psjenjeas sjqey Bupjjem Jo syesm g Ul Sinoy sAljeinwng #
‘851 ez ybly pue ‘6751 c 0} L'g0K | ‘Sjelapow
Q0% L 01 L'ShZ MOl ‘She s Aeuapas Aouanbaly uonelnp /s13 W Ag paien|eAa xapul o11eB1oU2 JO SYeaMm g SAIRINWND JO SPJIYI Ul AlAnoe |eaIsAyd aWi] aInsiaT 4

s08  Ivs 808 508 628 €8, 98/ V6. 88. 79 96l 118 5'6L B gl
Jqey Bupjows
{s1aquup
£lg 6Lt 08 175 205 L'y 6.1 zZ65  9vF g9y 105 285 g8y ON Jo %)
uondwnsuod
|oyod|y
{suonipuod
zzL ol 0bL -0l 96 bl bl 68 6Ll LbL Ll €6 g9l ON Jo %)
suonipuod
s1uoly
509 €19 909 9vg 919 615 €19 9vk  vIG 109 9'65 9gr g'65 et
aAlPaled Jes
£6e 0Ly 9 1€ 99g prey gzv ¢ge  eTr T LS zoe Iy a_msh_,_w,_zmﬁ %)
29l ZrL gLl Ll 0zl 8zl 6cl eol LEL 0L 6€l gol ezl (i1 40 %)
sse|D [e100S
(saipnys
98 zol A gel eol oL 6L 89 zzL €0l 9zl 59 z9'6 Aussoaiun %)
uopeoanpg
6 ‘065 1’6 665 0l ‘0€9 £ZL 049 1L '6%9 €L '9€9 1L '0Z9 [LZL'ZTS9 66°9S L6 65 00l ‘€9 cLLL9 (ozL) ‘vo (as .me:.;
aby
ci=u LG=u LyB=uU c0L =u 18g=u 9lg8=u 0zi=U 9/6=U 6Zt=u 6.6=U ee9=u ¢si=u
UBIH  sjesspoly Mol AIejuspes  pUuyIpIE  pI L2z PAIUIISE oN yBlH  sjesspoll Mol AIRuapes gygz—u
{s¥oam g ul sinoy aAe|nwnNo) slewsd |1y

Aoy [esisAyd jeuonednaso

LHunjlep

ANANOY [ed1sAyd awi) sinsia

's|ana| Ajanoe jeaisAyd o) Buipioooe syuedionied ajewa) Jo salsuajoeieyd (900z Jeah) auljasegq "L IjqeL

v
\O



‘06-9L,€ G991, 19-G'0 [} [BuBjiEM ON puE SpiI} LI pajen|eas sjiqey Bunjiem Jo s)sam g Ul SINoy sAlje|nwng #
0ze = UBIY \66LEY 01 L20'T ‘Slelepow '6'9Z0'T
0] 96/ MO| \5'CR/S Aeluapag Acuanball fuoielnp /s3I AQ pajen|eAs xapul o11eBlaus o s)8aMm Z SAIIB|NWIND 1O SpJIy) Ul AUAIDE [eoIsAUd aWi| aInsIiaT .

: ; . . y : : . ’ : . . . {sioows
ave 06T 09z 692 zez 6VC 908 soz Lz 6eC 662 g9z Viz e
ngey Bupjows
. . . . . . . . . . . . . {sJauup oN Jo %)
g1z 0oz coz 5oz 662 ¢sz o€z 162 00z ote L1z 21z 6z el o
loucary
(suonipuos
561 602 zsz 6l el zee 1132 10z 5/l 612 g9z L1z gt ON 40 % )
suonIpuOY
s1u01YD
d 0,
229 069 06s 0o 529 69 5oL ove 089  00L 029 09 19 (PO
aAlaalad Jjos
.
65 665 909 G 209 019 009 zes £'co 065 ok 0ls o'sv :msh_u,_zm% %)
9 07z cel '8z 6l 9z 607 01z 07z e R 9 81z (i1 4o %)
sSB|D [e190S
(saipms
" g2z ol 06z 62l 0ve 10T z6l 102 ove vz ol z1z ANSIBAIN %)
uolzeonpg
16086 6LLUS  OL'0E9  LLELO  S6'gvO  Z6LLT9 O0L'LeS L8009 6685 /665  00L'€9  ELLU9 0k Z9 (gs ‘uesw)
aby
=U
Zhi=U glgsu Lgz=u grosu  isz=u  gig=u Tl gresu  g9g=u  zyp=u  p=u gggsu
ybIH  ajelapoly  MoT Aejuspag  paul pIE ALY LT s oN ybiH @jeIdpOl  MOT fieyuspag  6PBl=U
{S}2am g ul sinoy aAeINWNo) Slel 1Y

AyAanoy [esisAy4d [euoijednoaoQ

Buniiep

Juanoy [esishyd swiy ainsien

s|aAd| Ajanoe jeaisAyd o) buipioaoe spuedioiped ajew jo sonsuajoereyd (000zZ Jeai) auljaseq "z ajqel

Nel
O



‘Yiresy ansalad J|9s pue [aAs| uocieonps pue aBe Ag paisnipe sisAjeue uoissalibal xon Aq Bullspo 5
‘Uieay anlsolad Jj9s pue sse|o [enos pue abe Aq persnipe sisAjeue uoissalBal xop Ag Bulppoy F
‘yiesy anleolad Jes pue [aas] uoneonpa ‘ebe AQ paisnipe sisAjeue uolssalbal xoD Ag Buljspopy v
‘pus.I) 10§ }S8} Jesul] ;X Jof senfea d
‘sisAleue uoissalbal XoD Ag o
06915 'GL-99°,,T ‘960 I, b Bubilem oN pue spiyj Ul pajenjeas sygey Bupiiem jo xsam z 1ad sinoy saReinung #
851 ‘ez by pue '6'/GL'¢ 0}
| '80F ‘| 91eispoW ‘80K L 01 L €FZ :MO| ChZ s Arluspas (s1JW AQ palen|eas xspul o11abliauUs JOo Seam g SARINLUND JO SPIIU} Ul AlAIR [2o1SAU4 swi| ainsie .

G000=d Goo0=d
(2670 L¥0) 1970 (060 ¥¥0) €970 Z'6 3¢ 89'676'C ybiH /eyeiopoly
(810 £'0) 8570 (020 LY0) €570 9l 98 POvLIE L Mo
3 L Z'lZ 051 S6'€1S'S Arejuspeg
Apanoy |esisfyd
GJZ leuonednossQ

L0000>d L000°0>d
(F9'0 92°0) L¥'O (z9'0 S5Z°0) OF'0 06l zs E¥eL'T pay €
(z20 e¥'0) 1870 (920 2¥70) 2570 £0c aLl zloL's pAW T
5(98°0 9%°0) 2970 (¥80 sv'0) 290 /1 78 €088y RAIYY )
b I 02 vl 6'2z9'c OoN
62¢ 4SHdey Bunjep

L1000>d Lto00>d
(890 12°0) 2F0 (090 2Z°0) OF'0 10l ze 0lll'e ybiH
(68'0 2°'0) 8570 (L2'0 62°0) 9570 vel .S 1'9eC'y ojelapoly
160 25°0) 0270 (¥6'0 25°0) 220 Lyl 99 z'e6v't Mo
I L 6'EC szl 1'80C'S Arejuspeg
082 LNANOY [ed1sAyd
|Wl] aInsian

(12 %56) (10 %56) I — SUOIJEAIaS]O
YH paisnipe sjelteany &H paisnipe-aby sajel apniH J0 s.ueaf -uosiad

‘uawiom buouwie sjana] AjAnoy [eoisAyd o) buipioosoe Ajjelow asneos-||y 10 (YH) ~Soljel piezeH "¢ ajqel

67



‘Yiealy aalsolad s pue ucndwnsuod joyooe |aAs| uoneanpa ‘afe Ag paisnipe sisAjeue uoissalbal xon Aq Buliepop A
‘9SN 000BC0] PUE SSEID [B100S pue afbie AQ paisnipe sisAleue uoissalfial xoD Ag Bulispo F
1INg pue asn 000BgO] ‘[9A9] Uoneonpa ‘abe Ag paisnipe sisAjeur uoissalbal xon) Ag Bunspoly
‘pual) 104 JS8] Jesul ;X 40) senea d
‘sIsAleuUr UoIssalbal X0 A9 «
06-9LnE ‘S99 pul 1950 1is b [BUNEM ON pUB SPIIYY Ul pejen|eas sHA.Y Buiyiem JO S38em Z Ul SINoY SAljeInwnD #
0Ze Pz UBIY '6'6LE Y O} /20T ‘S1eIspoW \6'970'T
0} 96/ :MO| {6'GR/S (Aleluspas Aousnbauy suolieinp /s1J N AQ palen|eAs xapul d3ebIsus JO SY8am g SAIIR|NWND JO SPJIYL Ul AJAIOE [B2ISAU4 BWI] 8insiaT .

goo=d r0'0=d
(81’1 95'0)28°0 (611 l5°0) L8O el (37 Levl'e ybiH/e1eiapoly
;{660 59°0) 580 (86'0 99°0) ¥8°0 8'€e 129" SE9'S Mo
I I £92 8Ll R'zer'y Arejuspeg
Ananoy |esisfyd
¢6¢ leuonednosoQ

goo=d #00=d
(s6'0 81'0) 2970 (86°0 05°0) 0L°0 €€T 0% Livl'e pau €
(0z'L v90)88°0 (611 29°0) 880 86T A% 9 1zZeY PAIY} p 2
501’1 95°0) 180 (s0'L ¥5°0)8L0 A4 z6 6'19.'¢ pAYY L
I I G'Ge 69 £60.L'C oN
(AN Shgey bupjepy

to=d g00=d
{590 22'0) 09°0 (620 L¥0) L850 80¢ g8 S50V ybiH
{92’} 29°0) 06°0 (zz'L 59'0) 06°0 692 z8 zzro'e sjelopol
JerL is0) 080 (60'1 95°0) 820 L8l €9 6¥.IEE Mo
I I 99C VL l'€99'c Arejuspeg
L0g LANANOY [edishyd
awl] ansia

9% % Ed)| sSuUoljeAalasqo
NH Uwumm%um\ wmum:mzu_:_\,_ NH U«%mﬂ%ﬂ.wa‘x Sejel 3PN jo _uwn:_wsz jo Emw?:ohwn_

‘usw Buowe sjaAs] Apanoy [esisAyd o) Buipiodoe Ajjepow asned-||y Jo (M) _soljel piezeH " sjqel

68



PART 5
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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.?”
% 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 studies®"" have linked the former factors with
the likelihood of change of physical activity, many others have
not.”2 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.”* 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 reports™ 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.”® 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,?® 78 ™ 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.®® &
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Physical and social environment have been linked with increased
physical activity.*-# Community interventions*> # 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.'®
Several campaigns promoted walking and local community-
sponsored wellness initiatives to promote exercise and to reduce
cholesterol levels were developed in Cornella 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.®

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.5% ¢2
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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 %, 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.®’

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 activity** 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.® 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.?’ 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.?® Face-
to-face and telephone interviews have been shown to have high
levels of agreement in a similar setting.®® 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."”'8 Although we used self-reports to assess physical activity,
such information has been considered to be reliable and valid. * '
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,® as well
as other healthy life styles, whereas obesity and overweight have
increased.?” 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 Cornella
Health Interview Survey Follow-Up study members were effectively
traced and the response rate at follow-up was 64.2%.% 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.®!

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 LTPAlevels 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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