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ABSTRACT

Korniloff, Katariina

Interrelationships of physical activity and depressive symptoms with
cardiometabolic risk factors

Jyvéaskyla: University of Jyvaskyld, 2013, 84 p.

(Studies in Sport, Physical education and health

ISSN 0356-1070; 193)

ISBN 978-951-39-5192-4 (nid.)

ISBN 978-951-39-5193-1 (PDEF)

The aim of this thesis was to examine the relationships between physical
activity (PA) and health, more specifically PA in relation to depressive
symptoms (DS) and cardiometabolic risk factors, also in a lifetime perspective,
and further perceived barriers to PA. Additionally this thesis reveals the
occurrence of unintentional injuries related to PA level and DS.

The participants were randomly selected from the National Population
Register in August 2007 and invited by mail to a clinical examination. Of the
4500 persons aged 45-74 years, 64% participated in the health examination. All
participants completed a standard questionnaire, including questions on cardi-
ometabolic risk factors, health behaviour, functional ability, unintentional inju-
ries and somatic diseases. PA was assessed with the self-administered short
version of the International Physical Activity Questionnaire, with a question
about leisure-time physical activity (LTPA), and retrospective recall of lifetime
historical LTPA frequency from age 15 years onwards. Depressive symptoms
(DS) were assessed by the Beck Depression Inventory (BDI-21), and the cut-off
point for mild depression was =10/ 63.

The physically inactive participants presented more commonly with
health risk factors and DS. In addition, the rate of simultaneous metabolic syn-
drome and DS was more than fivefold higher among the participants with low
LTPA, than among those in the high LTPA group. Lack of time proved to be the
main reason for inactivity, while among those with DS and metabolic syndrome
the main reason for inactivity was illness or disability. Lifetime LTPA seemed to
be associated with occurrence of DS and somatic diseases in later life. The pres-
ence of DS found to increase the prevalence of unintentional injuries.

To conclude, PA plays a significant role relation to DS and cardiometabol-
ic risk factors. Health-related risk factors seem to accumulate in inactive indi-
viduals. Therefore, promoting LTPA over the lifespan would be beneficial with
respect to DS and somatic diseases.

Keywords: physical activity, depressive symptoms, chronic disease, health, risk
factors
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1 INTRODUCTION

Depression is a common, highly recurrent disorder, which further often be-
comes chronic and leads to long-term disability. Depression affects every fifth
person during their lifespan; consequently, it is a significant illness with regard
to public health and the economy. By 2020, it is predicted that depression will
be the second leading public health problem next to cardiovascular diseases
(CVD) in the developed countries due to its tendency to cause premature death
and disability (Murray and Lopez, 1997). Typically treatment of depression in-
cludes anti-depressant medication and often also psychotherapy or counseling,
with a 60-80% success rate (Moller and Henkel, 2005). According to one study,
after initial medical treatment, only one-third of depressed participants went
into remission. Thus, there is a need for alternative treatment and, above all, a
need for the prevention of depressive disorders.

One such adjunct or alternative treatment that has been proposed is physi-
cal activity (PA). There is plausible evidence that PA can play a substantial role
in the prevention and management of depressive symptoms (DS) (Teychenne et
al., 2008). DS, also called minor depression, do not meet the full criteria for ma-
jor depression but instead, present a high risk for developing depression.

However, along with economic growth, our lifestyles have become in-
creasingly sedentary (Lanningham-Foster et al., 2003), as demands to be physi-
cally active have diminished since the middle of the last century, largely due to
increasing industrialization. Technological developments like machinery, en-
gines and vehicles have replaced physical labor, resulting in a reduction in hu-
man energy consumption. As a result of today’s diminished demands on ener-
gy consumption a global health problem has emerged. The prevalence of DS
and cardiometabolic risk factors are growing worldwide, resulting in a signifi-
cant threat from the perspective of public health. Thus, an intervention, such as
lifestyle counseling at an early stage with encouragement to engage in regular
PA, would be an important non-pharmacological and low-cost alternative in
preventing and treating DS and cardiometabolic risk factors.

Although physical inactivity is undoubtedly a common etiological factor
in the development of both cardiometabolic risk factors and DS (Laaksonen et
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al., 2002b; Teychenne et al., 2008), only little is known about the effect of the
simultaneous presence of cardiometabolic risk factors and DS on physical activ-
ity. Thus, purpose of this thesis was to examine the relationships between phys-
ical activity, depressive symptoms and cardiometabolic risk factors in a cross-
sectional population-based study of Finnish participants aged 45-74 years. In
addition, this study applies the life course perspective to examine how PA dur-
ing the lifespan affects somatic and mental health in later life.



2 REVIEW OF THE LITERATURE

2.1 Physical activity

The human body has evolved over the centuries to be physically active as in
order to obtain food and earn a living (Booth et al., 2008). However, the demand
to be physically active has diminished both at home and at in the workplace,
and in transportation. It has been shown that, in the general population, adults
spend at least half, and up to two-thirds of their waking hours being sedentary
(Dunstan et al. 2012). Thus being sedentary, mainly due to prolonged sitting at
work and during commuting and leisure, has become a serious health risk,
which is associated with obesity, increased risk for cardiovascular disease, men-
tal disorders and hypertension (Thorp et al., 2011). However, to maintain physi-
cal and mental health, it is important to engage in frequent physical activity.
Compensation for the reduced energy consumption of modern working life
should be made by increasing leisure-time physical activity; however, not all
have succeeded in doing this, since as many as one-third of adults worldwide
are inactive (Hallal et al., 2012).

2.1.1 Definition of physical activity

Physical activity (PA) was defined in 1985 as ‘any bodily movement produced
by skeletal muscles that results in energy expenditure” (Caspersen et al., 1985).
Resting metabolic rate together with the thermic response to food and physical
activity constitute this caloric expenditure. Of this, the resting metabolic rate
accounts for about 65% and thermic response to food accounts for about 10%.
Physical activity-associated energy expenditure is on average 25-35% in seden-
tary persons, and may amount to as much as 75% of daily energy expenditure
in highly active persons (Westerterp, 1998).

Total physical activity is composed of several components, such as work
load, commuting physical activity, domestic chores and leisure-time physical
activity (LTPA). Leisure-time physical activities are functions which are not re-
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quired for the necessary functions of daily living or work, and are performed at
a person’s own discretion. Such functions include sports participation, exercise
training, and recreational activities.

In addition, physical activity is commonly described according to the fol-
lowing different dimensions. Frequency is the amount of PA events during a
specific time period, usually determined per week or month. Intensity refers to
the strenuousness of physical activity, and duration to the amount of time spent
on a single bout of physical activity (Bouchard et al., 2006). Intensity of physical
activity is often expressed as the metabolic equivalent (MET), which is a unit
used to estimate the amount of oxygen used during physical activity. 1 MET
refers to the rate of energy expenditure at rest. A higher MET value indicates a
higher level of intensity of physical activity.

2.1.2 Physical activity assessments

Physical activity is multidimensional, and is a complex behavior to measure. It
can be measured by self-reports, also called subjective methods, using methods
such as questionnaires, diaries or recalls, or by objective measures such as ac-
celerometers and pedometers, heart rate monitoring, direct observation and
doubly labeled water (Warren et al., 2010). No single method of measuring
physical activity ranks above all the others. All the methods used have both ad-
vantages and disadvantages. An advantage of objective measures is likely to be
more accurate results compared to self-report methods, but objective measures
are not practical for most epidemiological studies with a large population-based
sample.

Self-reported methods to assess physical activity are the most widely used.
They are easy and not time-consuming in clinical practice. They are also the
cheapest and easiest to use in studies with large samples, but they are also the
least accurate. However, in large population-based studies, the questionnaire is
the only feasible method to assess physical activity. With a questionnaire it is
possible to categorize people into different PA levels and to monitor changes in
PA on the population-level (Sallis and Saelens, 2000). However, self-reported
measures have several limitations. For instance, they are dependent on re-
spondents’ interpretations and their cognitive capability of recall, and might
also suffer from socially desirable bias (Warren et al., 2010).

PA questionnaires vary in their complexity from single-item questions to
interviewer-administered surveys of lifetime physical activity over a selected
time frame (Pereira et al., 1997). Questionnaires with a short time frame are less
vulnerable to recall bias and easier to validate with objective measures. Howev-
er, the longer the time period is, the more likely it will be to reflect habitual ac-
tivity patterns. Differences also concern whether the questionnaire assesses total
PA, including work load, commuting physical activity, domestic chores and
leisure-time physical activity or only part of it. Nowadays, with the decline in
work load in most industrialized countries, the assessment of LTPA has become
more important. LTPA level can be evaluated by the duration and intensity of
leisure-time activities, by the measurement of energy expenditure, or by cardi-
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orespiratory capacity. Although the measurement of LTPA with heart-rate
monitoring or accelerometers would provide more accurate results, it is not fea-
sible in large studies. In population studies with a large sample, assessment of
LTPA with a questionnaire might be the only suitable method available.

The assessment tool used should have certain psychometric properties. To
be reliable, the method should be reproducible independently of the assessor.
Additionally, the method should be validated against an objective method or
gold standard (criterion validity). Self-report questionnaires fulfill these proper-
ties variously; reliability varies from moderate to good and criterion validity
from poor to moderate (Warren et al., 2010).

In the late 1990s, the International Physical Activity Questionnaire (IPAQ)
(Bauman et al., 2009) was developed for conducting population-level surveil-
lance, allowing international comparisons of total PA between countries. The
questionnaire assesses the time spent doing moderate- and vigorous-intensity
activities across all the domains of leisure-time, work, transportation, and
household tasks as well as sitting behavior (Craig et al., 2003). Currently, sever-
al countries have adopted the IPAQ as their national surveillance system, sup-
porting an internationally comparable estimate of PA.

Physical activity is closely related with physical fitness, and thus change in
PA habits is likely to induce modification in physical fitness as well. Physical
fitness is an indicator of health, functional ability and wellbeing, and it has been
defined as “a set of attributes that people have or achieve that relates to the abil-
ity to perform physical activity” (Caspersen et al., 1985). Measuring physical
fitness objectively requires extensive investment, as the requisite laboratories
and equipment, time and personnel should be available. Self-rated physical fit-
ness, in turn, is a quick and easy way of measuring physical fitness in large
population-based studies and, moreover, single question-based physical fitness
has proved to be almost as accurate in estimating physical fitness as objective
methods (Germain and Hausenblas, 2006).

2.1.3 Physical activity levels in population

Several cross-sectional studies have investigated PA level in Finland with ques-
tionnaire. A national physical activity study of 5500 Finnish participants aged
19-65 during the years 2009-2010 showed that both LTPA frequency and inten-
sity had increased since the early 2000s (The Finnish Olympic Committee, 2010).
On the basis of the national FINRISK studies of Finnish 25- to 64-year-old citi-
zens, repeated every five years, the prevalence LTPA has increased more dur-
ing the last decades among females than males. Instead, commuting PA de-
clined steadily from year 1972 to 2007 among females, while among males the
decline stopped in the early nineties and little change has been observed since.
Physical work load has also dramatically decreased from the 1990s onwards.

To be sufficiently active for health benefits, adults should accumulate 150
minutes moderate-intensity or 75 minutes of vigorous-intensity aerobic LTPA
each week and, in addition, muscle-strengthening and balance training two
times a week (Haskell et al., 2007). In the Finnish health behavior study by
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Helakorpi et al. (2010), the proportion of those who reached the LTPA recom-
mendations was 11% among females and 12% among males, while the propor-
tion of those who accumulated the aerobic part of the recommendations was 50%
among females and 47% among males. Consequently, although participating in
LTPA has become more popular, a significant proportion of the Finnish popula-
tion is not active enough to obtain health benefits.

Furthermore, whether one is physically active enough, can also be evalu-
ated according to one’s total physical level. Based on the review of total PA lev-
els reported from 122 countries, a third of adults worldwide do not reach the
recommended levels of total PA, and 31% of adults are inactive (Hallal et al.,
2012).

. -50%

Bl 40-49-9%
£330-399%
[ 20-29.9%
O <19.9%

[ Nodata

FIGURE1  Physical inactivity in adults (15 years or older) worldwide in men (A) and
women (B). (From Hallal et al. 2012 with permission of Elsevier)

The recommended level of total PA is consistent with the general LTPA-based
public health recommendations taking into account of basal level of activity of
daily living with an additional 30 minutes of LTPA (Bauman et al., 2009). Physi-
cal activity levels vary among different populations and regions worldwide
(Figure 1). The prevalence of inactivity is 40-50% in the Nordic countries, which
is relatively high when compared globally, except for females in Finland and
both genders in Denmark (inactivity rate 30-40%). In a global review, females
were more inactive (34%) than males (28%) and further, inactivity was shown to
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increase with age (Hallal et al., 2012). The report reveals that people in Europe
and in America are among those who participate least in vigorous PA and who
also have one of the highest rates of inactivity worldwide (Hallal et al., 2012). In
contrast, people in the South Asia region have the highest participation rate in
vigorous total PA and the lowest prevalence of inactivity.

This review, which represents 89% of the world’s population, is first of its
kind to take into account total physical activity (leisure-time, occupational,
housework, and commuting PA) measured with the international physical ac-
tivity questionnaire (IPAQ) and the global physical activity questionnaire
(GPAQ) (Hallal et al., 2012). Previously, when defined according to leisure-time
physical activity, PA level was shown to be higher among those with higher
income compared to those with lower income (Trost et al., 2002). However, be-
cause IPAQ and GPAQ take into account total PA level, physical inactivity has
been found to be substantially higher in the high income countries compared to
low income countries.

2.2 Depressive symptoms

221 Definition of depressive symptoms

Depressive symptoms (DS) are characterized by the presence of various signs
and symptoms which have a multidimensional effect on health and well-being.
These are low levels of mood and lack of energy, low self-worth, feelings of
guilt, deprived concentration, lack of interest or pleasure, and disrupted appe-
tite or sleep. The diagnosis of depression, in turn, is based on a mental status
examination by a psychiatrist, and defined according to the number of symp-
toms and their duration in accordance with various diagnostic classifications, of
which the most common are the ICD-10 (World Health Organization, 1993) and
DSM-1V (American Psychiatric Association, 1994).

Depressive symptoms refer to lower mood states lacking clinical signifi-
cance; however, the criteria for DS are the same as those for depression, but the
number of symptoms necessary for a diagnosis is smaller. Additionally, those
with DS have increased risk for developing depression (Cuijpers and Smit, 2004;
Horwath et al., 1994), and thus constitute an important target group for the
prevention of depression. In Finland, 11-21% of persons have depressive symp-
toms (DS) assessed according to the Beck Depression Inventory (BDI=10 points)
(Vanhala et al., 2009; Vdandnen et al., 2008). The US population-based National
Health and Nutrition Examination Survey (NHANES) showed that about 1 in 5
adults, i.e. 42.1 million Americans, screened positive for DS (Shim et al., 2011).
Across Europe, in turn, there is marked variation in the prevalence of DS. A
meta-analysis of 13 808 participants conducted in the year 1999 reported an
overall prevalence of DS in Europe of 12%, 14% for females and 9% for males
(Copeland et al., 1999). Furthermore, the prevalence of DS has been shown to



18

increase with age (Stordal et al., 2003); this is likely to become a major problem
in the future due to higher life expectancy.

Several risk factors for depression and DS have been shown to exist. These
include unhealthy lifestyle habits, such as alcohol consumption and smoking.
Also, previous depression, somatic diseases, lower socio-economic status and
sudden negative life events, stress and anxiety may increase the risk for depres-
sion (Fryers 2005).

2.2.2 Assessment of depressive symptoms

Several tools are available for the assessment of depressive symptoms and de-
pression, both for clinical diagnoses and population screening. The content of
the items in the assessment tools are based on the definition of depression and
its diagnostic criteria as a clinical syndrome. Assessment methods can be divid-
ed into self-reports and clinician-rated methods. Each type has its advantages
and disadvantages, and thus the most appropriate method should be selected
according to the measurement goal and the time resources available, and the
target population. Below is an overview of some frequently used self-reported
methods to measure depressive symptoms in epidemiological studies.

The Beck Depression Inventory (BDI) is one of the most widely used self-
report measures to identify and assess DS among health care professionals and
researchers. The BDI construct of 21 items on cognitive, affective and physiolog-
ical symptoms reflecting the symptoms of depression most often reported by
depressed psychiatric patients (Beck et al., 1961). The BDI is used to screen for
the presence of DS, for diagnostic purposes, to measure variability in the severi-
ty of depression, and for monitoring the effectiveness of treatment. The BDI has
been translated into many languages, and its psychometric properties have
been widely studied in both clinical and non-clinical samples, and have been
shown to be excellent (Lasa et al., 2000; Richter et al., 1998). In addition to its
successful validation in several other countries (Shaw et al., 1985), the effective-
ness of the BDI as a screening measure for depression has also been studied in
Finland (Nuevo et al., 2009b; Seppailid et al., 2010). The BDI was found to have
acceptable or moderate sensitivity (70.1%) and specificity (73.7%) for detecting
depression in a general population sample. These findings provide additional
support for the reliability and validity of the BDI, demonstrating that it can be a
useful instrument for identifying the presence of depression among the Finnish
population.

Another widely used self-report assessment tool is the Center for Epide-
miologic Studies Depression Scale (CES-D) (Radloff, 1977). The CES-D is a 20-
item rating scale developed to assess DS in the general population. It is used
mostly in epidemiological studies, in treatment studies and in measuring
change over time. The CES-D has been shown to be a valid and reliable tool in
epidemiological studies (Radloff, 1977). In population-based studies, the sensi-
tivity of the scale has proved to be 60% and its specificity 86% (Myers and
Weissman, 1980).
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The Zung Self-Rating Depression Scale (SDS) is among the most popular
self-rating depression scales (ZUNG, 1965). It was developed to evaluate the
level of depression among patients with a diagnosis of depressive disorder. It is
a 20-item questionnaire covering affective, psychological, and somatic symp-
toms associated with depression. Many studies have reported on the psycho-
metric properties of the tool in different cultures, such as in Finland and Japan
(Kivela and Pahkala, 1986; Sakamoto et al., 1998).

In Finnish primary health care, the Depression Scale (DEPS) has been
widely used for over 15 years, and it is also recommended by the Finnish Evi-
dence-Based Treatment Guideline for Depression as well (Current Care Guide-
line). It is 10-item questionnaire which sensitivity (75%) and specificity (88%)
were evaluated before implementation by the Finnish Medical Society Duodec-
im (Duodecim). However, a recent Finnish study found that the DEPS has only
some limited ability to distinguish in primary care patients, and its ability to
measure the severity of depression is questionable (Poutanen et al., 2010).

Self-report questionnaires are commonly used in epidemiological studies
on account of their cost- and time-saving properties. However, they cannot take
the place of a comprehensive clinical interview for confirming a diagnosis of
depression.

2.2.3 Physical activity and depressive symptoms

The effect of physical activity on depression and depressive symptoms has been
widely studied. It is known that physical activity is inversely associated with
depression levels. Numerous studies have been published on the effects of both
aerobic and anaerobic exercise, and strength training on depressiveness among
different age categories, with a wide variety of intervention types and settings.
Perhaps the main problems of these studies are the small sample sizes of differ-
ent study arms and the motivation of the volunteer participants to adhere to a
PA program.

Perhaps the best known study on PA and DS is that conducted by Paffen-
barger et al., who examined 31 000 students over 26 years, from 1962 to 1988
(Paffenbarger et al., 1994). The study showed that students who were physically
active reported lower DS than those who were physically inactive. A recent
Cochrane meta-analysis of 32 randomized controlled trials (RCT) on PA and
depression with 1 858 participants found that depressive symptoms significant-
ly decreased among the participants who received exercise therapy in compari-
son to controls (Rimer et al., 2012). The difference in the effect between the
groups was about three points on the Beck Depression scale. However, when
only studies with adequate allocation concealment, intention-to-treat analysis
and blinded outcome assessors were analyzed, the effect size was clinically
small and no longer statistically significant. The meta-analysis concluded that
PA seems to alleviate DS, but further research is needed (Rimer et al., 2012).
However, even low doses of PA have been shown to have a protective effect
against the likelihood of depression (Teychenne et al., 2008; Rethorst et al., 2009),
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and the beneficial effects of exercise on DS can be achieved even without im-
provements in fitness (Rimer et al., 2012).

There are also studies comparing the effect of PA with other treatments of
DS. When the effects of PA and antidepressants were compared in a meta-
analysis, no difference was found (Rethorst et al., 2009). A similar result was
found between exercise and cognitive therapy (Rethorst et al., 2009). Bright-
light therapy, in turn, has yielded somewhat controversial results. One study
found that both exercise and bright-light effectively relieved DS (Leppdmaiki et
al., 2002), whereas in another study bright-light therapy was not as beneficial as
PA in reducing DS (Pinchasov et al., 2000). Additionally, the combination of
light exposure and PA treatments has shown beneficial effects in alleviating DS
(Leppamaki et al., 2004; Partonen et al., 1998).

The association between PA and DS seems to be bidirectional, as DS are
associated with deleterious health-related behavior. For example, both total and
leisure-time physical activities are shown to decline as a consequence of DS,
probably due to low motivation and lack of initiative (Roshanaei-Moghaddam
et al., 2009). Another study showed that emerging depression is most likely to
co-occur with a person's change from being physically active to being sedentary,
and that depression was associated with a decrease in PA (van Gool et al., 2003).

For the purposes of the present research, a systematic literature search was
performed (from the index date of the database up to October 2012) for original
studies investigating associations between physical activity and depressive
symptoms. Articles were considered for inclusion in the systematic review if 1)
the authors reported data from an original, peer-reviewed study (i.e., not case
reports, comments, letters, meeting abstracts, or review articles); 2) the study
was a cross-sectional or prospective cohort study with a noninstitutional mid-
dle-aged or older adult population (age >45 years); 3) the authors reported an
association between the two conditions and 4) the study was published in Eng-
lish. In the case of multiple publications from the same study, only the most
recent paper or article was included.

A total of 304 articles were found in this systematic literature search. After
screening titles and abstracts based on the aforementioned criteria, 41 articles
remained. After examining those articles in full text, 14 articles were excluded.
Finally, 27 articles were included (Table 1).
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TABLE 1 Summary table of observational studies examining the association between
physical activity and depressive symptoms.
Authors Subjects, N | Study design | Association
Age
Almeida et al., | 20 677 Cross- + DS was independently associated
2011 =60 sectional with physical inactivity
Backmand et 1336 Cross- + PA has a protective effect against DS;
al., 2003 46-92 sectional an increase of one MET-unit (hour/day)
statistically significantly decreased the
risk for DS by 8 %
Brown et al., 9207 6-year follow- | + Relationship between increasing PA
2005 up and decreasing DS
Cassidy etal., | 278 Cross- + Physically active women were half as
2004 =70 sectional likely to have DS when compared to
their physically inactive counterparts
Chen et al., 2727 cross- + LTPA but not NLTPA (N=non) was
2012 265 sectional significantly associated with DS
Choi et al,, 188 Cross- + Time spent in LTPA had negative
2008 18-64 sectional associations with DS
Fukukawa et 1151 2-year follow- | +/- Daily walking predicted fewer DS
al., 2004 40-79 up (65-79 years old) not 40-64
Galper et al.,, 1277 female | cross- + Dose-response associations between
2006 5451 male sectional the level of physical activity and both
20-88 CES-D and GWB scores
Hamer et al., 4323 4-year follow- | + Moderate and vigorous PA decreased
2009 246 up the odds for DS
Kamphuis et 909 male Cross- + Men with more DS were less physical-
al., 2007 70-90 sectional ly active than men with few DS
Ku et al., 2012 | 1160 11-year fol- + PA was negatively associated with
=67 low-up changes in DS. DS were not related to
change in PA
Lampinen et 663 8-years fol- + Reduced intensity of physical exercise
al., 2000 >65 low- up during the 8 years associated with more
DS at follow-up
Lee and Park, | 645 1-year follow- | + Significantly less DS were observed
2008 265 up with PA
Lindwall et al., | 17 593 2-year follow- | + Reciprocal prospective relationship
2011 up between PA and DS
Pitsavos et al., | 3042 Cross- + Physically active men and women
2005 20-89 sectional were less likely to report DS
Piwonski et 13 545 Cross- + Inactivity was significantly and inde-
al., 2010 20-74 sectional pendently related to DS
Reichert et al., | 379 Cross- + More intense PA was related to lower
2011 60-79 sectional prevalence of DS. PA was inversely
related to DS in males, but not in fe-
males
Rosqvist et al., | 645 Cross- + Risk of physical inactivity was higher
2009 81-87 sectional among persons with DS compared with

non-depressed people
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Salguero et al., | 436 Cross- + PA was related to decreased DS

2011 60-98 sectional

Sieverdes et 9580 male Cross- + A significant inverse relationship be-

al., 2012 20-87 sectional tween PA categories and DS

van Gool et al., | 1280 6-year follow- | + Emerging depression associated with

2003 55-85 up change from being physically active to
being sedentary

Wada et al., 11724 cross- + DS were significantly associated with

2006 18-69 sectional PA less than once a week

Wise et al., 35 224 fe- 2-year follow- | + Leisure time vigorous physical activi-

2006 male up ty was associated with a reduced odds

21-69 of DS

Woo et al., 2032 3-year follow- | + Inverse relationship between DS and

2002 =70 up increasing PA

Xue et al., 433 female 12-years fol- + DS were associated with sedentary

2012 70-79 low-up behavior and/or a fast decline in activi-
ty.

Yang et al., 935 8-year follow- | + Sustained participation in LTPA was

2012 30-45 up inversely associated with DS

Yoshiuchi et 184 1-year follow- | + PA showed significant negative corre-

al., 2006 65-85 up lations with DS

Of the 27 articles found, 14 were cross-sectional studies and 13 were follow-up
studies ranging from 1 to 12 years. Most studies included both females and
males, but two studies concerned females only and two males only. Primarily,
the studies examined the effect of PA on DS, and an inverse association be-
tween PA and DS was found, in both the cross-sectional and follow-up studies.
The study by Chen et al. (2012) found that LTPA was associated with DS,
whereas domestic and work-related physical activities were not. In study of
Fukukawa et al. (2004), daily walking predicted fewer DS at the 2-year follow-
up among older adults, but not among middle-aged adults. Some studies inves-
tigated the impact of DS on PA. Emerging depression was found to be associat-
ed with a change from being physically active to being sedentary (van Gool et
al., 2003) and furthermore, DS were associated with a fast decline in PA (Xue et
al., 2012). In their 11-year follow-up, Ku et al. (2012) found that PA was nega-
tively associated with changes in DS, whereas DS were not related to change in
PA. In one study, a gender difference emerged: PA was inversely related to DS
in males, but not in females (Reichert et al., 2011). A reciprocal prospective rela-
tionship between PA and DS was also reported (Lindwall et al., 2011).

2.24 Mechanisms behind the interaction of physical activity and depressive
symptoms

Despite extensive investigation regarding the relationship between PA and DS,
the underlying mechanisms are not completely understood. Several possible
biochemical, physiological and psychological mechanisms that have been pro-
posed to be behind the beneficial effect of PA on DS are shown in Figure 2.
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FIGURE2  Physiological effects of physical activity on depression.

In the first place, endogenous opioids, such as endorphins are hypothesized to
be the mediating factor between PA and enhanced mental health (Grisel et al.,
2008). Although PA stimulates the production of endorphins, there is only little
evidence of a correlation between increased endorphin levels following PA and
a reduction in DS (Dishman and O'Connor, 2009). Therefore, alternative hy-
potheses have been favored recently. The monoamine hypothesis is based on
the fact that PA induces the release of several neurotransmitters, such as sero-
tonin, dopamine, acetylcholine and norepinephrine by increasing the activity of
some subtypes of receptors for the transmitters (Sarbadhikari and Saha, 2006).
These transmitters are diminished with depression, and thus anti-depressant
medication is based on these ingredients (Deslandes et al., 2009). This hypothe-
sis gives preliminary support for the use of PA in alleviating DS (Brosse et al.,
2002).

Other proposed mechanisms include exercise-driven changes in the hypo-
thalamic-pituitary-adrenal (HPA) axis that regulates the stress response (Eyre
and Baune, 2012). In depression the function of the HPA axis is imbalanced.
Depressed patients tend to exhibit higher baseline basal cortisol levels and non-
suppression in cortisol secretion denoting hyperactivity of HPA axis (Pariante
and Lightman, 2008). Although PA activates also the HPA axis, this exercise-
induced stress response is different from the threat-induced activation of the
HPA-axis in depression. There is substantial evidence that PA is related to low-
er reactivity of the sympathetic nervous system and HPA axis. Lower stress-
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related cortisol increase and cardiovascular reactivity, and more rapid cardio-
vascular recovery have been found among physically active persons compared
to those who are less active (Crews and Landers, 1987; Jackson and Dishman,
2006; Rimmele et al., 2007; Spalding et al., 2004).

One proposed mechanism of action is the anti-inflammatory effect of regu-
lar physical activity on the immune system, as depression is associated with
low-graded inflammation (Rethorst et al., 2011). This hypothesis is supported
by longitudinal studies, which showed that regular training induces a reduction
in CRP (C-reactive protein) level, and also by studies conducted under labora-
tory conditions (Beavers et al., 2010; Petersen and Pedersen, 2005). Exercise is
proposed to up-regulate anti-inflammatory cytokines resulting in an increased
immune system threshold for stress. Hence, physical activity could be effective
in reducing chronic inflammation, especially in individuals with chronic dis-
eases associated with a state of elevated low grade inflammation (Hallberg et al.,
2010).

In addition, PA is involved in neurogenesis in the hippocampus. Depres-
sion, aging and stress have been demonstrated to decrease neurotrophic expres-
sion and hippocampal neurogenesis, while antidepressants and exercise have
favorable effects on these (Cotman et al., 2007; Duman, 2005; Erickson et al.,
2012). One such influential factors is Brain-Derived Neurotrophic Factor
(BDNF), a protein which supports neuron survival and contributes to growth
and differentiation of new neurons and synapses, as low levels of BDNF has
been shown to occur with depression (Duman and Monteggia, 2006; Karege et
al., 2002). In contrast, PA has proved to normalize depression-derived decreed
BDNF (Laske et al., 2010).

Four main psychological mechanisms of action have been proposed. Phys-
ical activity has been stated to provide ‘time out’; this is known as the distrac-
tion hypothesis (Daley, 2002). PA allows the depressed person to take time out
from his or her worries. The second explanation is achievement of a sense of
mastery with the successful completion of physical activities (Daley, 2002). Im-
proved self-esteem and self-image attained through PA have also been suggest-
ed as possible therapeutic mechanisms (Kirkcaldy et al., 2002). Finally, an in-
creased opportunity for social interaction may play some role in the relation-
ship between physical activity and depression (Fox, 1999).

Consequently, improvement in mental health due to physical activity is
probably based on some or all of the pathways mentioned. Hence, the relation-
ship between PA and depressive symptoms may rest upon such multiple
mechanisms, while they may also be reciprocal. People who experience reduced
depressive symptoms may be more likely to continue a physically active life-

style.



25

2.3 Association between physical activity and cardiometabolic
risk factors

There is a consensus that a physically active lifestyle results in positive health-
related outcomes. However, the relationship between PA and health is rather
complex. As early as 1948, the World Health Organization defined heath as “a
state of complete physical, mental, and social well-being and not merely the
absence of disease or infirmity” (World Health Organization, 1948). With physi-
cal activity it is possible to affect all these three dimensions of health: physical,
mental and social health. Thus, physical activity is indicated in the treatment of
numerous medical disorders (Pedersen and Saltin, 2006). Physical activity has
both acute health effects which occur in the hours after a physical activity ses-
sion, and chronic effects which, in turn, occur over time.

2.3.1 Effect of physical activity on cardiometabolic risk factors

There is plenty of evidence for the beneficial effect of PA on cardiometabolic
risk factors which, without intervening, turn into cardiovascular diseases and
type 2 diabetes. The beneficial effects of physical activity on blood pressure is
well documented among both normotensive (Cornelissen and Fagard, 2005;
Kelley et al., 2001) and hypertensive (systolic blood pressure >140mmHg; dias-
tolic blood pressure >90mmHg) individuals (Pescatello et al., 2004). The de-
crease in blood pressure after PA typically lasts 4-10 hours after the exercise
session, but this acute effect of exercise may last up to 22 hours (Pedersen and
Saltin, 2006). Repeated exercise, in turn, can lead to chronic adaptations. Re-
peated aerobic exercise three times per week for four weeks at 60-70% of maxi-
mum work lasting 40 minutes induced a significant reduction in blood pressure
which persisted for a period of one week after cessation of exercise (Meredith et
al., 1990). Another study on the effect of exercise on blood pressure showed that
blood pressure was significantly reduced both after acute (30 min at 65% maxi-
mum oxygen consumption) and after 8 weeks of chronic aerobic exercise (4
times per week, 30 min per session, 65% of maximum oxygen consumption),
denoting that the acute and chronic effects of exercise appeared at the same lev-
el (Liu et al., 2012). A significant reduction also occurred after 5 weeks of train-
ing, but not after one or three weeks. Thus, in order to achieve long lasting ef-
fect on blood pressure, the training should be long-term. A review article pub-
lished in 2006 showed that with aerobic exercise it is possible to decrease both
systolic blood pressure (by 3-3.84 mmHg among normotensive and 15 mmHg
among hypertensive participants) and diastolic blood pressure (by 2-2.58
mmHg among normotensive and 4 mmHg among hypertensive participants)
(Pedersen and Saltin, 2006). The antihypertensive effect of PA is considered to
be based on neurohumoral, vascular and structural adaptation. In addition, PA
reduces sympathetically induced vasoconstriction and decreases catecholamine
levels (Pedersen and Saltin, 2006).
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Individuals with hypertension often also have dyslipidemia, including
some abnormality in the blood lipid (e.g. cholesterol and triglyceride) levels.
Strong evidence of the beneficial effect of PA on the blood lipid profile has been
reported in the literature (Pedersen and Saltin, 2006). A meta-analysis of 51
studies, conducted in 2001, showed that HDL increased by 3.7%, LDL decreased
by 5% and triglyceride concentration decreased by 3.7% (Leon and Sanchez,
2001). The PA interventions included aerobic exercise 3-5 times per week with
duration of 30 minutes in the majority of the studies. Similar results were found
in a RCT, which, in addition showed that a high amount of exercise (32 km jog-
ging/week at 65-80% of maximum oxygen consumption) had a significantly
better effect on lipid profile than a low amount of exercise (19km jogging/week
at 65-80% of maximum oxygen consumption) (Kraus et al., 2002). Thus, based
on the literature, the amount of PA should be high and intensity moderate or
high to achieve a favorable lipid profile (Pedersen and Saltin, 2006). In addition,
in their RCT, Slentz et al. (2007) studied the effect of six months exercise train-
ing on plasma lipoproteins at 16-24 h, 5 days, and 15 days after the last training
session. They showed that the beneficial effects of exercise found at 24 h were
largely sustained at both 5 and 15 days after the last exercise cessation. The
study also observed that moderate-intensity exercise had favorable effects on
triglycerides and vigorous-intensity on HDL metabolism (Slentz et al., 2007).
The possible mechanisms underlying the relationship between PA and lipid
profile may be the fact that lipid metabolism increases due to exercise, and thus
muscles are able to use lipids to a greater extent, instead of glycogen (Pedersen
and Saltin, 2006).

Furthermore, glucose tolerance has been shown to be better among those
who are physically active (Dunstan et al., 2004). Most studies on lifestyle modi-
fication and impaired glucose tolerance include interventions with combined
exercise and diet, and thus isolated effect of exercise is difficult to determine.
However, Tuomilehto et al. (2001) provided some indication of an independent
effect of exercise in their RCT, which studied Finnish participants with im-
paired glucose tolerance. They found that participants in the intervention group
with moderate 30-minute bout of daily exercise combined with diet managed to
reduce the risk for type 2 diabetes by 58% in a 3.2-year follow up. During that
period, the weight loss of the participants was only modest (Tuomilehto et al.,
2001). Another study randomized over three thousand participants with im-
paired glucose tolerance into metformin treatment, lifestyle modification and
placebo and, found a similar reduction in the risk for type 2 diabetes among
those in the lifestyle group, as was reported in the Finnish study (Knowler et al.,
2002). In addition, the lifestyle intervention was more effective than metformin.
The beneficial effect of PA on glucose tolerance is based on the ability to en-
hance insulin sensitivity and contraction-induced glucose uptake in the muscle
(Dela et al., 1993). Further, PA has a favorable effect on endothelial dysfunction,
which is common among those with insulin resistance.

Consequently, in all these cardiometabolic risk factors, PA has proved to
have a beneficial effect (Wannamethee et al.,, 2000; Warburton et al., 2006).
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Based on the literature, the amount of exercise for those with these cardiometa-
bolic risk factors should mainly follow the general PA recommendations for the
general population: 150 minutes of moderate-intensity or 75 minutes of vigor-
ous-intensity aerobic LTPA each week, with the addition of muscle-
strengthening and balance training two times a week (Haskell et al., 2007).
Muscle-strengthening training should not be forgotten, as skeletal muscle seems
to have several beneficial effects through the endocrine system. Muscle mass
has been identified as a secretory organ as it is shown to produce, express and
release cytokines and other peptides called myokines (Pedersen, 2011). With
these peptides, muscles are able to communicate with other organs, such as ad-
ipose tissue, liver, pancreas, bones and brain. Myokines are involved in muscle
hypertrophy, fat oxidation, immune system, and endothelial function of the
vascular system (Pedersen and Febbraio, 2012). However, to induce all this to
act, muscle contraction is needed (Pedersen and Febbraio, 2012). Consequently,
the low output of myokines associated with loss of muscle contraction may
provide a potential mechanism for the association between physical inactivity
and cardiometabolic risk factors. Adipose tissue, however, is also an active en-
docrine and an immune organ with metabolically active cells, which in turn
promotes and exacerbates cardiometabolic risk factors (Bays, 2012).

PA has a central role in prevention of cardiometabolic risk factors, the
prevalence of which in Finland are as high as 64% for raised cholesterol, 58% for
overweight, 49% for raised blood pressure, 23% for obesity and 10% for raised
blood glucose (World Health Organization, 2005).

2.3.2 Metabolic syndrome

Cardiometabolic risk factors can be addressed together as metabolic syndrome
(MetS). MetS is known as the clustering of several metabolic abnormalities, in-
cluding a combination of abdominal obesity, hypertension, dyslipidemia, insu-
lin resistance, and hyperglycemia, which are often accompanied by a proin-
flammatory state (Grundy et al., 2005; Laaksonen et al., 2004), in turn also in-
creasing the risk for developing type 2 diabetes (Ford et al., 2008; Laaksonen et
al., 2002a) and cardiovascular diseases (Sattar et al., 2008; Wang et al., 2007).
The prevalence of MetS depends partly on the definition used, but age, gender,
race and ethnicity are relevant factors (Cornier et al., 2008). Approximately one-
fourth of the adult European and Latin American populations have MetS
(Grundy, 2008), while in the United States the prevalence is as high as 39%
among adults (Churilla et al., 2007). The prevalence in Finland is 12% among
people aged 24-39 (Yang et al., 2008), rising to as high as 45% among middle-
aged people (aged 45-64) (Hu et al., 2008). The prevalence of MetS is rapidly
increasing worldwide (Grundy, 2008; Zimmet et al., 2005), which makes it ma-
jor public health problem due to the increased risk for type 2 diabetes and CVD.

As metabolic syndrome is a cluster of different abnormalities instead of
single disease, it has resulted in the development of multiple concurrent defini-
tions. It was first defined by the World Health Organization (WHO) in 1998
(Alberti and Zimmet, 1998), since when several definitions have been proposed
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by different working medical societies (Table 2). The main criteria in the WHO
definition were insulin resistance, impaired glucose tolerance (IGT) or type 2
diabetes. In addition, two of the following parameters were required: hyperten-
sion, hypertriglyceridemia or low HDL-cholesterol, obesity, and microalbumi-

nuria (Alberti and Zimmet, 1998).

TABLE 2 Most commonly used definitions of metabolic syndrome.
WHO (1988) | EGIR (1999) | NCEF/ATPI | IDF (2005) | AHA/NHL
IT (2001) BI (2005)
Required Type 2 dia- | Fasting- - Abdominal | -
betes or IFG | insulin in obesity with
or IGT top 25% ethnicity-
specific val-
ues
Additionally and 22 of: and 22 of: >3 of: and 22 of: >3 of:
Fasting glu- >6.1 >6.1 >5.6 >5.6
cose (mmol/l)
HDL choles- | <0.9 males, | <1.0 <1.03 males, | <1.03 males, | <1.03 males,
terol <1.0 females <1.29 fe- <1.29 fe- <1.29 fe-
(mmol/l) males males males
Triglycerides | >1.7 >2.0 >1.7 >1.7 >1.7
Obesity Waist/hip Waist > 94 Waist =102 Waist > 102
ratio > 0.90 cm males, cm males, cm males,
in males, >80 cm > 88 cm >88 cm
>0.85in females females females
females, or
BMI > 30
kg/m?
Blood pres- >140/90or |=>=140/90o0r |=130/850r |=130/850r |=130/85or
sure (mmHg) | drug treat- | drugtreat- | drugtreat- | drugtreat- | drug treat-
ment ment ment ment ment
Microalbu- urinary-
minuria albumin >
20 pg/min

IFG=impaired fasting glucose, IGT=impaired glucose tolerance, HDL=high-density choles-
terol

The European Group for the study of Insulin Resistance (EGIR), in turn, exclud-
ed microalbuminuria as an integral component of the MetS in 1999, while it re-
quired hyperinsulinemia to be present (Balkau and Charles, 1999). In 2001, the
National Cholesterol Education Program Adult Treatment Panel III
(NCEP/ATPII) introduced alternative criteria for defining MetS, including
three of the following as mandatory components: central obesity, blood lipids,
hypertension, and fasting glucose (Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults, 2001). Thus, it differed from the
previous definitions in that insulin resistance was not a necessary diagnostic
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component, thus making it possible to capture those at high risk for both cardi-
ovascular diseases and diabetes.

Thereafter, the International Diabetes Federation (IDF) published their
own criteria in 2005 which modified the NCEP/ATPIII criteria (Alberti et al.,
2005). The IDF emphasized central obesity as the major underlying risk factor
for MetS, introducing abdominal obesity measured with waist circumference as
a prerequisite of the diagnosis. Further, IDF took account of ethnic differences
in the correlation between abdominal obesity and other metabolic syndrome
risk factors.

Furthermore, the American Heart Association (AHA) and the National
Heart, Lung, and Blood Institute (NHLBI) updated the MetS criteria (Grundy et
al., 2005). The AHA/NHLBI criteria, in contrast to the IDF criteria, are largely
based on the NCEP/ATP IlI criteria, which have been widely adopted in the US.
Only the threshold for IFG was reduced, to correspond with the American Dia-
betes Association (ADA) criteria for IFG (Genuth et al., 2003). Thus, it is also
called the revised NCEP/ATPIIIL.

Despite wide and profound development work on the definition of MetS,
there is still a lack of commonly and universally accepted criteria for MetS. Cur-
rently, the NCEP/ATP III and IDF are the most widely used definitions. These
definitions focus specifically on central obesity. In contrast, the other criteria
largely focus on insulin resistance.

2.3.3 Pathogenesis of metabolic syndrome and association with physical
activity

The pathogenesis of the MetS still remain partly unclear, but there is undoubted
evidence that sedentary behavior, an unhealthy diet, and overweight and obesi-
ty are factors underlying the development of MetS (Laaksonen et al., 2004; Ter-
an-Garcia and Bouchard, 2007). Additionally, abdominal obesity and insulin
resistance are undoubtedly key elements in the pathophysiology of MetS, and
behind both of these elements, hyperactivity of the hypothalamic-pituitary-
adrenal (HPA) axis is proposed to play a central role (Pasquali et al., 199§;
Wajchenberg, 2000). The HPA axis is a complex neuroendocrine system with
interaction between the hypothalamus, the pituitary gland and the adrenal
glands. It comprises the stress system and regulates several body processes.
One of the reasons for hyperactivity of the HPA axis is chronic stress. Chronic
stress with increased cortisol levels is known to contribute to the development
of many somatic diseases and to the development of MetS as well (Bjorntorp
and Rosmond, 1999; Chalew et al., 1995; Chrousos, 2000). Also, insulin re-
sistance and altered lipid profile, as diagnostic components of MetS, are sug-
gested to have some involvement in higher cortisol levels (Andrews and Walk-
er, 1999).

Abdominal obesity, with its accompanying adipose tissue, acts as an en-
docrine organ which secretes hormones and proteins essential in the regulation
of cardiovascular risk factors and, further, produces inflammatory cytokines
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which, in turn, induce insulin resistance (Mohamed-Ali et al., 1998; Perseghin et
al., 2003).

With daily lifestyle habits, including diet, PA, alcohol consumption and
smoking, it is possible to affect the factors behind MetS. Recommendations for
the prevention of MetS include increased PA (including aerobic and resistance
exercise), a healthy diet, and weight loss (Alberti et al., 2006; Grundy et al., 2005;
Lakka and Laaksonen, 2007). Many studies have reported beneficial effects of
PA on MetS. These have mainly been cross-sectional epidemiological studies,
but a few prospective studies and, more recently, RCT studies have also been
published (Wang et al., 2012). Lakka et al. (2003) showed, in their population-
based cross-sectional study of 1 069 middle-aged males that those with low lev-
els of LTPA are more likely to have MetS. In addition, they suggested that a
sedentary lifestyle and poor cardiorespiratory fitness can be considered features
of MetS. Ilanne-Parikka et al. (2010), in turn, followed 486 middle-aged over-
weight female and male with impaired glucose tolerance over an average of 4.1
years (llanne-Parikka et al., 2010). They found that an increase in moderate to
vigorous LTPA (from 1.4 to 2.5 hours per week in females and from 2.3 to 3.1 in
males) decreased the likelihood of developing MetS and increased the likeli-
hood of resolving MetS. Moreover, these changes were independent of changes
in diet and body weight. Kukkonen-Harjula et al. (2005), in turn, found in their
randomized trial that combined diet counseling with PA did not alleviate MetS
more than diet counseling alone. Wang et al. (2012) studied the effect of a 12-
month PA and a nonexercise health education intervention in an elderly sample.
Their randomized controlled trial showed that the use of medications to treat
MetS components may weaken the effect of PA on MetS among the elderly. The
prevalence of MetS was reduced, but the PA intervention did not reduce the
prevalence of MetS more than the nonexercise health education intervention.
However, in the subgroup of participants not taking any medication for treating
components of MetS, those in the PA intervention had lower odds of having
MetS in comparison to those with the health education intervention. Lakka &
Laaksonen (2007) concluded in their review that although RCTs with the pre-
vention or treatment of the MetS as the main outcome are lacking, extensive
evidence confirms the favorable effect of PA on the risk factors behind type 2
diabetes and MetS. They suggest the general PA recommendations for the pop-
ulation to be valid also among those with MetS but however, taking into ac-
count possible individual contraindications for vigorous PA and resistance
training should take into account.

2.4 Summary of the literature

Almost one-third of the adult populations globally are insufficiently active for
health benefits. This is partly a consequence of lack of engagement in LTPA and
increased sedentary behavior during occupational and domestic activities. The
highest prevalence of insufficient PA occurs in the high-income countries. Inac-
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tivity and sedentary behavior have, in turn, contributed to the growing burden
of lifestyle-related diseases, such as cardiovascular diseases and type 2 diabetes,
and to a cluster of these diseases risk factors, metabolic syndrome. In addition,
there is plausible evidence of deleterious effect of low PA on mental health; de-
pressive symptoms are more prevalent among those with a low PA level.
Moreover, depressive symptoms are associated with somatic diseases as well.
Thus, these factors are clearly linked to each other. Furthermore, fairly ex-
tensive studies have been conducted on these links, although mainly by study-
ing the relationship between just two factors. However, on the population level,
there is a lack of evidence on the simultaneous investigation of physical inactiv-
ity, cardiometabolic risk factors and depressive symptoms - factors which, if
serious action is not taken, may ultimately present an unmanageable burden.



3 PURPOSE OF THE STUDY

The purpose of this thesis was to analyze the interrelationships of physical ac-
tivity and depressive symptoms with cardiometabolic risk factors in a cross-
sectional population-based study conducted in Finland in the year 2007.

The specific aims of this thesis were to study:

1.

The relationships between physical activity and self-rated fitness and
health. (additional data)

Physical activity level in relation to depressive symptoms and cardio-
metabolic risk factors. (Studies I, II and additional data)

The association between lifetime physical activity and occurrence of de-
pressive symptoms in older age. (Study III)

The significance of physical activity level related to the prevalence of un-
intentional injuries and presence of depressive symptoms. (Study IV)

The association between physical activity and the simultaneous presence
of metabolic syndrome and depressive symptoms. (Study V)



4 MATERIAL AND METHODS

This thesis is based on a cross-sectional population study, the FIN-D2D survey,
which monitors cardiometabolic risk factors in Finnish adults aged 45 to 74
years.

4.1 Study participants and design

The study was carried out in the hospital districts of Central Finland, Pir-
kanmaa, and South Ostrobothnia between October and December 2007. A ran-
dom sample of 4 500 subjects aged 45-74 years, stratified according to gender,
10-year age groups (45-54, 55-64 and 65-74 years) and the three geographical
areas, was selected from the National Population Register in August 2007. The
study participants were invited by mail to a clinical examination. Of the 4 500
persons, 64% participated in the health examination. The data analyzed in this
thesis are based on those 2 868 participants. Non-responders were on average
1.4 years younger than responders (p<0.001), and females were more likely to
participate than males (67% vs. 61%, p<0.001). The participation rate in the arti-
cles of this thesis varies due to the differing availability of the study variables
between articles. The study samples and inclusion criteria in the articles are
presented in Figure 3. More detailed information can be found in the individual
articles.

All the participants signed an informed consent form. Ethical permission
for the study was granted by the Hospital District of Helsinki and the Uusimaa
ethics committee.
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Total FIN-D2D sample
(n=4 500) 45-74 years
» Were invited to a health examination

[ * 64 % attended the health examination (n=2868) J
/
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n=2 712 L . on LTPA, DS and parameters underlying
Participants aged 45-74 with information MetS
on glucose tolerance status \_ J
N )
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Study III )
n=927
Participants aged 65-74 with data on LTPA
and DS
o /

FIGURE3  Study samples in articles I-V.

4.2 Measurements

Measurements included both self-rated questionnaires on health, lifestyle fac-
tors, depressive symptoms and physical activity, and objectively measured car-
diometabolic risk factors.

4.21 Physical activity

Total physical activity

Total physical activity (PA) was assessed using the self-administered short ver-
sion of the International Physical Activity Questionnaire (IPAQ). The question-
naire estimates the frequency, intensity, and duration of PA in leisure time and
at home, and also includes occupational and commuting PA over the previous
seven days (Bauman et al., 2009; Craig et al., 2003; Papathanasiou et al., 2010).
Total daily PA in MET-min (Metabolic Equivalent; 1 MET = resting energy ex-
penditure) was calculated according to the official IPAQ scoring protocol
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(www.ipaq.ki.se). In the analysis, total PA was divided into three categories
(low, < 600; moderate, 600-2999; and high, = 3000) or into tertiles based on MET-
min week, where the high category represents the recommended level of total
PA (Bauman et al., 2009).

Leisure-time physical activity

Leisure-time physical activity (LTPA) was assessed with the question: “How
much physical activity do you engage in leisure-time?” The response options
were: In my leisure-time I 1) read, watch television and do things which do not
need physical activity; 2) walk, ride a bicycle or move in other ways requiring
physical activity at least for four hours a week; 3) do physical activities to main-
tain my condition such as jogging, cross-country skiing, aerobics, swimming or
ball-games at least three hours a week; and 4) practice for competitions in run-
ning, cross country skiing, orienteering, ball games, or other physically heavy
sports several times a week. LTPA was classified as follows: low (category 1),
moderate (category 2) and high (categories 3 and 4). The questionnaire on LTPA
has shown a high correlation with physical fitness, as measured by maximal
oxygen uptake, and its validity against serum cholesterol and BMI has proved
to remain stable over 25 years (Aires et al., 2003; Saltin, 1977).

Lifetime leisure-time physical activity

Lifetime history of LTPA was assessed with the following question: "How often
in your leisure-time did you exercise (including jogging, cross-country skiing,
cycling, swimming, walking, pole/Nordic walking, aerobics, ball games, ice
hockey, etc.) at age of 15-24, 25-34, 35-44, 45-54 and 55-64 years, and how of-
ten do you exercise at present". The response options were: over 5 times a week,
4-5 times a week, 2-3 times a week, once a week, 1-3 times a month, less than
once a month and I cannot exercise because of an illness or disability.

4.2.2 Depressive symptoms

Depressive symptoms (DS) were assessed by using the Beck Depression Inven-
tory (BDI) (Beck et al., 1961), which is a 21-item self-report questionnaire con-
sisting of symptoms and attitudes related to depression. The items are summed
to form a total score, with a range from 0 to 63. The cut-off point for DS was 10,
which indicates at least mild depression (Koponen et al., 2008; Vddndnen et al.,
2008). Participants with DS > 10 were offered a possibility to meet a psychiatrist
for further examination.

4.2.3 Cardiometabolic risk factors

Alcohol use

Alcohol-specific questions inquired about the frequency of occasions during the
past 12 months the respondent had drunken alcohol to feel inebriated. Alcohol
consumption was classified into four categories as follows: never, occasionally,
at least once a month, and at least once a week.
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Hypertension

Hypertension was indicated if systolic blood pressure was 2130 mmHg or dias-
tolic 285 mmHg or participants were having treatment for previously diag-
nosed hypertension. Blood pressure was measured with a mercury sphygmo-
manometer twice in a sitting position after a minimum of 15 minutes of accli-
matization.

Dyslipidemia

Dyslipidemia was analyzed using a fasting venous blood specimen and entailed
at least one of the following: elevated low-density lipoprotein (LDL) cholesterol
(>3.0 mmol/L) or triglyceride concentration (>2.0 mmol/L), decreased high-
density lipoprotein (HDL) cholesterol concentration (<1.0 mmol/*¥), and the use
of cholesterol-lowering agents or a ratio of LDL and HDL >4 (Castelli et al.,
1992). A fasting venous blood specimen was drawn into a gel serum tube for
serum cholesterols, triglycerides and glucose. The serum and plasma were sep-
arated within one hour by centrifuging at room temperature. After that, the
samples were aliquoted into storage tubes and stored at a minimum of -20°C.
Later, the samples were transported frozen to the National Institute for Health
and Welfare and stored at -70 C° until analyzed in the same laboratory.

Glucose profile

Impaired glucose tolerance (IGT) was defined as a fasting plasma glucose (FPG)
level of < 7.0 mmol/L and a two-hour glucose value of 7.8-11.0 mmol/L. Im-
paired fasting glycemia (IFG) was defined if FPG was 6.1-6.9 mmol/L and the
two-hour glucose value was < 7.8 mmol/L (James et al., 1997). Having both IGT
and IFG is considered as having impaired glucose regulation (IGR). The sub-
jects were defined as having screen-detected type 2 diabetes (ST2D) if they had
not previously been diagnosed with type 2 diabetes and their FPG was > 7.0
mmol/L or 2-h glucose > 11.1 mmol/L at the clinical examination (James et al.,
1997). The subjects were defined as having previously known type 2 diabetes
(T2D) if they reported a history of diabetes. Subjects who did not have these
glucose regulation abnormalities or previously known diabetes were defined as
having normal glucose regulation. Accordingly, the glucose regulation catego-
ries were: impaired glucose toleran