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1 enjoy talking with very old people. They have gone before us on a road by which
we, too, may have to travel, and I think we do well to learn from them what it is like.

- Socrates, in Plato’s The Republic
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ABSTRACT

Walking is a critical component in maintaining independent and high quality of life
in old age, and difficulties in walking often precede more severe disability. Obesity
is a known risk factor for several diseases, but a limited number of studies have
examined the negative effect of obesity on walking or general mobility. Moreover,
relatively little is known about the possible mechanisms through which obesity
affects walking performance. This study was conducted to explore obesity as a risk
factor for walking limitation, and to examine the role of different diseases and
biological indicators in that association. Furthermore, obesity and physical
impairments were studied as long-term risk factors in predicting limitations in later
life walking.

This study targeted Finnish men and women aged 55 years or older, and it was based
on the nationwide cross-sectional population-based Health 2000 Survey (n=3 392)
and the prospective Mini-Finland Follow-up Survey with a 22-year follow-up
(n=1278). Walking limitation was defined as measured maximal walking speed
less than 1.2 m/s, supplemented with self-reported difficulty in walking 500 meters
for those who did not take part in the walking speed test. In the health examination
of the Health 2000 Survey, body composition, body mass index, waist
circumference, and handgrip strength were measured, medical conditions were
diagnosed by a physician, and a blood sample was drawn. Recalled height at the age
of 20 years and recalled weight at the ages of 20, 30, 40 and 50 years were recorded.
At the baseline of the Mini-Finland Follow-up Survey, body mass index, handgrip
strength and ability to squat were measured, and ability to run 500 meters was
elicited. The main statistical method used in this study was logistic regression
analysis.

In the cross-sectional setting, overweight and obesity were independently associated
with walking limitation, more strongly in women than in men. Type 2 diabetes in
men and knee osteoarthritis in women were the diseases which contributed most to
the association between obesity and walking limitation. In addition, increased C-
reactive protein level and low handgrip strength were found to mediate the
association between high body fat percentage and walking limitation. The 22-year



follow-up study showed that high body mass index and physical impairments
measured at middle-age predicted walking limitation in later life. Based on a
retrospective design, obesity duration over several decades increased the risk of
walking limitation. Finally, overweight or obese persons with coexisting diseases or
physical impairments had a high risk of current or future walking limitation
compared with the risk associated with excess body weight alone.

The findings of this study show that obesity and obesity duration throughout the
lifespan as well as obesity and coexisting conditions are important risk factors
influencing walking in older person. The results of the present study may be useful
when planning and targeting efficient interventions to prevent and alleviate walking
limitation in older people. Future research using prospective and experimental
settings is needed to confirm the role of diseases, low-grade inflammation, and
decreased muscle strength in the pathway from obesity to walking limitation.

Keywords: body composition, coimpairment, comorbidity, epidemiological studies,
inflammation, mobility, muscle strength, obesity, older people, walking
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TIIVISTELMA

Kéavelykyky vaikuttaa olennaisesti ikddntyvdn ihmisen eldménlaatuun ja hénen
edellytyksiinsd selviytyd ilman muiden apua. Usein kévelyvaikeudet ennustavat
vield vaikeampien toiminnanvajavuuksien ilmaantumista. Lihavuus on monien sai-
rauksien tunnettu riskitekijd, mutta lihavuuden kielteisid vaikutuksia kdvelykykyyn
on tutkittu vdhédn. Tietoa on niukasti myds niistd mekanismeista, joiden vilitykselld
lihavuus rajoittaa kivelykykyé. Téssd tutkimuksessa tarkasteltiin lihavuutta kively-
vaikeuksien riskitekijdnd ja samalla my0s erilaisten biologisten tekijéiden ja kroo-
nisten sairauksien osuutta lihavuuden ja kdvelyvaikeuksien véliseen yhteyteen. Li-
sdksi tutkittiin miten keski-idlld todettu lihavuus ja heikentynyt fyysinen suoritus-
kyky ennustavat kdvelyvaikeuksien ilmaantumista myohemmaélla i4ll4.

Tutkimuksen kohdejoukkona olivat 55 vuotta tiyttdneet suomalaiset michet ja nai-
set. Tutkimus perustui suomalaista aikuisvéestéd edustavaan Terveys 2000 -tutki-
mukseen (n =3 392) seké sen yhteydessd tehtyyn seurantatutkimukseen (n =1 278),
jossa tutkittiin 22 vuotta aikaisemmin Mini-Suomi -tutkimukseen osallistuneita
henkiloitd. Tutkittavan kdvelyn katsottiin olevan vaikeutunutta, jos hdnen maksi-
maalinen kdvelynopeutensa oli alle 1.2 m/s tai mikéli tutkittava ei osallistunut
kévelynopeustestiin, hén ilmoitti vaikeuksia 500 metrin kdvelyssd. Terveys 2000
-tutkimuksessa mitattiin kehon koostumus, painoindeksi, vyotironympérys ja kidden
puristusvoima. Lisdksi lddkéri diagnosoi tutkittavan sairaudet kliinisen tutkimuksen
perusteella ja hineltd otettiin verindyte. Tutkittavalta kysyttiin myds hénen pituut-
taan 20 vuoden idssd ja painoa 20-, 30-, 40- ja 50-vuotiaana. Mini-Suomi -tutkimuk-
sen lahtotilanteessa mitattiin painoindeksi, kdden puristusvoima ja kyykistymiskyky
sekd tiedusteltiin tutkittavan suoriutumista 500 metrin juoksemisesta. Péddasiallisena
tilastomenetelméni tutkimuksessa kéytettiin logistista regressioanalyysia.

Poikkileikkausasetelmassa ylipainon ja lihavuuden havaittiin olevan itsendisesti yh-
teydesséd kdvelyvaikeuksiin, selvemmin naisilla kuin miehilld. Kroonisista sairauk-
sista lihavuuden ja kdvelyvaikeuksien vilistd yhteyttd selittivdt parhaiten michilld
tyypin 2 diabetes ja naisilla polvinivelrikko. C-reaktiivisen proteiinin kohonneen
pitoisuuden ja kéden puristusvoiman heikkouden todettiin vastaavasti vélittdvan ke-



hon korkean rasvaprosentin ja kdvelyvaikeuksien vilistd yhteyttd. 22 vuoden seu-
rannassa keski-idlld todetun korkean painoindeksin ja huonon fyysisen suoritus-
kyvyn havaittiin ennustavan kévelyvaikeuksien ilmaantumista myohemmalld ialla.
Retrospektiivisessd tarkastelussa ilmeni, ettd pitkdén jatkunut lihavuus lisési kévely-
vaikeuksien riskid. Kdvelyvaikeuksien riski oli selvisti suurempi niilld ylipainoisilla
ja lihavilla henkil6illd, joilla oli samanaikaisia sairauksia tai fyysisen suorituskyvyn
heikkouksia verrattuna niihin, joilla ei sellaisia ollut.

Tamédn edustavaan videstdaineistoon perustuvan tutkimuksen tulokset osoittavat, ettd
tutkimushetkelld havaittu ja pitkdidn kestdnyt lihavuus sekd sen ohessa saman-
aikaisesti esiintyvédt krooniset tilat ovat merkittédvid ikddntyvien henkildiden
liikkumiskyvyn riskitekijoitd. Tutkimuksen tulokset voivat palvella ikdéntyvien ih-
misten kdvelyrajoitusten ennaltachkéisyyn ja lieventdmiseen suunnattujen interven-
tioiden suunnittelua. Kroonisten sairauksien, lievdasteisen tulehduksen ja heikon
lihasvoiman merkitys lihavuuden ja kévelyvaikeuksien vilisen yhteyden selittdjiné
on syytd vield varmistaa uusilla pitkittdisaineistoihin ja kokeellisiin tutkimusasetel-
miin perustuvilla lisdtutkimuksilla.

Avainsanat: epidemiologiset tutkimukset, fyysinen kunto, ikdéntyneet,
inflammaatio, kehon koostumus, kévely, lihasvoima, lihavuus, litkkumiskyky,
moniongelmaisuus, monisairastavuus
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1 INTRODUCTION

The “graying of Finland” is proceeding at a rapid pace. The current population
projection suggests that the proportion of people aged 55 years or older will rice
from 30% in year 2005 to 39% in 2040 (Statistics Finland 2006). Relatively similar
trends are expected in other European countries, as well (Nieminen and Koskinen
2006). Despite the fact that older adults are healthier today than ever before
(Aromaa et al. 2006), with advancing age the possibility of diseases, impairments,
limitations, and disabilities increases. One of the most essential features of older
people’s independent functioning in daily life is mobility. Different aspects of
mobility include for example ability to walk, climb stairs, and use public
transportation. In the Health 2000 Survey, 8% of men and women aged 55-64 years
and 41% of men and 52% of women aged 75-84 years reported difficulties in
walking 500 meters (Sainio et al. 2006), indicating that walking limitation increases
with age and is more common in women than in men. Loss of mobility seriously
threatens the independence and quality of life of older adults (Ostir et al. 1998;
Guralnik et al. 2000). Moreover, persons with walking limitation are less likely to
remain in the community, have higher rates of mortality (Guralnik et al. 1994;
Hirvensalo et al. 2000; Penninx et al. 2000; Cesari et al. 2005a) and thus need more
social and health care services (Fried et al. 2001a). Consequently, prevention or
postponement of walking limitation is a high priority and this requires the
identification of modifiable risk factors in the older population.

Obesity is one of the potentially modifiable risk factors of walking limitation.
Obesity is a rising health problem in western countries, as well as in non-
industrialized countries, particularly in those undergoing economic transition
(Visscher and Seidell 2001). In Finland, the prevalence of obesity (body mass index
[BMI] > 30 kg/m®) has increased markedly in the adult population over the last few
decades: from 12% in men and 17% in women during the late 1970s to 21% in men
and 23% in women at the beginning of the 21* century (Aromaa and Koskinen
2004). While the associations between obesity and several diseases are well-
established and have been studied for decades, the effect of obesity on older
persons’ functional capacity has only more recently gained more systematic
scientific attention. To date, only few studies have examined the negative effect of
obesity on walking limitation, and relatively little is known of the possible reasons
why obesity is a risk factor for poor walking performance.

Excess weight can be considered as a mechanical load which causes wear and tear
on joints and reduces flexibility. The energy expenditure and oxygen consumption
of an obese person engaged in a similar physical task are higher than of a normal
weight person, and thus place increased demands on aerobic capacity, potentially
limiting physical performance (Hulens et al. 2001; Hulens et al. 2003). In addition,

13



due to the age-related decrease in muscle mass (Janssen et al. 2000), decreased
muscle strength relative to body weight may cause difficulties in weight-bearing
activities among older obese persons. Beyond these physical factors, it is likely that
obesity influences walking limitation through medical conditions. Obesity is known
to be an independent risk factor for several diseases (Pi-Sunyer 1993), such as type 2
diabetes, cardiovascular diseases, and knee osteoarthritis, which often restrict
mobility (Stuck et al. 1999; Bootsma-van der Wiel et al. 2002). Moreover, several
biological indicators related to the immune system and hormonal responses correlate
with the amount of adipose tissue (Cesari et al. 2005b; Bastard et al. 2006). The
association of these indicators with functional outcomes is currently under intensive
investigation (Seplaki et al. 2004), thus providing new hypotheses about the
pathway from obesity to walking limitation.

According to the Health 2000 Survey, the population segment with the highest
prevalence of obesity consists of adults around retirement age. At the beginning of
the 21* century, 28% of men aged 55-64 years and 34% of women aged 65-74
years were obese (Aromaa and Koskinen 2004). Obesity is also becoming
increasingly common in young adulthood and middle-age. Earlier studies have
found that in addition to current obesity, previous obesity and early onset of obesity
may have adverse effects on older persons’ health (Jousilahti et al. 1999; Field et al.
2001; Jeffreys et al. 2005). However, only a few studies have examined the long-
term risk of obesity in earlier life on disability in later life (Guralnik and Kaplan
1989; Keil et al. 1989; Hubert et al. 1993; Vita et al. 1998; Ferraro et al. 2002;
Strandberg et al. 2003; Peeters et al. 2004).

The present study was conducted to obtain knowledge about obesity as a risk factor
for walking limitation in older adults. The specific objectives were to examine the
role of diseases and biological indicators in the association between obesity and
walking limitation, as well as to study obesity, in terms of duration of obesity,
midlife obesity and physical impairments, as long-term risk factors in predicting
walking limitation in later life. This study targeted Finnish men and women aged 55
years or older, and was based on the nationwide cross-sectional population-based
Health 2000 Survey and the prospective Mini-Finland Follow-up Survey with a 22-
year follow-up.

14



2 REVIEW OF THE LITERATURE

2.1  Walking as part of functional capacity

Functional capacity is a central aspect of health and well-being among older
persons. In Finland, the importance of this issue has also been recognized lately on
the policy level, and promotion of the functional capacity of older persons has been
emphasized in the national public health program Health 2015 (Government
Resolution on the Health 2015 public health programme 2001). The term functional
capacity refers to the ability to perform tasks and activities that people find
necessary or desirable in their lives. It is a multidimensional concept and is often
divided into physical, psychological, and social components. The negative aspect of
functional capacity, disability, has been defined as the inability to perform or
complete particular tasks or roles without difficulty or the help of another person
(Verbrugge and Jette 1994). Moreover, disability can be seen as a difference or gap
between an individual’s ability to complete a particular task and the demands of the
task (Schroll 1994).

Various conceptual models of functional capacity have been proposed. The most
widely used conceptualization is the disablement process, which is based on the
model initially proposed by Nagi (1965; 1976) and further extended and elaborated
among others by Verbrugge and Jette (1994) (Figure 1). The main pathway in the
disablement process is presented as sequential events starting from pathology
(e.g. chronic diseases) proceeding to the generation of impairments (e.g. decreased
muscle strength and aerobic capacity), and consequent functional limitations
(e.g. restrictions in walking), and ending to disability (e.g. difficulties in performing
the activities of daily living [ADL]). The key concept in the disablement process is
functional limitation, the state between impairment and disability. It is defined as
limitation in performance at the level of the whole organism or person (Nagi 1991),
in which the individual’s overall ability to perform various activities is limited.
Although functional limitation is often a direct consequence of pathology and
impairment, it may also arise as a direct or indirect result of prior predisposing risk
factors, such as sociodemographic, lifestyle, and behavioral characteristics of an
individual (Verbrugge and Jette 1994). In addition, intra-individual factors such as
lifestyle and behavioral changes and psychosocial attributes, and extra-individual
factors such as medical care, rehabilitation, external supports and environment may
either reduce or increase functional limitation or disability.
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Extra-individual
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= |
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Risk factors factors

Figure 1. A model of the disablement process (Verbrugge and Jette 1994).

In clinical and epidemiological research on older persons, there are several
advantages in focusing on the assessment of functional limitations. First,
recognizing functional limitations is important because they predict more adverse
outcomes such as subsequent disability (Guralnik et al. 1995; Ostir et al. 1998;
Guralnik et al. 2000), hospitalization (Guralnik et al. 1994; Penninx et al. 2000), and
mortality (Guralnik et al. 1994; Hirvensalo et al. 2000). Secondly, a functional
limitation represents an outcome that is relatively free of the cultural and
environmental influences which are likely to have a large impact on people’s
experiences of disability. Thus, functional limitation serves a valid outcome to
indicate the effect of diseases, impairments, and other risk factors on functional
capacity (Guralnik and Ferrucci 2003). Finally, persons with physical functional
limitations appear to be a good target group for physical exercise interventions.
They are not so disabled that they are unable to participate in interventions, and
neither are they so healthy and well-functioning that small intervention effects
cannot be detected (Guralnik and Ferrucci 2003; Keysor 2003).

In the present study, the focus is on one important aspect of functional limitation,
namely walking limitation. Walking is a central part of daily functioning and a
critical prerequisite of independent living. In gerontological research, walking
performance has been found to be a very suitable indicator of functional limitation
(Cesari et al. 2005a). In addition, walking as an activity is universal and little
influenced by cultural differences; therefore it enables valid international or
intercultural comparisons (Lan et al. 2003). Several studies during the last decade
have found that walking limitation is a major risk factor for difficulty and
dependency in other domains of physical functioning (Ostir et al. 1998; Guralnik et
al. 2000; Shinkai et al. 2000) as well as to falling (Covinsky et al. 2001; Montero-
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Odasso et al. 2005). In addition, walking limitation or impaired lower extremity
performance predicts hospitalization and mortality (Guralnik et al. 1994; Hirvensalo
et al. 2000; Penninx et al. 2000; Cesari et al. 2005a).

Determinants of walking limitation

Smooth and controlled walking performance is dependent on the integration of
multiple physiological, cognitive, and psychological characteristics. From the
physiological point of view, walking is determined and coordinated by
musculoskeletal, cardio-respiratory, sensory, and neural systems (Sakari-Rantala et
al. 1998). Two most important prerequisites for walking are lower extremity muscle
strength and postural balance (Rantanen et al. 1999a; Tiedemann et al. 2005). These
are needed to generate continuous movement to progress forward and to maintain an
upright body posture during progression (Woollacott and Tang 1997). In addition to
sufficient strength, walking performance requires the ability to generate force at high
velocity in response to changing environmental and task demands. There is evidence
that decreased muscle power (power = force x velocity) rather than decreased
strength is more closely associated with impaired walking performance (Bean et al.
2003; Sayers et al. 2005). Furthermore, it has been suggested that lower extremity
muscle strength and power are not linearly associated with walking speed, but
instead, there are thresholds, and above a certain threshold, an increase in strength or
power does not have the effect of an increasing on walking speed (Buchner et al.
1996; Ferrucci et al. 1997; Rantanen et al. 1998a).

In addition to impaired muscle strength and postural stability, decreased aerobic
capacity and reduced range of motion in the lower extremity joints may restrict
walking performance (Kerrigan et al. 1998; Bean et al. 2002). Also impaired vision,
especially distant visual acuity and contrast sensitivity, as well as increased reaction
time may cause difficulties in maintaining stability and responding to environmental
changes while walking (Sakari-Rantala et al. 1998; Cromwell et al. 2002;
Tiedemann et al. 2005).

Other underlying causes of poor walking performance include diseases and other
medical conditions. Potentially fatal diseases that are known to cause mobility
limitation are coronary heart disease through its manifestations of angina pectoris
and myocardial infarction as well as through its complications, such as heart failure
(Guralnik et al. 1993; Bootsma-van der Wiel et al. 2002). Also hypertension,
claudication, stroke, pulmonary diseases, and type 2 diabetes are strong predictors of
walking limitation through their effects on the cardiopulmonary and peripheral
nervous system (Guralnik et al. 1993; Gregg et al. 2002; Volpato et al. 2003; Al
Snih et al. 2005; Figaro et al. 2006; Shah et al. 2006). Of the nonfatal diseases,
arthritis is the leading cause of mobility limitation. In particular painful arthritis in
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the lower extremities may strongly limit mobility (Ettinger et al. 1994; Ling et al.
2003).

According to the model of the disablement process presented by Verbrugge and Jette
(1994), there are several other risk factors that may cause functional or walking
limitation either independently or through the above mentioned diseases and
physical impairments. Risk factors related to health behavior causing functional
limitation include smoking, heavy alcohol use, obesity, and physical inactivity
(Ebrahim et al. 2000; Wannamethee et al. 2005a; Cawthon et al. 2007). With regard
to older persons’ walking ability, physical activity has a major role in maintaining
physical performance (Keysor 2003). Furthermore, due to an almost epidemic
increase in obesity in the western countries, obesity has been acknowledged as a
major risk factor for functional limitation in older people (Zamboni et al. 2005).

Measurement of walking limitation

The most obvious change in older persons’ walking is a substantial decrease in
speed with age (Ferrandez et al. 1990). This has been found in both cross-sectional
(Bohannon 1997; Sainio et al. 2006) and longitudinal studies (Seeman et al. 1994;
Sonn et al. 1995; Era and Rantanen 1997). According to the nationally
representative Health 2000 Survey, 7% of men and 11% of women aged 5564
years had a walking speed of less than 1.2 m/s, whereas in the age group 75-84
years old the corresponding proportions were 49% and 67% (Sainio et al. 2006). The
decline in walking speed is mainly due to decreased stride length and longer
duration of the double-support phase where both feet are on the ground (Ferrandez
et al. 1990; Ostrosky et al. 1994; Frank and Patla 2003). Besides the physiological
restrictions in muscle strength, joint range of motion and vision can change the
normal walking pattern, as well as poor balance and fear of falling may decrease
walking speed and shorten stride length (Ferrandez et al. 1990; Alexander 1996).

Walking ability in older persons can be measured in several ways, depending on the
available equipments, room, time, and financial resources. Of the available physical
performance measures, walking speed has been widely recognized as a good
measure of mobility limitation both for healthy and impaired older persons
(Guralnik et al. 1995). Because measurement of walking speed is quick,
inexpensive, highly reliable, and sensitive to change it is a very practical method in
the standard clinical setting as well as in large epidemiological studies (Onder et al.
2002; Ostir et al. 2002; Cesari et al. 2005a). Moreover, as mentioned earlier,
walking speed has high predictive validity for subsequent disability, hospitalization,
and mortality (Guralnik et al. 2000; Cesari et al. 2005a).

Currently, several test versions of measuring walking speed are used. First, the
walking distance in the walking speed test varies between studies, the three most
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often used distances are 2.4 meters (8 feet) (Guralnik et al. 1994; Markides et al.
2001), 4 meters (Rantanen et al. 1999a; Studenski et al. 2003), and 6.0 or 6.1 meters
(20 feet) (Bassey et al. 1992; Fiatarone et al. 1994; Visser et al. 2002a). In Finland a
10-meter walking course is most often used (Sakari-Rantala et al. 1995; Avlund et
al. 2006). Secondly, the subject can be instructed to walk at either maximal or usual
pace. The first-mentioned indicates the capacity of the neuromuscular system, thus
giving an idea of the individual’s potential to adapt to varying environmental and
task demands (e.g. crossing a street), and the latter shows the normal performance
level in everyday life. As can be seen, walking speed is usually measured using quite
a short walking distance. However, long-distance walking tests provide more
specific information about the aerobic capacity of older persons. The two most often
used measures are the 6-minute walking test (Guyatt et al. 1985; Lord and Menz
2002) and the long-distance corridor walk (400 m) (Simonsick et al. 2001a).
Although these measures provide relevant information about the overall mobility
and functional capacity of older persons (Bean et al. 2002; Lord and Menz 2002),
they are not as widely used as the above-mentioned walking speed tests. This is
mainly due to the longer test duration.

In addition to objective walking tests, walking limitation can be assessed with self-
reported measures based on questionnaires and interviews; self-reports are often
used in large-scale studies. In general, individuals are asked about their ability,
difficulties, or need for help in walking a certain distance. The distances that are
often used in questionnaires include 400 meters (1/4 mile or 2—3 blocks) (Hoeymans
et al. 1996; Rantanen et al. 1999a; Sayers et al. 2004), 500 meters (Aromaa et al.
1989; Sainio et al. 2006), and % mile (800 m) (Rosow and Breslau 1966; Guralnik et
al. 1994; Reuben et al. 2004). These simple questions referring to a meaningful
distance for older adults, as well as to long-distance walking tests, have been found
to predict future disability (Guralnik et al. 1994; Reuben et al. 2004).
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2.2 Obesity and body composition

Definition and measurement of obesity and body composition

Obesity is defined as a condition of abnormal or excessive fat accumulation in the
adipose tissue, to the extent that health may be impaired (World Health Organization
2000). Weight gain is caused by a positive energy balance stemming from an
imbalance between energy intake and energy expenditure. The three major causes of
this imbalance are metabolic factors, diet, and physical activity, and each of which is
influenced by genetic traits (Weinsier et al. 1998). Body mass index (BMI), waist
circumference, and waist-to-hip ratio (WHR) are so far the most commonly used
anthropometric measures for the classification of general and central obesity (World
Health Organization 2000). BMI, which was developed by the Belgian
mathematician Quetelet in the 19™ century, is a simple index measuring general
adiposity and it is defined as weight in kilograms divided by height squared in
meters (kg/m?®). The World Health Organization (WHO) (2000) and the Expert Panel
on the Identification, Evaluation, and Treatment of Overweight and Obesity in
Adults (1998) have proposed an international classification of overweight and
obesity which is based on results concerning the risk of morbidity and mortality
according to relative weight in different populations. According to the WHO (2000),
a BMI < 18.5 kg/m” is defined as underweight, 18.5-24.9 kg/m’® as normal weight,
25-29.9 kg/m” as overweight, and > 30 kg/m” as obesity. Obesity can be further
divided into moderate obesity (30-34.9 kg/mz), severe obesity (35-39.9 kg/mz), and
very severe obesity (> 40 kg/m®).

Abdominal obesity can be easily assessed by measuring waist circumference and
WHR. Waist girth is measured at the midpoint between the lower border of the rib
cage and the iliac crest, and hip girth is assessed at the widest part of the pelvis. In
epidemiological studies, classification of waist circumference and WHR are often
based on gender and population specific percentiles (e.g. quartiles or quintiles), but
general cut-off points to define increased health risks have also been presented.
Widely used cut-off points for waist circumference are 1.02 meters in men and
0.88 meters in women, and for WHR 1.0 in men and 0.85 in women (World Health
Organization 2000). In Finland according to the Current Care guidelines (2002), for
waist circumference the values of 1.00 meters for men and 0.90 meters for women
are deemed to indicate increased health risk. To control for the effect of body height
on waist circumference, waist-to-height ratio has also been proposed as a measure of
abdominal fat (Han et al. 1997). However, it is not used as widely as waist
circumference. When waist circumference and WHR have been compared, waist
circumference has been found to have a higher correlation with the amount of
visceral fat than WHR and a stronger association with poor health than WHR
(Pouliot et al. 1994; Lean et al. 1995; Stewart et al. 2003). In addition, in older
persons loss of muscle mass from the hip area may lead to overestimation of WHR
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(Molarius and Seidell 1998). Therefore, it has been suggested that waist
circumference could be used alone to indicate abdominal fat distribution.

Several other tools are available for more detailed characterization of the obesity
state. Body composition and body fat mass can be measured accurately, for example
with underwater weighting and dual X-ray absorptiometry (DXA). The distribution
of body fat can be measured in anatomical detail by using sophisticated imaging
techniques, such as magnetic resonance imaging (MRI) and computed tomography
(CT) (Jebb and Elia 1993; Goodpaster 2002). However, they are relatively difficult
to use, and the costs of such techniques in terms of time and money limit their
usefulness in large epidemiological studies and in routine clinical practice.
Nevertheless, there are some exceptions. Bioelectrical impedance analysis (BIA), for
example, provides valid body composition estimates at relatively low cost and it is
easy to use and is not time-consuming (Jebb and Elia 1993; Kyle et al. 2004).

Age-related changes in body composition

When assessing obesity in an older population, age-related changes in
anthropometrics and body composition must be taken into account. Body height
declines with aging, faster in women than in men, mainly because of the loss of
mineral content from the vertebral body due to osteoporosis and to the thinning of
the inter-vertebral discs, which results from changes in the fibrocartilage quality of
the annulus fibrosus and hydration level of the nucleus pulposus (Sorkin et al. 1999;
Sagiv et al. 2000). There is little decline in height until the age of 40. However,
height starts to decrease more strongly after the age of 60 in men and 50 in women
(Sorkin et al. 1999). Sorkin et al. (1999) demonstrated that cumulative height loss
from age 30 to 70 years averaged about 3 centimeters for men and 5 centimeters for
women, and by age 80 years was around 5 centimeters for men and 8 centimeters for
women. Contrary to body height, body weight tends to increase, peaking at about
age 60 years in men and later in women (Noppa et al. 1980; Rissanen et al. 1988;
Droyvold et al. 2006). This can be partly explained by the progressive decline in
total energy expenditure with aging and it is primarily due to decreased physical
activity and in part a decrease in the basal metabolic rate (Elia et al. 2000).

In addition to an increase in fat mass, aging is also associated with a redistribution of
fat in the body: visceral fat increases, while subcutaneous fat in other regions of the
body decreases (Zamboni et al. 1997; Beaufrére and Morio 2000). Also the amount
of fat in muscle increases (Ryan and Nicklas 1999; Goodpaster et al. 2000). After
the age of 70 most persons experience a decrease in weight and the average loss is
2-3 kilograms during each successive decade (Bassey 1998; Dey et al. 1999). Later
life weight loss is mainly due to loss of lean body mass rather than decline in fat
mass (Suominen 1997). Muscle mass begins to decline around the age of 30 years
with a more accelerated loss after the age of 60 (Lexell et al. 1988; Janssen et al.
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2000). The loss is greater in men than in women in both absolute terms and relative
to body weight (Gallagher et al. 2000; Hughes et al. 2001). Physical sedentariness,
hormonal changes, malnutrition, loss of neuromuscular function, and chronic
diseases have been found to accelerate the loss of muscle mass (Morley et al. 2001;
Doherty 2003; Roubenoff 2003).

Adverse health effects related to obesity

The negative effect of obesity on health is well-known. Both cross-sectional and
longitudinal studies have shown that obesity is a major risk factor for
type 2 diabetes, insulin resistance, elevated blood pressure, and coronary heart
disease as well as for other chronic conditions such as osteoarthritis, cancer, sleep
apnea, and some respiratory conditions (Pi-Sunyer 1993; National Institutes of
Health 1998; World Health Organization 2000). Especially hazardous for metabolic
disorders and coronary heart disease is excess fat in the abdominal area
(Silventoinen et al. 2003; Wannamethee et al. 2005b). In addition to medical
outcomes, obesity among older persons decreases physical functional capacity and
quality of life (Han et al. 1998; Friedmann et al. 2001; Davison et al. 2002; Larsson
et al. 2002; Houston et al. 2005a). In contrast, the relationship between overweight,
obesity and mortality among older people remains controversial, mainly because of
many confounding factors (Zamboni et al. 2005; Al Snih et al. 2007). Most studies
have reported that obesity is associated with increased mortality, but moderate
overweight does not seem to increase the risk of death (Heiat et al. 2001).

2.3 The effect of obesity on walking limitation

A growing number of studies have found that excess body weight among older
people is associated with poor mobility, and it also exposes to subsequent mobility
limitation (LaCroix et al. 1993; Launer et al. 1994; Ebrahim et al. 2000; Bannerman
et al. 2002; He and Baker 2004; Jenkins 2004; Houston et al. 2005a; Angleman et al.
2006; Mendes de Leon et al. 2006). The focus in the studies so far has been mainly
on the association between BMI and mobility limitation. Few studies have been
attempted on abdominal obesity measured by waist circumference, despite that there
is a tendency towards an increase of abdominal fat with aging (Zamboni et al. 1997;
Rossner 2001). However, according to recent cross-sectional (Ramsay et al. 2006)
and prospective studies (Bannerman et al. 2002; Houston et al. 2005a; Angleman et
al. 2006; Guallar-Castillon et al. 2007) a large waist circumference has been found
to be related to mobility limitation; but non-significant association has also been
reported (Visser et al. 1998a). Furthermore, some researchers have used BIA, DXA
and CT as objective measures of body fat mass, and found an association between
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body fat mass and mobility limitation (Visser et al. 1998a; Visser et al. 1998b;
Broadwin et al. 2001; Sternfeld et al. 2002; Visser et al. 2002a; Visser et al. 2005;
Lebrun et al. 2006; Ramsay et al. 2006).

A summary of the studies that have examined the effect of obesity on mobility
limitation is presented in Appendix 1. Most of these studies have been implemented
for both men and women. However, only a few studies have examined the effect of
obesity on mobility limitation separately in men and women. In studies where BMI
was used as an explanatory variable, the association was found to be weaker in men
than in women (Davison et al. 2002; Larrieu et al. 2004; Angleman et al. 2006),
except in one study (LaCroix et al. 1993). There are also a few gender-stratified
studies where waist circumference and body fat mass have been used as explanatory
variables (Visser et al. 1998a; Broadwin et al. 2001; Angleman et al. 2006; Guallar-
Castillon et al. 2007). However, comparison of the results between men and women
is more difficult due to gender-specific categorization of waist circumference and
body fat mass.

Due to the fact that a great majority of studies referred to in Appendix 1 are large-
scale epidemiological studies, the results are often based on self-reported body
weight and height and/or self-reported difficulties in mobility-related tasks. There is
evidence that people tend to underestimate their body weight and overestimate their
body height, thus causing underestimation of BMI (Kuskowska-Wolk et al. 1992;
Engstrom et al. 2003), and consequently also underestimation of the risk of mobility
limitation associated with overweight and obesity. In addition, cognitive status and
depressive symptoms may have an influence on self-reported mobility limitations
(Kempen et al. 1996; Hoeymans et al. 1997), thus potentially causing
misclassifications (Guralnik et al. 1994). In studies related to BMI or waist
circumference, only Angleman et al. (2006), Davis et al. (1998), and Mendes de
Leon et al. (2006) have used objectively measured indicators of obesity and
mobility. Thus, there is need for further studies on the association between obesity
and mobility limitation as well as on the effect of gender on that association, using
objectively measured indicators of obesity and mobility limitation.

As can be seen in Appendix 1, several longitudinal studies have been produced on
the predictive role of obesity on subsequent mobility limitation. In addition to short-
term follow-up studies, it is important to gain knowledge about the potential risk
factors in early adulthood and midlife to later mobility limitation. However, only
two long-term follow-up studies where the follow-up time is longer than 10 years
and the effect of previous obesity on later life walking limitation has been published
(Launer et al. 1994; Ebrahim et al. 2000). In their study Launer et al. (1994) found
that the 45- to 59-year-old and 60- to 74-year-old women in the highest BMI tertile
had a two-fold higher risk for developing mobility limitation over an average
follow-up 14 years than women in the lowest BMI tertile. In addition, Houston et al.
(2005b) found that recalled weight at age 25 was significantly associated with
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functional limitation in late adulthood, but no information about possible baseline
functional limitation was available in their study. Furthermore, studies related to
late-life ADL disabilities have shown that excess weight in middle age predicts late-
life disability (Guralnik and Kaplan 1989; Keil et al. 1989; Hubert et al. 1993; Vita
et al. 1998; Ferraro et al. 2002; Peeters et al. 2004). In addition to obesity in midlife,
early onset of obesity and obesity duration may have adverse effects on mobility in
older persons. There is evidence that the risk of type 2 diabetes (Sakurai et al. 1999;
Wannamethee and Shaper 1999; Janssen et al. 2004; Jeffreys et al. 2005) and
metabolic syndrome (Janssen et al. 2004) increases with obesity duration. However,
no previous studies have examined the effect of obesity history on walking
limitation.

2.4  Mediating factors between obesity and walking limitation

Information on the possible mechanisms leading from obesity to mobility limitation
is limited. A search of the literature found only two studies in which the possible
mediators between obesity and mobility limitation were investigated (Clark and
Mungai 1997; Jenkins 2004). The negative effect of obesity on mobility is probably
multifactorial, and consists of different pathological states, i.e. chronic diseases,
physical impairments, and lifestyle factors such as physical inactivity. In Figure 2
(page 27), a hypothetical model of the effects of obesity on the pathway to walking
limitation is presented. However, beyond the mediating factors presented in the
model, excess body weight as such may decrease physical performance since the
additional loading on the locomotor system increases energy expenditure and
therefore oxygen consumption (Hulens et al. 2001; Hulens et al. 2003). Obesity may
also cause strain, pain or reduced range of motion in the lower limb joints, friction
of the skin or urinary incontinence, thus limiting walking or other weight-bearing
activities such as stair climbing (Mommsen and Foldspang 1994; Messier et al.
2005; Wearing et al. 20006).

Presumably, medical conditions constitute one of the most important pathways from
obesity to walking limitation. Obesity is known to be associated with several
diseases, such as type 2 diabetes, heart diseases, hypertension, and osteoarthritis (Pi-
Sunyer 1993) which in turn are known risk factors for walking limitation (Guralnik
et al. 1993; Stuck et al. 1999; Bootsma-van der Wiel et al. 2002). In a study on 30-
to 70-year-old African-American women, diabetes, arthritis, pain, and visual
impairment partially explained the association between high BMI and mobility
difficulties (Clark and Mungai 1997). Moreover, Jenkins (2004) found that diseases,
symptoms and strength impairment partially explained the relationship between
BMI and mobility impairment among older Americans. Unfortunately, more
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detailed information on the effect of individual diseases was not available in that
study, as diseases formed a single group variable.

In addition to diseases, there are several biological indicators related to the immune
system and hormonal responses, which may partially explain the effect of obesity on
walking limitation. Recently, an extensive number of associations between
biological indicators and various functional outcomes has been proposed (Seplaki et
al. 2004). One of the strongest predictors of functional decline is low-grade
inflammation through its catabolic effects on muscle (Ferrucci et al. 2002; Kuo et al.
2006). Cross-sectional and prospective studies have shown that increases in
inflammatory markers, such as interleukin-6 (IL-6) and C-reactive protein (CRP),
correlate with decreases in muscle mass and strength (Visser et al. 2002b; Pedersen
et al. 2003; Cesari et al. 2005b; Schaap et al. 2006), as well as mobility limitation
(Ferrucci et al. 2002; Cesari et al. 2004; Penninx et al. 2004; Figaro et al. 2006; Kuo
et al. 2006). Moreover, low-grade inflammation has been found to be related to
obesity (Festa et al. 2001; Forouhi et al. 2001; Cesari et al. 2005b; Thorand et al.
2006). Research suggests that cytokines, for example IL-6 and tumor necrosis
factor-o (TNF-a), are released into circulation from the adipose tissue (Mohamed-
Ali et al. 1997), and IL-6 further stimulates the production of acute-phase proteins,
such as CRP in the liver (Baumann and Gauldie 1994). Thus, these factors might
partially explain the association between excess body fat and inflammatory markers
(Festa et al. 2001; Forouhi et al. 2001).

An important determinant of walking performance, muscle strength, may also have
an independent effect on an obese person’s physical performance beyond the effects
of inflammation. In absolute terms, obese persons may have higher muscle strength
than normal weight individuals. However, when adjusted for body size, muscle
strength is often lower in obese than normal weight subjects (Wearing et al. 2006).
Thus, decreased muscle strength relative to body weight often exposes obese
persons to limitations in walking and other weight-bearing activities. In
gerontological research, the presence of excess fat in combination with decreased
muscle mass, i.e. sarcopenia, is called sarcopenic obesity (Baumgartner 2000;
Roubenoff 2000). There is some evidence that sarcopenic obesity may be associated
with impaired walking and precede the onset of disability (Baumgartner 2000;
Baumgartner et al. 2004). However, non-significant associations have also been
reported (Davison et al. 2002; Zoico et al. 2004). Currently, there is evidence that
muscle strength may be more important than muscle mass as a determinant of
functional limitation and health in older age (Visser et al. 2000; Visser et al. 2005;
Newman et al. 2006), thus the hypothesis about the effect of concurrent obesity and
low muscle strength on walking limitation needs to be investigated further.

Health behavioral factors, especially physical inactivity may in part mediate the
effect of obesity on walking limitation. Obesity and physical inactivity are known to
be closely connected, as are physical activity and physical functional capacity
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(Brach et al. 2003; Bernstein et al. 2004; Brach et al. 2004a). Obese persons tend to
be physically more sedentary than normal weight persons. Furthermore, physical
inactivity correlates with low muscle strength, decreased aerobic capacity and
impaired balance, thus consequently impairing walking and other mobility-related
activities.

2.5  Coexisting conditions and walking limitation

With aging, the prevalence of diseases increases markedly and may lead to the
coexistence of multiple chronic conditions, commonly referred to as comorbidity.
Fried et al. (2004) have defined comorbidity as the concurrent presence of two or
more medically diagnosed diseases in the same individual. Similarly, older people
may simultaneously have two or more physical impairments. This state is called
coimpairment. Nowadays, the effects of a single disease or a single physical
impairment on mobility are relatively well known, but there is a paucity of studies
on the effect of comorbidity and coimpairment on functional limitation. Rantanen
and coworkers (1999a; 2001) found that co-occurrence of low muscle strength and
impaired balance in older women is associated with severe walking disability. In
addition, they suggested that the negative effect of impairment in one physiological
system may be compensated by good capacity in another physiological domain.
Consequently, people with poor balance may manage to avoid walking difficulties if
they have enough strength in the lower extremities. Furthermore, Cesari et al. (2006)
reported that among older people aged 80 years or older, comorbidity, defined here
as three or more coexisting conditions (diagnosed diseases or obesity), was
associated with lower walking speed and poorer physical functioning than among
those without comorbidity. Other researchers have similarly found that comorbidity
or coimpairment increases the risk of disability and mortality more than do
individual conditions (Verbrugge et al. 1989; Ettinger et al. 1994; Fried et al. 1999;
Rantanen et al. 2000).

However, the effect of obesity and coexisting conditions on adverse health outcome
has been investigated in only two studies. Rantanen et al. (2000) reported that the
combination of overweight and low muscle strength caused the highest risk of death
during a 30-year follow-up among initially healthy men compared with other BMI
and muscle strength combinations. Similarly, Ettinger et al. (1994) found that obese
people with knee osteoarthritis had increased risk of subsequent mobility limitation
10 years later. Further studies on obesity and coexisting conditions and their effect
on walking limitation are needed to recognize more potential high risk groups
among obese persons.
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The hypothetical model presented in Figure 2 illustrates the potential pathways from
obesity to walking limitation discussed in the previous chapters. The model is based
on the theoretical model of the disablement process presented by Verbrugge and
Jette (1994) and it enables to locate the mediating and confounding factors between
obesity and walking limitation in the right order relative to each other in the
disablement process. Furthermore, the main concepts and the focus of this study are
also shown in Figure 2. Besides the mediating factors, the association between
obesity and walking limitation will be studied by different obesity subgroups, such
as concurrent obesity and chronic diseases and obesity and low muscle strength.

" Walking
i Chronic Low muscle R
Obesity dizeases Ei strangth RS limitation
A A
{ }

Health behavioural factors Low-grade
— Physical inactivity /" inflammation
— Smoking
- Alcohol use <

T

Sociodemographic factors

— Education
— Marital status

Risk factors Pathology Impairments Functional limitation

Figure 2. A hypothetical model showing the potential pathways from obesity to
walking limitation.
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3 AIMS OF THE STUDY

This study was conducted to explore obesity as a risk factor for walking limitation,
and to examine the role of chronic diseases and biological indicators in that
association among Finnish men and women aged 55 years or older. In addition,
obesity and physical impairments were studied as long-term risk factors in
predicting walking limitation in later life.

The specific objectives of this study were:

1. To describe the association between different obesity indicators and walking
limitation among men and women (Studies I and II).

2. To study whether chronic diseases and biological indicators mediate the
association between obesity and walking limitation (Studies I and II).

3. To investigate obesity duration, midlife obesity and physical impairments as
long-term risk factors on walking limitation in later life (Studies III and IV).

4. To study the effect of comorbidity and coimpairment on walking limitation
(Studies I, 11, and IV).
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4 MATERIALS AND METHODS

4.1  Study designs and participants

The Health 2000 Survey

The Health 2000 Survey is a comprehensive nationwide health interview and
examination survey which was implemented in Finland in 2000-2001 (Aromaa and
Koskinen 2004). The two-stage stratified cluster sample comprised individuals aged
30 years and older living in mainland Finland either in the community or in
institutions. The frame was regionally stratified according to the five university
hospital districts, each containing approximately one million inhabitants. From each
university hospital region, 16 health care districts were sampled as clusters. The 15
largest cities were all included in the sample with a probability of one, and the
remaining 65 health care districts were selected by applying the systematic
probability proportional to size method. Finally, from these 80 clusters (including
160 municipalities), a sample of 8 028 persons was selected by systematic sampling
(Figure 3). In order to obtain a sufficient number of older people, persons aged 80
years or older were over-sampled (2:1) in relation to their proportion in the
population. The study population for the present study was limited to persons aged
55 years or older (range 55-99 years), and consisted of 3 439 persons, of whom
3392 persons, 1 337 men and 2 055 women, were alive on the day of the first phase
of the survey.

Figure 3. Study areas of the Health 2000
Survey. The boundaries of the
university hospital districts are
marked in bold line and the
participating municipalities are
shown in color on the map.
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A structured health interview with a mean duration of 95 minutes was completed at
the participant’s home, eliciting information about the person’s health, illnesses, and
functional ability as well as sociodemographic and health behavioral factors. If the
person did not participate in the main interview, a supplementary interview was
conducted later or eventually a questionnaire was sent. The overall participation rate
in the health interview was 94% (n=3 186). A few weeks later the participant
attended a comprehensive health examination in a health centre. This examination
consisted of several components such as measurement of anthropometry, functional
capacity, and laboratory tests (n=2572, 76% of the sample). In addition, a
structured clinical examination by a physician was completed. An abbreviated health
examination was conducted at home or in an institution for those who did not
participate in the study center examination (n =306, 9% of the sample). After the
examinations, a final interview was conducted and a nurse checked that the person
had attended every planned measurement and that questionnaires had been properly
filled in. In addition, during the health interview, the participant was given a
questionnaire, which was to be returned on arrival at the health examination. This
questionnaire included information for example about weight history and alcohol
use, and was returned by 2 845 persons (89%). A detailed description of the study
design, data collection methods, and health and functional status of the study
population has been reported elsewhere (Aromaa and Koskinen 2004).

The Mini-Finland Follow-up Survey

The Mini-Finland Follow-up Survey is based on the population-based Mini-Finland
Health Examination Survey implemented in 1978-1980. The baseline study
population was a stratified two-stage cluster sample drawn from the national
population register to represent Finnish adults aged 30 years or older (Aromaa et al.
1989). In the first stage, 40 representative areas were selected and within these areas
a sample of 8 000 individuals (3 637 men and 4 363 women) were selected by
systematic sampling. A total of 7 217 subjects (90% of the sample) participated. The
survivors (n =1 278) who were living in the seven selected large municipalities out
of the original 40 in 20002001 were invited to take part in the follow-up study,
which was executed as part of the Health 2000 Survey. The present study was
limited to persons who reported no walking limitation (were able to walk
500 meters) and were not pregnant at the baseline, and who were 55 years or older at
follow-up (n=954). Only 11.9% (n = 114) of the eligible sample were not able or
unwilling to participate in the follow-up.
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The health examinations of the Mini-Finland Health Examination Survey were
performed in two phases (Aromaa et al. 1989; Mikeld et al. 1991). In a screening
phase, a specific structured interview for symptoms was executed, and several
examinations, including blood pressure measurements and blood sampling, were
performed. In addition, a standardized joint function test for musculoskeletal
impairment and a questionnaire on mental symptoms were administrated.
Participants with a history of a disease, symptoms or findings suggestive of a
musculoskeletal, cardiovascular, respiratory, or mental disorder were invited to
participate in the main examination. This consisted of supplementary interviews,
measurements and a standardized examination by a physician. Details of the design
and implementation of the Mini-Finland Health Examination Survey have been
reported elsewhere (Aromaa et al. 1989).

All the participants in the Health 2000 Survey as well as the Mini-Finland Follow-
up Survey signed a written informed consent and the studies were approved by the
Ethical Committee for epidemiology and public health in the hospital district of
Helsinki and Uusimaa in Finland. The data and the inclusion criteria used in the
original publications are shown in Table 1.
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4.2  Study variables and definitions

A summary of the variables used in the analyses in the original studies is presented
in Table 2. The variables and their measurement are described in more detail in the
original studies (I-1V).

Table 2. The variables used in the analyses in the original studies

Variable Study Reference for method Reliability

Outcome variables

Maximal walking speed on 6.1 m  [-IV  (Fiatarone et al. 1994; ICC =0.77, n =153 (Sainio et al. 2006)
(H) Sainio et al. 2005)

Self-reported difficulty in walking [-IV ~ (McWhinnie 1981;

500 m (I) Aromaa et al. 1989)

Walking limitation I-IV  See description on the page 35

Explanatory variables

BMI (body weight and height) I-III  Weigth: Biospace, Inbody 3.0

(H,Q) or portable spring scale;
Height: Person-Check,
Medizintechnik, KaWe
(Germany) or wall measure

BMI (body weight and height) v Weigth: spring scale
Height: wall measure
Waist circumference (H) 1T (Reunanen 2005) ICC =0.95, n = 92 (Reunanen 2005)
Body composition I Biospace, Inbody 3.0 (Seoul,
(body fat percentage) South-Korea)
(Heliovaara 2005)

Body height at age 20 years (Q) 111 (Aromaa and Koskinen 2004)

Body weight at age 20, 30,40 and 1III (Aromaa and Koskinen 2004)

50 years (Q)
Handgrip strength v Bruel-Kjaer Type 1526 Repeatability over 3 months,
(Denmark) (Mélkia 1983) r=0.91-0.93, n = 449 (Milkia 1983)
Squatting v (Sievers et al. 1985) Repeatability over 3 months, K =0.66,
n =793 (Heliovaara et al. 1993)
Self-reported difficulty in running IV (Milki 1983) Repeatability over 3 months,
500 m (Q) K =0.59, n=392 (Milkid 1983)

Continued overleaf
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Table 2 continued

Variable Study Reference for method Reliability

Mediating variables

C-reactive protein I Ultra-sensitive immunoturbido- CV=4.5%
metric test (Orion Diagnostica,

Espoo, Finland) and the Optima
analyzer (Thermo Electron
Corporation, Vantaa, Finland)

Handgrip strength (H) 1I Good Strength, IGS01 (Metitur Oy, ICC=0.95,n=265
Jyviskyld, Finland). A modification (Sainio et al. 2005)
of the method presented by Viitasalo
et al. 1985 (Sainio et al. 2005)

Medical diseases, clinical I-III  Structured and uniform diagnostic

examination by physician criteria based on current clinical
practice (Aromaa and Koskinen
2004)

Diseases, self-reported (I) I,III  (Aromaa and Koskinen 2004)

Diseases, clinical examination IV Good treatment practice as a Sensitivity for knee osteoarthritis

by physician reference (Aromaa et al. 1985; 0.94, n = 740 (Helidvaara et al. 1993)
Sievers et al. 1985)

Confounding variables

Age -1v

Gender -1V

Education (I) I-IV  (Aromaa et al. 1989;

Martelin et al. 2004)

Marital status (I) I

Smoking (I) I-IV  (Aromaa et al. 1989; Uutela 2004)

Alcohol use (Q) I-IV  (Aromaa et al. 1989; Uutela 2004)

Physical activity (Q) v (Malkia 1983)

Medication I (Aromaa and Koskinen 2004)

Notes: H=Measurement performed also in home health examination in the Health 2000 Survey;
I=Based on interview in the Health 2000 Survey; Q =Based on questionnaire in the Health 2000
Survey. ICC = intra class correlation; r = correlation coefficient; K = kappa coefficient; CV = coefficient

of variation.
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Walking limitation (outcome measure)

The main outcome variable in this study was walking limitation defined according to
walking speed and self-reported walking difficulty. Maximal walking speed was
measured over a distance of 6.1 meters starting from a standstill (Fiatarone et al.
1994). Walking aids were allowed if the person normally used them when walking.
In the home health examination, a shorter distance was allowed in the walking test if
it was not possible to implement the 6.1 meters course. Participants were considered
to have walking limitation if their walking speed was less than 1.2 m/s or if they
were unable to finish the test. For those who did not participate in the walking test,
self-reported difficulty (major or minor) or inability to walk 500 meters was used to
indicate walking limitation. Self-reported walking difficulty was assessed in the
interview by the question: “Are you able to walk about half a kilometer without
resting?” The four response options were: without difficulty, with minor difficulty,
with major difficulty and not at all. The number of persons who did not participate
in the walking test was 235 in Study I, 24 in Study II, 32 in Study III, and 98 in
Study I'V.

In order to confirm the association between walking speed and self-reported
difficulty in walking 500 meters, Receiver operator characteristics (ROC) analysis
was implemented with the sample used in Study I. The accuracy of the walking
speed test in classifying persons as having or not having difficulties in walking
500 meters was determined using logistic regression models and reported as the area
under the ROC curve (AUC). On the basis of the sensitivity and specificity values of
various walking speed cut-off points shown in Figure 4, the ROC curve was
generated. The area under the ROC curve was 0.892 indicating that the walking
speed test predicted self-reported walking difficulties with a high degree of
accuracy. The greatest diagnostic accuracy (fewest false positives and false
negatives) was found at the 1.2 m/s cut-off point (sensitivity 79%, specificity 84%),
which was therefore used as the cut-off point for walking limitation in this study.
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Figure 4. Receiver operator characteristics (ROC) curve generated from the sensitivity
and specificity of different cut-off points for walking speed (m/s). Area
under the ROC curve (AUC) is indicated in the figure.

Obesity indicators (explanatory variables)

Body mass index was calculated by dividing body weight (kg) by the height squared
(m?). The measurement was performed with the participant wearing light indoor
clothing without shoes, weight was measured to the nearest 100 grams and standing
height to the nearest 0.5 centimeters. For those who did not attend health
examinations self-reported body weight and height were used. The need to use self-
reported information on weight and height was infrequent: only 7% (n=207) in
study I and less than 1% (n = 18) in study III. In the Health 2000 Survey, BMI was
considered a categorical variable since the risk of disability associated with BMI is
not assumed to be linear (Galanos et al. 1994; Mendes de Leon et al. 2006). BMI
was classified into five categories: underweight (BMI < 18.5 kg/m?), normal weight
(BMI 18.5-24.9 kg/m®), overweight (BMI 25-29.9 kg/m®), obesity (BMI 30—
34.9 kg/m®), and severe obesity (BMI > 35 kg/m”) (World Health Organization
2000). Normal weight was chosen, a priori, as the reference category for the
multivariate analyses.

Waist Circumference was measured on the naked skin at the end of a light expiration
with the person standing, and the result was rounded to the nearest 0.5 centimeter.
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Because no standard international criteria for waist circumference classification are
available, in study II waist circumference was divided into gender-specific quartiles.
The cut-off points for the gender-specific quartiles were 0.925, 0.995, and 1.07
meters (range 0.72—1.49 m) in men and 0.835, 0.92 and 1.00 meters (range 0.59—
1.62 m) in women. Body fat percentage was measured with eight-polar bioelectrical
impedance analysis (BIA) (InBody 3.0, Biospace, Seoul, South-Korea). The gender-
specific cut-off points for the body fat percentage quartiles were 20.8, 25.0, and 29.1
(range 9.3—44.6) in men, and 31.4, 35.6 and 40.0 (range 13.9-56.6) in women. The
lowest quartiles for waist circumference and body fat percentage were considered
the reference categories in the analyses.

Obesity history classification was based on information about current BMI as well as
BMI at the ages of 20, 30, 40, and 50 years. Past BMIs were calculated according to
recalled height at the age of 20 and weight at the ages of 20, 30, 40, and 50 years.
On the basis of previous studies, it was assumed that body height had not changed
substantially between the age of 20 and 50 years (Stafford et al. 1998; Sorkin et al.
1999). According to BMI at the given ages, participants were dichotomized into
non-obese (< 30 kg/m”) and obese (> 30 kg/m?). Furthermore, they were categorized
according to duration of obesity: 1) never obese, 2) previously obese, but currently
non-obese, 3) currently obese, but non-obese at the ages of 2050 years, 4) obese
since age 50 years, 5) obese since age 40 years, 6) obese since age 30 years. Those
who had been obese since age 20 years (n = 3) were merged with the last category.
Persons who were currently obese but non-obese at age 50 years yet obese at age 30
or 40, years were excluded from the analyses (n = 11).

Physical impairments (explanatory variables)

In study IV, a set of physical impairments was determined to indicate early
predictors of walking limitation in later life. Handgrip strength, as an indicator of
overall muscle strength (Rantanen et al. 1994), was measured in kiloponds (kp)
using a hand-held dynamometer (Bruel-Kjaer Type 1526, Denmark) (Malkid 1983).
One kilopond corresponds to a weight of one kilogram. Measurement was done in
seated position with the elbow flexed at an angle of 110°-140° and the width of the
handle was adjusted for the subject’s handsize. The best result of the stronger hand
was used in the analyses. The cut-off points for the gender-specific handgrip
strength tertiles were 50 and 58 kiloponds in men (range 15—87 kp) and 27 and 33
kiloponds in women (range 9-52 kp). The lowest tertile is referred to as impaired
strength. General fitness was examined by the question: “Can you run a longer
distance (about 500 meters)?” The four response categories were: without difficulty,
with minor difficulty, with major difficulty, or not at all. The last two categories
were combined to represent impaired fitness in middle-aged individuals. Lower limb
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performance was assessed by a squatting test (Sievers et al. 1985). Participants were
asked to squat and stand up once. They were allowed gently to take support from a
table to keep their balance. A trained nurse observed and evaluated the performance:
normal (thighs at least on the horizontal level), impaired (thighs above horizontal
level, but an angle of lean more than 45°) or unable (thigh angle of lean less than
45°). For this study, the categories impaired and unable were merged to indicate
impaired squatting in middle-aged persons.

Mediating and confounding factors

In the Health 2000 Survey, handgrip strength was measured in Newtons (N) in the
dominating hand using a hand-held dynamometer (Good Strength, IGS01, Metitur
Oy, Jyviskyld, Finland) (Sainio et al. 2005). Measurement was performed with the
person in the seated position, elbow flexed at an angle of 110°, wrist in the neutral
position, and the interphalangeal joint of the index finger an angle of 90°. The cut-
off points for the gender-specific quartiles were 334, 407, and 476 Newton (range
73-760 N) in men and 168, 221 and 269 Newton (range 13-525 N) in women
(Study II). Blood samples for sensitive C-reactive protein (CRP) determination were
drawn during the clinical examination after fasting for four hours. The cut-off points
for the CRP quartiles were 0.41, 1.09, and 2.72 mg/l (range 0.10-191 mg/l) (Study
1D).

In the Health 2000 Survey (Studies I-III), a specially trained physician ascertained
the medical conditions of those persons who attended the study center health
examination by using structured, uniform diagnostic criteria based on current
clinical practice. For those who did not attend the health examination, a self-report
of diseases diagnosed by a physician was used, based on answers to the question:
“Has a doctor ever told you that you have...?”, followed for a list of 42 separate
medical conditions. In addition, anti-inflammatory drugs and estrogen replacement
therapy during the preceding 7 days was determined by checking the names of drugs
from the package or prescription (Pradhan et al. 2002; Prasad 2006) (Study II). At
the baseline of the Mini-Finland Follow-up Survey (Study IV), specially trained
physicians ascertained the presence of chronic conditions in a clinical examination
by combining the results of measurements and biochemical analyses with
information gathered from interviews and questionnaires, using current good
treatment practice as a reference (Aromaa et al. 1985; Sievers et al. 1985).

The sociodemographic variables used in the present series of studies were gender,
age, education, and marital status. Smoking and alcohol use were elicited in
interviews and questionnaires as indicators of health behavior. In addition in study
IV, level of habitual leisure time physical activity was used. Accordingly,
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participants were classified as regular physical exercise (e.g. running, biking,
gymnastics), occasional physical exercise or physically active hobbies (e.g.
gardening, hunting, outdoor recreations), and little physical exercise (e.g. reading,
watching television).

The above-mentioned covariates have been shown to be related to obesity and
walking limitation (Stuck et al. 1999; Bootsma-van der Wiel et al. 2002) and were
thus considered to be potential mediators or confounders in the association between
obesity and walking limitation. Associations between these variables and walking
limitation or obesity indicators were checked before the analyses. In addition to
mediating and confounding factors, some variables may moderate the way in which
obesity and walking limitation are related. In this study, age, gender, chronic
diseases, CRP, and handgrip strength were considered to be potential effect-
modifiers of the association between obesity and walking limitation and the
interaction effects of these variables and obesity on walking limitation were tested.

4.3 Statistical methods

This is an observational study on the association between obesity and walking
limitation as well as the factors that mediate the association, and it is based on three
different study designs. Studies I and II are cross-sectional studies on a
representative sample of the Finnish population aged 55 years or older. Cross-
sectional studies are valuable in studying the associations between variables, but
they do not contain information about the timing of explanatory and outcome
variables. Thus, to learn about causal relationships between variables requires a
longitudinal design. Study IV is a prospective study with a 22-year follow-up. Long-
term prospective studies are especially important in gerontological research as they
enable the age-related changes in various health indicators to be explored. With
prospective studies it is also possible to recognize factors that increase or decrease
the risk of later life adverse health outcomes such as functional limitation, disability,
diseases, and death. Study III is a retrospective study which includes information
about the participants’ weights since the age of 20 years. Although retrospective
studies based on recalled information provide less reliable information about the
explanatory variables than prospective studies, they nevertheless have the power to
establish the causal order of predictors and outcomes.
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In this study, age- and gender-adjusted prevalence or incidence of walking limitation
in different obesity categories was calculated using logistic regression models. The
linearity of the association between the obesity indicators and walking limitation
was tested either with the Cochran-Armitage Trend test (Study I) or with the
generalized linear model (GLM) procedure of the SAS statistical package (Studies
II-1V). In study III, differences in the prevalence of walking limitation between
gender and the obesity history categories were calculated with Cochran-Mantel-
Haenszel tests. The interaction effects of gender*obesity indicators and age*obesity
indicators on walking limitation were also tested (surveylogistic). Only in study I a
statistically significant interaction was found between gender and BMI (p = 0.03),
and therefore in that study the analyses were conducted separately for men and
women. The normality of the distribution of continuous variables like BMI, waist
circumference, body fat percentage, walking speed, handgrip strength, and CRP was
tested with the Kolmogorov-Smirnov test. Due to the skewed distribution of CRP
values, the analyses concerning continuous CRP were performed using its log
values.

With respect to walking limitation as a dichotomous dependent variable, logistic
regression models were used to analyze its association with the different obesity
indicators. The results were presented as Odds Ratios (OR) with 95% confidence
intervals (CI). In each study, a hierarchical set of logistic regression models was
constructed, and the age- and gender-adjusted model served as the base model (in
study I the base model was age-adjusted). The chosen covariates were then adjusted
sequentially in logical groups, including sociodemographic factors (education and
marital status), health behavioral factors (smoking, alcohol use and physical
activity), medical conditions and biological indicators (CRP and handgrip strength).
The models in which handgrip strength was included were also adjusted for body
height, since handgrip strength is known to correlate strongly with body size
(Rantanen et al. 1998b).

The reference categories for the obesity indicators were normal weight for BMI,
never obese for obesity history, and the lowest quartile for waist circumference and
body fat percentage. In study IV, in addition to the obesity indicators the
independent variables included handgrip strength, running, and squatting. The
reference categories for the 500 meters running and squatting test were “no
difficulties” and “normal”. The association of BMI, as well as handgrip strength,
with walking limitation was found to be linear (tested with SAS-GLM procedure).
BMI and handgrip strength were therefore used as continuous variables in the
logistic regression models. In studies I and II, the individual effect of each covariate
on the association between the obesity indicators (BMI, waist circumference, body
fat percentage) and walking limitation was examined by adding the covariates one at
a time into the age- and gender-adjusted model. The percentage reduction in ORs
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was then calculated as in previous studies (Lynch et al. 1996; Stronks et al. 1996;
Laaksonen et al. 2005):

OR (base model) — OR (base model + covariate)

OR (base model)—1 100

Calculations were performed only for those categories of obesity indicators that
were statistically significantly associated with walking limitation in the age- and
gender-adjusted model.

The associations between the potential covariates and walking limitation as well as
potential covariates and obesity indicators were examined separately in each study.
All the variables that were associated with walking limitation (p < 0.05) and linearly
with obesity indicators (p < 0.10) were included in the logistic regression models as
covariates. The association of covariates with walking limitation was tested with the
y*-test or the Fisher exact test. For the continuous obesity indicators (BMI, waist
circumference and body fat percentage) logistic regression models (Wald test) and
for the categorical obesity indicator (obesity history) the SAS-GLM procedure was
used to compare levels of covariates across levels of obesity indicators.

The effect of coimpairment and comorbidity on walking limitation was studied with
logistic regression models by categorizing the subjects into six (study IV) and nine
(study II) groups according to BMI and diseases, BMI and physical impairments
(study IV) and body fat percentage and CRP and handgrip strength (study II),
respectively. The interaction effects of BMI*diseases, BMI*physical impairments,
fat percentage*CRP and fat percentage*handgrip strength on walking limitation
were studied with the SAS-GLM procedure.

Statistical analyses were completed using SAS software version 9.1 (SAS Institute
Inc., Cary, NC). For the analyses, the data were weighted to reduce the bias due to
non-response and to correct for the over-sampling in the age group of 80 years and
older. The complex sampling design was taken into account by using SUDAAN
procedures version 9.0 (SUDAAN Language Manual, Research Triangle, NC). The
numbers of subjects slightly differ for each analysis, as cases with missing values for
specific covariates were excluded from the corresponding analyses.
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5 RESULTS

5.1  The characteristics of the study populations

The characteristics of the participants in the Health 2000 Survey as well as in the
Mini-Finland Follow-up Survey are summarized in Table 3. In the Health 2000
Survey, 23% of the participants were 55-59 years old, 37% were 60—69 years old,
28% were 70—79 years old, and 12% were 80 years or older. Age ranged from 55 to
99 year. The majority of the participants were women (57% vs. 43%). Women were
older and had higher BMI and lower hand grip strength than men (p <0.0001).
Chronic diseases were relatively common among the participants. Hypertension
(men 32% vs. women 38%, p = 0.001), coronary heart disease (men 21% vs. women
16%, p <0.0001), and knee osteoarthritis (men 11% vs. women 18%, p <0.0001)
were the most prevalent conditions. Furthermore, women were more often
physically sedentary, smoked less and used alcohol less than men (p < 0.0001). At
the baseline of the Mini-Finland Follow-up Survey, 29% of the persons were
younger than 40 years, 40% were 40—49 years old, 24% were 5059 years old, and
8% were 60 years or older. Age ranged from 32 to 72 years. Mean BMI was 25.1
kg/m” in men and 24.4 kg/m® in women (p = 0.001). The prevalence of chronic
diseases was relatively low. Men had pulmonary disease more often than women
(12% vs. 7%, p=10.013) and women had knee osteoarthritis more often than men
(6% vs. 2%, p = 0.005). Women were physically more inactive than men (p = 0.03),
but men smoked and used alcohol more than women (p < 0.0001).
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Table 3. Characteristics of the participants in the Health 2000 Survey and the
Mini-Finland Follow-up Survey

Health 2000 Survey

Mini-Finland
Follow-up Survey*

n=2961 n =840
Characteristic Mean (SD) Mean (SD)
Age, years 67.5 (8.8) 45.8 (8.7)
Body Mass Index, kg/m’ 27.8 (4.4) 25.0 (3.5)
Handgrip strength’ 306.6 (122.7) 39.8 (14.9)
% %

Women 57.2 56.9
Walking limitation 32.8 0
Coronary heart disease 18.1 33
Hypertension 354 8.6
Pulmonary disease 11.0 8.8
Type 2 diabetes 9.4 1.3
Knee osteoarthritis 15.1 4.2
Hip osteoarthritis 10.0 0.8
Physical inactivity 29.2 20.8
Smoking behavior

Never smoker 59.6 54.1

Former smoker 25.4 24.1

Current smoker 15.0 21.9
Alcohol use

Not at all 48.1 279

Moderate use 47.1 62.0

Heavy use 4.8 10.1
Education

Higher (> 13 years) 19.6 17.3

Intermediate (10—12 years) 47.5 36.9

Basic (< 10 years) 32.9 45.8

Notes: *Baseline characteristics. "Handgrip strength was measured in the Health 2000 Survey in
Newtons and in the Mini-Finland Follow-up Survey in kiloponds. In the table means and standard
deviations (SDs) for the continuous variables, and percentages for the categorical variables are

presented.
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5.2 Prevalence of walking limitation by obesity indicators (I-III)

In the Health 2000 Survey, the overall prevalence of walking limitation among
persons aged 55 years or over was 32%. When adjusted for age, walking limitation
was more common among women (36%) than men (27%) (p <0.0001). When
adjusted for gender walking limitation increased linearly with increasing age from
12% among the 55- to 59-year-olds, to 20% among the 60- to 69-year-olds, 46%
among the 70- to 79-year-olds and to 81% among persons who were 80 years or
older (p for linear trend <0.0001). Table 4 shows the age- and gender-adjusted
prevalence of walking limitation according to the different obesity indicators.
Within each obesity indicator a gender difference was observed, women having a
significantly higher prevalence of walking limitation than men at the same level of
obesity (p <0.0001). The only statistically significant interaction between gender
and obesity indicators on walking limitation was observed for BMI (p = 0.03).

In women, the prevalence of walking limitation increased linearly with increasing
BMI from the normal weight category (BMI 18.5-24.9 kg/m’) to the severely obese
category (BMI > 35 kg/m?). In men the trend was also significant, but the prevalence
increased steeply among those who were severely obese. As in the case of BMI,
waist circumference, body fat percentage, and obesity history were linearly
associated with walking limitation (p for linear trend <0.0001). When all the
potential covariates were taken into account, individuals with high BMI (> 35 kg/m’
in men and >30 kg/m’ in women), large waist circumference (>0.995 m in men,
>0.92 m in women), and a high percentage of body fat (> 25% in men, > 36% in
women), had statistically significantly increased risk of walking limitation.

The correlations between BMI, waist circumference, and body fat percentage were
moderate to high. BMI show a high correlation with waist circumference (r = 0.90 in
men and r = 0.85 in women) and moderate with body fat percentage (r = 0.75 in men
and r=0.86 in women). In addition, waist circumference and body fat percentage
show a moderate correlation (r=0.73 in men and r=0.78 in women). Among
persons classified as obese according to BMI, 95% were in the two highest quartiles
for waist circumference (> 0.995 m in men, > 0.92 m in women) and 93% were in
the two highest quartiles for body fat percentage (> 25% in men, > 36% in women).
78% of persons who were in the two highest quartiles for waist circumference were
also in the two highest quartiles for body fat percentage.
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Table 4. Prevalence of walking limitation by obesity indicators and gender in the

Health 2000 Survey
Men ' Women ' Total 2
Body mass index (kg/m?) n=1158 % n=1737 % n=2895 %
<18.5 5 26.4 29 37.5 34 32.7
18.5-24.9 336 22.1 512 31.3 848 27.5
25-29.9 540 21.7 686 34.8 1226 293
30-34.9 233 29.4 378 45.1 611 38.7
>35 44 473 132 583 176 53.5
p for linear trend’ ok ok ok
p for gender difference Hokk
p for gender*BMI interaction *
Waist circumference (m) n=1067 % n=1565 % n=2632 %
M: 0.72-0.925
I W- 0.59-0.835 253 20.6 390 29.7 643 25.8
M: 0.93-0.995
I W- 0.84-0.92 281 16.8 404 30.6 685 24.8
M: 1.00-1.07
I W- 0.925-1.00 265 23.5 372 36.5 637 31.2
M: 1.075-1.49
v W- 1.005-1.62 268 332 399 50.7 667 43.5
p for linear trend HoHE Hoxk Hoxk
p for gender difference roxx
s
pvfor gender waist 0.602
circumference interaction
Body fat percentage (%) n=905 % n=1219 % n=2124 %
M: 9.3-20.8
I W- 13.9-31.4 224 8.4 295 23.2 519 16.5
M: 20.9-25.0
I W- 315356 222 153 303 21.0 525 18.1
M: 25.1-29.1
111 W- 35.7-40.0 229 16.8 312 32.1 541 253
M: 29.2-44.6
v W- 40.1-56.6 230 31.5 309 45.5 539 39.1
p for linear trend HoHE Hoxx Hoxk
p for gender difference roxx
3
p for gender*body fat 0.100

percentage interaction

Continued overleaf
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Table 4 continued

Men ' Women ' Total '

Obesity history n=_877 % n=1157 % n=2034 %
Never obese 612 15.2 748 22.7 1360 19.3
Previously obese, currently 39 263 3 475 71 36.8
non-obese
Currently obese, but
non-obese at ages 20-50 151 239 285 37.0 436 31.2
Obese since age 50 years 47 26.3 67 53.7 114 42.5
Obese since age 40 years 18 36.5 21 59.0 39 49.0
Obese since age 30 years 10 44.5 4 69.6 14 56.9
p for linear trend * * *x ok
p for gender difference HoE

" o
p for gender*obesity history 0.603

interaction

Notes: The data in this table are limited to subjects who had not lost unintentionally more than 5 kg in
weight during the previous 12 months. ' Adjusted for age. *Adjusted for gender. 'Underweight persons
were not included in the linearity analysis. *Previously obese, but currently non-obese persons were not
included in the linearity analysis. *** p <0.0001, ** p <0.01, * p <0.05.

5.3  Mediating factors between obesity and walking limitation (I, IT)

In order to study the mediating role of obesity-related diseases between high BMI
and walking limitation, sequential logistic regression analyses were performed. The
age-adjusted models indicated that the risk of walking limitation was statistically
significantly increased among obese and severely obese men, and in overweight,
obese, and severely obese women (Table 5). After adjusting for education, marital
status and smoking, the ORs in men remained rather similar (7% decrease in OR
among severely obese men), and were attenuated somewhat more in women (14% in
overweight, 15% in obese, and 19% in severely obese). Adjusting further for chronic
diseases substantially reduced the ORs in men (60% in obese and 46% in severely
obese) and women (40% in overweight, 45% in obese, and 45% in severely obese).
However, the excess risk of walking limitation remained statistically significant in
severely obese men (OR 2.78, 95% CI 1.30-2.78), and in obese (OR 1.97,
95% CI 1.38-2.81) and severely obese women (OR 3.64, 95% CI 2.12-6.26). Of all
the chronic diseases, type 2 diabetes in men (32%) and knee osteoarthritis in women
(18%) contributed most to the association between high BMI and walking limitation,
followed by hypertension in men (14%) and angina pectoris in women (8%). The
changes in the log likelihood scores indicate that the adjusted variables contributed
slightly more to the association between BMI and walking limitation in men than in
women.
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Table 5. The risk of walking limitation in different body mass index categories and
the effect of mediating factors for men and for women

Men Women
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
OR OR OR OR OR OR
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Body mass index
18.5-24.9 1.00 1.00 1.00 1.00 1.00 1.00
25299 0.97 1.05 0.91 1.47 1.40 1.28
: (0.66-1.42)  (0.71-1.57) (0.60-1.37) (1.10-1.96)  (1.03-1.91) (0.93-1.76)
30-34.9 1.63 1.65 1.25 2.77 2.50 1.97
: (1.04-2.55)  (1.03-2.65) (0.76-2.05) (2.01-3.82) (1.80-3.49) (1.38-2.81)
>35 4.33 4.10 2.78 5.80 491 3.64
= (2.20-8.53)  (2.01-8.38) (1.30-5.95) (3.52-9.54)  (2.95-8.15) (2.12-6.26)
A ar 1.13 1.12 1.11 1.16 1.14 1.12
g6, years (1.11-1.16)  (1.10-1.15) (1.08-1.14) (1.14-1.17)  (1.13-1.16) (1.10-1.14)
Education
Basic 3.62 3.13 2.92 2.63
(2.00-6.55) (1.68-5.84) (2.01-4.23) (1.80-3.86)
Intermediate 2.18 1.98 1.99 1.80
(1.26-3.78) (1.10-3.58) (1.38-2.87) (1.22-2.65)
Higher 1.00 1.00 1.00 1.00
Living alone* 2.12 245 138 138
g (1.47-3.06) (1.67-3.59) (1.10-1.75) (1.08-1.77)
Current smoking’ 1.65 1.64 1.47 1.54
(1.14-2.40)  (1.11-2.40) (1.08-2.00) (1.11-2.13)
Angina pectoris 124 1.89
(0.84-1.84) (1.36-2.62)
. 3.02 2.22
Heart failure (1.54-5.92) (1.26-3.93)
Hypertension 1.38 114
(0.96-1.99) (0.88-1.48)
. 2.78 1.52
Type 2 diabetes (1.72-4.50) (0.97-2.39)
. 1.67 1.87
Knee osteoarthritis (1.02-2.74) (137-2.55)
. " 2.28 2.18
Hip osteoarthritis (1.39-3.71) (1.36-3.49)
2LogL 1052.63 991.67 932.21 1560.41 1511.43 1438.28

Notes: Model 1: adjusted for age; Model 2: Model 1 + adjustment for education, marital status, and smoking;
Model 3: Model 2 + adjustment for angina pectoris, heart failure, hypertension, type 2 diabetes, knee and hip
osteoarthritis. *Reference for living alone (divorced, separated, widowed, or single) is married or cohabiting.
TReference for current smoking is non-smoking (never or ex-smoker). OR = odds ratio; CI = confidence
interval; -2 Log L = Log likelihood score indicates model fit.

47



By limiting the study population to those persons, who participated in the health
examination, it was possible to conduct a more detailed analysis on the potential
mediators between obesity and walking limitation. In addition to chronic diseases,
the mediating role of biological indicators, CRP and handgrip strength, known to be
associated with obesity and functional limitation, were studied. First, the
independent associations between BMI, waist circumference, and body fat
percentage, CRP, handgrip strength, and walking speed were studied with linear
regression analyses. After adjustment for potential confounders (age, gender,
education, smoking, alcohol use, coronary heart disease, hypertension, pulmonary
disease, type 2 diabetes, arthritic disease, anti-inflammatory drugs and estrogen use),
high BMI, high waist circumference, and high body fat percentage were positively
associated with higher CRP (p for all < 0.0001). Moreover, negative and statistically
significant associations were found between CRP and handgrip strength (p = 0.001)
and CRP and walking speed (p <0.0001). In addition, handgrip strength was
positively associated with walking speed (p < 0.0001).

Logistic regression analysis was used to study the mediating factors between body
fat percentage and walking limitation (Figure 5). After controlling for education,
health behavioral factors (smoking and alcohol use), several chronic diseases
(coronary heart disease, hypertension, pulmonary disease, type 2 diabetes, and joint
disease), and use of anti-inflammatory drugs and estrogen, the ORs for the lowest to
the highest body fat percentage quartiles were 1.0 (reference), 1.20 (95% CI1 0.78—
1.83), 1.80 (95% CI 1.23-2.67), and 3.10 (95% CI 2.13-4.52), respectively. Further
adjustment for CRP attenuated greatly the ORs in body fat percentage quartiles II1
and IV. Finally, adjusting additionally for handgrip strength and body height
reduced further the effect of fat percentage on walking limitation. In the final model,
the excess prevalence of walking limitation in the two highest quartiles for body fat
percentage remained statistically significant, the ORs being 1.64 (95% CI 1.11-
2.44) and 2.53 (95% CI 1.70-3.77), respectively. In the gender-specific analyses,
CRP and handgrip strength attenuated the association between body fat percentage
and walking limitation more in women than in men. The respective percentage
reductions in women and men were 30% and 17% for CRP and 15% and 7% for
handgrip strength. There was a significant interaction effect of gender*handgrip
strength on walking limitation in the two highest quartiles for body fat percentage
(» =0.04 and p = 0.02).
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Figure 5. Effects of different groups of mediators on the risk of walking limitation in
body fat percentage quartiles.

5.4  Long-term risk of walking limitation in relation to obesity and
physical impairments (I11, I'V)

In a retrospective longitudinal study, in addition to current obesity, early onset of
obesity and obesity duration were found to increase the risk of walking limitation.
An increasing gradient in the age- and gender-adjusted risk of walking limitation
from never obese, through currently obese, to obese since age 50, 40, and age 30
years was found (p for linear trend <0.0001) and the corresponding ORs and
95% CIs were 1.00, 2.29 (1.70-3.09), 4.33 (2.59-7.23), 6.01 (2.55-14.14), and
8.97 (3.06-26.29). The risk of walking limitation was also significantly higher
among those who were currently non-obese but had previously been obese (OR
3.15, 95% CI 1.63—-6.11). This was the only obesity history category where the
increased risk of walking limitation did not remain statistically significant after
adjusting for education, life style factors and chronic diseases. The impact of chronic
diseases was particularly prominent in this group of previously obese but currently
non-obese persons, largely explaining the high risk of walking limitation.

49



A negative effect of midlife obesity on walking limitation was found in the Mini-
Finland Follow-up Survey, where persons were followed for 22 years. Among the
840 persons who did not initially have walking limitation, walking limitation
developed over the 22-year follow-up in 176 subjects. The age-adjusted incidence of
walking limitation was higher among women (25%) than men (16%) (p < 0.0001).
The prevalence of obesity in 1978—1980 was relatively low (5.2% in men and 11.1%
in women), but the age- and gender-adjusted risk of later life walking limitation was
higher among initially obese persons (OR 3.57, 95% CI 1.93-6.62) compared with
normal weight persons. Furthermore, the risk of later life walking limitation per
standard deviation (SD) increase in BMI was significant (OR 1.39, 95% CI 1.10-
1.75) after adjustment for baseline confounders (age, gender, education, physical
activity, alcohol use, smoking, angina pectoris, heart failure, hypertension, chronic
bronchitis, diabetes, low back syndrome, and knee osteoarthritis). In addition to
obesity, physical impairments (low handgrip strength, running and squatting
difficulties) in middle age predicted later life walking limitation, and the
associations remained significant after adjusting for baseline confounders. The
adjusted risk of walking limitation was 2.4-fold among those who had major running
difficulties and 4.6-fold among those who had squatting difficulties compared with
those who had no difficulties. The corresponding OR for handgrip strength was 0.56
(95% CI 0.38—-0.81) per an increment of one SD.

5.5  The effect of coimpairment and comorbidity on walking
limitation (I, I, IV)

At the baseline of the Mini-Finland Follow-up Survey, the prevalence of diseases
was relatively low. Therefore the effect of coimpairment, instead of comorbidity, on
later life walking limitation was studied. Coimpairment was defined according to the
combination of overweight and physical impairments, and altogether six categories
were produced (Figure 6). The age- and gender-adjusted risk of walking limitation
was over six times higher among those who were overweight (highest BMI tertile)
and had two or more physical impairments as compared with those who were neither
overweight nor had impairments (OR 6.35, 95% CI 2.82—-14.33). Also those subjects
who were not overweight but had two or more physical impairments had an over
five-fold higher risk of walking limitation (OR 5.42, 95% CI2.57-11.42). No
interaction effect of overweight*number of physical impairments on walking
limitation was found.

50



OR 5 Trr=rme=seomcmeemsneesesnmeeene e S e o e e e

0
(n=357) (n=141) (n=91) (n=41) (n=158) (n=50)
Not overweight Overweight  Overweight  Overweight Not overweight Not overweight
and no and no and 1 and 2 or more but 1 but 2 or more

impairments  impairments impairment  impairments impairment impairments

Figure 6. Age- and gender-adjusted risk of walking limitation according to number of
Pphysical impairments with or without coexisting overweight at baseline.
Overweight is defined as the highest BMI tertile.

In the Health 2000 Survey, the effect of comorbidity on walking limitation was
evaluated by categorizing subjects into six categories according to their obesity and
disease status (Figure 7). The age- and gender-adjusted risk of walking limitation
was over 6.5 times higher among those who were obese (BMI > 30 kg/m”) and had
two or more diseases as compared with those who neither were obese nor had
diseases (OR 6.51, 95% CI 4.76-8.90). Also those subjects who were not obese but
had two or more diseases had an over three-fold higher risk of walking limitation
(OR 3.22, 95% CI 2.48-4.18). No interaction effect of obesity*number of diseases
on walking limitation was found.
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Figure 7. Age- and gender-adjusted risk of walking limitation according to number of
diseases with or without coexisting obesity. Obesity is defined as BMI > 30
kg/mz.

Finally, the cross-sectional data were used to identify the most vulnerable persons in
terms of obesity and handgrip strength and to study the effect of the combination of
high body fat percentage and low handgrip strength on walking limitation. A clear
gradient of increased prevalence of walking limitation with decreasing handgrip
strength was found within all three body fat percentage categories (Figure 8).
Among those with both low handgrip strength and high body fat percentage, the
prevalence of walking limitation was 61%, whereas in the group with high handgrip
strength and low body fat percentage only 7% had walking limitation. No interaction
effect of fat percentage*handgrip strength on walking limitation was found.
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Figure 8. The age- and gender-adjusted prevalence of walking limitation according to
body fat percentage levels and handgrip strength. Low, medium and high
levels of fat percentage and handgrip strength were defined by combining
quartiles II and II1. Numbers inside the bars indicate the number of persons
in each category.

53



6 DISCUSSION

In this study of a representative population-based sample of Finnish men and women
aged 55 years or older, overweight and obesity were found to be independently
associated with walking limitation, more strongly in women than in men. The
factors that contributed most to the association between BMI and walking limitation
were type 2 diabetes in men and knee osteoarthritis in women. In addition, adjusting
for CRP and handgrip strength attenuated the association between high body fat
percentage and walking limitation. This study also showed that high BMI measured
in middle age predicted walking limitation 22 years later. Similarly, simple tests of
physical impairments were found to be predictive of later life walking limitation. In
addition to midlife obesity, duration of obesity over several decades also increased
the risk of walking limitation. Finally, the present study demonstrated that
overweight or obese persons with coexisting diseases or physical impairments
comprise a high risk group with regard to current or future walking limitation
compared with only overweight or obese persons, indicating that comorbidity and
coimpairment have a negative effect on physical functioning.

6.1  Obesity and walking limitation: mediating factors, long-term
risk and coexisting conditions

Association between different obesity indicators and walking limitation

Consistent with previous cross-sectional population-based studies, high BMI
(Coakley et al. 1998; Davison et al. 2002; Larrieu et al. 2004; Ramsay et al. 2006),
large waist circumference (Ramsay et al. 2006), and high body fat percentage
(Visser et al. 1998a; Visser et al. 1998b; Broadwin et al. 2001; Sternfeld et al. 2002;
Ramsay et al. 2006) were all found to be strongly associated with an increased
prevalence of walking limitation after controlling for medical conditions and several
other covariates. Only one other study was found in which these three obesity
indicators have been studied simultaneously as determinants of walking limitation
and compared with each other (Ramsay et al. 2006). In their study of older British
men, Ramsay et al. (2006) compared obesity indicators and their association with
walking limitation with ROC analyses, and found that the areas under the curve
were similar for BMI, waist circumference, and body fat mass index. Their finding
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is in accordance with the results of the present study showing that BMI, waist
circumference and body fat percentage all identify persons at risk of walking
limitation.

However, the differences between BMI, waist circumference, and body fat mass as
measures of obesity in older adults deserve to be discussed. In health-related
research, BMI is a more commonly used measure of obesity than waist
circumference or body fat percentage, and it has well-established and internationally
accepted cut-off points (World Health Organization 2000; Zamboni et al. 2005).
Although BMI is a good indicator of general obesity, it does not give information
about fat distribution and does not differentiate between fat and muscle mass.
Consequently, it may underestimate adiposity among older persons who, because of
age-related loss in lean body mass, have a greater amount of body fat than younger
people with a similar BMI (Prentice and Jebb 2001). In addition to changes in body
composition, age-related decline in body height may modify BMI (Sorkin et al.
1999). Thus, aging has an increasing influence on the numerator and decreasing
influence on the denominator of BMI (Zamboni et al. 2005).

Waist circumference, in turn, is a surrogate of abdominal obesity and strongly
associated with visceral fat when measured with MRI (Stewart et al. 2003).
Although body fat percentage and other indicators of body fatness can be measured
objectively with BIA, DXA, CT or other sophisticated measures, they are not a
realistic means of identifying at risk individuals in routine primary health care.
Therefore, to achieve reliable information about obesity in older persons, it has been
suggested that waist circumference could be used as a complementary measurement
in addition to BMI (Zamboni et al. 2005). Waist circumference may be particularly
useful when a reliable measure of weight and height for making BMI calculations
cannot be obtained. However, interpreting waist circumference values is not an
unequivocal in older persons. Due to loss of height and kyphotic stature, there is a
decrease in the vertical space of the abdominal cavity and the diaphragm moves
downwards causing waist circumference to increase.

Mediating factors between obesity and walking limitation

Relatively little research has been performed to explain the possible mediators
between obesity and walking limitation including sociodemographic and health
behavioral factors, chronic diseases and biological indicators. According to this
study, the association between obesity and walking limitation was more pronounced
in women than in men, an increased risk being observed for overweight women,
whereas in men only obesity and severe obesity were significantly associated with
walking limitation. This gender difference has also been found in other studies based
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on self-reported mobility limitation or disability (Friedmann et al. 2001; Davison et
al. 2002; Larrieu et al. 2004; Angleman et al. 2006). Friedmann and coworkers
(2001) have discussed potential explanations for the gender difference, such as
differences in disabling conditions and differences in reporting physical discomfort
(Merrill et al. 1997). An additional explanation may relate to body composition.
Women have more fat as well as lower absolute and relative muscle strength than
men (Visser et al. 2002a; Lafortuna et al. 2005), and thus they may have more
difficulties in bearing their excess weight and in moving efficiently. Women,
compared to men, also more commonly have lower aerobic capacity (Fleg et al.
2005) and they are physically less active (DiPietro 2001), thus predisposing older
obese women, in particularly, to walking limitation. Finally, the gender difference in
survival may have its own effect on the association in question (Jensen 2005), as
obese men may die before to emerging functional limitation, whereas women are
known to live longer with functional limitations and disabilities (Leveille et al.
2000).

In addition to gender differences in the association between obesity and walking
limitation, the results of this study suggest that different diseases may mediate the
effect of obesity on walking limitation. In men, the strong role of type 2 diabetes is
probably due to the fact that in the older obese population type 2 diabetes is more
prevalent among men than among women (Must et al. 1999). The potential
pathways through which diabetes may affect walking limitation include diabetes-
related complications such as sensory-motor neuropathy, peripheral vascular
disease, and visual impairment (Nathan 1993; Al Snih et al. 2005). In addition,
insulin resistance may have a negative effect on walking through decline in muscle
mass and strength (Abbatecola et al. 2005; Guillet and Boirie 2005). The relatively
strong effect of knee osteoarthritis on walking limitation among overweight or obese
women found in this study may reflect the fact that excess body weight causes
mechanical stress on the patellofemoral joint, and the consequent pain and impaired
muscle strength predispose women to walking limitation (Ling et al. 2003; Messier
et al. 2005). In addition, female gender and overweight are both strong risk factors
for knee osteoarthritis (Felson et al. 2000). Osteoarthritis, in turn, is a risk factor for
mobility limitation (Clark and Mungai 1997; Ling et al. 2003).

The present study is among the first to examine obesity, CRP, handgrip strength, and
walking limitation simultaneously, thereby allowing more detailed examination of
the complex mechanisms around obesity and walking limitation. The results suggest
that in addition to obesity-related diseases, low-grade inflammation through
cytokine production in adipose tissue and decreased muscle strength due to
accelerated catabolism in muscle may partially explain the pathway from obesity to
walking limitation. Although no other corresponding studies are available, some
recent studies have investigated the associations between obesity, inflammatory
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markers, muscle mass or strength (Pedersen et al. 2003; Cesari et al. 2005b;
Schrager et al. 2007), and frailty (Blaum et al. 2005). In studies related to muscle
mass and strength, inflammatory markers were found to be positively associated
with obesity and negatively with high lean body mass or muscle strength, supporting
the findings of the present study. In contrast, in a study of older women, CRP was
not found to be associated with frailty among obese persons (Blaum et al. 2005).
However, it needs to be emphasized that although CRP was found to be a significant
explanatory factor between high body fat percentage and walking limitation in this
study, CRP itself may not be the biologically relevant molecule mediating the effect
of obesity on walking limitation. Rather, CRP may serve as a marker for the
upregulation of the inflammation pathway and other inflammatory markers such as
TNF-a and IL-6. Several studies have shown an association between TNF-a and IL-
6 and decreased muscle strength (Visser et al. 2002b; Schaap et al. 2006) as well as
mobility limitation (Cesari et al. 2004; Penninx et al. 2004; Figaro et al. 2006).

In addition to obesity-related low-grade inflammation, muscle strength may decrease
because of an increased level of fat infiltrated in the muscle, which is common
among people with high overall body fatness (Ryan and Nicklas 1999). Indeed, there
is evidence that fat infiltration into muscle is associated with lower muscle strength
and walking performance (Sipild and Suominen 1994; Goodpaster et al. 2001;
Visser et al. 2005), thus supporting the pathway from obesity through decreased
muscle strength to walking limitation. In concordance with that hypothesis, the
present study found that persons with a high body fat percentage and low muscle
strength had a substantially higher risk of walking limitation than either obese or
weak persons. A few studies on sarcopenic obesity and functional limitation exists,
and Baumgartner et al. (2000; 2004) have reported similar results. However, the
combination of high fat percentage and low muscle strength used in this study
differs slightly from the concept of sarcopenic obesity in which sarcopenia refers to
low muscle mass. According to present knowledge, in older persons muscle strength
may be a more important predictor in terms of mobility and physical functional
capacity than muscle mass (Visser et al. 2000; Visser et al. 2005). Although the loss
of muscle strength with aging is mainly due to decreased muscle mass, strength is
often reduced to a greater degree than muscle mass (Goodpaster et al. 2006). This
indicates that there may be other factors, such as reduced motor unit activation
(Jakobi and Rice 2002) or reduced muscle quality (Visser et al. 2005) which also
contribute to the loss of strength.

A potential mediating factor that was not included in the analyses in studies I and II
is physical activity. It is known that physical activity is an important determinant of
physical functional capacity in older persons, and also that physical inactivity and
obesity are related (Bernstein et al. 2004; Brach et al. 2004b; Di Francesco et al.
2005). However, in gerontological research the role of physical activity in the
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association between obesity and walking limitation is complicated, especially if
studied with cross-sectional data. It is obvious that having walking limitation will
also reduce physical activity, and therefore studying both of these factors
simultaneously may introduce bias into the results. In contrast, in a longitudinal
setting, it is clear that physical activity plays a major role in the vicious circle of
obesity, muscle strength, and walking limitation. A sedentary lifestyle decreases
physical performance and also exposes to an increase in adipose tissue. This in turn
may increase the level of circulating inflammation markers and predispose to several
diseases, thus decreasing muscle mass and strength, and further impairing walking
and decreasing physical activity. Physical inactivity is thus closely connected to the
factors that were identified in the present study as mediators in the association
between obesity and walking limitation. Although physical activity level was not
controlled in the cross-sectional studies (I and II), handgrip strength and other
covariates may have conveyed some of the effects of physical activity on the
relationship between obesity and walking limitation.

Physical activity has a crucial role in reversing the above-described negative chain
of causation. First, physical activity can facilitate weight loss and weight
maintenance (Fogelholm and Kukkonen-Harjula 2000; Ross and Janssen 2001;
Jakicic et al. 2003). Second, physical activity has been found to be associated with a
lower level of inflammatory markers (Reuben et al. 2003; Colbert et al. 2004), to
improve muscle strength and aerobic capacity (Keysor and Jette 2001; Latham et al.
2003), and to have positive impact on several diseases such as type 2 diabetes and
cardiovascular diseases (Hu et al. 2004; Lakka and Laaksonen 2007). Moreover,
studies examining the combined effect of obesity and physical activity have shown
that the negative health effects related to obesity can be attenuated by physical
activity. For example, He and Barker (2004) found that regular exercise significantly
reduced the risk of developing mobility limitation among obese individuals.

Long-term risk of obesity and weight loss

There are few studies on the early risk factors of walking limitation. However, it is
important to study further this topic in order to recognize persons at risk of adverse
health outcomes in the future. The present study was among the first to show the
long-term risks of obesity on later life walking. It was also found that physical
impairments in middle-aged people predict walking limitation in older age. The
findings are valuable and confirm the results obtained from earlier studies on the
effect of obesity (Launer et al. 1994; Ebrahim et al. 2000; Houston et al. 2005b),
muscle strength (Rantanen et al. 1999b; Rantanen et al. 2000) and certain diseases,
such as osteoarthritis (Guralnik and Kaplan 1989; Hubert et al. 1993; Ettinger et al.
1994), back pain (Guralnik and Kaplan 1989) and hypertension (Pinsky et al. 1985;
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Guralnik and Kaplan 1989; Keil et al. 1989; Lammi et al. 1989), on functional
capacity. The results of this study further supports the claim that the basis for good
functional capacity in old age is built earlier in life. Thus, increasing physical fitness
through physical activity and the promotion of weight loss in overweight middle-
aged persons may prevent mobility limitation and subsequent disability in old age.

Even modest weight loss among obese people of working age has many positive
effects on the risk factors for coronary heart disease and type 2 diabetes through
lowering blood pressure and improving the metabolic profile (National Institutes of
Health 1998; Ross et al. 2004). In addition, weight loss has been found to alleviate
pain in people with knee osteoarthritis (Huang et al. 2000; Martin et al. 2001) and
improve physical function and health-related quality of life (Fine et al. 1999;
Kaukua et al. 2003). However, weight loss attempts in old age may have adverse
effects on health and functional capacity. So far, a few studies on the effects of
intentional weight loss on obese elderly people’s health and functional capacity have
been published. In those studies, depending on the interventions and outcome
measures used, conflicting results have been obtained (French et al. 1995; Messier et
al. 2004; Lee et al. 2005; Messier et al. 2005; Villareal et al. 2006). It has been
suggested that a supervised weight loss program, which includes physical exercise
and possibly vitamin D and calcium supplements may help to maintain muscle mass
and bone mineral density, should be relatively safe for older obese persons
(Newman et al. 2005; Zamboni et al. 2005; Villareal et al. 2006).

Distinguishing between intentional and unintentional weight loss in older people is
important, as their effects on health and functional capacity may be different and
they stem from different backgrounds. Intentional weight loss is often due to life
style modifications such as increased physical activity and/or decreased energy
intake, whereas unintentional weight loss often reflects frailty (Fried et al. 2001b),
severe diseases, underlying inflammatory process, insufficient nutritional intake or
depressive symptoms (Wannamethee et al. 2000; Bales and Ritchie 2002). There is
evidence that unintentional weight loss as well as another indicator of poor
nutritional status in old age, underweight (BMI < 18.5 kg/m®), are associated with
poor mobility (Davison et al. 2002; Larrieu et al. 2004) and predict subsequent
functional limitation, disability, and mortality (French et al. 1999; Ferraro et al.
2002; Lee et al. 2005; Mendes de Leon et al. 2006). Although the risk of
underweight increases with aging (Thompson Martin et al. 2006) and is an important
determinant of functional capacity, it was not possible to examine the association
between underweight and walking limitation in the present study, because there
were so few underweight persons in the sample. Respectively, due to the J-shaped
association between BMI and functional limitation in old age, there was no
justification for including underweight persons in the normal weight category.
Therefore, in studies I-III underweight subjects were excluded from the analyses.
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Similarly, subjects who had unintentionally lost weight (more than 10 kg in study I
and more than 5 kg in studies II and IIT) during the past year were excluded from the
analyses.

Obesity, coexisting conditions and walking limitation

The results of the present study indicate for the first time that obesity and coexisting
diseases increase the risk of walking limitation and that overweight and coexisting
physical impairments in middle-aged people predict later life walking limitation.
These findings are in concordance with ecarlier studies which have reported a
negative effect of excess body weight and coexisting physical impairment and
disease on health outcomes (Ettinger et al. 1994; Rantanen et al. 2000). These results
also show that obese persons are a heterogeneous group, which includes those who
have diseases or physical impairments and those who are obese, but have no other
diseases or physical impairments. Because obese persons with comorbidities or
coimpairments are at substantially higher risk of walking limitation than obese
persons with neither of these conditions, individuals with excess body weight should
be carefully screened in health care for obesity-related diseases, as well as for
physical impairments.

From the preventive point of view, it is important to develop and evaluate proper
interventions to decrease the risk of walking limitation due to comorbidities and
coimpairments. Since the increased risk of walking limitation is a consequence of
obesity and coexisting conditions, it is reasonable to assume that interventions
aiming either to reduce excess body weight or to alleviate diseases or physical
impairments are likely to reduce the risk of walking limitation. If this is the case,
overweight middle-aged persons might greatly benefit not only from weight loss but
also from physical exercise -related interventions designed to improve e.g. muscle
strength or aerobic capacity. Furthermore, management of obesity-related diseases
among older persons may prevent or reduce walking limitation associated with
obesity. However, longitudinal studies and clinical trials are needed to verify these
hypotheses related to coimpairment and comorbidity.
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6.2  Methodological considerations

Study samples and designs

The major strength of the present study is the used data sets. The Health 2000
Survey is one of the few comprehensive national health interview and examination
surveys that exist in the world. The data are representative of the entire adult
population in Finland and allow good generalizability of the results. A representative
population-based data set has several strengths over clinical samples and studies on
volunteers. First, a representative sample includes both men and women from
different age-groups and different residential locations as well as healthy and
diseased individuals. Secondly, if the sampling is based on population register data,
as it was in the Health 2000 Survey, all individuals with similar basic demographic
data (age, gender, residential location) have an equal chance of inclusion in the
sample independently of their health or socioeconomic status.

In order to obtain reliable results in a representative population-based study the
individuals selected should participate in the study. In the Health 2000 Survey, a
high participation rate (94%) was achieved, indicating that the findings would have
high external validity. Several efforts were made to increase the willingness to
participate, e.g. information campaigns, abbreviated health examinations at home or
in institutions, an abbreviated telephone interview and a mailed questionnaire for
those who did not participate in the study center or home examination, as well as the
use of proxy respondents if the individual was not able to participate otherwise in
the interview (2.6%, n=78). There is evidence that non-participants often differ
from participants in terms of age, health behavior and health status (Goldberg et al.
2001; Jousilahti et al. 2005). Typically non-respondents are older, more diseased and
disabled, and thus may be underrepresented such a study as the present one.
However, because the participation rate was very high in this study, selective non-
participation is not likely to have markedly biased the results.

In addition to a representative sample and high participation rate, to obtain reliable
results from population-based studies, the sample has to be large enough. In the
Health 2000 Survey power calculations were performed and after taking financial
and temporal constraints into consideration, a sample of 8 028 persons was obtained.
A two-staged stratified cluster sample was used to facilitate the organization and
cost-effectiveness of the implementation of health examinations in the study
municipalities, which were scattered around Finland. Despite the long distances
between municipalities in the northern part of the country, good transportation links
enable large-scale nationwide studies to be conducted in Finland. In contrast in, for
example, the United States, the implementation of a reliable national health
examination survey is far more difficult and expensive.
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The data set used in Study IV, the Mini-Finland Follow-up Survey, is also
internationally unprecedented due to 22-year follow-up period and the use of a
health examination at both baseline and follow-up. Non-participation is particularly
common in longitudinal studies, because people move out the area; die, or are
unable to participate due to poor health status (Goldberg et al. 2006). In the Mini-
Finland Follow-up Survey, only 12% of the eligible survivors of the Mini-Finland
Health Examination Survey were lost to the follow-up. These persons were older,
had higher BMI, lower handgrip strength, and more medical conditions at the
baseline in comparison to those who participated in the follow-up phase of the study.
In addition, the prevalence of difficulties in squatting and running 500 meters at the
baseline was higher among the drop-outs than follow-up participants. The follow-up
participants were therefore leaner and showed better physical performance than non-
participants; thus the associations of BMI and physical impairments with walking
limitation reported in this study are likely to be conservative rather than
overestimated. Because large municipalities only were selected for the follow-up
examination and since a substantial proportion of the initial cohort had died during
22-year interval, it was not possible to control for the effects of selection on the
invitation to the follow-up in the present study.

General validity and reliability aspects

To obtain reliable results, the methods and instruments used in a survey should be
valid and repeatable. In the Health 2000 Survey, a health interview was
implemented by trained interviewers from Statistics Finland and a health
examination by trained professionals and calibrated instruments. To ensure the
validity and repeatability of the measurements, written instructions were issued and
a thorough training was organized before the study. During the data collection
phase, the quality of the measurements was monitored with observations and
repeated measurements. The reliabilities of the physical performance measures of
handgrip strength and walking speed were excellent and moderately good,
respectively. The reliability of the waist circumference measurement was excellent.
The reliability of the questionnaires was improved by checking that the returned
questionnaires had been properly filled in before acceptance at the examination site
and by helping the subjects to fill in the missing answers whenever possible.

Impaired cognitive status is one factor that may decrease the reliability of the results
(Blaum et al. 2002). However, in this study all persons regardless of their cognitive
status were included in the analyses. In the Health 2000 Survey, cognitive function
was examined with an abbreviated Mini-Mental State Examination (MMSE) with a
maximum score of 16 points (Folstein et al. 1975). Eleven percent of the participants
aged 55 years and over had a value below 11 points. The majority of these persons
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received 9 or 10 points in the test, suggesting mild cognitive decline. The outcome
measure of this study, maximum walking speed over 6.1 meters, represents a routine
physical task which should not be substantially affected by a mild cognitive deficit.
As the person responsible for carrying out the tests observed that each participant
performed the test in an acceptable manner, there is no reason to believe that the
results are substantially affected by cognitive status. Furthermore, the tests were not
performed for those six persons who were apparently unable to understand the
instructions, even though a specific MMSE score cut-off points was not used as an
exclusion criterion.

Walking limitation

In this study walking limitation served as the outcome variable, and it was based
primarily on walking speed. The cut-off point for a walking speed indicative of
walking limitation was chosen according to the ROC analysis. The analysis showed
that 1.2 m/s had the greatest diagnostic accuracy of self-reported walking difficulty
in walking 500 meters. In addition, the chosen speed also served as a proxy for the
ability to cross a street safely at light-controlled intersection, if crossing starts at the
moment when the green light for pedestrians goes out (pedestrian protection time),
as is the case in Finland and the United States (LIVASU-95 1996; Langlois et al.
1997). In other studies, several walking speed cut-off points have been used
depending on the target group and on the way the walking test has been performed,
e.g. walking with usual or with maximal speed. In the Women’s Health and Aging
Study (e.g. Rantanen et al. 1999a) and in the Established Populations for
Epidemiologic Studies of the Elderly (e.g. Guralnik et al. 1995) a cut-off of 0.4 m/s
at usual walking speed was used to indicate severe walking disability, and was later
found to predict subsequent disability (Guralnik et al. 2000). In the Health, Aging
and Body Composition Study a usual walking speed of less than 1.0 m/s was used
and found to be predictive of persistent lower extremity limitation, hospitalization,
and death (Cesari et al. 2005a). Also Studenski et al. (2003) used a cut-off point of
1.0 m/s and found it to predict decline in function and health. In fact, if usual
walking speed represents a level of performance of about 70-80% of maximal
speed, the speed of 1.2 m/s used in this study would correspond quite well with the
speed used in the Health, Aging and Body Composition Study, making possible to
compare the results.

In this study as well as in the above-mentioned studies, the cut-off point for walking
speed was the same for the whole study population. However, walking speed is
partially explained by gender and body height and therefore men and taller persons
tend to walk faster than women and shorter persons. Although height-normalized
values for walking speed have been presented separately for men and women as well
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as for different age-groups (Bohannon 1997), in real life traffic lights do not take
into account the gender or age of pedestrians. Thus, each person regardless of age,
gender or height has to be able to walk at a standard speed in order to cross the
streets safely.

By combining the information on low walking speed and self-reported walking
difficulty, it was possible to obtain a more representative picture of the variation of
walking limitation in the Finnish population. Using walking speed alone as an
indicator of impaired mobility would have resulted in the exclusion of a number of
people with walking limitation, because many of the most severely disabled and
diseased persons were either not able or unwilling to take part in the measurements
(Sainio et al. 2006). Although performance-based tests and self-reported difficulties
provide partially discordant results (Guralnik et al. 2000; Simonsick et al. 2001b;
Ferrucci et al. 2004), the current opinion in gerontological research is that these
measures of physical functioning should be used as complementary measures
(Guralnik et al. 1994; Cress et al. 1995; Sakari-Rantala et al. 2002). Consequently,
several studies have been published in which a combination of performance-based
tests and self-reports in walking have been used (Rantanen et al. 1999a; Reuben et
al. 2004). In addition to walking, the information regarding medical conditions was
also mainly based on a clinical examination by a physician, but supplemented with
self-reports in studies I and III (21% and 25%). In studies II and IV, only clinical
diagnoses were used.

Obesity indicators

In this study, the majority of the analyses were performed using BMI as the measure
of obesity. Information on BMI was obtained from a larger population (n =2 895)
than waist circumference (n = 2 632) or body fat percentage (n =2 124). In addition,
among these measures BMI is the only one which has internationally accepted and
widely used cut-off points to indicate risk of ill health (World Health Organization
2000). Categorizing different levels of obesity enables meaningful comparisons of
weight status within and between populations, and the identification of individuals
and groups at increased risk of adverse health or functional outcomes (World Health
Organization 2000). However, in study II body fat percentage was mainly used,
because in that study special emphasis was placed on low-grade inflammation, and
adipose tissue has been reported to be an important source of inflammatory markers
(Mohamed-Ali et al. 1997).

The obesity measures used in this study were mainly based on objective
measurements. Only a small proportion of the BMI values used in studies I (7%) and
III (1%) were based on self-reported body weight or height. According to a
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reliability assessment conducted in the Health 2000 Survey, the agreement between
self-reported and measured weight (ICC = 0.98) and height (ICC = 0.95) was high,
indicating that the effect of self-reports on BMI classifications was slight. In Study
IIT self-reported recalled weights and height were used. Currently obese persons tend
to underestimate and currently low-weight persons overestimate their previous
weights (Stevens et al. 1990; Perry et al. 1995; Tamakoshi et al. 2003). However, in
this study, the effect of obesity on recall accuracy was controlled for, because
information about current obesity was included in the categorization of obesity
history. Apart from body weight, other factors that might affect the accuracy of
recalled weights include gender, race and recall period (Stevens et al. 1990; Must et
al. 1993; Perry et al. 1995; Tamakoshi et al. 2003). To reduce the potential bias,
these variables, excluding race, were controlled for in our models. However, there is
evidence that people can recall their past body weights over a long period of time
with a good accuracy. For example, Tamakoshi and colleagues (2003) compared
self-reported weight at age of 25 years with previously measured weight among
Japanese men aged 34-61 years. They found a strong correlation between the
recalled and measured weights (r=0.85). Other studies have also shown high
correlations (r> 0.80) between recalled and measured weight in young adulthood
among middle-aged and older men and women (Stevens et al. 1990; Casey et al.
1991), justifying the use of recalled weights.

Analytical considerations

The cross-sectional designs in Studies I and II make it impossible to draw
conclusions about the causality of the observed associations. However, with logistic
regression analysis and sequential adjustment for medical conditions and biological
indicators, it is possible to obtain important information on the associations between
the studied variables. Furthermore, as this study was observational it can only
provide preliminary evidence about the association and the mediating factors
between obesity and walking limitation. Nevertheless, the results of this study can
still be used as a basis for hypotheses to be tested in experimental studies, such as
randomized controlled trials.
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6.3 Future directions

Within the next few decades, the number of older obese persons is expected to
increase rapidly in Finland and in other western countries for two concomitant
reasons: the overall prevalence of obesity is rising and the number of older people
living to very old age is increasing. Consequently, the number of persons with
walking limitation caused by obesity or obesity-related conditions is likely to
increase. Therefore, more studies are required on ways of preventing and alleviating
obesity throughout the life-span, since avoiding excess weight gain is important in
preventing functional limitation at older ages. More research is also needed on the
effect of midlife weight loss and/or improvement in physical fitness on physical
capacity in later life. Recent evidence suggests that moderate weight loss induced by
combined dietary and physical exercise programs may improve mobility and
physical functional capacity among older obese persons (Messier et al. 2004;
Messier et al. 2005; Villareal et al. 2006). Further experimental research in
collaboration with the behavioral sciences is, however, required to develop and
evaluate feasible and effective interventions for older obese persons to prevent or
decrease walking limitation.

In the present study, one of the aims was to recognize some of the factors that
mediate the effect of obesity on walking limitation. Because these analyses were
based on cross-sectional data, prospective studies and intervention trials are required
to confirm the suggested pathways from obesity through diseases, low-grade
inflammation, and decreased muscle strength to walking limitation. In the future, it
would also be useful to examine other potential mediating factors, such as physical
activity, lower limb strength, aerobic capacity, and joint flexibility in order to find
factors that could be intervened to prevent walking limitation among obese persons.
Studying the association of body fat mass and muscle mass, and especially fat
infiltrated to muscle with sophisticated body composition measures might also
provide new insights into the functional limitation of obese persons.

The association between obesity and walking limitation was examined in the present
study from the epidemiological point of view, thus providing information about the
phenomenon at the population level. However, at the individual level some obese
persons are more prone to develop walking limitation than others. In addition to the
factors covered in this study, more distant factors, such as genetic factors, may
explain the large individual differences. Therefore, it would be interesting to use
twin studies and quantitative genetic studies to examine whether there are genes that
are associated with both obesity and walking limitation. Recognizing and targeting
interventions at those persons who are genetically more vulnerable, and thus more
prone to weight gain and functional limitation, might have a positive effect also at
the level of public health.
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7 MAIN FINDINGS AND CONCLUSIONS

The main findings and conclusions of the present study can be summarized as
follows:

1. In persons aged 55 years or older, high BMI, large waist circumference, and
high body fat percentage were associated with increased risk of walking
limitation in a progressive manner. Obesity was more closely associated with
walking limitation in older women than in older men.

2. Of the most common chronic conditions, knee osteoarthritis in women and
type 2 diabetes in men were the strongest mediators in the association between
obesity and walking limitation. In addition to diseases, low-grade inflammation
and low muscle strength partially mediated the association between obesity and
walking limitation.

3. High BMI and physical impairments measured at middle age predicted walking
limitation 22 years later. In addition, longer duration of obesity increased the
risk of walking limitation among persons aged 55 years or older.

4. Overweight or obese persons with coexisting diseases or physical impairments
had a high risk of current or future walking limitation compared with the risk
associated with excess body weight alone indicating that comorbidity and
coimpairment have a negative effect on physical functioning.

In conclusion, the results of the present study indicate that obesity and obesity
duration throughout the lifespan as well as obesity and coexisting conditions are
important risk factors for older persons’ walking limitation. The observations of the
current study may be used as a basis when planning and targeting efficient
interventions to prevent and alleviate walking limitation in older people. Future
research using prospective and experimental settings is needed to confirm the role of
diseases, low-grade inflammation, and decreased muscle strength on the pathway
from obesity to walking limitation.

67



8 ACKNOWLEDGEMENTS

This study was carried out in the Department of Health and Functional Capacity at
the National Public Health Institute in 2004—2007. The dissertation process has been
a journey into the world of science. For me it was like the best journeys always are —
lots of planning, searching for the right direction, moments of feeling completely
lost and days of success, as well as illuminating discoveries and experiences. I have
been privileged to share this educational journey with several wonderful persons and
I would now like to express my sincere gratitude to them for their help and
contribution to this study.

I am very much indebted to my supervisor, Professor Taina Rantanen, for her
stimulating and skilful guidance. Taina’s scientific dedication and her knowledge in
the field of gerontological epidemiology are admirable. My special thanks go to
Taina for her enthusiasm and encouragement throughout this work and for her
valuable help in finding new directions for the future. I owe a large dept of gratitude
to my other supervisor, Docent Seppo Koskinen for his scientific expertise and
constructive comments to my queries. It has been a pleasure to work with such a
warm personality. Seppo, thank you for being my supervisor, and sharing your
knowledge and time with me. To my third supervisor, Docent Erkki Alanen, I am
grateful for helping me with statistical issues and answering a novice’s questions,
especially at the beginning of this project.

I want to express my sincere gratitude to the official reviewers of this dissertation
Professor Marjolein Visser and Docent Sirpa Hartikainen for their kind interest in
and valuable comments on my work, and for revising it so promptly. Professor
Kaisu Pitkild is warmly acknowledged for agreeing to be my opponent in the public
defense of this dissertation.

I am most grateful to Research Professor Arpo Aromaa, Head of the Department of
Health and Functional Capacity, and Docent Antti Jula, Head of the Laboratory for
Population Research, for the opportunity to work in this institute, for supporting me
in this study, and making its outstanding research facilities available to me. I would
like to thank very much the coauthors of the original articles, Ms. Pdivi Sainio,
Docent Markku Helibvaara, and Research Professor Antti Reunanen for their
collaboration and valuable contribution to this study. Special thanks go to Piivi, for
being a great fellow researcher and helping me to familiarize myself with the data of
the Health 2000 Survey. I wish you the best of Iuck to your own research.

I warmly thank Professor Harri Suominen for leading inspiring doctoral seminars at
the University of Jyvéskyld as well as for being very helpful to me in my efforts to

68



manage the doctoral studies from a distance. I will always remember with a smile
our conversations about sports outside of the research topics.

I express my sincere gratitude to the staff and participants in the Health 2000 Survey
as well as those in the Mini-Finland Health Examination Survey. I am most grateful
to have had the opportunity to use these unique databases gathered in Finland. In
addition, I extend my thanks to all my colleagues in our department for your help
and support during these years. Special thanks to Ms. Susanna Syrjasuo for kind
help in obtaining the literature and Ms. Riitta Nieminen for finalizing the layout of
this thesis. Ms. Lea Heinonen-Eerola and Mr. Michael Freeman are greatly
acknowledged for revising the English language of the original articles and the
thesis.

This study was financially supported by personal grants from the Juho Vainio S&ti6
and Finnish Cultural Foundation. They are both gratefully acknowledged.

I dare to say that the time spent outside the office have been vital for the progress of
this work. In addition to my hope that my sport-related activities will prevent me
from later life walking limitation, they have acted as a good counterbalance to the
hours spent on the computer. To all my friends in the sport arenas and outside them,
thank you for sharing your time and friendship with me.

Finally, I am most grateful to the people closest to me: to my parents Sisko and Kari
for all their encouragement in anything that I have decided to do in my life, to my
dear sister Siru for being there for me, and to my beloved husband Pekka for his
endless support, constructive comments, and spurring me on throughout this project.
Pekka, you mean the world to me.

Turku, June 2007

1

Sari Stenholm

69



9 REFERENCES

Abbatecola AM, Ferrucci L, Ceda G, Russo CR, Lauretani F, Bandinelli S, Barbieri M, Valenti G,
Paolisso G. Insulin resistance and muscle strength in older persons. J Gerontol A Biol
Sci Med Sci. 2005; 60A: 1278-1282.

Al Snih S, Fisher MN, Raji MA, Markides KS, Ostir GV, Goodwin JS. Diabetes mellitus and
incidence of lower body disability among older Mexican Americans. J Gerontol A Biol
Sci Med Sci. 2005; 60A: M1152-M1156.

Al Snih S, Ottenbacher KJ, Markides KS, Kuo Y-F, Eschbach K, Goodwin JS. The Effect of
Obesity on Disability vs Mortality in Older Americans. Arch Intern Med. 2007; 167:
774-780.

Alexander NB. Gait disorders in older adults. J Am Geriatr Soc. 1996; 44: 434-451.

Angleman SB, Harris TB, Melzer D. The role of waist circumference in predicting disability in
periretirement age adults. /nt J Obes (London). 2006; 30: 364—373.

Aromaa A, Reunanen A, Impivaara O, Helidvaara M, Knekt P, Maatela J, (Eds). Cardiovascular
and respiratory survey methods. Part 2. The execution of the Mini-Finland Health
Survey. Publications of the Social Insurance Institution ML:49 (In Finnish with an
English summary: 175-187): Helsinki and Turku, 1985.

Aromaa A, Heliovaara M, Impivaara O, Knekt P, Maatela J, Joukamaa M, Klaukka T, Lehtinen V,
Melkas T, Milkid E, Nyman K, Paunio I, Reunanen A, Sievers K, Kalimo E, Kallio V.
Health, functional limitations and need for care in Finland. Basic results from the Mini-
Finland Health Survey. Publications of the Social Insurance Institution AL:32 (In
Finnish with an English summary: 525-554): Helsinki and Turku, 1989.

Aromaa A, Koskinen S, (Eds). Health and functional capacity in Finland. Baseline results of the
Health 2000 health examination survey. Publications of the National Public Health
Institute B12/2004, KTL - National Public Health Institute: Helsinki, 2004. Available at
http://www ktl.fi/terveys2000/index.uk.html.

Aromaa A, Huttunen J, Koskinen S, Teperi J. The development of public health and related
factors: summary. In: Health in Finland. S Koskinen, A Aromaa, J Huttunen, J Teperi
(Eds). National Public Health Institute, National Research and Development Centre for
Welfare and Health, and Ministry of Social Affairs and Health: Helsinki, 2006, pp. 168—
174. Available at http://www ktl.fi/hif/.

Avlund K, Rantanen T, Schroll M. Tiredness and subsequent disability in older adults: The role of
walking limitations. J Gerontol A Biol Sci Med Sci. 2006; 61A: M1201-M1205.

Bales CW, Ritchie CS. Sarcopenia, weight loss, and nutritional frailty in the elderly. Annu Rev
Nutr. 2002; 22: 309-323.

Bannerman E, Miller MD, Daniels LA, Cobiac L, Giles LC, Whitehead C, Andrews GR, Crotty
M. Anthropometric indices predict physical function and mobility in older Australians:
the Australian Longitudinal Study of Ageing. Public Health Nutr. 2002; 5: 655-662.

Bassey EJ, Fiatarone MA, O'Neill EF, Kelly M, Evans W1, Lipsitz LA. Leg extensor power and
functional performance in very old men and women. Clinical Science. 1992; 82: 321—
327.

70



Bassey EJ. Longitudinal changes in selected physical capabilities: muscle strength, flexibility and
body size. Age Ageing. 1998; 27: 12—16.

Bastard JP, Maachi M, Lagathu C, Kim MJ, Caron M, Vidal H, Capeau J, Feve B. Recent
advances in the relationship between obesity, inflammation, and insulin resistance. Eur
Cytokine Netw. 2006; 17: 4—12.

Baumann H, Gauldie J. The acute phase response. Immunol Today. 1994; 15: 74-80.

Baumgartner RN. Body composition in healthy aging. Ann N Y Acad Sci. 2000; 904: 437-448.

Baumgartner RN, Wayne SJ, Waters DL, Janssen I, Gallagher D, Morley JE. Sarcopenic obesity
predicts instrumental activities of daily living disability in the elderly. Obes Res. 2004;
12: 1995-2004.

Bean JF, Kiely DK, Leveille SG, Herman S, Huynh C, Fielding R, Frontera W. The 6-minute walk
test in mobility-limited elders: What is being measured? J Gerontol A Biol Sci Med Sci.
2002; S7TA: M751-M756.

Bean JF, Leveille SG, Kiely DK, Bandinelli JM, Guralnik JM, Ferrucci L. A comparison of leg
power and leg strength within the INCHIANTI study: Which influences mobility more?
J Gerontol A Biol Sci Med Sci. 2003; 58A: M728-M733.

Beaufrére B, Morio B. Fat and protein redistribution with aging: metabolic considerations. Eur J
Clin Nutr. 2000; 54 S48-S53.

Bernstein MS, Costanza MC, Morabia A. Association of physical activity intensity levels with
overweight and obesity in a population-based sample of adults. Prev Med. 2004; 38: 94—
104.

Blaum CS, Ofstedal MB, Liang J. Low cognitive performance, comorbid disease, and task-specific
disability: findings from a nationally representative survey. J Gerontol A Biol Sci Med
Sci. 2002; 57A: M523-M531.

Blaum CS, Xue QL, Michelon E, Semba RD, Fried LP. The association between obesity and the
frailty syndrome in older women: the Women's Health and Aging Studies. J Am Geriatr
Soc. 2005; 53: 927-934.

Bohannon RW. Comfortable and maximum walking speed of adults aged 20-79 years: reference
values and determinants. Age Ageing. 1997; 26: 15-19.

Bootsma-van der Wiel A, Gussekloo J, de Craen AJM, van Exel E, Bloem BR, Westendorp RGJ.
Common chronic diseases and general impairments as determinants of walking disability
in the oldest-old population. J Am Geriatr Soc. 2002; 50: 1405-1410.

Brach J, FitzGerald S, Newman A, Kelsey S, Kuller L, VanSwearingen J, Kriska A. Physical
activity and functional status in community-dwelling older women: a 14-year
prospective study. Arch Intern Med. 2003; 163: 2565-2571.

Brach JS, Simonsick EM, Kritchevsky S, Yaffe K, Newman AB. The Association Between
Physical Function and Lifestyle Activity and Exercise in the Health, Aging and Body
Composition Study. J Am Geriatr Soc. 2004a; 52: 502-509.

Brach J, VanSwearingen J, FitzGerald S, Storti K, Kriska A. The relationship among physical
activity, obesity, and physical function in community-dwelling older women. Prev Med.
2004b; 39: 74-80.

Broadwin J, Goodman-Gruen D, Slymen D. Ability of Fat and Fat-Free Mass Percentages to
Predict Functional Disability in Older Men and Women. J Am Geriatr Soc. 2001; 49:
1641-1645.

71



Buchner DM, Larson E, Wagner E, Koepsell T, DeLateur BJ. Evidence for a non-linear
relationship between leg strength and gait speed. Age Ageing. 1996; 25: 385-391.

Casey VA, Dwyer JT, Berkey CS, Coleman KA, Gardner J, Valadian I. Long-term memory of
body weight and past weight satisfaction: a longitudinal follow-up study. Am J Clin
Nutr. 1991; 53: 1493-1498.

Cawthon PM, Fink HA, Barrett-Connor E, Cauley JA, Dam TT, Lewis CE, Marshall LM, Orwoll
ES, Cummings SR. Alcohol use, physical performance, and functional limitations in
older men. J Am Geriatr Soc. 2007; 55: 212-220.

Cesari M, Penninx BW, Pahor M, Lauretani F, Corsi AM, Rhys Williams G, Guralnik JM,
Ferrucci L. Inflammatory markers and physical performance in older persons: The
InCHIANTI Study. J Gerontol A Biol Sci Med Sci. 2004; S9A: M242-M248.

Cesari M, Kritchevsky SB, Penninx BW, Nicklas BJ, Simonsick EM, Newman AB, Tylavsky FA,
Brach JS, Satterfield S, Bauer DC, Visser M, Rubin SM, Harris TB, Pahor M.
Prognostic Value of Usual Gait Speed in Well-Functioning Older People - Results from
the Health, Aging and Body Composition Study. J Am Geriatr Soc. 2005a; 53: 1675—
1680.

Cesari M, Kritchevsky SB, Baumgartner RN, Atkinson HH, Penninx BW, Lenchik L, Palla SL,
Ambrosius WT, Tracy RP, Pahor M. Sarcopenia, obesity, and inflammation - results
from the Trial of Angiotensin Converting Enzyme Inhibition and Novel Cardiovascular
Risk Factors study. Am J Clin Nutr. 2005b; 82: 428-434.

Cesari M, Onder G, Russo A, Zamboni V, Barillaro C, Ferrucci L, Pahor M, Bernabei R, Landi F.
Comorbidity and Physical Function: Results from the Aging and Longevity Study in the
Sirente Geographic Area (iISIRENTE Study). Gerontology. 2006; 52: 24-32

Clark OD, Mungai SM. Distribution and association of chronic disease and mobility difficulty
across four body mass index categories of African-American women. Am J Epidemiol.
1997; 145: 865-875.

Coakley EH, Kawachi I, Manson JE, Speizer FE, Willet WC, Colditz A. Lower levels of physical
functioning are associated with higher body weight among middle-aged and older
women. Int J Obes Relat Metab Disord. 1998; 22: 958-965.

Colbert LH, Visser M, Simonsick EM, Tracy RP, Newman AB, Kritchevsky SB, Pahor M, Taaffe
DR, Brach J, Rubin S, Harris TB. Physical activity, exercise, and inflammatory markers
in older adults: findings from the Health, Aging and Body Composition Study. J Am
Geriatr Soc. 2004; 52: 1098—1104.

Covinsky KE, Kahana E, Kahana B, Kercher K, Schumacher JG, Justice AC. History and mobility
exam index to identify community-dwelling elderly persons at risk of falling. J Gerontol
A Biol Sci Med Sci. 2001; 56A: M253-M259.

Cress ME, Schechtman KB, Mulrow CD, Fiatarone MA, Gerety MB, Buchner DM. Relationship
between physical performance and self-perceived physical function. J Am Geriatr Soc.
1995; 43: 93-101.

Cromwell R, Newton R, Forrest G. Influence of vision on head stabilization strategies in older
adults during walking. J Gerontol A Biol Sci Med Sci. 2002; 57A: M442-M448.

Davis JW, Ross PD, Preston SD, Nevitt MC, Wasnich RD. Strength, physical activity, and body
mass index: relationship to performance-based measures and activities of daily living
among older Japanese women in Hawaii. J Am Geriatr Soc. 1998; 46: 274-279.

72



Davison KK, Ford E, Cogswell M, Dietz W. Percentage of body fat and body mass index are
associated with mobility limitations in people aged 70 and older from NHANES III.

J Am Geriatr Soc. 2002; 50: 1802—1809.

Dey DK, Rothenberg E, Sundh V, Bosaeus I, Steen B. Height and body weight in the elderly. I. A
25-year longitudinal study of a population aged 70 to 95 years. Eur J Clin Nutr. 1999;
53:905-914.

Di Francesco V, Zamboni M, Zoico E, Bortolani A, Maggi S, Bissoli L, Zivelonghi A, Guariento
S, Bosello O. Relationships between leisure-time physical activity, obesity and disability
in elderly men. Aging Clin Exp Res. 2005; 17: 201-206.

DiPietro L. Physical activity in aging: changes in patterns and their relationship to health and
function. J Gerontol A Biol Sci Med Sci. 2001; 56A: M13-M22.

Doherty T. Aging and sarcopenia. J Appl Physiol. 2003; 95: 1717-1727.

Droyvold WB, Nilsen TI, Kruger O, Holmen TL, Krokstad S, Midthjell K, Holmen J. Change in
height, weight and body mass index: Longitudinal data from the HUNT Study in
Norway. Int J Obes (London). 2006; 30: 935-939.

Ebrahim S, Wannamethee SG, Whincup P, Walker M, Shaper AG. Locomotor disability in a
cohort of British men: the impact of lifestyle and disease. Int J Epidemiol. 2000; 29:
478-486.

Elia M, Ritz P, Stubbs RJ. Total energy expenditure in the elderly. Eur J Clin Nutr. 2000; 54:
S92-S103.

Engstrom JL, Paterson SA, Doherty A, Trabulsi M, Speer KL. Accuracy of self-reported height
and weight in women: an integrative review of the literature. J Midwifery Womens
Health. 2003; 48: 338-345.

Era P, Rantanen T. Changes in physical capacity and sensory/psychomotor functions from 75 to 80
years of age and from 80 to 85 years of age - a longitudinal study. Scand J Soc Med
Suppl. 1997; 53: 25-43.

Ettinger WH, Davis MA, Neuhaus JM, Mallon KP. Long-term physical functioning in persons
with knee osteoarthritis from NHANES I: Effects of comorbid medical conditions.

J Clin Epidemiol. 1994; 47: 809-815.

Expert Panel on the Identification Evaluation, and Treatment of Overweight in Adults. Clinical
guidelines on the identification, evaluation, and treatment of overweight and obesity in
adults: executive summary. Am J Clin Nutr. 1998; 68: 899-917.

Felson DT, Lawrence RC, Dieppe PA, Hirsch R, Helmick CG, Jordan JM, Kington RS, Lane NE,
Nevitt MC, Zhang Y, Sowers M, McAlindon T, Spector TD, Poole AR, Yanovski SZ,
Ateshian G, Sharma L, Buckwalter JA, Brandt KD, Fries JF. Osteoarthritis: new
insights. Part 1: the disease and its risk factors. Ann Intern Med. 2000; 133: 635-646.

Ferrandez AM, Pailhous J, Durup M. Slowness in elderly gait. Exp Aging Res. 1990; 16: 79—89.

Ferraro KF, Su Y-p, Greteback RJ, Black DR, Badylak SF. Body mass index and disability in
adulthood: a 20-year panel study. Am J Public Health. 2002; 92: 834-840.

Ferrucci L, Guralnik JM, Buchner DM, Kasper JD, Lamb S, Simonsick EM, Corti MC, Bandeen-
Roche K, Fried LP. Departures from the linearity in the relationship between measures
of muscular strength and physical performance of the lower extremities: The Women's
Health and Aging Study. J Gerontol A Biol Sci Med Sci. 1997; 52A: M275-M28S5.

73



Ferrucci L, Penninx BWJH, Volpato S, Harris T, Bandeen-Roche K, Balfour J, Leveille SG, Fried
LP, Guralnik JM. Change in muscle strength explains accelerated decline of physical
function in older women with high interleukin-6 serum levels. J Am Geriatr Soc. 2002;
50: 1947-1954.

Ferrucci L, Guralnik JM, Studenski S, Fried LP, Cutler GB, Walston JD. Designing Randomized,
Controlled Trials Aimed at Preventing of Delaying Functional Decline and Disability in
Frail, Older Persons: A Concensus Report. J Am Geriatr Soc. 2004; 52: 625-634.

Festa A, D'Agostino R, Jr., Williams K, Karter AJ, Mayer-Davis EJ, Tracy RP, Haffner SM. The
relation of body fat mass and distribution to markers of chronic inflammation. Int J Obes
Relat Metab Disord. 2001; 25: 1407-1415.

Fiatarone MA, O’Neill EF, Ryan ND, Clements KM, Solares GR, Nelson ME, Roberts SB,
Kehayias JJ, Lipsitz LA, Evans WJ. Exercise training and nutritional supplementation
for physical frailty in very elderly people. N Engl J Med. 1994; 330: 1769-1775.

Field AE, Coakley EH, Must A, Spadano JL, Laird N, Dietz WH, Rimm E, Colditz GA. Impact of
overweight on the risk of developing common chronic diseases during a 10-year period.
Arch Intern Med. 2001; 161: 1581-1586.

Figaro MK, Kritchevsky SB, Resnick HE, Shorr RI, Butler J, Shintani A, Penninx BW, Simonsick
EM, Goodpaster BH, Newman AB, Schwartz AV, Harris TB. Diabetes, inflammation,
and functional decline in older adults: Findings from the Health, Aging and Body
Composition (ABC) study. Diabetes Care. 2006; 29: 2039-2045.

Fine JT, Colditz GA, Coakley EH, Moseley G, Manson JE, Willett WC, Kawachi 1. A prospective
study of weight change and health-related quality of life in women. JAMA. 1999; 282:
2136-2142.

Fleg JL, Morrell CH, Bos AG, Brant LJ, Talbot LA, Wright JG, Lakatta EG. Accelerated
longitudinal decline of aerobic capacity in healthy older adults. Circulation. 2005; 112:
674-682.

Fogelholm M, Kukkonen-Harjula K. Does physical activity prevent weight gain - a systematic
review. Obes Rev. 2000; 1: 95-111.

Folstein MF, Folstein SE, McHugh PR. Mini-Mental State: A practical method for grading the
state of patients for the clinician. J Psychiat Res. 1975; 12: 189—198.

Forouhi NG, Sattar N, McKeigue PM. Relation of C-reactive protein to body fat distribution and
features of the metabolic syndrome in Europeans and South Asians. /nt J Obes Relat
Metab Disord. 2001; 25: 1327-1331.

Frank JS, Patla AE. Balance and mobility challenges in older adults: Implications for preserving
community mobility. Am J Prev Med. 2003; 25: 157-163.

French SA, Jeffery RW, Folsom AR, Williamson DF, Byers T. Relation of weight variability and
intentionality of weight loss to disease history and health-related variables in a
population-based sample of women aged 55-69 years. Am J Epidemiol. 1995; 142:
1306-1314.

French SA, Folsom AR, Jeffery RW, Williamson DF. Prospective study of intentionality of weight
loss and mortality in older women: the lowa Women's Health Study. Am J Epidemiol.
1999; 149: 504-514.

74



Fried LP, Bandeen-Roche K, Kasper JD, Guralnik JM. Association of Comorbidity with Disability
in Older Women: The Women's Health and Aging Study. J Clin Epidemiol. 1999; 52:
27-37.

Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, Seeman T, Tracy R, Kop
W1, Burke G, McBurnie MA. Frailty in older adults: evidence for a phenotype.

J Gerontol A Biol Sci Med Sci. 2001b; 56: M146-M156.

Fried LP, Ferrucci L, Darer J, Williamson JD, Anderson G. Untangling the Concepts of Disability,
Frailty, and Comorbidity: Implications for Improved Targeting and Care. J Gerontol A
Biol Sci Med Sci. 2004; 59A: M255-M263.

Fried TR, Bradley EH, Williams CS, Tinetti ME. Functional disability and health care
expenditures for older persons. Arch Intern Med. 2001a; 161: 2602-2607.

Friedmann JM, Elasy T, Jensen GL. The relationship between body mass index and self-reported
functional limitation among older adults: a gender difference. J Am Geriatr Soc. 2001;
49: 398-403.

Galanos AN, Pieper CF, Cornoni-Huntley JC, Bales CW, Fillenbaum GG. Nutrition and function:
is there a relationship between body mass index and the functional capabilities of
community-dwelling elderly? J Am Geriatr Soc. 1994; 42: 368-373.

Gallagher D, Ruts E, Visser M, Heshka S, Baumgartner RN, Wang J, Pierson RN, Pi-Sunyer FX,
Heymsfield SB. Weight stability masks sarcopenia in elderly men and women. 4m J
Physiol Endocrinol Metab. 2000; 279: E366-E375.

Goldberg M, Chastang JF, Leclerc A, Zins M, Bonenfant S, Bugel I, Kaniewski N, Schmaus A,
Niedhammer I, Piciotti M, Chevalier A, Godard C, Imbernon E. Socioeconomic,
demographic, occupational, and health factors associated with participation in a long-
term epidemiologic survey: a prospective study of the French GAZEL cohort and its
target population. Am J Epidemiol. 2001; 154: 373-384.

Goldberg M, Chastang JF, Zins M, Niedhammer I, Leclerc A. Health problems were the strongest
predictors of attrition during follow-up of the GAZEL cohort. J Clin Epidemiol. 2006;
59: 1213-1221.

Goodpaster BH, Kelley DE, Thaete FL, He J, Ross R. Skeletal muscle attenuation determined by
computed tomography is associated with skeletal muscle lipid content. J App! Physiol.
2000; 89: 104-110.

Goodpaster BH, Carlson CL, Visser M, Kelley DE, Scherzinger A, Harris TB, Stamm E, Newman
AB. Attenuation of skeletal muscle and strength in the elderly: The Health ABC Study.
J Appl Physiol. 2001; 90: 2157-2165.

Goodpaster BH. Measuring body fat distribution and content in humans. Curr Opin Clin Nutr
Metab Care. 2002; 5: 481-487.

Goodpaster BH, Park SW, Harris TB, Kritchevsky SB, Nevitt M, Schwartz AV, Simonsick EM,
Tylavsky FA, Visser M, Newman AB. The loss of skeletal muscle strength, mass, and
quality in older adults: the health, aging and body composition study. J Gerontol A Biol
Sci Med Sci. 2006; 61A: M1059-M1064.

Government Resolution on the Health 2015 public health programme. Publication of the Ministry
of Social Affairs and Health, 2001:6: Helsinki, 2001. Available at
http://pre20031103.stm.fi/english/eho/publicat/ehocontents17.htm.

75



Gregg EW, Mangione CM, Cauley JA, Thompson TJ, Schwartz AV, Ensrud KE, Nevitt MC.
Diabetes and incidence of functional disability in older women. Diabetes Care. 2002;
25:61-67.

Guallar-Castillon P, Sagardui-Villamor J, Banegas JR, Graciani A, Fornés NS, Lopez Garcia E,
Rodriguez-Artalejo F. Waist Circumference as a Predictor of Disability among Older
Adults. Obesity (Silver Spring). 2007; 15: 233-244.

Guillet C, Boirie Y. Insulin resistance: a contributing factor to age-related muscle mass loss?
Diabetes Metab. 2005; 31 Spec No 2: 5S20-25S26.

Guralnik JM, Kaplan GA. Predictors of healthy aging: Prospective evidence from the Alameda
County Study. Am J Public Health. 1989; 79: 703-708.

Guralnik JM, LaCroix AZ, Abbot RD, Berkman LF, Satterfield S, Evans DA, Wallace RB.
Maintaining mobility in late life. I. Demographic characteristics and chronic conditions.
Am J Epidemiol. 1993; 137: 845-857.

Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, Scherr PA, Wallace
RB. A Short Physical Performance Battery Assessing Lower Extremity Function:
Association With Self-Reported Disability and Prediction of Mortality and Nursing
Home Admission. J Gerontol. 1994; 49: M85-M94.

Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallace RB. Lower-extremity function in
persons over the age of 70 years as a predictor of subsequent disability. N Engl J Med.
1995; 332: 556-561.

Guralnik JM, Ferrucci L, Pieper CF, Leveille SG, Markides KS, Ostir GV, Studenski S, Berkman
LF, Wallace RB. Lower Extremity Function and Subsequent Disability: Consistency
Across Studies, Predictive Models, and Value of Gait Speed Alone Compared With the
Short Physical Performance Battery. J Gerontol A Biol Sci Med Sci. 2000; S5A: M221—
M231.

Guralnik JM, Ferrucci L. Assessing the building blocks of function. Utilizing measures of
functional limitations. Am J Prev Med. 2003; 25: 112-121.

Guyatt GH, Sullivan MJ, Thompson PJ, Fallen EL, Pugsley SO, Taylor DW, Berman LB. The 6-
minute walk: a new measure of exercise capacity in patients with chronic heart failure.
Can Med Assoc J. 1985; 132: 919-923.

Han TS, McNeill G, Seidell JC, Lean ME. Predicting intra-abdominal fatness from anthropometric
measures: the influence of stature. Int J Obes Relat Metab Disord. 1997; 21: 587-593.

Han T, Tijhuis M, Lean M, Seidell J. Quality of life in relation to overweight and body fat
distribution. Am J Public Health. 1998; 88: 1814—1820.

He XZ, Baker DW. Body Mass Index, Physical Activity, and the Risk of Decline in Overall Health
and Physical Functioning in Late Middle Age. Am J Public Health. 2004; 94: 1567—
1573.

Heiat A, Vaccarino V, Krumholz HM. An evidence-based assessment of federal guidelines for
overweight and obesity as they apply to elderly persons. Arch Intern Med. 2001; 161:
1194-1203.

Heliovaara M, Mikeld M, Sievers K, Melkas T, Aromaa A, Knekt P, Impivaara O, Aho K,
Isoméki H. Musculoskeletal diseases in Finland. Publications of the Social Insurance
Institution AL:35 (In Finnish with an English summary: 180-185): Helsinki, 1993.

76



Heliovaara M. Mittauspiste 2 (Measurement point 2). In: Menetelmédraportti Terveys 2000 -
tutkimuksen toteutus, aineisto ja menetelmit (Implementation and methods of the Health
2000 Survey, in Finnish). S Heistaro (Ed). National Public Health Institute: Helsinki,
2005, pp. 65-71. Available at
http://www ktl.fi/attachments/suomi/julkaisut/julkaisusarja_b/2005/2005b6.pdf.

Hirvensalo M, Rantanen T, Heikkinen E. Mobility Difficulties and Physical Activity as Predictors
of Mortality and Loss of Independence in the Community-Living Older Population.

J Am Geriatr Soc. 2000; 48: 493—498.

Hoeymans N, Feskens EJ, van den Bos GAM, Kromhout D. Measuring functional status: Cross-
sectional and longitudinal associations between performance and self-report (Zutphen
Elderly Study 1990-1993). J Clin Epidemiol. 1996; 49: 1103—1110.

Hoeymans N, Wouters ER, Feskens EJ, van den Bos GAM, Kromhout D. Reproducibility of
performance-based and self-reported measures of functional status. J Gerontol A Biol Sci
Med Sci. 1997; 52A: M363-M368.

Hoitosuositusryhma. Aikuisten lihavuus. Kdypa hoito -suositus (Treatment of adult obesity,
Current Care guidelines in Finland, in Finnish). Duodecim. 2002; 118: 1075-1088.

Houston DK, Stevens J, Cai J. Abdominal fat distribution and functional limitations and disability
in a biracial cohort: the Atherosclerosis Risk in Communities Study. Int J Obes
(London). 2005a; 29: 1457-1463.

Houston DK, Stevens J, Cai J, Morey MC. Role of weight history on functional limitations and
disability in late adulthood: the ARIC study. Obes Res. 2005b; 13: 1793-1802.

Hu G, Tuomilehto J, Silventoinen K, Barengo N, Jousilahti P. Joint effects of physical activity,
body mass index, waist circumference and waist-to-hip ratio with the risk of
cardiovascular disease among middle-aged Finnish men and women. Eur Heart J. 2004;
25:2212-2219.

Huang MH, Chen CH, Chen TW, Weng MC, Wang WT, Wang YL. The effects of weight
reduction on the rehabilitation of patients with knee osteoarthritis and obesity. Arthritis
Care Res. 2000; 13: 398-405.

Hubert HB, Bloch DA, Fries JF. Risk factors for physical disability in an aging cohort: the
NHANES I epidemiologic followup study. J Rheumatol. 1993; 20: 480—488.

Hughes VA, Frontera WR, Wood M, Evans WJ, Dallal GE, Roubenoff R, Fiatarone Singh MA.
Longitudinal muscle strength changes in older adults: influence of muscle mass, physical
activity, and health. J Gerontol A Biol Sci Med Sci. 2001; 56: B209-B217.

Hulens M, Vansant G, Lysens R, Claessens AL, Muls E. Exercise capacity in lean versus obese
women. Scand J Med Sci Sports. 2001; 11: 305-309.

Hulens M, Vansant G, Claessens AL, Lysens R, Muls E. Predictors of 6-minute walk test results in
lean, obese and morbidly obese women. Scand J Med Sci Sports. 2003; 13: 98—-105.

Jakicic JM, Marcus BH, Gallagher KI, Napolitano M, Lang W. Effect of exercise duration and
intensity on weight loss in overweight, sedentary women: a randomized trial. JAMA.
2003; 290: 1323-1330.

Jakobi JM, Rice CL. Voluntary muscle activation varies with age and muscle group. J Appl
Physiol. 2002; 93: 457-462.

Janssen I, Heymsfield SB, Wang ZM, Ross R. Skeletal muscle mass and distribution in 468 men
and women aged 18-88 yr. J Appl Physiol. 2000; 89: 81-88.

77



Janssen I, Katzmarzyk PT, Ross R. Duration of overweight and metabolic health risk in American
men and women. Ann Epidemiol. 2004; 14: 585-591.

Jebb SA, Elia M. Techniques for the measurement of body composition: a practical guide. Int J
Obes Relat Metab Disord. 1993; 17: 611-621.

Jeffreys M, Lawlor DA, Galobardes B, McCarron P, Kinra S, Ebrahim S, Smith GD. Lifecourse
weight patterns and adult-onset diabetes: the Glasgow Alumni and British Women's
Heart and Health studies. Int J Obes (Lond). 2005; 30: 507-512.

Jenkins KR. Obesity's effects on the onset of functional impairment among older adults.
Gerontologist. 2004; 44: 206-216.

Jensen GL. Obesity and functional decline: epidemiology and geriatric consequences. Clin Geriatr
Med. 2005; 21: 677-687.

Jousilahti P, Vartiainen E, Tuomilehto J, Puska P. Sex, age, cardiovascular risk factors, and
coronary heart disease: a prospective follow-up study of 14 786 middle-aged men and
women in Finland. Circulation. 1999; 99: 1165-1172.

Jousilahti P, Salomaa V, Kuulasmaa K, Niemeld M, Vartiainen E. Total and cause specific
mortality among participants and non-participants of population based health surveys: a
comprehensive follow up of 54 372 Finnish men and women. J Epidemiol Community
Health. 2005; 59: 310-315.

Kaukua J, Pekkarinen T, Sane T, Mustajoki P. Health-related quality of life in obese outpatients
losing weight with very-low-energy diet and behaviour modification--a 2-y follow-up
study. Int J Obes Relat Metab Disord. 2003; 27: 1233-1241.

Keil JE, Gazes PC, Sutherland SE, Rust PF, Branch LG, Tyroler HA. Predictors of physical
disability in elderly blacks and whites of the Charleston Heart Study. J Clin Epidemiol.
1989; 42: 521-529.

Kempen GI, Steverink N, Ormel J, Deeg DJH. The assessment of ADL among frail elderly in an
interview survey: self-report versus performance-based tests and determinants of
discrepancies. J Gerontol B Psychol Sci Soc Sci. 1996; 51B: P254-P260.

Kerrigan DC, Todd MK, Della Croce U, Lipsitz LA, Collins JJ. Biomechanical gait alterations
independent of speed in the healthy elderly: evidence for specific limiting impairments.
Arch Phys Med Rehabil. 1998; 79: 317-322.

Keysor JJ, Jette AM. Have We Oversold the Benefit of Late-Life Exercise? J Gerontol A Biol Sci
Med Sci. 2001; 56A: M412-M423.

Keysor JJ. Does late-life physical activity or exercise prevent or minimize disablement? A critical
review of the scientific evidence. 4m J Prev Med. 2003; 25: 129-136.

Kuo HK, Bean JF, Yen CJ, Leveille SG. Linking C-reactive protein to late-life disability in the
National Health and Nutrition Examination Survey (NHANES) 1999-2002. J Gerontol
A Biol Sci Med Sci. 2006; 61A: 380-387.

Kuskowska-Wolk A, Bergstrom R, Bostrom G. Relationship between questionnaire data and
medical records of height, weight and body mass index. Int J Obes Relat Metab Disord.
1992; 16: 1-9.

Kyle UG, Bosaeus I, De Lorenzo AD, Deurenberg P, Elia M, Gomez JM, Heitmann BL, Kent-
Smith L, Melchior JC, Pirlich M, Scharfetter H, Schols AM, Pichard C. Bioelectrical
impedance analysis - part I: review of principles and methods. Clin Nutr. 2004; 23:
1226-1243.

78



Laaksonen M, Roos E, Rahkonen O, Martikainen P, Lahelma E. Influence of material and
behavioural factors on occupational class differences in health. J Epidemiol Community
Health. 2005; 59: 163-169.

LaCroix AZ, Guralnik JM, Berkman LF, Wallace RB, Satterfield S. Maintaining mobility in late
life. II. Smoking, alcohol consumption, physical activity, and body mass index. Am J
Epidemiol. 1993; 137: 858-869.

Lafortuna CL, Maffiuletti NA, Agosti F, Sartorio A. Gender variations of body composition,
muscle strength and power output in morbid obesity. Int J Obes (London). 2005; 29:
833-841.

Lakka TA, Laaksonen DE. Physical activity in prevention and treatment of the metabolic
syndrome. App! Physiol Nutr Metab. 2007; 32: 76-88.

Lammi UK, Kiveld SL, Nissinen A, Punsar S, Puska P, Karvonen M. Predictors of disability in
elderly Finnish men--a longitudinal study. J Clin Epidemiol. 1989; 42: 1215-1225.

Lan T-Y, Deeg DJH, Guralnik JM, Melzer D. Responsiveness of the Index of Mobility Limitation:
Comparison With Gait Speed Alone in the Longitudinal Aging Study Amsterdam.

J Gerontol A Biol Sci Med Sci. 2003; 58A: M721-M727.

Langlois JA, Keyl PM, Guralnik JM, Foley DJ, Marottoli RA, Wallace RB. Characteristics of
older pedestrians who have difficulty crossing the street. Am J Public Health. 1997; 87:
393-397.

Larrieu S, Peres K, Letenneur L, Berr C, Dartigues JF, Ritchie K, Fevrier B, Alperovitch A,
Barberger-Gateau P. Relationship between body mass index and different domains of
disability in older persons: the 3C study. /nt J Obes Relat Metab Disord. 2004; 28:
1555-1560.

Larsson U, Karlsson J, Sullivan M. Impact of overweight and obesity on health-related quality of
life - a Swedish population study. Int J Obes Relat Metab Disord. 2002; 26: 417-424.

Latham N, Anderson C, Bennett D, Stretton C. Progressive resistance strength training for
physical disability in older people. Cochrane Database Syst Rev. 2003: CD002759.

Launer LJ, Harris T, Rumpel C, Madans J. Body mass index, weight change, and risk of mobility
disability in middle-aged and older women. The Epidemiologic Follow-up Study of
NHANES 1. JAMA. 1994; 271: 1093-1098.

Lean ME, Han TS, Morrison CE. Waist circumference as a measure for indicating need for weight
management. BMJ. 1995; 311: 158-161.

Lebrun CE, van der Schouw YT, de Jong FH, Grobbee DE, Lamberts SW. Fat mass rather than
muscle strength is the major determinant of physical function and disability in
postmenopausal women younger than 75 years of age. Menopause. 2006; 13: 474—481.

Lee JS, Kritchevsky SB, Tylavsky F, Harris T, Simonsick EM, Rubin SM, Newman AB. Weight
change, weight change intention, and the incidence of mobility limitation in well-
functioning community-dwelling older adults. J Gerontol A Biol Sci Med Sci. 2005;
60A: M1007-M1012.

Leveille SG, Penninx BWJH, Melzer D, Izmirlian G, Guralnik JM. Sex differences in the
prevalence of mobility disability in old age: the dynamics of incidence, recovery, and
mortality. J Gerontol B Psychol Sci Soc Sci. 2000; 55B: S41-S50.

79



Lexell J, Taylor CC, Sjostrom M. What is the cause of the ageing atrophy? Total number, size and
proportion of different fiber types studied in whole vastus lateralis muscle from 15- to
83-year-old men. J Neurol Sci. 1988; 84: 275-294.

Ling SM, Fried LP, Garrett ES, Fan MY, Rantanen T, Bathon JM. Knee osteoarthritis
compromises early mobility function: The Women's Health and Aging Study II.

J Rheumatol. 2003; 30: 114-120.

LIVASU-95. Liikennevalot, LIVASU -95 (Planning the directing of traffic lights, in Finnish).
Tielaitos, Kehittimiskeskus: Helsinki, 1996. Available at
http://alk.tiehallinto.fi/thohje/pdf2/liikennevalot_livasu_95.pdf.

Lord SR, Menz HB. Physiologic, psychologic, and health predictors of 6-minute walk
performance in older people. Archives of Physical Medical and Rehabilitation. 2002; 83:
907-911.

Lynch JW, Kaplan GA, Cohen RD, Tuomilehto J, Salonen JT. Do cardiovascular risk factors
explain the relation between socioeconomic status, risk of all-cause mortality,
cardiovascular mortality, and acute myocardial infarction? Am J Epidemiol. 1996; 144:
934-942.

Markides KS, Black SA, Ostir G, V., Angel RJ, Guralnik JM, Lichtenstein M. Lower Body
Function and Mortality in Mexican American Elderly People. J Gerontol A Biol Sci Med
Sci. 2001; S6A: M243-M247.

Martelin T, Nieminen T, and the working group for living conditions. Sociodemographic factors
and living conditions. In: Health and functional capacity in Finland Baseline results of
the Health 2000 health examination survey. A Aromaa, S Koskinen (Eds). Publications
of the National Public Health Institute B12/2004, KTL - National Public Health
Institute: Helsinki, 2004, pp. 24-32. Available at:
http://www ktl.fi/terveys2000/index.uk.html.

Martin K, Fontaine KR, Nicklas BJ, Dennis KE, Goldberg AP, Hochberg MC. Weight Loss and
Exercise Walking Reduce Pain and Improve Physical Functioning in Overweight
Postmenopausal Women with Knee Osteoarthritis. J Clin Rheumatol. 2001; 7: 219-223.

McWhinnie JR. Disability assessment in population surveys: results of the O.E.C.D. Common
Development Effort. Rev Epidemiol Sante Publique. 1981; 29: 413—419.

Mendes de Leon CF, Hansberry MR, Bienias JL, Morris MC, Evans DA. Relative weight and
mobility: a longitudinal study in a biracial population of older adults. Ann Epidemiol.
2006; 16: 770-776.

Merrill SS, Seeman TE, Kasl SV, Berkman LF. Gender differences in the comparison of self-
reported disability and performance measures. J Gerontol A Biol Sci Med Sci. 1997,
52A: M19-M26.

Messier SP, Loeser RF, Miller GD, Morgan TM, Rejeski WJ, Sevick MA, Ettinger WH, Jr., Pahor
M, Williamson JD. Exercise and dietary weight loss in overweight and obese older
adults with knee osteoarthritis: the Arthritis, Diet, and Activity Promotion Trial. Arthritis
Rheum. 2004; 50: 1501-1510.

Messier SP, Gutekunst DJ, Davis C, DeVita P. Weight loss reduces knee-joint loads in overweight
and obese older adults with knee osteoarthritis. Arthritis Rheum. 2005; 52: 2026-2032.

80



Mohamed-Ali V, Goodrick S, Rawesh A, Katz DR, Miles JM, Yudkin JS, Klein S, Coppack SW.
Subcutaneous adipose tissue releases interleukin-6, but not tumor necrosis factor-a, in
vivo. J Clin Endocrinol Metab. 1997, 82: 4196—4200.

Molarius A, Seidell JC. Selection of anthropometric indicators for classification of abdominal
fatness - a critical review. Int J Obes Relat Metab Disord. 1998; 22: 719-727.
Mommsen S, Foldspang A. Body mass index and adult female urinary incontinence. World J Urol.

1994; 12: 319-322.

Montero-Odasso M, Schapira M, Soriano ER, Varela M, Kaplan R, Camera LA, Mayorga LM.
Gait velocity as a single predictor of adverse events in healthy seniors aged 75 years and
older. J Gerontol A Biol Sci Med Sci. 2005; 60A: M1304-M13009.

Morley JE, Baumgartner RN, Roubenoff R, Mayer J, Nair KS. Sarcopenia. J Lab Clin Med. 2001;
137: 231-243.

Must A, Willett WC, Dietz WH. Remote recall of childhood height, weight, and body build by
elderly subjects. Am J Epidemiol. 1993; 138: 56-64.

Must A, Spadano J, Coakley E, Field A, Colditz G, Dietz W. The disease burden associated with
overweight and obesity. JAMA. 1999; 282: 1523-1529.

Mikeld M, Heliovaara M, Sievers K, Impivaara O, Knekt P, Aromaa A. Prevalence, determinants,
and consequences of chronic neck pain in Finland. Am J Epidemiol. 1991; 134: 1356~
1367.

Milkid E. Muscular performance as a determinant of physical ability in Finnish adult population.
Publications of the Social Insurance Institution AL:23 (In Finnish with an English
summary: 119—122): Turku, 1983.

Nagi SZ. Some conceptual issues in disability and rehabilitation. In: Sociology and rehabilitation.
MB Sussman (Ed). American Sociological Association: Washington, DC, 1965, pp.
100-113.

Nagi S. An epidemiology of disability among adults in the United States. Milbank Mem Fund Q
Health Soc. 1976; 54: 439-467.

Nagi S. Disability concepts revisited: Implications for prevention. In: Disability in America:
Toward a national agenda for prevention. A Pope, A Tarlov (Eds). National Academy
Press: Washington, DC, 1991, pp. 309-327.

Nathan DM. Long-term complications of diabetes mellitus. N Engl J Med. 1993; 328: 1676-1685.

National Institutes of Health. Clinical Guidelines on the Identification, Evaluation, and Treatment
of Overweight and Obesity in Adults: The Evidence Report. National Institutes of Health,
NHLBI: Bethesda, MD, 1998. Available at
http://www.nhlbi.nih.gov/guidelines/obesity/ob_gdlns.pdf.

Newman AB, Lee JS, Visser M, Goodpaster BH, Kritchevsky SB, Tylavsky FA, Nevitt M, Harris
TB. Weight change and the conservation of lean mass in old age: the Health, Aging and
Body Composition Study. Am J Clin Nutr. 2005; 82: 872-878.

Newman AB, Kupelian V, Visser M, Simonsick EM, Goodpaster BH, Kritchevsky SB, Tylavsky
FA, Rubin SM, Harris TB. Strength, but not muscle mass, is associated with mortality in
the health, aging and body composition study cohort. J Gerontol A Biol Sci Med Sci.
2006; 61A: M72-M77.

81



Nieminen M, Koskinen S. Population. In: Health in Finland. S Koskinen, A Aromaa, J Huttunen,
J Teperi (Eds). National Public Health Institue, National Research and Development
Centre for Welfare and Health, and Ministry of Social Affairs and Health. Available at
http://www ktl.fi/hif/. Helsinki, 2006, pp. 19-21.

Noppa H, Andersson M, Bengtsson C, Bruce A, Isaksson B. Longitudinal studies of
anthropometric data and body composition. The population study of women in
Gotenberg, Sweden. Am J Clin Nutr. 1980; 33: 155-162.

Onder G, Penninx BWJH, Lapuerta P, Fried LP, Ostir GV, Guralnik JM, Pahor M. Change in
Physical Performance Over Time in Older Women: The Women's Health and Aging
Study. J Gerontol A Biol Sci Med Sci. 2002; 57A: M289-M293.

Ostir GV, Markides KS, Black SA, Goodwin J. Lower Body Functioning as a Predictor of
Subsequent Disability Among Older Mexican Americans. J Gerontol A Biol Sci Med
Sci. 1998; 53A: M491-M495.

Ostir GV, Volpato S, Fried LP, Chaves P, Guralnik JM. Reliability and sensitivity to change
assessed for a summary measure of lower body function: results from the Women's
Health and Aging Study. J Clin Epidemiol. 2002; 55: 916-921.

Ostrosky K, VanSwearingen J, Burdett R, Gee Z. A comparison of gait characteristics in young
and old subjects. Phys Ther. 1994; 74: 637-646.

Pedersen M, Bruunsgaard H, Weis N, Hendel HW, Andreassen BU, Eldrup E, Dela F, Pedersen
BK. Circulating levels of TNF-alpha and IL-6-relation to truncal fat mass and muscle
mass in healthy elderly individuals and in patients with type-2 diabetes. Mech Ageing
Dev. 2003; 124: 495-502.

Peeters A, Bonneux L, Nusselder WJ, De Laet C, Barendregt JJ. Adult obesity and the burden of
disability throughout life. Obes Res. 2004; 12: 1145-1151.

Penninx BWJH, Ferrucci L, Leveille SG, Rantanen T, Pahor M, Guralnik JM. Lower Extremity
Performance in Nondisabled Older Persons as a Predictor of Subsequent Hospitalization.
J Gerontol A Biol Sci Med Sci. 2000; 55A: M691-M697.

Penninx BW, Kritchevsky SB, Newman AB, Nicklas BJ, Simonsick EM, Rubin S, Nevitt M,
Visser M, Harris T, Pahor M. Inflammatory markers and incident mobility limitation in
the elderly. J Am Geriatr Soc. 2004; 52: 1105-1113.

Perry GS, Byers TE, Mokdad AH, Serdula MK, Williamson DF. The validity of self-reports of
past body weights by U.S. adults. Epidemiology. 1995; 6: 61-66.

Pi-Sunyer FX. Medical hazards of obesity. Ann Intern Med. 1993; 119: 655-660.

Pinsky JL, Branch LG, Jette AM, Haynes SG, Feinleib M, Cornoni-Huntley JC, Bailey KR.
Framingham Disability Study: relationship of disability to cardiovascular risk factors
among persons free of diagnosed cardiovascular disease. Am J Epidemiol. 1985; 122:
644-656.

Pouliot MC, Despres JP, Lemieux S, Moorjani S, Bouchard C, Tremblay A, Nadeau A, Lupien PJ.
Waist circumference and abdominal sagittal diameter: best simple anthropometric
indexes of abdominal visceral adipose tissue accumulation and related cardiovascular
risk in men and women. Am J Cardiol. 1994; 73: 460—468.

82



Pradhan AD, Manson JE, Rossouw JE, Siscovick DS, Mouton CP, Rifai N, Wallace RB, Jackson
RD, Pettinger MB, Ridker PM. Inflammatory biomarkers, hormone replacement therapy,
and incident coronary heart disease: prospective analysis from the Women's Health
Initiative observational study. JAMA. 2002; 288: 980-987.

Prasad K. C-reactive protein (CRP)-lowering agents. Cardiovasc Drug Rev. 2006; 24: 33-50.

Prentice AM, Jebb SA. Beyond body mass index. Obes Rev. 2001; 2: 141-147.

Ramsay SE, Whincup PH, Shaper AG, Wannamethee SG. The Relations of Body Composition
and Adiposity Measures to 11l Health and Physical Disability in Elderly Men. Am J
Epidemiol. 2006; 164: 459—-469.

Rantanen T, Era P, Kauppinen M, Heikkinen E. Maximal isometric muscle strength and
socioeconomic status, health, and physical activity in 75-year-old persons. J Aging Phys
Act. 1994; 2: 206-220.

Rantanen T, Guralnik JM, Izmirlian G, Williamson JD, Simonsick EM, Ferrucci L, Fried LP.
Association of muscle strength with maximum walking speed in disabled older women.
Am J Phys Med Rehabil. 1998a; 77: 299-305.

Rantanen T, Masaki KT, Foley D, Izmirlian G, White L, Guralnik JM. Grip strength changes over
27 yr in Japanese-American men. J Appl Physiol. 1998b; 85: 2047-2053.

Rantanen T, Guralnik JM, Ferrucci L, Leveille S, Fried L. Coimpairments: strength and balance as
predictors of severe walking disability. J Gerontol A Biol Sci Med Sci. 1999a; 54A:
M172-M176.

Rantanen T, Guralnik JM, Foley D, Masaki K, Leveille SG, Curb JD, White L. Midlife Hand Grip
Strength as a Predictor of Old Age Disability. JAMA. 1999b; 281: 558-560.

Rantanen T, Harris T, Leveille SG, Visser MV, Foley D, Masaki K, Guralnik JM. Muscle Strength
and Body Mass Index as Long-Term Predictors of Mortality in Initially Healthy Men.

J Gerontol A Biol Sci Med Sci. 2000; 55A: M168-M173.

Rantanen T, Guralnik JM, Ferrucci L, Penninx BWJH, Leveille SG, Sipild S, Fried LP.
Coimpairments as predictors of severe walking disability in older women. J Am Geriatr
Soc. 2001; 49: 21-27.

Reuben DB, Judd-Hamilton L, Harris TB, Seeman TE. The associations between physical activity
and inflammatory markers in high-functioning older persons: MacArthur Studies of
Successful Aging. J Am Geriatr Soc. 2003; 51: 1125-1130.

Reuben DB, Seeman TE, Keeler E, Hayes RP, Bowman L, Sewall A, Hirsch SH, Wallace RB,
Guralnik JM. Refining the categorization of physical functional status: The added value
of combining self-reported and performance-based measures. J Gerontol A Biol Sci Med
Sci. 2004; 59A: M1050-M1061.

Reunanen A. Mittauspiste 1 (Measurement point 1). In: Menetelméraportti Terveys 2000 -
tutkimuksen toteutus, aineisto ja menetelmit (Implementation and methods of the Health
2000 Survey, in Finnish). S Heistaro (Ed). National Public Health Institute: Helsinki,
2005, pp. 60-65. Available at
http://www ktl.fi/attachments/suomi/julkaisut/julkaisusarja_b/2005/2005b6.pdf.

Rissanen A, Heliovaara M, Aromaa A. Overweight and anthropometric changes in adulthood: a
prospective study of 17,000 Finns. /nt J Obes. 1988; 12: 391-401.

Rosow I, Breslau N. A Guttman health scale for the aged. J Gerontol. 1966; 21: 556-559.

83



Ross R, Janssen I. Physical activity, total and regional obesity: dose-response considerations. Med
Sci Sports Exerc. 2001; 33: S521-S527.

Ross R, Janssen I, Dawson J, Kungl AM, Kuk JL, Wong SL, Nguyen-Duy TB, Lee S, Kilpatrick
K, Hudson R. Exercise-induced reduction in obesity and insulin resistance in women: a
randomized controlled trial. Obes Res. 2004; 12: 789-798.

Roubenoff R. Sarcopenic obesity: does muscle loss cause fat gain? Lessons from rheumatoid
arthritis and osteoarthritis. Ann N Y Acad Sci. 2000; 904: 553-557.

Roubenoff R. Sarcopenia: Effects on Body Composition and Function. J Gerontol A Biol Sci Med
Sci. 2003; 58A: M1012-M1017.

Ryan AS, Nicklas BJ. Age-related changes in fat deposition in mid-thigh muscle in women:
relationships with metabolic cardiovascular disease risk factors. Int J Obes Relat Metab
Disord. 1999; 23: 126-312.

Réssner S. Obesity in the elderly - a future matter of concern? Obes Rev. 2001; 2: 183—188.

Sagiv M, Vogelaere PP, Soudry M, Ehrsam R. Role of physical activity training in attenuation of
height loss through aging. Gerontology. 2000; 46: 266-270.

Sainio P, Koskinen S, Rity S. Toimintakyky (Functional capacity). In: Menetelméaraportti Terveys
2000 -tutkimuksen toteutus, aineisto ja menetelmét (Implementation and methods of the
Health 2000 Survey, in Finnish). S Heistaro (Ed). National Public Health Institute:
Helsinki, 2005, pp. 92—-105. Available at
http://www ktl.fi/attachments/suomi/julkaisut/julkaisusarja_b/2005/2005b6.pdf.

Sainio P, Koskinen S, Heligvaara M, Martelin T, Harkdnen T, Hurri H, Miilunpalo S, Aromaa A.
Self-reported and test-based mobility limitations in a representative sample of Finns
aged 30+. Scand J Public Health. 2006; 34: 378-386.

Sakari-Rantala R, Heikkinen E, Ruoppila I. Difficulties in mobility among elderly people and their
association with socioeconomic factors, dwelling environment and use of services.
Aging (Milano). 1995; 7: 433-440.

Sakari-Rantala R, Era P, Rantanen T, Heikkinen E. Associations of sensory-motor functions with
poor mobility in 75- and 80-year-old people. Scand J Rehabil Med. 1998; 30: 121-127.

Sakari-Rantala R, Avlund K, Frindin K, Era P. The incidence of mobility restrictions among
elderly people in two Nordic localities. A five-year follow-up. Aging Clin Exp Res.
2002; 14: 47-55.

Sakurai Y, Teruya K, Shimada N, Umeda T, Tanaka H, Muto T, Kondo T, Nakamura K,
Yoshizawa N. Association between duration of obesity and risk of non-insulin-
dependent diabetes mellitus. The Sotetsu Study. Am J Epidemiol. 1999; 149: 256-260.

Sayers SP, Brach JS, Newman AB, Heeren TC, Guralnik JM, Fielding RA. Use of self-report to
predict ability to walk 400 meters in mobility-limited older adults. J Am Geriatr Soc.
2004; 52: 2099-2103.

Sayers SP, Guralnik JM, Thombs LA, Fielding RA. Effect of leg muscle contraction velocity on
functional performance in older men and women. J Am Geriatr Soc. 2005; 53: 467-471.

Schaap LA, Pluijm SM, Deeg DJ, Visser M. Inflammatory markers and loss of muscle mass
(sarcopenia) and strength. Am J Med. 2006; 119: 526.¢529-526.e517.

Schrager MA, Metter EJ, Simonsick E, Ble A, Bandinelli S, Lauretani F, Ferrucci L. Sarcopenic
obesity and inflammation in the INCHIANTI study. J Appl! Physiol. 2007; 102: 919-925.

84



Schroll M. The main pathway to musculoskeletal disability. Scand J Med Sci Sports. 1994; 4:
3-12.

Seeman TE, Charpentier PA, Berkman LF, Tinetti ME, Guralnik JM, Albert M, Blazer D, Rowe
JW. Predicting changes in physical performance in a high-functioning elderly cohort:
MacArthur studies of successful aging. J Gerontol. 1994; 49: M97-M108.

Seplaki CL, Goldman N, Weinstein M, Lin Y-H. How are biomarkers related to physical and
mental well-being? J Gerontol A Biol Sci Med Sci. 2004; 59A: B201-B217.

Shah RC, Wilson RS, Bienias JL, Arvanitakis Z, Evans DA, Bennett DA. Blood pressure and
lower limb function in older persons. J Gerontol A Biol Sci Med Sci. 2006; 61 A: M839—
M843.

Shinkai S, Watanabe S, Kumagai S, Fujiwara Y, Amano H, Yoshida H, Ishizaki T, Yukawa H,
Suzuki T, Shibata H. Walking speed as a good predictor for the onset of functional
dependence in a Japanese rural community population. Age Ageing. 2000; 29: 441-446.

Sievers K, Melkas T, Heliovaara M, (Eds). Survey methods for musculoskeletal diseases. Part 3.
The execution of the Mini-Finland Health Survey. Publications of the Social Insurance
Institution ML:50 (In Finnish with an English summary: 68—71): Helsinki and Turku,
1985.

Silventoinen K, Jousilahti P, Vartiainen E, Tuomilehto J. Appropriateness of anthropometric
obesity indicators in assessment of coronary heart disease risk among Finnish men and
women. Scand J Public Health. 2003; 31: 283-290.

Simonsick EM, Montgomery PS, Newman AB, Bauer DC, Harris T. Measuring fitness in healthy
older adults: The Health ABC Long Distance Corridor Walk. J Am Geriatr Soc. 2001a;
49: 1544-15438.

Simonsick EM, Newman AB, Nevitt MC, Kritchevsky SB, Ferrucci L, Guralnik JM, Harris T.
Measuring Higher Level Physical Function in Well-Functioning Older Adults:
Expanding Familiar Approaches in the Health ABC Study. J Gerontol A Biol Sci Med
Sci. 2001b; 56: M644-M649.

Sipild S, Suominen H. Knee extension strength and walking speed in relation to quadriceps muscle
composition and training in elderly women. Clin Physiol. 1994; 14: 433-442.

Sonn U, Frindin K, Grimby G. Instrumental activities of daily living related to impairments and
functional limitations in 70-year-olds and changes between 70 and 76 years of age.
Scand J Rehabil Med. 1995; 27: 119-128.

Sorkin JD, Muller DC, Andres R. Longitudinal change in height of men and women: implications
for interpretation of the body mass index. The Baltimore Longitudinal Study of Aging.
Am J Epidemiol. 1999; 150: 969-977.

Stafford M, Hemingway H, Marmot M. Current obesity, steady weight change and weight
fluctuation as predictors of physical functioning in middle aged office workers: The
Whitehall II study. Int J Obes Relat Metab Disord. 1998; 22: 23-31.

Statistics Finland. Statistical Yearbook of Finland 2006. Karisto Oy: Himeenlinna, 2006.

Sternfeld B, Ngo L, Satariano W, Tager I. Associations of Body Composition with Physical
Performance and Self-reported Functional Limitation in Elderly Men and Women. 4m J
Epidemiol. 2002; 156: 110-121.

85



Stewart KJ, DeRegis JR, Turner KL, Bacher AC, Sung J, Hees PS, Shapiro EP, Tayback M,
Ouyang P. Usefulness of anthropometrics and dual-energy x-ray absorptiometry for
estimating abdominal obesity measured by magnetic resonance imaging in older men
and women. J Cardiopulm Rehabil. 2003; 23: 109—-114.

Stevens J, Keil JE, Waid LR, Gazes PC. Accuracy of current, 4-year, and 28-year self-reported
body weight in an elderly population. Am J Epidemiol. 1990; 132: 1156-1163.

Strandberg TE, Strandberg A, Salomaa V'V, Pitkild K, Miettinen TA. Impact of midlife weight
change on mortality and quality of life in old age. Prospective cohort study. Int J Obes
Relat Metab Disord. 2003; 27: 950-954.

Stronks K, Van De Mheen HD, Looman CWN, Mackenbach JP. Behavioural and structural factors
in the explanation of socio-economic inequalities in health: an empirical analysis. Sociol
Health I1l. 1996; 18: 653-674.

Stuck AE, Walthert JM, Nikolaus T, Biila CJ, Hohmann C, Beck JC. Risk factors for functional
status decline in community-living elderly people: a systematic literature review. Soc Sci
Med. 1999; 48: 445-469.

Studenski S, Perera S, Wallace D, Chandler JM, Duncan PW, Rooney E, Fox M, Guralnik JM.
Physical performance measures in the clinical setting. J Am Geriatr Soc. 2003; 51: 314—
322.

Suominen H. Changes in physical characteristics and body composition during 5-year follow-up in
75- and 80-year-old men and women. Scand J Soc Med. 1997; 53: 19-24.

Tamakoshi K, Yatsuya H, Kondo T, Hirano T, Hori Y, Yoshida T, Toyoshima H. The accuracy of
long-term recall of past body weight in Japanese adult men. /nt J Obes Relat Metab
Disord. 2003; 27: 247-252.

Thompson Martin C, Kayser-Jones J, Stotts N, Porter C, Froelicher ES. Nutritional risk and low
weight in community-living older adults: a review of the literature (1995-2005).

J Gerontol A Biol Sci Med Sci. 2006; 61: 927-934.

Thorand B, Baumert J, Doring A, Herder C, Kolb H, Rathmann W, Giani G, Koenig W, Group
ftK. Sex differences in the relation of body composition to markers of inflammation.
Atherosclerosis. 2006; 184: 216-224.

Tiedemann A, Sherrington C, Lord SR. Physiological and Psychological Predictors of Walking
Speed in Older Community-Dwelling People. Gerontology. 2005; 51: 390-395.

Uutela A. Health behaviour. In: Health and functional capacity in Finland Baseline results of the
Health 2000 health examination survey. A Aromaa, S Koskinen (Eds). Publications of
the National Public Health Institute B12/2004, KTL - National Public Health Institute:
Helsinki, Finland, 2004, pp. 33-38. Available at
http://www ktl.fi/terveys2000/index.uk.html.

Wannamethee SG, Shaper AG. Weight change and duration of overweight and obesity in the
incidence of type 2 diabetes. Diabetes Care. 1999; 22: 1266—1272.

Wannamethee SG, Shaper AG, Whincup PH, Walker M. Characteristics of older men who lose
weight intentionally or unintentionally. Am J Epidemiol. 2000; 151: 667-675.

Wannamethee SG, Ebrahim S, Papacosta O, Shaper AG. From a postal questionnaire of older
men, healthy lifestyle factors reduced the onset of and may have increased recovery
from mobility limitation. J Clin Epidemiol. 2005a; 58: 831-840.

86



Wannamethee SG, Shaper AG, Morris RW, Whincup PH. Measures of adiposity in the
identification of metabolic abnormalities in elderly men. Am J Clin Nutr. 2005b; 81:
1313-1321.

Wearing SC, Hennig EM, Byrne NM, Steele JR, Hills AP. The biomechanics of restricted
movement in adult obesity. Obes Rev. 2006; 7: 13-24.

Weinsier RL, Hunter GR, Heini AF, Goran MI, Sell SM. The etiology of obesity: relative
contribution of metabolic factors, diet, and physical activity. Am J Med. 1998; 105: 145—
150.

Verbrugge LM, Lepkowski JM, Imanaka Y. Comorbidity and its impact on disability. Milbank Q.
1989; 67: 450-484.

Verbrugge LM, Jette AM. The disablement process. Soc Sci Med. 1994; 38: 1-14.

Viitasalo J, Era P, Leskinen E, Heikkinen E. Muscular strength profiles and anthropometry in
random samples of men aged 31-35, 51-55 and 71-75 years. Ergonomics. 1985; 28:
1563—-1574.

Villareal DT, Banks M, Sinacore DR, Siener C, Klein S. Effect of weight loss and exercise on
frailty in obese older adults. Arch Intern Med. 2006; 166: 860—866.

Visscher TLS, Seidell JC. The public health impact of obesity. Annu Rev Public Health. 2001; 22:
355-375.

Visser M, Harris T, Langlois J, Hannan M, Roubenoff R, Felson DT, Wilson P, Kiel DP. Body fat
and skeletal muscle mass in relation to physical disability in very old men and women of
the Framingham Heart Study. J Gerontol A Biol Sci Med Sci. 1998a; S3A: M214-M221.

Visser M, Langlois J, Guralnik J, Cauley J, Kronmal R, Robbins J, Williamson J, Harris T. High
body fatness, but not low fat-free mass, predicts disability in older men and women: the
Cardiovascular Health Study. Am J Clin Nutr. 1998b; 68: 584-590.

Visser M, Newman AB, Nevitt MC, Kritchevsky SB, Stamm EB, Goodpaster BH, Harris TB.
Reexamining the sarcopenia hypothesis. Muscle mass versus muscle strength. Health,
Aging, and Body Composition Study Research Group. Ann N Y Acad Sci. 2000; 904:
456-461.

Visser M, Kritchevsky SB, Goodpaster BH, Newman AB, Nevitt M, Stamm E, Harris TB. Leg
Muscle Mass and Composition in Relation to Lower Extremity Performance in Men and
Women Aged 70 to 79: The Health, Aging and Body Composition Study. J Am Geriatr
Soc. 2002a; 50: 897-904.

Visser M, Pahor M, Taaffe DR, Goodpaster BH, Simonsick EM, Newman AB, Nevitt M, Harris
TB. Relationship of interleukin-6 and tumor necrosis factor-o with muscle mass and
muscle strength in elderly men and women: The Health ABC Study. J Gerontol A Biol
Sci Med Sci. 2002b; 57A: M326-M332.

Visser M, Goodpaster BH, Kritchevsky SB, Newman AB, Nevitt M, Rubin SM, Simonsick EM,
Harris TB. Muscle mass, muscle strength, and muscle fat infiltration as predictors of
incident mobility limitations in well-functioning older persons. J Gerontol A Biol Sci
Med Sci. 2005; 60: M324-M333.

Vita AJ, Terry RB, Hubert HB, Fries JF. Aging, Health Risks, and Cumulative Disability. N Engl
J Med. 1998; 338: 1035-1041.

87



Volpato S, Ferrucci L, Blaum C, Ostir G, Cappola A, Fried LP, Fellin R, Guralnik JM. Progression
of lower-extremity disability in older women with diabetes: The Women's Health and
Aging Study. Diabetes Care. 2003; 26: 70-75.

Woollacott M, Tang P. Balance control during walking in the older adult: Research and its
implications. Phys Ther. 1997; 77: 646—660.

World Health Organization. Obesity: Preventing and managing the global epidemic. Report of a
WHO Consultation. WHO Technical Report Series 894: Geneva, 2000. Available at
http://whqlibdoc.who.int/trs/WHO_TRS_854.pdf.

Zamboni M, Armellini F, Harris T, Turcato E, Micciolo R, Bergamo-Andreis IA, Bosello O.
Effects of age on body fat distribution and cardiovascular risk factors in women. 4m J
Clin Nutr. 1997; 66: 111-115.

Zamboni M, Mazzali G, Zoico E, Harris TB, Meigs JB, Di Francesco V, Fantin F, Bissoli L,
Bosello O. Health consequences of obesity in the elderly: a review of four unresolved
questions. Int J Obes (Lond). 2005; 29: 1011-1029.

Zoico E, Di Francesco V, Guralnik JM, Mazzali G, Bortolani A, Guariento S, Sergi G, Bosello O,
Zamboni M. Physical disability and muscular strength in relation to obesity and different
body composition indexes in a sample of healthy elderly women. Int J Obes Relat Metab
Disord. 2004; 28: 234-241.

88



APPENDIX TABLE



JBS[IAA0 panunuo))

0890 A[0X0A3S UL (96'C—16'1) €7'C

sIreys Surquuio pue Sunjjem

sasAeue
[BO1ISIIRIS UT PI[[ONIUOD SeAM UOTIRIIUI]

pue ‘25290 Ut (96'[-§$"T) SL'T WBromiar0 ur (64| ur Qnoyyip pepiodar-jas :AN[IQOIN  AN[IQOW duI[aSeq INOGE UOTEWLIOJUI Y[ | vsn (¥002)
—11°T) LT'T d10Mm uonejrwi] AJI[Iqout 10J Sy oY, partodar-J1os :JNE s1eak { dn-mofjoy ‘eandadsold AN L98L  19-IS Ioyeg pue o
Aige
pue s1rejs Surquurpo ‘spiek (o Suryrem uone)rwiy
“uawr ((w/SY 87 < TINE) 25290 ut Knoygip papiodar-yias :AIqo Ayjiqowr surjaseq ynoqe uoewLIoyUl ON puejSug (0002)
ur (§'g-=0'1) 9'1 Sem uoneywl AI[Iqour 10J YO YL pamnseaur JNH s1eak ][ dn-mojjoy ‘oAnoadsoid W LILS  650F e 30 wiyeIqy
"UIWOM 95990 A[OIOAdS UL ([6°6—€E°T)
[8't PUB 95940 U (L9'¢—€9'1) #1'C IYSromior0  A)ijiSe pue sirels Suiquii[d o[t v Sunyjem
ut (Z0T-61°1) §S'1 pue ‘Udw 959q0 A[010AdS UI (46't ut Kynoyyip pontodai-jjes :ANIQON vsn (2002)
—0°1) 97T 910M uonEIIWI] ANIGOW J0J SYQ YL panseawr NG [BUOIOS-SSOI)) AN L16T 0L< ‘e 2 uosiAe(
(50°0 > d) peads Sunyjem ur uononpar (W 9) paads Sunjjem pansedw :ANJIQOI memeH ‘VSN (8661)
%S UIM PIJRIOOSSE SeM [ Ul aseatoul (S | panseawr NG [BUOI}00S-SS01)) g S0L  £6-SS ‘Te 30 siae(
"050q0 A[OIOAIS UT JOMO] %G| PUE 959q0 sareys Surquiro pue Sunyiem
Ut 10M0] %6 Sem Sutuonouny [edtsKyd “(1000°0 > d) ur uoneuir] paodar-yos KGO vsn (8661)
uoneIIWI] A)[IOW Y)IM PAJRIIOSSE SEM () < [N payuiodar-jas (NG [BUO1}02S-SS01)) 1 01S9S 1L-S¥ ‘Te 12 Kopyeo)
*250q0 K[9I0ASS 9,98 pue
95990 94,9/ “WSIOMIOAO 9%, 79 WSIoM [BULIOU 9%,/ G 'sIes Surquuipo pue Sunjjem
Sem uonew| AjIqour Jo 2ud[eAdld (10000 > d) ur Qynoyyip pariodai-y[os :AN[IqON vsn (L661)
uoneyw] AJ[IQOU YiIm PIJRIOOSS SeM (¢ < [INE payodar-J[as [JNE [BUOTO3S-$S01) d 0SIT  0L0¢€ regunjy pue y1e;)
sasA[eue
sIre)s SuIquirpo pue oI 34 Funyiem [eOTISTIRIS UT PA[[ONUOO SEM UOTIRIIWI]
(zee8e Dy ur uoneul] parodar-y[os :AIIqOIN  AI[Iqow duI[oseq INOqE UOHELIOJUL Ay L, elensny (2002)
sem (¢ < [N Ul uoneyrui AIjiqow 10y YO YL panseawr NG s1e0k 7 dn-mofjoj ‘eAndadsold AN TLTT  €01-0L ‘& 10 ueULIOUUEE
USWOM  O[TU ¥4 Suny[em ul AnoyJIp pajodai-jjos uone)rwIy
ur AnoyIp Sunjjem pue paads Jurjjem mol pue udw ‘(309) §) pPaads Funyem pansesawr :A[IQOIA! AK)1[1qow QuI[oseq JNOQE UOTBWLIOJUI ON pue[3ug (9002)
ur Anouggip Supyem (500 > d) parorpaxd o < NG paInseaws ;NG s1eak ¢ dn-morjoy ‘9anoadsorg AN 8161 ¥L—GS ‘Te 19 uewRSuy
INg
(s1e0k)
Anunod Jurjeseq
S)nsoy Aypiqouwr pue £)159q0 JO SINSBIA BLIOILIO UOISN[oul / ugisop Apmig / Iopuan u  Jeady Q0URIDJOY
synpv 1apjo ur uonvul] A1j1qowt uo A152qo fo 12aff2 ayy Surunuvxa saipmys ayy fo Livuwung +31qe) xipuaddy

I XIANAddV

90



JEO[IDA0 panunuo))

(10070 > puan 10§ d) ($9°7-0S'1) SI1e)s SUIqUII[O Pue ofIut #; Subyj[em
66°1 PUE (T6'1-80'1) ¥ 1 210M [N Jo sojuumb ur Kynoyyip pariodai-y[os :AIqoN pue[Suy (9002)
1s0yS1y om) ur uoneyrwl] ANIqou 1oj SYQ YL painseawr ;N [BUO1}0S-SSO1)) N STt 6L09 ‘Tejo Keswrey
sI1e)s Surquuipd pue
‘dn-mojjoy Sulmp 9wt 74 Sunyjem ur A nouip peyodol-jos auraseq je uoneyIwI] AIjIqow
Ayiqow ur 93UBYD YIIM PIJRIOOSSE J0U Sem Ing  (39F §) paads Sunyjem painsesur :ANIGOA QABY[ JOU PIP OYM 9SO} A[UO PIpN]ou] VSN (9002)
“(100°0 > d) woneyrry Aypiqow pajorpaxd o€ < NG panseaws ;JINF s1eaA ¢ + ¢ dn-mofjoJ ‘9Anoadsorg AN S6lv G9 < B 19 UOIT AP SOPUIA
TINE JO 913193 1soyS1y Y} ul p[o-1edk-f/ 0} -9 A)[ISe pue sIres Surquuid QI +; Sunjem auraseq je uoneIWI] AIIqow
103 (6%°€-0T' 1) $0°C PUE P[O-TBOK-6G 01 -G 10J (6€°€ ur Kynoyyip poiodai-}[os :AN[IQOIN QAet J0U PIp oym dsoy) A[uo papnjoug vsn (r661)
—pp'1) 8€°7 910Mm uonEIIWI] ANI[IQOU 10J SYO YL, pamseow [N S1eIK {1 oSeroae uo dn-mofjoj ‘9ansadsorg I vl bLSt ‘e 10 Joune|
sare)s Surquiro
UQWIOM 95990 A[2IIADS 10 (€°6—C'7) '€ Pue 9s9qo pue o[Iul 7 Funy[em YI0masnoy Areay
10§ (0°Z—€1) 9'1 WYS1omI0A0 10§ (9'[—1'T) €1 pue  Sutop ur Knoyyip pariodai-jfas :AIqoN
‘uoul 9590 A[919A9s 10J (£9—9°[) 7€ pue 959q0 10J Sy Qouel #0027)
(1'z=2'1) 9°1 210m uoneyrwl] AN[Iqout 10y SYO YL porodar-jjos pue JySrom painseaw NG [BUONI9S-SSOI) AN 9968 10159 ‘[& 39 noLue |
TNG sIre)s Surquiro pue ofTur 74 Sunyjem aurfoseq je uoney | Arjiqour
Jo omuooiad (08 < ur uswom Ul (' [—["[) €| pue uow ur Ay norgip payrodal-J1as :KIIQOIN QARY JOU PIP oYM 3s0U} AJuo papnjouf vSn (€661)
ul (p" 1—0'1) 7’1 21om uoneyw] AJ1qowt 1oy sYQ YL payodar-jjos (NG s1eok § dn-mojjoy ‘oanoadsoly 1IN 1869 G9< ‘[€ 39 X101D®]
sosAjeue
‘suosiod  sireys Suiquurpo pue syo0[q [BI0ASS Sunjjem [EOTISIIE)S UI PI[[OIIUOD SBA UOT)B)IUIT]
95290 Ul (LT'¢~1€°T) LO'T PUB JYSI0mIan0 ul (€0°C ur Aynoyyip paprodoi-jjos (IO AN[IQOW JUI[ASE] INOGE UOHRULIOJUI O], vsn (+002)
—80°1) 8%'1 d19m uone)wI] AI[IqOU J0J SYO YL, paytodar-Jas [JNG s1eak ¢ dn-mofjoy ‘0anosadsord AN 09% T 0L= sunyuef
Anise
pue ‘sireys SuIquIId Q[Iul 74 Suryrem
(s00>d) ur uoneyrw| papodar-jies (KNGO uonejrw
USWIOM PUE USWI UT STIA $,9—Gf soSe Je uonejrui] Gz Jo oSe o1y 1e JySrom paj[eoal Ayjiqow ouI[oseq yNOqe UOTRULIOJUT ON vsn (95002)
Anpiqowr payorpaxd A[3uoxns gz Jo o8e je 11soqQ)  paInsedw JYSIaY pue JYSIoM JULLIND (NG sIBAA G7 JO 93k oy 03 ‘0Andadsonay AN LLITIT $9—G ‘[B 39 uo)snoyq
‘uout (ourjeseq je spre Sunyfem jo osn Io
AIYM UT ($8'7—10°7) 6£'C PUB UOWOM dIYM U (46°C ‘yireay pajel-jjos 1ood ‘saseasip jrodar jou
—L€'7) ¥9°7 Ul uoneyuI| AIIqow 0I9Ads 10§ SYQ oY) ANiSe pue sireps Jurquurpo ‘ofrur v Junyiem PIP OYM POPN]OUT 9IOM 9SOY[}) UOT}EIIWI]
paseaIoul [N JO UONRIADD PIEPUE)S | JO ASBAIOUT U ur Kynoiggip paytodar-Jos :AIqojA AjI[Iqowr aur[askq JNOqe UOHRULIOFUT ON. VSN (850027)
*0)g "uonew Ayjrqow 219A9s pajorpaid [N YStH painseauwt [N s1eak ¢ xoxdde dn-mojjoj ‘@anoadsorq AN 91v 6 $9-S+ ‘[€ 39 uo)snoy
(s1eak)
Anunod qureseq
Synsoy Ajiiqow pue A)1s9qo JO SQINSBIA BLIILIO uoIsnjour / usisop Apmg / Iopuan u  jeady QOURIRJOY

panupuod dqe) xipuaddy

91



JEO[IDA0 PaNUNUO))

-9oueuLIojrod
TeorsAyd 1omof jutod g0 1M POIRIOOSSE SeMm SSeul

Sursi 1reyo pue ‘oouejeq Surpue)s

jey ur aseaxdur 8 01 v (1000°0 > d) oouewiojrod  “(309) §) poads Sunyjem painsedws :AI[IQOIN SPUBLIOUION (9002)
[eo1sAyd Jomo] YIIM PojeIooSsE Sem sseu Jey 10ySIH VX :SSew e, [BUOI}00S-SS0I)) I 96¢  €L-9S ‘e 30 uniqo|
‘uoneywr] Ayjiqowr pue ofejuoorad jey aurfoseq je uoney | Arjiqour
Y31 U00M}Oq PUNOJ SEM UOIJBIOOSSE [BUOI)O0S-SSOIO s1re)s Surquird pue sY00[q ¢—g Sunjjem QABY JOU PIP OYM JsOY A[UO papnjouf
ON “uowoMm Ul (4°2-8"[) 9°¢ pue uawr ut (0°'01-S"[) ur Kynoyyip paiodai-y[as :AiIqoN s1eak 4 dn-mof[oj ‘oAnoadsolg vsn (1002)
6°€ 210m uonEIIWI] AJI[IGOW JUSPIOUL 10] YO YL v1d :e8ejiuaorad 1e,q [BUOI0S-5S01) AN 1SO0T  T6-SS ‘[e 30 urmpeolg
sseut jeJ Apog
Ayide pue ofiw 74 Sunjjem
‘uoneyru] Ayjiqowt ur Qynoyyip poiodai-y[os :AN[IQOIN vsn (e8661)
[IIM PIJBIOOSSE JOU SBM 9JUIIQJUINOIIO ISTeM YSIH paInseau ;)M [BUO1109S-5S01)) AN €SL S6-TL ‘T8 19 19SSIA
(10070 > puan 105 d) (65°T-Lt'1) SI1e)s SUIqII[O PUe ofIl ¥ Sunj[em
S6'1 PUe (Z8°1-00°1) SE'I 910M DA\ JO souinb ur Kynoyyip potodai-J[os :AN[IQOIN puejSug (9002)
15931y om) ur uoneyrw] ANIqou 10J SYO YL paInseaut :\JA [BUOI03S-5S01)) W TSTY  6L09 ‘Te 10 Aeswey
‘uowt (surpaseq 1e spre Suryjem jo asn
AMYM UT (67°€—87'C7) HL'T PUB USWOM NIYM UT (96°C 10 ‘yireay pajer-J[as 10od ‘saseasip jrodax
—6£°7) 99°7 U uoneIIWI| A)I[IqOW 2I9AdS 10§ SYQ oY) ANISe pue sire)s Jurquuirpo ‘ofiur v Junyiem JOU PIP OYM 9SO} PAPN]OUT) UOT)E)IIT]
PIseaIdul DA JO UOTIBIADD PIRPUR)S | JO OSBOIOUT UB ur Kynoyggip paytodar-Jos :AIIqoi AI[iqowr out[eseq JNOQe UOTRULIOFUT ON. vsn (850027)
*0)7 "uoneywI| A)1jqow 219498 pejorpard Ha yStH paInseaw ;DM s1eak ¢ ~xoxdde dn-mojjoy ‘0Anoadsoigq AN 91v6  $9-St ‘[& 32 U0)SnoH
(w01 <) uswom ut (07'¢—20'1) 18T pue (W['| <) SI1e)s SUIQUIO pue W 0OE—00T Sunj[em aul[aseq Je uonewI| A)jiqow
uaw Ul (60'7—S1°1) L1°C SeM DA JO d[nuinb ur uonew| papodar-os (KNGO QAR J0U PIp OYMm 250y} A[uo papnjouf uredg (£002)
3soyS1y oy ut uonewI] AJI[IqOW 10} SYQO YL, paInseaw ;DM s1eak 7 dn-mojjoy ‘oanodadsord AN 6211 09<  [e 10 Ug[use)-Ie[enny
sosAeue
sIre)s Surquiro pue ofTur 74 Sunyjem [221ISTIEIS UT PO[JONUOD SEM UOTRITWI]
(80°7-66'0) €51 SEM USWIOM UT W §8°() PUE UL ur uoneyrw paytodar-jas (ANIQOIN  AJI[IqOW QuI[askq JNOQE UOT)RULIOFUT ], erjensny (2002)
urw zo'[ < DA\ Ul uonejiw] Ajijiqow 1oy JO YL paInseaw (A s1eok 7 dn-mojjoJ ‘oanoadsold IWN TLTT1  €01-0L ‘[€ 30 uBULIdUURY
“USWIOM UL (8'p—61)  d[Itl % Sunj[em ut Andyip parodor-yjos “uoneyIwI|
0°¢ pue uow ul ([ '—'1) $'C Sem DM Jo o[naenb  ‘(309) g) paads Sursjjem painsesws :AIIQOJN  [BUOOUN] SUI[OSE] JNOQE UOBUWLIONUT ON pueSug (9002)
159y31y oy ur paads Jumnyiem mo[ 10J SYO YL PaINSLAW DM s1eak ¢ dn-mofjog ‘0anosadsord AN 8161  ¥L-SS ‘Te 10 uewd[Suy
QOUAIQJWINDIID JSTEAN
(s1eak)
Anunod aureseq
Synsoy Ajiqouwt pue A}1s9qo JO SAINSeIJA BLIOILID uoIsn[oul / uSIsop Apmig / Iopuan u  jeady QOURIRJY

panupuod syqe) xipuaddy

92



*£31S9q0 919A9S 0} NE\mV_ G¢ < pue ‘A3150qo 0} NE\mV_ 6'7€-0€ WS1OMIN0
0} sIoja1 NE\MV_ 6'67-ST TING "Anowondiosqe Ae1-x AS1ouo [enp = yX( ‘AydeiSowoy poyndwoo = [ ‘sisA[eue oouepaduil 91)99[e0Iq = Vg OOULIJUINOIID ISTEM = DA\ ‘XOpul ssewr Apoq = NG
‘orewof = J ‘orewr = N "(YH) SoneI piezey pue () SONLI YSUI ‘(Y (O) SONEI SPPO I0J EAINUI AIUIPIJUOD %G 91edIPUl SISAYuated Ul SoN[eA PAIeIS ISIMISYIO JOU JI [OPOU PAIsn(pe woIj aTe SyNsay Sa10N

“udwoM Ur (€€°7-CT'1) 89'1 pue
(S€T-0T°1) 89°1 sanaenb 1s0ySry om1 dy Ul pue udwW

SITe)S SUIqUIT[O pue oI #; Surjem

Qurfaseq 1e uoneywi] Ajiqout

ur (€8°7-1€'1) 76’1 Sem UONBNUI)E NSST} A[ISNW JO ur Aynorggip payrodai-yias :KAIqoN QA®T] JOU PIP OYM IS0y} ATUO papnjouf vSn (5002)
onaenb 3saMO[ o) UT uonE)I] AN[IqOW 10 SYH YL 1D UOneNIJUI 8] J[ISNIA s1e0A 'z dn-mofjog ‘9anodadsorg AN SLOE  6L0L ‘T8 19 JOSSTA
(60°0 > d) uowom pue uaw Ul Sursir areyo pue
doueuLIoj1ad Aruanxa 10mo] 10100d ypIm pajerdosse (W 9) paads Sunyjem parnseaw (Ao vSn (z002)
Sem Q[OSNU AU} OJUT UOTBNIJUI Jef 1)eaIs oy, 1D uonen[Iyur Jej o[osnjA [BUONI9S-SSOI)) AN 6,67  6L0L ‘& 19 JOSSTA
(01°€-85°1) TTT PuR (1€°T-TT'T) L9 Uonejwy]
Anpiqour Juaprout pajorpaid 1ey Apoq jo sajnuinb Qurfoseq Je uoney | Arjiqour
1S2UBIY OM L “(28'€-LT'T) ¥6'C PUE “(08'T-S0'T) 8€'T sites SuIquITo pue d[iw % Sury[em A®Y Jou PIP oYM asoy} £Juo papnjouy
(PL'1-T0°1) €€ UOnEIWI] A)I[IQOW )M PIIRIOOSSE ur noyyip papiodar-yias :ANIqoN s1eak ¢ dn-moj[oj ‘oanoadsold VSN vLTE (98661)
a1om ssew Jey £poq jo sa[nuinb jsoySiy ooy |, VId :sseu e, [BUOI}0S-SSOI)) AN 608+t 001-S9 QEEERENYN
(8T'8-00'7) LO'Y pue
(LEP—L0'1) L1'T 919m a3ejuadiad ey Apoq Jo 91110}
15oyS1Y pue S[PpIt Y} SYQ Y} ‘USWIOM U] UdW Ayide pue ofiw 74 Sunjjem
ur ogejueosad 1y £poq Jo o[1110) 1831y Ul (05'8 ur Qynoyyip poptodai-}[os :AN[IQOIN vsn (e8661)
—60°1) ¥0°¢ d1om uoneyw| AN[IQOU 0] YO YL VXA ej Apoq jusdiag [BUONOIS-SSOITy AW €L S6-TL Te 19 19SSTA
AiniSe pue s1e)s
Surquurpo ‘Sunyrem ur A noigyip pajrodar
‘uowom ur (01 1-90°1) 801 pue udw -J19s pue (3s9) S )9 SuLINP Pu0OdIS/19J)
ut (Z1°1-60'1) 60°T 21om (8]) sseur Jey ul dseatout paads Fupyjem pamseows :KI[IGON vsn (2002)
AIN[osqe yim uonewI] AI[IGOws 10§ YO YL Vid :ssewjeq [eUONOIS-SSOIT AW SS9T 965§ ‘Te 39 plojuIlg
sIre)s Surquiro pue ofIul ¥ Sunyiem
(100070 > puan 10 d) ur Kynoyyip poiodai-jjos :AN[IQOIN
(ZT1'T-0T'1) 65 sem Xopur sseuw Jef Jo d[uumb (ys1oy) pue[Suy (9002)
1soyS1y Y Ut uoneywI] A)I[IGOW 10] SYO Y], / SSBW JBJ = XOPUI SSBW 18] “Y]¢ :SSBW 18] [BUOI0S-5S01)) W TSTY  6L09 ‘Te 10 Keswey
(s1eak)
Anunoo aupaseq
Sy nsoy Ajiqow pue £)1s9q0 JO SQINSBIA BLILIO uoIsnjour / usisop Apmg / Iopuan u  jeady QOURIRJOY

panupuod dyqe) xipuaddy

93






	ABSTRACT
	TIIVISTELMÄ
	ABBREVIATIONS
	LIST OF ORIGINAL PUBLICATIONS
	1 INTRODUCTION
	2 REVIEW OF THE LITERATURE
	2.1 Walking as part of functional capacity
	2.2 Obesity and body composition
	2.3 The effect of obesity on walking limitation
	2.4 Mediating factors between obesity and walking limitation
	2.5 Coexisting conditions and walking limitation

	3 AIMS OF THE STUDY
	4 MATERIALS AND METHODS
	4.1 Study designs and participants
	4.2 Study variables and definitions
	4.3 Statistical methods

	5 RESULTS
	5.1 The characteristics of the study populations
	5.2 Prevalence of walking limitation by obesity indicators (I–III)
	5.3 Mediating factors between obesity and walking limitation (I, II)
	5.4 Long-term risk of walking limitation in relation to obesity andphysical impairments (III, IV)
	5.5 The effect of coimpairment and comorbidity on walkinglimitation (I, II, IV)

	6 DISCUSSION
	6.1 Obesity and walking limitation: mediating factors, long-termrisk and coexisting conditions
	6.2 Methodological considerations
	6.3 Future directions

	7 MAIN FINDINGS AND CONCLUSIONS
	8 ACKNOWLEDGEMENTS
	9 REFERENCES
	APPENDIX TABLE


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




