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Abstract

The general aims of this study were to assess the effects of exercise on the health
for early postmenopausal women by searching for the minimum effective dose in
a systematic literature review and by conducting two randomized, controlled
exercise trials.

Early postmenopausal women have not been a common study group for
exercise training. It was not until the 1980s that any good quality, randomized
controlled trials (RCT) were carried out on postmenopausal women. Three
reports were published in the 1980s. In the first half of the 1990s seven research
reports were published, and in the second half of the 1990s nine appeared. After
2000 until June 2004 seven RCT reports appeared in the literature. Thus the
effects of exercise on health are only partly known for this age group of women.
The RCTs on the effects of exercise on maximal aerobic power, body
composition and muscular strength showed that early postmenopausal women
are trainable. But very few or none of the studies used light intensity aerobic
training, fractionated aerobic exercise or resistance training with simple
equipment. Very few or none of the studies showed what would be the effective
exercise dose to improve submaximal aerobic capacity, blood pressure, body
composition, carbohydrate and lipid metabolism, flexibility, and postural control.
Feasibility-related information was also very sparse in these RCTs. With these
questions in mind, the design of the experimental part of this study was
formulated.

The effects of six light-to-moderate intensity, continuous, and fractionated
walking and resistance training programs on the health-related fitness of
sedentary early postmenopausal woman were assessed in a two RCTs. The
possible interactions of hormone-replacement therapy (HRT) on the results was
also studied. In addition the feasibility and safety of these exercise programs
were assessed for the sedentary participants. The participants were healthy,
sedentary women, 2 - 10 years past the onset of menopause and between the ages
of 48 and 63 years. An equal number of women with and without HRT were
accepted. In the two studies of this research project, Study I and Study II, 134
and 121 participants, respectively, were randomized, HRT users and non-users
separately, into exercise and control groups. The exercise intensity was planned
to range from light-to-moderate (i.e. 45%, 55% or 65% of the maximal aerobic
power (VOamax)). The weekly exercise volume was set at 1500 kcal or 1000 kcal.
The exercise frequency was chosen to be 5 days a week, and the length of
intervention was 15 or 24 weeks. Each day's training was continuous or
fractionated (in Study I) into two equal sessions with at least a 5-hour interval.
There was also a short resistance training program in Study .
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Among the six exercise regimens of this study, the minimum effective dose
of exercise needed to improve most of the selected cardiorespiratory and
morphological fitness components (maximal aerobic power (VOyma) as
measured by a maximal exercise test, submaximal capacity as measured by heart
rate levels corresponding to 65% and 75% of the VOuax, and the proportion of
body fat estimated by skinfold measurement) was the smallest exercise dose. It
included walking at an intensity of 45% VOamax Oon 5 days a week, expending
1000 kcal (46 minutes) in weekly exercise for 24 weeks.

The minimum effective exercise dose to improve the metabolic components
(blood glucose, diastolic blood pressure and body mass) and also the rest of the
chosen cardiorespiratory and morphological fitness components of health-related
fitness (HRF), was the largest exercise dose. It included walking at an intensity
of 65% VOymax continuously or fractionated into two exercise bouts on 5 days a
week, expending 1500 kcal in weekly exercise in one (47 minutes) or two (2 x
24 minutes) exercise bouts per training day for 15 weeks. Approximately 15-20
minutes of moderate resistance training twice a week was combined with
walking. This exercise regimen also improved walking performance and lower-
extremity strength. The participants using and not using HRT had equal results
for all of the chosen variables of HRF.

These exercise regimens were feasible for the participants. They adhered well
to the program. The dropout rate was low. There was only a small risk of injury.
Most of the participants did not consider the exercise program to be too
strenuous. Approximately half of the participants in the continuous exercise
groups had some mild, transient lower-extremity complaints, especially at the
beginning of the exercise intervention. Those in the fractioned exercise groups
had statistically significantly fewer lower-extremity complaints. Starting a
regular exercise program seemed to provide the participants with more positive
experiences than remaining sedentary in the control group did, regardless of the
exercise dose.

The largest exercise regimen used in this study seems to be a feasible,
practical minimum dose for health-enhancing physical activity for sedentary,
early postmenopausal women to use to start improving most of the components
of HRF. For more definite improvements, and also for improving other
components of metabolic, musculoskeletal and motor fitness (lipids, muscle
performance of the trunk and upper extremities, balance and flexibility), the
exercise dose should be increased.

This study increased the knowledge on light intensity aerobic training for
early postmenopausal women. It is the first study to show effects of fractionated
aerobic exercise in this age group of women. It is also the first study to show any
effect of exercise training on diastolic blood pressure and fasting blood sugar
concentration in healthy, early postmenopausal women. It is also one of the few
studies that used an exercise training program that can be performed home
based; walking and resistance training with simple equipment. Feasibility-related
information was also actively gathered. This is the first study to show that

12



fractionated exercise causes fewer exercise-related lower limb problems that
continuous.

There still remain unanswered questions concerning the effects of exercise on
health-related fitness on early postmenopausal women. More RCTs are needed,
especially on the effects of exercise on lipid levels, balance and flexibility. The
interactions of HRT and exercise should be studied more in randomized,
controlled settings.
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Tiuvistelma

Vaihdevuosien aikana elimiston pienenevé estrogeenipitoisuus saattaa edesauttaa
naisen verenkierto- ja hengityselimiston kunnon laskua, lihasvoiman
heikkenemistd, luun haurastumista sekd painon nousua, erityisesti litkuntaa
harrastamattomilla naisilla. N&mi kaikki nostavat riskid sairastua yleisiin
kansantauteihimme, kuten sepelvaltimotautiin, tyyppi 2 diabetekseen ja
osteporoottisiin luunmurtumiin. Liikuntasuositukset perustuvat tietoon, jota on
kerdtty sekd videstotutkimuksista ettd liikuntaharjoittelututkimuksista. Nditd on
tehty valtaosin miehille eikd niitd siksi sellaisenaan voida, asiaa tutkimatta,
yleistdd koskemaan vaihdevuosi-ikdisid naisia. Suoritetun systemaattisen
kirjallisuuskatsauksen perusteella timén ikdryhmén naisia on tutkittu kovin
vdahidn. Tamin tutkimuksen satunnaistetut, kontrolloidut liikuntainterventiot
kohdistettiin juuri ndihin véhiten tutkittuihin alueisiin terveyskunnosta.

Terveyskunnolla tarkoitetaan tdssd niitd kunnon osa-alueita, joilla on
terveysyhteyksid: sydin- ja verenkiertoelimiston kuntoa, kehon rakennetta, tuki-
ja litkuntaelimiston kuntoa, motorista kuntoa sekd aineenvaihdunnan "kuntoa'.
Terveyslitkunnalla tarkoitetaan tdssd sellaista litkuntaa joka tuo terveyshyotyjé,
on liikkujalle sopivaa, eiké aiheuta hinelle haittavaikutuksia.

Tutkittavat olivat 48 - 63 vuotiaita naisia, joiden vaihdevuodet olivat olleet
(kuukautiset loppuneet) 2 - 10 vuotta aiemmin. He olivat terveiti,
tupakoimattomia, normaalipainoisia tai lievésti liikapainoisia, eivitka
harrastaneet sdannollistd ripedd liikuntaa kuin korkeintaan kerran viikossa.
Mukaan valittiin yhtd paljon hormonihoitoa kiyttivid ja ilman sitd olevia naisia.
Ensimmdiseen osatutkimukseen osallistui 134 naista ja toiseen 121.

Liikuntaharjoittelu suunniteltiin American College of Sports Medicine -
jarjeston liikuntasuosituksen mukaiseksi. Liikunnan tehoksi valittiin suosituksen
alarajalla olevaa kevyttd kévelyé ja siitd asteittain nousevia tehoja ripedén asti,
eli 45%, 55% tai 65% maksimaalisesta hapenkulutuksesta. Niitd vastaaviksi
keskimddrdisiksi litkuntaryhmien tavoitesykkeiksi saatiin maksimaalisen
rasituskokeen perusteella 118, 124 ja 131 lyontid minuutissa. Liikunnan kesto
laskettiin yksilollisesti sen perusteella, ettd viikoittaiseksi energiankulutukseksi
valittiin joko 1500 kcal (keskimddrdinen kesto 47 minuuttia 65% teholla, 54
minuuttia 55% teholla ja 65 minuuttia 45% teholla litkuttaessa) tai 1000 kcal (38
minuuttia 55% teholla ja 46 minuuttia 45% teholla liikuttaessa). Harjoittelua
tehtiin viidesti viikossa ja pdivittdin litkuttiin yhdessé tai kahdessa erdssid. Osa
ryhmisté teki my0s 15 - 20 min voimisteluohjelman kahdesti viikossa. Siiné oli 8
kohtuuteholla tehtyd dynaamista lihaskuntoharjoitetta suurimmille lihasryhmille,
jotka toistettiin 10 kertaa. Ohjelmaan kuului myds liikehallintaa kehittimaan
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suunniteltuja  harjoitteita sekd suurimmille lihasryhmélle venytykset.
Harjoittelujakso kesti yhteensi 15 tai 24 viikkoa.

Mittaukset tehtiin ennen ja jdlkeen harjoittelujakson. Maksimaalinen
hapenkulutus ja submaksimaaliset sykevasteet 65% ja 75% tasolla
maksimihapenkulutuksesta mitattiin suoran, maksimaalisen kévelymattotestin
avulla. Lepoverenpaine mitattiin ennen testid. Kehon koostumus arvioitiin
mittaamalla pituus, paino ja neljd ihopoimua, joista laskettiin painoindeksi ja
arvioitiiin rasvaprosentti. Aineenvaihduntaa kuvaavina mittauksina kéytettiin
paastoverenglukoosia ja paastoinsuliinia. Liséksi ensimmaisessa
osatutkimuksessa mitattiin sokerirasituksen aikana 1 ja 2 tunnin glukoosin ja
insuliinin pitoisuudet. Veren rasva-aineenvaihduntaa selvitettiin mittaamalla
kokonaiskolesterolin, LDL-kolesterolin, HDL-kolesterolin ja triglyseridien
paastoarvot. Lihaskuntotestit wvalittiin eri testistdistd niin, ettd ne olivat
mahdollisimman sopivia koehenkildille. Eurofit-testistdstd valittiin dynaaminen
vatsalihastesti. UKK-terveyskuntotestistostd valittiin askelkyykky alaraajojen
voiman mittaamiseen ja staattinen selkélihastesti vartalon ojentajien
lihaskestdvyyden mittaamiseen. Invalidisdation toistotestid kdytettiin ylaraajojen
voiman mittaamiseen. Kudosten notkeutta arvioitiin UKK-terveyskuntotestiston
vartalon sivutaivutustestilld. Tasapainoa mitattiln UKK-terveskuntotestiston
yhden jalan seisontatestilld. UKK-kévelytestilldi mitattiin kévelyaika 2
kilometrilld. Kéavelyaika kuvastaa tdssd sekd syddn- ja verenkiertoelimiston
maksimaalista ja submaksimaalisesta suorituskykyd ettd kdvelykykya sindnsd
myos tuki- ja liikkuntaelimiston- ja motorisen kunnon kannalta.

Pienin annos, jolla saatiin 24 viikossa vaikutusta koehenkildiden ldhes
kaikkiin sydén- ja verenkiertoelimiston kunnon ja kehon koostumuksen
mittareihin (maksimaaliseen hapenkulutukseen, submaksimaalisiin sykearvoihin
ja rasvaprosenttiin) oli tdimén tutkimuksen pienin liikunta-annos. Kévelyn teho
oli siind 45%  maksimihapenkulutuksesta.  Liikunnan  viikoittainen
energiankulutus oli 1000 kcal. Tama koostui keskimddrin 46 minuutin kivelyista
viitend pdivéini viikossa.

Pienin annos, jolla tdssd tutkimuksessa saatiin vaikutusta edellisten lisdksi
myos diastoliseen verenpaineeseen, kehon painoon ja veren glukoosiin oli suurin
kiytetty liikunta-annos. Siind kévelyn teho oli 65% maksimaalisesta
hapenkulutuksesta. Kévely tehtiin joko yhtdjaksoisesti tai kahteen paivittdiseen
litkuntakertaa jaettuna niin, ettd se kulutti 1500 kcal viikossa. Tdméa koostui 47
minuutin kdvelyisti tai kahdesta 24 minuutin péivittdisestd kdvelylenkistd viitend
padivand viikossa. Lisdksi ohjelmaan kuului 15 - 20 min voimisteluohjelma
kahdesti viikossa. Tdmid ohjelma paransi 15 viikossa edelld lueteltujen
kuntomuuttujien lisdksi myds kdvelytestilld mitattua kdvelyaikaa ja alaraajojen
lihasvoimaa. Hormonikorvaushoitoa kéyttivdt koehenkilot saivat samanlaisia
tuloksia kuin sitd ilman olevat, eli litkunta oli kummallekin koehenkiléryhmalle
yhtd tehokasta.

Kaytetyt liikuntaharjoitteluohjelmat olivat sopivia ja toteuttamiskelpoisia
tille kohderyhmadlle, joka sitoutui litkuntaohjelmaan hyvin. Tutkimuksesta pois
jadneiden lukumééra oli hyvin pieni. Myds vammojen mééré oli pieni. Useimmat
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pitivédt liikkunta sopivana my0s rasitustasoltaan. Noin puolella koehenkil6istd oli
lievid, ohimenevid alaraajavaivoja erityisesti ohjelman alkuvaiheessa.
Alaraajavaivoja oli kahteen pdivittdiseen jaksoon jaetun liitkunnan ryhméssé
merkittdvisti vihemmain kuin yhtdjaksoisen liikkunnan ryhmassé. Liséksi se, ettd
aloitti  sddnnodllisen liikkunnan, ndytti lisddvan liikkujilla merkittdvasti
myoOnteisten tuntemusten maddrdd vertailuryhmiidn ndhden. Myonteisten
tuntemuksien méadrd ei riippunut liitkunta-annoksesta eikd siitd miten paljon
kunto nousi.

Suurin kéytetty liikunta-annos, ripeédtehoista kdvelyd noin 30 - 60 minuuttia
viidesti  viitkossa  yhdistettynd 15 - 20 minuutin kohtuutehoiseen
voimisteluohjelmaan kahdesti viikossa, vaikuttaisi olevan liikuntaa aiemmin
harrastamattomille, terveille vaihdevuosi-idn ohittaneille naisille suositeltava
minimimaaré terveysliikuntaa, jolla aloittaa liikunta. Liikunnan voi halutessaan
jakaa kahteen péivittdiseen jaksoon. Télloin osalle liikuntaan tottumattomista
ilmaantuvat, enimmaikseen totutteluvaiheen tuki- ja liikuntaelimiston
kuormitustuntemukset viahenevit, mutta liikkunnasta saadaan samat terveyshyodyt
kuin yhtéjaksoisesti liikkumalla. Télld liikunta-annoksella voidaan saavuttaa
terveyskunnon  kohenemista  sen  useimmilla  osa-alueilla.  Rasva-
aineenvaihduntaa, vartalon ja yldraajojen lihasvoimaa ja liikehallintaa
parantavien vaikutusten saavuttamiseksi liikkuntaa pitad tésté liséta.

Tamai tutkimus toi uutta tietoa liikkunnan annos-vaste suhteista ja erityisesti
matalatehoisen liikkunnan terveysvaikutuksista vaihdevuosi-idn ohittaneille
naisilla. Kyseesséd oli ensimmdiinen timéin kohderyhmén tutkimus, jossa saatiin
tuloksia pétkiin jaetulla liikunnalla. Aiemmin ei ole myodskddn téllaisella
kohderyhmilld saatu liikuntaharjoittelulla vaikutuksia verenpaineeseen tai
sokeriaineenvaihduntaan. Tdmé oli yksi niitd harvoja tutkimuksia, jonka
litkkuntaohjelma on helposti sovellettavissa kotiharjoitteluun, ja johon riittavat
yksinkertaiset vélineet. Myds liikunnan soveltuvuudesta tille ikdryhmaélle
tuotettiin uutta tietoa. Tdmé oli ensimmadinen tutkimus, jossa todettiin pétkiin
jaetun liitkunnan aiheuttavan merkittavésti vihemman tuki-ja litkuntaelimiston
kuormitustuntemuksia litkkuntaan tottumattomalle kuin yhtdjaksoisen liikunnan.

Vaihdevuosi-idn ohittaneiden naisten liikuntaharjoittelussa on kuitenkin vield
paljon tutkittavaa. Satunnaistettuja, kontrolloituja tutkimuksia tarvitaan
erityisesti siitd, minkélaisella harjoittelulla voitaisiin parhaiten vaikuttaa rasva-
aineenvaihduntaan, tasapainoon ja kudosten venyvyyteen. Myds hormonihoidon
ja liikkunnan mahdollisista yhteisvaikutuksista tarvitaan lisdd tietoa.
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Introduction

One might assume that, since the health effects of exercise are so widely
accepted, they have been accepted for a long time - also for postmenopausal
women. But this is not the case. Only 50 years ago, a book on the scientific basis
of athlete training claimed that "at puberty development of ability for strenuous
exercise stops or even declines in girls while it continues to advance in boys"
(Morehaus and Rachs 1958). Some 40 years ago, it was understood that young
girls and boys are equally trainable, but "in females regular sport maintains
maximal efficiency at a constant level from the age of sixteen to that of thirty
vears and then decreases” and "after the age of sixty, there is practically no
observable effect” (Hollmann 1964). It was not until 30 years ago that the first
evidence was found that also postmenopausal women are trainable (Kilbom and
Astrand 1971, Adams and de Vries 1973, Drinkwater 1973, Drinkwater et
al.1975). Today we know that postmenopausal women are not only trainable, but
really need exercise for their health.

Menopause is defined as a natural age-related decrease and, finally, loss of
ovarian estrogen production and secretion. Decreasing the estrogen level may
start a rapid decline in aerobic fitness, muscle strength, and bone mineral density,
in addition to weight gain, all of which increase the risk for many chronic
diseases, for example, coronary heart disease (CHD), type 2 diabetes, and
osteoporotic fractures - especially among sedentary women (Sowers and La
Pietra 1995, Wilson 2003).

When a person approaches old age, low fitness and an increased number of
chronic diseases is not only an individual problem leading to disability and lower
quality of life, but also a problem of public health leading to a high cost for
society (Colditz 1999, Garrett et al. 2004). Increased physical activity can
partially reverse these events. Early postmenopause is an important phase in
women's lives, if sedentary, in which to start to exercise (Taylor et al. 2003).

Exercise recommendations are based both on epidemiological evidence and
on exercise trials, which have, for the most part, been conducted on men, and
thus they may not be completely valid for postmenopausal women. In order to
evaluate the relevance of these recommendations for early postmenopausal
women, additional information should be obtained for this age group, especially
from randomized, controlled trials (RCT's) that take gender into consideration.
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Review of the literature

1. Definitions of physical activity and fitness

1.1. Basic terminology

The basic terminology of exercise physiology includes special terms, such as
physical activity, leisure-time physical activity, occupational physical activity,
health-enhancing physical activity, and exercise (Howley 2001). Physical
activity (PA) is defined as any bodily movements produced by contractions of
skeletal muscles that substantially increase energy expenditure. Leisure-time
physical activity (LTPA) is described as any activity one participates in during
free time, based on personal interest and needs. These activities include sport and
formal exercise programs, as well as walking, hiking, gardening, dance, and the
like that result in substantial energy expenditure, although the intensity and
duration may vary considerably. Occupational physical activity (OPA) is defined
as PA within the time-frame of 8-hour work day. Health-enhancing physical
activity (HEPA) can be described as the kind of PA that will enhance health and
not be harmful (Bouchard and Shephard 1994).

Exercise (or exercise training) is a subcategory of LPTA, in which
planned, structured and repetitive bodily movements are performed to improve
or maintain one or more components of fitness (Howley 2001). The most
important main categories of exercise (training) are aerobic exercise (training)
and resistance exercise (training) (Howley 2001, Bouchard and Shephard 1994,
ACSM 1998a).

Aerobic exercise involves large muscle groups in dynamic activities that
results, if effective, in improvements of function of especially the cardiovascular
system and the skeletal muscles, leading to an increase in endurance
performance (Howley 2001). Aerobic exercise can be of high-impact or low-
impact type. A simple definition of high-impact exercise would be any activity in
which one's feet leave the ground at the same time. Jumping rope, running, and
jumping jacks are high-impact exercises. Whereas walking, cycling and
swimming are examples of low-impact aerobic exercise.

The exercise dose in aerobic exercise training is usually described by the
intensity, duration, and frequency of the training session, and in exercise trials
also by the length of the exercise intervention (Howley 2001). Intensity is usually
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described as relative intensity, a percentage of the person's maximal aerobic
power (VOamax) or maximal heart rate (HRyx). Duration refers to the duration of
a single exercise session. Frequency refers to the number of weekly exercise
sessions. PA is behaviour that results in increased energy expenditure. The total
volume of training accomplished, expressed as exercise energy expenditure
(EEE), can also be used to describe exercise dose. EEE combines the factors of
intensity, frequency, and duration of exercise but, on the other hand, loses some
of the information, since different combinations of these factors may add up to
equal EEE (Howley 2001, ACSM 1998a).

Resistance exercise is basicly designed to improve or maintain muscular
strength, power, and endurance (Howley 2001). The exercise dose in resistance
exercise training is usually described by the magnitude of resistance, the number
of repetitions the resistance is moved in a single set of resistance exercise
training, the number of sets done, and the length of the resistance training
program. Muscular strength is a measure of a muscle's ability to generate force,
muscular power is a measure of the rate at which force is generated, and
muscular endurance 1s a measure of the ability of a muscle to make repeated
contractions against constant resistance. Muscular strength is usually expressed
as one-repetition maximum (1RM) for dynamic measurements (Howley 2001,
ACSM 1998a).

Physical fitness is defined as a set of attributes (cardiorespiratory endurance,
skeletal muscle strength, skeletal muscle power, flexibility, agility, balance,
reaction time, and body composition) that people can have or achieve that relate
to the ability to perform physical activity (Howley 2001). The term physical
fitness is usually used in a performance-oriented context. Health-related fitness
(HRF) is used to describe the components of physical fitness related to health
(Bouchard and Shephard 1994).

1.2 Health-related fitness and health-enhancing physical activity

The health effects of PA can be analyzed and studied on the basis of the concept

of health-related fitness. This concept was introduced in the 1990s (Bouchard
and Shephard 1994). The components of HRF, as described in the original text,
are cardiorespiratory, morphological, musculoskeletal, motor, and metabolic
fitness (Table 1).
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Table 1. Components of health-related fitness (HRF,) modified from Bouchard and
Shephard (1994)

Components Factors

Cardiorespiratory fitness Maximal aerobic power

Submaximal cardiorespiratory capacity

Blood pressure
Morphological fitness Body composition
Bone strength
Metabolic fitness Carbohydrate metabolism
Lipid metabolism
Musculoskeletal fitness Muscular strength and endurance
Flexibility
Motor fitness Postural control

The factors of cardiorespiratory fitness are maximal aerobic power and
submaximal cardiorespiratory capacity. Resting blood pressure (BP) can also be
described as one of the factors, although it was not in the original list of factors.
Good cardiovascular fitness prevents CHD and lowers all-cause mortality.
Morphological fitness includes body composition and bone strength. Body
composition is related to the incidence of CHD and type 2 diabetes, and bone
strength is associated to osteoporosis and osteporotic fractures. Musculoskeletal
and motor fitness, which includes muscle strength and endurance, flexibility, and
postural control, is needed to preserve good functional capacity to ensure
independent living during old age. These factors also prevent falls. Good
musculoskeletal fitness has also been shown to be associated with low all-cause
mortality (Rantanen 2003). Good metabolic fitness, as indicated by normal
carbohydrate and lipid metabolism, reduces the risk of CHD and type 2 diabetes
mellitus (Bouchard and Shephard 1994).

The concept of health-enhancing physical activity was adopted in a
preparatory meeting supported by the European Commission and arranged by the
Urho Kaleva Kekkonen Institute for Health Promotion Research (UKK Institute)
for developing European strategies for HEPA (Vuori et al. 1996). HEPA can be
described as the kind of PA that will enhance health and thus improve HRF. The
essentials for HEPA are that physical activity should not only be effective, but
also safe and feasible for the participant.
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2. Dose—resEonse issues concerning physical activity,
fitness and health

2.1. General principles

The first basic principle of the dose-response relationship for PA and fitness is
overload (Kesdniemi et al. 2001). Any physical activity will cause acute
responses in cardiovascular and muscular systems, but only the dose of exercise
that exceeds the habitual activity of an individual will cause training effects, if
repeated. Thus an initially sedentary, low-fit person will undergo fitness
improvement with a smaller exercise dose than a person who is initially more
active and fit. When habitual PA increases, the dose of exercise that is needed to
produce training effects increases. The training program must be progressive in
order to increase fitness (Keséniemi et al. 2001).

The greater the exercise dose (= intensity x frequency x duration), the greater
the response (Kesdniemi et al. 2001). Intensity, frequency, and duration are, to
some extent, interchangeable parameters of the exercise dose. It is possible to
"trade duration for intensity" (i.e., choose a longer duration and lower intensity),
and keep EEE constant. EEE is not, however, always a useful description of
exercise dose, if exercise intensity is not taken into account. Equivolume
exercise doses with different intensity have different effects on, for example
VOymax- An exercise dose with high exercise intensity and short duration will
improve VOj,max more than an equivolume exercise dose with low exercise
intensity and long exercise duration (Keséniemi et al. 2001, Hardman 2001).

An important basic principle of the dose-response relationship for PA and
fitness is the fact that all of the effects of PA are site-specific. Only those
structures and bodily functions that are trained will develop responses. For
example, strength training of the legs does not affect the arms, shoulders, or
trunk muscles (Keséniemi et al. 2001).

Acute effects of PA refer to any physiological and health-related changes that
occur during and in hours of PA. For example the lowering of the resting blood
pressure or improving insulin sensitivity and lipid metabolism after an exercise
session are acute effects of PA. Chronic effects of PA occur over time due to the
changes that PA has caused in the structure or function of various body systems.
These are also called training effects. Muscular hypertrophy is an example of the
training effect of PA. Thus exercise training will cause acute effects and also
training effects if the exercise dose is adequate and the exercise sessions are
repeated. Some of the effects of PA are combinations of both (Kesidniemi et al.
2001).

If a curve is drawn to illustrate the relationship between the exercise dose and
training effects, the shape of the curve might be linear, as it is in the case of PA
and all-cause mortality rates. In this case, an increase in PA will cause a
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corresponding decrease in all-cause mortality. The curve could also be such that
small increases in PA from sedentary to active produces the largest benefits. At
higher levels of activity, the extra benefit for health from training becomes small.
This is assumed to be the case for most of the health effects of PA, for example,
for resting blood pressure. The curve could also be such that only a considerable
large dose of exercise produces the effect. For example, most of the harmful
effects of exercise, overuse injuries, and cardiovascular accidents follow such a
dose-response curve (Kesdniemi et al. 2001).

A basic principle of the dose-response relationship for PA and fitness is also
the fact that there is great amount of individual variability in responses to a given
amount of PA. This variability is due to hereditary factors (Bouchard and
Rankinen 2001). An important dose-response principle is also the fact that all of
the training effects of PA are reversible and will disappear with time if the
exercise training is stopped (Kesdniemi et al. 2001).

2.2. Development of exercise recommendations

Interest in the performance-related effects of PA dates back to early civilizations,
but the start of scientific study of the healthful effects of PA started in the 1920s
(Montoye 1992). By 1978 the basic principles of the dose-response issues of PA,
fitness, and health were gathered to form the first exercise recommendation of
the American College of Sports Medicine (ACSM) (ACSM 1978). This
recommendation focused on developing and maintaining cardiorespiratory
fitness and body composition. Cardiorespiratory fitness, as assessed by VOymax
was considered the most important factor of fitness, since it had been found to be
inversely related to all-cause mortality and cardiovascular diseases, especially to
CHD. The recommended frequency of aerobic exercise training was 3-5 d-wk™,
the recommended intensity of training was 50-85% VOoma, and the
recommended duration of training was 15-60 minutes per session. The minimum
recommended exercise intensity was moderate, but higher intensity was
discovered to lead to greater improvements in the VOjpax. Thus the
recommendation was often interpreted by health and exercise professionals as
encouraging people to exercise as strenuously as possible and to participate in
sport-like exercise modes, for example, jogging (ACSM 1978).

As the first ACSM exercise recommendation (ACSM 1978) focused on
developing and maintaining cardiovascular fitness and body composition, the
second ACSM exercise recommendation (ACSM 1990) focused on both of these
and also included resistance training for muscular strength and endurance. The
recommendation for aerobic exercise training was similar to the earlier one, the
only difference being that the recommended duration had a sligthly longer
minimum. The recomended duration was 20-60 minutes. The recommended
frequency was 3 to 5 dwk”, but 3 dwk”' was considered optimal, since the
added improvement qained by increasing the frequency to 5 d-wk”' was small
(ACSM 1990).
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ACSM classified exercise by its intensity as very light (< 10%VOamax), light
(30-49% VOimax), moderate (somewhat hard) (50-74% VOomax), heavy (75%-
84% VOymax) and very heavy (> 85% VOomax ) (ACSM 1990). Light exercise
was not considered effective for healthy adults, although for elderly and initially
very low fit persons, it was assumed to have positive effects. The interest in
moderate exercise, such as walking, was growing because of its feasibility and
safety. Reports of sudden cardiac death during PA showed that high exercise
intensity is related to this risk (Jokl and Melzer 1971, Vuori et al. 1982, Lavie et
al.1992, Parkkari et al. 2004) and also to the risk of orthopedic injury (Pollock
and Willmore 1990), especially among the elderly (Parkkari et al. 2004).

Strength training of moderate intensity, sufficient to develop and maintain
fat-free weight, was recommended to be an integral part of an adult fitness
program. One set of 8-12 repetitions of 8 to 10 exercises that condition the major
muscle groups at least 2 d-wk™' was considered the minimum. (ACSM 1990).

In 1993 ACSM focused solely on health-aspects in a recommendation for
physical activity and public health (U.S. Centers for Disease Control and
Prevention and American College of Sports Medicine 1993, Pate et al. 1995).
The previous recommendations were primarily considered performance-related,
and a more health-related approach was chosen for this recommendation. The
epidemiological evidence for PA and health had been growing, and, in addition
to CHD, PA was considered to be beneficial also with respect to many other
diseases, for example, hypertension, type 2 diabetes, osteoporosis, colon cancer,
anxiety, and depression. Experimental studies had also shown that exercise
training influenced CHD risk factors such as blood lipid profile, resting blood
pressure, glucose tolerance, and insulin sensitivity. Improvements in bone
density, immune function and psychological function had also been recognized
(Pate et al. 1995).

A few experimental studies (DeBusk et al.1990, Ebisu 1985) had shown that
intermittent exercise was as effective as continuous exercise. Thus the
accumulation of exercise was included as a principle in the recommendation.
The purpose of this new recommendation was to lower the threshold to start
exercise training by making the recommendation less demanding and simpler. It
was also assumed that, even if the exercise dose would not be enough to improve
VOimax, it might have beneficial health effects. Thus it was recommended that
"every Amercian adult should accumulate 30 minutes or more of moderate-
intensity physical activity over the course of most days of the week". Some of the
health effects of exercise training were assumed to be at least partly acute effects
of exercise, and thus it would be beneficial to exercise frequently. The dose-
response relationship on health effects was not known, but it was a common
view that the best effects on public health could be achieved as sedentary people
become moderately active (Pate et al.1995).

Finally, the latest ACSM exercise recommendation for cardiorespiratory and
muscular fitness, and flexibility was published in 1998 (ACSM 1998a). This
recommendation combined the previous recommendations and also added
flexibility training to the recommended exercise program. The aerobic exercise
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training recommendation was equal to the previous recommendation, with the
exception of lowering the border of exercise intensity to 40/50% VOxzmax reserve
and allowing the fractionation of the exercise duration of 20-60 min to be 10-
minute exercise bouts.

The minimum effective dose of exercise was discussed in this latest ACSM
exercise recommendation (ACSM 1998a). The focus was on moderate exercise
training, and even light exercise training was considered beneficial because the
minimal threshold for improving fitness/health was considered variable at the
lower end of the intensity scale. The initial level of fitness and also age had been
found to greatly affect this minimal effective exercise dose. The minimal
exercise dose was assumed to be usually less than the optimal exercise dose. For
many fitness components, for example, for VOima, a mostly linear dose-
response relationship could be demonstrated, in other words, the larger the
exercise dose, the greater the effect. On the other hand, the smaller the exercise
dose, the safer and more feasible the exercise training would be for a sedentary
person. The risk for the adverse effects of exercise, complaints of overuse,
injuries, and cardiovascular or other systematic accidents, increases as the
exercise dose increases. The optimal dose would thus be large enough to ensure
the positive effects on HRF, but also small enough to keep the risk low. It was
understood that the two opposite needs had to be balanced (Haskell 1994, Pate
1995, Pate et al. 1995, ACSM 1998a).

The latest ACSM recommendation also discusses the total volume of exercise
and the minimum volume of exercise. When exercise was performed above the
minimum intensity threshold, the total volume of training accomplished,
expressed as EEE, can also be used to describe exercise dose. For example, the
exercise dose of 200-300 kcal per session was recommended for weight loss (for
a 75-kg person) by ACSM (1998a). The Harvard study showed about a 40%
reduction in age-related mortality among men at an EEE of 1500 kcal-wk’
!(Paffenbarger 1986). Hambrecht (1993) concluded, in a RCT of coronary
patients, mostly men, that 1400 kcal- wk' was the minimum dose of exercise to
cause a measurable increase in VOjyax, and 2200 kcal-wk™ was required to halt
the progression of coronary lesions. A panel conclusion of a Consensus
Symposium on Dose-Response Issues Concerning Physical Activity and Health
(Ontario symposium) (Keséniemi et al. 2001) concluded that there is a 30%
reduction in mortality for sedentary persons at an EEE of 1000 kcal- wk™. Even
exercise doses as low as 500 kcalwk™ have been claimed to have some
beneficial effect on all-cause mortality (Kohl 2001, Lee and Skerret 2001) and
some consider this dose the minimum threshold for cardiovascular health
benefits (Paffenbarger 1986).

The resistance training recommendation (ACSM1998a) was equal to the
1990 recommendation (ACSM 1990) with the exception that flexibility training
for main muscle groups was added to the recommended exercise program. Any
magnitude of overload in resistance training was considered beneficial, but
heavier resistance loads were recognized to lead to greater training responses.
For older persons, however, lower initial resistance loads and more repetitions
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were recommended to ensure the safety of the training. Resistance training was
considered very important, especially when a person was approaching old age,
for preserving adequate functional capacity for independent living (ACSM
1998b).

Other exercise recommendations for specific purposes have also been
published lately; a recommendation for cardiovascular diseases (Mosca et al.
2004), hypertension (ACSM 2004), obesity (Klein et al. 2004, Jakicic et al
2001), osteoporosis (Cheung et al. 2004), and, after 65 years of age, a
recommendation of exercise and PA for older adults in order to prevent the
adverse effects of increasing age (ACSM 1998b). All of these aforementioned
recommendations focus on various aspects of health and fitness and thus they
come to somewhat different conclusions concerning the recommended exercise
training program. The accumulation of everyday activities is recommended for
general health. Moderate- to high-intensity aerobic training, combined with
resistance exercises, is recommended for fitness and favorable body
composition. Large volumes of exercise are recommended for weight control.
High-impact training and strength training are recommended for osteoporosis,
and moderate-intensity exercise is recommended for cardiac diseases and
hypertension. Finally, with respect to old age, preserving muscle strength,
balance, and coordination become the most important goals in training.

All of these recommendations are based both on epidemiological evidence
and on exercise trials, which have, for the most part, been conducted on men,
and thus they may not be completely valid for women and especially for
postmenopausal women.

3. Gender aspects related to physical activity

3.1. Gender differences

Men and women differ anatomically and physiologically in many respects,
starting with basic morphological differences. Women have, for example,
smaller size, more body fat, and different fat distribution (Wilmore and Costill
1994). Women have fewer and smaller muscle fibers, and the absolute muscle
strength of women is approximately 30% less than in men. Women have less
dense bones. There are also differences in bone structure, joints and body posture
and a more peripheral distribution of mass for women than men. These
differences cause women to have a shorter stride length, a greater stride
frequency for a given walking speed, and a greater mass-specific metabolic cost
for walking. A wider pelvis, lower limb joint positions (increased femoral
anteversion and greater genu valgum), and a possible hormonal-based laxity of
ligaments and joints, together with lower muscle strength, predispose women to
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exercise-related injuries in lower limbs. For example, anterior cruciate ligament
injuries of the knee are more common in women than in men (Belza and Warms
2004). On the other hand, when matched for muscle strength, women get tired
more slowly and recover faster than men (Charkoudian and Joyner 2004).

The cardiorespiratory differences (Wilmore and Costill 1994) include, for
example, a smaller heart size, a smaller blood volume, a lower stroke volume
and cardiac output, fewer red blood cells, and less hemoglobin in women.
Therefore, women have approximately a 15-30% lower oxygen carrying capacity
and a lower VOymax. Circuloregulatory differences have also been suggested. On
the other hand, women are less susceptible to exercise-induced sudden death
(Belza and Warms 2004). Ventilatory differences include a smaller lung size and
thus a smaller capacity to oxygenate the blood during intense exercise in women.
This smaller oxygenation capacity may limit performance and even cause
exercise-induced arterial hypoxemia more often in women than in men.
(Charkoudian and Joyner 2004, Hopkins and Harms 2004).

Many metabolic differences exist, for example, in hormone and lipid profiles
at rest and during exercise (Wilmore and Costill 1994). Women use more fat and
less carbohydrate to fuel exercise at the same relative intensity of exercise during
long-duration exercise due to hormonal factors (Belza and Warms 2004).The
hormonal differences may, in turn, influence the responses of the
cardiorespiratory system to exercise and also thermoregulation during exercise.
(Charkoudian and Joyner 2004, ACSM 1998a, Willmore and Costill 1994, Belza
and Warms 2004)

In postmenopausal women stroke volume does not increase with exercise
training, although increases in VOaax have been found to be similar in men and
women also among older aged persons. This phenomenon is believed to be due
to estrogen deficiency, as estrogen is believed to have an effect on the walls of
arteries (Charkoudian and Joyner 2004).

As there are many gender differences and also differences between pre- and
postmenopausal women, all of which must be taken into account when a form of
PA is chosen and the effects of exercise on fitness and health are evaluated. Thus
it is necessary to study men and also pre- and postmenopausal women separately.

3.2. Menopause, hormone-replacement therapy and physical activity

Menopause is defined as a natural age-related decrease and, finally, loss of
ovarian estrogen production and secretion, which occurs in Caucasian women at
the average age of 50 years. Early postmenopause (i.e., from 50 to 65 years of
age) is an important phase in a woman's life with many health risks, especially
for physically inactive women. The decreasing estrogen level may start a rapid
decline in aerobic fitness, muscle strength, and bone mineral density, in addition
to weight gain, all of which increase the risk for many chronic diseases, for
example, CHD, type 2 diabetes, and osteoporotic fractures (Sowers and La Pietra
1995, Wilson 2003). CHD is often considered to be more of a man's disease, but
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only when premenopausal women are compared with men. CHD is the leading
cause of death among postmenopausal women in the western world (Goodman
and Kirwan 2001).

Abdominal obesity, postmenopausal estrogen deficiency, and physical
inactivity are associated with reduced insulin sensitivity, impaired glucose
homeostasis, and lipid impairments, which lead to the entity "menopausal
metabolic syndrome" (Spencer et al. 1997). In turn, the metabolic syndrome is
associated with CHD, hypertension, and type 2 diabetes. Increased PA, weight
loss, especially the loss of abdominal adipose tissue, and also hormone
replacement therapy (HRT) can partially reverse this syndrome. Thus exercise
training is very important in early postmenopause and will reduce the risks of
menopause substantially.

HRT (i.e. estrogen alone or combined with progestin) has been widely used
for the management of menopausal symptoms. It has also been recommended for
the prevention of chronic conditions until recently, as harmful effects of HRT
have been suspected to exceed the benefits (U.S.Preventive Services Task Force
2005). HRT increases muscle mass and strength (Copeland et al. 2004),
increases bone density and reduces the risk for fracture (U.S.Preventive Services
Task Force 2005), lowers resting blood pressure (Scuteri et al. 2001), improves
the lipid profile (Binder et al. 2001), and prevents the increase of menopausal
central adiposity (Tchernof et al. 2000). Some of the effects of HRT are
controversial; for example, HRT was found to be associated with higher VO;max
by Redberg et al. (2001) in a longitudinal observational study, but Snabes (1996)
found that HRT did not improve VO,max in a randomized, double-blind, placebo-
controlled, crossover trial. HRT increases the risk of breast cancer and venous
tromboembolism. The evidence is insufficient to determine the overall effects of
HRT on CHD and all-cause mortality in spite of the improvements in
cardiovascular disease risk factors (U.S.Preventive Services Task Force 2005).
HRT seems to have partly similar effects on HRF as PA.

After menopause the effects of aging also start to appear more clearly than
before, especially in physically inactive women. Already early postmenopausal
women should be prepared for the fact that, when approaching old age, after the
age of 65 years, it is essential to preserve functional abilites for independent
living to ensure a good quality of life (ASCM 1998b). As women have lower
inital muscle strength of the lower limbs than men, muscular strength and also
balance become the most important aspects of HRF. These characteristics ensure
the ability to get up from chair and walk. Walking enables endurance training
and ensures cardiovascular function and health (Guralnik et al. 2000). Thus
exercise training is very important for early postmenopausal women also in order
to preserve good functional capacity when approaching old age.
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4. Systematic literature review of randomized, controlled
exercise trials on the health-related fitness of early
postmenopausal women

In order to determine, what would be an effective and feasible minimum exercise
training program for HRF for early postmenopausal women, a systematic
literature review of randomized, controlled exercise trials was carried out. This
literature review included all other aspects of HRF, than bone strength. Bone
strength was omitted because most of the RCTs with postmenopausal women
have been aimed at studying bone strength, but very few have concerned other
aspects of HRF. The bone studies started in the late 1980s through the 1990s,
and, also recently, many good reviews have been published on the subject
(Cheung et al. 2004, SBU 2003, Bajaj and Saag 2003, Wei et al. 2003, Follin and
Hansen 2003).

4.1. Principles of searching scientific evidence

The principles of evidence-based medicine were used in the systematic literature
review. The development of evidence-based medicine (Claridge 2005) started in
the early 1990s, when the importance of scientific evidence in the development
of guidelines was stressed by Eddy (1990).

According to the principles of evidence-based medicine, best
evidence, category A evidence, is attained when many well-designed, RCTs exist
on the chosen research problem. A substantial number of studies and a
substantial number of participants are needed for this purpose. The evidence
category B is reached when there is limited data from RCTs. RCTs can be small
in size, the results can be inconsistent, or the participants can differ from the
target population. The evidence category C comes from uncontrolled or non-
randomized trials or from cross-sectional or prospective observational studies.
The evidence category D comes from expert's opinions on a subject for which no
scientific research has been carried out.

4.2. Literature search strategy

This systematic literature review searched for category A evidence on the effects
of exercise on HRF among early postmenopausal women. A systematic search of
the literature for well designed RCTs was conducted. Quality criteria were
selected from Jadad et al. (1996), Schulz et al. (1995), Guyatt et al. (1993, 1994)
and Oxman et al. (1993, 1994). All of the studies used in this literature review
had to pass the following quality criteria: the trial had to be randomized and
controlled, the results had to be presented in their original randomized groups,
the number of participants had to be more than 25, and the proportion of
dropouts had to be less than 35%. The final number of good-quality RCTs
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passing these criteria was 26 (Table 2). Out of the 26, only 10 were designed
primarily to study HRF outcomes, other than bone strength. Others were
designed primarily to reveal bone strength changes, but other HRF components
were studied as secondary outcomes, and thus were included in this literature
review.

The study was considered to be of very high quality if the following criteria
were also fulfilled: over 100 participants, 20% or fewer dropouts, and at least
one of the following additional criteria: supervision of all exercise sessions,
monitoring with an exercise diary, reported statistical power calculations,
reported method of randomization, and blinding of measuring personnel. It was
considered impossible to blind the exercise supervisors or participants in
exercise training. None of the studies fulfilled all of the very high-quality
requirements. Only 10 studies fulfilled the main criteria and at least one of the
additional criteria. The results of these 10 studies were considered the most valid
when the information was gathered.

The participants had to be early postmenopausal, 50- to 65-year-old women.
If the study also included men, the data on women had to be analyzed separately.
If the study also included younger or older women, the study was accepted if the
age was only a few years outside the limits but the mean age of the participants
was in the range of 50 - 65 years. Healthy women and also women with diseases
or risk factors such as dyslipidemia, hypertension, obesity, or osteoporosis were
accepted. In addition HRT and other medications were allowed.

Exercise dose was assessed according to the duration, intensity, and
frequency of the exercise session and the length of the exercise program. Some
approximations were performed. If the intensity of the exercise prescription was
given using HR,,y, it was transformed to VOopax using the formula %VOomax =
1.28%HRmax - 29.12 (Oja 1973) so that comparisons could be made between
studies. The length of the intervention was calculated in weeks if less than a
year, on the assumption that all months had 4 weeks.

All exercise modes and doses were accepted. The minimum length of the
intervention was chosen as 8 weeks. Shorter interventions were not expected to
have an effect on HRF. Interventions that included dietary counseling, HRT, or
other medications were accepted.

The outcome measures had to be based on components of HRF. The studies
concentrating primarily on bone strength were included only if other components
of HRF were studied as secondary outcomes. Among the outcome measures, the
most frequently reported were chosen to enable comparison. The outcome
measures had to have some relevance in clinical work. Cardiorespiratory fitness
outcomes were assessed by direct measurements of VOjm. or indirect
estimations made from maximal or submaximal exercise tests. Resting BP was
also considered an outcome of cardiorespiratory fitness. The chosen
morphological fitness outcome variables were weight and the ratio of body fat to
body weight (F%). The musculoskeletal fitness measures were based on various
muscle tests. Flexibility outcomes were based on tests of flexion, extension, or
lateral flexion of the trunk or upper or lower limbs. The outcomes of motor
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fitness were based on different tasks requiring coordination. The metabolic
fitness outcomes were total cholesterol (TC), low-density lipoprotein cholesterol
(LDL), high-density lipoprotein cholesterol (HDL), triglycerides (TG), glucose,
and insulin concentrations.

The HRF outcomes of the interventions were observed as net changes (i.e.
the changes of each intervention group minus the changes in the control groups).
The changes were expressed as percentages when possible. If the net change
could not be calculated or if it was important also to show the changes in the
control groups, the changes of all of the groups were given separately.

The information on the feasibility of the exercise programs was based on
attendance rates, and dropout rates, and the incidence of injuries was also
searched for. If the attendace rates were not given, they were calculated from the
number of prescribed exercise sessions and the mean number of completed
exercise sessions, if available. The percentage of the women with injuries and
with exercise-related medical problems were combined and recorded as injuries.

The main source for the search was The Cochrane Central Register of
Controlled Trials (CENTRAL), using the key words "women, exercise" from
1974 to June 2004 (i.e., all years in the register), and 1479 references were
found. Additional searches were performed using the United States (US)
National Library of Medicine's search service for biomedical information
(MEDLINE) with the key words "postmenopause, exercise terms (exercise,
exertion, physical fitness, sports, physical activity, exercise therapy)" from 1999
to 2002, which resulted in 109 references, and with the words "postmenopause,
exercise terms, heart diseases, risk factors, hypertension, cholesterol, obesity"
from 1996 to 2004 which resulted in 184 references. A search using a sports
search engine by sportinglife.com (SPORTSEARCH) with the word
"postmenopause" from 1991 to 2004 resulted in 130 references. The Elton B.
Stephens Company (EBSCO) information service was used to search for the
words "postmenopause, exercise" from 1998 to 2004, with the result of 93
references. In addition, a hand search of the references in the original articles,
reviews, and the table of contents from journals (Sports Medicine, Maturitas,
Scandinavian Journal of Medicine & Science in Sports) was performed. From
the headings, suitable abstracts were chosen for review and suitable full-length
papers were checked.
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Table 2. List of reports’ of good-quality randomized, controlled trials of early
postmenopausal women (author, publication year) and their outcomes for health-related
fitness (card, morph, met, musc, mot') and quality-related information (sup, pow, rand,

blind¥).
Study N Drop- Mode Length Outcome Sup Pow Rand Blind
outs
Chow et al. 58 17% Combined 48 morph, + + + +
1987 aerobic weeks card
and
resistance
training
Busbyetal. 50 12% Walking, 12 met,card + - - -
1988 jogging weeks
Sinakietal. 68 4% Resistance 96 morph, + - - +
1989 exercise weeks musc
Itoi and musc
Sinaki 1994
Hopkins et 65 18% Aerobic 12 Card, + - - -
al. 1990 dance and weeks musc,
stretching mot,
morph
King et al. 160 18% Aerobic 48 Card, + - - +
1991 training weeks met,
morph
Hamdorf et 80 18% Walking 26 Card, + - - -
al. 1992 weeks morph
Svendsen et 121 2% Combined 12 morph, + + - +
al. 1993 aerobic weeks cardio, partially
and met
resistance
training
Lindheimet 101 6 % Walking, 24  met, + - - -
al. 1994 cycling weeks  card,
morph
Nelson et 40 3% Resistance 48 morph, + - - -
al. 1994 training weeks mot,
Morganti et musc
al. 1995
Nelson et
al. 1996
Shinkai et 32 - Aerobic 12 morph, + - - -
al. 1994 training weeks card

Continued next page
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Study N Drop- Mode Length Outcome Sup Pow Rand Blind
outs

Bravoetal. 142 13% Combined 48 morph, + + + +
1996 aerobic weeks musc,

and motor,

resistance card

training
Readyetal. 79 33% Walking 24 Card, + - - -
1996 weeks morph,

met

Brooke- 84 7% Walking 48 morph, + - - +
Wavell et weeks card
al. 1997
Heikkinen 78 12% Combined 96 morph, + - - -
et al. 1997 aerobic weeks musc,
Kyllénen et and met,
al. 1998 resistance mot

training
Bassey et 147 16 % High- 48 morph, + + - -
al. 1998 impact weeks musc,

training motor
Heinonenet 101  25% Combined 72 morph, + + + +
al. 1998 aerobic weeks card, partially

and musc

resistance

training
Mitchell et 30 7% Combined 12 morph, + - - -
al. 1998 aerobic weeks card,

and musc,

resistance mot

training
Stefanick et 180 2% Walking, 48 morph, +- - - -
al. 1998 jogging weeks card, met
Woolf-May 54 31 % Walking 10 Met + - - +
et al. 1999 weeks
Bemben et 35 29% Resistance 24 morph, + - - -
al. 2000 training weeks musc
Sipilé et al. 80 35% High- 48 morph, + - - -
2001 impact weeks musc

training
Courneyaet 53 4% Cycling 15 Card, + - - -
al. 2003 weeks morph
Fairey et al. Met

2003
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Study N Drop- Mode Length Outcome Sup Pow Rand Blind

outs

Texeira et 233 11 % Resistance 48 morph, + - - +
al. 2003 training weeks musc
Cussler et and high-
al. 2003 impact
Figueroa et training
al. 2003
Milliken et
al. 2003
Irwinetal. 173 3% Combined 48 morph, + - - +
2003 aerobic weeks card

and

resistance

training
Santa-Clara 60 - Aerobic 24  Card, + - - -
et al. 2003 exercise weeks morph
Uusi-Rasi 164 4% High- 48 morph, + + - +
et al. 2003 impact weeks musc,

exercise mot

and

stretching

" There are several articles on some of the studies.

" Outcomes are listed in the order of importance in the study (i.e., primary outcomes are listed
first), card = cardiorespiratory fitness outcomes, morph = morphological fitness outcomes, met
= metabolic fitness outcomes, musc = musculoskeletal fitness outcomes, mot = motor fitness
outcomes.

! Quality-related information: N = number of participants, drop outs = the percentage of
dropouts, mode = exercise mode, length = length of the exercise program, sup = supervision of
the exercise by the exercise leader reported or exercise diary kept and reported (+ = yes, - =
information not reported), pow = power calculations reported, rand = the method of
randomization reported, blind = blinding of the testing personnel reported.

4.3. Effects of exercise on cardiorespiratory fitness

4.3.1. Maximal aerobic power and submaximal cardiorespiratory capacity

VO,max or other estimates of aerobic fitness were measured in 18 studies with
1733 participants (Bravo et al. 1996, Brooke-Wavel et al.1997, Busby et al.
1985, Chow et al.1987, Courneya et al. 2003, Fairey et al. 2003, Hamdorf et al.
1992, Heikkinen et al. 1997, Kyllonen et al. 1998, Heinonen et al. 1998, Hopkins
et al.1990, Irwin et al. 2003, King et al.1991, Lindheim et al. 1994, Mitchell et
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al. 1998, Ready et al.1996, Shinkai et al. 1994, Stefanick et al. 1998, Svendsen et
al. 1993, Santa-Clara et al. 2003). In all but one of the studies, VO;max improved.
Walking was used as a mode of exercise in four of the studies, walking and/or
other aerobic training in eight, and aerobic exercise combined with resistance
training in six. One study used high-impact jumping combined with non-impact
exercise. The exercise regimens varied as follows: the duration of aerobic
exercise ranged from 15 to 60 minutes (mean 33 minutes), the range of the
prescribed intensity was 48 - 84% of the VOomax (mean 65% VOomax ), the
exercise was performed on 2 to 5 days -wk" and the exercise interventions
ranged from 10 weeks to 2 years. The net improvements in VOzmax ranged from
2.5 to 7 mlmin"kg" or from 4% to 32%. Indirect tests with estimations of
VOomax gave larger improvements than direct measurements did. The difference
between the results may have been due to the greater inaccuracy of estimations
when compared with direct measurements.

Aerobic fitness did not improve in a study with 12 weeks of 45 - 60 minutes
of walking at an intensity of 50 - 60% VO on 3 - 4 dwk' (Shinkai et
al.1994). The dropout and attendance rates were not given. Aerobic fitness was
estimated by an indirect test. The training period did not reach the 15 weeks'
duration considered to be necesary to produce a significant change in VOjpax
(ACSM 1998a).

The training effects on VO, seem to be well-documented for moderate-to-
heavy intensity exercise among early postmenopausal women. There were no
studies on light intensity exercise. Submaximal aerobic capacity was not studied
in any of the reports.

4.3.2. Blood pressure

The effect of PA on resting BP was studied in seven studies with altogether 781
participants (Hamdorf et al. 1992, King et al. 1991, Lindheim et al. 1994, Ready
et al. 1996, Santa-Clara et al. 2003, Stefanick et al. 1998, Svendsen et al. 1993).
The duration of the training session was 30 - 60 minutes, the intensity was 40% -
84% VOmax, and the exercise was performed on 2 to 5 d-wk™! for 12 weeks to 1
year. All of the exercise sessions were completely supervised or supervised in at
least one of the weekly sessions. Heart rate (HR) monitors were used in two of
the studies, and the HR palpation method was used in two.

The five studies with normotensive participants that used walking training
alone or walking combined with other aerobic training did not show an effect on
BP (Hamdorf et al. 1992, King et al. 1991, Lindheim et al. 1994, Ready et al.
1996, Stefanick et al. 1998).

Two studies with slightly hypertensive, overweight participants showed a
reduction in BP and also in body mass index (BMI). In the study of Svendsen et
al. (1993) the participants' initial BMI was 27-33 kg-m™, the RR was < 190/100
mmHg and the intervention also included a reducing diet. Aerobic exercise of
30 - 55 minutes at 79% VO;max on 3 dwk! for 12 weeks combined with
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resistance training consisting of 1 set of 7 - 15 repetitions of 8 exercises
performed on 3 d-wk™ for 12 weeks decreased the systolic BP approximately by
10 mmHg and weight by approximately 10 kg. In a group of African-American
women with an initial mean BMI of 29 kg:m™ and a mean BP of 135/84 mmHg
the study of Santa-Clara et al. (2003) showed a mean BMI and BP reduction to
23 kgm™ and 134/80 mmHg, respectively, while the control values remained
unchanged. Walking, jogging, cycling, or rowing was performed for 45 - 60
minutes 3 - 4 d-wk™ at an intensity of 60 - 80% VO,max for 24 weeks. The
exercise group with Caucasian women, with a lower initial mean BMI of 25 kg
m™ and mean BP of 131/80 mmHg did not show any significant post-exercise
changes in these parameters.

It is worth noting that none of the training studies on normotensive, normal
weight women showed any effect on BP. Only two studies with slightly
hypertensive, overweight participants showed positive results for moderate to
heavy exercise training on BP, but weight loss might explain the reduction in BP
in these cases. The literature review did not provide an answer to the question of
what kind of PA influences normal BP in non-obese early postmenopausal
women.

4.4. Effects of exercise on morphological fitness

4.4.1. Body composition

The effects of exercise on body composition was studied in 19 of the studies
with altogether 1895 participants (Bassey et al. 1998, Bemben et al. 2000, Bravo
et al. 1996, Brooke-Wavell et al. 1997, Cheng et al. 2002, Hamdorf et al. 1992,
Irwin et al. 2003, King et al. 1991, Lindheim et al. 1994, Mitchell et al. 1998,
Nelson et al. 1994, Nelson et al. 1996, Morganti et al. 1994, Ready et al. 1996,
Shinkai et al. 1994, Sipild et al. 2001, Suominen et al. 1999, Stefanick et al.
1998, Svendsen et al. 1993, Santa-Clara et al. 2003, Texeira et al. 2003, Figueroa
et al. 2003, Cussler et al. 2003). Body composition was improved in seven of the
studies (Brooke-Wavell et al. 1997, Irwin et al. 2003, Ready et al. 1996, Shinkai
et al. 1994, Stefanick et al. 1998, Svendsen et al. 1993, Santa-Clara et al. 2003).

Only one of the studies had normal-weight participants (Ready et al. 1996).
In the study of Ready et al. (1996) the participants walked 60 minutes at an
intensity of 60% VOomax, 3 - 5 d-wk! for 24 weeks and lost 0.1 kg. The controls
gained weight.

In the studies with overweight participants, walking, other aerobic training,
resistance training, or combinations of these exercise modes were used. The duration of
aerobic exercise training was 20 - 60 minutes at an intensity of 50 - 80% VOjp.x, and
exercise was performed on 3 to 5 d-wk™'. The three studies with overweight participants
that used only exercise training without diet showed a weight loss of 0.1 - 2.0 kg in 12 -
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52 weeks (Brooke-Wavel et al. 1997, Irwin et al. 2003, Santa-Clara et al. 2003). The
best results were obtained by the three studies with overweight participants who used
reducing diets in combination with their training (Shinkai et al. 1994, Stefanick et al.
1998, Svendsen et al. 1993). In these studies the mean weight loss was 2 - 10 kg in 12
weeks to 1 year.

On the basis of these studies, it can be concluded that exercise affects the
body composition of normal-weight postmenopausal women only very slightly
and, in obese women, the fat loss caused by exercise without a reducing diet is
also small.

4.5. Effects of exercise on metabolic fitness

4.5.1. Carbohydrate metabolism

There were only two studies on the effects of exercise on blood glucose
(Stefanick et al. 1993, Fairey et al. 2003) and one on insulin (Fairey et al. 2003).
None of these studies showed training effects for glucose or insulin. The
participants were overweight in both of the studies. Stefanick used diet combined
with walking or cycling at an intensity of 70 - 75% VOjmax for 15 - 55 minutes
for 1 year (1993). Fairey et al. (2003) used resistance training combined with
aerobic exercise for 15 weeks. Both of these programs improved aerobic fitness,
but only the longer study with a diet decreased weight, by 3.5 to 4 kg.

According to this literature review, there are no RCTs on early
postmenopausal women that show the amount of exercise needed to influence
glucose metabolism. Even those moderate-intensity exercise programs that were
able to increase aerobic fitness did not show an effect on carbohydrate
metabolism.

4.5.2. Lipid metabolism

Eight studies with altogether 1333 participants assessed the effects of exercise
training on serum lipoproteins (Busby et al. 1995, King et al. 1991, Lindheim et
al. 1994, Heikkinen et al. 1997, Ready et al.1996, Stefanic et al. 1998, Svendsen
et al. 1993, Woolf-May et al. 1999).

In the studies (Busby et al. 1995, King et al. 1991, Ready et al. 1996, Woolf-
May et al. 1999), normolipemic, non-obese participants walked 20 - 40 minutes
in 1 - 3 daily exercise bouts at an intensity of 60 - 84% VO on 3 -5 d-wk! for
12 weeks to 1 year. No improvements in lipid levels could be found postexercise
in spite of the fact that such exercise improved aerobic fitness in all three of the
studies in which aerobic fitness was measured, and it also decreased weight
slightly, by 0.6 kg, in one of the studies (Ready et al. 1996).
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The four studies that combined a reducing diet (Stefanick et al. 1998,
Svendsen et al. 1993) or HRT (Lindheim et al. 1994, Heikkinen et al. 1997) with
exercise for slightly obese or dyslipemic participants showed a positive effect on
the lipid profile for walking alone or combined with resistance training, 30 - 60
min, at an intensity of 60 - 70% VO;max on 3 d-wk! for 12 weeks to 2 years. One
of these studies found that the levels of triglycerides (TG), total cholesterol (TC),
and low-density lipoprotein cholesterol (LDL) decreased and ratio of high-
density lipoprotein cholesterol (HDL) to LDL increased by 20 - 30%, and weight
was reduced by approximately 10 kg, equally in the diet-only and diet+exercise
groups. This study did not have an exercise-only group (Svendsen et al. 1993).
Another study combined a reducing diet and exercise for slightly dyslipemic
women (Stefanick et al. 1998). LDL was reduced by approximately 10% in the
diet + exercise group, but not in the diet-only or the exercise-only group;
therefore exercise and diet seemed to have an additive effect on LDL. HDL was
unchanged.

Two studies combined HRT with exercise and studied their effects on lipids.
One of these studies showed that exercise alone decreased TC by 5%, TG by 2%
and LDL by 10%, but HDL remained unchanged. In addition both HRT groups
with or without exercise showed a decrease in TC, TG and LDL and also an
approximately 10% increase in HDL by (Lindheim et al. 1994). The other study
showed that HRT and HRT + exercise improved TC and HDL by approximately
10 -15%, but the effect of exercise alone on lipids was not reported (Heikkinen et
al.1997). HDL did not improve in either of the groups. Neither of these studies
reported weight changes.

In conclusion, none of the studies showed lipid changes in normal-weight,
normolipemic women in this age group. For overweight or dyslipemic
participants, moderate-to-heavy exercise training seems to improve the lipid
profile. Adding HRT or diet improves lipids, and, in some of the studies, the
effect was found to be additive, but the results are partly confusing.

4.6. Effects of exercise on musculoskeletal and motor fitness

4.6.1. Muscular strength and endurance

Altogether 12 studies with 1183 participants assessed muscular strength or
endurance (Bassey et al. 1998, Bemben et al. 2000, Bravo et al. 1996, Heikkinen
et al. 1997, Heinonen et al. 1998, Hopkins et al.1990, Mitchell et al. 1998,
Nelson et al. 1994, Sinaki et al. 1989, Uusi-Rasi et al. 2003, Sipild et al. 2001,
Texeira et al. 2003). In all but two of the studies, muscular strength improved.
Five of the studies that showed positive effects on muscular strength used
resistance training with weight machines alone or in combination with aerobic
training (Texeira et al. 2003, Bemben et al. 2000, Bravo et al. 1996, Heikkinen et
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al. 1997, Nelson et al. 1994). Sinaki et al. (1989) used a single resistance back
exercise. High-impact circuit training, aerobic dance, or jumping was used in
two of the studies (Uusi-Rasi et al. 2003, Sipilé et al. 2001). Two of the studies
used low-impact exercises or aerobic dance (Hopkins et al.1990, Mitchell et al.
1998).

The strength training programs consisted of 5 - 12 exercises that were
repeated 8 times in 3 sets at an intensity of 40% to 80% of a 1IRM on 2 - 3 days/d
-wk! for 24 weeks to 1 year. The combined training included 60 minutes of
aerobic training and resistance training on 3 - 4 d-wk™ for 12 weeks to 2 years. A
training program of 10 repetitions of a single resistance exercise, back extension,
was used on 5 d-wk™ for 2 years. The high-impact training programs consisted of
60-minute sessions performed on 3 d-wk™ for 12 weeks. These training programs
caused site-specific strength or endurance improvements of 9% to 76% in the
trained muscles.

The studies that failed to show any effect on muscular strength used a 10-
minute exercise program of 50 vertical jumps on 6 d-wk™ for 52 weeks (Bassey
et al. 1998) or circuit training with wrist and ankle weights and aerobic exercise
3 -4 dwk for 72 weeks (Heinonen et al. 1998).

In most of the studies, HRT was not allowed or not reported. One of the
studies stratified the participants by the use of HRT (Bravo et al. 1996). Three of
the studies had separate HRT groups and compared the effects of HRT and
exercise on muscular strength. Two of these studies showed that HRT had a
favorable effect on muscular strength (Sipild et al. 2001, Heikkinen et al. 1997),
but in one of the studies this effect was not found (Texeira et al. 2003).

It seems well documented that early postmenopausal women are trainable
using gym strength training equipment, and large improvements in muscular
strength can be gained. Only one of the studies used simple equipment and a
program that could also be performed at home, and the result was positive.

4.6.2. Flexibility

Altogether five studies with 416 participants assessed the effects of exercise
training on flexibility (Bravo et al. 1996, Mitchell et al. 1998, Heikkinen et
al.1997, Heinonen et al.1998). In three of the studies flexibility was improved by
5 - 25% (Bravo et al. 1996, Hopkins et al. 1990, Mitchell et al.1998). These
studies used a training program of aerobic dancing or aerobic exercises
combined with resistance training and stretching. The duration of the exercise
session was approximately 60 minutes, and it was performed on 3 d-wk™' for 12
weeks to 1 year. All of the exercise sessions were supervised.

In two of the studies, no training effect was found (Heikkinen et al.1997,
Heinonen et al. 1998).The training program was a combination of aerobic and
resistance training or strength training alone, both including stretching. The
length of the program was 1.5 to 2 years. The exercise sessions were supervised
once a week.
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It seems that flexibility can be improved by exercise also among early,
postmenopausal women. Possibly the correct stretching exercises need
supervision because the best results were obtained in the fully supervised
programs. But there were too few studies to draw any conclusion on what kind of
exercise would be best, as all of the studies used different modes and doses of
exercise.

4.6.3. Postural control

Balance or coordination was assessed in six of the studies with altogether 585
participants (Bassey et al. 1998, Bravo et al. 1996, Hopkins et al.1990, Mitchell
et al.1998, Nelson et al.1994, Uusi-Rasi et al. 2003). Four of these exercise
programs produced improvements in balance and coordination tests. These
programs consisted of strength training with weight machines with 5 exercises at
80% of 1 RM with 8 repetitions and 3 sets on 2 d-wk™ for 1 year (Nelson et
al.1994) or 30 min of combined acrobic and resistance training on 3 d-wk™ for 12
weeks (Mitchell et al.1998) or aerobic dance for 20 minutes performed 3 d-wk™'
for 12 weeks (Hopkins et al.1990) High-impact jumping in combination with
low-impact exercises was also effective (Uusi-Rasi et al. 2003). Balance and
coordination improved by 1 - 14%.

In two of the studies exercise did not affect balance. One year of combined
aerobic exercise and resistance training on 3 d-wk™ did not improve balance or
coordination in spite of the fact that all of the exercise sessions were supervised
(Bravo et al. 1996). In addition 50 jumps 6 d-wk™ for 1 year did not improve
balance (Bassey et al. 1998). Both exercise programs were supervised. The
attendance was 91% in the jump program, but, in the combined exercise
program, less than half of the exercisers adhered to the program.

Exercise training seems to improve the balance and coordination of early
postmenopausal women, but no definite conclusions can be drawn, since it was
reported in very few studies, all using different modes and doses of exercise.

4.7. Interactions between exercise and hormone replacement therapy

In most of the studies HRT was not allowed or not reported. Only five studies
analyzed the interactions between HRT and exercise (Lindheim et al. 1994,
Heikkinen et al. 1997, Sipilé et al. 2001, Texeira et al. 2003, Bassey et al. 1998).
Lindheim et al. (1994) analyzed the effects of HRT and exercise on VOyyax, BP,
and lipids. The participants were randomized into exercise, HRT, exercise +
HRT, and control groups. The exercise program included walking and cycling 30
minutes at an intensity of 60% VO, 3 d-wk' for 24 weeks. Exercise with or
without HRT improved VOynax equally. The systolic BP decreased in all of the
treatment groups. Exercise, HRT and HRT + exercise were related to a decrease
in TC, TG and LDL, but only the HRT groups also showed an increase in HDL.
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In this study HRT had a positive effect on BP, and it also had a clear effect on
lipids. Exercise also improved the BP and lipid concentrations, but to a smaller
extent. Exercise and HRT did not have an additive effect on any of the
measurements.

Heikkinen et al. (1997) studied the effects of HRT and mixed resistance and
aerobic training for approximately 50 minutes on 3 d-wk™ for 2 years on lipids
and muscular strength. The participants in the HRT and HRT + exercise groups
showed a decrease in TC and an increase in HDL of approximately 10 - 15%, but
an effect of exercise alone on lipids was not reported. There was no change in
the LDL in either of the groups in this study. The HRT and HRT+ exercise had
positive effects on muscular strength, and also exercise alone increased muscular
strength. HRT was concluded to have an anabolic effect on muscles.

Sipild et al. (2001) studied the effects of HRT and high-impact exercise
sessions on 4 d-wk' for a year on body composition and muscular strength.
There were no changes in body composition, but muscular strength improved in
all of the treatment groups. Exercise and HRT seemed to have an additive effect
on muscles, since the results were best on this group.

Texeira et al. (2003) studied the effects of HRT and a 60 to 75 min resistance
training program that was performed on 3 d-wk™ for 1 year on body composition
and muscular strength. Body composition improved as the amount of lean soft
tissue increased in both exercise groups, regardless of HRT, but only the HRT +
exercise group also lost fat. The effect of exercise was superior to the effect of
HRT on body composition, since the HRT-only groups did not show an increase
in lean soft tissue even though HRT prevented the loss of lean soft tissue when
the results of the HRT groups and the controls were compared. Muscular
strength increased in both exercise groups, but this effect was not reported
separately for the HRT users and non-users.

Bassey et al. (1998) studied the effects of HRT and a 24-week jumping
program on body composition, muscular strength, and balance. The only
significant effect was improvement of balance in the HRT + exercise group.

According to these studies HRT did not have an effect on aerobic power, but
it decreased systolic BP, improved lipid profile, improved muscular strength and
balance at least in some of the studies. Exercise and HRT did not have an
additive effect on any of the variables in these studies except for muscular
strength. No definite conclusions can be drawn because there were so few studies
and the results are partly confusing.
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4.8. Feasibility and the safety of the exercise modes used for early
postmenopausal women

4.8.1. Walking

Most of the studies, 18 out of 25, used walking as the mode of exercise either
alone or in combination with other aerobic or resistance training. In four of the
studies walking was the only mode of exercise (Brooke-Wawell et al. 1997,
Hamdorf et al. 1992, Ready et al. 1996, Woolf-May et al. 1999). In these studies
the duration of the walking sessions ranged from 20 to 60 minutes, and the
intensity of training was 40 - 75% VOomax. The walking was performed on 2 - 5
d-wk™ for 10 weeks to 1 year. Woolf-May et al. (1999) also had an exercise
group that fractionated daily walking into 2 - 4 exercise bouts.

The mean dropout rate in these walking-only studies was 22%. The mean
attendance was 81% in the two studies reporting it. Injuries were reported in
three of the studies, and the mean injury rate was 5%. The walking was
supervised fully in two of the studies and partly in two of the studies.

According to this literature review walking was the most feasible exercise
mode. Walking programs had a high attendance and a small risk of injury.

4.8.2. Other aerobic exercise

Other forms of aerobic exercise, such as cycling, swimming, treadmill training,
and aerobic dancing, either alone or combined with walking, were used in six
studies with altogether 486 participants. The exercise was 20 - 60 minutes at an
intensity of 48 - 84% VO;max, and the training was performed on 3 - 4 d-wk! for
12 weeks to 1 year. Flexibility training was also included. The mean dropout rate
was 14% in the four studies reporting dropouts. Attendance and injuries were
reported in only one of the studies (King et al. 1991), the mean attendance was
77% in the home-based exercise group and 53% in the group-based exercise
group. The injury rates were 23% in the high-intensity exercise group (64 - 84%
of VOomax) and 13% in the low-intensity exercise (48 - 64% of VOamay) exercise
group. All of the exercise was supervised in three of the studies, and in one of
the studies (King et al. 1991) there was a supervised exercise group and a non-
supervised home-based exercise group, controlled only through telephone
contacts.

Other aerobic forms of exercise had a slightly higher injury rate than
walking. Home-based exercise had better adherence than structured exercise
classes, but no definite conclusions can be drawn, because injuries and adherence
were reported in very few of these studies.
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4.8.3. Resistance training

Strength training with weight machines was used in two studies (Bemben et al.
2000, Nelson et al. 1994) with altogether 75 participants. The exercise consisted
of 5 to 12 exercises at an intensity of 40% or 80% of 1RM with 8 tol6
repetitions in 3 sets on 3 d-wk for 24 weeks or 1 year. The dropout rate was
16%. The mean attendance was 90%, and better in the training group with low-
load and high-repetition exercise. This group also adapted faster to the training
than did the group which trained with a higher load and used fewer repetitions
(Bemben et al. 2000). The injury rate was 33% in the longer study. It was not
reported in the shorter study. Weight training was supervised in both studies.

Three studies (Bassey et al. 1998, Sipild et al. 2001, Uusi-Rasi et al. 2003) with 391
participants used high-impact training sessions on 3 to 4 d-wk™ for 1 year. Attendance
was 53-60%, with a dropout rate and injury rate of 18% and 7%, respectively.

One study used 10 to 50 repetitions of a single a back extensor exercise on 5 to 6 d-
wk' for 2 years (Sinaki et al.1989). The attendance was not reported. The injury rate
was 3%.

Resistance training with weight machines had the highest injury rates, even
when supervised. Attendance and adaptation to training was better if the loads of
resistance training were low.

4.8.4. Combined aerobic and resistance training

Combined aerobic and resistance training was used in eight studies with
altogether 936 participants (Bravo et al.1996, Chow et al.1997, Heikkinen et al.
1997, Heinonen et al. 1998, Irwin et al. 2003, Mitchell et al. 1998, Svendsen et
al.1993, Texeira et al. 2003). Aerobic modes such as walking, jogging, cycling,
dancing, and stair walking were combined with resistance training with wrist and
ankle weights and elastic bands or training with weight machines. Flexibility
training was also included. The aerobic sessions lasted 30 - 70 minutes at an
intensity of 42 - 75% VOamax , and the resistance training had a low-to-high
intensity of 10% to 70 - 80% of 1RM for 12 weeks to 2 years.

The mean dropout rate was 11%. The mean attendance rate was 73%, and it
was better in the exercise groups that had more endurance training versus those
with resistance training. The mean injury rate was 2%. All of the exercise was

supervised in these studies, at least in the beginning of the study or on 2 - 3 d-wk’
1

4.9. Unanswered questions in the systematic literature review

The literature review showed that there are many unanswered questions
concerning the effects of exercise training on the health of early postmenopausal
women. Very few or none of the studies used light-intensity aerobic training,
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fractionated aerobic exercise, or resistance training with simple equipment. In
addition very few or none of the studies determined the effective exercise dose
for improving submaximal aerobic capacity, BP, body composition,
carbohydrate and lipid metabolism, flexibility and postural control in healthy
early postmenopausal women. Feasibility related information was also very
sparse in this literature review. On the basis of these questions, the aims of the
experimental part of this study were formulated.
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Aims of the study

The general aims of this study were to assess the effects of exercise on the health
of early postmenopausal women by searching for the minimum effective dose in
a systematic literature review and by conducting a series of randomized,
controlled exercise trials.

The specific aims of the study with respect to sedentary, early postmenopausal
women were the following:
1. To study the effects of six exercise regimens of light-to-moderate
intensity on cardiorespiratory, morphological and metabolic fitness
and to determine the minimum effective dose.

2. To study the effects of walking at a moderate intensity and a moderate
resistance training program on musculoskeletal and motor fitness.

3. To compare the effects of fractionated and continuous walking.

4. To study the interactions between exercise and hormone replacement
therapy on health-related fitness.

5. To study the feasibility and safety of the studied exercise regimens.
The practical aim of the study was to define a minimum health-enhancing

physical activity program that can be recommended for sedentary, early
postmenopausal women as a starting-dose of exercise.
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Participants and methods

1. Study design

The study design included a systematic literature review of RCTs of the effects
of exercise on the HRF of early postmenopausal women (Publication I).

The experimental part of the study consisted of two interventions, Study I
and Study II. Study I was an RCT with three parallel groups, moderate dose
exercise in either one continuous or two daily walking sessions combined with
resistance training in groups (E1, E2) and a non-exercise control group (C1)
(Publications II, III, IV). The exercise in Study I started in September 1995 and
continued for 15 weeks.

Study II was an RCT with five parallel groups, four low-dose exercise groups
(E3-6) and a non-exercise control group (C2) (Publication I, II). The exercise in
Study II started in November 1996 and continued for 24 weeks. The study plan
was approved by the independent Research Ethics Committee of the Urho
Kaleva Kekkonen Institute for Health Promotion Research (UKK institute),
Tampere, Finland.

2. Participants in Study I and Study II

The participants were recruited through announcements in the local newspapers.
In Study I, 700 women responded, out of which the suitable women were
interviewed and given a medical examination accompanied by a submaximal
exercise test. Finally, 134 women fulfilled all of the eligibility criteria and were
accepted. In Study II, 413 women responded, and 121 were selected.

The eligibility criteria for both studies were female, 2 - 10 years past the
onset of menopause, 48 - 63 years of age, no chronic diseases or regular
medication except possible HRT, non-smoker, BMI < 32 kg-m?, systolic BP <
160 mmHg, and diastolic BP < 100 mmHg, and not engaged in strenuous work
or regular brisk leisure-time exercise more than once a week. An equal number
of women with and without HRT were recruited. All of the participants gave
their written informed consent.

A women was considered postmenopausal if it had been at least 2 years since
her last menstruation or, after a hysterectomy, it had been 2 years since she had
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had a period of hot flashes and related symptoms. Two years of HRT use was
also considered postmenopausal.

In Study I, the HRT users and non-users were randomized, 15 at a time with
the use of a computer, into the three groups, each including an approximately
equal number of HRT users and HRT non-users. The procedure placed 46, 43
and 45 women into groups El, E2 and C1, respectively. In Study II, the HRT
users and non-users were also randomized separately according to computer-
generated random numbers into one of four walking groups or into a control
group. So that the statistical power of Study II would be improved as practically
as possible, more women were allocated to the control group than into the
intervention groups. After randomization, there were 21, 21, 18, 21, and 40
subjects in groups E3, E4, ES, E6, and C2, respectively. In both studies both the
participants and the testing personnel were informed of the group results of the
randomization only after the baseline exercise test. The baseline measurements
of the study participants in the exercise and control groups are shown in Table 3.

Table 3. Baseline characteristics of the participants in Study I and Study II, means
(standard deviations).”.

Study I Study II

Cl El E2 E3 E4 E5 E6 C2
N=45 N=46 N=43 N=21 N=21 N=18 N=21 N=40

Characteristics

Age, 57 58 58 57 (3.8) 55 54(3.5) 55(4.2) 56(3.8)
years 4.2) 44 (4.2) 3.7

Years 620 622 6(1.8) 6(1.6) 624 526) 524 624
from

menopause

Weight, 67.0 67.6 67.9 67.9 68.7 67.5 66.1 70.8
kg (8.5) (8.2) (8.5) (10.4) 9.5) (10.9) (8.5) 9.3)
BMI, 26 26 26 26 (3.2) 26 26(3.7) 25@3.3) 27(3.1)
kg - m?> (2.8) 2.7 (2.8) 3.1)

VO3 max, 27.7 29.0 28.4 30.3 30.8 29.4 30.2 29.3
ml - min”- kg'! (3.5) (3.8) (3.6) (5.0) 4.2) 4.1 4.1 (3.6)
PA, 2.5 2.6 26 24(0.7) 2.2 2.2(0.7) 1.9 24
score 0.7) (0.5) (0.5) 0.5) (0.6) (0.6)

" CI = control group in Study I, C2 = control group in Study II, E1 and E2 = exercise groups in
Study I, E3 - E6 = exercise groups in Study II, BMI = body mass index, VOyy,, = maximal
aerobic power, PA score according to questionnaire = physical activity score (I = no regular
PA weekly, 2 = some light PA every week, 3 = once a week brisk PA, 4 = twice a week brisk PA,
5 = three times a week or more brisk PA)
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3. Exercise programs in Study I and Study II

The exercise programs were planned according to the principles of the ACSM'
(1990, 1998a) recommendations. The intensity of the exercise was planned to be
light to moderate; 45% VOimax, 55% VOomax or 65% VOomax. The lowest
intensity was approximately the minimum intensity of the recommendation and
the highest intensity was moderate. The weekly exercise volume was set at 1500
kcal or 1000 kcal, which should be at the lowest border of effective exercise to
influence cardiovascular risk according to ACSM (1998a), Hambrecht (1993)
and the Ontario symposium (Keséniemi 2001). The frequency of exercise was
chosen to be five d-wk™, which is more frequent than the minimum requirement
of the recommendation, in order to keep the exercise duration feasible. The daily
training was continuous in groups E1, E3, E4, ES, and E6 and two equally long
sessions with at least a 5-hour interval in group E2 in order to test the
fractionization of exercise. Walking was considered the most common and most
feasible form of sustainable dynamic aerobic exercise for sedentary women and
was chosen as the mode of exercise (Morris and Hardman 1997). The minimum
recommended length for an intervention, 15 weeks, was chosen in Study I
(ACSM 1998a). A longer length, 24 weeks, was chosen for Study II, because the
smaller exercise doses were suspected to be slower to produce effects on the
chosen variables.

The individual target heart rate, corresponding to 45% VOomax, 55% VOomax
or 65% VOomax, was determined for each participant in the first maximal exercise

'ACSM 1998:

Cardiorespiratory fitness and body composition:

1. Frequency of training: 3-5 dwk”.

2. Intensity of training: 565/65% of maximum heart rate or 40/560-85% of maximum oxygen uptake
reserve (VO2R) or HRmax reserve (HRR). HRR and VO3R are calculated from the difference
between resting and maximum heart rate and resting and maximum VO,, respectively. To
estimate training intensity, a percentage of this value is added to the resting heart rate and/or
resting VO2 and is expressed as a percentage of HRR or VO3R.

3. Duration of training: 20-60 min of continuous or intermittent (minimum 10 min bouts
accumulated through the day) aerobic activity.

Muscular strength and endurance, body composition, and flexibility:

1. Resistance training: One set of 8-10 exercises that condition major muscle groups 2-3 d wk', 8-
12 repetitions of each exercise and for older persons over 50-60 years 10-15 repetitons may be
more appropriate.

2. Flexibility training: These exercises should stretch the major muscle groups and be performed a

minimum of 2-3 d-wk". Stretching should include appropriate static and/or dynamic techniques.
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test. The duration of daily exercise corresponding to 300 kcal or 200 kcal was
also calculated individually in the first maximal exercise test using the Weir
formula®, which estimates energy expenditure (kcal - min™) from measured
oxygen consumption (L - min") and carbon dioxide production (L - min™) (de
Weir 1949) (Table 4).

Table 4. The exercise program prescribed for the exercise groups in Study I and Study 11
(standard deviation)”

Study I Study II

El E2 E3 E4 ES E6
Intensity 65 65 55 45 55 45
of walking,
% VO;max
Mean target heart rate 132 130 124 118 124 118
of the walking, (10.7) (11.2) 8.4) 9.1 (7.7) 9.3)
beats - min™'
Exercise energy expenditure 300 300 300 300 200 200
per exercise session,
keal
Mean target exercise 47 (5.4) 2x24 54 65 38 46
duration, min (3.2) (5.6) (7.8) (3.9 (6.2)
Frequency of training, sessions per 5 2x5 5 5 5 5
week

" EI-E2 = exercise groups in Study I, E3-E6 = exercise groups in Study II, BMI = body mass
index, VO = maximal aerobic power

A short resistance training program was also used in groups E1 and E2 in Study
I. It was planned according the minimum requirement of the ACSM
recommendation (1990, 1998a), and was planned to be performed with as little
equipment as possible (Figure 1).The resistance training program consisted of
one set of eight moderate-intensity, dynamic exercises with 10 repetitions for
each for the main muscle groups twice a week. Body weight or 2-5 kg dumbbells
were used as resistance. Some of the exercises were also planned to have an
effect on motor fitness, and also flexibility exercises were conducted. The
program consisted of two exercises in a standing position for the leg muscles,
balance and coordination (knees-up, back touch), one for hip and knee extensor
muscles (squat), one for muscles of the upper arms using 2- or 5- kg dumbbells
(dumbbell military press), two for back extensor muscles in the prone position,

2 Weir 1949:
Exercise energy expenditure (kcal-min”) = (3.941 x VO, (L-min”"))+ (1.106 x VCO3 (L-min”))
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two for the abdominal region (sit-ups straight and diagonally), followed by five
subsequent stretching exercises. The duration of the muscular training bout was
approximately 15 to 20 minutes.

Figure 1. Resistance training program used in Study [

Warm-up and to improve standing balance and body coordination

Exercise 1 Exercise 2
1) Knees-up in standing position with alternating legs 20 rep. (2 x 10+10 rep.)
2) Back touch in standing position with alternating legs 20 rep. (2 x 10+10 rep.)

Warm-up and enhancement of endurance of the trunk, legs and upper limb muscles

Exercise 3 Excersice 4

Excersise 5 Excersise 6

3) Dumbbell military press with alternating 20 rep. (2 x 10+10 rep.) with 2 to 5 kg
arms weight

4) Squat exercise on two legs 10 rep.

5) Back extensor exercise on prone: Lifting 10 rep. with 5 seconds hold

opposite upper and lower limbs

6) Upper body extensor exercise on prone 10 rep. with 5 seconds hold
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Excercise 7

Excercise 8
7) Curl-ups on supine with alternating legs 10 rep.

8) Curl-ups and side bending on supine 20 rep. (2 x 10+10 rep.) for both sides

Recovery after aerobic exercise to increase the flexibility and to prevent musculoskeletal

complaints

Excercise 9 Excercise 10 Excercise 11 Excercise 12 Excercise 13

9) Stretching exercise for hamstrings 30 seconds for each leg

10) Stretching exercise for pectoralis major 30 seconds for both sides

11) Stretching exercise for calf muscles 30 seconds for both legs

12) Stretching exercise for thoracic region 30 seconds

13) Stretching exercise (lateral bending) for neck muscles 30 seconds stretch for both side

rep.= repetitions
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Two of the weekly walking sessions were supervised by an exercise leader on an
indoor track. These sessions included the resistance training program as a warm-
up for walking in Study I. The other weekly walking sessions, three for Group
El, E3, E4, and ES5 and eight for Group E2 were unsupervised and took place
outdoors. A few minutes of light flexibility exercises of the participants' own
choice were recommended before and after every session as a warm-up and cool-
off and for injury prevention.

HR monitors (Polar Edge, Polar Electro, Kempele, Finland) were used as a
means of controlling the HR in the two weekly supervised sessions and every
third week in all weekly sessions. The participants were also advised to estimate
the length of their walking route periodically, in order to keep the same relative
pace in all weekly sessions. The duration of the exercise session with a
prescribed target HR was registered in an exercise diary. In addition the
participants wore pedometers (step counters) (Fitty 3, Kasper & Richter, Utrecht,
Germany) for 3 days, from Friday to Sunday, in the middle of the intervention
period.

4. Measurements and outcome indicators in Study I and
Study II

4.1. Cardiorespiratory fitness

4.1.1. Maximal aerobic power and submaximal cardiorespiratory capacity

All of the measurements were conducted before and after the training
intervention. The participants were asked to eat only a light meal approximately
4 hours prior to the exercise test, but coffee and cola drinks were not allowed.
Heavy physical exercise was not allowed on the day before the exercise test. A
progressive, maximal exercise test on a treadmill (Telineyhtyma Oy, Kotka,
Finland) was used to measure the VOjm.. The submaximal response to the
exercise was monitored by HR measurements at absolute exercise levels
corresponding individually to 65% VOymax and 75% VOomax in the baseline
exercise test. The treadmill test protocol (Oja 1973) consisted of a warm-up for 5
minutes at 5 km-h™ on a 5% incline of the treadmill. The workload was increased
in 3-minute intervals, from very light to maximal load. The speed was increased
by 0.5 km-h™! during the third, sixth, and ninth stages, and the elevation of the
treadmill was increased by 2.5% at each stage, except the third. The
electrocardiogram (ECG) was monitored (Case 12, Marquette Electronics Inc.,
Milwaukee, WI, USA) continuously. The participants reported their perceived
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exertion on the Borg scale (Borg 1970) during each exercise stage. The room
temperature was normal, but cooled, when necessary during the exercise test. For
habituation, and as a health check, a submaximal exercise test with a similar test
protocol was performed a few days before the first maximal exercise test.

Oxygen uptake (VO,) was measured breath-to-breath using a metabolic cart
(Metabolic Measurement Cart 2900Z, Sensor Medics Corp., Anaheim, CA,
USA). The analyzer was calibrated before each test. The VO,ax Was obtained
from 1-min collected values (Howley et al.1995). The criteria for maximum were
the following: best possible effort as judged by the test supervisor, perceived
exertion 19 - 20 on the Borg scale, HR over 85% of the age-predicted maximum,
no significant rise (>2 ml-min'l-kg'l) in VOymax between the consecutive minute-
to-minute gas analyses, and respiratory exchange ratio (RER) over 1.05. All of
the participants had to fulfill the first criterion. The test was repeated within a
week if a participant failed to give her best possible effort or if less than three of
the other four criteria were not fulfilled.

The VOimax and submaximal capacity were also estimated from the

results of the UKK Walk Test (WT). (See Section 4.4. Musculoskeletal and
motor fitness).

4.1.2. Blood pressure

Blood pressure measurement took place between 8 am to 4 pm in a quiet room,
and coffee and cola drinks were not allowed prior to the measurement. The
resting BP was measured twice with a random zero sphygmomanometer
(Hawksley & Son Ltd., Sussex, United Kingdom) from the right arm as the
participant sat after 5 minutes of rest. An appropriate-sized cuff was used, and
the BP instrument was positioned on a flat surface at the approximate level of the
heart. For all of the readings, Korotkoff phases 1 and 5 established the levels of
systolic and diastolic pressures, respectively. The BP was measured to an
accuracy of 2 mmHg. The lowest of the two measurements with a 2-min interval
was used in all of the BP measurements in Study I. In Study II the mean of the
two measurements was used in all of the BP measurements.

4.2. Morphological fitness

4.2.1. Body composition

Body composition was estimated using body mass, height and skinfold thickness
measurements. BMI was calculated, and the F% was estimated. Body mass (kg)
and height (m) were measured in light clothing without shoes. Height was
obtained to an accuracy of 0.005 m, and body mass was measured to the nearest
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0.1 kg. The BMI was calculated as body mass (kg) divided by the square of the
height (m). Skinfold thickness was measured at four sites, mid-triceps, biceps,
subscapularis and suprailiac muscles, using a Harpenden skinfold caliper (British
Indicators, Ltd, Luton, Beds., United Kingdom). Body density was estimated
from the sum of the skinfolds according to a linear regression equation with age-
and sex-specific coefficients according to Durnin and Womersley (1974) and
converted to the F% using an adaptation of Siri's formula’ (Siri 1961) for elderly
women* (Deurenberg et al. 1989). The standard error of this body fat assessment
system, when skinfold measurements are properly taken, is 3 - 4%.

4.3. Metabolic fitness

4.3.1. Conduction of the laboratory measurements

All of the measurements were conducted before and after the training period.
The exercise training was allowed to start only after the first measurement. At
the end of intervention the last exercise bout had to have been completed
approximately 48 hours before the sampling. Venous blood samples were
obtained at 7 to 9 am after a 12-hour overnight fast, after a 15-minute rest while
the participant was supine.

4.3.2. Carbohydrate metabolism

Blood fasting glucose and plasma fasting insulin levels were measured to
determine carbohydrate metabolism. In Study I the area under curve
determinations of insulin in an oral glucose tolerance test (OGTT), and 1-hour
and 2- hour insulin values were also used. OGTT was carried out with a glucose
dose of 75 g. Fasting blood samples were taken for baseline glucose and insulin
determinations before the oral glucose administration. Blood was also sampled at
30, 60 and 120 min during OGTT for glucose and insulin measurements. In
Study II, the fasting blood samples were taken twice with a 1- week interval. The
mean of the two measurements was used.

*Siri 1956:
Fat (%) = 495 / body density - 450.
1/ body density = adipose tissue specific weight / 0.9 + (1-fatfree tissue-specific weight) / 1.1

4 Deurenberg 1989:
Fat (%) = (1.2 x Body mass index) + (0.23 x age) — (10.8 x sex) — 5.4

Sex: 1 for males, 0 for females.
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All of the analyses, except those for glucose, were carried out using frozen (-
70° to -20°C) samples, and all of the samples from each participant were
analyzed within a single batch to minimize analytical variations. Blood glucose
was assessed by the glucose dehydrogenase method (Epos 5060, Eppendorf,
Germany). Plasma insulin determinations were done by radioimmunoassay
(Phadeseph Insulin RIA, Pharmacia, Sweden).

The analytic variations (i.e., inter-assay coefficient of variation (CV)),
calculated from human serum-based quality control materials (Labquality,
Helsinki, Finland and also others), were 0.8 - 3.4% for glucose (at the level of
2.22 mmol/l, 7.5 mmol/l and 10.13 mmol/l in Study I and also 25.5 in Study II)
and 2.1- 5.0% (at the level of 13.5 mU/1, 42.4 mU/] and 107.5 mU/1) for insulin.

4.3.3. Lipid metabolism

Serum concentrations of TC, TG, HDL, and LDL were used as the lipid and
lipoprotein metabolism indicators. Fasting blood samples were taken for the
serum lipoprotein determinations. Fasting blood samples were taken for serum
lipids before the oral glucose administration for OGTT. In Study II, the fasting
blood samples were taken twice with a 1-week interval. The mean of the two
measurements was used.

In both studies all of the analyses were carried out using frozen (-70° to -
20°C) samples, and all of the samples from each participant were analyzed
within a single batch to minimize analytical variations. The TC and TG
concentrations were measured using routine enzymatic methods (Mira Plus,
Roche, Switzerland, CHOD-PAP, Boehringer Mannheim, Germany and TRIG
UNIMATE 5, 15x30ml, Roche, Art.07 3679 1, Switzerland). HDL was
determined by dextran sulfate precipitation. LDL was calculated by the equation
of Friedewald et al. (1972)’.

The analytic variations (inter-assay CV), calculated from human serum-based
quality control materials (Labquality, Helsinki, Finland and also others), were
0.8 - 1.1% for TC and 1.9 - 1.1% for HDL at the concentration level of 1.4 - 1.6
mmol~L'1, and 4.2 - 4.6% at the very low HDL- level of 0.50 mmol-L'l, and 1.1 -
3.8% for TG.

® Friedewald 1972:
Low-density lipoprotein cholesterol = total cholesterol — high-density lipoprotein cholesterol —
triglyceride / 2.2

( used only when serum triglyceride < 4 mmol/l)
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4.4. Musculoskeletal and motor fitness

In Study I musculoskeletal and motor components of HRF were measured with
field-based fitness tests (Suni 2000, Suni et al.1998a, Suni et al.1998b,
Malmberg et al. 2002, Suni et al. 1996, Rinne et al. 2001). The reliability (Suni
et al.1996, Rinne et al. 2001, Oja et al. 1991a), safety, and feasibility (Suni et al.
1998a, Suni et al. 1998b) and the health-related validity of these field-based
fitness tests have been established in a series of studies (Suni et al. 1998a,
Malmberg et al. 2002). All of the tests followed a standard sequence. Balance
was measured first, followed by flexibility, strength and the WT.

Musculoskeletal fitness tests measuring muscular strength and endurance
were, in the order of the measuring sequence, the sit-up test from the Eurofit test
battery to test dynamic trunk flexor muscles (Oja and Tuxworth 1995), the one-
leg squat from the UKK health-related fitness test battery for lower extremity
strength (Suni et al. 1996, Malmberg et al. 2002), the static trunk extensor
endurance test from the UKK health-related fitness test battery (Suni 2000), and
the dynamic test for the upper extremities from the test battery of the Invalid
Foundation (Alaranta 1990). Flexibility was measured by the trunk side bending
test from the UKK health-related fitness test battery (Suni 2000).

Motor fitness was measured by one-leg standing for static postural control
from the UKK health-related fitness test battery (Suni 2000, Suni et al. 1996,
Rinne et al. 2001). Walking performance was measured by the WT for walking
time and predicted VOomax (Oja et al. 1991a, Laukkanen et al.1992). WT reflects
both submaximal aerobic capacity (Oja et al. 1991a) and musculoskeletal
functioning in walking (Suni et al.1998b).

4.5. Feasibility and safety of the exercise programs

Injury prevention included instructions on proper walking technique and
choosing good walking shoes and the gradual onset of exercise, as well as
providing the possibility to progress gradually to the full exercise program. The
participants were recommended to contact the consulting physician (T-MA) with
any health problems at the onset of the problem.

The feasibility and safety of this exercise regimen during the intervention
was assessed in several ways. Every exerciser used an exercise diary, into which
the following information was recorded after every exercise session: date, time at
the onset and at the end of exercise, the exercise duration with target HR from
the HR monitor reading. The time spent in habitual PA (i.e., other walking than
exercise training, and possible cycling, calisthenics and the like) was recorded.
The exercise diary was checked by the exercise leaders every 3 weeks.
Adherence to the exercise program was measured from the exercise diaries by
calculating a percentage of completed exercise versus prescribed exercise for the
duration of the exercise session, the frequency of the weekly sessions, the
number of supervised sessions per week, and the length of the exercise program.
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The pedometric measurement was taken only in the exercise groups, and it
included all PA of the day, also walking training.The total amount of weekly
walking was estimated from a 3-day pedometer recording.

All of the participants completed a questionnaire at the beginning and at the
end of the intervention with 26 questions followed by an interview to make sure
that all of the questions were understood correctly. Four of the questions were on
PA, one on OPA, 8 on health and medication, 8 on menopause and HRT, 5 on
recent changes concerning health, habitual PA, diet, maintaining weight, and
cigarette smoking. All of the participants were asked to keep their normal diet,
daily PA habits, and the use of HRT constant. The adherence to the habitual PA
routine was checked with a questionnaire.

In an interview after the intervention the feasibility and safety of the exercise
was also assessed using an additional questionnaire with a question of the
subjective intensity of the exercise and two questions on exercise-related pain
and injuries. The safety of the exercise regimen was assessed by recording the
injuries that involved physician consultations.

In Study II personal experiences concerning the body, mood and well-being
during the preceding 3-4 weeks were requested by means of a 28-item list of
short statements in a questionnaire filled out at the end of the intervention and
also by a personal interview. The items were based on earlier spontaneous
reports of the participants. Two summarizing indices, one for the intensity and
the other for the scope of the experiences, were built from the responses to the 19
positive and 9 negative items.

In Study II current daily dietary intake was estimated on the basis of
complete 3-day (including one weekend day) food diaries at the beginning and
end of the study. The participants were given oral and written instructions for
estimating their food intake with household measures. The food composition
data were calculated with MicroNutrica software (Social Insurance Institution,
Helsinki, Finland).
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5. Statistical analyses in Study I and Study II

5.1. Power calculations

The calculations for adequate sample size were based on the assumption of about
a 10% (3 ml-min"kg™) (SD 4) increase from the baseline VOama, in the exercise
group when compared with the change in the control group (type 1 error alpha
0.05). The power of the test was selected as 0.90. The calculations yielded a
minimum of 39 participants for each study group. The actual number of
participants in each group was 43 - 46 at the onset of the study in Study I. In
Study II the number of participants was 18 - 21 for the exercise groups and 40
for the control group at the onset of the study. It was calculated that, if necessary
for the sake of statistical significance, E3 and ES5, as well as E4 and E6, could
also be combined to form adequate groups for determining the effect of the
exercise intensity on the results. E3 and E4, as well as E5 and E6, could also be
combined to determine the effect of the energy expenditure of the exercise.
According to the intention-to-treat principle all of the participants were asked to
participate in the follow-up measurements, in spite of possible dropout from the
exercise program or a change in HRT use.

5.2. Analysis of covariance

The results are given as the means and standard deviations (SD). An analysis of
covariance (ANCOVA) with the baseline measurements as the covariates was
used to analyze the training effects. The P-values were calculated in tests for any
differences between the groups. The training effects were determined as the net
differences (i.e, the differences between the changes in each walking group and
the control group). We calculated the 95% confidence intervals (CI) for the net
change. A two-way ANCOVA with the exercise groups and the HRT groups as
factors was used to analyze the interaction of these factors with the outcome
measures.

5.3. Subgroup analyses

The subgroup analysis of the HRT users and non-users was carried out to
determine the eventual effects of HRT on the results. The exercise groups were
combined when BP was analyzed in Study I to show an effect of exercise in a
comparison with the controls. In Study II a subgroup analysis according to
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intensity and exercise energy expenditure was carried out in order to evaluate the
effect of intensity and exercise energy expenditure on the variables.

5.4. Additional analyses

The outcomes of the one-leg standing balance and one-leg squat tests showed a
skewed distribution and were analyzed using the proportion of the participants
that achieved maximum results in tests before and after the intervention. The
binary logistic regression analysis was used as the statistical method and the
odds ratios and their 95% CI were calculated between the exercise and control
groups at the end of the intervention and adjusted for the differences in the
baseline distributions.
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Results

1. Overview of the results of the systematic literature
review of randomized, controlled exercise trials on the
health-related fitness of early postmenopausal women

VOumax OF other estimates of aerobic fitness were measured in 18 studies. In most
of the exercise regimens, in which the duration ranged from 15 to 60 min (mean
33 min), the range of the prescribed intensity was 48 - 84% of VO (mean
65% of VOymax), the exercise was performed on 2 to 5 days per week from 10
weeks to 2 years, improved VOomax by 2.5 to 7 mlemin'lekg'l (4% to 32%). Thus
the training effects on VOjyma were well documented for moderate-to-heavy
intensity exercise, but there were no studies on light intensity exercise, and
submaximal aerobic capacity was not studied in any of the reports.

The effect of PA on resting BP was studied in seven studies. None of the
training studies on normotensive, normal weight women showed any effect on
BP. Two studies with slightly hypertensive, overweight participants showed a
reduction in blood pressure by 1-10 mmHg, but as the BMI was also decreased,
weight loss might explain this reduction in BP. The literature review did not
provide an answer to the question of what kind of PA influences normal BP in
non-obese early postmenopausal women.

The effects of exercise on body composition were studied in 19 of the
studies. There was only one study with normal-weight participants that showed a
slight reduction of 0.1 kg in weight with 60 min of walking at an intensity of
60% VOomax, 3 - 5 d-wk! for 24 weeks. Three studies with overweight
participants showed a loss of 0.1 - 2 kg, and three studies who used reducing
diets in combination with their training program showed a 2 - 10 kg weight loss.
On the basis of these studies, it can be concluded that exercise affects the body
composition of normal-weight postmenopausal women only very slightly, and
for obese women, the fat loss caused by exercise without a diet change is small.

There were only two studies on the effects of exercise on blood glucose and
one on insulin, and neither of these studies showed training effects. According to
this literature review, there are no RCTs with early postmenopausal women that
show the amount of exercise needed to influence glucose metabolism.

Eight studies assessed the effects of exercise training on lipids, but no
improvements could be found postexercise. For overweight or dyslipemic
participants, moderate-to-heavy exercise training seems to improve the lipid
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profile. Adding HRT or diet improves lipids, and in some studies the effect was
found to be additive, but the results are partly confusing. In conclusion, no
studies showed lipid changes in normal-weight, normolipemic women in this age
group.

Altogether 12 studies assessed muscular strength or endurance, and in all but
two muscular strength improved 9% to 76%. The strength training programs
consisted of 5 - 12 exercises that were repeated 8 times in 3 sets at an intensity of
40% to 80% of a 1-repetition maximum (1RM) on 2 - 3 days/d-wk™ for 24 weeks
to 1 year. Combined aerobic and resistance training, high-impact training and
repeating a single resistance exercise also improved muscular strength. It seems
well documented that early postmenopausal women are trainable using gym
strength training equipment, and large improvements of muscle strength can be
gained. Only one of the studies used simple equipment and a program that could
also be performed at home, and the results were also positive.

Five studies assessed the effects of exercise training on flexibility, and, in
three of the studies, flexibility was improved by 5% - 25%. The training program
consisted of aerobic dancing or aerobic exercises combined with resistance
training and stretching. It seems that flexibility can be improved by exercise also
in early postmenopausal women. But there were too few studies to draw any
conclusion on what kind of exercise would be best, as all of the studies used
different modes and doses of exercise.

Balance or coordination was assessed in six of the studies, and four of these
exercise programs produced 1 - 14% improvements with gym strength training,
combined aerobic and resistance training or aerobic dance or high-impact
jumping in combination with low-impact exercises. Exercise training seems to
improve the balance and coordination of early postmenopausal women, but no
definite conclusions can be drawn, since it was reported in very few studies, all
using different modes and doses of exercise.

Only five studies analyzed the interactions between HRT and exercise.
According to these studies HRT did not have an effect on aerobic power, but it
decreased systolic BP, improved the lipid profile, and improved muscle strength
and balance at least in some of the studies. Exercise and HRT did not have an
additive effect on any of the variables in these studies, except for muscular
strength. No definite conclusions can be drawn because there were so few studies
and the results are partly confusing.

Walking seemed to be the most feasible mode of exercise for this age group
of women, as judged by the low injury rates (5%) and high attendance rates
(81%). Only one of the studies fractionated walking into 2-4 exercise bouts.
Other forms of aerobic exercise, such as cycling, swimming, treadmill training,
and aerobic dancing, either alone or combined with walking, were also feasible.
They were used in six studies with altogether 486 participants. The exercise was
20 - 60 min at an intensity of 48 - 84% VO;max, and the training was performed
on 3 - 4 dwk™ for 12 weeks to 1 year. Flexibility training was also included. The
mean dropout rate was 14% in the four studies reporting dropouts. Attendance
and injuries were reported in only one of the studies (King et al. 1991), the mean
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attendance was 77% in the home-based exercise group and 53% in the group-
based exercise group. The injury rates were 23% in the high-intensity (64 - 84%
of VOomax) exercise group and 13% in the low-intensity (48 - 64% of VOjmax)
exercise group. All of the exercise was supervised in three of the studies, and in
one of the studies (King et al. 1991) there was a supervised exercise group and a
nonsupervised home-based exercise group, controlled only through telephone
contacts.

Other aerobic forms of exercise had a slightly higher injury rate (13-23%)
and lower attendance rate (53-77%) than walking, but no definite conclusions
can be drawn, because injuries and adherence were reported in very few of these
studies. Resistance training with weight machines had the highest injury rates
(33%), even when supervised. The attendance and adaptation to training was
better if the loads of the resistance training were low (90%). (Publication I).

2. Results of Study I and Study II

2.1. Effects of the exercise programs on cardiorespiratory fitness

2.1.1. Maximal aerobic power and submaximal cardiorespiratory capacity

The mean net increase in VOama was approximately 9%, 2.5 ml-min-kg” (95%
CI 1.5 to 3.5) (p < 0.001) in Study I for exercise groups E1 (65% VOzmax, 300
kcal) and E2 (65% VOomax, 150 kcal + 150 kcal), equal in one session and two
session exercise groups. In Study II there was also an approximately 9% mean
net improvement from the baseline values: 2.9 ml-min-kg™ (95% CI 1.5 to 4.2),
2.6 ml-min-kg™ (95% CI 1.3 to 4.3), 2.4 ml-min-kg” (95% CI 0.9 to 3.8) and 2.2
ml-min-kg™” (95% CI 0.8 to 3.5) for exercise groups E3 (55% VOamax, 300 kcal),
E4 (45% VOimax, 300 kcal), E5 (55% VOomax, 200 keal), and E6 (45% VOomax,
200 kcal), respectively (p < 0.001). In Study I the changes in submaximal HR
were not statistically significant, but, in Study II, in all of the exercise groups,
there was a mean decrease of 4 to 8 beats per minute in the submaximal HR at
both measured submaximal exercise levels, HR7so, and HRgso, (p = 0.001).
(Publications IT and V).

2.1.2. Blood pressure

As analyzed in the original groups, there was no significant change in mean BP
in any of the groups in Study I. In E1 (65% VO2max, 300 kcal) the mean net
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change in diastolic BP was -2.6 mmHg (-5.5 to 0.4) (95% CI) and, in E2 (65%
VO2max, 150 keal + 150 kcal), it was -3.3 mmHg (-6.3 to -0.4) (95% CI) mmHg
(p= 0.071). When exercise groups E1 and E2 were combined in Study I (65%
VO2max, 300 kcal in one or two sessions) and exercise groups E3, E4, ES, and E6
were combined in Study II (45-55% VOimax, 200-300 kcal) and a comparison
was made with the controls, there was a statistically significant reduction in the
mean diastolic BP of 3.0 mmHg (-5.5 to -0.4) (95% CI) (p = 0.025) in Study I.
There were no significant changes in BP in Study II, in which the exercise doses
were smaller. In Study II an additional analysis that grouped the participants into
two exercise groups according to exercise intensity or exercise energy
expenditure did not show any statistically significant changes either. (Publication
I11).

2.2. Effects of the exercise programs on morphological fitness

2.2.1. Body composition

The mean body mass decreased by approximately 1 kg (1.7%), and the BMI was
reduced by approximately 0.5 units in Study I in both exercise groups, E1 (65%
VO21max,300 kcal) and E2 (65% VOimax,150 kcal + 150 keal) (p = 0.001) when
compared with the controls. In Study II, in which the exercise doses were
smaller, there were no significant changes in body mass or BMI. The mean F%
decreased approximately 2 percentage units in both exercise groups, E1 (65%
VOomax, 300 kcal) and E2 (65% VOomax, 150 kcal +150 kcal) in Study I (p <
0.001). In Study II, the mean F% decreased approximately 1percentage unit in
exercise groups E3 (55% VOamax, 300 kcal), E4 (55%, 200kcal), and E6 (45%,
200kcal) (p = 0.007). The result in group E5 was not statistically significant.

In Study II, additional analyses, such as grouping the participants into two
exercise groups according to exercise intensity or exercise energy expenditure,
did not show significant changes. (Publication II and IV).

2.3. Effects of the exercise programs on metabolic fitness

2.3.1. Carbohydrate metabolism

The mean fasting blood glucose declined by 0.21 mmol-L™ (-0.33 to -0.09) (95%
CI) in group El (65% VOamax, 300 kcal) and 0.13 mmol-L" (-0.25 to -0.01)
(95% CI) in group E2 (65% VOamax,150 kcal + 150 kcal) when compared with
that of the controls in Study I (p = 0.003). The mean 2-hour glucose in the OGTT
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also declined by 0.48 mmol-L" (-0.89 to -0.08) (95% CI) in group E1 (65%
VOamax, 300 keal) and by 0.43 mmol-L™" (CI -0.83 to -0.029) (95% CI) in group
E2 (65% VOimax,150 kcal +150 kcal) in Study I (p = 0.039). No statistically
significant changes occurred in the fasting plasma insulin, 2-hour insulin
concentration in the OGGT, or the insulin area under the curve of the OGGT
values in Study I. In Study II, in which the exercise doses were smaller, there
were no significant changes in any of the measured carbohydrate metabolism
variables. In Study II, even the additional analyses that grouped the participants
into two exercise groups according to exercise intensity or exercise energy
expenditure did not show changes either. (Publication II).

2.3.2. Lipid metabolism

The exercise in Study I and Study II did not cause statistically significant
changes in any of the measured lipid metabolism variables, TC, TG, HDL or
LDL when the results were compared with those of the controls. Combining the
exercise groups in Studies I or II did not give any change either. In Study II, in
the additional analyses, grouping the participants into two exercise groups
according to exercise intensity or exercise energy expenditure did not show any
change induced by training.

2.4. Effects of the exercise programs on musculoskeletal and motor
fitness

In Study I musculoskeletal and motor fitness tests were performed. In the
musculoskeletal fitness tests only the one-leg squat test for lower extremity
strength improved statistically significantly when the results of the exercise
groups were compared with those of the controls. The improvement was equal in
group E1 (65% VOimax, 300 kcal) and group E2 (65% VOomax, 150 kcal + 150
kcal) (Table 5). The exercise training did not improve trunk flexion in the sit-up
test, trunk extension in the static test, or upper limbs in the dynamic test (Table
5). Flexibility in the trunk side-bending test did not improve either (Table 5).

The motor fitness balance test, one leg standing, did not show significant
changes, but the proportions of participants in the exercise groups who achieved
a maximum result in the balance test was greater after the intervention than
before it. In groups E1 (65% VOamax, 300 kecal) and E2 (65% VOamax, 150 keal +
150 kcal) 24 and 23 participants, respectively, achieved maximum results at the
beginning, and 33 and 28 at the end of the intervention. In control group the
respective numbers were 20 and 23. (Table 6).

In the WT walking performance improved. The mean walking time improved
by approximately 1 min and the estimated VOyma by approximately 10%,
equally in both of the exercise groups when compared with the results of the
controls. (Table 5).
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Table 5. Mean values and standard deviations (SD) before and after the intervention
and the net change (95% CI) between the exercise and control groups in Study I’

N* Before After Net change P-value’
(95%CI)
UKK Walk Test, walking time, min
El 45 17.5(1.1) 15.6 (1.0) -1.2 (-1.6,-0.9)
E2 43 17.4 (1.2) 15.5(1.0) -1.3 (-1.6,-0.9)
Cl 44 17.6 (1.3) 16.9 (1.2) <0.001

VOimax» ml~min-kg"1, estimated by the UKK Walk Test

El 44 30.0 (3.5) 34.7(3.2) 3.3(2.3,4.2)
E2 43 30.3 (4.1) 34.8(3.6) 3.2(22,4.2)
Cl 43 29.9 (3.8) 31.3(3.6) <0.001

Dynamic test for the upper extremities, the sum of the right and left hand, number of lifts

(maximum 100)

El 46 372(144)  438(163)  2.7(24,7.7)
E2 41 403 (15.5)  46.6(174)  2.9(-2.3,8.1)
cl1 41 36.0(16.6)  40.1(18.9) 0.465

Static trunk extensor endurance test, time of holding the correct position, s (maximum 240 s)

El 44 60.3(359)  693(47.1)  13.0(1.2,24.9)
E2 42 67.1 (44.0)  68.5(40.1)  7.2(-4.7,19.2)
Cl 43 659 (34.7)  60.4(29.7) 0.097

Trunk side bending, cm

El 46 17.9 (2.9) 18.5 (2.8) 0.3 (-0.4, 1.1)
E2 43 16.7 (3.0) 17.3(3.2)  0.1(-0.6,0.8)
Cl 44 17.4 (2.7) 17.8 (2.6) 0.653

* . . . . . .
VOipar = maximal aerobic power, E1 = one-session exercise group, E2 = two-session exercise
group, C = control group.

" Analysis of covariance.
* Dropouts excluded.
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Table 6. Proportion of participants who achieved a maximum result in tests before and

after the intervention and the odds ratios (95% confidence intervals) between the

exercise and control groups at the end of the intervention, adjusted for differences in the

baseline distributions in Study I'"

N* Before After Odds ratio P-value'
(95%CI)
One-leg standing, s (maximum 60 sec)
El 46 52% 72% 2.6 (0.9t0 6.9)
E2 43 58% 63% 1.2(0.5t03.4)
Cl 44 46% 52% 1.0% 0.175

Sit-up test for trunk flexors, the number of sit-ups (maximum 15 repetitions)

El 46 65% 80% 5.5(1.1t0 26.1)
E2 43 58% 67% 2.1(0.4t010.4)
Cl 43 54% 58% 1.0% 0.095

One-leg squat, sum of scores of right and left feet, points (maximum 12 points)

El 46 24% 52% 4.1(1.5t011.6)
E2 43 16% 51% 4.6 (1.6t0 13.2)
Cl 43 23% 26% 1.0° 0.008

" E1 = one-session exercise group, E2 = two-session exercise group, C1 = control group.
" Binary logistic regression analysis.

* Drop-outs are excluded.

$ Reference category.
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2.5. Effects of the fractionated exercise

Fractionated exercise was prescribed for exercise group E2 in Study 1. The
effects of the fractionated exercise (Group E2) were equal to that of continuous
exercise (Group El) for all of the measured cardiorespiratory, morphological,
metabolic and musculoskeletal fitness parameters, VOoimax, HR750, and HRgsos,
BP, body composition, carbohydrate and lipid metabolism variables, the one-leg
squat test for the lower extremity, the sit-up test for the trunk flexors, the static
test for the trunk extensors, the dynamic test for the upper limbs, the trunk side-
bending test for flexibility, and the one-leg standing balance test. The WT
results, walking time and estimated VO, of fractionated exercise group were
also equal to corresponding values of the continuous exercise (Figure 2). This
result indicated that the exercise regimen (65%V Oxmax, 47 min) could be divided
into two daily bouts (65%VOamax, 2 X 24 min) without compromising the results.

Figure 2. Effect of continuous and fractionated walking on selected variables.
Percentage of the net difference (95% CI) during training in the exercise groups' versus
the control group in Study F.
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* Selected variables: VOjpax = maximal aerobic power, TC = total cholesterol concentration,
HDL = high-density lipoprotein concentration

" Exercise groups: E1 = continuous exercise (47 min) E2 = fractionated exercise (2 x 24 min)

* Analysis of covariance with the baseline measurements as covariates
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2.6. Interactions between the exercise and hormone replacement
therapy

In both studies the subgroup analysis of the HRT users and non-users showed
equal results in all of the measurements, for VOamax, HR759, and HRgse,, BP, body
composition, carbohydrate and lipid metabolism variables, the one-leg squat test
for the lower extremities, the sit-up test for the trunk flexors, the static test for
the trunk extensors, the dynamic test for the upper limbs, the trunk side-bending
test for flexibility and the one-leg standing balance test. The WT results, walking
time and estimated VOjn,x were also equal for the HRT users and non-users.
This finding indicates that exercise was equally beneficial for hormone users and
non-users.

2.7. Feasibility and safety of the exercise programs

The adherence to the exercise program in terms of the duration of completed
exercise sessions at the prescribed target HR, frequency of sessions and length of
exercise program was 84% -104%, similar in all of the exercise groups of both
studies according to the exercise diary recordings. The participation in the
supervised exercise sessions was 89% - 95% in Study I and 63% - 65% in Study
II. The amount of habitual physical activity, other than the exercise training, was
24 - 28 min in Study I and 11 - 16 min in Study II according to the exercise
diaries. (Table 7)

An additional few weeks were allowed with a slightly reduced walking time
or intensity for the habituation for participants with exercise-related health
problems at the onset of the exercise, for 6 participants in group E1, 7 in group
E2, 6 in group E3, 1 in group E4, 1 in group ES5, and 3 in group E6. During the
last weeks of the intervention 5 participants in group E1, 6 in group E2, 1 in
group E3, 1 in group E4, and 1 in group ES were allowed to use extra 1-kg wrist
weights, stair walking or occasional steps of jogging to reach their target HR.
The walking program was stopped for one day before the exercise test.

In Study I, in which the exercise dose was highest, most of the participants
considered their exercise program feasible in terms of perceived exertion (not too
light and not too strenuous) according to the questionnaire. The continuous and
fractionated exercise groups showed equal results (Table 8). In addition,
according to the questionnaire, most of the participants in the exercise groups did
not have any exercise-related lower-limb problems. Two daily walking sessions
(fractionated exercise, group E2) caused fewer lower-limb complaints than the
continuous exercise did (group E1) (p = 0.021 for the difference of proportions)
(Table 8).

In Study I and Study II 23% and 27% of the participants, respectively,
consulted the physician. Of the total of 73 consultations in Study I, 49 concerned
exercise-related problems, as did 50 of the 60 consultations in Study II. Most of
the exercise-related consultations concerned the lower limbs at the beginning of
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the study; also low-back problems occurred. Approximately half of the
consultations resulted in temporary changes in the exercise program, but exercise
absence was very low because most of the problems were minor and transient.
Absence from exercise was due to health problems, family reasons, work duties,
or travel. Less than 1% of the absence was due to musculoskeletal problems, and
the difference between the exercise groups was not statistically significant.

Of the 134 participants only 4 (3%) had major exercise-related health
problems in Study I. Three of the 88 exercising participants interrupted the
exercise program, two because of lower-limb problems (persistent plantaris
fascitis or newly detected knee arthrosis) and one because of psychosocial
reasons. One case of mild, recurrent arrhythmia (paroxysmal ventricular
extrasystoles) was detected in an exercise group member after the intervention.
A cardiologist suspected that the problems had been caused by overtraining,
since no other reason for the arrhythmia was found. One participant in the
control group fell on an icy walking trail and suffered a radius fracture.

In Study II also 4 (3%) out of the 121 participants had major problems. Of
the 81 exercising participants, 3 interrupted their exercise program. The reasons
were psychosocial for 3 of the participants. Two participants in the exercise
group had recurrent, mild arrhythmias (paroxysmal ventricular and
supraventricular extrasystoles), but continued to exercise after a short rest of a
couple of days. One control group member had a distorsion of the knee and one a
fracture of the tibia. Most of these women participated, however, in end
measurements and were included in the results according to the intention-to-treat
principle.

In Study I, 4 out of 134 women did not participate in the 15-week
measurements of VOymax because of health problems (one control recovering
from a gallbladder operation, one control with newly detected diabetes, one
exerciser with an acute lumbar problem, and one exerciser whose test was
interrupted because of frequent ventricular extrasystoles). In addition, because of
technical difficulties, there was one missing value from the submaximal HR
measurement at 75% of VOjax and four at 65% of VOymax.

In Study II 5 of the 121 women did not participate in the end measurements
for the following reasons: two exercisers had psychosocial problems, two
controls had lower-limb injuries, and one control had been recently diagnosed as
having a chronic disease as mentioned earlier.

According to the questionnaire, no other changes in exercise, than the
changes corresponding to the intervention program, were reported in the exercise
groups. No changes in exercise were reported by the participants of the control
groups. Six participants changed their HRT status in Study I. In group El, two
women started and one stopped the HRT. In group E2 one woman started and
two stopped the HRT. All six women were included in their original groups in
the analyses to meet the intention-to-treat principle. In Study II the HRT
remained unchanged.

There were no changes in diet reported in the questionnaire in Study I or
Study II. In Study II food diaries were used. Four participants did not return their
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food diaries, and seven diaries were disqualified because of recording
inaccuracies. The mean daily energy intake of the participants in the exercise
groups, as calculated from the food diary, was 7.5 (SD1.5) MJ in the beginning
and 7.5 (SD 1.4) MJ at the end of the intervention. The respective values of the
controls were 7.6 (SD 1.3) MJ and 7.3 (SD 1.4) MJ. No significant quantitative
or qualitative changes occurred in the diet of the participants during the
intervention.

The subjective experiences of the exercising women with respect to their
bodies and well-being were gathered in Study II. In both summarizing indices,
one for intensity and one for scope of the experiences, the only significant
differences were found between exercise groups E3 - E6 and control group C2.
The exercise groups had significantly more positive experiences (unpublished
data). (Table 9.)
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Table 7. Training compliance” and habitual physical activity'.

Study I Study II

El*  E2 E3 E4 E5 E6
Duration of session, % 103% 104% 95% 90% 98% 98%
Walking sessions, sessions - 89%  95% 89% 85% 84% 84%
wk!
Supervised sessions, sessions - 89%  95% 67% 67% 69% 63%
wk!
Habitual physical activity, min 24 28 16 15 11 11
.4
Total walking, km - d” 9.2 10.4 8.7 83 7.0 7.1
Length of intervention, % 96%  99% 97% 98% 99% 99%

“Compliance with the program is expressed as the percentage of completed exercise sessions
versus prescribed exercise.

"Habitual physical activity included walking, cycling, calisthenics and the like, but did not
include walking training. All of the variables were calculated from the exercise diary recordings,
except total walking, which was estimated from a pedometric measurement. The pedometric
measurement was taken only in the exercise groups, and it included all of the physical activity of
the day, including the walking training, for 3 days.

*El = one-session exercise group in Study I, E2 = two-session exercise group in Study I, C1 =
control group in Study Il. E3-E6 = exercise groups in Study Il and C2 = control group in Study
1I.
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Table 8. The subjective feasibility of the exercise program in Study I in the continuous
(E1) and fractionated exercise (E2) groups according to two questions from the

questionnaire.

El E2
How was the exercise program in general after you
became used to it ?
Very strenuous for me. 7% None
(3
participants)
Somewhat strenuous for me. 22% 26%
(10 (11 participants)
participants)
Not light but not strenuous for me. 65% 67%
(30 (29 participants)
participants)
Somewhat light for me. 7% 5%
3 (2 participants)
participants)
Light for me. None 2%
(1 participant)
Did you have severe exercise-related lower-limb
problems: pain, profound swelling, disturbing muscle
tension, overstrain symptoms or overuse injuries during
the exercise program?
Not at all. 41% 65%
(19 (28 participants)
participants)
Only at the onset of the intervention. 30% 19%
(14 (8 participants)
participants)
Only during the middle or at the end of intervention. 34% 12%
(11 (5 participants)
participants)
All the time. 4% 5%
2 (2 participants)
participants)
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Table 9. A list of statements of positive experiences from the questionnaire of Study II.
These statements were based on spontaneously reported experiences by participants in
the exercise groups.

e Feeling good.

o [ feel refreshed.

e Exercise relaxes me.

e  More energetic.

e Feeling active.

e It is easier to restrict overeating .

e Easier to sleep.

e Less pain.

e Less easily irritated.

e Fever gastric or bowel problems.

e Time for myself through exercise.

e Refreshing experiences in natural and new surroundings.
e [ have better control of my body.

e [tis pleasent to exercise.

e T have a better understanding of my body. I can feel my muscles working.

e My muscular strength has increased.
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Discussion

The general aims of this study were to assess the effects of exercise on the health
of early postmenopausal women by searching for the minimum effective dose in
a systematic literature review and by conducting a series of randomized,
controlled exercise trials.

1. Discussion of the systematic literature review of
randomized, controlled exercise trials on the health-
related fitness of early postmenopausal women

The first problem in conducting the literature search on the was the finding that
early postmenopausal women have not been a common object of study with
respect to exercise training. It was not until the 1980s that any good quality
RCTs on postmenopausal women were carried out. Three reports were published
in the 1980s. In the first half of the 1990s, at the time when this study was
planned, seven study reports were published, and in the second half of the 1990s
nine appeared. After 2000 until June 2004, seven RCT reports were found in the
literature. Most of the studies, that we found, were on Cochrane. The study
search was very large and this assured that most of the studies were found. The
literature search was limited by the fact that only English literature was searched.
This was done because of practical reasons. In this literature review enough
studies were found only on some of the HRF components to be able to draw
conclusions with respect to early postmenopausal women.

Studies were relatively short, which might be due to the tradition of exercise
science that considers aerobic fitness the most central aspect of fitness, and 12
weeks or even a shorter period is sufficient to improve it. The bone studies were
longer. Also practical reasons make long studies more difficult. An intervention,
that is many years long, requires much work to ensure adherence. Prolonging the
interventions might show a different picture of the effects of exercise on health.

Exercise prescription was reported well on most of the studies and also how
the adherence to it was controlled. HR monitors were not available in the oldest
studies. Pulse palpation method was used and it is not as accurate as HR monitor.
Some studies used intensity prescription "brisk pace" or "a comfortable pace",
that are not very accurate. A few studies had no intensity prescription at all.
Changing HR . to VOomay also caused some inaccuracy since this formula was
originally formed for men.
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Some information was missing in the studies. Very few reported how the
randomizing was performed, if there were power calculations, and if performing
measurements were blinded. Some of the studies did not report dropouts,
attendance or injuries. These are important information in order to understand
how feasible and safe exercise programs were.

In The Evidence-Based Symposium on Dose-Response Issues Concerning
Physical Activity and Health (Ontario symposium), an expert judgment
(evidence category D), concluded that the minimum recommended intensity of
exercise for the aerobic fitness and health of adults is 40-60% of VOjmax
(Shephard 2001).

The present literature review showed that aerobic exercise improves the
VOymax of early postmenopausal women in a dose-response manner in moderate-
to-high intensity exercise, but there were no studies using intensities of 50%
VOymax or below. The minimum dose for improving aerobic capacity in this age
group is not known. Improving the submaximal capacity is relevant for sedentary
people, since most daily tasks do not demand maximal effort and are more easily
performed with good submaximal endurance. However, submaximal capacity
was not reported in any of these studies.

In the Ontario symposium, strong evidence (category A) was found (from
RCTs, mostly on men) that approximately 50% of the maximal exercise
tolerance is effective in reducing BP and that training at a high-intensity level
does not appear to provide additional benefit. Dynamic aerobic exercise should
be performed 3 - 5 d-wk™' for 30 to 60 min. The symposium also emphasized that
it is hard to differentiate between the acute and chronic effects of PA (Kesdniemi
etal. 2001).

Not enough data were available in the present literature search with which to
draw any conclusions on the effects of exercise on BP in early postmenopausal
women since none of the training studies on normotensive, normal weight
women showed any effect on BP. Only two studies with slightly hypertensive,
overweight participants showed positive results of exercise training on BP and
BMI, and one of the two studies also used a reducing diet. It is not possible to
determine whether the decreasing BP in these studies was due to exercise or
weight loss. Thus it is not known whether exercise influences normal BP or what
the sufficient exercise dose should be to lower elevated BP in this age group.

The Ontario symposium also found strong evidence (category A) of a linear
dose-response relationship (from RCT's, mostly on men) between the volume of
PA and the amount of weight loss in studies with less than 16 weeks' duration.
Trials lasting more than 24 weeks did not show the effect. The Consensus Panel
noted, however, that there is evidence for other health benefits as a result of
modest weight loss in association with PA. (Kesdniemi et al. 2001).

Astrup (1999) conducted a systematic review of postmenopausal women to
assess body fat and PA. The review showed that, in cross-sectional observational
studies, postmenopausal women with high levels of PA had lower levels of body
fat and less abdominal fat. Longitudinal studies showed that physically active
women were less likely to gain body fat and abdominal fat after menopause than
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sedentary women were. However, there were very few RCTs comparing exercise
with no intervention, and diet with diet + exercise, and the results did not allow a
firm conclusion to be drawn as to whether PA could prevent or limit the gain of
total fat and abdominal fat after menopause or whether it might be effective as
part of an obesity treatment program.

There was only one study in the present literature search that showed a small
weight change after 6 months of moderate exercise training without dieting
among normal weight early postmenopausal women. For obese postmenopausal
women exercise caused a fat loss of 1 - 2 kg, but combining exercise with diet
was more effective. In the studies that did not improve body composition, the
exercise modes were similar to those used by effective studies, but either the
duration or the intensity or the frequency of exercise was smaller. Thus the
exercise volume was inadequate to cause a loss of fat. This result indicates that
exercise energy expenditure seems to be more relevant than exercise intensity,
although exercise only without diet changes does not seem to be very effective in
weight reduction among early postmenopausal women.

The Ontario symposium stated that, according to RCTs, mostly on men, there
is substantial evidence that moderate-to-hard exercise has a favorable influence
on blood lipid levels (category B). On the other hand, exercise volume seems to
be even more important than exercise intensity (category B and C evidence).
Most of the studies showed HDL improvements with moderate-to-hard intensity
activities for at least 30 minutes, on 3 d-wk™', with EEE of 1500 kcal for men and
1200 kcal for women. Baseline lipid levels seem to strongly influence the lipid
response to PA. (Keséniemi 2001).

In their review of exercise and lipids among women, Krummel et al. (1993)
stated that, in cross-sectional studies, there was a positive association between
exercise and HDL among both pre- and postmenopausal women. Women on
HRT who reported exercising also had a higher HDL level than sedentary
women on HRT. The results from longitudinal training studies were reported to
be inconsistent, but, in approximately half of the intervention studies, an increase
in HDL was shown, the magnitude of the response being approximately 10%,
but the responsiveness of the pre- versus postmenopausal women to exercise
intervention was reported to be unknown.

Kelley et al. (2004) presented a meta-analysis of RCTs on aerobic exercise
and lipids and lipoproteins among adult women and found that reductions of
approximately 2%, 3%, and 5% were observed for TC, LDL, and TG,
respectively, whereas an increase of 3% was observed for HDL. This review did
not pay special attention to postmenopausal women.

Too few studies were available in the present literature search with which to
draw conclusions about the effects of exercise on metabolic fitness in early
postmenopausal women. There are no RCTs to show the amount of exercise
needed to influence glucose metabolism. Neither are there RCTs showing lipid
changes in normal weight, normolipemic women in this age group. For
overweight or dyslipemic participants, exercise training seems to improve the
lipid profile. Adding HRT or diet with or without exercise improves lipid
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concentration, and, in some studies, the effect was found to be additive, but the
results were partly confusing.

It seems to be well documented, according to the present systematic literature
review, that early posmenopausal women are trainable using gym strength-
training equipment, and large improvements of muscle strength can be gained.
Only one of the studies used simple equipment and a program that could also be
performed at home. Exercise programs that could be performed at home should
be given more attention since adherence seems to be better in home-based
programs.

Most of the studies in the present review stated that the exercise program
consisted of 5 - 10 min warm-up and cool-off periods with stretching, but the
effects on flexibility were seldom studied. Stretching is recommended by the
ACSM (1998a) for every exercise session. More studies are needed to show the
effective ways of performing stretching for early postmenopausal women.

The effect of exercise training on the balance and coordination of early
postmenopausal women was reported in very few studies, all using different
modes and doses of exercise. More studies are needed to help determine the
dose-response relationship between exercise and balance and coordination.

In their review of HRT and exercise on cardiovascular disease risk factors
for postmenopausal women Haddock et al. (2000) found that, generally, estrogen
replacement decreases TC and increases HDL and TG concentration. The
addition of progestogen to estrogen may negate some of the beneficial effects of
estrogen, most notably the increase in HDL. However, progestogen has also been
reported to offset the increase in TG seen with unopposed estrogen replacement.
Regular aerobic exercise increases HDL and decreases TG, but, according to the
review, most of the research supporting the effects of exercise on risk factors of
CVD has been done on men, and, even when research has included women, very
few studies have focused on postmenopausal women. However, the research
done on postmenopausal women points to a significantly improved risk factor
profile for CVD with regular cardiorespiratory exercise.

In the present literature review only five of the studies focused on the effects
of exercise and HRT. According to one, HRT did not have an effect on aerobic
power, but it decreased systolic BP. Two of the studies showed that HRT and
exercise improve lipid profiles almost equally, the only difference being that, in
one study, only HRT had an effect on LDL when compared with the effects of
exercise, whereas in the other study only HRT had an effect on HDL when
compared with the effect of exercise. Exercise and HRT did not have an additive
effect on any of the variables in these studies.Two of the studies reported an
additive effect on muscular strength, and one of the studies reported a positive
effect of HRT on balance. More studies must be carried out on the possible effect
of HRT on the response to exercise training before any conclusions can be
drawn, because so far the results have been partly confusing.

Copeland et al. (2004) reviewed studies on aging, PA and hormones and
reported that the studies generally showed that increasing age blunts the acute
hormonal response to exercise, although this finding may be explained by a
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lower exercise intensity among older women. PA may have an effect on
hormone action as a result of changes in protein carriers and receptors, and
future research needs to clarify the effect of age and exercise on these other
components of the endocrine system. The authors concluded that the value and
safety of hormone supplements must be examined, especially when used in
combination with an exercise program.

Walking seems to be the most feasible and safest exercise mode for this age
group in terms of low dropout rate, high attendance, and low injury rate,
although these variables were not reported in some of the studies.

Exercise in several daily bouts has been suggested in exercise
recommendations (Pate et al.1995, ACSM 1998a), but so far only one good-
quality RCT has been carried out in this age group using fractionated exercise,
and the study also included men. Only the result of no effect on lipids was
reported separately for the two genders (Woolf-May et al.1999). The feasibility
of fractionated exercise in comparison with continuous exercise was not
reported.

The injury rate for mixed aerobic training was slightly greater in the only
study in which it was reported than in walking-only studies, especially when the
intensity was high. Definite conclusions on injury rate cannot be drawn because
most of the aerobic training studies did not report it. More studies are needed on
versatile forms of aerobic exercise in this age group. Combined aerobic and
resistance training required supervision in most of the exercise sessions. The
injury rate was low. The dropout rate for this kind of training combination was
approximately equal to that of walking and aerobic exercise studies, but the
attendance was smaller than in aerobic exercise or walking only groups.

Weight training with machines required instruction and supervision, and even
when supervised, it was associated with a higher injury rate than any other type
of training in this literature review.

High-impact training had lower attendance and a higher injury rate than
walking, which suggests limited feasibility for this form of exercise.

Exercise prescription was well reported in most of the studies, as was the
control of adherence to exercise prescription. HR monitors were not available in
the oldest studies, and the pulse palpation method was used, which is not as
accurate as the HR monitor. Some studies used even less accurate intensity
prescription, "brisk pace" or "a comfortable pace". A few studies in this review
did not have an intensity prescription at all. HR;,x was transformed to
correspond to VOjmax in order to be able to make comparisons, and this
transformation could also have caused some inaccuracy since this formula was
originally formed for men (Oja 1973). It was used, however, because there are
no corresponding transformation formulas for women. Many of the studies did
not report the attendance, dropout or injury rates. Such information would be
important for the assessment of the feasiblity and safety of exercise programs.

ASCM recommends 30 min of exercise on most days, and assumes it could
have some metabolic health effects even though it was suspected not to increase
cardiorespiratory fitness (Pate et al. 1995). Oguma (2004) presented a review and
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meta-analysis of PA and CVD risks among women and concluded that PA was
associated with a reduced risk of CVD among women in a dose-response
fashion. Inactive women would benefit by increasing their PA, walking 1 hour
per week or possibly even less was beneficial, and more benefit was gained from
additional PA. This review did not draw any conclusions for postmenopausal
women. In their tutorial review for perimenopausal and postmenopausal woman
Miszko and Cress (2000) recommended aerobic exercise on 3 to 7 d-wk™ for 15
to 60 min at 65% to 70% of HR reserve and also strengthening exercises 2 to 3 d-
wk™ at 40% to 80% IRM with appropriately selected exercises in order to
improve the quality of life and attenuate some of the physiological changes
associated with aging.

According to the present literature review, the metabolic health effects seem
to be harder to acchieve by PA than improvements in cardiorespiratory fitness,
contrary to earlier beliefs. For early postmenopausal women, these recommended
minimum exercise regimens of ACSM (1995) and Oguma (2004) may improve
aerobic fitness, but probably not lipid levels or glucose metabolism - not at least
in short-term training. Whereas using the tutorial recommendation of Miszko and
Cress (2000), in which the exercise dose is larger, the possiblity of getting an
effect on HRF is better, and exercise doses like this should be studied in RCTs
with early postmenopausal women.

2. Discussion of Study I and Study 1T

The specific aims of the Study I and Study II were to assess the effects of six
exercise regimens of light-to-moderate intensity on the cardiorespiratory,
morphological, metabolic, muscular and motor fitness of sedentary, early
postmenopausal women in RCT settings and to determine the minimum effective
dose. The interactions between exercise and HRT on health-related fitness were
also studied, as well as the feasibility and safety of the studied exercise regimens.

2.1. Baseline characteristics

The randomization succeeded in producing equal groups of participants in both
studies (Table 3). The mean age of the participants varied from 54 to 58 years
depending on the group, the mean years from menopause renged from 5 to 6
years, the mean weight from 66 to 70 kg, and the mean VO from 28 to 30
ml-min" kg™ in the groups. The mean PA activity score (2.2 - 2.6) of the groups
showed that the participants performed some light PA every week, but
participated less than once a week in brisk PA. The mean cardiorespiratory
fitness VOomax of the groups was 28-30 ml-min'1~kg'l,which corresponds to "3 =
average fitness" on the Finnish fitness scales of the Paavo Nurmi Centre, Turku,
Finland (Viljanen et al.1990).
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2.2. Cardiorespiratory fitness

2.2.1 Effect of intensity and exercise energy expenditure on maximal aerobic
power

Cardiorespiratory fitness, maximal aerobic power, as measured by VOjm.x and
with the WT, and also submaximal capacity, as measured from the HR7so, and
HRgs0, improved in all or most of the exercise groups. The net increase in
VOymax Was small, but significant and consistent in all of the groups.

There were, however, some trends that can be speculated to show a dose-
response trend. The effect of exercise intensity was compared combining the
results of the two studies. In the exercise groups in which the exercise energy
expenditure was 300 kcal but the exercise intensity varied, the improvement in
VOomax Was 7.2% in Study I with the intensity of 65% VOjmax (group El). In
Study II the VO,max improvement seemed to be slightly higher, but actually there
was no difference between the results of both Studies. In Study II the
improvement was 9.5% with an exercise intensity of 55% VO;max (group E3) and
8.1% with an intensity of 45% VOymax (group E4). There seems to have been a
trend towards a dose-response relationship between the exercise intensity and the
magnitude of VOy.x improvement in Study II. Combining the groups according
to intensity in Study II also showed the dose-response relationship trend of less
response with less intense exercise. The improvement was 9.4% for the groups
with an exercise intensity of 55% VOimax in the combined group (E3 + ES5) and
8.7% when those with an intensity of 45% VOomax (E4 + E6) were combined.

The effect of exercise energy expenditure showed a similar dose-response
trend. For the groups with an exercise energy expenditure of 300 kcal combined
(E3 + E4), the VOymax improved by 10 %, and those with an exercise energy
expenditure of 200 kcal (ES + E6) showed an 8% improvement in VOy,x when
combined.

No other low-intensity studies have been carried out with early
postmenopausal women that have used exercise groups with a 50% VOimax
exercise intensity or below. With regard to the magnitude of the VOjmax
improvement, our findings are consistent with those of randomized, controlled
low-intensity walking studies of slightly younger women. Oja et al. (1991b) used
walking training with the intensity of 50% VOamax, and the VOymax improvement
was 8%. Duncan et al. (1991) used walking training of approximately 46%
VOymax and showed an improvement of 4% in VOjma, as measured by a
maximal exercise test.

The exercise regimen used in Study II seemed to be approaching, but
possibly not reaching, the minimum dose, since even the lowest dose of walking
improved the VOyma. The minimum dose of exercise needed to improve the
aerobic fitness of early postmenopausal women equals or is less than the lowest
exercise dose used in this study (45% VOzmax, 200 kcal). For practical purposes

79



this can be considered the minimum dose. But if the dose-response trend of this
study is extrapolated, probably the actual minimum dose to improve VOimax
could be around 40% VO but this is pure speculation and it remains to be
proved in the future, as more low-intensity RCT's are published on early
postmenopausal women.

2.2.2 Health-related significance of the improvements in maximal aerobic power

According to epidemiological studies, the most benefit for public health will
come as sedentary people become active (Pate et al. 1995). The improvement in
VOymax 1n this study was enough to increase most of the participants' level of
fitness close to or exceeding the VOjn.x value of 31.5 ml-min'l-kg'1 and,
therefore, to move the participants into a low-risk category for all-cause
mortality on the basis of the study of Blair et al. (1989). They followed 3120
women for 8 years and found that the VOjme value of 31.5 ml-min kg
represented the level of fitness at which the risk level for all-cause mortality
clearly decreased in this age group of early postmenopausal women. A more
recent epidemiological study by Farrel et al. (2002) suggested an even lower
value, a VOymax of 28.0 ml-min'l-kg'l, for 40- to 49-year-old women to be
classified as moderately fit and have decreased mortality when compared with
women with a lower VOopa,. Thus the exercise dose, used in the present study,
might, after all, have some long-term clinical significance for -early
postmenopausal sedentary women, if exercise is continued.

2.2.3 Blood pressure

There was no statistically significant effect on the mean resting BP in the
exercise groups of this study. Combining the exercise groups showed a 3-mmHg
reduction in the mean diastolic BP in Study I, but not in Study II. This difference
could have been due to the greater exercise dose in Study I.

So far no other exercise-training studies have been carried out on
normotensive, normal-weight early postmenopausal women that have shown an
effect on BP. Even in this study the result coud be seen only after the exercise
groups were combined. Thus the result is only preliminary, and the exact
exercise dose needed to influence the normotensive level of BP in this age group
is not known.

The ACSM position on exercise and hypertension recommends that
hypertensive adults participate in endurance types of PA, supplemented by
resistance exercise, on most, and preferably all, days of the week (ACSM 2004).
The intensity of exercise should be moderate, 40% to <60% of the VOymax. The
recommendation states that, inside these limits, there is no influence of exercise
intensity or that a lower intensity might be associated with a larger reduction in
BP (ACSM 2004).
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A recent meta-analysis of 54 RCTs of 2419 adults, mostly men, concluded
that systolic and diastolic BP can be lowered by approximately 4 mmHg and 2
mmHg, respectively, in normotensive persons and by approximately by 5
mmHg and 4 mmHg in hypertensive adults, respectively, with aerobic dynamic
physical training (Whelton et al. 2002). Kelley and Sharpe Kelley (1999)
suggested, on the basis of a meta-analysis of 21 randomized and non-
randomized, controlled studies on women, that the training effect would be
smaller for women, approximately 2 mmHg for systolic BP and 1 mmHg for
diastolic BP. The studies included in these meta-analyses used training regimens
of 2 to 5 dwk™', 15-60 minutes per session, with an intensity of 40% to 80% of
the VOymax. The optimal exercise intensity remained unclear.

The exercise doses of the present study were at the lowest border when
compared with the exercise doses of the aforementioned meta-analyses.
According to the Finnish national evidence-based recommendation that is based
on WHO recommendation (Whitworth 2003) defines normal BP as < 130/85
mmHg. Most of the participants in Study I were normotensive according to the
initial BP measurement. Approximately one-third of the participants had
elevated blood pressure (130/85 mmHg - 160/100 mmHg) initially. The number
of participants with an elevated diastolic BP decreased during the training in
Study I, from 40 to 34 participants at the end of the intervention.

The Hawksley random-zero sphygmomanometer that we used is considered a
good method for blinding the measurements, but it has been shown to give
slightly smaller readings than an ordinary mercury manometer. The mean
difference is less than 1 mmHg (Kronmal 1993). As we used the same method in
all of the measurements, there should not be any effect on the results. The
measurements were recorded using an accuracy of 2 mmHg. Thus the mean 3
mmHg reduction that was calculated only after the exercise groups were
combined should be interpreted with caution. A mean decrease of 3 mmHg in
diastolic pressure, however, means that approximately half of the participants
had even larger reductions, and this finding may have some clinical relevancy for
these participants.

The practical minimum dose to be recommended for inducing a minimal
decrease in diastolic BP in the mostly normotensive study group of sedentary
postmenopausal women of this study is probably close to the exercise dose of
Study I (65% VOamax, 1500 kcal-wk™). A larger exercise dose is probably needed
to get a clearer effect, one that would also influence systolic BP.

2.3. Morphological fitness

Body mass decreased by approximately 1 kg (1.7%) in Study I, in which the
exercise dose was largest. As 1 kg fat equals 7000 kcal and the calculated
exercise energy expenditure for Study I with 15 weeks of intervention was 15 x 1
500 kcal = 22 500 kcal and that for Study II with 24 weeks of intervention was
24 x 1000 to1500 kcal = 24 0000 to 36 000 kcal, it was theoretically not possible
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to lose more than 3 to 5 kg with exercise alone. There was a very small F%
decrease in almost all of the exercise groups, approximately 2 percentage-units
in Study I and 1 percentage-unit in Study II. All of these changes were small but
consistent and statistically significant, but, as the standard error of the
measurement system used for F% was 3-4%, these results on F% must be
interpreted with caution.

Only one RCT has thus far been carried out with normal-weight early
postmenopausal study participants (Ready et al. 1996). It showed a slight
decrease in body mass. In this study the participants walked 60 minutes at an
intensity of 60% VOamax, 3 - 5 d-wk™ for 24 weeks and lost 0.1kg of body mass,
and the percentage of body fat decreased 1.1-1.3%-units. The controls gained
weight. The findings of other randomized, controlled walking studies on normal-
weight, slightly younger women have shown similar results. Kukkonen-Harjula
et al. (1998) found a 1.5% reduction in weight in their 15-week walking study.
Murphy and Hardman (1998) found a slight reduction in four skinfold
thicknesses in both exercise groups in their 10-week walking study with
fractionated exercise, but a significant 2.6% reduction in body mass only for the
walkers with fractionated exercise.

Exercise intensity should not be as important a factor of exercise dose as the
total amount of energy expended in exercise when the aim is to improve body
composition with exercise. In Study II expending 1500 kcal walking at the
intensity of 55% or 45% VOomax did not decrease body weight, and there were
only minimal decreases in F %. However, Study I, with a greater intensity but
equal energy expenditure, did show small improvements in body mass, BMI and
F%. Study I also included 10 -15 min of resistance training twice a week in
addition to the 1500 kcal of weekly walking, but the exercise energy expenditure
of such a short and moderate resistance training program could only partly
explain the better results in Study I. Very high-intensity exercise causes a
postexercise increase in metabolic rate, and this increase may contribute to a
larger daily total energy expenditure, but this was probably not the case in Study
I since 65% VO;max 1s moderate not high intensity. Thus the explanation for a
possible effect of intensity remains unsettled. The exercise dose of expending
1500 kcal-wk™ for 15 weeks by walking at an intensity of 65% VOjmax and
short, moderate resistance training twice a week seems, however, to be very
close to the practical minimum dose of exercise to be recommended for effects
on body composition in early postmenopausal women.
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2.4. Metabolic fitness

2.4.1. Glucose metabolism

There was a statistically significant, small reduction in the fasting and 2-hour
glucose concentrations in Study I, but not in Study II, in which the exercise
intensity and exercise energy expenditure were smaller. The fasting blood
glucose concentration in group E2 and the 2-hour glucose concentration in
groups E1 and E2 decreased only when compared with the results of the
controls; the absolute values decreased in group E1 but slightly increased in
group E2. The absolute values of the control group increased.

Thus far, no RCTs have reported what would be the effective dose of
exercise for sedentary, early postmenopausal women with respect to
carbohydrate metabolism. Manson et al. (1991) found a relationship between
regular vigorous exercise and the subsequent incidence of type 2 diabetes in a
prospective cohort of 87253 healthy US women aged 34-59 years in 8 years of
follow-up. In the Nurses Health Study, Hu et al. (1999) found that walking
reduced the risk, but vigorous exercise reduced it even more.

The practical minimum dose of exercise to be recommended for a small
effect on glucose in normoglycemic, sedentary postmenopausal women is
probably very close to the largest exercise dose of this study (65% VOamax, 1500
kcal-wk™") combined with a moderate, short resistance training program twice a
week. For a stronger effect, more exercise is needed.

2.4.2. Lipid metabolism

There were no statistically significant changes in the chosen lipid metabolism
variables in any of the exercise groups in this study. There was much variability
to be found in the responses of the participants in this study in spite of the good
compliance and careful blood sampling. For this age group, no RCTs have
shown lipid changes in normal weight, normolipemic women.

According to a meta-analysis of 28 RCTs, mostly on men using endurance
training, the response between individuals varied greatly for the same training
stimulus (Leon and Sanchez, 2001). They showed that aerobic exercise increased
HDL by 4% to 5%. Most of the studies had an exercise frequency of 3 to 5 d-wk
" and 30 minutes or more of exercise per session at moderate to strenuous
intensity. There is limited evidence that higher exercise intensity will give a
larger HDL response than moderate or light intensity. The threshold to influence
lipids during weekly training seems to be an exercise energy expenditure of 1200
- 1500 kcal, and the minimum length of the training should be 12 weeks (Leon
and Sanchez 2001).
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A more recent finding in the 6-month study of 111 overweight men and
women of Krauss et al. (2002) suggests that energy expenditure is crucial and
more important than exercise intensity alone, and the most marked effects are
observed at an energy expenditure of 2000 kcal with strenuous intensity.

The length of the training period may also be very important, especially for
postmenopausal women. In one RCT 1 year of moderate training among
postmenopausal women was not enough, but the 2-year uncontrolled extension
of the study showed statistically significant lipid improvements (King et al.
1995).

According to Leon and Sanchez (2001) baseline lipid levels strongly predict
response, in that the lower the baseline HDL, the higher the response to exercise.
Premenopausally, women have higher HDL levels due to their hormonal status,
but postmenopausally the levels decrease. HRT decreases TC and increases HDL
and TG levels (Haddock et al. 2000), and thus HRT must be taken into account
in exercise trials.

The baseline lipid concentrations of the participants of this study were mostly
in the normal range (e.g. 95% of the participants had a baseline level of over
1.00 mmol-I"" for HDL). The study design of this study called for an equal
number of participants with or without HRT in each group.

The doses of exercise in the present study were at the lower border of the
suggested minimum requirements for lipid improvements. The minimum dose of
exercise for healthy, sedentary, normolipemic postmenopausal women with or
without HRT seems to be more than the largest exercise dose of this study.

2.5. Musculoskeletal and motor fitness

The musculoskeletal function, balance and coordination tests were chosen
mostly from the UKK health-related fitness test battery, but some of the tests
were from Eurofit and the Invalid Foundation test battery. The selected tests
were evaluated as the best tests for this group of sedentary early postmenopausal
women.

Walking performance improved in Study I as walking time decreased in the
WT. Walking performance measured by the WT is associated with both
submaximal aerobic capacity (Oja et al.1991a) and musculoskeletal functioning
(Suni et al.1998a). At the population level, maintaining a good ability to walk is
perhaps one of the key issues in the prevention of mobility-related disability.
Earlier population studies among middle-aged (Suni 1998a) and older
populations (Guralnik et al. 2000, Malmberg et al. 2002) have shown a strong
association between different performance tests using walking and mobility-
related function. In older populations a slow walking speed has also been
associated with an increased risk of falls among elderly long-term
institutionalized patients (Luukinen et al. 1995).

Lower-limb strength improved equally in both exercise groups in Study I. In
practice the participants in the training groups were able to perform the squat test
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with a 30% extra load of body weight, which was, on average, one level higher
than at baseline (20%). It is worth noting that the participants in this study
accomplished this result without specific resistance training equipment by
engaging in simple, closed-kinetic-chain, muscular exercises and walking. Heavy
resistance training with special equipment can result in much larger, two to
threefold, increases in strength (Nelson et al. 1994, Fiatarone 1994). However, it
also requires close supervision and participant travel to exercise facilities, which
may become barriers to training.

The performance of the trunk flexors, trunk extensors and upper extremities
was not improved by the exercise program of Study I. There should have
probably been more repetitions or sets, or the training should have been more
frequent in order to elicit improvements in muscular strength in a simple low-
resistance program using only body weight and 5-kg dumbbells. The stretching
program should also have been more effective. This program could, however,
easily be developed to be more effective. Home-based programs may be more
feasible in the long term (King et al. 1991), and thus simple programs may be
more preferable than gym programs for many women.

Balance was not improved by this exercise program. However, there was a
positive trend towards improvement in group E1. The number of participants
who reached a full score result increased during the intervention. The fact that
over 50% of the participants reached the maximum score in the baseline balance
testing may have decreased the possibility to detect the real training effect. A
more challenging test of balance would have been more appropriate for the
relatively fit participants of this study. The three upright exercises used in this
muscular training program (knees-up, back touch, squat) were aimed at
improving balance and coordination of the hip, knee, and ankle musculature
(Flanagan et al. 2003). Heitkamp et al. (2001) reported significant improvements
in both balance and lower-limb strength after a similar type of closed-kinetic-
chain balance exercises with younger participants. They measured balance with a
more-difficult one-leg standing test on a narrow edge. The balance test that was
chosen for this study was not suitable for the participants. It is possible that the
use of a more-challenging balance test in this study might have shown an
improvement in balance, but this is merely speculation.

2.6. Fractionated exercise

The improvements in VOjzma, HR7se, and HRgse,, BP, body composition,
carbohydrate metabolism variables, the one-leg squat test for lower-extremity
strength, and also the WT improvements, walking time and estimated VOjmax
with fractionated exercise were equal to those produced by continuous exercise
in Study I. Lipid concentration, the sit-up test for trunk flexors, the static test for
trunk extensors, dynamic test for upper limbs, the trunk side-bending test for
flexibility, and the one-leg standing balance test did not show any significant
changes in either of the exercise groups in Study I. Thus the effects of
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fractionated exercise seemed to be equal to those of continuous exercise for all of
the selected variables in this study.

Thus far, only one study has been carried out on the effects of fractionated
exercise on postmenopausal women. Woolf-May et al. (1999) conducted a study
of 56 adults including 19 men and 37 women between 40 and 66 years of age
walking 20 - 40 minutes in one, two or three bouts and reported equal responses
by all of the exercise groups in a standardized step test and blood lactate
measurements indicating aerobic fitness. The results of the men and women were
analyzed separately only regarding lipid response; the result was non significant.

Staffileno et al. (2001) studied the effects of intermittent, moderate exercise
with an intensity of 50 - 60% VO;max, 3 bouts of 10 minutes a day, 5 d-wk! for 8
weeks onl8 hypertensive, postmenopausal women and found that systolic BP
was reduced by 8 mmHg and diastolic BP by 5 mmHg in the exercise group
versus the controls. Staffileno et al. (2001) did not have a continuous exercise
group.

There are some RCTs which studied other age groups or men. Jakicic et al.
(1995) compared the effects of 20- to 40-min brisk walking done in one
continuous session or multiple 10-min bouts in a 20-week trial on 56 obese 35-
to 46-year-old women. The multiple-bout group had better adherence and
exercised more than the continuous exercise group. The VOop,x increases were
6% in the multiple-bout group and 5% in the continuous exercise group. Murphy
and Hardman (1998) studied 47 women, aged 38 to 51 years, doing 10 weeks of
brisk walking at an intensity of 70 - 80% of the HR,x, 5 d-wk'l, in one 30-min
session versus three 10-min sessions, and found improvement of approximately
8% in the VOyomax of both groups. Ebisu (1985) studied the effects of jogging the
same distance in one, two, or three daily sessions at 80% of the HR ., for 10
weeks on 53 male students and found VOyp,.x responses of 6.9%, 9.8% and 8.3%,
respectively. There are also other studies on exercise accumulation showing
primarily that accumulated exercise is as effective as continuous exercise, but
these studies lack randomization or are uncontrolled or do not compare effects of
short bouts to a long bout of equivolume exercise (DeBusk et al. 1990, Snyder et
al. 1997, Woolf-May et al. 1998, Jakicic et al. 1999, Donnelly et al. 2000,
Boreham et al. 2000).

The decrease in diastolic BP in Study I seemed to be similar in the one-
session, -2.6 (95%CI -5.5 to 0.4) mmHg, and two-session, -3.3 (95%CI -6.3 to -
0.4) mmHg (p = 0.071) exercise groups, even the change was not statistically
significant in the original exercise groups. The result could be interpreted as
statistically significant only after the exercise groups were combined, -3.0 (-5.5
to -0.4) mmHg (p = 0.025). No other RCTs have compared the effects of
fractionated exercise with continuous exercise on the BP of women of this age
group.

There are few studies on younger, obese, or hypertensive women on the
effects of fractionated exercise on BP. In the study of Jakicic et al. (1995) the
multiple-bout group had better adherence and exercised more than the
continuous exercise group. There was a mean decrease of 2.6 mmHg and 5.6
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mmHg in systolic and diastolic BP, respectively, in the multiple-bout exercise
group, and the corresponding decreases for the continuous exercise were 3.9
mmHg and 4.1 mmHg, while the data for the control groups were not shown. In
the study of Murphy and Hardman (1998) no statistically significant changes in
BP were found.

The exercise dose of Study I had a small effect on the fasting blood glucose
level and the 2-hour glucose concentration in OGGT in a comparison with the
controls, and the effect was equal in the continuous and fractionated exercise
groups. So far there has not been any other RCT on the effects of fractionated
exercise on carbohydrate metabolism.

The exercise dose of the present study was not enough to induce statistically
significant changes in the lipid values. However, when the effects are looked at
graphically, one can assume that the effect of fractionated and continuous
exercise on lipids may be similar (Figure 2.) No RCTs have shown any effects of
fractionated exercise on lipids in early postmenopausal women.

In the study of Woolf-May et al. (1999) on adults, LDL decreased in the long
(-0.29 mmol-I") and intermediate (-0.41 mmol-1") bout groups, but not in the
short bout group. However there were no HDL changes in any of the exercise
groups. But when the participants were divided into subgroups, it was found, that
the lipid changes were not significant in the subgroup of postmenopausal
women. In the study of Ebisu (1985) with young men, there was a significant
approximately 4% increase in HDL cholesterol only in the three-session exercise
group. The 10 weeks of exercise in this study may have been too short to reveal
the full, long-term effect on lipid levels.

The effects of fractionated exercise were similar on all of the studied
components of HRF in this study. This is the first study with early
postmenopausal women to compare the effects of fractionated and continuous
exercise and find that fractionated exercise is as effective as continuous exercise.
In order for definite conclusions to be drawn, additional studies must be carried
out, especially regarding the effects of fractionated exercise on BP and metabolic
fitness.

2.7. Interactions between exercise and hormone replacement therapy

All of the participants in this study were postmenopausal according to the
questionnaire and interview. An equal number of women using and not using
HRT were selected and randomized separately into exercise and control groups.
The HRT included many different kinds of commercial estrogen-progesterone
products that the participants had already been using for at least 6 to 12 months.
The study did not start with a specific HRT and compare the results of the HRT-
only to exercise-only and control groups, although such a study design would
have been a more accurate way to determine the effects of HRT and exercise on
HRF components. This study merely compared the results of women using HRT
and those not using HRT in comparison with controls. Thus the results should be
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considered preliminary and must be verified by more specific studies.The
subgroup analyses showed similar results for all of the HRF components among
the women using or not using HRT. HRT or lack of it did not interfere with the
effects of training.

In the study of Lindheim et al. (1994), HRT did not affect maximal aerobic
power. In addition 24 weeks of walking and cycling improved aerobic power
equally with or without HRT. These results are similar to those of the present
study. HRT alone did not improve aerobic fitness in the study of Lindheim et al.
(1994).

Lindheim et al. (1994) also found that HRT and exercise had positive effects
on BP, but the effects were not additive. Therefore no difference could be found
between the results of exercise on blood pressure among the exercising women
using or not using HRT, which is similar to the finding of Study I study.

Also according to Lindheim et al. (1994), HRT and exercise had positive, but
different effects on lipids concentrations in that they both decreased TC, TG and
LDL, but only the HRT also increased HDL. Exercise and HRT did not have an
additive effect on these variables. In their study of 2 years of mixed resistance
and aerobic training with HRT and HRT + exercise groups Heikkinen et al.
(1997) found decreased TC and increased HDL in both intervention groups, but
the effect of exercise alone on lipids was not reported by Heikkinen et al. (1997).
LDL cholesterol was not improved in either of the groups in this study. The
exercise in the present study had no effect on any of the lipid levels either in the
participants using HRT or not using it; therefore the study could not verify any
of the slightly controversial findings of Lindheim et al.( 1994) and Heikkinen et
al. (1997).

Texeira et al. (2003) found that 1 year of resistance training improved body
composition by increasing lean soft tissue by approximately 1 kg in both
exercise groups, regardless of HRT, but only the HRT + exercise group also lost
fat by approximately 1 percentage-unit. This study differs from the finding of the
present study, in which the magnitude of fat decrease was equal to taht of the
study by Texeira et al, but no differences were found between the improvements
among the HRT users and non-users. Texeira et al. (2003) concluded, however,
that the effect of exercise was more important than the effect of HRT on body
composition, since the HRT-only groups did not show any improvement in lean
soft tissue, but it was shown to prevent a decrease in lean soft tissue when the
findings for the group were compared to controls. The study of Texeira et al.
(2003) lasted longer, the resistance training program was more intensive, and the
means of analyzing the lean and fat tissue was more accurate (dual energy x-ray
absorptiometry) than the method (skinfold measurement) used in the present
study. These differences could explain the discrepancy between the results of the
two studies. The findings of the present study cannot rule out the possibility that
HRT may affect body fat. More studies are needed before definite answers will
be available.

Muscle strength improved in the exercise groups in the study of Texeira
(2003), but this effect was not reported separately for HRT users and non-users.
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Sipild et al. (2001) studied the effects of high-impact exercise sessions for 1 year
and HRT on body composition and muscular strength. There were no changes in
body composition, but muscular strength improved in all of the treatment groups.
Exercise and HRT seemed to have an additive effect on muscles, since the
results were best in this group. Heikkinen et al. (1997) studied the effects of
mixed resistance and aerobic training for about 2 years and HRT on muscular
strength. The HRT and HRT+ exercise and exercise-only groups all had positive
effects on muscular strength. HRT was concluded to have an anabolic effect on
muscles. No anabolic effect was found in Study I of the present study, and
improvements in muscular strength were equal among the HRT users and non-
users. In addition it must be taken into account that Study I lasted only 15 weeks
versus 1 year in the study of Sipild (2001) and 2 years in the study of Heikkinen
et al. (1997). A longer period may have increased the possible small differences
in the results of the HRT users and non-users. Thus the possibility of an anabolic
effect of HRT cannot be ruled out with the results of the present study.

Bassey et al. (1998) studied the effects of a 24-week jumping program and
HRT on body composition, muscle strength and balance. There were no
significant effects on body composition and muscle strength. Only the HRT+
exercise group, not exercise alone, improved balance. In the present study no
statistically significant improvements in balance could be found. No definite
conclusion on the effect of HRT on balance can be drawn from any of these
results.

On the basis of the results, it can be concluded that HRT or the lack of it does
not seem to interfere with the effect of exercise on aerobic power. The effect of
HRT and exercise on other aspects of HRF, especially BP, body composition,
lipids, and muscular strength needs additional study before definite conclusions
can be drawn.

2.8. Feasibility and safety of the exercise programs

A dose-response relationship has been found that shows that, especially for
elderly people low- to- moderate intensity exercise is safer than high-intensity
exercise (ACSM 1998b). This relationship emphasizes the need to find the
lowest effective dose of exercise for HRF for early postmenopausal women.
Exercise recommendations estimate that it is 40 - 50% of the maximum oxygen
uptake reserve (ACSM 1998a). If the estimate of 45% VOimax 1s used as the
minimum recommended intensity, the present study shows that this intensity
with an exercise volume of 1000 -1500 kcalwk”' was able improve some
components of the cardiorespiratory and morphological fitness of sedentary,
early postmenopausal women. However, if BP and blood glucose should be
affected, the intensity has to be at least 65% VOimax, and the exercise volume
should be 1500 kcal. If lipid levels are to be improved, the exercise dose must be
even higher.
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A large individual variation was found in this study when the components of
exercise dose, target HR and target duration were calculated for the participants
of the study. For example, in the exercise groups with a target exercise energy
expenditure of 300 kcal per session, the mean target HR rates and the durations
for the participants in the exercise groups with different exercise intensities were
131 beatmin' and 47 min for 65% VOym (= moderate (somewhat hard)
intensity), 124 beat-min” and 54 min for 55% VOams (moderate intensity) and
118 beat-min” and 65 minutes for 45% VO,may (light intensity). The range of
these target measures was very large in the exercise groups: 103 -158 beat-min™!
and 36-61 min for moderate (somewhat hard) intensity, 107 - 141 beat-min™" and
41 - 63 min for moderate intensity and 99 - 136 beat-min” and 53 - 82 min for
light-intensity exercise. This large variability was primarily due to the variability
in maximal HR, and also to the variability of the VO,.x and body weight at the
onset of the intervention. The range of the VOmax was 22.4 to 42.9 ml-min-kg™
and that of the weight was 42.9 to 93.0 kg. In a normal population these values
vary even more, because the participants of this study were chosen from
sedentary women with a BMI of < 32 kg-m'z. The range of the HR,ux for the
participants of this study was 141 to 202 beat-min™. The usual estimation for the
HRpmax 1s HRpax = 220 - years of age, which gives an estimation of 157 to 172
beat-min™ for the HR oy of the 48- to 63- year-old participants. The variation is
usually considered to be + - 20 beat-min™', but +- 30 beat-min™' was found to be
the case in this study. The practical process of describing somewhat hard,
moderate, light or any exercise for an early postmenopausal woman at a certain
intensity level using age-related formulas of HRpax is bound to cause a large
degree of inaccuracy and should be used only with great caution. When an
accurate target HR is needed, a maximal exercise test should be performed.

The sufficient duration of exercise for a given target energy expenditure at a
given intensity level also varied a great deal, the lighter women having to walk
longer and the heavier women expending the same amount of energy in a shorter
time. The women with a high initial VO,max also walked faster at a given relative
intensity level and expended a given amount of energy in a shorter time than the
less fit women did.

If exercise is to be prescribed according to a target HR that corresponds to a
certain percentage level of the VOymax, this target HR will not remain correct
when VOyax improves as training continues. As cardiac function becomes more
effective, HR decreases and it is more difficult to reach the target HR. A few
participants experienced such a phenomenon in the 15-week intervention of
Study I. In such cases the target HR should be redefined with a new maximal
exercise test because it no longer represents the same percentage intensity as in
the beginning of the exercise, but is instead higher. In the present study this was
not considered necessary, 15 weeks being a relatively short time, but in exercise
counseling this possibility may be important to take into consideration. The
practical process of using any submaximal exercise test that extrapolates the
result to HRy,ax s also inaccurate because it often uses age-related formulas.
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The dropout rates were very small in this study, and adherence to the exercise
program was very good and relatively similar in all of the exercise groups. The
number of completed supervised exercise sessions was somewhat smaller in
Study II than in Study I. This difference was due to the fact, that during Study II,
the walking track of the UKK Institute had more reservations for other studies
than during Study I, and some of the participants found it difficult to find enough
suitable training hours weekly to fit their own timetables. The information from
the questionnaire revealed that most of the participants considered the exercise
regimen feasible and not too strenuous.

Altogether the intervention period produced more positive emotional
experiences among the exercisers in all of the exercise groups than among the
controls in Study II. It seems that the change from being sedentary to a
physically more active status is more important than the dose of the exercise
used. Even the smallest exercise dose of our study seemed to be associated with
positive experiences. The value of these findings is, however, limited since these
questions were asked only at the end of the intervention. These questions were
not included in the original study plan, but were added to the end questionnaire
during the final stage of Study II in order to record the numerous spontaneous
positive experiences that the participants reported to various members of the
research team. This information was considered of practical importance to
exercise counselors. All of these results, however, confirmed that the exercise
program was feasible for the participants.

The Ontario symposium found category C evidence from RCTs, mostly on
men, indicating that aerobic exercise training for 6-12 weeks in mild-to-moderate
depression and anxiety is consistently associated with an improvement of
symptoms (category B). Neither the intensity of the exercise nor the level of
fitness was clearly associated with the magnitude of the response (Kesdniemi
2001). This result is similar to the findings of Study II.

Exercise-related lower-limb complaints were few. This seems to be the first
study to show that fractionated exercise can lead to even fewer exercise-related
lower-extremity complaints than continuous exercise. This finding can be easily
explained by the fact that two exercise sessions give muscles of the lower
extremities a possibility to rest between sessions, whereas continuous exercise
does not. This is a finding that can be of great practical importance.

There were only a few major injuries, and most of the injuries were mild.
Three of the 89 exercising participants in Study I and 3 of the 81 exercising
participants in Study II interrupted the exercise because of major health
problems. Some of the major injuries occurred in the control group members.
Approximately half of the exercising women had transient exercise-related
lower-limb problems in the beginning or at the end of the exercise program, but
only four persons experienced such problems throughout the intervention
period.These figures are comparable with the 14 injuries among 202 women,
aged 55-64 years, who commuted to work by walking for a year in the study of
Parkkari et al. (2004), who followed a cohort of 3657 persons from the 15- to 74-
year-old Finnish population. Approximately 25% of these walking injuries were
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severe enough to stop the walking for at least 1 day, and most of the injuries
were mild and transient. The authors reported that many mild disturbances might
have been unrecorded since the information was gathered in an interview every 4
months. In Study I and II of the present study the participants were encouraged
to contact the physician at the onset of any exercise-related problems in order to
treat injuries as early as possible, and therefore the number of mild complaints
was probably higher than those made with the use of the interview method, and
also greater than the number that would be expected from contacts with the
health care system in normal life. Possibly most of the walking-related health
problems were detected, because it was made very easy for the participants to
contact the consulting physician.

These findings indicate that walking combined with a short, simple muscle
training program is a feasible form of exercise for sedentary postmenopausal
women, and there is a very small risk of health problems. Especially walking in
two exercise bouts is recommended. Any adverse effects should be prevented by
guiding the participant to avoid overstrain. Therefore, there should be a gradual
increase in the weekly training program and proper recovery between exercise
sessions. If exercise-related symptoms appear, early contact with the exercise or
health professional is recommended.

2.9. Methodology, strengths and weaknesses of the study

In the search for a valid content for HEPA for early postmenpausal women, the
concept of a minimum exercise dose was used. The term "minimum exercise"
has been used in this study to describe the smallest amount of exercise that has
favorable effects on the components of HRF. It can be considered practically as
the minimum exercise dose that can be recommended for a group of sedentary,
early postmenopausal women in order to attain a positive health effect. Some
individuals may actually be affected by an even smaller exercise dose, and some
need more exercise for health effects because of large interindividual differences
in the response to exercise. It is also a practical minimum dose in the sense that it
represents the minimum dose that can be potentially detected with usual
measurement techniques and verified statistically. Actually it is possible that
there is no absolute minimum dose, but instead there is a continuum of smaller
effects from smaller exercise doses, and the exact threshold cut point for a no-
effect exercise dose cannot be defined. Different HRF factors also have different
minimum doses, and thus a practical minimum dose has to be a compromise that
at least produces some important HRF effects. (Haskell 1994, Pate1995, Pate et
al. 1995, ACSM 1998a)

Theoretically the question of a minimum dose is also challenging. Traditional
statistical methods test the difference between groups with a zero hypothesis of
"no difference". Sometimes even a small difference can be statistically
significant, if the number of participants is large. In this study, the number of
participants was not very large, and the minimum dose was extrapolated from the
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results of a series of study groups. Therefore the method was not perfect. But
even with a rather small number of participants and wide margins in the criteria
for choosing the participants some of the results were statistically significant.
The results are also clinically significant as they can be used as a practical
minimum dose for exercise counseling for healthy, sedentary postmenopausal
women.

When the minimum exercise dose with respect to coronary risk factors is
being studied using exercise groups with small exercise doses, small changes are
to be expected. Some of the changes are statistically significant and some fall
below the border of statistical significance. Some variables only show a trend
towards change, but they are interpreted as no change according to the
dichotomous nature of statistical science.

The interpretation of the results of this study raises several questions. What
are the smallest changes that can be detected with the measurements that were
used? Are the changes caused by the regression towards the mean of variables
with high interindividual variation? Have the biological day-to-day and seasonal
variations been taken into account?

These problems were confronted in many ways. The smallest possible change
that can be detected with the equipment that was used was estimated. The
number of participants sufficient for adequate statistical comparisons was also
estimated. A control group was used to minimize systemic errors, for example,
possible seasonal fluctuations. An analysis of covariance was used so that the
results would be unaffected by possible minor baseline differences and the
regression towards the mean. The randomized groups were comparable. The
exercise dose was carefully controlled with personal supervision, HR monitors,
exercise diaries, food diaries, and pedometers. The program was closely
followed by the participants, and dropouts were few. The measurements were
done in strictly controlled, similar conditions, and the exercise group members
and controls in were tested in mixed order. The laboratory staff was experienced
and trained in taking measurements.

To some of these questions, there are no definite answers. Therefore no exact
values for the minimum effective dose can be given on the basis of this study.
But for practical purposes the approximations of a minimum dose that were used
in this study may be very useful.

The strengths of the study were a simple design that enabled comparisons of
different exercise doses, a sufficient number of participants to draw conclusions,
successful randomization, good adherence to exercise, and careful and reliable
measurements. The aim of the study was not only scientific, but also practical
implications were considered, as the exercise that was studied was planned to be
easy to perform in every day living and also home-based.

If the design were to be improved further, the number of participants could
have been larger and the intervention could have been longer to ensure that all
potential effects, especially those on lipids, were detected. All of the exercise
sessions could have been supervised. The injuries of the controls could have
been recorded as actively as those of the exercise groups. The balance test should
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have been more demanding. The resistance training program should have been
more effective for the trunk and upper-limb muscles.

This study increased the knowledge on light intensity aerobic training among
early, postmenopausal women. It is the first study to show that fractionated
aerobic exercise in this age group of women is as effective as continuous
exercise. It is also the first study to show any effect of exercise training on
diastolic BP and blood glucose concentration in early postmenopausal women. It
is also one of the few studies that has used an exercise training program that can
be performed at home with walking and resistance training with simple
equipment. In addition, feasibility-related information was gathered actively.
This is the first study to show that fractionated exercise causes fewer exercise-
related lower limb problems than continuous exercise.

There still remain unanswered questions concerning the effects of exercise on
health-related fitness among early postmenopausal women. Some of the
exercise-induced improvements in this study were very small. More randomized
controlled studies are needed, especially on the effects of exercise on lipid levels.
The interactions between HRT and exercise should also be studied more.
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Summary and conclusions

According to the general aim of the study, the systematic literature review
showed that for early postmenopausal women:

The effects of exercise on health are only partly known. The RCTs on the effects
of exercise on maximal aerobic power, body composition and muscular strength
showed that early postmenopausal women are trainable. But very few or none of
the studies used light intensity aerobic training, fractionated aerobic exercise and
resistance training with simple equipment. Very few or none of the studies
showed what would be the effective exercise dose to improve submaximal
aerobic capacity, blood pressure, body composition, carbohydrate and lipid
metabolism, flexibility, and postural control. Thus the minimum effective dose
could not be estimated. Feasibility-related information was also very sparse.
Therefore there was a clear need for specific RCTs on these items. (Publication

)

According to the specific aims of the study, the experimental part of the study
showed that for sedentary, healthy, early postmenopausal women:

1. The minimum effective dose of exercise to improve maximal aerobic
power, submaximal cardiorespiratory capacity and to reduce body fat is
equal to or is less than walking at an intensity of 45% of the VOomax 5 d-
wk™! expending 1000 kcal (46 minutes) in weekly exercise in 24 weeks.
(Publication II)

Walking at an intensity of 65% VOx;max 00 5 d-wk'l, expending 1500
kcal (47 minutes) in weekly exercise in one or two exercise bouts a day
combined with approximately 10 -15 minutes of moderate resistance
training twice a week is the minimum dose of exercise to improve
glucose metabolism and diastolic blood pressure in 15 weeks.
(Publication IIT)

The minimum dose of exercise to have an effect on lipid metabolism
in 15 weeks is more than the highest exercise dose of this study.
(Publication III)

2. Walking at an intensity of 65% VOjmax on 5 d.wk'l, expending 1500 kcal
(47 minutes) in weekly exercise in one or two exercise bouts a day
combined with approximately 10 - 15 minutes of moderate resistance
training twice a week improves walking performance and lower-
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extremity strength, but it is not enough to improve the muscular strength
of the trunk and upper limbs and postural control. (Publication V)

The effects of fractionated and continuous exercise were equal for all of
the chosen variables of HRF. (Publication V)

Hormone replacement therapy users and non-users had equal results for
all of the chosen variables of HRF. (Publication, II, III, IV and V)

All of the exercise regimens were feasible, very few injuries occurred,
and the participants adhered well to the program. Starting a regular
exercise program gave the participants positive experiences, and most of
the participants considered that the exercise was not too strenuous. Half
of those in the continuous exercise groups had some mild, transient
lower-extremity complaints, especially at the beginning of the exercise
intervention. Those in the fractioned exercise groups had significantly
fewer lower-extremity complaints. (Publication, II, III, IV and V)

According to the practical aim of this study, the following conclusion can be

drawn:

The highest exercise regimen of this study, approximately 30 to 60 minutes of
moderate walking five days a week, combined with a 15 - 20 minutes resistance
training program twice a week, seems to be a feasible, practical minimum dose
of health-enhancing physical activity for sedentary, early postmenopausal
women to use to start to improve most components of health related fitness. In
order to attain more definite improvements and also to affect other components
of metabolic, musculoskeletal, and motor fitness (lipids, muscle performance of
the trunk, and upper extremities, balance or flexibility), the exercise dose should
be increased.
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Abstract

Women who pass menopause face many changes that may lead to loss of
health-related fitness (HRF), especially if sedentary. Many exercise recommenda-
tions are also relevant for early postmenopausal women; however, these may not
meet their specific needs because the recommendations are based mainly on
studies on men. We conducted a systematic review for randomised, controlled
exercise trials on postmenopausal women (aged 50 to 65 years) on components of
HRF. HRF consists of morphological fitness (body composition and bone
strength), musculoskeletal fitness (muscle strength and endurance, flexibility),
motor fitness (postural control), cardiorespiratory fitness (maximal aerobic pow-
er, blood pressure) and metabolic fitness (lipid and carbohydrate metabolism).
The outcome variables chosen were: bodyweight; proportion of body fat of total
bodyweight (F%); bone mineral density (BMD); bone mineral content (BMC);
various tests on muscle performance, flexibility, balance and coordination; maxi-
mal oxygen consumption (VO2max); resting blood pressure (BP); total cholesterol
(TC); high-density lipoprotein-cholesterol; low-density lipoprotein-cholesterol;
triglycerides; blood glucose and insulin.

The feasibility of the exercise programme was assessed from drop-out, attend-
ance and injury rates. Twenty-eight randomised controlled trials with 2646
participants were assessed. In total, 18 studies reported on the effects of exercise
on bodyweight and F%, 16 on BMD or BMC, 11 on muscular strength or
endurance, five on flexibility, six on balance or coordination, 18 on VO2max,
seven on BP, nine on lipids and two studies on glucose an one on insulin. Based on
these studies, early postmenopausal women could benefit from 30 minutes of
daily moderate walking in one to three bouts combined with a resistance training
programme twice a week. For a sedentary person, walking is feasible and can be
incorporated into everyday life. A feasible way to start resistance training is to
perform eight to ten repetitions of eight to ten exercises for major muscle groups
starting with 40% of one repetition maximum. Resistance training initially
requires professional instruction, but can thereafter be performed at home with
little or no equipment as an alternative for a gym with weight machines. Warm-up
and cool-down with stretching should be a part of every exercise session. The
training described above is likely to preserve normal bodyweight, or combined
with a weight-reducing diet, preserve BMD and increase muscle strength. Based
on limited evidence, such exercise might also improve flexibility, balance and
coordination, decrease hypertension and improve dyslipidaemia.

1. Background

When a woman who has recently passed meno-
pause asks a health professional for advice on how
to improve her health with exercise, how should we
answer? In US and European female populations,
menopause occurs at the average age of 50 years. It
may start a rapid phase of losing aerobic fitness,
muscle strength and bone mineral density (BMD) as
well as gaining weight, which increase the risk for
many chronic diseases such as coronary heart dis-
ease (CHD), type 2 diabetes mellitus and osteo-

© 2004 Adis Data Information BV. Al rights reserved.

porotic fractures, especially in sedentary individu-
als.l!!

Many exercise recommendations are also rele-
vant for postmenopausal women such as those for
public health,”” cardiorespiratory and muscular fit-
ness and flexibility,”®) cardiovascular diseases,*
obesity,®! osteoporosis,” hypertension’® and exer-
cise for older adults (for those aged over 65 years).?
These recommendations focus on various aspects of
health and fitness and reach somewhat different
conclusions. Everyday physical activities (e.g.
walking short distances, commuting to work, walk-
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ing up stairs, housework, gardening) are recom-
mended for general health, moderate- to high-inten-
sity aerobic training combined with resistance exer-
cises are recommended for fitness, large volumes of
exercise for weight control, high-impact training
and strength training for osteoporosis, and moderate
intensity exercise for cardiac diseases. When ap-
proaching old age, preserving muscle strength, bal-
ance and coordination become the most important
goals in training. So what exercise should we recom-
mend for an early postmenopausal woman? Do the
above-mentioned recommendations consider her
special needs? The above recommendations are
based on epidemiological evidence and exercise tri-
als that were mostly conducted on men. Only some
40 years ago, exercise researchers claimed “after the
age of 60, there is practically no observable ef-
fect”['% and almost 10 years passed before the first
study showed that postmenopausal women could
benefit from exercise.[!!]

There are many physiological differences in wo-
men compared with men. For example, starting with
morphology, women have smaller size, more body
fat, different fat distribution, less dense bones and
differences in bone structure, joints and body pos-
ture that predispose to exercise-related injuries in
lower limbs. Women have approximately 30% less
muscle strength and are usually more flexible than
men. Women have approximately 20% lower maxi-
mal aerobic power and lower oxygen carrying ca-
pacity of blood due to smaller haemoglobin concen-
tration and there are also sex differences in
haemodynamics during exercise. There are also
many metabolic differences between women and
men, for example, hormonal differences in rest and
in response to exercise, and also differences in blood
lipids.l'2!3) All this must be considered in an exer-
cise training programme. For example, slow jogging
might be feasible for middle-aged, sedentary men,
but for some sedentary postmenopausal women it
could be too strenuous. All of the above differences
make it very important to study both men and wo-
men.

To answer the questions raised earlier in this
section, we conducted a systematic review on
randomised, controlled exercise trials that focused
on early postmenopausal women. We chose out-
comes according to the concept of health-related
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fitness (HRF), the components of which are related
to health and can be influenced by physical activi-
ty.['¥1 HRF includes morphological, musculoskele-
tal, motor, cardiorespiratory and metabolic compo-
nents (table I). Morphological fitness includes body
composition and bone strength, which are important
in preventing CHD, type 2 diabetes, osteoporosis
and osteporotic fractures. Musculoskeletal and mo-
tor fitness, which includes muscle strength and en-
durance, flexibility and postural control, are needed
to preserve good functional capacity to ensure pro-
longed independent living at old age and also to
prevent falls. Good cardiorespiratory fitness pre-
vents CHD and reduces all-cause mortality. Good
metabolic fitness, i.e. normal carbohydrate and lipid
metabolism reduces the risk for CHD and type 2
diabetes.!'4

2. Objectives

The objective of this review is to evaluate data on
exercise training studies with special reference to
improving health in early postmenopausal women.
Randomised controlled trials (RCTs) were chosen
because they provide the most valid evidence of
effectiveness.!) This information is needed by
health professionals in order to give advice to pa-

Table I. Components of health-related fitness (HRF) and chosen
outcome measures of randomised controlled trials according to
HRF

Fitness component
Morphological
Body composition
Bone strength

Outcome measures

Weight, body fat
Bone mineral density

Musculoskeletal

Muscle strength and
endurance

Flexibility
Motor
Postural control

Various muscle tests

Various flexibility tests

Balance and coordination tests

Cardiorespiratory
Maximal aerobic power

Submaximal
cardiorespiratory capacity

Maximal oxygen consumption
Blood pressure

Metabolic
Carbohydrate metabolism
Lipid metabolism

Glucose, insulin

Total cholesterol, high-density
lipoprotein, low-density lipoprotein,
triglycerides
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tients. For the information to be clinically applica-
ble, we were also interested in the safety and feasi-
bility of training regimens. Another objective of this
review is to identify areas for future research.

3. Criteria for Studies

3.1 Types of Studies

We chose RCTs with more than 25 participants
and less than 35% of drop outs. Also, the overall
quality of the study had to be sufficient (see section
5.3). All three authors agreed on the criteria.

3.2 Participants

The study participants were postmenopausal wo-
men aged 50-65 years. If the study also included
younger or older women then it was accepted pro-
viding that the age was only few years off the limits,
but the mean age of the participants was in the range
of 50-65 years. If the study also included men, the
women had to be analysed separately. Study sub-
jects had been selected either on a voluntary basis or
from a population-based sample. Participants were
sedentary at onset or had some leisure physical
activity that was kept constant during the study.
Healthy women were accepted as well as subjects
with diseases or risk factors such as dyslipidaemia,
hypertension, obesity or osteoporosis. Also, hor-
mone-replacement therapy (HRT) and other medi-
cations were allowed.

3.3 Types of Intervention

All exercise modes and prescriptions were ac-
cepted. Interventions that included dietary counsel-
ling were also accepted. The minimum length of the
intervention was chosen to be 8 weeks.” Shorter
training was not expected to have an effect on HRF.

3.4 Outcome Measures

Outcome measures defined by us were based on
components of HRF. Among these, we chose the
most frequently reported outcome measures in these
studies to enable comparison. The outcome mea-
sures also had to have some relevance in clinical
work. The chosen morphological fitness outcome
variables were bodyweight, the proportion of body
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fat to total weight (F%) and BMD or bone mineral
content (BMC). Musculoskeletal fitness measures
were based on various muscle tests. Flexibility out-
comes were based on tests of flexion, extension or
lateral flexion of the trunk or of upper or lower
limbs. Outcomes of motor fitness were based on
different tasks requiring coordination. Cardiorespi-
ratory fitness outcomes were assessed by direct
measurements of maximal oxygen consumption
(VO2max) or indirect estimations of it in maximal or
submaximal tests. Resting blood pressure (BP) was
also an outcome measure of cardiorespiratory fit-
ness. Metabolic fitness outcomes were levels of:
total cholesterol (TC), high-density lipoprotein-cho- -
lesterol (HDL-C), low-density lipoprotein-choles-
terol (LDL-C), triglycerides (TG), glucose and insu-
lin. Some clinically useful measurements were omit-
ted because they were measured and reported in
only few studies, for example, body mass index
(BMI) and waist circumference, and heart rate (HR)
in submaximal exercise.

We also focused on information on the feasibility
of exercise programmes based on attendance and
drop-out rates, and incidence of injuries. In addition
to the statistical significance, the clinical relevance
of these outcomes was also addressed.

4. Search Strategy

We conducted a systematic search of the litera-
ture. The main source was the Cochrane Central
Register of Controlled Trials (CENTRAL), using
the keywords ‘women’ and ‘exercise’ from 1974 to
November 2002, (i.e. all years in the register) and
1467 references were found. Additional searches
were performed in Medline with the keywords
‘postmenopause’ plus all exercise terms (‘exercise’,
‘exertion’, ‘physical fitness’, ‘sports’, ‘physical ac-
tivity’, ‘exercise therapy’) from 1999 to November
2002, which resulted in 109 references, and with the
keywords ‘postmenopause’ and all exercise terms
plus ‘heart diseases’ plus ‘risk factors’, ‘hyperten-
sion’, ‘cholesterol’, ‘obesity’ from 1966 to Novem-
ber 2002 resulting in 60 references. A search in
Sport Discus using the keyword ‘postmenopause’
from 1991 to 2000 resulted in 68 references. Ebsco
was searched using the keywords ‘postmenopause’
and ‘exercise’ from 1998 to 2002 with the result of
50 references. In addition, we hand-searched refer-
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ences from original articles, reviews and contents
pages during the past 5 years from journals (Sports
Medicine, Maturitas, Scandinavian Journal of
Medicine & Science in Sports), searched our own
files and consulted colleagues. From the titles of the
references, we chose suitable abstracts for reading
and from these abstracts we chose suitable full-
length papers to be assessed. The total number of
RCTs that met our basic criteria was 41.

The search strategy was planned together by the
authors. The basic search was planned by the first
and second authors. Abstracts and articles were
checked and selected by the first author. Selected
articles were assessed and discussed by all authors.
Data extraction was completed by the first author.

5. Description of Studies

5.1 Accepted Studies

Out of the 41 RCTs that were found, we excluded
13016-28] because they did not meet our quality crite-
ria (see section 5.3). Twenty-eight good quality
studies that met our criteria are included in this
review and are presented in table I

The total number of participants was 2632. There
were 26 studies concerning morphological fitness
with 2528 participants,?*>”) 11 studies on mus-
culoskeletal fitness[31-33:40-4247.48.57-61] wjth 950 par-
ticipants, six studies on motor fitness with 588 par-
ticipants,3!:33424748.57 18 studies on cardiorespirato-
ry fitness(29:30.33:3538.40-43.45-475051.55.56.62] with 1488
participants and ten studies on metabolic fit-
ness(4045.46,50,55,56,62-64] with 1078 participants.

5.2 Exercise Prescription

In 19 studies [29,30,33-35,38-41,43,45-47,50,51,55,56,62,64]
b

walking was the most frequently chosen mode of
exercise training. Walking was used as the only
mode of training or as an alternative to other aerobic
activities or combined with resistance training. Re-
sistance training with no equipment or with sand-
bags or training in a gym with weight machines was
used in 15 studies.[31-33.35-37:4041,43,44,47-49,52-54,56-61]
Assessment of the exercise prescription was
based on the duration, intensity and frequency of
each exercise session, and the length of the exercise
programme. The exercise prescription for aerobic
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training was described in detail in 25 studies. Ac-
cording to the purpose of this review, there was
inadequate information concerning the exercise pre-
scription in three studies.?*4>551 To monitor the
intensity of aerobic exercise, HR monitors were
used in nine studies,?%-30:3441.424651.631 HR palpation
in six studies335383%945501 and in five stud-
iesl40:47.55.56.58,62] that used aerobic training there was
no information of monitoring the intensity. In ten
studies,[31-3335-37.41,47-49,52-54.56.57.59.60]  the  exercise
prescription for resistance training was described in
detail and the description of the exercise was inade-
quate in five studies.[0:4344.53,54,58.61]

All exercise sessions were supervised in 12 stud-
jes!31-33.35-38,42,46,48,49,51,56,57,59.64] and some of the ses-
sions in 12 studies [29-30:34,39-4143-4547,50,53-55,58.61-63] [y
one study, all sessions were home based.[>60 In
another study there were both home-based and su-
pervised exercise groups.!*s) Other means of moni-
toring the exercise prescription were exercise diaries
in 16 studies,2930.32.34,36,37,40,41 43-47,50,52-54,57,58,60-64)
telephone contacts in four studies“34%5564 and
newsletters in five studies.[?304355.63641 A]] studies
reported at least some means of how exercise ses-
sions were controlled.

Special attention was given to adherence to the
prescribed programme. The attendance rate and the
amount of injuries were also recorded. Information

on attendance was reported in 18 stud-
jesl29-33,35-38.41,43-45,47-50,53,54,56,57.596163]  and in 14

studies. [29-31:34,35,38,39,41,43-45,47,50,52,57.60.63) jnformation
of injuries was reported.

5.3 Methodological Quality

Quality criteria were modified from Jadad et
al.,[65 Schulz et al.,!%! Guyatt et al.[668] and Oxman
et al.[%70 All studies included in the present review
had to pass following quality criteria: (i) the trial had
to be randomised and controlled; (ii) the results had
to be analysed in their original randomised groups;
and (iii) the number of study participants had to be
more than 25 and the proportion of drop outs <35%.
The study was considered high quality if there were
over 100 participants and <20% drop outs, and at
least one of the following additional criteria was
fulfilled: supervision of all exercise sessions or
monitoring with an exercise diary; statistical power
calculations reported; the method of randomisation

Sports Med 2004; 34 (11)



758

Asikainen et al.

reported; and blinding of measuring personnel per-
formed. We considered it impossible to blind the
exercise supervisors or subjects in exercise training.
The high-quality studies were considered more valid
when gathering the information for the conclusion
of this review than the low-quality studies. None of
the studies fulfilled all high-quality requirements.
Nine studies fulfilled the main criteria and at least
one of the additional criteria,[2%-31:3343:45.46.56.57.63]

6. Methods of Review

6.1 Data Extraction

Information on exercise design, study partici-
pants, exercise prescription, HRF outcomes, HRF
results, monitoring of exercise, attendance rates and
injuries reported from the accepted studies are
presented in table I. Some approximations in data
extraction were performed to enable comparisons.
In some studies only a range for the participants age
was given instead of the mean age and vice versa.
Then the mean age of the participants was estimated
from the mean ages of participants in randomised
groups, if available. If the mean BMI values were
not given for all participants, as in most cases, they
were calculated from the means of the randomised
groups. If the intensity of the exercise prescription
was given using maximal heart rate (HRmax). HRmax
was transformed to VO2max using the formula:[7!

%VO2max = 1.28% HRmax — 29.12

The length of intervention was recorded in
weeks, assuming that all months have 4 weeks.
Results of the interventions on HRF outcomes are
given as net changes, i.e. the changes of the inter-
vention group minus the changes in the control
group. Percentage changes were used where possi-
ble. If the net change could not be calculated, or if it
was important to also show the change in the control
group, the changes of all groups were given sepa-
rately. If attendance rates were not given, they were
calculated from the number of prescribed exercise
sessions and the mean number of completed exer-
cise sessions, if available. The number of subjects
with injuries and with exercise-related medical
problems were recorded combined as injuries.
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6.1.1 Analysis of the Studies

A meta-analysis of the studies was not done
because for some outcomes there were not enough
studies. Also, the studies were too heterogeneic for
this purpose. The purpose of this review was to
systematically gather and describe the data from
good quality RCTs, in order to increase knowledge
on the training effects on HRF. The conclusions of
this review are based on synthesis of these data.

7. Results

7.1 Feasibility and Effects of Different Modes
of Exercise

7.1.1 Walking )

Most of the studies used walking as the primary
mode of exercise. In nine studies!?%-30:34:38:39.50,55.62.64]
with 817 participants, walking or walk-jogging was
the only mode of exercise. The duration of walking
sessions ranged from 30 to 60 minutes and the
walking was done in one to three daily sessions at an
intensity of 40-75% of VO2max on 2-5 days/week
for 10 weeks to 1 year. The mean drop-out rate in
these studies was 13%. The mean attendance was
84% in the four studies reporting attend-
ance.[?9303850] Injuries were reported in six stud-
ies(29-30.34.38,39.50] and the mean injury rate was 3%.
All walking was supervised in two studies, partly
supervised in six studies and mostly unsupervised in
one. Walking training decreased weight and body
fat in most of the studies, and improved VO2max in
all seven studies[?%30:3438:5055.62] where it was mea-
sured and resulted in favourable changes in BMD in
both studiest*39! where it was measured. Walking
did not influence BP in three studies,%38451 but
improved diastolic pressure in one of the studies!?”!
where it was measured. Walking had no effect on
lipids in most of the studies where it was measured.
Only one study with a weight-reducing diet and
walking resulted in favourable effects on lipids in
dyslipidaemic subjects.[) Walking improved glu-
cose levels in the only study where it was mea-
sured.?”! Six components of HRF: body composi-
tion, BMD, VO2max, BP, lipids and glucose were
measured in these walking studies. Walking caused
improvements in five of these components, did not
require supervising for more than some of the ses-
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sions and seemed to be feasible considering the low
drop-out rate, high attendance and low injury rate.

7.1.2 Combined Aerobic Exercise

Walking, in conjunction with other aerobic exer-
cise forms such as cycling, swimming and aerobic
dancing, was used in four studies!#?434651 with 312
participants. The range of duration of exercise was
30-60 minutes, intensity 50-84% of VO2max and
training was performed on 3—4 days/week for 12
weeks to 1 year. Flexibility training was also a part
of the exercise programme in these studies. The
mean drop-out rate was 12% in the three studies
reporting drop outs.[#?#34€) Attendance and injury
rates were reported in only one of these studies;! "
the mean attendance was 77% in home-based exer-
cise and 53% in group-based exercise. The inci-
dence of injuries was 23% from high-intensity exer-
cise and 13% from low-intensity exercise. All exer-
cise was supervised in three studies!>#6>!) and in the
fourth study™ there was a supervised exercise
group and non-supervised home-based exercise
group, controlled only by telephone contacts.

Aerobic exercise training improved VO2max
and BP,#9 resulted in favourable changes in
lipids,“) and decreased weight and body fat.l!)
Aerobic dancing also improved muscle strength and
endurance, flexibility and balance.!*? Aerobic train-
ing seemed to be effective in seven components of
HREF that were assessed. This exercise did not neces-
sarily need supervision. The incidence of injuries
was reported in only one study!* and it was slightly
higher than in the walking-only studies, especially if
the exercise intensity was high. However, we cannot
draw definite conclusions on the incidence of inju-
ries because most aerobic training studies did not
report injuries. Aerobic exercise in these studies was
more beneficial than walking and it seemed to im-
prove more components of HRF compared with
only walking.

[45,46)

7.1.3 Combined Aerobic and Resistance Training

Combined aerobic and resistance training was
measured in nine studies.[33:35:40.4143.44,47,53,54,56,58.61]
Aerobic exercise modes such as walking, jogging,
cycling, dancing and stair-walking were combined
with resistance training using wrist weights, ankle
weights, elastic bands or weight machines. Flexibili-
ty training was also included in all of these studies.
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Aerobic sessions were performed for 30-70 minutes
at 42-75% of VO2max. Resistance training was of
low to high intensity, i.e. 10% to 70-80% of one
repetition maximum (1RM).

In most studies, exercise either improved BMD
or prevented the age-related decrease of BMD ob-
served in controls;[33-35:4041.44] musculoskeletal fit-
ness was also improved.334047:611 Motor fitness was
improved in one*” of the two studies, where it was
assessed and VO2zmax improved in all of the six
studies where it was assessed.[33:33424347.56] Trajning
decreased weight or body fat in some of the studies
where participants were overweight or where there
was also a weight-reducing diet.[**®) The mean
drop-out rate was 15% and the mean attendance was
67%, being higher in the exercise groups with more
endurance training versus resistance training. The
mean injury rate was 6%. All exercise was super-
vised in four studies;[33-3540.5658] qother stud-
iegl41:43.44.47,53,5461] had supervised exercise on 1-3
days/week.

Combined aerobic and resistance training had
many favourable effects on all four HRF compo-
nents that were studied. The drop-out rate was
higher and the attendance lower than in the aerobic
exercise-only groups. The injury incidence rate was
slightly higher than in low-intensity aerobic exer-
cise. Combined aerobic and resistance training in-
cluded supervision in most of the exercise sessions.

7.1.4 Resistance Training

Strength training with weight machines was used
in two studiesB32484%59 with 75 participants. It con-
sisted of 5-12 exercises at 40% or 80% of 1RM with
8-16 repetitions in three sets on 3 days/week for 24
weeks or 1 year. Muscle strength improved in both
training programmes, but only the longer training
showed BMD improvements compared with con-
trols.*8) Body fat decreased and motor balance im-
proved in the 1-year training programme.*84° The
mean drop-out rate was 16% and mean attendance
was 90%, being higher in the low-load/high-repeti-
tion training group, which also responded faster to
the training than the high-load/low-repetition group.
The injury rate was 33% in the l-year training
programme.[484%3) Weight training was supervised
in both studies.
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Three studiesi31:53545761) with 391 participants
used high-impact training sessions on 3-4 days/
week for a year. BMD and BMC, muscle strength,
muscle performance, balance, agility and cardiore-
spiratory fitness improved. The mean attendance
rate was 68% and the mean injury rate was 8%.

Two studies measured one single exercise, jump-
ing®! or a back extensor exercisel®>%% for 1 or 2
years, with 10-50 repetitions on 5-6 days/week. The
back extensor training programme increased back
strength, 5260 but BMD did not improve in either of
the studies. Attendance was 91% in the jumping
study®®'! and the injury rate ranged from 2% to 3%.

Strength training with weight machines was ef-
fective on the three components of HRF that were
assessed. Low-load/high-repetition was more feasi-
ble than high-load/low-repetition and almost as ef-
fective in improving muscle strength. Weight train-
ing with machines required instruction and supervis-
ing, and even when supervised it was associated
with a higher injury rate than any other study in this
review. High-impact training was effective on bone
and muscle strengthening and also had favourable
effects on balance and motor control; however, low-
er attendance and higher injury rates reveal that
high-impact training is not very feasible. Performing
a single exercise caused site-specific improvements
in muscle strength and was very safe and feasible;
however, in order to affect several muscle groups,
BMD and also motor fitness, a more versatile train-
ing programme is needed.

7.2 Effects of Exercise on
Morphological Fitness

7.2.1 Body Composition

Weight and body fat were studied in 18 studies
with 1804 participants.[29-3438:4243.45-51.53-561 Body
composition was improved in nine stud-
jes.[29.303448-51,55,56] Walking, other aerobic training,
resistance training, strength training with weight
machines or combinations of these were used. Most
studies showed a small loss of weight and body fat.
The best results were accomplished in the three
studies with overweight participants who also used
weight-reducing diets in combination with train-
ing.[51:5556] The mean weight loss ranged from 2 to
10kg in 12 weeks to 1 year. High-quality studies that
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decreased fat or weight without diet used walk-
ing!-30:3455] or walking combined with other aero-
bic training,’") or a combination of aerobic training
and strength training.’® Two studies with fewer
participants used strength training!®%) or walk-
ing.’% The most effective exercise prescription for
losing body fat was 30-60 minutes of walking or
other aerobic training at 45-75% of VO2max on 3-5
days/week for 15 weeks to 1 year, or strength train-
ing with weight machines, five exercises with 80%
of 1RM with eight repetitions and three sets twice a
week for 1 year.

In the training studies where participants were
not overweight, adipose tissue was not lost as often
as with overweight participants. The exercise regi-
men that did not influence body composition dif-
fered from the effective studies in that the frequency
of exercise was lower and thus the volume (energy
expenditure) of the exercise must also have been
lower. Exercise seems to affect body fat most effec-
tively in obese individuals, where it is mostly
needed. The effect seems to be optimal when com-
bining exercise with a weight-reducing diet.

7.2.2 Bone Strength

BMD or BMC was studied in 16 studies with
1373 participants.[31-37:39-4144.48,52-54.56.57]. A total of
12 studies showed improvements in BMD or
BMC in exercise groups compared with con-
trols.[31:33-37,39-41,44,48.49,53,54,57-59611 Tep of the studies
did not include patients who were taking
HRT,[323539.4044,48.49,52-54,56-61)  thers[313637.41)  jn_
cluded them and two studies stratified the groups by
use of HRT.[33.3637] The high-quality studies with the
most participants and positive outcomes used aero-
bic training combined with resistance train-
ing,[3335-37404144] high-impact circuit training and
aerobic dance,[’>**%1 high-impact training com- .
bined with alendronic acid (alendronate)’! or walk-
ing training.?¥ The studies with fewer participants
used strength training,[*84%% circuit training and
walking.[®®! Strength training programmes compris-
ing five to nine exercises at 80% of 1RM to maximal
repetitions with 8—16 repetitions in two to three sets
on 3-5 days/week for 1-2 years. One of the walking
studies compared high- and moderate-intensity
walking and found that only walking at the intensity
of over 70% of VO2max influenced BMD.? The
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other walking study used self-selected brisk pace,
corresponding to 54-69% of VO2max and found it
effective.® Walking programmes were on 3-5
days/week and lasted for 6 months to 1 year. The
improvements in BMD were site-specific and most-
ly in the magnitude of 0—2% in the exercise groups,
while BMD in the controls decreased approximately
1% yearly. The use of HRT36:37:40:51.54.58.63] anq also
alendronic acid®”! had a favourable effect on BMD.

BMD was not affected in three studies using 12
weeks of combined aerobic and resistance train-
ing,[561 24 weeks of strength training!*? or repeating
a single muscle exercise, jumping®®! or back exten-
sor exercisel’2% for 1-2 years. These studies had an
equal or slightly smaller exercise prescription than
those studies that showed an effect on BMD.

7.3 Musculoskeletal Fithess

7.3.1 Effects of Exercise on Muscular Strength

and Endurance

A total of 11 studies!3!13340-4247.4857-611 wjth 950
participants assessed muscular strength or endur-
ance. In most studies, muscular strength improved.
Strength training with weight machines,324849.59]
combined resistance training with aerobic train-
ing,[33:4047.53,54,5861] 3 gingle resistance exercise,¥26%
and high-impact circuit training with aerobic
dancel535461] or low-impact aerobic exercises!>4’)
were used. Strength-training programmes consisted
of 5-12 exercises that were repeated eight times in
three sets at the intensity of 80% 1RM on 2-3 days/
week for 24 weeks to 1 year. Combined training
included 60 minutes of aerobic training and resis-
tance training on 3—4 days/week for 12 weeks to 2
years. A single resistance exercise, back extension,
with ten repetitions on 5 days/week for 2 years was
also studied. High-impact training programmes con-
sisted of 60-minute sessions performed on 3 days/
week for 12 weeks. These training programmes
showed an increase in site-specific strength or en-
durance ranging from 20% to 76%.

Two studies did not improve muscle strength,
one study with aerobic and resistance training for 72
weeks!“!l and another study with high-impact jumps
for 1 year.B!

Two of the studies showed that HRT had a fa-
vourable effect on muscle strength;533461 however,
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this effect was not found in one study.*8 Most
studies did not include subjects who were using
HRT,[324849.52,59.601 or did not analyse the results
separately according to HRT use,?!#! or HRT status
was not reported.*”)

7.3.2 Flexibility

Five studies!3341424758] with 416 participants
studied flexibility. In three studies,334247] flexibility
was improved by 5-25% and in two studies there
was no effect.[4041:38] Aerobic dancing with stretch-
ing!?! or aerobic training combined with resistance
training and stretching!®#7) increased flexibility.
The duration of exercise sessions was approximate-
ly 60 minutes and it was performed on 3 days/week
for 12 weeks to 1 year. All exercise sessions were
supervised.

The two studies that did not improve flexibility
used a combination of aerobic and resistance train-
ing for 1.5 years*!! or strength training including
stretching for 2 years.[“®8 Drop-out rate and attend-
ance in these studies was quite similar to the studies
with flexibility improvements. The only difference
was that the exercise sessions were supervised only
once a week.

7.4 Effects of Exercise on Motor Fithess

7.4.1 Balance and Coordination

Balance and coordination were assessed in six
studies(31:33.42.47-49,57.59] wjth 588 participants. Five of
these studies31:4247-4957:59 gave positive results. The
effective programmes consisted of strength training
with weight machines, five exercises at 80% of IRM
with eight repetitions and three sets on 2 days/week
for 1 year,[*84%3) or 30 minutes of combined aerobic
and resistance training on 3 days/week for 12
weeks! ") or 50 jumps on 6 days/week for 1 year.l®!
High-impact jumping combined with low-impact
exercises were also effective.l’”) The drop-out rate in
the studies ranged from 3% to 18%. Balance and
coordination improved from 11% to 20%.

In a 12-week study of supervised aerobic danc-
ing!#?! balance improved, but not coordination. In a
1-year study of combined aerobic exercise and resis-
tance training on 3 days/week,3 where all exercise
sessions were supervised, coordination did not im-
prove. Drop-out rate was slightly higher in these
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studies ranging from 13% to 16% and attendance
was not reported.

7.5 Effects of Exercise on
Cardiorespiratory Fitness

7.5.1 Maximal Aerobic Power

VO2max was measured in 18  stud-
{es[29:30.33-35,3840-43.45-47,50,51.55.56.62) with 1488 partici-
pants. In all but one study®®") VO2max was improved.
Walking was used as the only mode of exercise in
five studies, 29303438501 walking and/or other aerobic
training in six studies!#24346:51:55.62] and aerobic exer-
cise combined with resistance training/strength
training in seven studies.!3335:40414347.56-58] Exercise
training consisted of 30—65 minutes of aerobic train-
ing with the intensity of 45-84% of VO2max on 2-5
days/week for 12 weeks to 2 years. The mean of the
prescribed exercise intensities in these studies was
68% of VO2max. The improvements in VO2max
ranged from 2.5 to 7 mL/kg/min or 4% to 32%. As
expected, indirect tests with estimations of VO2max
gave larger improvements than direct measure-
ments.

Aerobic fitness did not improve in a 12-week
study of overweight subjects with 45-60 minutes of
walking at 50-60% of VO2max on 34 days/week!)
combined with a weight-reducing diet. Drop-out and
attendance rates were not reported. The aerobic fit-
ness.was estimated by an indirect test.

7.5.2 Blood Pressure

Resting BP was measured in seven stud-
jes[3845,46.50.555663] with 976 participants. In a
study!®3] with normotensive subjects, 15 weeks of
walking 5 days/week for 30-60 minutes in one or
two exercise bouts at 65% of VO2max decreased
diastolic pressure by 3mm Hg; however, walking at
55% or 45% of VO2max did not have any effect on
BP. The mean attendance was 89-95% and the drop-
out rate was 3%. HR monitors were used and exer-
cise was supervised on 2 days/week. Four studies
with normotensive participants with walking train-
ing alonel®®5% or walking with other aerobic train-
ing!*546! did not cause improvements in BP. Training
duration ranged from 30 to 60 minutes, the intensity
was 40-84% of VO2max and the exercise was per-
formed on 2-5 days/week for 12 weeks to 1 year.
The mean attendance was 73% and drop-out rate
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19%. The exercise sessions were supervised for at
least one session/week. HR monitors were used in
two studies®*®63 and HR palpation method in two
studies.385%)

One study with hypertensive and overweight par-
ticipants showed positive results.[58) The partici-
pants’ BMI was 27-33 kg/m2 and BP <190/100mm
Hg, and the intervention also included a weight-
reducing diet. Aerobic exercise of 30-55 minutes at
79% of VO2max on 3 days/week for 12 weeks com-
bined with resistance training consisting of one set-
of 7-15 repetitions of eight exercises on 3 days/
week for 12 weeks decreased systolic pressure by
approximately 10mm Hg. The weight loss was
10kg. The mean attendance was 97% and the drop-
out rate was 2%. All exercise sessions were super-
vised. However, in a study with mildly overweight
(mean BMI 26 kg/m2) participants, who were also
hypertensive (BP <190/100mm Hg), diet, walking
and jogging of 16 km/week for 1 year did not
improve BP.5> Weight loss was 2.5-3kg. The inten-
sity of exercise was not prescribed.

Training seemed to give a larger effect on the BP
of hypertensive and obese subjects compared with
normotensive subjects especially when weight loss
had occurred. The effect of weight loss on BP was
not discussed separately in these studies.

7.6 Effects of Exercise on Metabolic Fitness

7.6.1 Blood Lipids

Nine studies!40:45.46,50,55.56,58:62-64] with 1024 par-
ticipants assessed blood lipids. Four studies that
combined a weight-reducing diet or HRT with exer-
cise in overweight or dyslipidaemic participants
found a positive effect on blood lipids.[40:46:55.56.58)
The exercise programme consisted of 12 weeks to 2
years of aerobic training, walking, jogging or cy-
cling!*655 for 30-60 minutes, at 60-70% of VO2max
on 3 days/week, or aerobic training combined with
resistance training.[4056581 One study combined a
weight-reducing diet and exercise for overweight
women and TC, LDL-C and TG decreased and
HDL-C increased, all of the changes being 20-30%
from the diet-only and diet plus exercise groups.!*®!
This study did not have an exercise-only group.
Another study combined a weight-reducing diet and
exercise for dyslipidaemic women.>! TC and LDL-
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C decreased in the diet plus exercise group, but not
in the diet-only or the exercise-only group, so exer-
cise and diet seemed to have an additive effect on
lipids. The third study combined HRT with training
and found that exercise alone, HRT alone and exer-
cise plus HRT decreased TC and LDL-C, but only
the HRT and HRT plus exercise groups improved
HDL-C.1“8) The fourth study showed that HRT and
HRT plus exercise improved TC and HDL-C, but
the effect of exercise alone on lipids was not report-
d.[40581 HDL-C was not improved by either of the
groups.

In the five studies where no improvements in
lipids could be found!#3-5062-64 the participants were
normolipidaemic and mean BMI varied from 24 to
27 kg/m2. The training was quite similar to the
studies where effects could be found: walking 20-40
minutes in one to three daily exercise bouts at
60—84% of VO2max on 3-5 days/week for 12 weeks
to 1 year. Such exercise improved aerobic fitness in
three of the studies!*062 and weight in one of the
studies.’® The results are partly confusing, but it
seems that in overweight or dyslipidaemic partici-
pants, who need the improvements most, exercise
training more often improves the lipid profile com-
pared with healthy subjects. For early postme-
nopausal women, there are no RCTs showing lipid
profile improvements in normal weight, normolipi-
daemic subjects.

7.6.2 Blood Glucose and Insulin

There were only two studies on blood glu-
cosels63) and one on insulin levels.[3 Only one
study showed that exercise was effective in improv-
ing blood glucose levels!®3) and the only study on
insulin showed no effect from exercise.!) Walking
at 65% of VO2max for 30-60 minutes in one or two
exercise bouts for 5 days/week for 15 weeks im-
proved blood glucose levels.®] A similar walking
study with a lower exercise intensity of 45-55% of
VOomax did not affect blood glucose levels.s
These two programmes used HR monitors. The
study with the exercise prescription of brisk walking
or jogging for 16km weekly for 1 year did not
influence blood glucose levels.'%%! All of these train-
ing prescriptions improved aerobic fitness but only
the one with controlled brisk intensity improved
blood glucose levels.!®*!
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8. Discussion

Early postmenopausal women have not been a
common study group for exercise training. Of the
good quality RCTs of this review, only three were
published in the 1970s and 1980s, 17 were published
in the 1990s and eight since the year 2000. Many
more studies were found with participants who were
mostly male or younger women. Most of the 28
studies that we found were located in Cochrane
databases. The study search was comprehensive and
we are confident that most studies were found. The
limitation of our study was the fact that for practical
reasons we only searched for English-language liter-
ature.

Training programmes were relatively short in
duration, which might be due to the tradition of
exercise science that considers aerobic fitness the
most central aspect of fitness, and that 12 weeks or
an even shorter period is sufficient for improve-
ment.®! The bone studies were longer, because it is
known that it takes a year or more to get observable
changes in BMD. Also, practical reasons make long-
lasting studies more difficult. Such an intervention
requires much work to ensure adherence. King et
al."2 noticed the rising drop-out rates in her non-
controlled extension for a second year of her 1-year
RCT and commented that a reduction in stuff sup-
port might have been one of the reasons for decreas-
ing adherence. However, her study was very impor-
tant because it showed that lipid profiles did not
change during the first year, but seemed to improve
after 2 years. Too short interventions could be a
reason why, for example, lipids did not improve
more frequently in the studies of this review. If we
want to promote life-long exercise, we should not
study only the effects of few months of training.
Prolonging the interventions might give a different
picture of the effects of exercise on health.

Exercise prescription and it’s control was well
reported for most of the studies. HR monitors were
not available in the oldest studies and the pulse
palpation method was used instead. Some studies
used intensity prescription such as ‘brisk pace’ or ‘a
comfortable pace’, that are not very accurate. Few
studies had no intensity prescription at all. Changing
HRmax to VO2max for the purposes of this review
might also have caused some inaccuracy since this
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formula used by us was originally developed for
men.["!

Some information was missing in our studies.
Few reported in detail how the randomising was
performed, if there were power calculations, and if
the staff performing the measurements were blind-
ed. Some of the studies did not report drop-out,
attendance or injury rates. This would be important
information to understand how feasible and safe
exercise programme was.

We found a good number of studies on aerobic
power, but reporting submaximal endurance was
often missing. Aerobic exercise will improve aero-
bic maximal power in a dose-response manner and
some improvements can be seen even with relatively
low intensities of exercise and also when the exer-

cise is fractionated in shorter, 10-minute daily bouts.

Improving submaximal capacity is relevant for sed-
entary people, because most of the daily tasks do not
require maximal effort, but are more easily per-
formed with good submaximal endurance. There are
not enough data on the effects of exercise on hyper-
tension in early postmenopausal women. More stud-
ies are needed, since elevated BP is a very common
problem.

BMI and waist circumference should be used
more often in studies in order to be able to compare
the study subjects of different size. It can be con-
cluded from these training studies, that exercise
energy expenditure is more relevant than intensity in
weight control. One kilogram of fat equals 7000 kcal
and requires a lot of exercise to lose it, if exercise is
the only means of losing fat. Exercise alone should
not be recommended to a patient as the way to lose
weight. These exercise studies show that, for an
overweight person, combining exercise with diet is
the best way to lose weight. The goal should be to
change eating and exercise habits permanently.
Physical activity might also help in weight mainte-
nance after weight reduction.[”!

Training studies on muscle strength showed that
women at postmenopausal age are trainable and
large improvements in muscle strength can be ex-
pected in sedentary subjects. Muscle strength is very
important for postmenopausal women not only for
helping to preserve independent living at old age,
but poor muscle strength is also a powerful risk
factor for total mortality.!"
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Most training studies mentioned that the exercise
programme consisted of warm-up and cool-down
periods with stretching; however, their effects on
flexibility were seldom studied. Stretching is recom-
mend by the American College of Sports Medicine
(ACSM) [1998] for every exercise. Stretching might
relieve pain deriving from a tight musculoskeletal
system and prevent injuries. In younger participants,
the value of strengthening has been questioned.[’
More studies are needed on flexibility in early
postmenopausal women. In addition, motor fitness
components, balance and coordination have seldom
been studied. These are important factors in reduc-
ing the risk for falls in the elderly and also helping -
independent living at old age. Strength of lower
limbs and balance are essential for an elderly person
and even more important than aerobic fitness.[”®)

There are few training studies on metabolic fit-
ness in this age group. Women are at risk of devel-
oping a menopausal metabolic syndrome, especially
if sedentary, and exercise is recommended to pre-
vent this.[!! The ASCM recommends 30 minutes of
exercise on most days for all ages and assumes that
it improves health and could also have some meta-
bolic health effects.?) It seems that in early postme-
nopausal women, such exercise might improve aero-
bic fitness but not lipid profiles or glucose levels,
not at least in short-term training. More studies and
especially longer studies with good adherence are
needed to solve this important problem.

Walking was the most common mode of exercise
and also the most feasible exercise. Walking can be
performed home-based and without supervision.
Accumulation of walking in short 5- to 10-minute
bouts means that exercise can be better incorporated
into daily routines. The effects of accumulated exer-
cise are similar compared with continuous exercise
in improving aerobic exercise and body composi-
tion!?] and there is some evidence that this would
also be true for BP and glucose levels;%% however,
more studies are needed to confirm these findings.
Fractionated exercise might also be effective for
other components of HRF, probably on musculo-
skeletal fitness and motor fitness but there are no
studies on the subject. Performing some muscular
exercises in the morning and some in the evening
could be feasible for many subjects who are busy
during the day.
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Other modes of exercise should also be studied.
We have training studies with many aerobic forms
of exercise, for example, resistance training with
elastic bands and wrist weights, strength and circuit
training in a gym and home calisthenics; but what
about nordic walking (fast walking with ski-poles),
tennis, golf, yoga etc.? Some women might enjoy
exercising in a gym environment, but there are also
people who prefer home-based activities*>’?! and
home-based equipment. One of these studies used
sandbags and backpacks as weights for exercisel®%"
and this was a very good alternative. Also, 1kg of
plastic rice-bags elicits a similar effect as lkg of
hand weights on muscles, and a cleaning equipment
stick could be used as a stretching pole. This might
be feasible physical activity for a woman who finds
the very idea of exercise distant.

This systematic review has gathered data from
good quality RCTs. There is enough information to
understand the training effects on morphological
fitness, musculoskeletal fitness and maximal aero-
bic power and on this basis to prescribe exercise in
clinical practice in early postmenopause. However,
there are too few studies to draw conclusions on the
training effects on BP, lipids, glucose levels, flexi-
bility, balance and coordination.

9. Conclusions

9.1 Implications for Practice

A health professional should inform her/his sed-
entary patient in early postmenopause, who is wor-
ried of her decreasing fitness, diminishing muscle
strength, increasing weight, weakening bones and
rising BP, that she can improve her HRF with a
simple exercise programme. This programme
should consist of at least 30 minutes of daily moder-
ate walking in one to three bouts in addition to
resistance exercises twice a week.

For a sedentary person, walking is a feasible way
to start exercise by incorporating it into everyday
life. A feasible way to start resistance training is to
perform eight to ten repetitions of eight to ten exer-
cises for major muscle groups starting with 40%
1RM. Resistance training requires professional in-
structions at the beginning but later can also be
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performed at home with little or no equipment as an
alternative to attending a gym.

Warm-up and cool-down with stretching should
be a part of every exercise session. Such exercise
training is likely to increase cardiorespiratory capac-
ity, preserve normal weight, or combined with a
weight-reducing diet decrease overweight, preserve
BMD and increase muscle strength. This exercise
might also improve flexibility, decrease hyperten-
sion and improve disorders of lipid and carbohy-
drate metabolism.

9.2 Implications for Research

More randomised, controlled training studies of
various regimens are recommended on the effects of
exercise on lipids, glucose, BP, balance and coordi-
nation and also on submaximal aerobic capacity in
early postmenopausal women.

There is a need for longer, e.g. 2-5 year-long
studies. Also, more studies on fractionated exercise
on various components of HRF are needed. Studies
should have enough participants and try to improve
adherence with individual counselling techniques
and understanding the social environments of the
participants. Power calculations and methods of
randomisation should be reported and the results
analysed in randomised groups independent of the
compliance, using the intention-to-treat principle.
Exercise prescription should be discussed in detail
and controlled.

More studies on home-based exercise and using
simple exercise equipment are needed. Different
modes of exercise should also be studied including
lifestyle activity.

Acknowledgements

The writers want to express warm thanks to Ms Birgitta
Jirvinen, M.A., and Ms Outi Ansamaa at the library of UKK
Institute. Also warm thanks to Ms Piivi Viitanen for prepar-
ing the tables.

The authors received no extra funding for preparation of
this review and have no conflicts of interests relevant to the
contents of this review.

Appendix

See table Al

Sports Med 2004; 34 (11)



Asikainen et al.

766

abed jxau panunuon
|ddns-en SN 8ouejeq ybrom Jojow AM/P 9 AL juepes
‘N PUG ‘HN %2 fut ‘%16 ‘SN yibuais ‘SN ‘inwey ‘yequn) ‘osnw ‘pisdwnios Buuren ‘ousunsod  (%91)  (ApS) ner'fe 1@
Pues ‘+Jamod Ne‘AS X3 wblem ‘SN awg  (vx3a) ana ‘ydiop ‘uw o1 wedwi-ybiH ‘AupresH €2 b L0 ‘'X3  Aesseg
IMP G
‘(PXx3)
XBUWZON %Sh
‘uiw 9y
‘e 002
SN sul (ex3)
‘SN N6 ‘SN spidy XWZON %SG
‘(¥X3) %0°L- (€X3) ‘ulw gg
%9°0- ‘(2X3) %} 1- ‘[ed 002
(1X3) %21~ %d (ex3)
%2 SN wbiem XRWZON %SP
fur ‘'%68-¥8 ‘SN dg ‘(vX3) ‘uw g9
He %M AS uwbywegez+  su‘np ‘[e9% 00€ (92 uesw) 1HH 4q
‘sbugesw  ‘(ex3) ww/Byw ‘D1 ‘'O-1aH ‘D (1x3) 2e> Ing paynens
‘Seaw  ‘sispeIsmeu g+ ‘(gx3) wwyby -1a7 ‘oL “(ds) qelaw  XRWZOA 9,GG ‘Juepas 110 pue
pepuyg-lwas ‘+ ‘Aeip Aw gg+ (1xX3) uw % ‘1ublom ‘ydiow ‘uw g M 2 ‘ousunsod  (%b)  (Ags) P=IX3  [eooerlE 10
PUEl ‘+ JeMOd  X@ ‘WHH /YW 62+ ¥®WeON  ‘dg ewzop  ‘olpieD ‘894 00€ Buiiem ‘Ayyeay ] 12t X3 v usueysy
SN spidi|
‘(2X3a) %L1~ “(1x3)
%12~ %d ‘(2X3)
By - “(1x3)
Bye” |- 1ybrem
%2 ‘SN sul ‘(23) 1 AMP G
fur ‘9%G6-68 /loww g1°0~*(13) 1 ‘suoissas
ne Mg AS /loww Lgo- nib ‘B4 sut ‘ni6 Altep (ex3) omy (92 ueaw) 1HH Aq
‘sbuesw  wweg- dg ayoiselp ‘D1 ‘0-1aH ‘0 Jo (1X3) suo uy 2e> InNg paynens
'Seow  ‘s1apajsmeu X3 peulquod -1q7 ‘0L ‘(4S) gepw  XRWZQA %G9 ‘Juspas “110 pue
pepuljg-iwes ‘+ ‘Areip  up‘(gx3 ‘1X3) uw %4 ‘WBlem ‘ydiow ‘ulw 09-08 smgL  ‘ouswnsod (%)  (AZS) 2XTIXT (eeexlB 1O
pues '+ J1emod X0 ‘WHH /Byjw gg+ XBuZQA ‘4@ Xew2QA  ‘olpied ‘[edy 00€ Bupiiem ‘AyieaH |4 yEL X3 g usueysy
os(Aousnbayy
S8wodNo ‘Ansueyuy
eSounlu Apms ‘uoneinp) Apnis jo qeW/BY INg  eSINO (ebe
‘We ‘Buiuesy  p4HH 03 Buipiodoe  JHH uo paseq se 4yH Jo uopduoseid uonesnp pue ‘1HH ‘|eAs]  -doip uesw)
sjusawwo)  Jo |oQuo) S}insal utely sawodno ureyy sdnolbang Buures ) X8 JO 8pon vd ‘yyesH Jjo 'oN u sdnoin Apnig

SeInsesw 8Wooino (J4H) sseuly palejel-yiesy ynm uswom [esnedousunsod Aee Jo s[eu) PejjoUOD PESIWOPUBY *|y ojqeL

Sports Med 2004: 34 (11)

© 2004 Adis Data Information BV. All rights reserved.



767

Exercise for Health for Early Postmenopausal Women

abed jxsu panuuo)

‘sesw papuliq Kep snauesjed eoed yuapas el 18
‘YN puel X8 ‘ASUN (2— 110) 2'0+ X3 Ul “4nwaj ‘yequnj OIpJed  )suq pajodles Ay ‘ousuysod (%2)  (Ap9) ﬂw>m>>
‘UN Jamod  Apsow x3  sneueoeo u g (vX3Q) Awa ‘ydioy -Jles ‘uiw 02 Bupiiem ‘Aunesy 9 ¥8 110 X3 -8xyoo1g
¥M/p
£ ‘UoleuIPI00D
pue xa}j 10}
%6— X8 ulw g ‘das
YN (Ul ‘%0,  awf diem ajiw-jey fewixew g1—gi
sialsype ‘SN uoneulpI00d ‘juny} pue Ay
OF 8u1 jo ne ‘%G L+ Wbuans squwy| Jaddn xa uoneuIpI00d
‘awweiboid ‘lLo ur 1 Ing awy 10} X8 ulw pue xa|} 2 NG
ey ‘X3 ui pabueyoun)  yjem sjiw-jey G| XewzpA  ‘(saqny onsel@  ‘pamojie LHH 14H pue
0} a1aype %G+ Xa|} ‘SN ublem  ‘uoneulpiood %69—bS  ‘Siubiom Isum) pue sjeuons ajeuons
Ago< spelgns jou pip X3 ‘SN QWG jeows}  ‘xa)) ‘yibuais olpsed ‘Buluiesy  xo SouejlsISal ‘ang moj u.cm
awos “seaw  u| spoalgns LD W %i— RULEIN ‘Jojow 9lgolee. ‘Ui G2 ‘Butouep ‘Juapas abe Aq
papuyq ‘+ /1 'ddH ‘X3 ut paebueyoun ‘unwsaj ‘requin| ‘osnw  ‘xa xa)j pue dn aiqoiae ‘ousunsod  (%gl)  (A09)  peynesns ccr'le 10
pues ‘+ Jamod ‘AS X3 awng requn  (vx3a) ang ‘ydioy  -wiem uiw O} ‘Buniiem ‘AuiresH 8l 44" ._._.0. pE] oAelg
awweiboid
das
by 19158}
paidepe
sjoslgns ybuans NM/P €
‘YN fui ‘(das sjosnw ‘sjes ¢ ‘des 9}
ubiu) %e6 ‘(vx3a) UM WH L %0P 1HH ou
pue (peoj (X3 wioq) %0p+ % ‘Wbom 1o (peoj SHM ¥2 ‘s INg
|ddns-e0 ‘UN  ubil) %8 0} oz+ Yibuans ‘Apoq |ej0} ybuy) des g (xeqhD)  ‘awg reuuou
pulq ‘4N puer  ¥e ‘Aieip 8[dsnw ‘SN %d ‘SN “Inwe} ‘Jequnj osnw  Yum WH I %08 Buuren quepas  (%62)  (ALS) uby ‘peo| e 1R
‘N Jemod xe ‘AS X3  wublem ‘SN ang  (vx3a) aws ‘ydiop ‘X8 gt ybuens ‘AupresH ot Ge uybly:x3 2 uequieg
soueleq
ojweuip pamoje 1HH
%02+ douejeq 1HH ‘yibuans ‘ang lewiou
yum spalgns jo Jieo “Jamod ‘(gg ueaw)
sishjeue dnosbgng  1osusixa BaT 1€-02 INg
s(Aouanbauy
S8awooNo ‘Aisusiul
2Saunfui Apnis ‘uopeinp) Apnis jo qew/By ING  eSINO (ebe
‘ne ‘Buiuresy  p4yH 0) Buipioode 4YH uo peseq Se J4dH Jo uopduosaid uoneinp pue ‘IHH ‘jens]  -dosp  uesw)
SjUBWIWOD O |0J}U0D synses uiely sswoono urely sdnoibgng Bujuresy X8 JO 9po vd ‘UesH o ‘oN u sdnoiy Apnig

pwoy ‘v algel

341N

Sports Med 2004

© 2004 Adis Data Information BV. All rights reserved.



Asikainen et al.

768

abed jxau panunuon

(1HH ul sebueyd

IMP € ‘sias
1sabue| snway 2 ‘da1 g—9 A
u 1daoxa) auoje ‘WYL %08-0L (syBrom
papnjoxs Jayue ueyy sabueyo ‘xa g ‘Buiuresy o8y ‘ssuiyoew (ee-02)
siaydwiod-uou 9|qeinone} alow Yibuans ybiam) Buiuresn 92 INg
¢ '|ddns-ep ut paynsal | HH+X3 ‘Bupinubiam wbuang  ‘pamojie JHH
dn-wem
Se safiAloe wer're 19
HN YN Ul ‘%gL Apoq [ejo} Buueag-jybiem (sybram juapas L0 ‘IHH  J8|ssnD
puilg ‘UN puel ne ‘Aeip L0 ' anwsey ‘Jequuny Buipnjour  1sum) sapianoe ‘ouswnsod  (%41)  (ASS)  ‘1HH+X3 ee) 1€ 10
‘N 1emod X ‘AS X3 seusjeie T Qg ‘(vx3a) awg ydiop ulw 0/-09 Buueaq yblop ‘Ayyeayq (o] ¥6 ‘X3 uaMIIN
S+HY Ul %ze+ ‘uw IM/P € (S+y) AL
/BYw oL+ pue v de1 0L ‘WHOL  (sIyBiam epjue
S+Y Ul %61 Ul %22+ ‘uiwbyw X8 yunis puUe JSUM) JIWLaRd|BOOWIOU
YN 11D pue y ul  /+ xoidde xewgop pue qui| Jo ulw X8 doue)sisal ‘UN
10 Vd “seaw %9 lul ‘%0, ‘(pabueyoun (yoau1pUi) G104 ‘(S+vY ‘Bupuep NG ‘LHH ou
pepuliq +  He'dHH  1LD) J+V Ul %L+ XRWZQA ‘(YYN) olp1ed 'y) XeweQN Buibbol ‘ousunsod  (%L1)  (A9g) U0 elele
pues ‘+ 1emod ‘AS X3 0} %p+ ssew auog ssew auog ‘ydiop %E. ‘ulw 0g ‘Buiyiem ‘Ayyeay oL 85 ‘S+Y ‘Y moyon
Aog> sioelgns YN fuf ‘YN dnoub -osip Ul 90+
awos ‘YN  ne ‘Aiep X3 Ul %+ ‘Ui AMP € XRWZOA SHM 2L ¥2 INg o
puliq ‘dN pues X8 M /By w g+ “xoidde XeWgoA ‘0 olpseo %€EL—09 Buibbof ‘Wepes  (%2h)  (A2S) “osp+ X3 ol
‘UNJamod /L AS X3 *Rw2QA ‘SN spidil -1aH ‘DL ‘0L ‘qeisy ‘uiw og -Bupiiem ‘Ayyesy 9 05 “osip ‘X3 Aasng
WIMS Jou
PIp 0ym 7LD ut uiw
/6w G- ‘wems
oym 110 ut uiwyBy
Mus g+ ‘X3 ut uiw
/63w g+ xewzop
Ag9< spalans (660 +110)
Auew M oz fur ‘UN 10~ ‘B0~ X3 (10eupur)
/ulw 89 wems  ye ‘WHH Ul Jyblem ‘SN Jnwa} XeUZOA AM/P G XBWEOA 92 INg
S|0U00 OF Jo 6 AjjeuoiseddO  pue Jequn NG ‘Wublam %695 ‘LHH ON
s(Aouanbayy
S8wooInNo ‘Rususyuy
eSeunluy Apmis ‘uoneinp) Apnis jo W/ NG eSINO (ebe
‘e ‘Bulureny  p4HH 0} Buipiodoe  4HH o paseq se JyH jo uonduosaid uoneinp pue ‘LHH ‘eA8|  -dosp ueaw)
sjuswiwo) O jouo) s)insal urepy  sawodno ureyy sdnoibgng Buuyes X9 JO 8pow vd ‘WesH jo ‘oN u sdnoin Apnis

Puogd ‘i alqer

Sports Med 2004; 34 (11)

© 2004 Adis Data Information BV. All rights reserved.



769

Exercise for Health for Early Postmenopausal Women

abed jxau penunuo)
SN
1V ‘0-1a1pue 01
1 1HH ‘sdnoib e
ul 1 xajj ‘yibusns
ajosnuw | sdnoib
X9 pue 1HH ‘ang
uo JHH pue xa jo
108)4 onsibiauhs oN
gike]
1v ‘91 ‘0-1a X3+z
‘0-10H ‘0L usbonss
‘xo|} sequin| AM/P € K4
T ‘ypbuans ‘uolssas yoea ¥4 uaboisa
sapow ang 110 ul yosu ajosnw jo pus ayy 1 ‘0j@ Buiuwnms (ve—81) X3+
xo Auew ‘YN YN fut ‘YN [esowsy ui panoidul ‘19)ueyool} olpsed  pue Buuuibaq ‘buibbol 9z ING ‘1HH uabonsa gel'le 10
Aysuajui ‘UN ne ‘Aeip sdnoib xa ‘says ‘yosu ‘qelsw ayy e ‘Bupjiem snoiaaid ou ‘L usuglhy
puiq ‘YN pues X8 M ||e ut Qg peaoidwi jeiows) ‘requin| ‘osnw  Buyoens uw  (wAB) Buluren ‘ousunsod  (%2L) (Agg) usbonse
‘dN Jemod /L AS X3 sdnoib 1yH  (vX3Q) ana ‘ydiow 0} ‘uiw 09-0F ybuang ‘AyyesH 6 8L ‘X3 usuppjieH
0 ful ‘"N
}e ‘suoissas NMP €
Buuren ‘v 110 ‘X3
fgg< spafans  Jsye HO3 ik > 10 (XeWZOA v2 INg fysuayuy
8wos ‘UN  ‘dHH ‘AS %.'L— ‘Ausuaiul mo| %0.-09<) ‘14H ou Mmoj ‘X3
pulg ‘YN puel Aiqeqoid ul %1— ‘Aususiuy Jequin 1V <HH SHM 82 ‘ouswisod  (%9)  (Az8)  Aususwui  ggie 1@
‘UN Jemod  dnoib xa ybiy ur %12+ ANg  ‘(vx3a) awe ydioy ‘uiw 0 Buniiem ‘AupresH 2 Se ubiH uojeH
Ag9<
sjoafgns ay)
JO Jiey 1sowy
sino-dosp (ssewjoiy 4S) IMP 2
Auew ‘UN %S Ut ‘%16 SN %4 ‘SN d8  %d ‘ddg ‘(sa) XRUZOA dN INg
pulq ‘4N puel Ne ‘dHH ‘1S8] Xo [BWIXBWAns X8 [ewixewaqns) ydiow %090 SHM 92 ‘ousunsod  (%8L)  (A¥9) fee)1€ 19
‘"N Jamod ‘AS X3 18 %/- HH XeUHH ‘olpied ‘ulw Gy Bupjiem ‘Juspag 141 08 110 ‘X3 HopweH
»(Aouanbauy
sawodno .>=mcwuc_
sSaunful Apnis ‘uoneinp) Apnis jo qew/By ‘INg  eSINO (ebe
‘ne hmc_..:m.z vu_II 0} mC_U._OUOw 4HH uo paseq Se 44yH Jo Co_ua_._omw._a uoneinp pue .._.II L] .QO._U cmwr:v
SjuBWWOo)  JO |04ju0) synses ureyy sswoono urely sdnoibang Bujures ) X9 JO SpOW vd ‘QesH jo 'ON u sdnoin Apnig

pwo) ‘v aiqel

Sports Med 2004: 34 (11)

© 2004 Adis Data Information BV. All rights reserved.



Asikainen et al.

770

abed )xau panupuon

saunfuy

ou ‘%g8 Ne

Vvd | %9 pue  ‘sBupssw
3M/L Bulyolens  ‘sispejsmau

L0 “uspes ‘sjeos suoyd A 14H ou
j0u auyeseq ul ‘Aeip xa Buuren  ‘(gg<) 1e Ing
““seaw papullq ‘WHH ML %k L+ XeUZOA Wbuans ‘uepas
‘HN PUBl USUL‘AS M XRUZOA ‘O'L- % “(vx3a) OIpIBD YM/P € XBUZQA ‘Buifofo ‘ousunsod  (%€)  (A19) w18 10
‘dN Jamod /g owe X3 4 ‘BN p'1— wbiem %4 ‘WboMm ‘ydiopy  %GZ ‘ulw Gp ‘Bupiiem ‘AyyesH S €1 110 'X3 Uy
abueyd jou pip %4 (4S) %4 IM/Pp €
.wZ |043U09 J0j0W ._o::ou lojow .C>>o_u-_ooo
Agg< spelans YN fut ‘uN ‘%g}+ eouefeq  ‘sdueleq ‘xaj} ydiow uiw G| ‘02-001
Auew ‘YN ne ‘WYH ‘%%6+ X3} ‘%29+ ‘adueinpua ‘lojow  jebie) ‘yoedw SHM 2L YN INg
pulq ‘4N pues  |euoiseddso 3 /yibusis ‘%LL+  pbuans ‘ise) ‘osnw -mo| uiw g ‘dn  Bulyojans pue ‘uspss  (%81)  (Ag9) fesl' B 30
‘HN 1emod ‘AS X3 ssaujy 01qosaY  djjem ajiw-jleH ‘OlpIeD  -uuem Ul G| BOUEp JIqoIBY ‘Ayyreay 4} S9 10 ‘X3  supdon
AMP ¢
‘sdnoib
sdnoib yioq ui xe xaj}
lle ut 1 xayj Jequunj pue aduejeq
‘SN yibuans ajosnw Yiim umop-j00d
“1L0 yum pasedwod ulw o} pue dn
3 Ul %9+ Xewzo -Wwiem uw o}
@ Xoj) Jequiny
%e Iu ‘(3) ‘ybuans
%08 ‘(v0) ajosnw E)]
%99 He BWZOA XRUZOA %2l
SHM 2L
(3) Buiquuo
-1eys ‘Buijoko
uswiom uw ‘bupjiem  pamojie 1 HH
ouswyed Krep %b— snaueojes o (v0) dar  [vo] (swblem ‘(ee>) 92 NG
‘'seaw X8 ‘WHH sdnoib seujo ut ‘(3) ‘snipes osnw 9| ‘sjes ¢ ‘dai apjue pue ‘yuepes
pepulg-lwss ‘+  ‘Ym/| ises| pabueyoun yosu  ‘Jequin| ‘Inway ‘olpres 9l XBW2QA  1sum) Bujuren ‘ouswad  (%S2)  (Agg) 0 ‘3 wi'le @
puel ‘+ 1amod e AS X3 [elows) ul aNg  (vX3a) ang ‘ydiop %2y ‘X0 8 aouejsisay ‘Ayijeay 4 L0l ‘YO :X3 2 usuouleH
s(Aouanbauy
S8WooINo ‘Aysuayuy
eSoun(ut Apmis ‘uoyeinp) Apnis jo @W/BY INg  eSINO (ebe
‘ne ‘Buuresny  ,4yH 0) Buipicode 4y uo peseq se 44HH jo uonduosaid uoneinp pue ‘1HH ‘18A8|  -doip uesw)
SsjuaWwwo)  Jo |ouo) s)nsa1 urely  sawodno urepy sdnoisbang Buiuresy X9 JO apo vd ‘YyesH jo ‘oN u sdnoin Apnig

PuoD Iy @jqel

Sports Med 2004; 34 (11)

© 2004 Adis Data Information BV. All rights reserved.



771

Exercise for Health for Early Postmenopausal Women

abed jxau panupuo)

dg
HN  uN fu'uN (LYH+X3) “EweQA ‘ssew ydiow M 12 juspes g ko)
pulq ‘WN PUBl  We 'WHH  %Z- ‘(LuH) %01~ fpog'oL  ‘opreo Buijoko ‘ousunsod  (%9)  (UN) ‘LHH*X3  @rle e
‘UN Jemod ‘AS X3 “X3) %hi- oL ‘0-1aH ‘0L ‘qelIoN %09 ‘uiw og ‘Busirem ‘Auiesy 9 0L ‘LYH ‘X3 E_wruc:
%EL
Aysusjul
MO Ul ‘%ET
Ausuayut
-ybiy
ul saunfui
‘%ES
X3 dnoin
%LL
X3-awoy ul
is1A2 40 [e101 ne ‘spslgns
0} Apnis ay} awos 1o}
JO uoisuslxa SNHH .n_II
pajjo1uod ‘Aseip xo SN %d (HI)
-uou ul  ‘(HI7 ‘HIH) ‘SN O-1aH ‘SN L (Buybrom NM/P € XBWSOA Ay /2 INg
peosduwi spidij sioeluod ‘SN OL ‘SN dd ‘X3 aneysoipAy) %98 sjiwpeasn ‘1HH ou
““seaw papuiq auoyd  je ui %G xoidde %4 ‘0-1aH ydiow {(HIH 'DIH) ‘Buljoko ‘Juspas L0
, ‘4N pues ‘(OIH) ‘B w g2+ ‘D1 ‘0l ‘qelsw JYM/p G XEWZOA ‘BuiBbof ‘ousunsod  (%81)  (A28) ‘HIT ‘HIH ‘e 18
YN Jemod AS X3 0} 'L+ XBWEQA  ‘dg YBWZOA  ‘OIPIED %b—b9 ‘Ul Op ‘Bupirem ‘Auiesy 82 09+ ‘OH:X3 € = Bury
dnoib
S woyy sino
-doup i1sow
‘() %e Apogq Amyp € Buljoko
lut *(d) %22 [E10} ‘wuiealo) ose 4 ‘s HN INg
(S) %vL ue ‘requin| ‘diH 1o} anissaiBoid ‘LHH ON
|ddns-e9 ‘UN SN (uawdinbas sjes ¥4 juepas
puiqg ‘YN puel YM/E AS X3 wiesio} ‘SN Jequinj 002 Had € ‘4 10} 188 Buloho ‘ouswnsod (% A ‘ ¥
‘HN 1omod ‘Aeip xa p. ‘(S) %2 L+ diy ang  ‘vX3a) ang ydiopy | ‘de1 g ‘xe 6 ‘xo aouejsisay .>£_«mm_._ Cmm A%MW m._ _wom_..w_ i _H“
»(Aouanbayy
SawooNo ‘Rysuayuy
sSaunfui Apnjs ‘uoneinp) Apnis jo q@W/BY ‘INg  eSINO (ebe
‘Ne ‘Bujures  p4HH 0} Buipioode JHH uo paseq Se 4yH Jo uonduosaid uoljeinp pue ‘IHH ‘19As]  -doip ueaw)
Ssjuswiwo)  Jo |oauo) s)nsa1 uiepy sawodno ureyy sdnoibgng Buiures | X9 JO 8pOW vd ‘uijeaq Jo ‘oN u sdnoin Apmis

puoD Iy sjqel

Sports Med 2004; 34 (11)

© 2004 Adis Data Information BV. All rights reserved.



Asikainen et al.

772

abed jxau panunuo)

papsau X3 u ‘LHH ou lssi'1@ 1@
j |ddns-eD YN %1 + [eJowa} 711D NG ‘Apoq |ejo} Joows NM/P 2 ‘Ss1es ‘Juapaes nuebiop
puiq ‘4N puel %88 Ul %G2- ‘X3 Ul nwsy ‘yequn| ‘osnw ¢ ‘des 8 ‘WYt Buiuren ‘ousunsod  (%€)  (Ao9) lev'evi B 3@
‘dN 18mod  HE ‘AS X3 %6°0 +Jequn| aNg  (vX3a) ang ‘ydiop %08 ‘X8 G Wbueng ‘AuyresH 1 or 110 ‘X3 uosieN
AMP L
Bupjiem
¥siq uw 02
XM/P 2
.:Bouu_ooo ulw
0} “YeWZOA A
%0987 Jaylo
%1 1+ 8duejeq aouejeq ‘aoed umo je 10 m:_x_mg
‘%t X3} ‘%0E+ pcllt .Em:w:w X© aouejsisal ‘X8 awoy
UN >:mc9r__ HN ._:_ _n\?mm 0} %L1+ Em:m.:w mn_wo_:umzc Jojow .mw_ AlJOB  OS|e .m:_:oﬂw:w
JO |01JU0D YN ne .Em_v ho\emN+ ,C_E\mv_\l_:._ .cow.__uc_v osnw m:_‘_mmn ‘X8 aouejsisal HN INg
PUIq ‘HN PUBl X8 “M/P Z 9 'Xoidde XewzQp  Xewzop ‘(49) ‘oipres  -ybiem uiw 02 ‘X diqosae ‘UN LHH (%) ("N) wile e
‘"N Jamod AS X3 ‘SN %d ‘SN wbiom %4 ‘WbBM ‘ydio ‘dn wrem uiw g edwi-mo7  ‘onosodosiso 2 0E 1O 'X3  IBUdUN
(1HH+X3
‘LHH 'X3) %e-
0} |- dg 2Moishs
(LHH+X3 ‘X3) %9
+ 0} %P+ XBWZOA
‘SN sdnosb Jayi0
(x3)
%9- DL {(X3+14H)
%ei+ ‘(1HH)
%01+ ‘(X3) SN
O-1aH ‘(1HH+X3) HN INg
%9- ‘(LHH) %1 1- ‘LHH
‘(X3) %2- 0-1a1 SM/P € XBWZOA snojaaid oN
»(Aouanbauy
S8wooIno ‘Risuaiu
sSaunfuy Apnis ‘uoneinp) Apnis jo qew/By ‘INg  esinO (ebe
‘Be ‘Bujures;  p4HH 01 Buipioooe JYH UO paseq Se 4HH Jo uonduosaid uoneinp pue ‘1HH ‘leAs]  -doip uesw)
sjuswiwion  Jo jonuoD s)nsal ulely sawoono uely sdnoibgng Bujuresy X8 JO apon Vvd ‘UyesH jo ‘oN u sdnoig Apnmig

PIOD ‘1Y Blqey

Sports Med 2004; 34 (11)

© 2004 Adis Data Information BV. All rights reserved.



773

Exercise for Health for Early Postmenopausal Women

abed jxsu panujuo)

M gL
MM/ € Buiwwims
HN uN fur (BuyBrom XBWZOA ‘Buibbof /2 INg
pullg ‘4N pues ‘"N He ‘AS SN X®WZOA ‘%0L— onelsoIpAy) olp1ed %09-0S ‘Buiirem ‘Juspas (ApS) 1D pale e
‘YN Jomod X3 ‘WHH  %d ‘%9- Wbiem %< Wb1M ‘ydiopy ‘ulw 09-Sv ‘Buiohkd ‘Ayyesy uN 2e  18Ip+x3 rejuIus
IMP G
ui ajow .u\ow Jioww
fur Smp € 2v> DL
uj 1ayeq SN O-1aH “Voww
sousiaype ‘SN OL ‘SN OL 08>0l
‘%08-€9 ‘SN d9 ‘(AS) %0v— ‘ve> ING
ne sm  (ae) wer— % 4 O-1aH ‘Juspas
UN /P 2-LAS ‘(ae) Bxgo-wbiem ‘91 ‘0L ‘(4S) qelew Xm/p ‘Ayyeay L0 Hm
pulg ‘YN puer X3 ‘Areip ‘OIMP ) %L+ ‘(Bim %4 Wbiem ydiow G 10 g XeUZQA SHM ¥ ‘IHHou  (%ee) (A19) P SAM Rl
‘YN Jamod X2 ‘ddH /P €) %Zh+ XBWZOA  ‘dg *BW2QA ‘opred %09 uw 09 Bupirem ‘ouswysod 9z 6L PEXAT Apesy
gike}
%EE ul %G'g- ‘X3 ul
seunfut ‘(BH %y 1+ @oueleq ‘110
wwoez>) Ut %61+ 0} %6- ‘X3
SUONBABI® Ul %9/+ O} %GE+
dg ‘touiw cum:mbw asnw
‘swajgord 110 ul B0+ ‘X3
D03 ON Ul BY6°0- ssew jeq
uoneuIplood
110 ui Bys0+ /eoueleq
X3 u Bye" L+ olweuhp
Buuoyuow ‘SSew aaly-le} ‘ybuans AL
dg Buybiem oneisospAy sjosnw (sauiyoew €2 Ing
pue HO3 ut ‘SN ybram ‘("o18 poiphy 90uE)sISal “qybram
[BUOISEOO0 11O Ul %8'L— ‘4S) %d opewnaud)  |eep! %OEL>
s(Aouanbayy
S8Wwo09}N0 ‘Aisusiul
2Saunful Apnis ‘uonelnp) Apnis jo W/By INg  eSIN0 (ebe
‘§e ‘Buuren;  o4HH o) Bupioode  44H uo paseq se 4yH Jo uonduosaid uonelnp pue ‘1HH ‘19A8]  -dosp uesw)
sjuawwo)  JO |ou0) synsa: uiely sawooino urepy sdnoibgng Buiures) X8 JO 9pon Vvd ‘UesH Jo 'oN u sdnoin Apnis

Puog ‘v ejqel

34N

Sports Med 2004,

© 2004 Adis Data Information BV. All rights reserved.



Asikainen et al.

abed )xau panunuo)

Sports Med 2004; 34 (11)

774

NM/P € ‘Ui uoyesipaw ou
HN seInog| 0-1aH ‘0L gelew 09 yim Bues AL ‘oweepidisAp ike)
puiq ‘YN pues dnosb ‘yesuo sdnoib 131Q yioq Ul ‘dg *eWIOA ‘olpsed A 9t BuibBol ‘ousunsod  (%2)  (A28) BIP+X3 (B W
‘UN Jemod 1B AS X3 BYe— 01 52— blem ‘ubiom ‘ydio  yiem-6ol ysug ‘Bupiiepm ‘AupresH € 08l 18ip ‘X3  Oluejels
%e LI+
dwn( jeopuaa
‘%,E€'g+ SUOISUB)IXD
oauy ‘I HH+X3
u| sjnsal jseg
4N
fu ‘Aieip xo soueuuopad
‘(X3) %0S sdnoib yuswyiess) pue wybuais
‘(LYH+X3) lile ur | souewnoped ejosnw
sjno-doip %09 Ppue yibuans epsnw ‘(souepadwiolq) A 14H
Auew ‘YN ‘xoidde ‘SN %4 ‘SN ybiom %4 ‘Wbiem NM/P ¢ aouep snoiaaid ou LD
pulq ‘4N pues  Je SYmp g ‘sdnosb jusuyeasy ‘leauedjed osnw ‘xa [eoisAyd olqoiae pue ‘ouswysod  (%GE) (HN)  ‘LHH+X3  [evses B
"HN Jamod AS X3 lew | ang  (LOD) ang ‘diow  yoedun-ybiH  Buiures ynond ‘AyyesH 82 08 ‘IHH'X3 19 EUdIS
osfe
pes|oiaxe aney S10SUB)X8 %OoBq ¥Wp G ‘das
wbiw 110 ‘YN jo yibuans 0} ‘WY %0¢€
Vd ouleseq %€ [ul ‘UN LD ul By i+ pue ‘Anewondiosqe ‘100J} 8Y} Uo X8 A2 HN INg
“'seew papullq ne ‘elp X3 ul (%egL) Byze+ uojoyd Buuaypbuans (Begpues) ‘1HH ou
‘UN pues  xo ‘paseq ybuails sjosnw |enp) auids osnw  JOSudixae }oeq 3oeq 10} ‘ouswysod (%y)  (AgS) log'zs)’ 1@ 19
‘HN Jemod  -awoy X3 3oeq ‘SN QWg Jequni jo ging ‘ydiop anssalfold  xo eouejsisay ‘Ayyes € 89 110 ‘X3 beuls
HN
sino-doup ‘p/rN
P 1-S0°L Jo
ayeyu Abiaus
‘ouswaid (y0au1put)
s)09(gns swog XewzZoA
s(Aouanbayy
$8WOoN0 ‘Rususyul
sSaunfuy Apnis ‘uoyeinp) Apnss jo W/B) INg  esInO (ebe
‘ne ‘buiuien  pJyH 0) BuipI0ddE {YH UO paseq Se JHH jo uonduosesd uopelnp pue ‘IHH ‘|eAs]  -dosp  uesw)
SjJuswwo)  Jo joauo) s)nsa) ureyy sawodno uey sdnoibgng Buiures ) X8 JO apop vd ‘UesH jo ‘oN u sdnoin Apnig

puoD Iy siqelL

© 2004 Adis Data Information BV. All rights reserved.



775

Exercise for Health for Early Postmenopausal Women

abed jxau panunuon
IM/P €
‘UMOop-{009
uw Q| ‘xe
%2l 1oedwi-uou pue
|ddns @ [u ‘%gg ne SN yibusns Buiyorens uw Ay
ulweya ‘iddns ‘yd Ajep 10} Jnwsj pue Jequinj 10SUBIX3 G} ‘Buidwn( Buiyoyens 12 InNg 110
-ep “seaw siowopad X3 ‘%g’L+ Jnway  Baj ‘eiqn [eisip lojow [euonoapRINW ‘xa joedw ‘JHH ou ‘X3+oqaoe|d
papuiq ‘UN ‘feip ‘%G €+ Jequin|  ‘inwaj ‘requin| ‘osnw uiw oz ‘dn  -uou ‘Burdwn( Yuapas (%¥)  (Aeg) ‘vv usrfe 1@
puel ‘+ Jemod X8 ‘AS X3 sdnosb vv ONg  ‘(vx3a) owg ‘ydioy -wemuw gL edwi-ybiy ‘AyresH L ¥9L  ‘X3t+vy Isey-isnn
%0€-02 Aq | 1aH
pue 1701 ‘D1 ‘'OL
‘sdnosb | 31a0+X3
‘131q ut b4
wuwo}- "xoidde 4g
ojoisAs ‘131a+Xx3
ul uiw/Byw g+
"xoidde xewzg\
UN fur
‘(x3+L131Q) SHM 2L
%.6 Ne (ssuyoew
1e1p Aep/iedy  ‘isiuopuInu SN Qg fequnj 0-1a1°0 1Biem) Buiuren BH wuwoo}
000! ‘Pamoje 1o uemdisAyd ‘13i1a vey e} -IaH ‘OL ‘0L AMP € wbuans /061> d€9
X3 ainsig| yim  asow 1so| 1 31a+X3 ‘dg YeUWZOA 1S | ‘das ‘Butuuni ‘1HH ou
fensn “seaw  sBuneew  ‘sdnoib x3+131q “requni (¥X3Q) gelow G-/ X8 0}-8 lliwpeay ‘e€-L2 INg L0
pulig-lwas ‘UN Aproam ‘131 w BxoL- ang ‘(@s) ‘Olpied  XBWZQA %0L ‘Bupjiem ‘ousunsod  (%g)  (ApS) ‘XIHEP g e
pues ‘+ Jamod ‘AS X3 "xoidde ybiapm %4 ‘WbM ‘ydion ‘ulw gG-0g  Jress ‘Bulph) ‘Ayyesq € 12t 19lg usspuang
SN nib ‘SN D1 ‘SN (ze>) 92 ng
0-10H 'X3+L13ia “J/ioww
UN fur 'gN w1 0-1@7 pue 0L LL°2> niB
%8 T oxelul e ‘sjoejuod ‘SN d8 ‘X3 woq ‘BH
1ej Aejaip  suoyd ‘jlew  ul uiwyBy/w gp+ esoonib ewseld wwse/091> dg
‘dN Ausuaju)  ‘sBunesiy 0} G'g+ XBWZOA ‘0107 ‘'OL ‘pamoje | HH
o(Aouanbayy -
S3WoINo ‘Rususyuy
sSaunfui Apnis ‘uotjeinp) Apnis jo W/by ‘INg  eSINO (ebe
‘Ne ‘buiuresy  pJHH 01 Buipioode JYH uo peseq Se 4yH jo uonduosaid uoyeinp pue ‘JHH ‘!len8]  -dosp  ueaw)
SjuaWWo) O |oJjuo) sjinsal ufeyy sawodno ureyy sdnoibgng Buures | X8 Jo apopy Vd ‘UesH jo ‘ON u sdnoig Apnis

PuoY Iy siqel

Sports Med 2004; 34 (11)

© 2004 Adis Data Information BV. All rights reserved.



Astkainen et al.

776

“9SB0IOU) SOJEDIPUI | ‘6SE8I08p SBjEdIpUl 1 ‘UoRdWNSUOD UBBAXO [ewixew = XEWZQA ‘sapLBdAIBU) = DL |0181SBI0YD (€10} = DL ‘SIB)EM LIOYS = MS ‘pasiriadns = AS 'SPIOjubis

= 4g ‘Atejuapes = juapas ‘Buusyibuais = g ‘Bujuren yibuasis ul suonnadal jewixelw = WY ‘Buiuren yibuaas ul asiosexa Jo suonnedal Jo Jequinu = dai ‘|lelep Ul peqLoOsap pue

PifEA poyiaw uonesiwopues = + pues ‘AydeiBowoy pandwoo sageuenb = |9 ‘ejenbape si syuedionied jo Jequinu ay) Jey) moys o} pawioped suoienojes Jemod [eolishers = +
1amod ‘jesnedousawisod = ouswysod ‘jesnedouswuad = ouswiad ‘Ayanoe feaisAyd = yd ‘abueyo [eonsiess Jueoyubisuou = N ‘papodas jou = YN ‘sisAjeue uojeAnde uonnau =
WVN ‘SSeujlj [Bje|exsonosnuu = asnu ‘Ssaujy Jojow = Jojouw ‘ssauyy |esibojoydiow = ydiow ssauyy Oljoqelow = gejall ‘sjuswainseall = ‘sealu ‘siaxem Buo| = p (peseq-awoy
Aususjui-mol = HI ‘loeisajoyo-uiajoidody Alisuap-moj = 9-1a ‘Siev[em ajelpaundul = M| ‘ulnsul = sul ‘swajqoid Yyeay pajejai-asiosexe pue saunful = [uy ‘AnewonsuspolpAy
= poapAy ‘Adesay) Juswaoe|das suowioy = 1 HH ‘uonedied ajel ueay = dyH ‘8le] Jeay wnuwixew = Xewyy ‘iojuow ajes Heay = WHH ‘9jel beay = YH ‘paseq-awoy Aysuajul-ybiy
= HIH ‘paseq-dnoib Aususiui-ybiy = HIH ‘joseisajoyo-uisjoidody Asuap-ybiy = 9-1aH ‘esoonib = nib (%) 1ublemApoq wouy yey Apoq jo uomodoid = 9,4 AjIqIxal) = X3} ‘ssauly =
4 ‘dnoib esjolexe = X3 ‘esiolexs = xa ‘dnoib aoueinpus = J ‘uolssnosip = *asip ‘Ajewondiosqe Aei-x AB1aua [enp = yx3q ‘dnoib jonuod = 119 ‘uonejuswse|ddns wniojed = jddns
-e) ‘ssau)y Aiojesdsalolpied = ojpaed ‘dnoib sojusyisijieo = w9 ‘ainssaid poojq = dg ‘(zw/6¥) xapui ssew Apoq = jNg ‘Alsusp [eieulw suoq = QNG ‘JUSJUOD [eldUIW Buoq = JNE
‘Jje)s pue sjoslqns ‘sjuswainseauw jo Buipuilq = pullq ‘suoisses Bujures) uj eouepusye = Je ‘pjoysaiyy diqosseue = §y ‘Ajgyewixoidde = *xoidde ‘pioe ojuospusje = yy ‘olqoise =

‘sjuedionsed e jo swaejqoid yiesy pajejel-esiosexs Jo Jaquinu [ejo}

ay} jo ebejusolad e se painsesw ase saunfu| ‘siosintadns ayy Aq Jo sauelp asioiexa Aq pasojuow se pajedioited suoissas astolaxa Jo (%) uoliodold B se aouepusily @

11D pue X3 yioq ui abueyd ey} Jo (71D auy ut abueyo ayy snuiw X3 ay} ul abueyo ayy) sebueyd JoN  p

‘ainseaw awodno

ue sem Aiqixayy 1 Ajuo pauopusw sesioIexe AHlIqiXel PUB UMOP-|00D ‘dN-WiIem ‘pPasn Sem Z|'62 — XBWHH %82 | = XeWZON% ejnwio} jpapiodal i ‘asiolexe paquosald O

‘uesw pue abues ‘syjuedioped jo NG q

‘pasiwopue) Jaquinu fejo} ayy jo uoipodoid pue syno-dosp jo JequinN B

HN [ ‘gN
ne ‘ddH AM/|eoy
‘syoelgns 000} “XBWZOA
ay) Jo awos %S2-0L ‘(MS)
10} SWHH synoq p-¢
‘s|ieo suoyd ul ulw Q1-g
‘s1aye|smeu ‘(M) sinoq B6H
‘sesw ‘Areip €-¢ uruiw wwse6/09+> dg jike)
pullq ‘YN pues  x8 Mp | HN O-1QH O-1aH SE-0L ‘(M) SHM 0} ‘uepes  (%1€)  (UN) ‘MS ‘MI  pele 0
‘HN 4amod AS X3 ‘YN O-1a7 ‘’N OL ‘0-1a1 ‘0L qels uiw 002 Bupirem LT L} ¥S ‘M1:X3 € Aew-jloom
(1581 Ylem Mxn)
L'E+ IS8 )lem MHN  sseuyy diqosse
‘%’ L+ 8oueleq 1oy} ise) Joalpul
leansod X3 ‘sG'g+  ‘1s8) aouejeq
Jamod ojweulp feamsod
6o| X3 ‘%9'e+ /Anbe ‘1emod
elqy (eisip X3 diweudp Be
o(Aouanbaiy
SaWwooINo ‘Ausuaiul
sSouUN[ul Apns ‘uoneinp) Apnis jo qeW/By ING  eSINO (ebe
‘ne ‘Buiuieny  oJyH o) Buipiodoe  JYH uo peseq Se 4HH JO uonduosaid uonesnp pue ‘IHH ‘1eAs]  -doip  uesaw)
Sjuswiwo)  Jo jouo) sjinsal urepy  sawodno ufey sdnoibgng Bujures ) X8 JO apon Vd ‘UjesH jo ‘ON u sdnoig Apnis

pwod Iy alqer

Sports Med 2004; 34 (11)

© 2004 Adis Data Information BV. All rights reserved.



Exercise for Health for Early Postmenopausal Women

777

[=2)

oo

11.

12.

13.

14.

19.

20.

References

. Sowers MR, La Pietra M. Menopause: its epidemiology and

potential association with chronic diseases. Epidemiol Rev
1995; 17: 287-302

. Pate RR, Pratt M, Blair SN, et al. Physical activity and health: a

recommendation from the Centers for Disease Control and
Prevention and the American College of Sports Medicine.
JAMA 1995; 273: 402-7

. American College of Sports Medicine (ACSM). Position stand

on the recommended quantity and quality of exercise for
developing and maintaining cardiorespiratory and muscular
fitness, and flexibility in healthy adults. Med Sci Sports Exerc
1998; 30: 975-91

. Mosca L, Manson JAE, Sutherland SE, et al. AHA scientific

statement: cardiovascular disease in women. Circulation 1997;
96: 2468-82

. Mosca L, Grundy SM, Judelson D, et al. AHA/ACC Scientific

statement: consensus panel statement: guide to preventive
cardiology for women. Circulation 1999; 99: 2480-4

. Jakicic JM, Clark K, Coleman E, et al. Appropriate intervention

strategies for weight loss and prevention of weight regain for
adults. Med Sci Sports Exerc 2001; 33: 2145-57

. National Institutes of Health (NIH). Consensus Conference:

osteoporosis: factors contributing to osteoporosis. J Nutr 1986;
116: 316-9

. American College of Sports Medicine (ACSM). Position stand

on physical activity, physical fitness and hypertension. Med
Sci Sports Exerc 1993; 25 (10): i-x

. American College of Sports Medicine (ACSM). Position stand

on exercise and physical activity for older adults. Med Sci
Sports Exerc 1998; 30: 992-1008

. Hollmann W. Changes in the capacity for maximal and continu-

ous effort in relation to age. In: Jokl E, Simon E, editors.
International research in sport and physical education. Spring-
field (IL): C.C. Thomas, 1964: 369-71

Kilbom A, Astrand I Physical training with submaximal inten-
sities in women II: effect in cardiac output. Scand J Clin Lab
Invest 1971; 28: 163-75

Willmore JH, Costill DL. Physiology of sport and exercise.
Champaign (IL): Human Kinetics, 1994

Wasserman K, Hansen JE, Sue DY, et al. In: Weinberg R,
editor. Principles of exercise testing and interpretation includ-
ing pathophysiology and clinical applications. Baltimore
(MD): Lippincott Williams & Wilkins, 1999

Bouchard C, Shephard RJ. Physical activity, fitness, and health:
the model and key concepts. In: Bouchard C, Shephard RJ,
Stephens T, editors. Physical activity, fitness, and health.
Champaign (IL): Human Kinetics, 1994: 77-88

. Sackett DL, Straus SE, Richardson WS, et al. Evidence-based

medicine: how to practice and teach EBM. 2nd ed. London:
Churchill Livingston, 2000

. Cowan MM, Gregory LW. Responses of pre- and post-meno-

pausal females to aerobic conditioning. Med Sci Sports Exerc
1985; 17: 138-43

. Elliott KJ, Sale C, Cable NT. Effects of resistance training and

detraining on muscle strength and blood lipid profiles in
postmenopausal women. Br J Sports Med 2002; 36: 340-5

. Grove KA, Londeree BR. Bone density in postmenopausal

women: high impact vs low impact exercise. Med Sci Sports
Exerc 1992; 24: 1190-4

King A, Haskell WL, Young DR, et al. Long-term effects of
varying intensities and formats of physical activity on partici-
pation rates, fitness, and lipoproteins in men and women aged
50 to 65 years. Circulation 1995; 91: 2596-604

Iwamoto J, Takeda T, Ichimura S. Effect of exercise training
and detraining on bone mineral density in postmenopausal
women with osteoporosis. J Orthop Sci 2001; 6: 128-32

© 2004 Adis Data Information BV. All rights reserved.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Moreau KL, Degarmo R, Langley J, et al. Increasing daily
walking lowers blood pressure in postmenopausal women.
Med Sci Sports Exerc 2001; 33: 1825-31

Ready AE, Drinkwater DT, Ducas J, et al. Walking reduces
elevated cholesterol in women postmenopause. Can J Cardiol
1995; 11: 905-12

Revel M, Mayoux-Benhamou MA, Rabourdin JP, et al. One-
year psoas training can prevent lumbar bone loss in postme-
nopausal women: a randomized controlled trial. Calcif Tissue
Int 1993; 53: 307-11

Smidt GL, Shen-Yu L, O’Dwyer KD, et al. The effect of high-
intensity trunk exercise on bone mineral density of postme-
nopausal women. Spine 1992; 17: 280-5

Staffileno BA, Braun LT, Rosensen RS. The accumulative
effects of physical activity in hypertensive postmenopausal
women. J Cardiovasc Risk 2001; 8: 283-90

Toobert DJ, Glasgow RE, Radcliffe JL. Physiological and relat-
ed behavioural outcomes from the Womens Lifestyle Heart
Trial. Ann Behav Med 2000; 22: 1-9

Verity LS, Ismail AH. Effects of exercise on cardiovascular
disease risk in women with NIDDM. Diabetes Res 1989; 6:
27-35

De Vito G, Bernardi M, Forte R, et al. Effects of a low-intensity
conditioning programme on VO2max and maximal instantane-
ous peak power in elderly women. Eur J Appl Physiol 1999;
80: 227-32

Asikainen T-M, Miilunpalo S, Oja P, et al. Walking trials in
postmenopausal women: effect of one vs two daily bouts on
aerobic fitness. Scand J Med Sci Sports 2002; 12: 99-105

Asikainen T-M, Miilunpalo S, Oja P, et al. Randomized, con-
trolled walking trials in postmenopausal women: the minimum
dose to improve aerobic fitness? Br J Sports Med 2002; 36:
189-94

Bassey EJ, Rothwell MC, Littlewood JJ, et al. Pre- and postme-
nopausal women have different bone mineral density re-
sponses to the same high-impact exercise. J Bone Miner Res
1998; 13: 1805-13

Bemben DA, Fetters NL, Bemben MG, et al. Musculoskeletal
responses to high- and low-intensity resistance training in early
postmenopausal women. Med Sci Sports Exerc 2000; 32:
1949-57

Bravo G, Gauthier P, Roy P-M, et al. Impact of a 12-month
exercise program on the physical and psychological health in
osteopenic women. J Am Geriatr Soc 1996; 44: 756-62

Brooke-Wavell K, Jones PR, Hardman AE. Brisk walking
reduces calcaneal bone loss in post-menopausal women. Clin
Sci (Lond) 1997; 92: 75-80

Chow R, Harrison JE, Notarius C. Effect of two randomized
exercise programmes on bone mass of healthy postmenopausal
women. BMJ 1987; 295: 1441-4

Milliken LA, Going SB, Houtkooper LB, et al. Effects of
exercise training on bone remodelling, insulin-like growth
factors, and bone mineral density in postmenopausal women
with and without hormone replacement therapy. Calcif Tissue
Int 2003; 72: 478-84

Cussler EC, Lohman TG, Going SB, et al. Weight lifted in
strength training predicts bone change in postmenopausal wo-
men. Med Sci Sports Exerc 2003; 35: 10-7

Hamdorf PA, Withers RT, Penhall RK, et al. Physical training
effects on the fitness and habitual activity patterns of elderly
women. Arch Phys Med Rehabil 1992; 73: 603-8

Hatori M, Hasegawa A, Adachi H, et al. The effects of walking
at the anaerobic threshold level on vertebral bone loss in
postmenopausal women. Calcif Tissue Int 1993; 52: 411-4

Heikkinen J, Kyllonen E, Kurttila-Matero E, et al. HRT and
exercise: effects on bone density, muscle strength and lipid
metabolism: a placebo controlled 2-year prospective trial on

Sports Med 2004; 34 (11)



778

Asikainen et al.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

two estrogen-progestin regimens in healthy postmenopausal
women. Maturitas 1997; 26: 139-49

Heinonen A, Oja P, Sievanen H, et al. Effect of two training
regimens on bone mineral density in healthy perimenopausal
women: a randomized, controlled trial. J Bone Miner Res
1998; 13: 483-90

Hopkins DR, Murrah B, Hoeger WW, et al. Effect of low-
impact dance on the functional fitness of elderly women.
Gerontologist 1990; 30: 189-92

Irwin ML, Yasui Y, Cornelia MU. Effects of exercise on total
and intra-abdominal body fat in postmenopausal women: a
randomized controlled trial. JAMA 2003; 289: 323-30

. Kerr D, Ackland T, Maslen B. Resistance training over 2 year

increases bone mass in calcium-replete postmenopausal wo-
men. J Bone Miner Res 2001; 16: 175-81

King AC, Haskell WL, Taylor CB, et al. Group- vs home-based
exercise training in healthy older men and women: a communi-
ty-based clinical trial. JAMA 1991; 266: 1535-42

Lindheim SR, Notelovitz M, Feldman EB, et al. The indepen-
dent effects of exercise and estrogen on lipids and lipoproteins
in postmenopausal women. Obstet Gynecol 1994; 83: 167-72

Mitchell SL, Grant S, Aitchison T. Physiological effects of
exercise on post-menopausal osteoporotic women. Physiother-
apy 1998; 84: 157-63

Nelson ME, Fiatarone MA, Morganti CM, et al. Effects of high-
intensity strength training on multiple risk factors for osteo-
porotic fractures. JAMA 1994; 272: 1909-14

Nelson ME, Fiatarone MA, Layne JE, et al. Analysis of body-
composition techniques and models for detecting change in
soft tissue with strength training. Am J Clin Nutr 1996; 63:
678-86

Ready E, Naimark B, Ducas J, et al. Influence of walking
volume on health benefits in women post-menopause. Med Sci
Sports Exerc 1996; 28 (9): 1097-105

Shinkai S, Watanabe S, Kurokawa Y. Effects of 12 weeks of
aerobic exercise plus dietary restriction on body composition,
resting energy expenditure and aerobic fitness in mildly obese
middle-aged women. Eur J Appl Physiol 1994; 68: 258-65

Sinaki M, Wahner H, Offord K, et al. Efficacy of nonloading
exercises in prevention of vertebral bone loss in postme-
nopausal women: a controlled trial. Mayo Clin Proc 1989; 64:
762-9

Suominen H, Taaffe DR, Ollikainen S, et al. Additive effects of
high-impact physical exercise and estrogen replacement ther-
apy on calcaneal bone mineral density in postmenopausal
women: a randomized placebo-controlled study [abstract]. J
Bone Miner Res 1999; 14: S185

Cheng S, Sipila S, Taaffe DR. Change in bone mass distribution
induced by hormone replacement therapy and high-impact
physical exercise in post-menopausal women. Bone 2002; 31:
126-35

Stefanic ML, Mackey S, Sheehan M, et al. Effects of diet and
exercise in men and postmenopausal women with low levels of
HDL cholesterol and high levels of LDL cholesterol. N Engl J
Med 1998; 339: 12-20

Svendsen OL, Hassanger C, Christiansen C. Effect of energy-
restrictive diet, with or without exercise, on lean tissue mass,
resting metabolic rate, cardiovascular risk factors, and bone in
overweight postmenopausal women. Am J Med 1993; 95:
131-40

Uusi-Rasi K, Kannus P, Cheng S, et al. Effect of Alendronate
and exercise on bone and physical performance of postme-
nopausal women. Bone 2003; 33: 132-43

Kyllonen ES, Heikkinen JE, Vaananen HK. Influence of es-
trogen-progestin replacement therapy and exercise on lumbar
spine mobility and low back symptoms in healthy early
postmenopausal female population: a 2-year randomized, con-
trolled trial. Eur Spine J 1998; 7: 381-6

© 2004 Adis Data Information BV. All rights reserved.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Morganti CM, Nelson ME, Fiatarone MA, et al. Strength im-
provements with 1 yr of progressive resistance training in older
women. Med Sci Sports Exerc 1995; 27: 906-12

Itoi E, Sinaki M. Effect of back-strengthening exercise on
posture in healthy women 49 to 65 years of age. Mayo Clin
Proc 1994; 69: 1054-9

Sipila S, Taaffe DR, Cheng S, et al. Effects of hormone replace-
ment therapy and high-impact physical exercise on skeletal
muscle in post-menopausal women: a randomized, controlled
study. Clin Sci (Lond) 2001; 101: 147-57

Busby J, Notelovitz M, Putney K, et al. Exercise, high-density
lipoprotein-cholesterol, and cardiorespiratory function in cli-
macteric women. South Med J 1988; 7: 769-73

Asikainen T-M, Miilunpalo S, Kukkonen-Harjula K, et al.
Walking trials in postmenopausal women: effect of low doses
of exercise and exercise fractionization on coronary risk fac-
tors. Scand J Med Sci Sports 2003; 13: 284-92

. Woolf-May K, Kearney EM, Owen A, et al. The efficacy of

accumulated short bouts versus single daily bouts of brisk
walking in improving aerobic fitness and blood lipid profiles.
Health Educ Res 1999; 14: 803-14

Jadad AR, Moore RA, Carron DC, et al. Assessing the quality of
reports of randomized clinical trials: is blinding necessary?
Control Clin Trials 1996; 17: 1-12

Schulz KF, Chalmers I, Hayes RJ, et al. Empirical evidence of
bias: dimensions of methodological quality associated with
estimates of treatment effects in controlled trials. JAMA 1995;
273: 408-12

Guyatt GH, Sackett DL, Cook DJ. Users’ guides to medical
literature II: how to use an article about therapy or prevention
A: are the results of the study valid? JAMA 1993; 270:
2598-601

Guyatt GH, Sackett DL, Cook DJ. Users’ guides to the medical
literature II: how to use an article about therapy or prevention
B: what were the results and will they help me in caring for my
patients? JAMA 1994; 271: 59-63

Oxman AD, Cook DJ, Guyatt GH. Users’ guides to the medical
literature VI: how to use an overview. JAMA 1994; 272:
1367-71

Oxman AD, Sackett DL, Guyatt GH. Users’ guides to the
medical literature I: how to get started. JAMA 1993; 270:
2093-5

Oja P. Intensity and frequency of physical conditioning as
determinants of the cardiovascular response of middle-aged
men at rest and during exercise [dissertation]. State College
(PA): The Pennsylvania State University, 1973

King AC, Haskell WL, Young DR, et al. Long-term effects of
varying intensities and formats of physical activity on partici-
pation rates, fitness, and lipoproteins in men and women aged
50 to 65 Years. Circulation 1995; 91: 2596-604 o

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

Rantanen T. Muscle strength, disability and mortality. Scand J
Med Sci Sports 2003; 13: 3-8

Herbert RD, Gabriel M. Effects of stretching before and after
exercising on muscle soreness and risks of injury: systematic
review. BMJ 2002; 325: 468-70

Kannus P, Khan KM. Prevention of falls and subsequent injuries
in elderly people: a long way to go in both research and
practice. CMAJ 2001; 165: 587-8

Correspondence and offprints: Dr Tuula-Maria Asikainen,
Department of Clinical Physiology, Satakunta Central Hos-
pital, Sairaalantie 3, Pori, FIN-28500, Finland.

E-mail: tm.asikainen@sci.fi

Sports Med 2004: 34 (11)



Downloaded from bjsm.bmijjournals.com on 17 May 2005

189

ORIGINAL ARTICLE

Randomised, controlled walking trials in postmenopausal
women: the minimum dose to improve aerobic fitness?

T-M Asikainen, S Miilunpalo, P Oja, M Rinne, M Pasanen, K Uusi-Rasi, | Vuori

See end of article for
authors’ affiliations

Correspondence to:

Dr Asikainen, The UKK
Institute for Health
Promotion Research, PO
Box 30, FIN-33501,
Tampere, Finland;
tm.asikainen@sci.fi

Accepted
11 December 2001

Br J Sports Med 2002;36:189-194

Background: The American College of Sports Medicine recommends 20-60 minutes of aerobic exer-
cise three to five days a week at an infensity of 40/50-85% of maximal aerobic power (Vo,mAx)
reserve, expending a total of 700-2000 kcal (2.93-8.36 MJ) a week to improve aerobic power and
body composition.

Obijective: To ascertain the minimum effective dose of exercise.

Methods: Voluntary, healthy, non-obese, sedentary, postmenopausal women (n = 121), 48-63 years
of age, were randomised to four low dose walking groups or a control group; 116 subjects completed
the study. The exercise groups walked five days a week for 24 weeks with the following intensity (% of
Vo,max) and energy expenditure (kcal/week): group W1, 55%/1500 keal; group W2, 45%/1500
keal; group W3, 55%/1000 keal; group W4, 45%/1000 kcal. Vo,max was measured in a direct
maximal treadmill test. Submaximal aerobic fitness was estimated as heart rates at submaximal work
levels corresponding to 65% and 75% of the baseline Vo,max. The body mass index (BMI) was calcu-
lated and percentage of body fat (F%) estimated from skinfolds.

Results: The net change (the differences between changes in each exercise group and the control
group) in Vo,max was 2.9 ml/min/kg (?5% confidence interval (Cl) 1.5 to 4.2) in group W1, 2.6
ml/min/kg (95% Cl 1.3 to 4.0) in group W2, 2.4 ml/min/kg (95% Cl 0.9 to 3.8) in group W3, and
2.2 ml/min/kg (95% ClI 0.8 to 3.5) in group WA4. The heart rates in standard submaximal work
decreased 4 to 8 beats/min in all the groups. There was no change in BMI, but the F% decreased by
about 1% unit in all the groups.

Conclusions: Walking (for 24 weeks) at moderate intensity 45% to 55% of Vo,max, with a total weekly
energy expenditure of 1000-1500 kcal, improves Vo,max and body composition of previously seden-
tary, non-obese, postmenopausal women. This dose of exercise apparently approaches the minimum

effective dose.

that, to gain positive effects on aerobic fitness and body
composition, an adult should exercise three to five days a
week at an intensity of 40/50-80% of maximum oxygen
uptake (Vo,max) reserve for 20-60 minutes continuously or
accumulate the exercise in several daily bouts of at least 10
minutes duration, so that a total of 700-2000 kcal (2.93-8.36
MJ) are expended weekly.' (Vo,max reserve is calculated from
the difference between resting and maximum Vo, values. To
estimate training intensity a percentage of this value is added
to the resting Vo, and is expressed as a percentage of Vo,max
reserve.) Current exercise recommendations are more moder-
ate, and more frequent, but light exercise with intensity below
40% Vo,max is not considered effective." Some researchers™
claim that sufficient experimental evidence is lacking to settle
the matter because the minimum effective dose varies
depending on the initial fitness level, the duration of the exer-
cise session, the length of the exercise programme, and the
individual characteristics of the participant. Very few studies
have considered exercise programmes at intensities that
border on light and moderate,”” and the evidence on the ben-
efits of such exercise is sparse and confusing.*®
We conducted a randomised, controlled trial to compare the
effects of four low dose exercise programmes on the
cardiorespiratory fitness and body composition of postmeno-
pausal women. We chose postmenopausal women, because
regular exercise may be of specific importance in this group.
Mortality from coronary heart disease rises after the
menopause.” Also this group is rarely included in exercise
studies and thus the need for more studies in postmenopausal
women is obvious.' According to our hypothesis, the exercise

The American College of Sports Medicine (ACSM) states

groups would show dose-response improvement, and the
minimum dose of effective exercise could be found.

METHODS

Design

The study was a randomised, controlled walking trial with
walking groups W1, W2, W3, and W4 and control group C. The
outcome measures were the changes in Vo,max, submaximal
cardiorespiratory fitness, and body composition. The study
design was approved by the research ethics committee of the
UKK Institute for Health Promotion Research. All the subjects
gave their written informed consent.

Subijects

The subjects were recruited through an announcement in the
local newspaper. Altogether 413 responded, and 121 were
selected. Figure 1 shows the recruitment process.

The eligibility criteria were (a) female, () 2-10 years past
the onset of menopause at the start of the study, (c) 48-63
years of age, (d) no chronic diseases, (¢) no regular medication,
(f) non-smoker, (9) body mass index (BMI) <32 kg/m, (k)
resting blood pressure <160/100 mm Hg measured in sitting
position, (7) not engaged in strenuous work or in regular brisk
leisure time exercise more than once a week or in light
exercise more than three times a week, and (j) willing to con-
tinue previous diet and physical activity habits in addition to

Abbreviations: Vo,max, Maximal aerobic power; BMI, body mass
index; HRT, hormone replacement therapy; F%, percentage of body fat
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Newspaper announcement and telephone interview,

413 subjects
V
329 included 84 excluded
® out of age range
® obese
® too much exercise
o unwilling

Screening by questionnaire, 329 subjects

*\..

133 included

196 excluded

® poor health

 too much exercise
* unwilling

Screening by medical examination
and submaximal exercise test, 133 subjects

*\..

123 included

10 excluded

o severe arrhythmia

® excessive ST depression

® excessive rise in blood pressure

Submaximal exercise test of 123 subjects

H \
121 m%luded 2 excluded

® excessive ST depression

121 elected as subjects and randomised

Group W1 Group W2 Group W3  Group W4 Group C
21 21 1 ? 21 40

Intervention

\j
20 v 21 16 v 21 38 v
1 drop out 2 drop outs 2 drop outs
¢ unwilling ¢ unwilling ® non-exercise related

e ac disease accidents

116 completed the study

Figure 1 Recruitment and selection of subjects.

the exercise requirements of the study group. Only partici-
pants willing to agree to the results of randomisation were
accepted in the study.

Randomisation

The 121 subjects were randomly assigned to one of four walk-
ing groups or to a control group using computer generated
random numbers, and the subjects, as well as the testing per-
sonnel, were informed about the group results after the base-
line exercise test. To improve the statistical power of the study
design in the most economical way, we allocated more people
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to the control group than to the intervention groups. Users of
hormone replacement therapy (HRT) and non-users were
randomised separately into the groups so that the number of
HRT users and non-users would be approximately equal in
each group. There were 21,21, 18, 21, and 40 subjects in groups
W1, W2, W3, W4, and C respectively. Figure 1 shows the
randomisation. Table 1 shows the baseline characteristics of
the subjects.

Exercise intervention

The exercise programme was planned according to the princi-
ples of the exercise recommendation of ACSM.' The training
intensities were selected from the low range of the recommen-
dation, 55% (groups W1 and W3) or 45% (groups W2 and W4)
of the Vo,max. The weekly energy expenditure of the exercise
was set at 1500 kcal (groups W1 and W2) or 1000 kcal (groups
W3 and W4), which were also from the lower end of the rec-
ommendation. The subjects in the exercise groups exercised
five days a week. A high weekly frequency was chosen to
reflect recent recommendations.' Twenty four weeks was cho-
sen for the intervention so that the recommended minimum
of 15-20 weeks would be exceeded and most of the possible
effect would be attained.! Walking was considered the
commonest and most feasible form of sustainable dynamic
aerobic exercise for sedentary subjects' and was chosen as the
mode of exercise.

The individual target heart rate for the exercise, correspond-
ing to the chosen intensity, was determined for each subject in
the baseline exercise test. The target heart rate varied between
the subjects, mainly because of the individual differences in
maximal heart rate. A heart rate monitor (Polar Edge; Polar
Electro, Kempele, Finland) was used to control heart rate dur-
ing walking. For each subject, the Weir formula," which esti-
mates energy expenditure (kcal/min) from measured oxygen
consumption (litres/min), was used to calculate the duration
of the daily walking session that would correspond to the
chosen weekly energy expenditure. The exercise duration var-
ied between the subjects mainly because of the differences in
Vo,max, which is related to initial fitness and body mass. Table
2 presents the characteristics of the walking programmes of
the exercise groups.

All the participants were asked to maintain their previous
diet and daily exercise habits and also refrain from changing
their current use or non-use of HRT. The training was to be
added to the baseline daily physical activity. Two weekly walk-
ing sessions were supervised by an exercise leader on an
indoor track. The other three sessions were performed accord-
ing to the participants’ preferences on sidewalks, streets, or
forest trails or in parks. As a warm up and for injury preven-
tion, the subjects performed a few minutes of light dynamic
exercises at the beginning of each session. Standard flexibility
exercises were performed as a cool down after the sessions.
Once a month the control group attended a meeting with lec-
tures on different exercise and health topics and a few

Table 1  Baseline characteristics of the subjects
Group W1 Group W2  Group W3  GroupW4  Group C

Number 21 21 18 21 40

Age (years) 57 (3.8) 55(3.7) 54 (3.5) 55 (4.2) 56 (3.8)
Years since menopause 6 (1.6) 6 (2.4) 5(2.6) 5 (2.4) 6 (2.4)
Weight (kg) 67.9 (10.4) 687 (9.5 67.5(10.9) 66.1(8.5) 70.8(9.3)
Body mass index (kg/m) 26 (3.2) 26 (3.1) 26 (3.7) 25 (3.3) 27 (3.1)
Fat% 36 (5.5) 37 (4.6) 36 (5.9) 36 (4.8) 38 (3.1)
Vomax (ml/kg/min) 30.3(5.0) 30.8(42) 29.4(4.1) 30.2(4.1) 29.3(3.6)
PA score 24(0.7) 22(05 2207  19(06)  2.4(0.6)
Values are mean (SD).

Fat%, percentage of body fat; Vo,max, maximal aerobic power; PA score, physical activity score (1-5): 1 =
no regular PA, 2 = some light PA every week, 3 = once a week brisk PA, 4 = twice a week brisk PA, 5 =
three times a week or more brisk PA.
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Table 2  Prescribed exercise programme in groups
Group W1 Group W2 Group W3 Group W4 Group C
Intensity of walking (% Vo,max) 55 45 55) 45 -
Target heart rate of the walking (beats/min) 124 (8.4) 118(9.1) 124 (7.7) 118(9.3) -
Energy expenditure per exercise session (kcal) 300 300 200 200 -
Target exercise duration (min) 54 (5.6) 65(7.8) 38(3.9 46(6.2) -
Sessions/week 5 5 5 5 =
Supervised sessions/week 2 2 2 2 -
Length of intervention (weeks) 24 24 24 24 24
Where applicable, values are mean (SD).
Vo,max, Maximal aerobic power.

minutes of light flexibility exercises. After the intervention,
the control group was given detailed instructions on how to
start to exercise according the ACSM exercise
recommendation.' A heart rate monitor was used for the first
week of the exercise programme. All the participants were
invited to the UKK 2 km walk test after one year of exercise
and were instructed to come to the public, yearly walk test
events of the UKK institute thereafter.

Measurements

All measurements were performed twice, once before and
once after the intervention. A submaximal exercise test was
performed before the actual baseline maximal test as a part of
the subject screening and also for habituation. A direct,
progressive, maximal exercise test on a treadmill (Teliney-
htyma Oy, Kotka, Finland) was used to measure Vo,max. Sub-
maximal responses to the exercise were monitored by heart
rate measurements at absolute exercise levels corresponding
individually to 65% and 75% of the Vo,max of the baseline
exercise test. The treadmill test protocol consisted of a warm
up for five minutes at a speed of 5 km/h on a 5% incline, after
which the workload was increased at three minute intervals,
from very light to maximal load. The speed was increased by
0.5 km/h during the third, sixth, and ninth stages, and the
elevation of the treadmill was increased by 2.5% at each stage,
except the third. The electrocardiogram was monitored (Case
12; Marquette Electronics Inc, Milwaukee, Wisconsin, USA)
continuously by a doctor. The participants reported their per-
ceived exertion on the Borg scale”” during each exercise stage.

Vo, was measured using a metabolic cart (Metabolic
Measurement Cart 2900Z; Sensor Medics Corp, Anaheim, Cali-
fornia, USA). The device was calibrated before each exercise
test. Vo,max was calculated from one minute collected values."
The criteria for reaching Vo,max were the following: (a) best
possible effort of the subject as judged by the test supervisor; ()
perceived exertion rated at 19-20; (c) heart rate >85% of the age
predicted maximum; (4) no significant rise (<2 ml/min/kg) in
Vo, between the consecutive minute to minute gas analyses; (¢)
respiratory quotient over 1.05. All the subjects had to fulfil the
first criterion. The test was repeated within a week if the subject
failed to give her best possible effort or if less than three of the
other four criteria were not fulfilled.

Body mass (kg) and height (m) were measured in light
clothing without shoes. Height was measured to an accuracy
of 0.5 cm and body mass to the nearest 0.1 kg. BMI was calcu-
lated as body mass (kg) divided by the square of the height
(m). Skinfold thicknesses were measured at four sites (the
mid-triceps, biceps, subscapularis, and suprailiac muscles)
using a Harpenden skinfold caliper (British Indicators Ltd,
Luton, Beds, UK). Total body density was estimated from the
sum of the skinfolds according to a linear regression equation
with age and sex specific coefficients as described by Durnin
and Womersley"” and converted to the percentage of body fat
(F%) using an adaptation of Siri’s formula* for elderly
women."”

The physical activity of all the subjects—that is, the
prescribed exercise and other habitual exercise—was recorded

daily in exercise diaries. The participants also wore pedom-
eters (Fitty 3; Kasper & Richter, Utreht, Germany) for three
days (Friday to Sunday) in the middle of the intervention
period. The diet and exercise habits and the HRT use of all the
subjects were checked with a questionnaire at baseline and
again at the end of the intervention period. Current dietary
intake was also estimated on the basis of three-day (including
one weekend day) food diaries at the beginning and end of the
study. The subjects were given oral and written instructions on
recording their food intake with household measures. The
food composition data were calculated with MicroNutrica
software (Social Insurance Institution, Helsinki, Finland).

Sample size and statistical analysis
The calculations for adequate sample size were based on the
assumption of about 10% (mean (SD) 3 (4) ml/min/kg)
change from the baseline Vo,max in the exercise group when
compared with the change in the control group (type 1 error a
0.05). The power of the test was selected as 0.90. The calcula-
tions yielded a minimum of 39 subjects for each study group.
The actual number of subjects in each group was 18 to 21 at
the onset of the study. It was calculated that, if necessary for
the sake of statistical significance, groups W1 and W3 and
groups W2 and W4 could be combined to form adequate
groups for determining the effect of intensity on the results.
Groups W1 and W2 and groups W3 and W4 could be
combined to determine the effect of energy expenditure. The
intention to treat principle was used, and all the subjects were
asked to participate in the end measurements, in spite of pos-
sible drop out from the exercise programme or change in HRT.
The results are given as mean (SD). An analysis of
covariance with the baseline measurements as the covariates
was used to analyse the training effects. p values were calcu-
lated for differences between the study groups. Training effects
were determined as net differences—that is, the differences
between the changes in each walking group and the control
group) with 95% confidence intervals (CI). A two way analy-
sis of covariance with the exercise groups and the HRT groups
as factors was also used to analyse their interaction with the
outcome measures.

RESULTS

Compliance

Three of the 81 exercising subjects interrupted the exercise
programme. The reasons were psychosocial for two subjects
and unwillingness for one. One of these subjects participated,
however, in the end measurements and was included in the
results in order to fulfil the intention to treat principle.

Five of the 121 subjects did not participate in the end meas-
urements for the following reasons: one was not willing to
continue; one had psychosocial problems; two controls had
lower limb injuries; one had a recently diagnosed chronic dis-
case. Figure 1 shows the number of subjects completing the
study in each group.

Compliance with the exercise programme and the amount
of habitual physical activity was similar in all the groups. All
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Table 3  Training compliance and habitual physical activity

Group W1 Group W2 Group W3 Group W4 Group C
Duration of session 95% 90% 98% 98% -
Walking sessions/week 89% 85% 84% 84% -
Supervised sessions/week 67% 67% 69% 63% =
Habitual physical activity (min/day) 16 15 11 11 23
Total walking (km/day) 8.7 8.3 7.0 7.1 -
Length of intervention 97% 98% 99% 99% 121%

exercise.

activity of the day, also walking training.

Compliance with programme is expressed as a percentage of the completed exercise versus prescribed

Habitual pysical activity includes walking, cycling, calisthenics, etc but does not include walking training.
All variables are calculated from exercise diary recordings, except total walking, which is a pedometric
measurement. Pedometric measurements were recorded only in exercise groups and include all physical

the subjects worked up gradually to their full exercise
programme in the first two weeks. An additional few weeks
were allowed with a slightly reduced walking time or intensity
for six subjects in group W1, one subject in group W2, one
subject in group W3, and three subjects in group W4 . The use
of extra 1 kg weights, stair walking, or occasional jogging were
allowed for one subject in groups W1, W2, and W3 in the last
third of the intervention, in order for them to reach the target
heart rate. No other changes in exercise, other than those cor-
responding to the intervention, were reported in the question-
naire at the end of the intervention. Table 3 presents the
details of the subjects’ compliance with the exercise pro-
gramme and also their habitual physical activity.

According to the responses to the questionnaire at the end
of the intervention, HRT use remained unchanged. No dietary
changes were reported. The mean (SD) daily energy intake of
the subjects in the exercise groups, as calculated from the food
diary, was 7.5 (1.5) MJ at the beginning and 7.5 (1.4) MJ at
the end of the intervention. The respective values for the con-
trols were 7.6 (1.3) MJ and 7.3 (1.4) MJ. No significant quan-
titative or qualitative changes occurred in the diet of the sub-
jects during the intervention.

Changes in cardiorespiratory fitness
Vo,max improved in all the exercise groups. Table 4 shows the
mean values before and after the intervention, and the net

Table 4  Main variables before and after the intervention and the net change (95%
confidence interval) between the exercise and control groups
N Before After Net change (95% CI) p Value
Vo,max (ml/kg/min)
Group W1 20 303(5.1) 31.3(50 2.9(1.5t042)
Group W2 21 30.8(42) 31.4(44)  2.6(1.3104.0)
Group W3 16 299 (4.1) 30449 2.4(0.9103.8)
Group W4 21 30.2 (2.8) 30.5 (3.6) 2.2 (0.8 to 3.5)
Group C 38 292(37) 27.5(3.4) <0.001
HR at 75% Vo,max (beats/min)
Group W1 20 145 (10) 141(12) =7 (-11.1 o =3.1)
Group W2 21 147(10) 146 (10) -4 [-8.3 10 -0.5)
Cranp WA 16 145(8) 140 (8) -8 (-12.5 10 -3.9)
Group W4 21 148 (12) 146(12) =5 (-8.610-0.7)
Group C 38 146(11) 149 (12) 0.001
HR at 65% of Vo,max (beats/min)
Group W1 20 135(10) 132(12) -7 (-10.4 10 -2.7)
Group W2 21 137 (10) 137(10) -4 (7.8 10-0.2)
Group W3 16 134(7) 131 (7) -8 (-11.9 0 -3.6)
Group W4 21 138(12) 137(12) -4 (-8.2 10 -0.6)
Group C 38 136(11) 140 (11) 0.001
Body mass (kg)
Group W1 20  67.8(107) 67.0(10.4) -0.8 (-1.9100.2)
Group W2 21 687(9.5) 68.4(100] -0.4(-1.4100.7)
Group W3 16 665(11.1) 66.0(11.1) -0.5(-1.6100.7)
Group W4 21 66.1(85)  662(9.1) 0.1 (-1.010 1.1)
G € 38 71093  71.1(9.8) 0.528
BMI (kg/m?)
Group W1 20 25732 25.4(3.1) -0.2(-0.7100.1)
Group W2 21 260(3.1) 259(3.3] -0.1(-0.5100.3]
Group W3 16 25.6 (3.8) 25.4 (3.8) -0.2 (-0.6 10 0.3)
Group W4 21 25.4(33) 254(3.5) 0.0 [-0.4100.4)
Group C 38 268(3.1) 268 (3.3) 0.670
Fat%
Group W1 20 362(55 35.1(5.5 -1.2(-1.910-0.4)
G W2 21 37.2(46) 36248  -1.1(-1.810-0.4)
Group W3 16 35660 351(60 -0.6(-1.4100.2)
Group W4 21 360(48  351(53) -1.0(-1.7t0-0.2)
Group C 37  383(3.1) 38433 0.007
Values are mean (SD). Analysis of covariance is used. Drop outs are excluded.
Vo,max, Maximal aerobic power; HR at the 75% or 65% or 55% of Vo,max, heart rate at the absolute
workload of exercise test corresponding to 75% or 65% of the Vo,max of the initial test; BMI, body mass
index; Fat%, percentage of body fat.
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Table 5 Some randomised, controlled dose-response studies of Vo,max and body
mass of women
Net change in Net change in
Length of Vo,MAX body mass
Age group training  Intensity of exercise approximately approximately
Study (years) (weeks) (% of Vo,max) %) (%)
Santiago et al'® 20-40 20
Jogging 78 31 No change
Walking 62 21 No change
Duncan et af 20-40 24
Walking 83 16 No change
Walking 60 9 No change
Walking 46 4 No change
Ready et al'® 56-67 23
Walking 5 times/week 60 14 No change
Walking 3 times/week 60 12 No change
Kukkonen-Harjula et aP®  30-55 15
Walking 65-75 6.8 -1.3
Murphy et aP! 38-50 10
Walking 63-76 8 -1.3
Jakicic et aP? 35-46 20
Walking and diet 60 5.6 ~7.1
Oja et aPf 20-65 10
Walking 50 4.5 No change
The formula %Vo,max = 1.28%HR-29.12 was used, where HR is heart rate.!’
The subjects were normal weight in all studies except that of Jakicic et al, in which they were obese.
Vo,MAX, Maximal aerobic power.

changes. The mean net increase in Vo,max was 2.2 to
2.9 ml/min/kg (almost 10%) in the exercise groups. In
comparison with the controls, the exercise groups showed a 4
to 8 beat/min decrease in the submaximal heart rates at both
the measured submaximal exercise levels.

Changes in body composition

Table 4 gives the net changes in body mass, BMI, and F%. Body
mass and BMI did not show significant changes, but fat
decreased slightly in most of the exercise groups in compari-
son with the controls. In additional analyses, such as grouping
the subjects into two exercise groups according to exercise
intensity or exercise energy expenditure, the results were
similar. Nor did HRT have any effect on the results.

DISCUSSION

The purpose of our study was to determine the minimum
effective dose of exercise for maximal aerobic power and body
composition. The net improvement in Vo,max in our study was
modest, 9.5%, 8.7%, 8.1%, and 7.3% in groups W1 to W4
respectively, partly because the control group developed in a
pathogenic way, but the change was statistically significant.
We have no explanation for the pathogenic development of the
control group other than the fact that being sedentary
decreases fitness. With regard to the magnitude of the Vo,max
improvement, our findings are consistent with other ran-
domised, controlled walking studies of women’ ¢ '*** (table 5).
There seems to be a dose-response relation between exercise
intensity and the magnitude of Vo,max improvement. Our
results show a similar trend, although the differences between
the results of the groups were small. Our exercise regimen
seemed to approach, but not reach, the minimum dose, as even
the lowest dose of walking improved maximal aerobic power
in our study. A recent, uncontrolled study of 18 premenopau-
sal women showed similar improvements in high exercise
intensity and low exercise intensity while energy expenditure
was kept constant.” Total energy expenditure probably plays an
important part in exercise response.

The changes in body mass were not statistically significant,
but there was slight improvement in body fat. It is possible
that the length of our intervention was too short to detect all
the possible change in body composition. Our study appar-
ently approached, but did not reach, the minimum dose of

Take home message

Sedentary postmenopausal women may benefit from a
relatively small dose of exercise. When performed
regularly and on most days of the week, aerobic fitness
and body composition are improved.

exercise to influence body composition. Our results are in
agreement with those of earlier studies of women,” ® **** with
no clear dose-response relation between exercise intensity and
changes in body mass or fat. Combining exercise with diet
change seems to improve the results.” Table 5 summarises the
basic elements of these studies. Total energy expenditure dur-
ing exercise is probably an important factor, but it was not
estimated in most of the studies.

In our study, very few injuries occurred as a result of the
training. Consultation with a doctor (T-MA) was strongly rec-
ommended at the onset of any health problems. A total of 34
subjects consulted the doctor, and 25 subjects complained of
exercise related, mostly mild, lower limb or back problems, yet
absence from the exercise programme because of injury was
low. There was no difference in the injury rate between the
exercise groups. Two subjects had transient, mild cardiac
problems. The number of injuries was similar to those of the
study of Kukkonen-Harjula et al,” although the latter study
also reported some serious injuries. Duncan et al° reported no
injuries, but their subjects were younger women. Our findings
support the observation that walking is a feasible form of
exercise for sedentary postmenopausal women and has only a
relatively small risk of health problems.

Our study had several strengths. The number of subjects
was sufficient for adequate statistical comparisons. The
randomised groups were comparable. The exercise dose was
carefully controlled with supervision, heart rate monitoring,
and exercise diaries. The energy intake was controlled with a
food diary. The programme was closely followed by partici-
pants and the drop out rate was small. To improve the design
further all the exercise sessions could be supervised.

Conclusion
We conclude that 24 weeks of walking at moderate
intensity—45-55% of the Vo,max with a total weekly energy
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expenditure of 1000-1500 kcal—improves Vo,max and body
composition in previously sedentary, non-obese or slightly
overweight postmenopausal women. The dose of exercise used
in this design apparently approaches the minimum effective
dose, but even this low dose of regular aerobic training leads to
significant training effects.
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‘We compared the effects of one vs two daily bouts of walk-

ing on aerobic fitness and body composition in post-
menopausal women. One hundred and thirty-four subjects
were randomized into exercise groups or a control group
and 130 completed the study. The subjects walked 5 d/
week for 15 weeks at 65% of their maximal aerobic power
expending 300 kcal (1255kJ) in exercise in one (Group
S1) or two daily sessions (Group S2). VO,,,.« Was meas-
ured in a direct maximal treadmill test. Body mass index
.(BMI) was calculated and the percentage of body fat

(fat%) estimated using skinfold measurements. The net
change in the VO,,,,x Was 2.5 mL min/kg (95% CI 1.5, 3.5)
(8.7%) in Group S1 and 2.5mL min/kg (95% CI 1.5, 3.5)
(8.8%) in Group S2. The net change in body mass was --1 2
kg (95% CI-1.9, —0.5) in Group Sl and —1.1kg (95% CI
—-1.8, —0.4) in Group S2. The net fat% change was —2.1%
(95% CI-2.7, —1.4) in Group S1 and —1.7% (95%

"CI-2.3, —1.0) in Group S2. Exercise improved the maxi-

mal aerobic power and body composition equally when
walking was performed in one or two daily bouts.

The latest exercise recommendation of the' American
College of Sports Medicine (ACSM) (1998) states that
adults should exercise 3-5 d/week at 40/50-80% of
their maximum oxygen uptake reserve continuously
for 20-60 min or accumulate the same amount of exer-
cise in several daily bouts, for a minimum of 10min,
and expend 700-2000 kcal (2929-8368kJ) weekly to
gain positive effects on aerobic fitness and -body com-
position (ACSM, 1998). The trend of exercise guide-
lines has been towards more frequent and more moder-
ate exercise and also towards daily accumulation of ex-
ercise.

The theory of exercise accumulatlon is based mainly
on epidemiological evidence. Only four randomized,
controlled intervention studies (Ebisu, 1985; Jakicic
et al., 1995; Murphy & Hardman, 1998; Woolf-May et
al., 1999) with a total of 212 subjects support it. Some

researchers regard the accumulation aspect of the.

latest ACSM exercise recommendations to be still
speculative, because-of sparse data (Barinaga, 1997;
Hardman, 1999). More randomized, controlled dose—
response studies with a sufficient amount of subjects in
all age groups are clearly needed. There are no pub-
lished studies on the accumulation hypothesis in post-
menopausal women.

We conducted a randomized, controlled trial to com-
pare the effects of equivolume brisk walking, once or
twice a day, on aerobic fitness and body composition
on 134 post-menopausal women. According to our hy-

pothesis, both exercise groups should show similar and
significant improvements in relation to a control

group.

“Material and methuds

De5|gn

The study was a randomized, controlled trial with three parallel
groups: one (S1), two (S2) and no (C) daily walking sessions.
The outcome measures were changes in maximal aerobic power,
submaximal cardiorespiratory fitness and body composition.
The study plan was approved by the Research Ethics Commit-
tee of the UKX Institute for Health Promotion Research. All
the subjects gave their written informed consent. .

Participants

The participants were recruited through an announcement in
the local newspaper. A total of 700 subjects responded and 134
subjects fulfilled all the ehglblhty criteria and were accepted
(Fig. 1).

The eligibility ‘criteria were that thc subJects were (1) fe-
male, and that at the time of the onset of the study should
be (2) 2-10years past the onset of menopause, (3) 48-63 years
of age (4), no chronic diseases, (5) no regular medication, (6)
non-smokers, (7) body mass index (BMI)<32kg/m, (8)
resting blood pressure < 160/100mmHg measured after 5min
bedrest, (9) not engaged in physically strenuous work or reg-
ular brisk leisure-time exercise more than once a week and
(10) willing to continue previous diet and physical activity
habits in addition to the exercise requirements of the study
group. An equal number of women on hormone replacement
therapy (HRT) and women without HRT were accepted.
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Newspaper announcement and telephone interview,
700 subjects

v
400 excluded
- out of age-range
- obese
- poor health
‘- too much exercise
- not willing

Y
300 included

Screening by questionnaire, 300 subjects

v
64 excluded
- poor health
- too much exercise .
- not post-menopausal
- not willing

Y
236 included

Screening by medical examination, 236 subjects

R4
85 excluded
- high blood pressure
- obesity
- history of palpitation or chest pain
- knee arthntis
- psychosocial problems
* - too much exercise
- not willing

Y
151 included

Screening by submaximal exercise test of 151 subjects

v v
145 included 6 excluded
) - severe arrhythmia
" - excessive ST-depression
- excessive rise in blood pressure
- obesity with poor coordination

Maximal exercise test of 145 subjects

v
11 excluded
- started strenous exercise
- started antihypertensive medication
- knee pain
- moved to another town
- not willing

v
134 included

134 were elected as study subjects

Fig. 1. Recruitment process.

Randomization

The HRT users and non-users were randomized separately in
blocks of 15 subjects into the three groups, each including an
approximately equal number of HRT users and non-users. The
procedure yielded 46, 43 and 45 subjects in Groups S1, S2 and
C, respectively (Fig.2). The baseline characteristics of the sub-
jects are shown in Tablel. The age range was 47-64 years,
weight range 50-93kg and BMI range 19-32.

Exercise intervention

The exercise program was planned according to the principles
of the ACSM (1998) recommendation. The frequency of exer-
cise was 5 d/week, the intensity 65% of the VOopn., and the
weekly exercise volume 1500 kcal (6276kJ). Daily training was

100

-

Table 1. Baseline characteristics of the subjects, means and standard de-
viations (SD)

C $1 82’
N 45 46 43
Age, years 56.5 (4 2) 57 B (4.4) 57.6 (4.2)
Years from menopause 5.8 (2.0) 0(2.2) 6.0 (1.8)
Weight, kg 67.0 (8.5) 67 6 (8.2) . 67.9(8.5)
BMI, kg/m 25.7 (2.8) © 25.8(27) - 25.9 (2.8)
F percentage 37.2 (4.5) 36.9 (4.4) 371 (4.9) -
V0, max, mi/kg 27.7 (3.5) 29 0 (3.8) 7284 (3.6)
PA score (1) 2.5(0.7) .6 (0.5) 2.6 (0.5)
(1) PA score = physical activity score (1-5).
1=no regular PA weekly; 2 = some light PA every week: ‘3= once a

week brisk PA; 4 = twice a week brisk PA; 5 = three tlmes a week or
more brisk PA. .

continuous in Group SI and divided into two equally long ses-
sions with at least a 5-h interval in Group S2. Brisk walking was
considered the most common and feasible form of sustainable
dynamic aerobic exercise for sedentary subjects (Morrxs &
Hardman, 1997) and was chosen as the mode of exercise. The
minimum (15weeks) recommended length for an intervention
was chosen.

The individual target heart rate, corresponding to 65% of the
VOsmax, Was determined for each subject in the first maximal
exercise test. The mean target heart rate was 132 (SD 10.7) beat/
min in Group S1 and 130 (SD 11.2) beat/min in Group S2. The
duration of daily exercise corresponding to 300 kcal (1256kJ)
was also calculated individually in the first maximal exercise

- test using the Weir formula, which estimates energy expenditure

(kcal/min) from measured oxygen consumption (L/min) (Weir,
1949). The mean target duration was 46.6 (SD 5.4) min for
Group S1 and 2X24.0 (SD 3.2) min for Group S2.

Two weekly walking sessions were supervised by an exercise
leader on a 100-m indoor track. The other sessions, three for
Group S1 and eight for Group S2, were unsupervised and took
place according to the participants’ preferences, on sidewalks,
streets or forest trails or in parks. A heart rate monitor (Polar
Edge, Polar Electro, Kempele, Finland) was used to control the
walking pace in the 2-weekly supervised sessions and every
third week in all weekly sessions. The participants, including
those without the heart rate monitor, were also advised to rec-
ord periodically the length of their walking route, in order to
maintain the same relative pace in all weekly sessions.

The subjects in the exercise groups recorded their pro-
grammed exercise and also other habitual exercise in exercise
diaries. They also wore step counters (Fitty 3, Kasper & Richt-
er, Uttreuth, Germany) for 3 d, from Friday through Sunday,
in the middle of the intervention period.

The supervised exercise sessions of both exercise groups in-
cluded a light dynamic muscle workout for the main muscle

"groups (10 exercises in one set with 10 repetitions using S-kg

dumbbells or body mass as resistance) and flexibility exercises
according to the ACSM (1998) guidelines as a warm-up and
also for injury prevention. The flexibility exercises were repeated
as a cool-down after walking. A few minutes of similar exercises
were also recommended for use before and after the unsuper-
vised exercise sessions.

Once a month the control group attended a meeting with
lectures on health topics and a few minutes of light flexibility
exercises. All the participants were asked to keep their previous
diet, daily exercise habits and use of HRT constant. This was
checked with a questionnaire followed by an interview at the
beginning and at the end of the intervention.

Measurements

All the measurements were “‘conducted before and after the
training. A progressive, maximal exercise test on a treadmill




134 subjects
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7\
stratified to \
HRT non-users HRT users
67 © 67
[\ AN
Control | . Exercise groups Control | Exercise groups
24 — - groups B
One session | Two sessions 21 One session | Two sessions

23 20

combined to form'

ANANY.

Control group C . One session
45 exercise group (S1)
46

exercise group (S2)

Two-session

43
Fig. 2. Randomization process.

(Telineyhtymd Oy, Kotka, Finland) was used to measure the
VOjmax- The submaximal response to exercise was monitored
by heart rate measurements at absolute exercise levels corre-
sponding individually to 65% and 75% of the VO, in the
baseline exercise test. The treadmill test protocol (Oja, 1973)

consisted of a warm-up for 5 min at 5 km/h on a 5% incline. -

. The workload was increased in 3-min intervals, from very light
to maximal load. The speed was increased by 0.5km/h during
the third, sixth and ninth stages, and the elevation of the tread-

-mill was increased by 2.5% at each stage except the third. The
electrocardiogram (ECG) was monitored (Case 12, Marquette
Electronics Inc., Milwaukee, WI, USA) continuously. The par-
ticipants reported their perceived exertion on the Borg scale
(Borg, 1970) during each exercise stage. For habituation a sep-
arate submaximal test was performed few days before the first
maximal exercise test.

YO, was measured breath-to-breath using a metabolic cart
(Metabolic Measurement Cart 2900Z, Sensor Medics Corp.,
Anaheim, CA, USA). The analyzer was calibrated before each
test. The maximum VO, was obtained from 1-min collected
values (Howley et al., 1995). The criteria for maximum were the
following: (1) best possible effort as judged by the test super-
visor, (2) perceived exertion 19-20, (3) heart rate over 85% of
the age-predicted maximum, (4) no significant rise (< 2 mL min/
kg) in VO, between the consecutive minute-to-minute gas
analyses and (5) respiratory quotient over 1.05. All the partici-
pants had to fulfill the first criterion. The test was repeated
within a week if the subject failed to give her best possible effort
or if less than three of the other four criteria were not fulfilled.

Body mass (kg) and height (m) were measured in light clothing
without shoes. Height was obtained to an accuracy of 0.005m,
and body mass was measured to the nearest 0.1 kg. The BMI was

calculated as body mass (kg) divided by the square of the height
(m). Skinfold thicknesses were measured'at four sites: the mid-
triceps, biceps, subscapularis and suprailiac muscles, using a
Harpenden skinfold caliper (British Indicators Ltd, Luton, UK).
Body density was estimated from the sum of the skinfolds ac-
cording to a linear regression equation with age- and sex-specific
coefficients according to Durnin (1974) and converted to the per-
centage of body fat using an adaptation of Siri’s formula (Siri,
1961) for elderly women (Deurenberg, 1989).

-Previous diet, daily exercise habits and use of HRT constant
were checked with a questionnaire followed by an interview at
the beginning and at the end of the intervention.

Physical activity was enquired using a PA score (1-5), de-
scribed as follows: 1 = no regular PA weekly, 2 = some light PA

" every week, 3 = once.a week brisk PA, 4 = twice a week brisk -

PA, 5 = three times a week. or more brisk PA. Questions con-
cerning exercise-related pain and injuries were asked at the end
of intervention. . )

Sample size and statistical analyses

The calculations for adequate sample size were based on the
assumption of about a 10% (3mL min/kg (SD 4)) increase from
the baseline VO,,., 1n the exercise-group when compared with
the change in the control group (type 1 error alpha 0.05). The
power of the test was selected as 0.90. The calculations yielded
a minimum of 39 participants for each study group. The actual
number of subjects in each group was 43-46 at the onset of
the study. The intention-to-treat principle was used, and all the
subjects were asked to participate in the 15-week measurements,
in spite of possible dropout from the exercise program or
change in HRT use.
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Results are given as means and standard deviations (SD). An
analysis of covariance (ANCOVA) with baseline measurements’
as the covariates was used to analyze the training effects. P-
values were calculated in testing for any differences between the
groups. Training effects were determined as the net differences
(i.e. the differences between the changes in each walking group
and the control group). We calculated the 95% confidence inter-
vals (CI) for the net change. A two-way analysis of covariance
with the exercise groups and the HRT groups as factors was
also used to analyze the interaction of these factors with the
outcome measures.

Results
Compliance

Four subjects out of 134 did not participate in the
“15-week measurements because of health problems:
one subject was recovering from a gallbladder oper-
ation, one had an acute lumbar problem and one had
newly detected diabetes. One exercise test was inter-

rupted because of cardiac problems. In addition, be- -

cause of technical difficulties, there was one missing
value from the submaximal heart rate measurement
at 75% of VO,na, and four at 65% of VOspax-

~ Three of the 88 exercising subjects interrupted the
exercise program: two because of lower limb prob-
lems, plantar fascitis and newly detected knee ar-
thritis and one because of family reasons. All of
them participated, however, in both exercise tests
and were included in the results accordmg to the in-
tention-to-treat principle.

The mean values calculated from :the e;liercise
diaries showed that Group S1 attended 89% of the
prescribed 75 sessions and Group S2 95% of the
150 prescribed sessions. Group S1 attended 88%
and Group S2-92% of the 30 supervised exercise
sessions. Absence from exercise was due to health
problems, family reasons, work duties or travel.
Less than 1% of the absence was due to musculo-
skeletal problems and the difference between the ex-
ercise groups was not statistically significant. The

mean total duration of walking at the target heart

rate per session was 47.9 (SD 14.2) min for Group
S1 and 25.0 (SD 3.2) min for Group S2. The mean
total daily duration of habitual physical activity,
other than prescribed exercise, was 23.9 (SD 18.3)
min for Group Sl and 27.8 (SD 18.8) min for
Group S2. The mean total daily amount of walk-
ing, including both the prescribed exercise and ha-
bitual physical activity, estimated from the ped-
ometer recordings, was 9.2 (SD 3.1) km for Group
S1 and 10.4 (SD 3.0) km for Group S2.

All participants were given the possibility to work
up gradually to their full exercise program during
the first 2weeks. An additional 2weeks was allowed
for six subjects in Group S1 and seven subjects in
Group S2. During the last weeks of intervention
five subjects in Group S1 and six subjects in Group
2 were allowed to use extra 1-kg weights, stair-walk-
ing or occasional jogging steps to reach their target

Table2. Mean values and standard deviation (SD) before and after the intervention, and the net change (95% CI) between exercise and control

groups* t
Nf Before After Net change (95% CI) P-valuet
"VOamax, Mi’kg min
S1 44 28.8 (3.7) 32.4 (4.1) - 2.5(1.5, 3.5)
S2 43 28.4 (3.7) 32.0 (3.8) 2.5(1.5, 3.5)
C 43 27.7 (3.5) 28.9 (3.7 < 0.001
HR at 75%V0;max, bpm
S1 44 141 (11) 140 (12) -1.9(-5.0, 1.1)
S2 43 141 (11) 137 (12) -3.7(—6.8, —=0.7)
C .42 139 (13) 138 (15) 0.058
HR at 65%V0amax, bpm
S1 v 42 130 (12) 128 (13) -1.4(-4.7,1.8)
S2 42 129°(12) 126 (13) -2.5(-5.7,0.7)
-C 41 128 (14) 128 (15) 0.310
Weight, kg
S1 44 67.6 (8.4) 66.4 (7.8) -1.2(-1.8, —0.5)
S2 44 67.8 (8.4) 66.6 (8.2) -1.1(-1.8, —0.4)
C 43 66.7 (8.3) 66.7 (8.2) 10.001
BMI, kg/m?2
S1 44 25.8 (2.7) 25.3 (2.5) -0.5(-0.7, -0.2)
S2 44 25.9 (2.8) 25.5 (2.7) -0.4 (=07, -0.2)
C 43 25.6 (2.8) 25.6 (2.8 0.001
Fat%
S1 45 36.8 (4.4) 34.3 (3.8) -2.1(-27,-14)
S2 44 37.2 (4.9) 35.1 (4.6) -1.7 (-2.3, = 1.0) .
C 42 36.9 (4.2) 36.5 (3.7) <0.001

V0,max indicates maximal aerobic power; S1,-one-session exercise group; S2, two-session exercise group: C, control group; HR, heart rate; BMI, body

mass index; fat%, percentage of body fat.
tAnalysis of covariance.
1Dropouts are excluded.
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heart rate. The mean length of the intervention was
14.4 (SD 2.9) weeks for Group S1 and 14.8 (SD
2.5) weeks for Group S2. The walking program was
stopped 1 d before the exercise test.

There were no changes in diet reported in the ques-
tionnaire. Changes in exercise, corresponding to the in-
. tervention program, were reported in Groups S1 and
S2. No changes in exercise were reported in the partici-
pants.of the control group. Six participants changed
their HRT status. In Group S1 two subjects started
and one subject stopped the HRT. In Group S2 one
subject started and two subjects stopped the HRT. All
six subjects were.included in their original group in the
analyses to meet the intention-to-treat principle.

Changes in aerobic fitness and body composition

Aerobic fitness and body composition improved
equally in both exercise groups compared to controls.
The net increase in VO,,, was approximately 8%.
The changes in submaximal heart rate were not statis-
tically significant. Body mass decreased approximate-
ly 1kg in both exercise groups and the corresponding
BMI change was approximately 0.5 units. The fat%
decrease was approximately 2% umts in both groups
(Table2).

v

Discussion v
The purpose of our study was to test the accumu-
- lation hypothesis among post- menopausal women, a
group not investigated previously in accumulatlon
studies.

The VOj.x improvement in our study was similar
in both exercise groups, and agreed with the findings
of other randomized,
studies. Ebisu (1985) studied the effects of jogging the
same distance in one, two or three daily sessions at
the 80% of the maximal heart rate (HRy,,) for 10
weeks on 53 male students and found VO,p., re-
sponses of 6.9%, 9.8% and 8.3%, respectively. Jakicic
et al. (1995) compared the effects of 2040-min brisk
walking performed in one continuous session or
multiple 10-min bouts in a 20-week trial on 56 obese
35-46-year-old-women. The multiple-bout group had
better adherence and exercised more than the con-
tinuous exercise group. The VO,.., increases were
5.6% in the multiple-bout group and 5.0% in the con-
tinuous exercise group. Murphy and Hardman (1998)
studied 47 women, aged 38-51 years, performing 10
weeks of brisk walking at an intensity of 70-80% of
the HR .5, Sd/week, in one 30-min session vs three
10-min ‘sessions, and found approximately 8% im-
provement in the VO,,,,, in both groups. Woolf-May
et al. (1999) conducted a study of 56 adults walking
20-40min in one, two or three bouts and reported
similar responses in all exercise groups in a standard-

controlled accumulation .

- Walking in women: one vs two daily bouts

Table3. Some randomized, controlled dose-response studies on
VOomax in WOmen

Study intensity Net change
of exercise, of VOomax
% of the approximately
VOZmax'
Santiago et al. (1987)
20—40-year-old women
jogging It 31%
‘walking 62 ’ 21%
20 weeks
Duncan et al. (1991)
20-40-year-old women
walking 83 . 16%
60 9%
46 . 4% .
24 weeks : :
Ready et al. (1996) 2
56-67-year-old women .
walking 60 14%
- 5 or 3 times/ week 12%
24 weeks : :
Kukkonen-Harjula et al. 1997
30-55-year-old women :
walking 65-75 6.8%
15weeks
Murphy et al. 1998
38-50-year-old women :
walking 63-76 - - 8%
10weeks : ’
Asikainen et al. (this study)
43-63-year-old women
walking 65 8%
15weeks -
Jacicic et al. 1995
35-46-year-old obese women
walking and diet 60 5.6%
20 weeks .
Oja et al. (1991)
20-65-year-old women
walking ‘50 4.5%

" 10weeks
*The formula percentage VOymax = 1.28% HR-29. 12 was used

ized step test and lactate measurements indicating
aerobic fitness.

There are also six other studies on exercise accumu-
lation showing mainly similar results, but these
studies lack randomization, or are uncontrolled, or
do not compare effects of short bouts to long bouts
of equivolume exercise (DeBusk et al., 1990; Snyder
et al.,, 1997, Woolf-May et al., 1998; Jakicic et al,
1999; Boreham et al., 2000; Donnelly et al., 2000).

Regular brisk walking also had beneficial effects
on the body composition of our participants. Body
mass reduction was similar (1.7%) in both groups.
The reduction in the percentage of body fat was
also similar in both groups (about 2%-units). All
these changes were small but consistent and statisti-
cally significant. Since our participants were not
markedly obese and they reported no dietary
changes, only slight reductions in body weight

.could be expected during our 15-week intervention
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period, for which the total exercise energy expendi-
ture was about 22500 kcal (94125kJ). The findings
of other randomized, controlled walking studies on
normal-weight women have shown similar results:
for example Kukkonen-Harjula et al. (1998) found
a 1.5% reduction and Murphy and Hardman (1998)
a slight reduction in four skinfold thicknesses in
both exercise groups, but a significant 2.6% reduc-
tion of body mass only in short bout walkers.
Ready et al. (1996) reported no significant changes
in body mass, but the percentage of body fat de-
creased 1.1-1.3%-units. ' '

The participants were recommended to contact the

consulting physician (T-MA) in the event of any health’

problems. Of the total 73 consultations, 49 concerned
exercise-related problems. In the questionnaire at the
end of intervention 35% of the participants reported
some exercise-related pain in the lower limbs, and for
17% the walking program was disturbed temporarily

by pain, mainly at the beginning of the intervention.

Exercise absence was very low, however, because most
of the problems were minor. Four participants of 88
(5%) met major exercise-related health problems: one
persistent plantaris fascitis, one deterioration of low
back symptoms, one radius fracture on the icy walking
trial and one mild, recurrent arrhythmia. Thus," our
findings indicate that walking is a feasible form of exer-
cise for sedentary post-menopausal women but there is
a small risk of health problems. In exercise counseling
these adverse effects should be prevented by guiding
the participant to avoid overstrain. This means a grad-
ual increase in the weekly training program and proper
rest between exercise sessions. If exercise-related symp-
toms appear, early contact with the exercise counselor
or a doctor is recommended. -

Our study had several strengths. We had more sub-
Jjects that any other accumulation study and the num-
ber of subjects was sufficient for adequate statistical
comparisons. The randomized groups were compar-
able. The exercise dose was controlled carefully with
supervision, heart rate monitors, exercise diaries and
pedometers. The program was followed closely by par-
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ticipants and the dropout rate was small. Aerobic ca-
pacity was measured in a direct, maximal éxercise test.
To improve the design further, all the exercise sessions
could be controlled and the intervention could be
longer to ensure the detection of all potential effect.

Perspectives-

Our study supports the current physical activity rec-
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Abstract

Background and purpose - To study the effects and feasibility of walking in one or two
exercise bouts and resistance training on lower extremity muscular strength, balance and
walking performance.

Subjects — 134 early postmenopausal women.

Methods - A 15—week, randomized, controlled trial with continuous and fractionated exercise
groups.The outcomes were lower extremity muscular strength, balance and walking time of 2
km. Feasibility was assessed by questionnaires, interviews and training logs.

Results — 128 women completed the study. Compliance was 92 %. Both continuous and
fractionated exercise groups improved equally lower extremity muscular strength and walking
time but not balance. Almost 70 % of the subjects considered the program feasible. Two daily
walking sessions caused fewer lower extremity complaints than continuous.

Discussion and conclusion - Brisk walking combined with moderate resistance training is
feasible and effective. Fractionating the walking in to two daily sessions is more feasible than

continuous walking.



Background and purpose

On average menopause occurs among the US and European women at the age of 50 years.
Menopause is defined as a natural, age-related decrease and, finally loss of ovarion estrogen
production and secretion. The decreasing estrogen level, and also other related hormonal
changes, affects, especially inactive women, in many unwanted ways. In addition to weight
gain, menopause may induce a phase of rapid decreases in bone mineral density, aerobic
fitness, muscle strength and balance’. This might lead to inability to stay mobile and live
independent life when approaching old age. Physical activity might help to pass menopausal
transition with much less dramatic changes and help to preserve good functional capacity?.

There are reports that show the complexity of interaction between physical activity,
health, fitness and hormones?®. It is not clear, what is the exact dose-response relationship of
exercise and fitness in early postmenopause, after menopausal changes in hormonal balance.
Decreasing level of anabolic hormones may be associated for example with musculoskeletal
athrophy, but on the other hand physical activity itself might have an effect on hormone action
as a result of changes in protein carries and reseptors. The response to exercise might differ
between women with natural postmenopausal hormone levels and women taking the hormone
replacement therapy (HRT).

The latest exercise recommendation of American College of Sports Medicine (ACSM)
states that adults should exercise 3 - 5 d-wk™ at 40/50%-80% of their maximum oxygen uptake
reserve (VO2R) for 20 - 60 minutes continuously or accumulate the same amount of exercise in
several daily bouts, minimum 10 minutes, which means expending approximately 700 - 2000
kcal weekly to gain positive effects on aerobic fitness and body composition*. VO,R is
calculated from the difference between resting and maximum VO, and the percentage of this
value is added to the resting VO, and expressed as a percentage of VO;R. Resistance training
should include one set of 8 - 10 exercises that condition major muscle groups 2 - 3 d-wk™, 8 -
12 repetitions of each exercise and for older persons over 50-60 years 10-15 repetitons may be
more appropriate. Stretching should include appropriate static and dynamic techniques.

For older adults ACSM recommends exercise that preserves or improves muscle mass, lower
extremity muscular strength, balance and the ability to walk?.

Aerobic exercise in defined as planned, sturctured physical activity that involves large
muscle groups in dynamic activites that results, if effective, in improvements of function of
especially cardiovascular system and the skeletal muscles, leading to increase in
cardiovascular fitness (endurance performance). The exercise dose in aerobic exercise training
is usually described by the intensity, duration, and frequency of the training session, and in
exercise trials also by the length of the exercise program. Intensity is usually described as a
relative intensity, a percentage of the subject's maximal aerobic power (%VO2max) Or maximal

heart rate (HRmax). Duration refers to the duration of a single exercise session. Frequency



refers to the number of weekly exercise sessions. The total volume of training accomplished,
expressed as exercise energy expenditure (EEE) can also be used to describe exercise
dose®”.

Resistance exercise is basicly designed to improve muscular strength, power and
endurance. The exercise dose in resistance exercise training is usually described by the
magnitude of resistance, the number of repetitions the resistance is moved in a single set of
exercise, the number of sets done, and the length of resistance training program. Muscular
strength is a measure of muscle's ability to generate force, muscular power is a measure of rate
at which force is generated and muscular endurance is a measure of ability of a muscle to
make repeated contractions against a constant resistance. Muscular strength is usually
expressed as one-repetition maximum (1RM) for dynamic measurements®*.

The basic principle of dose-response is overload. Any physical activity will cause acute
responses in cardiovascular and muscular systems, but only the dose of exercise that exceeds
the habitual activity of an individual will cause a training effect, if repeated. Thus initially
sedentary, low-fit individuals will get fitness improvements with a smaller exercise dose than
initially more fit individuals. The greater the exercise dose (= intensity + frequency + duration),
the greater the response (training effect) is. This can be seen most clearly on the maximal
aerobic power response to aerobic exercise. Intensity, frequency and duration are, to some
extent, changeable parameters of exercise dose. For example the high intensity can be
changed to a lower intensity, if the frequency and duration of exercise training are enlarged in
order to keep the exercise dose as efective on maximal aerobic power. All of the training
effects of exercise are reversible and will disappear by time, if the exercise training is
stopped®*.

ACSM classified exercise by it's intensity as very light (< 10%VO2max), light (30-49%
VOsmax), moderate (somewhat hard) (50-74% VOqmax), heavy (75%-84% VOqmax) and very
heavy (> 85% VO,nax ) (ACSM 1990). Light exercise is not considered effective for healthy
adults, although in elderly and initially very low fit, however, it is assumed to have positive
effects. The interest in moderate exercise, such as walking, has been growing because of
feasibility and safety aspects®. Reports of sudden cardiac death during exercise show that high
exercise intensity is related to this risk®” and also to the risk of orthopaedic injury especially in
elderly’. The frequency of 3 d-wk™ is considered optimal, since increasing the frequency to 5 d-
wk the added improvement in fitness is small.

When exercise is performed above the minimum intensity treshold, the total volume of
training accomplished, expressed as exercise energy expenditure (EEE) could also be used to
describe exercise dose. The exercise dose of 200-300 kcal per session is recommended for
weight loss (for a 75-kg person) by ACSM*. The Harward study showed about 40% reduction in
age-related mortality among men at an EEE of 1500 kcal-wk™ 8. Kesaniemi et al.® found a 30%

reduction in mortality for sedentary subjects at an EEE of 1000 kcal-wk™. Even exercise doses



as low as 500 kcal-wk™" have been claimed to have some beneficial effect on all-cause
mortality'®"".

These recommendations are based both on epidemiological evidence and on exercise
trials which are mostly conducted on men, and thus they may not be completely valid for
women. Also the effects of exercise might be different in women of different ages. There is a
need of randomized, controlled trials on the effects of exercise on early postmenopausal
women that take natural hormonal status of postmenopause and also possible hormone-
replacement therapy in consideration.

A recent systematic review on dose-response relationships between exercise and fithess
of RCTs of 50-65-year-old women states that early postmenopausal women are very seldom
studied in exercise trials'?. Writers identified only 11 studies on muscular strength and 6 studies
on balance and/or coordination and only one of the studies used exercise that was fractionated
in several daily bouts. Most studies on muscular strength used weight machines or high impact
circuit training.There were no studies on the effect of walking and simple resistance training
program without equipment on muscle strength. The studies that focused on balance and
coordination also mostly used resistance training in gym or high impact jumping. Only one of
the studies reported using walking or other low impact aerobic training combined with
resistance exercises. The only study that reported using fractionated exercise included also
men and the only result that was raported separately for both genders was that there was no
effect on lipids'®. The feasibility of fractionated exercise compared to continuous was not
reported. So it seems, that as common mode of exercise walking is, and as much as it is
recommended as effective exercise', it has been studied mostly on men and other age
groups'?.

For this purpose we conducted a randomized controlled trial on early
postmenopausal women, which included moderate intensity walking in one or two exercise
bouts and moderate intensity resistance training with simple equipment. The hypothesis was
that there would be improvements in lower extremity muscular strength, balance and the ability
to walk. In addition, the feasibility of fractionated walking training was evaluated with reference
to continuous walking training. The results of exercise training of women on HRT and not using

it were compared.

Participants

An announcement in a local newspaper produced 700 answers, out of which 300 participated in
a questionnaire screening, 236 participated in a medical examination, 151 participated in
submaximal exercise test and 145 participated in maximal exercise test and finally 134
participants were included in the intervention. All of these participants fulfilled the eligibility

criteria. The eligibility criteria were: 1) female, 2) 2-10 years past the onset of menopause, 3)
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48-63 years of age, 4) no chronic diseases, 5) no regular medication except possible HRT, 6)

non-smoker, 7) body mass index < 32 kg/m?, 8) resting blood pressure < 160/100 mmHg, 9) not
engaged in strenuous work or regular brisk leisure-time exercise more than once a week, 10)
willing to continue previous diet and physical activity habits in addition to the exercise
requirements of the study group and 11) willing to accept the result of randomization. An equal
number of women on HRT and women without HRT were accepted. The process is previously

described in detail®.

Methods

The study was a randomized, controlled trial with two exercise groups. The participants in
Group E1 used continuous exercise, the training was performed in one daily exercise bout. The
exercise training in Group E2 was fractionated into two daily bouts and a control Group C kept
their daily physical activity habits unchanged. We have previously reported that both of these
training regimens improved maximal aerobic power, measures of submaximal fitness, resting

blood pressure, body mass, the proportion of body fat'

and also blood lipids, glucose- and
insulin-levels'®. The main outcome measures in this report are lower extremity muscular
strength, balance and walking performance. The study design was approved by the Research
Ethics Committee of the Urho Kaleva Kekkonen Institute for Health Promotion Research. All the

subjects gave their written informed consent.

Randomization

The HRT users and non-users were randomized separately in blocks of 15 subjects into the
three groups, each including an approximately equal number of HRT users and non-users. The
procedure yielded 46, 43 and 45 subjects in Group E1, E2 and C, respectively. The baseline

characteristics of the subjects are presented in Table 1.



Table 1.

Baseline characteristics of the subjects. Means (standard deviation) or proportions of subjects.

E1 E2 C
N 46 43 45
Age, 57.8 (4.4) 57.6 (4.2) 56.5 (4.2)
Years
Years from
menopause 6.0 (2.2) 6.0 (1.8) 5.8 (2.0)
Weight, 67.6 (8.2) 67.9 (8.5) 67.0 (8.5)
kg
BMI*, 25.8 (2.7) 259 (2.8) 25.7 (2.8)
kg-m'2
Walking time® 17.5 (1.1) 17.4 (1.2) 17.6 (1.3)
min
One-leg squat” 9.6 (2.1) 9.2 (2.1) 8.8 (2.4)
One-leg stand
0-29 sec 23 % 28 % 28 %
30—-59sec 32% 20 % 14 %
60 sec 46 % 52 % 58 %
Physical activity habits
no regular weekly 0% 2% 9%
some light every week 35 % 37 % 34 %
once a week brisk 65 % 61 % 57 %

BMI = body mass index
Yin UKK Walk Test

Msum of scores of right and left feet, scoring range 0-12 points



Exercise Intervention

The exercise program was planned according to the principles of the ACSM recommendation®.
The minimum recommended length for an exercise training intervention, 15 weeks, was
chosen. Walking was chosen as the mode of aerobic exercise. It was considered the most
common, feasible and safest form of sustainable dynamic aerobic exercise also for our study
subjects™. The intensity 65% of the maximal aerobic power (VO,max) Was chosed, as this
intensity is considered moderate by ACSM*. Total EEE of walking training was chosen to be
300 kcal, which yields a weekly exercise volume of 1500 kcal. This was chosen to be more than
the minimum weekly EEE, in order to keep the exercise dose adequate for producing training
effects even when the chosen intensity was moderate. The lower the intensity, the longer
duration the participant has to walk in order to expend a given amount of energy. The frequency
of walking training, five d-wk™, was also chosen to be more than the minimum requirement. The
frequency had to be high, also, because the intensity was moderate and weekly EEE
considerabely high, in order to keep the duration feasible.

Daily walking was continuous in Group E1 and fractionated into two equal
sessions with at least a five-hour interval in Group E2. The individual target heart rate in
walking, corresponding to 65% of the VOn.x, was determined for each subject in a maximal
graded exercise test. The mean target heart rate was 132 (SD 10.7) beats-min™" in Group E1
and 130 (SD 11.2) beats-min™ in Group E2. The duration of daily walking training
corresponding to 300 kcal was calculated individually using the Weir formula, which estimates
energy expenditure from measured oxygen consumption and carbondioxide production’’. The
mean target duration was calculated to be 46.6 (SD 5.4) minutes for Group E1 and two times
24.0 (SD 3.2) minutes for Group E2.

The resistance training program consisted of one set of 8 moderate, dynamic
exercises with 10 repetitions in each for the main muscle groups twice a week according to the
minimum requirements byt ACSM*. Body weight or 2-5 kg dumbbells were used as resistance.
The program consisted of two exercises in standing position to improve the strength of leg
muscles, balance and coordination, one exercise for the strength of hip and knee extensor
muscles, one for the upper arms using dumbbells, two for back extensor muscles on prone
position, two for the muscle strength of abdominal region followed by five subsequent stretching
exercises. The main emphasis of the resistance training program was, however, on mobility
related aspects; improving lower limb strength, balance and it also served as a warm-up for the
main muscle groups. This was consedered important in order to prevent injuries. The duration
of this resistance training bout was approximately 15 to 20 minutes. Rationale for the resistance

training program and the order and dosage of each exercise are described in Table 2.



Table 2. Rationale for the resistance training program and the order and dosage of each exercise

Exercises and their rationale Dosage

Warm-up and to improve standing balance and body coordination

1) Knees-up in standing position with alternating legs 20 rep. (2 x 10+10 rep.)
2) Back touch in standing position with alternating legs

20 rep. (2 x 10+10 rep.)
Warm-up and enhancement of endurance of the trunk, legs and upper limb muscles

3) Dumbbell military press with alternating arms 20 rep. (2 x 10+10 rep.) with 2 to 5 kg weight
4) Squat exercise on two legs 10 rep.
5) Back extensor exercise on prone: Lifting opposite upper and 10 rep. with 5 seconds hold
lower limbs
6) Upper body extensor exercise on prone 10 rep. with 5 seconds hold
7) Curl-ups on supine with alternating legs 10 rep.
8) Curl-ups and side bending on supine 20 rep. (2 x 10+10 rep.) for both sides

Recovery after aerobic exercise to increase the flexibility and to prevent musculoskeletal complaints

9) Stretching exercise for hamstrings 30 seconds for each leg

10) Stretching exercise for pectoralis major 30 seconds for both sides

11) Stretching exercise for calf muscles 30 seconds for both legs

12) Stretching exercise for thoracic region 30 seconds

13) Stretching exercise (lateral bending) for neck muscles 30 seconds stretch for both sides

rep.= repetitions



Figure 1 The description of the resistance training program. 10
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The two weekly walking sessions that included the muscular exercise program
were supervised by an exercise leader on an indoor track. The other weekly walking sessions,
three for Group E1 and eight for Group E2 were unsupervised and took place outdoors. A few
minutes of light flexibility exercises of own choice were recommended prior and after every
session as a warm-up and cool-down and for injury prevention.

Heart rate monitors (Polar Edge*) were used as means of controlling the target
heart rate in the two weekly supervised sessions and every third week in all weekly sessions.
The participants were also advised to periodically estimate the length of their walking route, in
order to keep the same relative pace in all weekly sessions. Every exerciser used an exercise
diary, into which the following information was gathered after every exercise session: date, time
at the onset and at the end of exercise, the exercise duration with target heart rate from heart
rate monitor reading. Also the time spend in habitual physical activity, including other walking
than exercise training, and possible cycling, calisthenics and the likes was recorded. Exercise
diary was checked by the exercise leaders every 3 weeks. In addition the participants wore
electronic pedometers (step counters) (Fitty-3) for three days, from Friday through Sunday, in
the middle of the intervention period.

Once a month the control group attended a meeting with lectures on health topics
and performed a few minutes of light flexibility exercises. All of the participants were asked to
keep constant their previous diet, daily physical activity habits and use of HRT, and these were
checked with a questionnaire followed by an interview at the beginning and at the end of the
intervention. Physical activity was asked using a score (1-5), described as follows: 1 = no
regular physical activity weekly, 2 = some light physical activity every week, 3 = once a week
brisk physical activity , 4 = twice a week brisk physical activity , 5 = three times a week or more
brisk physical activity . Questions concerning exercise related pain and injuries were asked at

the end of intervention.

Feasibility
Injury prevention included instructions of proper walking technique and advice in purchasing
suitable walking shoes, and also giving the possibility to gradually progress to full exercise
program. An additional 2 weeks was allowed for 6 subjects in Group E1 and 7 subjects in
Group E2. During the last weeks of intervention 5 subjects in Group E1 and 6 subjects in Group
E2 were allowed to use extra 1kg wrist weights, stair walking or occasional steps of jogging to
reach their target heart rate.

The feasibility and safety of this exercise regimen during the intervention was
assessed in several ways. Adherence to the exercise program was measured from exercise
diaries by calculating a percentage of completed exercise versus prescribed exercise for

duration of exercise session, frequency of sessions per week, supervised sessions per week

* Polar Edge, Polar Electro Oy, Professorintie 5, 90440 Kempele, Finland
1 Fitty-3, Kasper & Richter, P.O. Box 10, D-8525 Uttenreuth, Germany
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and length of exercise program. Total amount of weekly walking was estimated from a 3-day

pedometer recording. Pedometric measurement was measured only in exercise groups and it
included all physical activity of the day, also walking training.

Feasibility and safety of the exercise was also assessed from a questionnaire
completed with interview after the intervention concerning subjective intensity of exercise,
exercise related pain and injuries.

Safety of the exercise regimen was assessed by recording the injuries from the
data from physician's consultations. The participants were recommended to contact the

consulting physician (T-MA) in any health problems at the onset of the problem.

Measurements

Lower extremity muscular strength, balance and ability to walk was measured using tests from
the UKK Health-related Fitness Test Battery for Middle-Aged Adults (UKK HRF test battery)'®°:
one-leg squat for lower extremity muscular strength, one-leg standing for balance and the UKK
2 km Walk Test (WT) walking time was used as a measure of ability to walk. The reliability,
safety and feasibility and health-related validity of these field-based fitness tests has been
established in a series of studies?®#. Based on our experiences from the population study in
which the UKK HRF test battery was developed, we considered the selected tests suitable for
the present study subjects who were of same age range and a high functioning sample of

population™®.

All tests followed a standard sequence. Balance was measured first followed by
strength and the WT was perfomermed on another day. The testing personnel, 2
physiotherapists were educated using a standard education program with a test manual
developed for UKK HRF test battery to ensure quality and safety of the measurements.
Consulting physician (T-MA) gave written safety instructions, and was consulted in all cases of
suspected health risk were. In the case of emergency during fitness testing, a physician,
nurses, and equipment for cardiopulmonary resuscitation were available. A description of the

test methods is given in Figure 2.



Figure 2. Description of the mobility related HRF-tests'’

MOTOR FITNESS: ONE-LEG STANDING

Purpose: To assess static postural control while the area of

support is reduced.

Method: The subject wears sport shoes. She places one foot at knee level
along the inner side of the supporting leg and rotates the thigh outwards. The
subject is advised to stand as still as possible.

Outcome: Duration of the balance task up to 1 minute as measured with

a stopwatch in seconds.

MUSCULOSKELETAL FITNESS: ONE-LEG SQUAT

Purpose: To assess muscle strength of the lower extremity extensor muscles.
Method: The subject takes a short step forward on the mat, first with the right leg,
squats down until lightly touching the mat with the left knee, rises immediately and
steps backward to the starting position; she then repeats the squat with the left leg.
Outcome: The load limit for a successful squat task measured as the

maximum weight relative to the subject's body weight (BW) up to 140%.

The test starts with BW (i.e., no added weight) and 10% increments of

BW are added at 4 successive steps of 10%, 20%, 30% and 40% using a

weight belt system.

AEROBIC FITNESS
UKK WALK TEST

Purpose: To predict maximal oxygen uptake (VO.nax) On the basis of test time, heart rate

at the end, body mass index, age and sex.

Method: The subject walks as fast as possible with a constant speed on a flat surface using a

normal walking style.
Outcome: Predicted VOymax (Ml-kg™-min"™") and walking time (min).

e & T
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Sample Size and Statistical Analyses

As described in the former publication' the main outcome was directly measured maximal
aerobic power. The calculations for adequate sample size were based on the assumption of
about a 10% (3 ml-min"-kg™ (SD 4)) increase from the baseline VO, in the exercise group
when compared with the change in the control group (type 1 error alpha 0.05). The power of the
test was selected as 0.90. The calculations yielded a minimum of 39 subjects for each study
group. The actual number of subjects in each group was 43-46 at the onset of the study. The
intention-to-treat principle was used, and all the subjects were asked to participate in the 15-
week measurements at the end of the intervention, in spite of possible drop out from the
exercise program. On the basis of the widths of the calculated confidence intervals of the group
differences of VO,nax, the sample sizes can be considered adequate for finding meaningful
group differences of also other outcomes.

The results are given as means and standard deviations (SD) or proportions of
study subjects. Analysis of covariance (ANCOVA) with the baseline measurements as the
covariates was used to analyze training effects on walking performance. P-values were
calculated in testing for any differences between the groups. Training effects were determined
as net differences (i.e. differences between the changes in both exercise groups and the control
group) and their 95% confidence intervals (Cl) for the net change.

The outcomes of one-leg standing balance and one-leg squat test showed a
skewed distribution as considerably many study subjects achieved maximum results allready at
the beginning of the study. Thus the results were analyzed using the proportion of the subjects
that achieved maximum results in tests before and after the intervention. The binary logistic
regression analysis was used as the statistical method and the odds ratios and their 95% CI
were calculated between exercise and control groups at the end of intervention adjusted for
differences in baseline distributions.

The subgroup analysis of the HRT users and nonusers was carried out to

determine the possible effects of HRT on the results.
Results

Compliance
Three of the 88 exercising subjects interrupted the exercise program. However, all three
participated in the 15-week post-intervention measurements and were included in the analysis
according to the intention-to-treat principle. Six of 134 subjects did not participate in all of the
15-week measurements due to acute transient medical conditions.

Subijects in both exercise groups followed the exercise prescription closely. Most
subjects reached their target heart rate after 2 weeks’ training and all after 4 weeks from the

beginning. Both groups exceeded the mean prescribed target duration by one minute per
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session. The attendance in exercise sessions ranged from 88 % to 95 %. The habitual PA of

the subjects was equal in both exercise groups according to exercise diary, questionnaire

answers and step-counter recording. These are reported in detail earlier®.

Feasibility

The mean values calculated from the exercise diaries showed that Group E1 attended 89% of
the prescribed 75 sessions and Group E2 95% of the 150 prescribed sessions. Group E1
attended 88% and Group E2 92% of the 30 supervised exercise sessions. Absence from
exercise was due to health problems, family reasons, work duties or travel. Less than 1% of the
absence was due to musculoskeletal problems and the difference between the exercise groups
was not statistically significant. The information from exercise diaries showed that the mean
total duration of walking at the target heart rate per session was 47.9 (SD 14.2) minutes for
Group E1 and 25.0 (SD 3.2) minutes for Group E2. The mean total daily duration of habitual
physical activity, other than prescribed exercise, was 23.9 (SD 18.3) minutes for Group E1 and
27.8 (SD 18.8) minutes for Group E2.

The mean total daily amount of walking estimated from the pedometer recordings,
was 9.2 (SD 3.1) km for Group E1 and 10.4 (SD 3.0) km for Group E2. The mean length of the
intervention was 14.4 (SD 2.9) weeks for Group S1 and 14.8 (SD 2.5) weeks for Group S2. The
walking program was stopped one day before the exercise test.

According to the questionnaire and the interview completed at the end of the
intervention regarding walking training most of the subjects considered their exercise program
feasible (not too light and not too strenuous). In Group E1 7 % (3 subjects) considered exercise
very strenuous, 22 % (10 subjects) somewhat strenuous, 65 % (30 subjects) not light but not
strenuous, 7 % (3 subjects) somewhat light and none very light. In Group E2 the corresponding
figures were zero as very strenuous, 26 % (11 subjects) as somewhat strenuous, 67 % (29
subjects) as not light but not strenuous, 5 % (2 subjects) as somewhat light and 2 % (1) as very
light.

Only changes in exercise, corresponding to the intervention program, was
reported in questionnaire in Groups E1 and E2. No changes in exercise were reported in the
participants of the control group. Six participants changed their HRT status. In Group E1 two
subjects started and one subject stopped the HRT. In Group E2 one subject started and two
subjects stopped the HRT. All six subjects were included in their original group in the analyses
to meet the intention-to-treat principle. There were no changes in diet reported in the
questionnaire.

Also according to the questionnaire and interview most of the subjects in the
exercise groups did not have any exercise-related lower limb problems; stiffnes, pain or injuries.
Two daily walking sessions (fractionated exercise) caused fewer lower limb problems compared

to one continuous exercise: no exercise-related lower limb problems 65 % (28 subjects) vs. 41
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% (19 subjects) (p = 0.021 for the difference of proportions); problems at the onset of

program 19 % (8 subjects) vs. 30 % (14 subjects); problems during the middle or at the end of
exercise program 12 % (5 subjects) vs. 34 % (11 subjects); and exercise-related lower limb
problems all the time during the exercise program 5 % (2 subjects) vs. 4 % (2 subjects),
respectively.

The descriptive data of physicians consultations shows that out of the total 73
consultations, 49 concerned exercise-related problems. Most of the problems were minor. Of
the 134 participants only 4 (3%) incurred major exercise related health problems. Three of the
88 exercising participants interrupted the exercise program, two because of lower-limb
problems (persistent plantaris fascitis or newly detected knee artrosis) and one because of
psychosocial reasons. One case of mild, recurrent arrhythmia (paroxysmal ventricular
extrasystoles) was detected in an exercise group member after the intervention, and a
specialist in cardiology suspected that the problems had been caused by overtraining, since no
other reason for the arrhythmia was found. One participant in the control group fell on an icy

walking trail and suffered a radius fracture.

Lower extremity muscular strength

At baseline 21 % of the study subjects scored the maximum of 12 points (able to squat down
with 40 % additional load of their body weight, see Figure 2) in the one-leg squat test. The
proportion of subjects reaching maximum points increased statistically significantly in both
exercise groups when compared to the control group (OR's 4.1 and 4.6 in Groups E1 and E2
respectively) (Table 3). The mean sum score of both legs in one-leg squat test was 9.6 (SD 2.1)
in Group E1 at the onset and 10.4 (2.2) at the end of intervention. The corresponding values
were 9.2 (2.1) and 10.3 (2.2) in Group E2 and 8.8 (2.4) and 8.8 (2.6) in the control group.

Balance

At baseline over 50 % of the study subjects scored the maximum of 60 seconds in the one-leg
standing balance test. The proportion of subjects reaching this maximum after the intervention
increased in all study groups (Table 3) but the differences of the between-group changes were
not statistically significant. In Group E1 24 participants out of 46 and in Group E2 23 out of 43
participants acchieved maximum results at the beginning and 33 and 28 at the end of the
intervention, respectively. In control group change in the number of the participants with
maximum result was from 20 to 23 out of 44 participants. However, the group mean value of
balance time of those subjects who did not reach the maximum value at baseline, increased in
both exercise groups after the intervention, in subgroup of E1 (n = 22) by 13.9 s (SD 23.9) and
in subgroup of E2 (n = 18) by 12.4 s (SD 18.4). In the subgroup of controls (n = 24) the mean
value decreased by 0.3 s (SD 26.5).
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Table 3.

One-leg squat and one-leg stand, proportions (%) of subjects who achieved the maximum result in tests
before and after the intervention, and the odds ratios (95% confidence intervals) between exercise and
control groups at the end of the intervention adjusted for differences in baseline distributions’ D

N Before After Odds ratio (95%Cl) P-value*
One-leg squat**)
E1 46 24 % 52 % 41 (1.5t0 11.6)
E2 43 16 % 51 % 46 (1.6t013.2)
c 43 23 % 26 % 1.07 0.008
One-leg standl’
E1 46 52 % 72 % 26 (0.9t06.9)
E2 43 58 % 63 % 1.2 (0.5t0 3.4)
C 44 46 % 52 % 1.0" 0.175

) binary logistic regression analysis
DE1 = one-session exercise group, E2 = two-session exercise group, C = control group.
Y humber of subjects, drop-outs excluded
) scoring range 0-60 sec
¥ reference category
)sum of scores of right and left feet, scoring 0-12 points

Walking performance

The walking time in WT improved statistically significantly and equally in both exercise groups
when compared to the control group (Table 4). The net improvement in walking time was 3.3 %
(95 % Cl: 2.3 % to 4.2 %) in Group E1 and 3.4 % (2.4 % to 4.3 %) in Group E2.

Table 4.
Walking time in UKK Walk Test. Mean values (standard deviation) before and after the intervention, and the
net change, (95% confidence interval) between exercise and control groups K

NY Before After Net change (95%Cl) P-value”

Walking time, min

E1 45 17.5(1.1) 15.6 (1.0) 1.2 (-1.6t0-0.9)
E2 43 17.4(1.2) 15.5(1.0) 1.3 (-1.6 t0 -0.9)
C 44 17.6(1.3) 16.9 (1.2) <0.001

D analysis of covariance

E1 = one-session exercise group, E2 = two-session exercise group, C = control group.
® number of subjects, drop-outs are excluded

Interactions of exercise and hormone replacement therapy

In both studies the subgroup analysis of the HRT users and nonusers showed equal results in
all of the measurements, the one-leg squat test for the lower extremities, the one-leg standing
balance test and walking time in WT results.This indicates that exercise was equally beneficial

for hormone users and non-users.
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Discussion and Conclusion

The main purpose of the present work was to report the effects of two exercise programs
including moderate-intensity walking in one or two exercise bouts and moderate-intensity
resistance training on lower extremity muscular strength, balance and walking performance in
sedentary, early postmenopausal women. In addition, the feasibility of the training program was
evaluated. The present results show that lower extremity muscular strength and walking speed
improved equally in the two exercise groups when compared to the control group. However, the
effect of training on balance was not statistically significant. The exercise was equally beneficial
for HRT users and non-users.

Lower limb strength improved equally in both exercise groups in our study. In
practice the subjects in the training groups were able to perform the squat test with 30 % extra
load of body weight, which was on average one level higher than at baseline (20 %). It is worth
noticing that the subjects in our study accomplished this result without specific resistance
training equipment engaging simple closed-kinetic chain muscular exercises and walking.
Heavy resistance training with special equipment can result in much larger, two to threefold
increases in strength®®2%. However, it also requires close supervision and participant travel to
exercise facilities, which may become barriers to training. High-impact aerobic circuit training
combined to aerobic dance has also been reported to improve muscular strength?® as well low
impact aerobic dance combined with other low impact aerobic exercise®?'. This is the first
study to show that walking combined to a simple resistance exercise program, that could easily
be performed also home-based, will improve lower extremity muscle strength in sedentary,
early posmenopausal women.

At population level, maintaining a good ability to walk is perhaps one of the key
issues in the prevention of mobility-related disability. Earlier population studies among middle-
aged?® and older populations®'*' have shown a strong association between different
performance tests using walking and mobility-related function. Slow walking speed has also
been associated with increased risk of falls***. In the present study walk performance as
measured by walking time of 2 km distance improved statistically significantly and equally in
both exercise groups. Walking time measured by the UKK WT reflects both submaximal
aerobic capacity and musculoskeletal functioning®.

Balance was not improved by our exercise program. However, there was a
positive trend towards improvement in E1. The fact that over 50 % of the subjects reached the
maximum score in the baseline balance testing might have decreased the possibility to detect
the real training effect. A more challenging test of balance would have been more appropriate
for the subjects of our study. Three upright exercises in our muscular training program (knees-
up, back touch, squat) were aimed at improving balance and coordination of hip, knee and

ankle musculature®. Heitkamp et al.>® reported significant improvements in both balance and
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lower limb strength after similar type of closed-kinetic-chain balance exercises in younger

subjects. They measured balance with a more difficult one-leg standing test on a narrow edge.
Improvement in postural stability in early postmenopausal women have been reported with

programs of low-impact aerobic dancing and walking combined with resistance training, with

20, 31 36,37

strength training alone?®, with aerobic dance and with high impact jumping

When approcahing old age muscular strength, balance and ability to walk
preserve adequate functional capacity for the requirements of everyday living and also to
prevent falls®® %', Mobility limitations appear earlier in aging women than in men*, thus
muscular strength, balance and ability to walk are very important aspects of fithess already for
early postmenopausal women.

The prescribed exercise combination proved to be a feasible training method with
only a relatively small risk of injury and other health problems among the sedentary study
subjects. The amount and severity of the injuries in our program (3%), was similar to those in
the other walking studies of early postmenopausal women'?. In training studies combining
walking with resistance exercise the injury rate varied from none to 13 %.

Our results further indicate that walking training can be divided into two daily bouts
without compromising the training effects also in early postmenopausal women, which is a age
group that has been on a RCT using fractionated exercise only once before this study' . Not
only fractionated exercise improved walking performance similarly to continuous exercise, but it
also caused fewer lower limb problems and was not considered more strenuous than the
continuous exercise. As far as we know, this is the first report suggesting that fractionated
exercise causes fewer exercise related lower limb complaints in sedentary subjects. The finding
could be explained by the fact that fractioned exercise allows the lower limb muscles to rest
between the exercise sessions compared to continuous exercise. Fractionated physical activity
may also be better integrated into everyday life when compared to one longer continuous
session and thus may improve the possibilities to start regular exercise when compared to
physical activity prescription requiring special arrangements>**°.

Our study had several strengths that add to its reliability. The number of subjects
was sufficient for adequate statistical comparisons and the randomized groups were
comparable. The exercise dose was controlled with supervision, heart rate monitors, exercise
diaries and pedometers. Adherence was high and the dropout rate was small. The muscular
exercise program was of short duration, simple with very little equipment and easy to perform.
Our study included both HRT users and non-users and exercise was equally beneficial for both.
A weakness of our study was that the selected balance test that was not demanding enough for
our study population.

We conclude that our 15 weeks' exercise program, consisting of brisk walking in
one, or two daily sessions five days a week combined with a moderate muscular training

program twice a week improved lower limb muscular strength and walking performance in
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previously sedentary, early postmenopausal women. The training program was equally

beneficial for hormone users and non-users. The training programs were feasible and safe.
Fractionating walking in two daily exercise bouts caused less leg complaints than one
continuous exercise. The training program may serve as one means to start to be physically
active and thus promote healthy aging with preservation of mobility function and independent
life. Our results also encourage the use of everyday possibilities for multiple walking bouts as
part of daily chores. The impact of exercise on health on population level is largest when those,

who are most inactive become at least moderately active®.
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We studied the fractionization of walking training and
searched for the minimum dose to affect coronary risk
factors in two randomized controlled trials. Altogether 134
(Study I) and 121 (Study IT) healthy, sedentary postmeno-
pausal women started the trials, and 130 (Study I):and 116
(Study IT) completed them. In Study I the exercise intensity
was 65%. of the maximal aerobic power (VOzpax) and a
total of 300 kcal was expended in one (Group W:l) or two
(Group W2) daily walking bouts. In Study I the exercise
was ‘continuous, and the exercise intensity (% of{VOzmax)
and ‘energy expenditure (kcal session™ 1 were 55%: and
300 kcal (Group W3), 45% and 300 keal (Group W4), 55%
and :200 kcal (Group W5) and 45% and 200 kcal (Group
W6). All the subjects walked 5 days a week. The .outcome

measures were blood pressure, serum lipoproteins and blood
glucose and plasma insulin in fasting state and also during 2-
h oral glucose tolerance test in Study L. There was no change
in diastolic pressure in the original study groups, but in the
combined exercise’ group (W1+W2) in Study I, the mean

diastolic pressure declined by — 3.0mmHg (95% con-
fidence interval (CI) —-55 to -04) (P=0.025) in
comparison with that of the controls. The mean blood
glucose declined by —0.21 mmolL~™! (CI —0.33 to
~0.09) in Group W1 and —0.13mmolL ™! (CI —0.25
to —0.01) in Group W2 compared to controls (P = 0.03).
Also the 2-h glucose concentration decreased in Groups
W1 and W2 compared to controls. Systolic blood pressure,
serum lipoproteins and insulin levels did not change in
Study I or Study II. We conclude that our training
program with the greatest exercise dose, exercise intensity
65% of VO3max and weekly expenditure of 1500 kcal had a
minimal, positive effect on diastolic pressure and blood
glucose, and the effect was similar in one or two daily
exercise session groups. This exercise dose is probably
close to the minimum to affect coronary risk factors in
healthy postmenopausal women: To get a more pronounced
and clinically relevant effect, a greater exercise dose is
néeded.

Coronary heart disease (CHD) is the leading cause of
death among postmenopausal women in the western
world (Goodman & Kirwan, 2001). Abdominal
obesity, postmenopausal estrogen deficiency and
physical inactivity are associated with reduced
insulin sensitivity and impaired glucose homeostasis,
which leads to the entity of “menopausal metabolic
syndrome”. In turn, metabolic syndrome is asso-
ciated with CHD and type 2 diabetes. Weight loss,
especially loss of abdominal adipose tissue and
increased physical activity, and also hormone
replacement therapy (HRT) can reverse this syn-
drome (Spencer, 1997). The American Heart Asso-
ciation has given preventive guidelines for women
(Mosca et al., 1999) with exercise recommendations
supporting the physical activity recommendation for
health (Pate et al., 1995). The statement suggests that
every adult accumulate 30 min or more of moderate-
intensity physical activity on most, but preferably, all
days of the week. This corresponds to an exercise
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volume of approximately 200 kcalday ~* and 1000~
1400 kcal week ~ 1. : :
Epidemiological studies indicate’a linear dose—
response relationship between physical activity and
all-cause mortality, consisting mostly of CHD (see
Kesdniemi et al., 2001). The energy expenditure of
physical activity, needed to jnduce a 30% reduction
in mortality for sedentary subjects, is around
1000 kcal week ~!. The minimum effective amount
of exercise for health effects is not known, but it is
estimated to be lower. Even}i:xercise"' doses as low as
500 kcal week ~ ! are claimed to have some beneficial
effect on all-cause mortality (Kohl, 2001; Lee &
Skerret, 2001). In their follow-up study of almost
40000 women, aged 45 years or over, Lee et al.
(2001) found that the time spent in walking was more
important than exercise intensity, and at least 1h of
light to moderate activity weekly decreased the CHD
risk. This amount is less than the recent recommen-
dation of physical activity for health suggests (Pate



et al., 1995). More studies are needed to clarify the
matter especially on women, because most studies
have been conducted on men (Lee & Skerret, 2001;
Wilmore, 2001).

Epidemiological evidence suggests that activities
performed on a regular basis, even in several sessions
a day, will influence health outcomes if the total
energy expended is sufficient (Paﬁ'enbarger et ‘al.,
1986; Haapanen et al., 1996; Hardman, 2001). To
our knowledge omly four randomized, controlled
studies have been carried out to compare the effects -
of fractionated exercise vs. continuous exercise on
CHD risk factors — two on lipids (Ebisu, 1985;
Woolf-May et al., 1999) and two on blood pressure
(Jakicic et al., 1995; Murphy & Hardman, 1998) and
only one of these included postmenopausal women
(Woolf-May et al., 1999).

We conducted two randomized, controlled studies,
the first to compare the effects of equivolume brisk
walking, once or twice a day, and the second to
compare the effects of four low-dose walking
programs on selected CHD risk factors in post-
menopausal women. We have previously reported
that all of these programs increased maximal aerobic
power, and some of them also positively affected
body composition (Asikainen et al., 2002a, b). In our
present report, our hypothesis was that equivolume
exercise would improve coronary risk factors equally
in exercise groups with one or two sessions a day. In
addition, low-dose walking programs would show
small improvements in risk factors, and the mini-
mum effective dose would be approached.

Materials and methods

Design

Study I was a randomized, controlled trial with three parallel
groups: exercise with one or two datly walking sessions and
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a control group (Asikainen et al., 2002b). Study II was a
randomized, controlled trial with five parallel groups, four
low-dose exercise groups and a control group (Asikainen et
al,, 2002a). The exercise in Study I started in September 1995
and continued for 15 weeks. The exercise in Study-II started in
November 1996 and continued for 24 weeks. The outcome
measures were blood pressure, fasting serum lipoproteins, and
‘blood glucose and plasma insulin in fasting state, and in Study

© 1, also during a 2-h oral glucose tolerance test. The study plan
© was approved ’oy the independent Research Ethics: Committee

of the UKK Institute for Health Promotion Research All the
subjects gave their written informed consent.

Subjects

The subjects were recruited through announcements:in the local
newspapers. The recruitment processess have beén described
in detail previously (Asikainen et al., 2002a, b). The eligibility
criteria were (1) female, (2) 2-10 years past the onmset of
menopause, (3) 48—63 years of age, (4) no chronic diseases or
regular medication except for possible HRT (5) nonsmoker,
(6) body mass index (BMI) <32kgm ~2, (7) systolic pressure
<160 mmHg and diastolic pressure <100 mmHg, and (8) not
engaged in strenuous work or regular brisk leisure-time
exercise more than once a week. An equal number of women
with and without HRT were accepted.

Randomization

We randomly assigned the subjects to exercise or control
groups. The HRT users and nonusers were randomized
separately in order to get an approximately equal number of
both in each group. The procedure yielded 46, 43 and 45
subjects in the two exercise groups and the control group,
respectively, in Study I and 21, 21, 18, 21 and 40 subjects in
the four exercise groups and the control group, respectively, in
Study II. The randomization processes were computer based
and have been described in detail previously (Asikainen et al.,
2002a, b). The baseline characteristics of the subjects are
shown in Table 1.

Exercise intervention

The exercise groups walked 5 days a week. In Study I the
exercise intensity was 65% of the maximal aerobic power

Table 1. Baseline characteristics of the subjects in Study | and Study II*; means (SD)

Parameter Study | Study 1l

Group W1 Group W2  Group C1  Group W3 . Group W4  Group W5  Group W6  Group C2
N 46 43 45 21 21 18 21 40
Age (years) 58 (4.4) 58 (4.2) 57 (4.2) 57 (3.8) 55 (3.7) 54 (3.5) 55 (4.2) 56 (3.8)
Body mass (kg) 67.6 (8.2) 679(85) 67.0(85) 67.9(104) 68.7 (9.5 67.5(10.9) 66.1(85) 70.8 (9.3)
VOpmax (MLkg ™ "min~") 29.0(3.8) 284 (3.6) 27.7(35) 303(50) 30.8(4.2) 29.4(41) 30.2(4.1) 29.3(3.6)
Systolic pressure (mmHg) 126.6 (14.7) 124.8 (12.3) 125.1 (17.1) 125.3 (14.6) 121.8 (15.1) 127.6 (16.7) 124.1 (14.6) 128.1 (15.8)
Diastolic pressure (mmHg) 805 (7.1) 80.1(75) 823(74) 803(9.1) 79.6(11.6) 804 (9.3) 759(9.3) 81.1(7.4)
Total cholesterol (mmolL~") 5.53 (1.00) 5.78 (0.99) 5.72 (0.98) 5.39 (0.63) 5.34 (1.02) 5.31(0.97) 5.15(0.79) 5.49 (0.94)
HDL-cholestero! (mmolL~") 1.56 (0.32) 1.54 (0.43) 1.56 (0.33) 1.68 (0.41) 1.60 (0.28) 1.55 (0.44) 1.62 (0.41) 1.57 (0.32)
LDL-cholesterol (mmol L ) 346 (0.95) 3.55(0.94) 3.53 (0.88) 3.06 (0.53) 3.22 (1.02) 3.19(0.98) 2.97 (0.72) 3.36 (0.84)
Triglycerides (mmolL~") 1.12 (0.34) 1.60 (1.63) 1.39 (0.57) 1.28 (0.53) 1.15(0.29) 1.14 (0.45) 1.34 (0.42) 1.25:0.41)
Glucose (mmolL~") 4.46 (0.30) 4.48 (0.32) 4.44 (0.32) 4.78 (0.33) 4.75 (0.26) 4.96 (0.44) 4.88 (0.30) 4.82°(0.35)
Insulin (mUL~") 6.3 (2.0) 6.9 (2.5) 6.9 (2.0) 71 (1.7) 7.1 (1.8) 8.2 (4.0) 74(1.8) 7.9 (23)

*Study I: Groups W1 and W2 were the exercise groups and Group C1 was the control group.
Study II: Groups W3, W4, W5.and W6 were the exercise groups and Group C2 was the control group.

VO,max = Maximal aerobic power, HDL = high-density lipoprotein, LDL =

low-density lipoprotein.
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(VO,max) and the estimated exercise energy expenditure was
300 kcal. Walking was performed in one (Group W1) or two
daily sessions (Group W2). In Study II the exercise was
carried out in one daily session, and different combinations of
exercise intensity (% of VO,max) and energy expenditure
(kilocalories per session) were used: 55% and 300 kcal (Group
W3), 45% and 300kcal (Group W4), 55% and 200kcal
(Group W5) and 45% and 200 kcal (Group W6).

The target heart rate and duration of exercise were
determined individually on the basis of a maximal exercise
test (Asikainen et al., 2002a, b). Two weekly exercise sessions
were supervised and conducted on an inside track, and other
sessions were performed outdoors. The supervised exercise
sessions of Groups W1 and W2 started with a light dynamic
muscle workout for the main muscle groups. A few minutes of
stretching was recommended before and after the exercise
sessions for all the exercisers. Heart rate monitors (Polar
Edge, Polar Electro, Kempele, Finland), step counters (Fitty
3, Kasper & Richter, Uttenreuth, Germany) and exercise
diaries were used. The dietary and exercise habits and HRT
use of all the subjects were checked with a questionnaire,
followed by an interview, at the beginning and end of the
intervention. Groups W3, W4, W5 and W6 also completed 3-
day food diaries at the beginning and end of the intervention.

Measurements

All the measurements were conducted before and after the
training period. Blood pressure was measured twice with a
random zero sphygmomanometer (Hawksley & Son Ltd.,
England) as the subject sat after 5min rest. The lowest of the
two measurements with a 2-min interval was used.

Venous blood samples were obtained at 7 to 9 AM after a
12-h overnight fast, after a 15-min rest, while the subject was
supine. The preceding exercise was approximately 48 h before
the sampling. Fasting blood samples were taken for serum
lipoproteins, baseline glucose and insulin determinations. In
Study I an oral glucose tolerance test (OGTT) was carried out
with a glucose dose of 75 g. Blood was sampled at 30, 60 and
120 min during OGTT for glucose and insulin measurements.
In Study II the fasting blood samples were taken twice with a
1- week interval. The mean of the two measurements was
used.

In both studies all analyses except glucose were made from
frozen (—70°C to —20 °C) samples, and all samples from
each subject were analyzed within a single batch to minimize
analytical variations. Total serum cholesterol and triglyceride
concentrations were measured using routine enzymatic
methods. High-density lipoprotein cholesterol (HDL-choles-
terol) was determined by dextran sulfate precipitation. Low-
density lipoprotein cholesterol (LDL-cholesterol) was calcu-
lated by the equation of Friedewald et al. (1972). Blood
glucose was assessed by the glucose dehydrogenase method.
Plasma insulin determinations were carried out by radio-
immunoassay (Phadeseph Insulin RIA, Pharmacia, Sweden).

The analytic variations (interassay CV) calculated from
human serum-based quality control materials were 0.8-1.1%
for total cholesterol, 1.9-1.1% for HDL-cholesterol at the
concentration level 1.4-1.6mmol L ™!, 4.2-4.6% at a very low
HDL-cholesterol level 0.50 mmol L ~!, 1.1-3.8% for triglycer-
ides, 0.8-3.4% for glucose and 2.1-5.0% for insulin.

Sample size and statistical analyses

The sample size calculations were originally performed for
VOomax, Which was the main outcome of the study. Power
calculations and statistical analyses have been described in
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detail previously (Asikainen et al., 2002a, b). On the basis of
the widths of calculated confidence intervals of group
differences, it can be concluded that sample size was adequate
also in order to sufficiently find group differences of the risk
factors. The intention-to-treat principle was used, and all the
subjects were asked to participate in the end measurements, in
spite of adherence to the exercise program or change in HRT
use.

The results are given as means and standard deviations
(SD). An analysis of covariance (ANCOVA) with the baseline
measurements as the covariates was used to analyze the
training effects, which were determined as net differences, i.e.,
mean differences between the changes in each walking group
and the control group adjusted for baseline values. We also
calculated the 95% confidence intervals (CI) for the mean net
changes. In addition, the possible modifying effect of the HRT
use was analyzed by an ANCOVA with the exercise groups
and HRT group as factor variables. Additional ANCOVA
analyses were performed in Study II with the groups
combined according to exercise intensity or energy expendi-
ture, with the baseline measurements as covariates.

Resuits
Compliance

All the subjects attended 88-95% of the prescribed
exercise sessions in both studies. There were few
injuries or other complications. Three of the 88
exercising subjects discontinued the exercise program
in Study I, and three of 81 did so in Study II. There
were four dropouts from the end measurements in
Study I and eight in Study II. No changes in diet
were reported in the questionnaire. For food diaries
in Study II, four persons were missing, and seven
were disqualified because of recording inaccuracies.
The results showed no statistically significant quan-
titative or qualitative changes in the diet of the study
groups. The mean estimated daily energy intake was
7.5 (1.5)MJ in the exercise groups and 7.6 (1.3) MJ
in the control groups before the training and 7.5
(1.4)MJ and 7.3 (1.4)MJ after the training. Six
subjects changed their use of HRT in Study I, and
none did so in Study II.

Maximal aerobic power and body mass

In both studies, maximal aerobic power of the exer-
cise groups improved statistically significantly (P <
0.001) when compared with that of the controls. Mean
net changes in VOjpa, were 2.5mLmin~'kg~?! (CI
1.5-3.5), 2.5mLmin~'kg~! (CI 1.5-3.5), 2.9mL
min~'kg~' (CI 1.54.2), 2.6mLmin~'kg~! (CI
1.3-4.0), 2.4mL min "~ 'kg~! (CI 0.9-3.8) and 2.2mL
min~'kg~! (CI 0.8-3.5) in Groups W1, W2, W3,
W4, W5 and W6, respectively. The mean body mass
decreased when compared with that of the controls
(£=0.001) in Study I, —1.2kg (CI —1.8 to —0.5)
in Group W1 and —1.1kg (CI —1.8 to —0.4) in
Group W2, but in Study II there were no statistically



significant body mass changes (Asikainen et al.,
2002a, b).

In Study I the VO,ma., and body mass changes
were similar in the one-session (W1) and two-session
(W2) walking groups (Fig. 1). In Study II, combining
the exercise groups according to exercise intensity

(Group W3+Group W5 and Group W4+Group
W6) or exercise energy expenditure- (Groip W3+

Group W4 and Group W5+Group W6) showed
similar results in combined groups (Fig. 1).” The
subgroup analysis of the HRT users and nonusers
showed similar results for VO,,., and body mass in

both subgroups.

Changes in CHD risk factors

There were no statistically significant changes in
blood pressure, total cholesterol, HDL-cholesterol,
LDL-cholesterol or the triglycerides in any of the
exercise groups compared to controls (Table 2).

When we combined the exercise groups W1 and
W2 in Study I and exercise groups W1, W4, W5 and
W6 in Study II, we found a statistically significant
reduction of diastolic blood pressure of —3.0 (—5.5
to —0.4)mmHg (P =0.025) in Study I, but not in

. Study II.

The mean fasting blood glucose declined by
—0.21mmolL~" (CI —0.33 to —0.09) in Group
W1 and —0.13mmolL~! (CI —0.25 to —0.01) in
Group W2 when compared with that of the controls
in Study I (2=0.003). In Study I the mean 2-h
glucose in the glucose tolerance test declined by
—0.48mmolL~! (95% CI —0.89 to —0.08) in
Group W1 and —0.43mmolL~" (95% CI —0.83
to —0.02) in Group W2 when compared with that of
the controls (P = 0.039). No statistically significant
changes occurred in the fasting plasma insulin in
either of the studies or in the 2-h insulin in the
glucose tolerance test in Study I.

In Study I the changes in the CHD risk factors in
one-session (W1) and two-session (W2) walking
groups compared to controls were quite similar
(Fig. 1). The similarity of the groups can be
concluded from the overlap of confidence intervals
and estimated means. In Study II the results of
combined exercise groups according to exercise
intensity or energy expenditure, both compared to
controls, also showed similarity between combined
groups (Fig. 2). The subgroup analysis of the HRT
users and non-users did not show any differences in
any of the results for the CHD risk factors.

Discussion

We have previously reported that maximal aerobic
power improved in all of our exercise groups of
healthy, sedentary postmenopausal women, and in
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Study I also body mass declined (Asikainen et al.,
2002a, b). In Study I we found that maximal aerobic
power and body mass were equally affected by
fractionated exercise. In Study II we found that even
the lowest exercise dose improved maximal aerobic
power, but it was not enough to decrease body mass.
The main purpose of our present report was to focus

" on the eﬁects of these exercise programs on CHD

risk factors, to test the effect of fractionated exercise
and to Sjcarch for the minimum effective dose on
blood pressure, blood lipids, glucose and insulin in
our study subjects.

A recent meta-analysis of 54 randomized, con-
trolled trials of 2419 adults, mostly men, concluded
that systolic and diastolic blood pressure can be
lowered by approximately 4 and 2 mmHg in normo-
tensive subjects and approximately by 5 and 4 mmHg
in hypertensive subjects, respectively, with dynamic
physical training (Whelton, 2002). Kelley & Sharpe
Kelley (1999) suggested, on the basis of a meta-
analysis of 21 randomized and nonrandomized,
controlled studies on women, that the training
effect would be smaller for women, approximately
2mmHg in systolic and 1 mmHg in diastolic blood
pressure. The studies in the above meta-analyses
used training regimens of 2-5 days per week,
15-60 min per session, with an intensity of 40-80%
of VOsnax. The optimal exercise intensity remained
unclear, but low intensities gave positive results in
the studies and higher intensity did not improve the
result.

Jakicic et al. (1995) compared the effects of 20—40-
min brisk walking in one continuous session or
multiple 10-min bouts combined with a reducing
diet in a 20-week trial on 56 obese (mean BMI
approximately 34kgm~2) 35-46-year-old women.
The multiple-bout group had better adherence and
exercised more than the continuous exercise group.
There was a mean decrease of 2.6 and 5.6 mmHg in
systolic and diastolic pressure, respectively, in multi-
ple-bout exercise group, and the corresponding
values for the continuous exercise were 3.9 and
4.1mmHg, while the data for the control groups
were not shown. Murphy & Hardman (1998) studied
47 women, aged 44.4 (SD 6.1) years, during 10 weeks
of brisk walking at an intensity of 70-80% of the
maximal heart rate, 5 days a week, in one 30-min
session vs. three 10-min sessions, and found no
statistically significant changes in blood pressure.
Staffileno et al. (2001) studied the effects of
intermittent, moderate exercise with intensity of
50-60% of of VOypax, 3 times 10 min a day, 5 days
per week for 8 weeks in 18 hypertensive, postmeno-
pausal women, and found that systolic pressure was
reduced by 8 mmHg and diastolic by 5SmmHg in
exercise group compared to controls. Staffileno et al.
(2001) did not have a continuous exercise group.
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Table 2. Coronary risk factors before and after training, means (SD) and the net change (35% C) between the exercise and control groups in Study | and Study II**

Risk factor N Before After Net change (95% Cl) Pt
Systolic pressure (mmHg)

Group W1, 44 126.3 (14.7) 131.5 (14.0) 1.2 (-3.910 6.3)

Group W2 43 124.8 (12.3) 130.2 (13.8) 0.8 (4.4 t0 5.9)

Group.C1 43 124.5 (16.8) 129.3 (16.7) 0.90
Groupw3 20 125.3 (14.6) 126.6 (17.0) 4.4 (-1.3 10 10.2)

Group W4 21 121.8 (15.1) 124.1 (11.9) 40 (-1.7 10 9.7)

Group W5 15 127.5 (17.3) 124.8 (13.0) 13 (-5.0t0 7.7)

Group W6 20 124.1 (14.6) 127.8 (14.0) 6.4 (0.6-12.1)

Group C2 37 128.9 (15.6) 124.3 (13.3) ’ 0.21
Diastolic pressure (mmHg)

Group W1 44 80.5 (7.2) 79.6 (6.6) -2.6 (5.5 t0 0.4)

Group W2 43 80.1 (7.5) 78.6 (7.3) ~3.3 (6.3 to -0.4)

Group C1 43 82.1 (7.5) 83.3 (11.5) 0.071
Group W3 20 80.3 (9.1) 76.8 (7.6) 2.7 (-6.0 10 0.6)

Group W4 21 79.6 (11.6) 81.0 (7.8) 1.8 (1.4 10 5.1)

Group W5 15 80.8 (9.4) 79.7 (7.6) ~0.6 (-3.7 t0 3.6)

Group W6 20 75.9 (9.3) 76.6 (9.4) -0.4 (-3.7 t0 3.0)

Group C2 37 81.4 (7.5) 80.1 (7.4) 0.20
Total cholesterol (mmolL~") :

Group W1 46 5.53 (1.00) 5.47 (0.98) 0.13 (-0.09 to 0.34)

Group W2 42 5.72 (0.94) 5.67 (1.00) 0.16 (-0.05 to 0.38)

Group C1 44 5.72 (0.98). 5.50 (0.88) 0.30
Group W3 20 5.32 (0.54) - 5.20 (0.47) 0.11 (-0.16 to 0.38)

Group W4 21 5.34 (1.02) 5.22 (0.82) 0.11 (~0.16 to 0.37)

Group W5 15 5.13 (0.94) 5.03 (0.91) 0.08 (-0.22 to 0.39)

Group W6 19 5.21 (0.77) 5.13 (0.82) 0.12 (-0.15 to 0.40) :
Group C2 39 5.49 (0.95) 5.23 (1.00) 0.87
HDL-cholesterol (mmolL~")

Group W1 46 1.56 (0.32) 1.55 (0.35) 0.00 (~0.08 to 0.07)

Group W2 42 1.56 (0.42) 1.57 (0.45) 0.01 (-0.07 to 0.09)

Group C1 44 1.56 (0.33) 1.56 (0.33) 0.92

Group W3 20 1.72 (0.39) 1.73 (0.28) 0.01 (-0.09 to 0.10)

Group W4 21 1.60 (0.28) 1.70 (0.30) 0.08 (-0.01 to 0.17)

Group W5 15 1.56 (0.45) 1.59 (0.50) 0.01 (-0.09 to 0.11)

Group W6 19 1.63 (0.42) 1.65 (0.44) 0.00 (-0.09 to 0.10)

Group C2 39 1.57 (0.33) 1.59 (0.38) 0.51
LDL-cholesterol (mmolL~")

Group W1 46 3.46 (0.95) 3.41 (0.90) 0.10 (-0.10 to 0.30)

Group W2 41 3.56 (0.94) 3.51 (0.96) 0.12 (-0.09 10 0.33)

Group C1 44 3.53 (0.88) 3.38 (0.94) 0.48

Group W3 20 3.06 (0.53) 2.95 (0.52) 0.07 (-0.17 to 0.30)

Group W4 21 3.22 (1.02) 2.98 (0.83) -0.03 (-0.26 to 0.21)

Group W5 15 3.06 (0.84) 2.96 (0.76) 0.08 (-0.19 to 0.34)

Group W6 19 2.97 (0.72) 2.92 (0.75) 0.11 (-0.13 to 0.35) )
Group C2 39 3.36 (0.84) 3.12 (0.82) 0.84
Triglycerides (mmolL~")

Group W1 46 1.12 (0.34) 1.12 (0.41) 0.03 (-0.11 to 0.16)

Group W2 41 1.30 (0.52) 1.23 (0.42) 0.03 (-0.11 to 0.16)

Group C1 44 1.39 (0.57) 1.25 (0.47) 0.90
Group W3 20 1.21 (0.43) 1.16 (0.41) 0.02 (-0.12 to 0.16)

Group W4 21 1.15 (0.29) 1.19 (0.42) 0.10 (-0.04 to 0.25)

Group W5 15 1.13 (0.46) 1.05 (0.43) -0.02 (-0.18 to 0.14)

Group W6 19 1.36 (0.42) 1.24 (0.40) -0.02 (-0.16 to 0.13)

Group C2 39 1.24 (0.42) 1.16 (0.44) 0.55
Fasting glucose (mmolL~")

Group W1 46 4.46 (0.30) 4.41 (0.33) -0.21 (-0.33 to —0.09)

Group W2 43 , '4.48:. (0.32) 451 (0.32) -0.13 (-0.25 to -0.01)

Group Ct 44 . 4.44 (0.32) - . 4.62 (0.36) 0.003

Group W3 20 "-4.76 (0.33) 4.60 (0.31) -0.16 (-0.29 to -0.02)

Group W4 21 e, 4.757(0.26) 4.62 (0.24) -0.13 (-0.27 to 0.00)

Group W5 15 "~ 4;93:(0.40) . 4.75 (0.41) -0.13 (-0.28 to 0.01)

Group W6 19 * 4.89 (0.30) 478 (0.27) -0.08 (-0.21 to 0.06)

Group C2 39 4.83 (0.35) 4.81 (0.38) 0.093
2-h glucose (mmolL~")

Group W1 44 4.76 (0.86) 4.88 (0.91) —0.48 (-0.89 to -0.08)

Group W2 41 5.01 (1.30) 5.08 (1.10) -0.43 (-0.83 to -0.02)

Group Ct 41 4.98 (1.07) 5.49 (1.41) 0.039
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Table 2. (Continued)
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Risk factor N Before After Net change (95% Cl) P
Fasting insulin (mUL~") :

Group W1 46 6.34 (1.98) ° 6.01 (1.94) —0.48 (-1.05 to 0.09)

Group W2 43 6.92 (2.50) 6.59 (2.09) -0.35 (-0.93 to0 0.22)

Group C1 44 6.91: (2.03) 6.93 (2.45) . . 0.23
Group W3 20 6.92/(1.62) . - 6.77 (1:46)-. -0.61 (-1.40 t0 0.17)

Group W4 A 7.09 (1.79) 7.02 (2.03) -0.48 (-1.25 t0 0.29)

Group W5 15 8.07 (4.36) 7.67 (2.93) —0.55 (-1.40 to 0.31)

Group W6 19 7.42 (1.85) 7.30 (1.83) —0.44 (-1.23 10 0.34)

Group C2 . 39 7.91 (2.37) 8.10 (2.60) 0.47
2-h insulin (mUL~") ' )

Group W1~ 44 30.30 (12.65) 30.08 (14.93). -5.05 (-12.06 to 1.95)

Group W2- 42 33.36 (12.13) 33.52 (23.78) -3.90 (-10.96 to 3.16)

Group C1 : 41 33.42 (13.33) 37.46 (19.92) 0.33

*Study I: Groups W1 and W2 were the exerciée groups and Group C1 was the control group.
Study 1I: Groups W3, W4, W5 and W6 were the exercise groups and Group C2 was the control group.
VOzmax = maximal aerobic power, HDL = high-density lipoprotein, LDL = low-density lipoprotein.

2Analysis of covariance with baseline measurements as covariates.
®Analysis of covariance.
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* Analysis of covariance with baseline measurements as covariates.
VOomax = maximal aerobic power, HDL = high density lipoprotein,
LDL = low-density lipoprotein

Fig. 1. Effect of continuous and fractionated walking on
selected variables. Percent net difference (95% CI) during
training in the exercise groups vs. the control group in Study 1.

We found no statistically significant effects in blood
pressure in our study groups. Combining the exercise
groups showed a 3mmHg reduction of diastolic
pressure in Study I, but not in Study II. This could
be due to the greater exercise dose of Study I. Our
exercise doses were at the lowest border compared
with the exercise doses of aforementioned meta-
analyses. Approximately one-third of our study
subjects had initially elevated blood pressure (130/
85-160/100mmHg). The amount of subjects with
elevated diastolic pressure decreased during training
in Study I, from 40 to 34 subjects at the end of
intervention. Systolic blood pressure seemed to

Persent net difference (95% Cl), exercise versus control,
in combined exercise groups in Study Il

............................

exercise intensity

55% of VO2max
o exercise intepstity
45% of VO2max |
e exercise volume [
300 kcal/session | e
4

o exercise volume
| 200 kcal/session
: F———

-
”
1
N { Diastolic blood pressure
lo——i: l pr
f—— : :
I

Fastir;vg blood é/ugose

X

Fasting plasma insulin

——
——
;P | HDLcholesterol
H—— :

PSS TR T TN T SO WA SO N SO YA S T T S S S T

gTotaI cho?estero/

||||||||||||||

* Analysis of covariance with baseline measurements as covariates.
VOzpmax = maximal aerobic power, HDL = high density lipoprotein,
LDL = low-density lipoprotein

Fig. 2. Effect of exercise intensity and energy expenditure
on selected variables in Study II. Percent net difference (95%
CI) in the exercise groups vs. the control group. The exercise
groups have been combined according to intensity or
volume.

Eil

increase in Study I} although the increase was not
statistically significant. Forty-four subjects had
elevated systolic pressure at the baseline and 52 at
the end of intervention. Seasonal variation could be
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a possible explanation, since this was also seen in the
controls. The end measurements were performed in
December before Christimas in Study I and in June in
Study II. In Study II no changes in blood pressure
were found. The minimum dose needed to induce a
minimal decrease in diastolic blood pressure in our
mbstly normotensive study group of sedentary
postmenopausal women is probably close to the
exercise dose of our Study I, 65% of VOymax,
1500 kcal week ~ !, and the exercise either continuous
or fractionated into two daily bouts. A greater
exercise dose is needed to also obtain an effect on
systolic blood pressure.

We did not find any statistically significant
changes in blood lipoproteins. According to a
meta-analysis of 28 randomized, controlled studies
mostly on men using endurance training (Leon &
Sanchez, 2001), the response between individuals
varies greatly for the same training stimulus. Also
many confounding factors exist. We found much
variability in the responses in our study in spite of
good compliance and careful blood sampling. Leon
& Sanchez (2001) showed that aerobic exercise
increased HDL-cholesterol 4-5%. Most of the
studies had an exercise frequency of 3-5 times a
week and 30 min or more of exercise per session at
moderate to strenuous intensity. There is limited
evidence that a higher exercise intensity will give a
greater HDL-cholesterol response than moderate or
light intensity. The threshold to affect lipids during
weekly training seems to be an exercise energy
expenditure of 1200-1500kcal and the minimum
length of training should be 12 weeks (Leon et
Sanchez 2001). A more recent finding in the 6 month
study of 111 overweight men and women of Krauss
(2002) suggests that energy expenditure is crucial and
more important than exercise intensity, and the most
marked effects were observed at an energy expendi-
ture of 2000 kcal with strenuous intensity. The length
of training period might also be very important
especially in postmenopausal women. In the study of
King et al. (1995), 1 year of moderate training in
postmenopausal women was not enough, but 2 years
showed statistically significant lipid improvements
(King et al., 1995).

According to Leon & Sanchez (2001), baseline
lipid levels strongly predict response: the lower the
baseline HDL-cholesterol, the higher the response to
exercise. Premenopausally, women have higher levels
of HDL-cholesterol due to their hormonal status,
but postmenopausally the levels ‘decrease. HRT
affects lipid levels in various ways (Haddock et al.,
2000) which must be taken into account in exercise

trials. The baseline lipid levels of our subjects were -

mostly in the normal range, e.g., 95% of the subjects
had a baseline level of over 1.00mmol L ~! for HDL-
cholesterol. Our study design called for an equal
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number of subjects with or without HRT in each
group.

There are only two randomized, controlled studies
on the effect of fractionated exercise on blood lipids.
Ebisu et al. (1985) studied the effects of jogging the
same distance in one, two or three daily sessions at
80% of the maximal heart rate for 10 weeks in 53
male students. There was a significant increase in
HDL-cholesterol only in the three-session exercise
group. Ten weeks of exercise may have been too
short to reveal a long-term effect on lipids. Woolf-
May et al. (1999) conducted an 18-week study on 56
adults, aged 40-60 years, walking 20-40 min in one,
two or three daily bouts. LDL-cholesterol decreased
in the long (—0.29mmolL~!) and intermediate
(—0.41 mmol L~ ') bout group, but not in the short
bout group. However there were no HDL-cholester-
ol changes in any of the exercise groups.

The doses of exercise in our study were at the
lower border of the aforesuggested minimum re-
quirements for lipoprotein improvements. The mini-
mum dose of exercise in healthy, sedentary,
normolipemic postmenopausal women with or with-
out HRT seems to be more than the greatest exercise
dose of our study.

Manson et al. (1991) found a relationship between
vigorous exercise and decreased risk of type 2
diabetes in an 8-year follow- up study of 87252
women. In the Nurses Health Study, Hu et al. (1999)
found that walking reduced the risk, but vigorous
exercise reduced it more. We found a statistically
significant, small reduction in the fasting and 2-h
glucose concentrations in Study I but not in Study II,
where the exercise intensity and exercise energy
expenditure was smaller. The fasting glucose con-
centration in Group W2 and 2-h glucose concentra-
tion in Groups W1 and W2 improved only when
compared to controls, and the absolute values did
not improve. There could have been a seasonal
variation that caused the rise in control groups
fasting glucose just before Christmas, and exercise
might have partly prevented this rise in exercise
groups. The minimum dose of exercise needed to
obtain a minimal effect on glucose in our study group
of healthy, normoglycemic, sedentary postmenopau-
sal women is probably very close to our largest
exercise dose, 65% of VOamay, 1500kcal week ™!, in
one or two daily exercise bouts. To achieve a more

.clinically relevant effect, more exercise is needed.

When the minimum dose of exercise to affect

>'corq‘nary risk factors is searched, small changes are
- to be expected, some of them statistically significant

and some below the border of statistical significance,
although showing a similar trend, but interpreted as
no change, according to the dichotomous nature of
statistical science. The interpretation of these results
raises several questions. What are the smallest changes



that can be detected with our measurements? Are the
changes caused by regression towards the mean of
variables with high interindividual variation? Have
the biological day-to-day and seasonal variations

been taken into account? We tried to solve these,

problems in many ways. We estimated the smallest

possible change that can be detected -with. our

equipment and estimated that the number of subjects
was sufficient for adequate statistical comparisons.
We used a control group to minimize systemic errors,
e.g., seasonal fluctuations. We used an analysis of
covariance in order to be unaffected by possible
minor baseline differences and the regression towards
the mean. The randomized groups were comparable.
The exercise dose was carefully controlled with
personal supervision, heart rate monitors, exercise
diaries, food diaries and pedometers. The program
was closely followed by the participants and the
dropouts were few. The measurements were carried
out in strictly controlled, similar conditions, exercise
group members and controls in mixed order. How-
ever, to some of these questions, there are no definite
answers; therefore no exact values for minimum
effective dose can be claimed based on our studies.
To improve the design further, the intervention
could have been longer to ensure that all potential
effects, especially those on lipids, were detected.

Expending 1500 kcal weekly by walking at 65% of
the VO,ax for 15 weeks in one or two daily bouts
had a minimal positive effect on blood glucose and
diastolic blood pressure. Expending 10001500 kcal
weekly by walking at 45-55% of the VOpp,y for
24 weeks did not cause any statistically signifi-
cant improvements in CHD risk factors in spite
of improvements in aerobic fitness. Expending
1500 kcal weekly by walking at 65% of the VO,pax
in one or two daily exercise bouts is probably close to
the minimum dose of exercise needed for minimal
improvements in some of the CHD risk factors in
healthy, sedentary, postmenopausal women, either
with or without HRT. A larger exercise dose should
be recommended to give greater and more clinically
relevant improvements in blood pressure and blood
glucose and also to affect lipoproteins.

Perspectives

Our findings support the US physical activity
recommendation for public health (Pate et al,
1995). Regular brisk walking, also when fractionated
into two daily bouts, can produce minimal positive
effects on selected coronary risk factors in sedentary
postmenopausal women. Contrary to earlier beliefs,
 our study shows that, at least in sedentary post-
menopausal women, improving coronary risk factors

Walking trials in postmenopausal women

requires a larger exercise dose than improving aerobic
fitness.

The clinical short-term relevance of the minimal,
but statistically significant, changes in maximal
aerobic power, body mass and risk factors in our
study is probably small. The exercise dose should be
greater if clinically more relevant improvements in

‘coronary Tisk.factors are expected.

However, a¢cording to epidemiological studies, the

“most beneﬁt"for public health will come as sedentary
" subjects become active (Pate et al, 1995). The

improvement in VO,p,, in our study was enough to
increase most of the subjects’ level of fitness exceeding
the VOypmax value of 31.5mL min~'kg~! and there-
fore move the subjects into a low-risk category for all-
cause mortality on the basis of the study of Blair et al.
(1989), who followed up 3120 women for 8 years. The
VOomax value of 31.5mL min ~ ' kg~ ! represented the
level of fitness at which the risk level for all-cause
mortality fell clearly. In a more recent epidemiological
study, Farrel et al. (2002) suggested an even lower
VOomax Value of 28.0mL min~ kg ~! for 40-49-year
old women to be classified as moderately fit and have
low mortality. Thus the exercise we used in our study
might, after all, have some long-term clinical sig-
nificance for postmenopausal sedentary women, if
exercise is continued. To achieve this, exercise has to
be safe and feasible, as ours was, and easy to perform.
The characteristics of this exercise regimen suggest
that also a part of daily physical chores may meet the
requirements of physical activity improving health.

Key words: exercise, dose-response, fractionization,
postmenopause, lipoproteins, glucose, insulin, blood
pressure, randomized controlled trial.
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