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ABSTRACT

Physical capacity and work ability decline with age, thereby increasing physical and mental
strain at work and work-related symptoms. In middle-age women also experience their
menopausal transition, which may also affect their work ability and ability to cope with
increasing work demands. The association between the menopause and work ability has
not been well studied. However, an increase in physical activity can alleviate menopauserelated symptoms, decrease perceived strain and promote work ability.
The aim of this study was to examine the short-and long-term effects of a six-month
physical exercise intervention on daily strain, work ability, menopausal symptoms and
quality of life among middle-aged women.
Participants for the six-month randomized controlled exercise intervention were
recruited with a newspaper advertisement in the Pirkanmaa area, Finland. The 176 women
who fulfilled the inclusion criteria were randomly assigned to an intervention and a control
group. The intervention group had a physical exercise program consisting of aerobic training
four times per week. The duration of an exercise session was 50 min and the intensity of
exercise was checked by ratings of perceived exertion (RPE). The women were instructed
to exercise at a level corresponding to 13–16 (RPE), which corresponds to about 64-80%
of their maximal heart rate. Exercise included at least two sessions of walking or Nordic
walking, while the other two sessions could include other aerobic exercise. Participants in
the exercise group could participate in supervised aerobics sessions twice a week. Women
in the control group were advised to keep their physical activity habits unchanged. Both
groups were offered lectures on health and wellbeing 1–2 times per month. Thirty months
after the physical exercise intervention had started follow-up questionnaires were mailed to
all study participants.
This study demonstrates that a six-month exercise intervention had short- and longterm effects on work ability, physical strain, and mental resources in menopausal women.
Participants’ hot flushes decreased and quality of life improved in the intervention group
compared to the controls.
On the basis of the present results, it is concluded that aerobic exercise, reduces work
strain, has positive effects on work ability and improves quality of life in middle age. More
research on the associations between menopause, work ability and quality of life is needed.
However, these results should be confirmed in intervention studies with larger populations.
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TIIVISTELMÄ

Työkyvyn väheneminen iän myötä voi lisätä työssä kuormittumista ja siitä aiheutuvia työperäisiä oireita. Keski-iässä naisilla alkavat myös vaihdevuodet, joiden vaikutuksista naisten työkykyyn on olemassa melko vähän tietoa. Aiempien tutkimusten perusteella voidaan
olettaa että lisätyllä liikunnalla voidaan vaikuttaa vaihdevuosioireisiin, vähentää koettua
kuormittumista ja edistää työkykyä.
Tutkimuksen tavoitteena oli tarkastella liikuntaharjoittelun vaikutuksia, työssä kuormittumiseen, työkykyyn, elämänlaatuun sekä vaihdevuosioireisiin keski-ikäisillä naisilla.
Tutkimuksen aineistona toimii kuuden kuukauden kontrolloitu harjoittelututkimus,
johon osallistui 176 naista, joilla oli häiritseviä vaihdevuosioireita. Tutkittavat satunnaistettiin koe- ja kontrolliryhmään. Koeryhmän naiset ohjeistettiin liikkumaan neljä
kertaa viikossa. Harjoittelua seurattiin matkapuhelinkyselyllä ja harjoittelu tallennettiin
sykepannalla. Harjoittelun kesto oli 50 minuuttia kerrallaan, rasitustasolla joka vastaa
64–80 % arvioidusta maksimaalisesta sykkeestä. Harjoittelu sisälsi vähintään kaksi kertaa
kävelyä tai sauvakävelyä ja lisäksi muuta kestävyysliikuntaa. Tutkittavilla oli mahdollisuus
osallistua ohjattuun liikuntaan kaksi kertaa viikossa. Kontrolliryhmän naiset ohjeistettiin
pitämään liikuntatottumukset ennallaan. Molemmilla ryhmillä oli mahdollista osallistua
1–2 kertaa kuukaudessa järjestetyille luennoille, joissa aiheet liittyivät terveyteen ja hyvinvointiin. Seurantakysely lähetettiin alkuperäiseen tutkimukseen osallistuneille naisille,
kun tutkimuksen aloittamisesta oli kulunut 30 kuukautta.
Puoli vuotta kestävällä liikuntainterventiolla oli lyhyt- (6 kk) ja pitkäaikaisia (30 kk)
vaikutuksia keski-ikäisten naisten hyvinvointiin. Koeryhmään kuuluvien naisten koettu
fyysinen kuormittuminen ja yöllisten kuumien aaltojen määrä väheni, työkyky, elämänlaatu, ja henkiset voimavarat paranivat kontrolliryhmään verrattuna.
Tulosten perusteella voidaan päätellä, että kestävyysliikunnalla on positiivisia vaikutuksia työkykyyn, työssä kuormittumiseen ja elämänlaatuun keski-iässä.
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1

INTRODUCTION

Labor markets are going through a change. Aging workforce, economic crises, changes in
working life and society all affect the working aged population.
Work ability is mainly a balance between work demands and individual health and
functional abilities as well as job skills, motivation, and attitudes. Work ability declines
with increasing age, but this decline can be counteracted by several measures, e.g. increased
physical activity, which also may help to cope with the strain at work. Physical capacity
could be improved with increased physical activity at all ages. Older workers especially
benefit from physical exercise and it seems that they could better continue working until
retirement if they took a sufficient amount of physical exercise. (Pohjonen 2001; Kenny et
al. 2008.)
Menopause is an important time period in a woman’s life; it can affect the physical,
emotional, and social aspects (Geukes et al. 2012). However, it is not well known whether
menopause symptoms have an impact on work ability.
The menopausal transition may affect the quality of life and thereby the ability to
cope with work demands because almost all (up to 80%) middle-aged women report
menopausal symptoms (Freeman et al. 2007; Moilanen et al. 2012), such as hot flashes,
sleep disturbances, and mood swings (Dennersteinn 1997; Samsioe et al. 2006). Specific
symptoms, especially difficulties in concentrating and depressed mood, tend to interfere
in work performance during the menopause (Woods & Mitchell 2011). The most effective
treatment for menopausal symptoms is hormone therapy, but the risks may outweigh the
benefits (Rossouw et al. 2002), thus alternative treatments are needed. An increase in
physical activity is known to have beneficial effects on overall health and may therefore
also alleviate menopausal symptoms, and improve work ability (Aiello et al. 2004; Wilbur
et al. 2005). Although we know that a sufficient amount of physical activity during leisure
time is beneficial for a good functional capacity, not enough is known about the effects of
increased physical exercise on work ability, especially among women in middle-age.
The purpose of this intervention study was to evaluate the effects of increased physical
activity on quality of life in menopausal women (Luoto et al. 2012). Secondary outcomes
were menopausal symptoms, QoL and sleep (Moilanen et al. 2012; Mansikkamäki et al.
2012; 2015; 2016; ). The aim in this dissertation was to specifically investigate the effects of
physical exercise on work-related outcomes in women with menopausal symptoms.
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2

REVIEW OF THE LITERATURE

2.1

Concepts and theoretical framework

2.1.1 Physical and mental strain (the stress–strain concept)
Individual strain depends on different kinds of external stressors (load). The factors related
to strain are distinctive and a person’s response is dependent on his/her ability to cope with
the load. Stressors can be divided into physical, mental and social factors. In the present
study, the relationships are modeled using the stress-strain-concept (Ilmarinen et al. 1991).
Figure 1 presents the variables in the present study in a modified stress-strain concept. In
this study aerobic exercise is the load (stressor) that affects physical capacity and ends up
with proper work strain, work ability and/or a good quality of life or even fewer symptoms.
Individual factors influence how a person reacts to the load and responds to strain.
Strain is important for a person’s health and wellbeing. It is a general term to describe
the effects of physiological, psychosocial and environmental factors on physical or mental
wellbeing (Esch 2002). The stress-strain concept hypothesizes that a load (stress) depends
on individual factors (age, gender, capacity) and therefore does not eventually cause
identical all individuals (Suurnäkki et al. 1991). Strain may be harmful when a person
cannot recover from it. Unbalanced systems cannot adapt and respond to daily physical
and mental challenges, and consequently may develop an overload state. (Esch et al. 2002.)
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Figure 1. Stress-strain concept and the variables in present study (modified from Ilmarinen et al.
1991).

2.1.2 Work ability
The theoretical basis of the concept of work ability is the stress-strain model, which
emphasizes the importance of the interaction of individual and environmental determinants
of work ability (Ilmarinen 1991). A conceptual model of work ability has been constructed
as a house (Ilmarinen 2005). Health and functional capacity are the bases of work ability,
and are the first floor of the house, on the second and third floors the importance of
competence, motivation and attitudes towards the work is stressed and on the fourth floor
the work environment. The work ability is about a balance between the floors in the house
and especially between the first floor (health and functional capacity) and the fourth floor
(work environment), which comprise about two thirds of the explanation in the variation
of the work ability (Gould et al. 2008).
Tuomi et al. (1991) showed in a cohort study of municipal workers that there are several
work-related factors, such as heavy physical work, hot and cold working environments,
lack of freedom, few opportunities for development and role conflicts at work that predict
poor work ability or disability. Van den Berg et al. (2009) showed in a systematic review
that important factors associated with poor Work Ability Index (WAI) were lack of
vigorous physical activity during leisure, poor musculoskeletal capacity, older age, obesity,
high mental work demands, lack of autonomy, poor physical work environment, and high
physical workload. WAI can also predict the future amount of sick leave and health-related
quality of life (HRQoL) in particular, but also vitality, self-rated general and mental health,
stress, and pain (Ahlstrom et al. 2009) as well as disability pension (Jääskeläinen et al.
2016).
13

The Work Ability Index (WAI) is the most commonly used instrument for measuring
work ability. It was originally designed for screening purposes in occupational health
services, but is also much used in research to assess work ability. The WAI questionnaire
is used worldwide and available in more than 20 languages (Ilmarinen 2009). The validity
and reliability of WAI have been demonstrated to be good in several studies (Radkiewich
et al. 2005; Ilmarinen 2007).

2.1.3 Quality of life
Quality of life (QoL) is defined by the Word Health Organization (WHO) as “an
individual’s perception of his or her position in life, in the context of the culture and value
systems, in which one lives, and relation to goals, expectations, standards and concerns” (the
World health Organization Quality of Life Assessment 2012). QoL includes six domains:
(1) physical health, (2) psychological state, (3) social relationships, (4) spiritual concerns,
(5) levels of independence, and (6) environmental features. (WHO 1993.) Health-related
Quality of Life (HRQoL) includes the parts that are health related; physical, mental
(including emotional dimensions), and social components (Revicki 1989). The definition of
health-related quality of life (HRQoL) comes from the PRO Harmonization Group which
stated “HRQL represents the patients’ for an evaluation of the impact a health condition
and its treatment on daily life” (Zöllner 2005). In the Short Form (SF-36) scale there are 36
items assessing eight dimensions of quality of life. Each scale is scored from 0 to 100, with
100 being the optimal score.

2.2 Work ability and quality of life among aging women
2.2.1 Work ability and age
Work ability declines with age, which may consequently increase physical and mental strain
at work (Ilmarinen 2005). It is known that age is associated with a decrease in physical
capacity and an increase of diseases (Kenny et al. 2008). This may affect the capacity to cope
with work demands and therefore increase the strain. The decline in work capacity due to
aging seems to be more marked in physically demanding jobs than in mentally demanding
jobs (Tuomi et al. 1997). Physical capacity can be improved through increased physical
activity at all ages. Some studies report that this could especially benefit middle-aged
workers, in coping with the work. (Pohjonen 2001; Kenny et al. 2008.) Work demands may
not automatically change with the increasing age of the worker and the older worker may
then be challenged when coping with these demands of the work. This can be a problem,
especially in physically demanding jobs (Figure 2).
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Figure 2. Work demands and the decrease of resources of the aging worker (Ilmarinen 2005, 144).

Work ability measured with the WAI in women is slightly lower than that in men. This
difference is greater during the transitional ages of menopause but stabilizes in older age
groups, which may be a sign that the menopause effect affects work ability. (Tuomi et al.
1997.) In a study of female home care workers, the first significant decrease in work ability
was between 40 and 44 years and a steeper decline was seen after 55 years (Pohjonen 2001).
Women’s lower work ability has been explained by gender-specific age-related diseases,
and lack of mental resources, duties outside work and a greater amount of sickness absence
(Gould et al. 2008). It is also known that education, working hours, and marital status have
an effect on work ability (van den Berg et al. 2009). Gamperiene et al. (2008) concluded
that aging, in addition to poor self-reported physical health and unskilled work, were the
main factors associated with reduced work ability among female employees. Women over
the age of 50 moreover were at almost two time’s greater risk of having moderately reduced
work ability than women aged 18–29 years.
However, it is difficult to determine if changes in work ability are related to normal
aging or menopausal transition. There are a limited number of studies exploring the impact
of menopausal symptoms on working life. Woods et al. (2011) concluded that menopausespecific symptoms are related to those health- and wellbeing-related factors which are
associated with work ability and work-related factors. Figure 3 illustrates the changes in
the levels of interference from symptoms during the menopause transition (MT), including
the effects of age, and assessing the relationships between interference with work and MTrelated factors.
15

Figure 3. Factors affecting interference with work during the menopausal transition and early
menopause. (Modified from Woods et al. 2011.)

Geukes et al. (2012) found that menopausal symptoms were negatively associated with work
ability and suggested that menopausal symptoms may increase the risk of sickness absence.
Griffiths et al. (2013) reported that the most common problems for working menopausal
women were poor concentration, tiredness, poor memory, feeling low/depressed, and
lowered confidence.
Work ability is strongly associated with physical and mental well-being (Radkiewics
2005). Work-related factors that may influence WAI, such as relationships with co-workers
and work demands, have been less investigated (Gharibi et al. 2016). Work strain may
have prolonged negative effects on individuals’ work ability from middle-age to old age
(von Bonsdorff et al. 2011). Mental stress and work-related exhaustion may accelerate the
biological aging process (Smith 2003). The interpretation of stress may be different for
women and for men. Mediators such as marital strain, family responsibilities, and strain due
to multiple roles or lack of reciprocal supportive relationship may be particularly significant
for women, while work-related stress may be less important. (Fishta & Backé 2015.)
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2.2.2 Quality of life and menopause
Menopause is considered to be a normal process, incorporating development, biology,
psychology, society, and culture. Menopause refers to the decline in ovarian activity to the
end of ovarian function and end of the reproductive stage, meaning a new page of life in a
woman’s middle age. This transition period includes perimenopause, menopause and postmenopause. In most women menopausal age ranges from 48 to 55 years and the median age
is 51.3 years old (McKinlay 1996). Symptoms may persist for at least four years, and some
of them may last for more than ten years. The perimenopausal age of a woman probably
relates to her maternal family history, except for surgical menopause. (Freeman et al. 2007.)
The menopausal transition may affect quality of life and also the ability to cope with
increasing work demands because of menopause-related symptoms (Freeman et al. 2007;
Moilanen et al. 2010), such as hot flushes, sleep disturbances, and mood swings (Dennerstein
et al. 1996; Samsione et al. 2006). These symptoms can be divided into three groups;
vasomotor, somatic, and mental. QoL scores of middle-aged women are usually lower than
those of middle-aged men, young adults, and elderly women. The menopausal transition
can be seen as a part of the normal aging process. (Javadivala et al. 2013.) The most effective
treatment for menopausal symptoms is hormone therapy, but the risks may outweigh the
benefits (Rossouw et al. 2002); thus, alternative treatments are needed. A total of 1,165
Finnish women aged 45–64 years from a national representative population-based study
were followed up for eight years (Moilanen et al. 2012b). Over time, the QoL of the most
highly educated women was more likely to improve than among the less educated. Women
whose physical activity increased or remained stable had higher probability of improved
QoL than women whose physical activity decreased. As a conclusion, the study showed
that improvement of global QoL is correlated with stable or increased physical activity,
stable weight and higher education, but not with change in menopausal status. Change in
global quality of life is more closely associated with change in physical activity than change
in menopausal status (Zöllner et al. 2005). However, women whose physical activity or
weight remained the same, physical activity increased, or women who were the most highly
educated, had improved QoL over time. Mishra et al. (2003) found in their two-year
longitudinal study that certain domains of QoL decline with aging and physical aspects of
general health and well-being measured on the SF-36 scale declined during the menopausal
transition. Women who were perimenopausal for at least a year reported greater decline
in their physical health and psychosomatic domains than did premenopausal women.
In another longitudinal study (Smith-DiJulio et al. 2002), negative life events predicted
impaired well-being during the menopausal transition, whereas the menopausal transition
itself did not. These workers also found that satisfaction with life and ability to utilize the
available social support predicted improved well-being among menopausal women. The
menopausal transition is related to quality of life, but does not determine well-being in a
broader life context.
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2.3 Physical exercise interventions
2.3.1 Effects of physical exercise on work ability and strain
Physical activity can be defined as “as any bodily movement produced by skeletal muscles
that require energy expenditure – including activities undertaken while working, playing,
carrying out household chores, travelling, and engaging in recreational pursuits.” Physical
exercise is “a subcategory of physical activity that is planned, structured, repetitive, and
purposeful in the sense that the improvement or maintenance of one or more components
of physical fitness is the objective.” Physical activity includes exercise as well as other
activities which involve bodily movement and are done as part of playing, working, active
transportation, household chores, and recreational activities. (WHO 2010.)
Physical activity, physical capacity as well as work ability decline with age (Ilmarinen
et al. 1997; Kenny et al. 2008; Gould et al. 2008), which may consequently increase the
physical and mental strain at work (Ilmarinen 2005). Decline in aerobic (physical) capacity
is on average 5–15% per decade between the ages of 30 years and 60 years (Shwartz et
al. 1990). Lifestyle factors (e.g., age, sex, and physical activity level) may affect the decline
of physical capacity, but the effects of age can mainly been seen after the age of 45 (Fleg
et al. 2005; Jackson et al. 2009). Physical exercise may increase mental resources; it helps
to recover from daily mental strain and so affects work ability. Good physical fitness may
have effects on general health and wellbeing (Penedo et al. 2005; Bize et al. 2005). Regular
physical exercise can improve work ability in an aging population by slowing the rate of
decline in both aerobic and musculoskeletal systems (Kenny et al. 2008).
The effects of physical exercise on work ability may be limited (Proper et al. 2002).
There are only few well-designed studies on the effectiveness of leisure-time physical
activity programs on work-related outcomes (Cloostermans et al. 2015). Most of the
interventions are worksite-related and have focused on the effect of exercise in either
physical or mental occupations (van den Berg et al. 2009). The effect has been very limited
e.g. for sickness absence, inconclusive for job satisfaction, job stress, and employee turnover,
and nil for productivity. The viewpoint of both work ability and strain at work has also
received little attention. A physical exercise intervention which included mental workers,
police officers, homecare workers, and cleaners, showed only slight improvement in work
ability, despite a significant change in physical capacity (Smolander et al. 2000). Hopsu et
al. (2002) found that an 11-month intervention in working methods and equipment in
addition to exercise improved work ability among cleaners. A worksite physical activity
intervention among office workers improved subjective physical wellbeing, but did not
affect other wellbeing variables (Sjögren et al. 2006). Physical activity once a week at the
workplace improved the perceived work ability of women with physically demanding jobs
only slightly (Pohjonen 2001). Vingård et al. (2009) in their 36-month worksite physical
activity intervention among women in the social sector showed an improvement among
women under 45 years in work ability and general health, and among women 45 or older
18

an improvement in future work expectations. Roessler et al. (2013) found no significant
effects of a workplace strength-training program on self-reported psychosocial workplace
factors and job satisfaction. Physical coordination training (one-year intervention) seemed
to be effective for reducing chronic neck/shoulder pain in female cleaners. However, no
significant effects on work ability or sickness absences were found. (Jørgensen et al. 2011.)
Christensen et al. (2012) conducted a 12-month workplace intervention among female
overweight health care workers which consisting of diet, physical exercise, and cognitive
behavioral training. It showed that lifestyle intervention is effective for weight loss among
overweight and obese female workers. The study concluded that workplaces are good
arenas for health interventions (Christensen et al. 2012). Sjøgaard et al. (2016) reviewed
15 physical exercise RCT studies conducted in workplaces in Denmark. All these studies
reported improvement in health outcomes in all occupational groups studied. Physical
exercise at work could improve or maintain productivity and work ability. (Sjøgaard et al.
2016.) Implementing health promotion programs, improving the working environment
and work policies, and raising awareness of menopause are recommended to help women to
cope with the menopause transition and to maintain well-being and productivity at work
(Hammam et al. 2012).

2.3.2 Effects of physical exercise on quality of life in menopausal women
Performing daily physical activities may be the best recommendation for women in middle
age to preserve their health status (Guthrie et al. 1997; Javadivala et al. 2013). Martin et
al. (2009) studied the effects of physical activity recommendations on QoL in sedentary
postmenopausal women. They found that the change in all mental and physical aspects of
QoL was dose-dependent except for bodily pain. Higher doses of exercise were associated
with greater improvements in the mental and physical aspects of QoL. The results of earlier
intervention studies on the association between aerobic exercise and menopausal symptoms
are inconsistent and can be divided into three categories; no association, preventative
association, and a few reporting increased vasomotor symptoms with higher levels of
activity. This contradictory evidence, coupled with the many benefits and minimal risks of
exercise for middle-aged women, suggests a clear need for a carefully designed randomized
controlled trial (RCT) to test the efficacy of exercise for vasomotor symptoms (Sternfeld
et al. 2014).
Regular physical activity improves wellbeing in women by reducing menopausal
symptoms as well as improving the quality of life of postmenopausal women. Several RCTs
of middle-aged/menopausal-aged women have found that aerobic exercise can achieve
significant improvements in several common menopause related symptoms (e.g. mood,
health-related QoL, and insomnia). (McAndrew et al. 2009; de Azevedo Guimaraes et al.
2011; Sternfield et al. 2014.)
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Javidava et al. (2013) investigated the association between PA and the intensity and
duration of menopausal symptoms, and the influence of PA on four domains of HRQoL
as well as chronic diseases among women. They concluded that regular physical activity
is effective in decreasing menopausal symptoms as well as in promoting healthy aging.
However, women should be more informed about the benefits of PA to improve quality of
life and overall health during aging and in the pre-and postmenopausal stages.
A review by Daley et al. (2014) included five RTC studies of the effects of PA on
menopausal symptoms. These studies were insufﬁcient to show whether exercise is an
effective treatment for vasomotor menopausal symptoms. One small study suggested that
hormone therapy (HT) is more effective than exercise. The evidence was insufﬁcient to
show the relative effectiveness of exercise when compared with HT or yoga. (Daley et al.
2014.)
A six-month, randomized, double-blinded, placebo-controlled clinical trial with 44
postmenopausal women who had undergone hysterectomy found a decrease in symptoms
in all groups, but only groups who performed physical exercise achieved an improvement
in quality of life. The authors concluded that physical exercise can reduce menopausal
symptoms and enhance HRQoL (Moriyama et al. 2008).

2.3.3 Associations between physical exercise, work ability and quality of life
The relationships between physical activity, work ability, and QoL have not been thoroughly
studied. Only few reports have included these three elements in the same study. However,
some studies have found significant associations between all domains of QoL and work
ability (van den Berg et al. 2012; Abdolalizadeh et al. 2012).
Sörensen et al. (2008) studied the association between work ability, health-related
quality of life, physical activity, and fitness among middle-aged men. They found that WAI
was associated with QoL and reported a close relationship between perceived work ability
and HRQoL. They suggested that promoting work ability may also influence quality of life
in general. (Sörensen et al. 2008.)
Improvement and change in the factors associated with the work ability of workers may
improve QoL. Work- or family-related stress was found to be the most important risk factor
for a perceived decline in all three QoL domains (Kuh et al. 2002). An increase in physical
exercise is known to have beneficial effects on overall health (Aiello et al. 2004; Wilbur
et al. 2005) and could therefore also alleviate menopause-related symptoms resulting in
improved work ability and QoL. It is also known that menopausal symptoms have an effect
on those health- and well-being related factors which are associated with work ability and
work-related factors.
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Figure 4. Association between the physical exercise (PE) intervention, physical and mental strain,
work ability (WAI) and quality of life (QoL).

Figure 4 illustrates the associations between physical exercise (PE) intervention, work
ability (WAI), physical and mental strain and quality of life (QoL). PE intervention may
have direct effects on strain, work ability and QoL, but there are also individual factors
such as age, marital status, and job demands that could possibly influence these variables.

2.3.4 Use of mobile health in clinical trials
Mobile health (mHealth) can be defined as the application of mobile technologies,
(including phones, tablets, telemonitoring) that support and improve health and the
performance of health care and public health practice (Hall et al. 2015). The use of mobile
phones has changed in recent years. The World Health Organization (WHO) has noted
that m-Health is “the potential to transform the face of health service delivery across the
globe”. In developing countries mobile network penetration reaches 90% of the population
and 96% globally (Hall et al. 2015). Hence the mobile phone is a powerful tool to improve
and monitor health and health-related factors.
In clinical trials data collection includes recording of symptoms and measurements
of bodily functions or patients’ daily condition. Paper-based data collection has been
a traditional method of data collection for decades. New technology offers many other
options in data collection including mobile phones or computer-based devices that utilize
wireless and mobile phone technology.
Handheld computers have been developed since the early 1990s, and free or commercial
software for keeping diaries is available. The use of electronic diaries as data collectors or for
data monitoring has increased rapidly in clinical trials and research because they are faster
and popular with users. (Koop et al. 2002; Krishna et al. 2009.) Traditionally entries have
been made in paper diaries once a day, usually at the end of the day, and such data may be
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then based on selective memory. With electronic and mobile phone diaries, data such as
symptoms can be measured independent of place or time and recorded as they occur. It is
known that patients (users) do not follow instructions and may fill in the missing entries
afterwards; possibly affect the results of an intervention or treatment. The electronic diary
marks all entries in the program, which ensures that the patient adheres to the protocol.
Electronic diaries have been shown to generate valid data for studying symptoms and also
in healthcare. (Burton et al. 2007; Krishna et al. 2009.) One of the problems with the
applications is that they are not usually evidence-based and personal goals cannot be set
(Rabin et al. 2011). However, the use of the applications in research is not unambiguous.
More studies of practices, long-term effects, and cost-benefits are needed (Hall et al. 2015).
Electronic diaries have been used in clinical trials in various fields of medicine and
health. The range of applications is wide, from electronic patient diaries to electronic case
report forms. The sizes and the durations of the studies have varied (Koop et al. 2002).
Lauritsen et al. (2004) compared paper diaries with electronic and telephone diaries for
the recording of symptoms in a four-week treatment of gastroesophageal reflux disease.
The main conclusion was that paper diaries were not filled in at appropriate times and that
data from electronic and telephone diaries was superior in quality. Walker et al. (2004)
compared paper and handheld computer diaries in a six-month trial with patients treated
for severe hemophilia; the compliance in the computer group was about 86.2% compared
with only 48.3% among patients using paper diaries. Most of studies have concluded that
electronic diaries have potential for data collection if validation and usability are taken into
account. (Koop et al. 2002; Bolger et al. 2003; Lauritsen et al. 2004; Khrisna et al. 2009;
Rabin et al. 2011; Lane et al. 2015.)

2.4 Summary of the literature
Middle age is a critical period in a woman’s life due to normal aging and menopausal
symptoms. These changes during the menopausal transition may have an effect of work
ability and general wellbeing. To understand these effects, it is important to study these
relationships and find ways to minimize adverse effects. In middle-age women’s work ability
declines rapidly. Important factors associated with poor work ability are lack of vigorous
physical activity during leisure time, poor musculoskeletal capacity, older age, obesity,
rigorous mental work demands, lack of autonomy, poor physical work environment, and
high physical workload. The associations between menopausal symptoms and quality of
life have been demonstrated in earlier research. However, the impact of menopause on
strain and work ability has been reported only in a few studies so there is a need for more
studies in this research area.
Some randomized controlled studies have suggested that regular physical exercise can
improve work ability and quality of life, but opposite results have also been published. Thus
the earlier research is inconclusive and further studies are needed.
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3

AIMS OF THE STUDY

The first aim of present study was to investigate the short-term (0-6 months) and long-term
(0–30 months) effects of a 6-month physical exercise intervention on work ability, work
strain, and quality of life among menopausal women. The second aim of the study was
to evaluate the feasibility of mobile phone questionnaires to collect data on menopausal
symptoms in an intervention study.
The specific research questions were
1. Has a physical exercise intervention effects on perceived daily work strain and work
ability among menopausal women?
2. Do a physical exercise intervention have long-term effects on daily strain and work
ability?
3. Does physical exercise improve quality of life among menopausal women?
4. Is a cellular phone (mHealth) feasible and usable to collect data in a clinical trial?
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4

MATERIAL AND METHODS

4.1

Study design

This study was a randomized controlled study (RCT). In spring 2008 we started a pilot
study with ten women to test our design and methods. In autumn 2008 we recruited 351
women for the study via newspaper advertisements. The women were screened for inclusion
criteria via telephone interviews and 176 women were included for randomization. The
study was approved by the ethics committee of the Pirkanmaa Hospital District in Finland.
The aim of the RCT was to evaluate effects of physical exercise intervention on work ability
(Study I), work strain (Study I), quality of life (Study III) and hot flushes (Study III). Shortand long-term effects of the RCT on work ability and strain was evaluated on Study II.
Study IV was used to investigate usability and feasibility of the mHealth in RCT. The
original publications forming part of this thesis are referred to in the text by their Roman
numerals.

4.2 Participants
A total of 176 women were assigned to the intervention and control groups through
computer randomization. Envelopes including information on assigned groups were
delivered by research nurses. Inclusion criteria for the study were based on the prevailing
information about intervention studies in menopausal women.
Inclusion criteria were daily hot flushes, age 40 to 63 years, 6 to 36 months since last
menstruation, no current use or use during the past 3 months of hormone replacement
therapy, and a sedentary life style. Women who were physically active (exercising more
than 2 times/week for at least 30 min at a time) or whose body mass index (BMI) was
over 35 kg/m2 or who had coronary heart disease or orthopedic or other related diseases
preventing them from exercising were excluded from the study. In addition, women taking
medications to affect heart rate (β-blockers, sympathomimetic) were excluded. The women’s
menopausal status was verified by an assay of plasma follicle-stimulating hormone (FSH),
which had to exceed 30 IU/L. Levels of FSH, thyroid stimulating hormone, and estradiol
were determined using routine laboratory methods.
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Figure 5. Flow-chart of Studies I–VI.
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4.3 Data collection and intervention
Of the 176 women who started the exercise program, 154 completed the 6-month trial.
There were 22 drop-outs; 14 in the intervention, 8 in the control group) the main reasons
to dropping out of the trial were use of hormone replacement therapy (N=2), not willing
to continue (N=17), and illness (N=3). Women in the intervention group kept physical
activity diaries once a week during the first month, and thereafter once a month. Women
in the control group were asked by questionnaire once in the middle of the trial (11–12
weeks from baseline) whether they had changed any of their physical activity or dietary
habits. The women were instructed not to lose weight, because it could have an effect on
vasomotor symptoms.
The exercise program included intensive aerobic training four times a week, for
50 minutes at each session. At least two sessions should be walking or Nordic walking
and other two could be walking, Nordic walking, jogging, cycling, swimming, skiing,
aerobics or other gymnastic exercise. The intervention included mainly walking, because
earlier exercise trials among menopausal women have achieved favorable effects on health
(Asikainen et al. 2002). Adherence to the trial was supported by an option to participate
in instructed aerobics or step aerobics sessions at the research institute twice a week.
Participants rated the intensity of the exercise after every exercise using mobile phones. The
aim was to achieve was a value of 13–16 on the rating perceived exertion (RPE) scale, which
corresponded to about 64–80% of the maximum heart rate (Borg 1970).
The intervention group used heart rate monitor belts (Suunto, Memory Belt) during
the training sessions. Every second week they met an exercise instructor at the research
institute. Information from the heart rate belt was transferred to a computer and analyzed
with software (Firstbeat Technologies HEALTH program, Firstbeat Technologies,
Finland) and the instructor gave the women feedback on the training sessions. They also
reported on their exercise (type, length and RPE) by mobile phone and received weekly
feedback via mobile phone. Both intervention and control groups attended lectures given by
the researchers once or twice per month. The lectures lasted 60–75 minutes and addressed
general topics of physical activity to general health. The women were not compensated
for their participation in the trial, but their expenses for cellular phone use were covered.
Possible exercise-based injuries were monitored with questionnaires.

4.4 Methods
4.3.1 Questionnaires
Questionnaires were completed on paper at baseline, and at six and 30 months from
baseline.
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WAI was used to estimate perceived work ability (2). The final WAI score comprises the
sum of seven items: (1) work ability in relation to lifetime best (scale 0–10); (2) work ability
in relation to physical and mental work demands (scale 1–5); (3) number of diagnosed
diseases; (4) estimation of work impairment caused by diseases (scale 1–6); (5) self-reported
sick leaves during the past 12 months (scale 1–5); (6) personal prognosis of work ability
after 2 years (scales 1, 4, and 7); and (7) mental resources (scale 1–4). The WAI score could
range from 7 to 49 (poor to excellent). Physical and mental strain at work was elicited using
a modified Borg’s scale (How much physical/mental strain do you feel on a normal work
day? (0 = very little, 10 =very much) (Borg 1970).
The Women’s Health Questionnaire (WHQ) measures menopause-specific quality of
life (Hunter et al. 2000). The questionnaire has been validated in the Finnish language,
and test-retest reliability has been evaluated with a two-week interval (Zöllner et al.
2005). It consists of 36 items covering mood states, physical sensations and experience,
sexual behavior, and hot flushes, with a total of nine subscales (depressed mood, somatic
symptoms, hot flushes, anxiety/fears, sexual behavior, sleep problems, menstrual symptoms,
memory/concentration, attractiveness). Self-reported symptoms are scored on a five-point
scale (values from 0 to 4).
HRQoL was measured on the SF-36 Health Survey questionnaire, which has been
validated in Finland (Aalto et al. 1995). It is known to be one of the most reliable and
widely used quality of life questionnaires. It consists of 36 items assessing eight dimensions
of quality of life: physical functioning, physical role limitation, bodily pain, general health,
vitality, social functioning, emotional role limitation, and mental health. For each of
the eight domains scores were transformed linearly to a scale ranging from 0 (maximal
impairment) to 100 (no impairment, the best quality of life).

4.4.2 Mobile phone questionnaires
A mobile phone diary was used to collect daily data on symptoms and amount of physical
exercise. The application program was commercial and Symbian-based. It was not primarily
designed for research purposes, but was modified for our use. The program was downloaded
primarily onto the subjects’ own mobile phones. If the subject’s mobile phone did not have
the necessary features a phone was provided by the research project. In both groups 64.6%
of the participants used their own phones. All subjects participated in the introductory
and training session, where the program was installed on their mobile phones. The subjects
had a two-week ‘‘running-in’’ period for the exercise program when they could also practice
using the mobile diary program. All costs of the use of the mobile phone diary were covered
by the research project.
All data were transferred via Internet (3 G or WAP) to a server of the service provider.
The users’ interface was protected by user name and password. After the application was
installed on the user’s mobile phone, she could use the application without logging in.
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Information on daytime and night-time symptoms was collected using the mobile
phone questionnaires twice a day. The mobile phone questionnaire included pre-specified
questions on hot flushes, sleep, and other symptoms. The morning questionnaire included
five symptom questions (yes/no) and two questions on sleep quality (yes/no and 1=good
to 5=poor). The evening questionnaire included the same questions on hot flushes as the
morning questionnaire, with the addition of yes/no questions regarding headache, mood
swings, dysphoria, depression, dryness of the vaginal mucosa, urinary, and other symptoms
(nine questions). If a participant had symptoms (if she responded yes), more specific
questions were presented. The intervention group also reported on their exercise after the
training session via a mobile phone questionnaire. All participants also had an option to
send a contact message to the researcher from their mobile phone programs. Among the
questionnaires there were three different types of response options: select yes/no, multiplechoice and text response (caption-choice).
Questionnaires on daily physical and mental work strain were answered in the evenings
in intervention weeks 1–2 (baseline) and weeks 24–25 (end). Participants were asked to
complete the evening questionnaires on going to bed. Questionnaires could not be filled in
afterwards. The questions on daily physical and mental strain were: How much physical/
mental strain did you feel today? (1 = very little to 5 = very much).
The usability of the mobile phone as data collector tool was evaluated with the System
Usability Scale (SUS) after the intervention (Brooke 1996). The SUS scale can be used to
assess the usability of a variety of products or services. The questionnaire investigated users’
experiences of mobile questionnaires and technical support required with the system.
Responses were given on a scale from one (totally disagree) to five (totally agree). In the
SUS questionnaire there are five positive statements and five negative statements, which
alternate (Brooke 1996). Experiences of the use of the mobile phone diary were elicited by
two open-ended questions. The questions were: Which factors did you find positive and
negative when using the mobile phone diary?

4.4.3 Body composition and cardiorespiratory fitness
Cardiorespiratory fitness was assessed by the 2km UKK Walking Test. The UKK Walking
Test is a reliable method for measuring the aerobic fitness for 20 to 65-year-old adults with no
illness or disability limiting brisk walking and on no medication that affects heart rate (Oja
et al. 1991). Heart rate was monitored by a wrist computer during the walk and registered
immediately at the end (Polar Electro, Oulu, Finland). Maximal oxygen consumption was
estimated through a formula based on a sex-specific model including walking time, heart
rate at the end of the walk, age, and body mass index (Oja et al. 1991).
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4.5 Data analysis
Characteristics of the study participants are described using means and standard deviations
or proportions. Cross-sectional differences between groups at baseline and at six-month
and 30-month follow-up were evaluated using the Mann-Whitney U test. Normality of
the continuous variables was evaluated with the Kolmogorov-Smirnov test. To account for
the within-participant correlation between three time points, we constructed multilevel
ordinal logistic regression models (called the proportional odds model) and analyzed the
association of outcomes (work ability index, physical and mental strain) over time by group
(intervention/control). Two-level models consisted of fixed effects (group, follow-up time in
months, interaction between these variables, and age of the respondent and work demands)
and random effects (measurements within participants). Models included a variable (group)
to indicate the difference between groups at baseline and a variable (time) to indicate the
change in outcome over time. The difference in the change in outcome variables across
the three time points between groups was tested using an interaction term between group
and follow-up time. The parameter estimates were presented with 95% confidence intervals
and p values. The proportional odds assumption of the ordinal regression was tested by
comparing proportional and non-proportional odds models using the likelihood ratio test
(Rabe-Hesketh et al. 2008) the data showed that participants who were lost to follow-up
were similar in all background variables when compared with participants included in the
analysis.
Cross-sectional analyses were performed using SPSS software (IBM SPSS Statistics
version 20, IBM, USA) and multilevel models were constructed by generalized linear
latent and mixed models command using STATA software (version 12.0 for Windows,
StataCorp, USA).
Usability characteristics of the groups were tabulated as means and standard deviations
or percentages. Differences between the groups were assessed using t-tests for continuous
variables when they were normally distributed and using the Mann-Whitney test when
they were non-normally distributed. Normality was tested with histograms and the
Kolmogorov-Smirnov test.
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5

RESULTS

5.1

Physical exercise intervention

Out of the original 176 women 154 completed the six-month intervention study (Study
III). There were no significant differences in baseline variables between the groups except
in the work demands in Studies I and II: women in the intervention group did mental work
less often than women in the control group (Table 1).

5.1.1 Short-term (0–6 months) effect of physical exercise
on daily strain and work ability
In this part of the study only those participants who were occupationally active were
included (n=123). In both the intervention (n=56) and control group (n=53) most of
the women worked full-time; 14 women, seven in both groups, worked part-time. The
women were mostly working in mentally demanding jobs (e.g. office work), but also in
physical (e.g. cleaning) and mixed (physical and mental e.g. nursing) jobs. Participants in
the intervention group had less often mental work than participants in the control group
(59.7% vs. 74.1%). The women worked from seven to 60 hours per week (mean 36.3±13.2)
and a third of the women had a university degree. There were no differences between the
groups at baseline and at six months in WAI and work-related characteristics. After the sixmonth intervention, daily physical strain was lower in the intervention group (2.2±0.6 vs.
2.5±0.6, p=0.025). (Table 2.)
Between-group changes in the intervention group were greater in all work ability
characteristics, showing a tendency of improvement in work ability. However the changes
were not statistically significant. After adjusting for confounding factors (baseline, age
and work demands), significant between-group differences were found in mental resources
(coefficient 0.58, 95% Cl 0.17 to 1.00, p<0.01) and daily physical work strain (coefficient
-0.26, 95% Cl -0.45 to -0.07, p>0.01).
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Table 1. Baseline characteristics of the intervention and control groups
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* p for difference between the groups; 1 = independent samples T-test; 2 = Mann-Whitney test; 3 = Chi-squared test

Table 2. Characteristics of work ability in the intervention and control groups at baseline and at the end of the intervention

5.1.2 Long-term (0–30 months) effect of physical exercise on
work ability, physical and mental strain at work
Thirty months from baseline we conducted a follow-up examination. Eighty-nine women
were occupationally active and included in the analysis. All the characteristics at every time
point are presented in Table 3.
During the six-month intervention, the intervention group improved their WAI on
average 0.83 points and at 30 months it had declined 0.52 points. In the control group,
the WAI score decreased by 0.78 points at six months and from six months to 30 months
by 0.34 points. During the 30-month period, WAI in the intervention group increased by
0.31 points while WAI in the control group decreased by 1.12 points (Figure 6).

Figure 6. Change in work ability (points) in the intervention and the control group at time points 0–6
months, 6–30 months and 0–30 months.

There were statistically significant changes (p=0.003) between the intervention and
control group during the intervention (0–6 months). When all three time points were
included (baseline, 6-months and 30-months), the difference between the groups was not
statistically significant (Table 4).
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Table 3. Characteristics in baseline, 6- and 30months among the intervention (N=42–43) and control group (N=40–42)

Table 4. Mean work ability (points) and p-value of changes in WAI with the time.
ANOVA

ANCOVA

ANOVA

ANCOVA

Baseline

6 months

30 months

0–6 mo

0–6 mo

0–30 mo

0–30 mo

Intervention

38.4

40.2

39.7

p=0.003

p=0.002

p=0.10

p=0.14

Control

38.5

37.8

37.7

The estimated odds of higher levels of WAI for a subject in the control group were
multiplied by 0.98 every month and the odds for a subject in the intervention group were
multiplied by 1.01 (0.98 x 1.03) every month. The interaction (group*time) was more likely
to show an improvement in work ability among participants in the intervention group than
in the control group. However, the estimated differences in the slopes of time between
the two groups were not significant at the 5% level. In other characteristics there were no
differences between the groups when all three time points were included to the analyses
(Table 5).
Table 5. Linear regression for changes at 0–6 and 6–30 months and the proportional odds models
adjusted for age and work demands using WAI and other work related factors as responses.
(N=84–85).

5.1.3 Effects of physical exercise on oxygen uptake and quality of life (0–6 months)
In all 154 women completed the six month intervention (88 %compliance rate). After
the six-month trial, the intervention group increased their estimated maximal oxygen
consumption (VO2max) statistically significantly in comparison with the control group
(P=0.008).
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In our trial the intervention group had a significantly larger decrease in the frequency of
night-time hot flushes based on the mobile phone diaries. When analyzing the WHQ score
no between-group differences in hot flushes were found.
Improvement in HRQoL was reflected in higher SF-36 scores on all items in the
intervention group compared to the control group (Table 6). In the areas of physical
functioning, general health, vitality, and mental health the intervention group showed
a significant improvement compared to baseline. The control group had no SF-36 scores
higher than at baseline.
Table 6. Women’s Health Questionnaire and SF-36 Health-Related Quality-of-Life scores among the
intervention and control groups, 6-month intervention scores and change (adjusted for age)
Baseline
Intervention

Control

End
Intervention

Change (Baseline to end)
Control

Intervention

Control

p*

Health-related Quality of Life
SF-36 physical component score
Physical functioning
86.3 ± 14.2
Role-physical
76.4 ± 32.0
Bodily pain
68.7 ± 23.1
General health
64.2 ± 18.4

87.7 ± 13.4
80.9 ± 27.3
73.3 ± 19.5
65.6 ± 17.7

89.0 ± 13.5
81.4 ± 29.3
69.4 ± 21.1
66.9 ± 21.1

87.1 ± 14.8
77.3 ± 33.5
70.2 ± 24.9
65.1 ± 20.0

2.67 ± 10.8
5.14 ± 27.9
0.72 ± 19.0
3.01 ± 12.3

-0.64 ± 9.38
-3.95 ± 30.0
-3.08 ± 21.4
-0.45 ± 12.1

0.049
0.017
0.32
0.065

SF-36 mental component score
Vitality
61.2 ± 23.3
Social functioning
82.5 ± 19.1
78.5 ± 30.1
Role-emotional
Mental health
74.6 ± 17.7

58.4 ± 20.0
78.2 ± 23.1
75.0 ± 34.0
72.5 ± 17.7

66.9 ± 18.9
86.0 ± 19.6
85.6 ± 27.1
78.1 ± 15.9

58.3 ± 23.8
79.9 ± 25.1
78.4 ± 31.9
72.7 ± 17.6

5.72 ± 14.2
3.25 ± 19.1
6.85 ± 25.4
3.51 ± 11.9

-0.13 ± 16.3
1.62 ± 20.9
3.07 ± 34.9
0.25 ± 13.2

0.062
0.82
0.46
0.097

Menopause-specific Quality of Life score (WHQ)
0.19 ± 0.20 0.24 ± 0.24
Depressed mood
Somatic symptoms
0.45 ± 0.31 0.43 ± 0.25
0.52 ± 0.40 0.58 ± 0.37
Memory/concentration
0.93 ± 0.19 0.90 ± 0.25
Vasomotor symptoms
0.20 ± 0.25 0.21 ± 0.22
Anxiety/fears
Sexual behavior
0.39 ± 0.31 0.42 ± 0.30
0.45 ± 0.34 0.51 ± 0.30
Sleep problems
0.32 ± 0.26 0.36 ± 0.32
Menstrual symptoms
0.26 ± 0.37 0.30 ± 0.38
Attractiveness

0.12 ± 0.20
0.42 ± 0.30
0.49 ± 0.35
0.83 ± 0.32
0.17 ± 0.26
0.38 ± 0.35
0.37 ± 0.33
0.26 ± 0.29
0.17 ± 0.30

0.22 ± 0.21
0.41 ± 0.26
0.50 ± 0.38
0.85 ± 0.28
0.19 ± 0.22
0.43 ± 0.34
0.45 ± 0.30
0.31 ± 0.32
0.30 ± 0.39

-0.07 ± 0.16
-0.04 ± 0.23
-0.03 ± 0.30
-0.10 ± 0.37
-0.04 ± 0.16
-0.02 ± 0.27
-0.08 ± 0.28
-0.08 ± 0.25
-0.10 ± 0.31

-0.02 ± 0.15
-0.02 ± 0.17
-0.07 ± 0.34
-0.05 ± 0.25
-0.02 ± 0.17
-0.02 ± 0.24
-0.05 ± 0.26
-0.05 ± 0.29
-0.01 ± 0.28

0.023
0.64
0.53
0.30
0.82
0.94
0.28
0.47
0.062

*p for difference between the groups; Mann-Whitney test

Changes in WHQ scores were more favorable in the intervention group than in the
control group in all sections except for memory/concentration, supporting better perceived
wellbeing. In the intervention group, significant improvements from baseline were found
as regards depression, somatic symptoms, vasomotor symptoms, sleep problems, menstrual
problems, and attractiveness, when adjusted for age. In the control group there were no
significant changes over time in any of the subscales (Table 6).
Between-group differences in WHQ score change were significant in depressed mood.
Changes in WHQ scores were dose-dependent in depressed mood, anxiety, and menstrual
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symptoms. Health-related quality of life was significantly improved in the areas of physical
functioning and physical role limitation.

5.2 Usability and feasibility of the mobile phone
diary in the intervention study
In the study the compliance to the diary was good during the trial. In all (N=158), response
percentages were 73.0 (±22.00) for morning questionnaires and 69.0 (±22.7) for evening
questionnaires, in the intervention and control group respectively. The response percentages
were divided into three groups according to their distribution. Most of the women fell
into the group which met over 70 per cent of all possibilities. Response rates did not differ
between the intervention and control groups (Table 7).
Table 7. Response rates to the mobile phone questionnaires in the study: intervention and control
groups
Intervention group
(n = 79)

Control group
(n = 79)

p-value

All
(n = 158)

Morning questionnaires (% ± sd)

74.4 ± 22.3

71.6 ± 21.7

0.28

73.0 ± 22.0

Evening questionnaires (% ± sd)

69.4 ± 23.6

68.6 ± 21.8

0.57

69.0 ± 22.7

Distribution of response percentages
(morning)
0–50%
51–70%
71%–

16.5
13.9
69.6

17.7
19.0
63.3

17.1
16.5
66.6

Distribution of response percentages
(evening)
0–50%
51–70%
71%–

16.5
25.3
58.2

19.0
22.8
58.2

17.7
24.1
58.2

In all 107 women responded to the usability questionnaire (SUS). The average SUS was
75.4 (range, 0–100) showing good usability. In the responses to the SUS questionnaire two
questions out of 10 scored higher than 4 (easy to use, quick to learn). Individual questions
and scores (SUS) are presented in Table 8.
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Table 8. Responses to individual System Usability Scale statements (from 1=totally disagree to 5 =
totally agree), n=107
Statement

Mean ± sd

1. I would like to use this product frequently.

3.52 ± 1.10

2. The product was unnecessarily complex.

1.90 ± 0.98

3. The product was easy to use.

4.35 ± 0.98

4. I would need support from a technical person to be able to use this product.

1.76 ± 1.04

5. Various functions in the product were well integrated.

3.77 ± 0.89

6. There was too much inconsistency in this product.

2.28 ± 0.98

7. Most people would learn to use this product very quickly.

4.22 ± 0.82

8. The product was very awkward to use.

1.86 ± 1.10

9. I felt very confident using the product.

3.91 ± 1.07

10. I had to learn many things before I could get going with this product.

1.86 ± 0.98

In the open-ended questions, we asked participants opinions about the use of the mobile
phone diary. Of all respondents (n=111) 101 women who answered the open-ended
questions gave positive and 80 negative feedback. Most of the participants reported that the
mobile phone diary was easy and fast to use. The phone was constantly and easily available.
Participants felt that most negative thing was technical problems based on network
connection problems. The most common users’ experiences are presented in Table 9.
Table 9. User’s experiences
Which factors did you find positive, when using
the mobile phone diary?

Which factors did you find negative, when using
the mobile phone diary?

Easy

Nothing

Fast

Remembrance

Always with you

Technical problems

You can fill it, when you have time

Always same questions

Simple

Connection problems (operator)

Clear

Slavishness
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DISCUSSION

The aim of this study was to investigate the effects of a six-month aerobic exercise
intervention on work ability, physical and mental strain, quality of life, and hot flushes
among menopausal women.
The increase in physical exercise during six months in the intervention group was
associated with an improvement in mental resources and a decrease in perceived daily
physical work strain, although no statistically significant between-group changes in work
ability were found. The control group showed no statistically significant changes during the
intervention period (Study I).
The follow-up from six to 30 months showed that the physical exercise intervention
program had both short-term and long-term effects on the menopausal women’s work
ability, but no significant effects on physical and mental strain during work. After 30
months, work strain and work ability had decreased in both groups, but the work ability
was still higher in the intervention group than at base-line (Study II).
In our trial the intervention group reported significantly greater decrease in the
frequency of night-time hot flushes. On the Women’s Health Questionnaire (WHQ) score
no between-group differences in hot flushes were found. The exercise group achieved lower
scores on depressed mood and sleep problems, and higher scores on attractiveness. Betweengroup differences in WHQ score change were significant in depressed mood. Health-related
quality of life was significantly improved in the areas of physical functioning, physical role
limitation, general health, vitality, and mental health (Study III).
The feasibility, response rate and usability of the mobile phone diary was good
throughout the intervention (Study IV).

6.1

Interpretation of the results

In our study the work ability index increased in all subcategories in the intervention group
after six months compared with the control group, although the difference was statistically
non-significant. The work ability index was developed to monitor changes when follow-up
is longer than one year (Ilmarinen et al. 1997), which may partly explain why we did not
detect significant differences during the exercise period (six months). The WAI increased
in the intervention group during the 30-month follow-up, which confirms the results by
Mackey et al. (2007), where women under 45 years of age reported significant improvement
in their work ability and general health, while older subjects reported improvement only
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in their future work expectations (Mackey et al. 2007). Although there was a decline in
the work ability during follow-up, it was still better than at base-line after 30 months. The
intervention may have had at least a maintaining effect on work ability because the work
ability index may decline by almost one point a year (0.81) among women of about 51 years
of age (Ilmarinen et al. 1997).
Many participants in our study reported relatively high levels of work ability at baseline,
and therefore it is possible that this inhibited a further increase in work ability. However, in
our population the proportion of those with poor work ability decreased, which supports
our main findings of the positive effect of the exercise intervention. As a limitation we also
concede the absence of blinding in our study; in a small community the subjects are likely
to meet each other and discuss the study, thus it is not possible to achieve a truly blinded
setting. Since the control group was aware of the outcome of the study, they, too, may have
increased their physical exercise.
A possible factor explaining our finding regarding the decrease in daily perceived
physical strain is the increase in cardiovascular fitness. As shown earlier, good physical
fitness is related to better work ability among aging workers (Mackey et al. 2007; Kenny
et al. 2008; van den Berg et al. 2009). In a study among home care workers it was found
that physical work ability already starts to decline at the age of 35 years. There were no
difference between age groups in psychosocial and mental resources (Pohjonen 2001). We
did not detect any change in daily mental strain among the women studied. This may be
due to the small sample size and the fact that the intervention was not focused on work
itself during the intervention period. In our study only about 10% of the participants in
both groups were workers in physically demanding occupations and the physical exercise
intervention could have been more effective if all the participants had worked in more
physically demanding occupations, where a good physical capacity is essential to meet the
physical demands at work. Jørgensen et al. (2011) in a one-year RCT study on cleaners
concluded that future health-promoting intervention studies among similar occupational
groups should focus on the implementation aspects of interventions at both the individual
and organizational level.
The perceived effects on mental resources in our study could be due to the fact that
the researchers met with the intervention group regularly every second week during the
intervention, which may have had a promoting effect. In interventions motivating factors
such as feedback and motivating have been shown to be important for work ability and
health (Arneson et al. 2006; Larsson et al. 2008).
Other studies have reported limited longitudinal effects of physical exercise interventions
on work ability and work related-factors (Smolander et al. 2000). In our study WAI was
on almost the same level after 30 months, which could be deemed as a positive outcome.
In a 36-month worksite physical activity intervention among women in the social sector,
women over 45 years of age reported improvement only in their future work expectations,
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while younger women reported significant improvement in their work ability and general
health (Vingård et al. 2009).
Menopausal symptoms may be an important confounding factor for work ability.
Mental well-being in menopausal women is closely associated with current health and
lifestyle variables (Samsioe et al. 2006). However, one study concerning the timing of
menopause and job control suggests that premature menopause is associated with high job
control and high level of formal education (Cassou et al. 2007), suggesting that certain
physical job stressors may be related to age at menopause.
RTCs on the association between physical exercise interventions and hot flushes have
not been able to show clear associations between aerobic training and decline in hot flushes.
Our RCT design was based on existing research material on physical exercise and hot flushes
in 2008. Most studies have reported beneficial effects of PE on health during menopause,
and also for improving vasomotor symptoms and the psychological aspects of menopause
(Mendoza et al. 2016). Berin et al. (2015) conducted the first trial designed to investigate
the effect of standardized RTC on hot flushes. If proven effective, the intervention could
be applied to other patient groups frequently troubled by hot flushes, where effective
treatments are currently unavailable. (Berin et al. 2015.) There are some experimental
studies concerning aerobic training and hot flushes; three randomized controlled trials
have included symptomatic women, several other studies have included women based on
age criteria (Daley et al. 2014). A randomized study reported promising results concerning
exercise in spite of a small sample size (Lindh-Åstrand et al. 2003). In a larger (N=164)
four-month trial the effects of yoga and moderate intensity walking on menopausal
symptoms and mental health were assessed (Elavsky et al. 2007). Their results showed that
both groups reported decreases in hot flushes. Significant increases in scores were found in
the walking and yoga groups but not among controls. In a Turkish study, 65 menopausal
women participated in an aerobic exercise program for six months (Karacan et al. 2010) and
the intervention group had significantly fewer hot flushes and other menopausal symptoms.
A study by Sternfeld et al. (2014) with 12-weeks of moderate-intensity aerobic exercise
intervention showed a slight improvement in sleep quality, insomnia, and depression in
sedentary women. However, they did not find significant effects on vasomotor symptoms.
In our study, the women in the intervention group reported a decreased frequency of
hot flushes especially at night. A higher level of aerobic training probably improved their
quality of sleep, and may have resulted in less awakening due to night-time hot flushes.
Earlier randomized studies have shown that adults with moderate sleep complaints can
improve their sleep quality by a moderate-intensity exercise program (Mansikkamäki et al.
2014; Sternfield et al. 2014), but lower intensity exercise such as walking or low-intensity
yoga programs may be ineffective (Lindh-Åstrand et al. 2003). In our study the decrease in
daytime hot flushes was small, even if the downward trend was significantly steeper in the
intervention group.
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In earlier intervention studies in general population, increased physical activity
improved all dimensions of quality of life, but the magnitude of improvement of
mental health was smaller than in physical health (Wolin et al. 2007). In our study the
improvements were greater in mental health than in physical health, possibly due to the
sample characteristics, sedentariness, and daily symptoms. A randomized, controlled trial
involving 464 menopausal women showed QoL improvements after six months of regular
exercise (Riesco et al. 2010). However, in that study the aim was not to relieve hot flushes.
Another non-controlled trial for 16 weeks aimed at improving QoL by three walking
sessions per week of 45 minutes a time and involving 16 women reported favorable results
(Martin et al. 2009). In a study by Teoman et al. (2004), aerobic fitness and quality of life
were improved after six weeks’ training. Our results concur with these findings based on
smaller samples, confirming the benefits of exercise both on health-related QoL and nighttime hot flushes.
The results of some non-experimental studies have shown associations between exercise
and lower rates of hot flushes and better QoL (Daley et al. 2014). An observational study
by Aiello et al. (2004) found increased severity of hot flushes in the exercise intervention
group compared to controls. Thus, observational and experimental studies have yielded
contradictory results due to differences in assessment, i.e. questions concerning physical
activity, sample characteristics such as size, age and menopausal status of the women.
Mental wellbeing in menopausal women is closely associated with current health and
lifestyle variables (Samsioe et al. 2006). Earlier findings (Ilmarinen et al. 1997; Griffiths
et al. 2013) have shown that mental changes are also related to work ability. Some of the
studies suggested that some women find that menopause has negative effects on workrelated factors. According to the study by Cassou et al. (2007), premature menopause
was associated with high job control and high level of formal education The authors also
suggested that certain physical job stressors may be related to age at menopause (Cassou et
al. 2007).

6.2 Methodological considerations
Our results on the usability and feasibility of the mobile phone diary concur with those of
other studies on electronic diaries (Bolger 2003; Lauritsen et al. 2004; Krishna at al. 2009;
Lane et al. 2015). Burton et al. (2007) in their review reported compliance rates from 76 to
100% of all possible entries. Compared to other studies, the duration of our study was quite
long and challenging for the participants. However, none of the drop-outs discontinued
due to the mobile phone diary, but for other reasons such as personal circumstances or
chronic illness. In research it is important that subjects participate actively in the study and
there should be no missing data; this improves the quality and the reliability of the data
(Lauritsen et al. 2004; Tomlinson et al. 2009). However, according to Grady et al. (2009),
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a long-term follow-up (seven days vs. three days) may increase the perceived stress instead of
improving the quality of the data.
The usability of the mobile phone diary could be rated as good according to Bangor
et al. (2009), especially because none of the participants had used this kind of application
before. Earlier studies have shown that subjects prefer electronic diaries to traditional penand-paper methods. Participants who have used electronic versions of a diary have been
more likely to keep it in a more usable and faster way than the traditional method (e.g. penand-paper) (Koop et al. 2002; Lane et al. 2015).

6.3 Strengths and limitations of the study
Strength of our study was that we had an RCT that included a long period of reporting
symptoms, good response rates, and good user experiences among middle-aged women
with no experience of the application before the study. Our participants also showed good
compliance; 70% of the working subjects participated in the 30-month follow-up.
Work ability and work-related factors were not the main outcomes in the original
randomized trial, as quality of life was the main interest. The women worked mainly in
mentally demanding occupations. Some older participants were over the menopause
transition at 30-month follow-up. A a further limitation in our trial, the women were
on average only slightly overweight (mean BMI 26 kg/m2) and all of Caucasian origin.
Therefore the results may not be generalized to populations with diverse ethnic backgrounds
or higher prevalence of obesity. However, the effect of aerobic training could possibly be at
least as great among obese women, perhaps even greater.
As one weakness in our study we acknowledge that the mobile phone diary was not
validated against another method (e.g. pen-and-paper) (Lane et al. 2015; Lauritsen et al.
2004). Although we tested the method in a pilot study, we did not compare the results
obtained to the pen and paper method. Although the frequency of hot flushes was
reliably reported, more than 60% of the daily mobile phone responses lacked information
regarding their severity, because this was not compulsory in the questionnaire. Most of the
women were unsure about the severity of their hot flushes and left the area blank. This is
a limitation which should be taken into account in future mobile phone questionnaires.
In the feedback questionnaires after the intervention, the women reported difficulties in
assessing the severity of their symptoms during the mobile phone survey. There were also
problems with the research mobile phones provided to those subjects who could not use
their own mobile phones. In phones other than the women’s own, prepaid subscriptions
valid for six months were used. Since in some cases the prepaid time was too short, a top-up
of the subscription was needed. Unexpected costs related to some subscriptions were also
incurred and some data were missed. There were also some internet connection problems
with some operators in dead zones and outside Finland.
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The perceived problems during the intervention were mostly due to network problems
with the specific mobile operator, which could not be anticipated. The problems were
not continuous, but the subject had to try to log on several times, which was stressful to
the user. It is important to ensure that the method does not strain the subject too much
(Palmblad et al. 2004).
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7

CONCLUSIONS

7.1

Main findings

This study demonstrates that a six-month exercise intervention had short- and long-term
effects on work ability, physical strain, and mental resources in menopausal women. The
physical activity intervention improved the quality of life in the areas of depressed mood,
physical functioning, and physical role limitation, and decreased the frequency of nighttime hot flushes.

7.2

Future research

The association between work ability and menopause warrants further studies, in spite of
the positive findings reported here. Further studies are also needed to find out the most
effective exercise (aerobic vs. non-aerobic) among sufficiently active and fit women with
menopausal symptoms. To improve the work related factors, interventions should pay
attention to the target group. More experimental studies using mobile phone technology,
different exercise training programs, and fitness measurements are needed to confirm our
findings in other populations.
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Background: Physical exercise during leisure time is known to increase physical capacity; however, the
long-term effects on work ability and work strain are inconclusive. The aim of this study was to investigate the effects of a 6-month physical exercise program on work ability and work strain after 6 months
and 30 months, among women with menopausal symptoms at baseline.
Methods: A questionnaire including questions on work ability and work strain was mailed in the
beginning, at 6 months and after 30 months after the intervention to occupationally active women
participating in a randomized controlled study on physical exercise and quality of life. The intervention
included aerobic exercise training 4 times per week, 50 minutes per session. Work ability was measured
with the Work Ability Index (WAI) and with questions about physical and mental work strain.
Results: Women aged 47e62 years (N ¼ 89) who were occupationally active at baseline were included in
the analyses. The increase in WAI from baseline to the end of the exercise intervention (6 months) was
statistically signiﬁcantly greater among the intervention group than among the control group (regression
coefﬁcient 2.08; 95% conﬁdence interval 0.71e3.46). The difference between the groups persisted for 30
months. No signiﬁcant short- or long-term effects on physical and mental work strain were found.
Conclusion: A 6-month physical exercise intervention among symptomatic menopausal women had
positive short-term as well as long-term effects on work ability.
Ó 2014, Occupational Safety and Health Research Institute. Published by Elsevier. All rights reserved.
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1. Introduction
Physical capacity and work ability decline with age because of
biological and environmental factors [1,2]. Decline in aerobic
(physical) capacity is on average 5e15% per decade between the
ages of 30 years and 60 years [3]. Lifestyle factors (e.g., age, sex, and
physical activity level) may affect the decline of physical capacity,
but the effects of age can mainly been seen after the age of 45 years
[4,5]. Physical capacity could be improved through increased
physical activity at all ages. All workers, especially middle-aged
workers, beneﬁt from physical training, and beneﬁcial effects on
work-related outcomes have also been reported [6,7]. Chronic
disease, poor musculoskeletal ﬁtness, and cardiorespiratory ﬁtness

are associated with low physical capacities, whereas well-being,
physical demands of the work [8], and poor work ability [9]
[measured with the Work Ability Index (WAI)] decline with age.
WAI in women is slightly lower than in men. Especially during the
transitional ages of menopause, the differences between men and
women are greater but are smaller in older age groups, which may
be a sign of the effect of the menopause [10,11]. Decreased work
ability in most women may be caused by sex-speciﬁc age-related
diseases, and lack of mental resources, partly because of commitments outside work and more sickness absence [1].
It is known that good physical ﬁtness is associated with wellbeing and health at many levels [12]. Better physical capacity may
increase work ability and help people to cope with physical strain at
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work. It could also improve mental resources; help to recover faster
from mental strain, and positively affect work ability. Information
about the effects of physical exercise on work-related factors is,
however, limited and inconsistent [12].There are only a few welldesigned studies of the effectiveness of leisure-time physical exercise programs on work-related outcomes [12,13]. Most of the
interventions are worksite related and have focused on the effect of
exercise in either physical or mental occupations [9]. The effect has
been very limited, e.g., regarding sickness absence, inconclusive for
job satisfaction, job stress, and employee turnover, and nil for
productivity. The viewpoint of work ability and strain at work has
received little attention. A physical exercise intervention that
included mental health workers, police ofﬁcers, homecare workers,
and cleaners, showed only a slight improvement in work ability
despite a signiﬁcant change in physical capacity [7,14e17].
It is not known whether or not menopause symptoms have an
effect on work ability. The menopausal transition may affect quality
of life and also the ability to cope with increasing work demands,
because up to 80% of women report menopause-related symptoms
[18,19], such as hot ﬂushes, sleep disturbances, and mood swings
[20,21]. The most effective treatment for menopausal symptoms is
hormone therapy, but the risks may outweigh the beneﬁts [17]; thus,
alternative treatments are warranted. An increase in physical exercise is known to have beneﬁcial effects on overall health [22,23] and
could therefore also alleviate menopause-related symptoms, and
also result in improved work ability. There is a lack of information on
the effect of the menopausal transition on work ability and workrelated factors [24]. We found only one cross-sectional study suggesting that menopausal symptoms are negatively associated with
work ability and may increase the risk of sickness absence [11].
However, it is known that menopausal symptoms (transition) have
an effect on those health- and well-beingerelated factors, which are
associated with work ability and work-related factors [25].
We have reported earlier on the primary outcomes of the randomized controlled 6-month exercise trial used in this study. These
were improved quality of life and decreased menopausal symptoms
[26,27]. We have also reported the secondary results related to
perceived work strain, and work ability among all employed,
responding women [28]. The aim of this study was to include
women in employment and to study both the short- and long-term
effects (30 months) of the 6-month physical exercise on perceived
work ability and work strain.
2. Materials and methods
2.1. Study design
The study was a secondary analysis of a randomized controlled
study [26] with 2-year follow-up. The main outcome measures
were perceived work ability and work strain. In this study, only
those who were occupationally active (working > 1 h/wk),
continued their participation until the end of the intervention, and
completed all questionnaires were included in the analyses
(n ¼ 89). The study participants were mostly working in mentally
demanding jobs (n ¼ 65; e.g., ofﬁce work), but also in positions
requiring physical activity (n ¼ 5; e.g., cleaning) and mixed (physical and mental) jobs (n ¼ 19; e.g., nursing).
Women were recruited via local newspapers. Details of the
recruitment and participant selection were reported earlier [26].
One hundred and seventy-six menopausal women participated in
the study. Inclusion criteria were: symptomatic (daily hot ﬂushes),
age 40e62 years, no current postmenopausal hormone therapy, or
hormonal therapy withdrawal (washout period 3 months), low
physical activity (physical exercise < 3 times/week) and 6e36
months since their last menstruation.
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The duration of the intervention was 6 months. The women
were randomized into intervention and control groups. The intervention included aerobic exercise training four times per week, 50
minutes per session, with a progressive increase in intensity. At
least two sessions were to involve walking or Nordic walking and
the other two could be jogging, cycling, swimming, skiing, aerobics,
or other gymnastic exercise. Walking was emphasized because of
the experiences from earlier trials as having favorable effects on
health among menopausal and postmenopausal women [29].
Adherence to the trial was supported by an option to participate in
supervised aerobics or step aerobics sessions at the research
institute twice per week. The ratings of perceived exertion were
used to check the intensity of the exercise. The target for the rated
value during the exercise was 13e16 on a 6e20 point scale. This
corresponds to about 64e80% of the maximum heart rate [30]. The
control group was asked to maintain their normal physical activity
habits. Both the intervention and control groups attended lectures
once or twice per month (6e12 times/6 months). The lectures took
60e75 minutes and mostly addressed topics of physical activity and
general health [26].
Twenty-four months after the physical exercise intervention we
mailed a follow-up questionnaire to all study participants (n ¼ 176),
of whom 102 (57%) answered the questionnaire. All the study
participants provided written consent and the study was approved
by the Pirkanmaa Hospital District Ethics committee (Tampere,
Finland).
2.2. Assessments
Questionnaires were completed on paper at baseline, after 6
months and 30 months from baseline. The WAI was used to estimate perceived work ability [2]. The ﬁnal WAI score comprises the
sum of seven items: (1) work ability in relation to lifetime best
(scale 0e10); (2) work ability in relation to physical and mental
work demands (scale 1e5); (3) number of diagnosed diseases; (4)
estimation of work impairment caused by diseases (scale 1e6); (5)
self-reported sick leaves during the past 12 months (scale 1e5); (6)
personal prognosis of work ability after 2 years (scale 1, 4, and 7);
and (7) mental resources (scale 1e4). The WAI score could range
from 7 to 49 (poor to excellent).
Physical and mental strain at work was elicited using a modiﬁed
Borg scale (How much physical/mental strain do you feel on a
normal work day? (from 0 ¼ very little to 10 ¼ very much) [30].
Cardiorespiratory ﬁtness was assessed by the 2-km Urho Kaleva
Kekkonen (UKK) Walking Test. The UKK Walking Test is a reliable
method for measuring aerobic ﬁtness for 20e65-year-old adults
with no illness or disability limiting brisk walking or who are not
taking medication that affects heart rate [31]. Heart rate was
monitored during the walk and registered immediately at the end
(Polar Electro, Oulu, Finland). Maximal oxygen consumption was
estimated through a formula based on a sex-speciﬁc model
including walking time, heart rate at the end of the walk, age, and
body mass index [31].
2.3. Statistical analysis
Characteristics of the study participants are described using
means and standard deviations or proportions. Cross-sectional
differences between groups at baseline and at 6 month and 30
month follow-up were evaluated using the Mann-Whitney U test.
Normality of the continuous variables was evaluated with the
Kolmogorov-Smirnov test.
To account for the within-participant correlation between three
time points, we constructed multilevel ordinal logistic regression
models (called the proportional odds model) and analyzed the
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association of outcomes (work ability index, physical and mental
strain) over time by group (intervention/control). Two-level models
consisted of ﬁxed effects (group, follow-up time in months, interaction between these variables, age of the respondent, and work
demands) and random effects (measurements within participants).
Models included a variable (group) to indicate the difference between groups at baseline and a variable (time) to indicate the
change of outcome over time. The difference in the change in
outcome variables across the three time points between groups
was tested using an interaction term between group and follow-up
time. The parameter estimates were presented with 95% conﬁdence intervals and p values. The proportional odds assumption of
the ordinal regression was tested by comparing proportional and
nonproportional odds models using the likelihood ratio test [32].
Data showed that participants who were lost to follow-up were
similar in all background variables when compared with participants included in the analysis.
Cross-sectional analyses were performed using SPSS software
(IBM SPSS Statistics version 20, IBM, USA) and multilevel models
were constructed by generalized linear latent and mixed models
command using STATA software (version 12.0 for Windows,
StataCorp, USA).
3. Results
At baseline there were no other statistical differences between
the groups except in the work demands: women in the intervention
group did mental work less often (65.1%) than women in the control group (81.0%; Table 1). The working hours of the women varied
between 4 hours and 70 hours per week (mean 34.3, standard
deviation 15.7), and a fourth of the women had a university degree.
Work ability index was originally lower in the intervention
group than in the control group, but during the intervention the
WAI increased in the intervention group but decreased in the
control group (Fig. 1). At the end of the 6-month intervention the
difference between the randomized groups was statistically signiﬁcant (p < 0.05) and the difference between the groups persisted
after adjusting for age and work demands (Table 2). There were no
signiﬁcant differences in changes of physical and mental strain
between the randomized groups.
However, the estimated difference in the slopes between the
groups was not signiﬁcant when all three time points were
Table 1
Baseline characteristics of the intervention and control groups (mean and standard
deviations or proportions)
Intervention group
(n ¼ 45)

Control group
(n ¼ 44)

54.8  3.3

54.1  3.2

Height, (cm)

163.9  5.7

163.2  5.5

Weight (kg)

68.9  9.1

71.8  12.8

BMI (kg/m2)

25.7  3.8

26.9  4.1

VO2max (ml/kg/min)

31.5  6.9

31.4  4.1

Work (h/wk)

32.7  14.9

36.0  16.4

Work demands
Physical
Mixed
Mental

9.3
25.6
65.1

2.4
16.7
81.0

Education
Low
Middle
High

31.1
42.2
26.7

29.5
43.2
27.3

Work ability index

38.3  7.2

38.7  5.4

Physical strain at work

3.8  3.0

4.6  2.7

Mental strain at work

6.5  2.3

6.1  2.3

Age (y)

Data are presented as % or mean  SD.

Fig. 1. Work Ability Index physical and mental work strain in timeline between the
intervention and control group (n ¼ 70e85).
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Table 2
Linear regression for changes 0e6 months and 6e30 months and the proportional odds models adjusted for age and work demands using the work ability index and other
work related factors as responses (n ¼ 84e85)
Change 0e6 mo

Change 6e30 mo

Group

Group

Change 0e30 mo (all 3 timepoints)*
Group (baseline)

Time

Group* Time

Beta (95% CI)

Beta (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

2.08 (0.71e3.46)

0.49 (2.76e1.79)

1.65 (0.20e13.5)

0.98 (0.93e1.03)

1.03 (0.97e1.11)

Physical strain at work

0.40 (1.34e0.55)

0.57 (1.57e0.43)

0.26 (0.07e1.04)

1.01 (0.98e1.04)

1.02 (0.98e1.06)

Mental strain at work

0.29 (1.08e0.51)

0.39 (0.43e1.20)

1.55 (0.35e6.89)

0.99 (0.96e1.02)

1.01 (0.97e1.06)

Work ability index

CI, conﬁdence interval; OR, odds ratio.
* Linear models are adjusted for baseline, age, and work demands; multilevel models were adjusted for age and work demands.

considered (Table 2), which may be caused by the opposite
directions of change during the intervention period.
The estimated odds of higher levels of WAI for a study participant in the control group were multiplied by 0.98 every month and
the odds for a study participant in the intervention group were
multiplied by 1.01 (0.98  1.03) every month. The interaction
(group*time) was more likely to show an improvement in work
ability among participants in the intervention group than in the
control group. However, the estimated differences in the slopes of
time between the two groups were not signiﬁcant at the 5% level. In
other characteristics there were no differences between the groups
when all three time points were included in the analyses.
4. Discussion
The results showed that the 6-month physical exercise intervention program had both short- and long-term effects on the
menopausal women’s work ability, but no signiﬁcant effects on
physical and mental strain during work. After 30 months, work
ability and work strain had decreased in both groups, but the work
ability was still higher than at baseline.
The work ability index declines 0.8 points per year among
women between the age of 45 years and 58 years, without any
known intervention [2]. In our study WAI was almost on the same
level after 30 months, which could be deemed as a positive
outcome. Other studies have reported limited longitudinal effects
of physical exercise interventions on work ability and work relatedfactors [14]. In a 36-month worksite physical activity intervention
among women in the social sector, women older than 45 years
reported improvement only in their future work expectations,
whereas younger women reported signiﬁcant improvement in
their work ability and general health [16].
As shown previously, good physical ﬁtness is related to better
work ability among aging workers [6,9,33]. Our study showed
positive short-time effects and sustaining long-term effects on
work ability but no effects on perceived work strain. This may in
part be because of the small sample size but more probably because
the intervention was not focused on work itself during the intervention period. In addition, in our study only about 10% of the
participants in both groups were workers in physically demanding
occupations. The physical exercise intervention might have been
more effective, at least according to perceived physical work strain,
if all the participants had worked in more physically demanding
occupations, where good physical capacity is essential to meet the
physical demands at work.
Menopausal symptoms are an important confounding factor for
work ability. Psychological well-being in menopausal women is
closely associated with current health and lifestyle variables [20].
However, one study concerning the timing of menopause and job
control suggests that premature menopause is associated with high
job control and high formal education [34], suggesting that certain
physical job stressors may be related to age at menopause. The

effects of menopause on women’s work ability has not been widely
studied.
The most important strength of our study was the prospective
study setting with a group of symptomatic menopausal women.
Our participants also showed good compliance: 70% of the working
study participants participated in 30-month follow-up. However,
our study also has some limitations. Work ability and work-related
factors were not the main outcomes in the original randomized
trial, as was quality of life. The women worked mainly in mentally
demanding occupations. Some older participants were over the
menopause transition at the 30-month follow-up.
In conclusion a 6-month physical exercise intervention among
working symptomatic menopausal women had positive short-term
as well as long-term effects on work ability.
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Abstract
Background and objective. To estimate whether aerobic training has an effect on frequency of hot flushes or quality
of life.
Design. A randomized controlled trial.
Participants and setting. Symptomatic, sedentary women (n  176), 43–63 years, no current use of hormone therapy.
Intervention. Unsupervised aerobic training for 50 minutes four times per week during 6 months.
Outcomes. Hot flushes as measured with Women’s Health Questionnaire (WHQ) and Health-Related Quality of
Life (HRQoL, SF-36), daily reported hot flushes on phone-based diary, cardiorespiratory fitness (CRF), and body
composition.
Results. Intervention group had larger decrease in the frequency of night-time hot flushes based on phone diary
(P for month  group  0.012), but not on WHQ scale. Intervention group had less depressed mood (P  0.01) than
control women according to change in WHQ score. Changes in WHQ score in depressed mood (P  0.03) and menstrual symptoms (P  0.01) in the intervention group were significantly dependent on frequency of training sessions.
HRQoL was improved among the intervention group women in physical functioning (P  0.049) and physical role
limitation (P  0.017). CRF improved (P  0.008), and lean muscle mass increased (P  0.046) significantly in the
intervention group as compared to controls.
Conclusions. Aerobic training may decrease the frequency of hot flushes and improve quality of life among slightly
overweight women.

Key words: Aerobic training, exercise, hot flushes, quality of life, randomized controlled trial

Introduction
Hot flushes (i.e. vasomotor symptoms) are a common
complaint in many women and may occur for years
beyond menopausal transition (1–3). Hormonal
and thermoregulatory involvement in the occurrence
of hot flushes is likely, and many forms of pharmacological as well as non-pharmacological alleviation have been studied (4). Although traditional
post-menopausal hormone therapy (HT) is the most
effective treatment to alleviate menopausal hot flushes,

it has been subject to major criticism due to the
results of large clinical trials in which the risks of HT
have outweighed the benefits (5). Women with higher
adiposity report more severe hot flushes (6), and
successful weight loss has been associated with hot
flush decrease in a randomized trial (7). Because
increased physical activity has beneficial effects on
weight management, it could be one alternative
treatment to HT in alleviating menopausal symptoms. Furthermore, physical exercise is also known
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Aerobic training, hot flushes, and quality of life
Key messages
•
•
•

Aerobic training may decrease the frequency
of hot flushes.
Aerobic training four times per week
improved quality of life among symptomatic
women.
Quality of life improvement was dependent
on frequency of training sessions.

to increase hypothalamic β-endorphin production,
which may stabilize thermoregulation known to be
disturbed during menopausal hot flushes (8).
Evidence concerning whether or not physical
training reduces hot flushes is still inconclusive.
Some studies have suggested that increasing physical
activity may possibly decrease the number of hot
flushes (6), but studies showing no association (9)
or an inverse association (10,11) have been published as well. Previous randomized clinical trials on
exercise and hot flush reduction have either had
small or selected populations, symptom reduction as
a non-primary outcome, or other limitations such as
non-symptomatic women or lack of a control group
(12–16). Our objective was to estimate whether
aerobic training decreases hot flushes or increases
health-related or menopause-specific quality of life
among symptomatic menopausal women.
Material and methods
Study design and participants
With the approval of Pirkanmaa Hospital District
Ethics Committee, we recruited healthy Caucasian
women via newspaper advertisements in Pirkanmaa
area between January and March 2009. Women
who were willing to participate to the trial after reading the newspaper advertisement were screened for
inclusion criteria through a telephone interview. If
they were eligible and willing to participate, they
received information concerning the trial by mail.
Participants were not paid for being included,
neither in intervention nor control group, since this
is not allowed in medical studies performed in
Finland. All participants gave written informed
consent.
Design was randomized controlled study with
allocation ratio of one. Women were assigned to
intervention and control groups by computer randomization. Envelopes including information on
assigned group were delivered by research nurses.
Inclusion criteria for the study were: symptomatic
(daily hot flushes), age 40–63 years, no current
use or use in the past 3 months of HT, sedentary
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(aerobic training less than twice weekly), and
6–36 months since last menstruation (Figure 1).
Women who were physically active (exercising 2
times/week, for at least 30 minutes each time), or
whose body mass index (BMI) was over 35 kg/m2,
or who had coronary heart disease, or orthopaedic
or other diseases preventing them from exercising,
were excluded from the study. In addition, women
who were using medication influencing heart rate
(β-blockers, sympathomimetics) were excluded, since
they would have biased the results concerning heart
rate. Menopausal status was verified by assay of
plasma follicle-stimulating hormone (FSH), which
had to exceed 30 IU/L.
Before initiating the trial, recruited women kept a
2-week diary (pencil and paper) concerning day-time
and night-time hot flushes.The women were instructed
to record as a hot flush a sensation of warmth, with
or without concomitant sweating. To obtain an estimate of the overall impact of hot flushes we calculated
weekly and daily frequency of all hot flushes before
the intervention, and daily frequency of hot flushes
both day-time and night-time during the intervention.
From a total of 351 women, 176 women participated
in the study; 175 women were excluded since they
did not meet the inclusion criteria. The duration of
intervention was 6 months.
Outcomes
The primary outcome measure of the study was
hot flushes as measured with Women’s Health
Questionnaire (WHQ). Secondary outcomes to be
reported in this paper were hot flushes reported by
phone-based diary, health-related quality of life as
measured with SF-36 scale, cardiorespiratory fitness
(as estimated by the Urho Kekkosen Kuntoinstituuttisäätiö (UKK) 2 km Walk Test (17)), and body
composition (weight, fat and lean mass; kg). Specific
questions related to sleep will be reported in a
separate article.
The WHQ was used as an instrument to assess
menopause-specific quality of life (18). The questionnaire has been validated in the Finnish language, and
test-retest reliability has been evaluated with a 2-week
interval (19). It is composed of 36 items covering
mood states, physical sensations and experience,
sexual behaviour, and hot flushes, with a total of nine
sub-scales (depressed mood, somatic symptoms, hot
flushes, anxiety/fears, sexual behaviour, sleep problems, menstrual symptoms, memory/concentration,
attractiveness). Self-reported symptoms are scored
on a five-point scale (values from 0 to 4).
Health-related quality of life was measured by
using the SF-36 Health Survey questionnaire, which
has been validated in Finland (20) and is known to
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Figure 1. Participant flow in a randomized aerobic training trial.

be one of the most reliable and widely used quality
of life questionnaires. It is composed of 36 items
assessing eight dimensions of quality of life: physical
functioning, physical role limitation, bodily pain,
general health, vitality, social functioning, emotional
role limitation, and mental health. For each of the
eight domains scores were transformed linearly to
a scale ranging from 0 (maximal impairment) to 100
(no impairment, best quality of life).
Measurements
Information on day-time and night-time hot flushes
and aerobic training was collected by using mobile
phone questionnaires twice a day. The mobile phone
questionnaire included pre-specified questions on
hot flushes, sleep, and other symptoms. During the
morning, the structured-item questionnaire included
five specific questions on hot flushes (yes/no), question on night sweating (yes/no), and two questions
on sleep quality (yes/no). During the evening, the
structured-item questionnaire included the same
questions as in the morning questionnaire, with
added (yes/no) questions regarding headache, mood
swings, dysphoria, depression, dryness of the vaginal
mucosa, and urinary and other symptoms. If the
woman did not want to use her own mobile phone,
or the phone did not have a 3G technology option,
the phones were arranged by the study team.
Responses were automatically transferred via 3G
technology into digital format. Since the symptom

diary method had not been used earlier, it was evaluated by way of a separate usability questionnaire
(SUS; system usability scale (21)) immediately after
6 months of intervention. Most of the women participating in the intervention also responded to the
usability questionnaire (response rate 72.7%). The
score in the usability questionnaire was 75.4 (range
0–100). The women reported the proportions of
both day-time and night-time hot flushes, which
were compulsory information programmed to the
phone. Reporting on severity of hot flushes during
the trial was an option, not compulsory, and thus
lacking in half the responses, although at base-line
hot flush status was collected from all women using
conventional methods (paper).
Base-line questionnaires (on paper) included
information on employment, life-style, dietary habits, and other health-related issues. The women also
received a questionnaire on life-style changes at the
12th week and at the end of the trial (24 weeks).
Although the phone-based questionnaire was not
validated, the questions used were simple (yes/no)
and expressed the existence of symptoms without
grading them.
Fat and lean mass and body mass index were
measured by dual X-ray absorptiometry (DXA).
Body mass index was calculated as the ratio of weight
(kg) to height squared (m2). Cardiorespiratory fitness was estimated by using the UKK Walk Test,
which is a validated method for measuring aerobic
fitness of 20–65-year-old adults who have no
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illnesses or disabilities that limit brisk walking and
who are not on medication that affects heart rate
(17). Heart rate was monitored during the walk and
registered immediately at the end (Polar Electro,
M61, Finland). Measurements of cardiorespiratory
fitness (CRF) were performed twice at base-line due
to the effect of learning.
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physical activity and general health. The women
were not compensated financially for participation in
the trial, but expenses arising from the use of mobile
phones were covered. Aerobic training-based injuries
were monitored by means of questionnaires, and no
important harms or unintended effects occurred.
Statistical analysis

Aerobic training
Women in the intervention group kept physical
activity diaries once a week during the first month;
thereafter once a month. Women in the control group
were asked (via questionnaire on paper) once in the
middle of the trial (11–12 weeks from base-line)
whether they had changed any of their physical
activities or dietary habits.
The unsupervised aerobic training programme
included aerobic training four times per week, with
50 minutes of exercise each time. Ratings of perceived exertion (RPE) were used to check the intensity of aerobic training (22). Participants were
instructed to exercise at a level corresponding to
13–16 on the scale from 6 to 20. This corresponds
to about 64%–80% of maximal heart rate (22). At
least two sessions had to include walking or Nordic
walking, and the other two sessions could include
walking, Nordic walking, jogging, cycling, swimming,
skiing, aerobics, or other gymnastic exercise. The
intervention mainly involved walking, because earlier
UKK trials have shown favourable results on health
among menopausal and post-menopausal women (23).
Adherence to the trial was supported by an option
to participate in instructed aerobics or step aerobics
sessions at the UKK Institute twice a week.
The intervention group wore heart rate monitor
belts (Suunto®; Memory Belt, Suunto, Vantaa, Finland) in training sessions. Every second week an
aerobic training instructor gave feedback to the participants concerning the training sessions. Data collected from the heart rate belts were transferred to
a computer and analysed with a software program,
Firstbeat technologies HEALTH (Firstbeat Health®,
Finland). Participants also reported their exercise by
mobile phone and received weekly feedback by program message and an additional program message
in case responses were not received during 4 days.
Frequency of realized aerobic training sessions was
based on both heart rate monitor belt information
(sessions lasting at least 15 minutes and at most 4
hours, with at most 20% error) and phone-based
aerobic training diary.
Both the intervention and control groups attended
lectures once or twice per month given by the principal investigator of the study (R.L.). The lectures
took 60–75 minutes and mostly covered topics of

Base-line characteristics of the groups were tabulated
(means and standard deviations, or percentages;
Table I). Differences at base-line between the randomized groups were evaluated by using Student’s
t test for continuous variables when they were normally distributed, and the Mann–Whitney U test
when non-normally distributed. Normality was evaluated with the Kolmogorov–Smirnov test. Categorical
variables were tested using the chi-square test. All
analyses were performed in originally assigned
groups. Missing values concerning the primary outcome (WHQ) were imputed by using base-line value
in case a 6-month value was missing; 22 persons had
imputed values in 1–9 items of WHQ. Multivariate
modelling was not used since the study was a randomized trial and there were no differences in base-line
confounding factors between the groups.
As an evaluation of dose-response effect, realized
aerobic training sessions with sufficient intensity and
duration were divided to three equal-size groups
(low, medium, high) to enable analysis of change in
WHQ and SF-36 scores from base-line to 6 months.
The effect of realized aerobic training on betweengroup differences in WHQ and SF-36 was tested by
use of non-parametric methods (Kruskal–Wallis
test), because the distributions were not normal.
The groups had different proportions of women
responding to the question concerning hot flushes
yes or no—the proportions developed differently
by the group during intervention time. Regression
slopes were statistically compared by using mixed
models for binary outcome (yes/no hot flushes).
Because the responses for the same person are
not conditionally independent, a multilevel mixedeffect logistic regression model was fitted. This model
allows for a difference between groups at base-line
and linear changes in the log odds of hot flushes
over time. To estimate the intervention effect, the
interaction term (month  group) was included in
the model.
The proportion of women with hot flushes was
expected to be at least 68% (proportion among controls, Pc). The expected difference between intervention and control group in proportion of women with
hot flushes was at least 30%. Based on these assumptions, the proportion of women with hot flushes
would be 47.3% among women in the intervention
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Table I. Base-line characteristics and quality of life in the intervention and control groups. QoL was estimated by means of the Short
Form-36 quality of life (SF-36) score and the menopause-specific quality of life score (Women’s Health Questionnaire (WHQ)).
Intervention n  74
Age, y
University degree, %
Employed, %
Smoker or occasional smoker, %
Weight, kg
Body mass index, kg/m2
Follicle-stimulating hormone (FSH), mmol/L
Thyroid-stimulating hormone (TSH), mmol/L
Weekly frequency of hot flushes, %
29.5
30–49.5
50
Health-related quality of life
SF-36 physical component score
Physical functioning
Role–physical
Bodily pain
General health
SF-36 mental component score
Vitality
Social functioning
Role–emotional
Mental health
Menopause-specific quality of life score (WHQ)
Depressed mood
Somatic symptoms
Memory/concentration
Vasomotor symptoms
Anxiety/fears
Sexual behaviour
Sleep problems
Menstrual symptoms
Attractiveness

54.5  3.8
24.3
83.6
18.1
70.5  11.4
26.3  4.0
65.4  21.2
2.40  1.96
31.9
31.9
36.2

Control n  77
54.2  3.7
26.0
77.6
11.7
71.7  12.5
26.9  4.3
60.2  24.1
2.72  1.82

P
for differencea

Missing
(intervention, control)

0.73
0.82
0.36
0.27
0.56
0.42
0.16
0.28

–
–
1, 1
2, 0
–
–
–
–

37.8
23.0
39.2

0.48

5, 3

90
100
67.5
65

(20–100)
(0–100)
(0–100)
(10–95)

90 (40–100)
100 (0–100)
67.5 (22.5–100)
65 (25–100)

0.39
0.44
0.30
0.72

–
1, 1
1, 0
1, 0

65
87.5
100
76

(5–95)
(25–100)
(0–100)
(4–100)

60 (0–90)
87.5 (12.5–100)
100 (0–100)
76 (24–100)

0.28
0.33
0.60
0.46

–
1, 0
1, 1
–

0.14
0.43
0.67
1.00
0.13
0.33
0.33
0.33
0.00

(0–0.86)
(0–1)
(0–1)
(0–1)
(0–1)
(0–1)
(0–1)
(0–1)
(0–1)

0.18
0.84
0.44
0.54
0.59
0.63
0.30
0.73
0.53

–
2, 1
1, 0
2, 1
–
15, 26
0, 0
2, 1
3, 1

0.14
0.43
0.67
1.00
0.25
0.33
0.67
0.33
0.00

(0–0.86)
(0–0.86)
(0–1)
(0–1)
(0–0.75)
(0–1)
(0–1)
(0–1)
(0–1)

aDifferences between groups were tested by Student’s t test (continuous variables, normal distributions), the Mann–Whitney U test
(continuous variables, non-normal distributions), or the chi-square test (categorical or dichotomized variables). Values are shown as
means  SD, medians and ranges, or percentages.

group. If alpha is 0.05 and beta 80%, the number
needed in the sample is calculated with the following formula: n  (alpha  beta)2  {[Pc  (1–Pc) 
Pi  (1–Pi)]/(Pc–Pi)2}  89.7. Thus, 90 women were
needed in each group to achieve 80% power.

Results
Base-line
Of the 176 women who started, 159 continued
until the end of the study (90% compliance rate).
Finally, 154 women (74 in the intervention group,
80 in the control group) completed the UKK Walk
Test; 4 (3 in the intervention group, 1 in the control
group) were not willing to complete this test. Dropouts’ (n  22; 14 in the intervention group, 8 in the
control group) main reasons to discontinue the trial
were personal reasons (n  17) and chronic illness

(n 3) or initiation of hormone replacement therapy
(n 2).
Drop-out women whose base-line characteristics
were available (n 17, missing 5) were compared
with responders (n 159) in regard to age, education, employment status, smoking, weight, BMI, and
FSH. Significant differences were found in age and
weight—mean age of the respondents was 54.2 years
(SD 3.7) and among drop-outs 51.1 years (SD 3.4)
(P 0.001 in t test). Weight among drop-outs was on
average 59.3 kg (SD 6.0) and among responders
71.9 kg (SD 12.5) (P  0.045 in t test).
The participating women were on average 54 years
of age, with a body mass index of 26–27 kg/m2
(Table I). There were no significant differences by
group in any base-line values (Table I). At base-line,
the mean number of all hot flushes (HF) per day
independent of severity (mild, medium, or severe
HF) among intervention women was 6.3 and among
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control women 5.9. Mean number of daily mild HF
was 1.7 among the intervention women, 1.9 among
controls; mean number of medium daily HF 2.9 and
2.8; and mean number of severe daily HF 1.6 and
1.0, respectively. The lowest number of HF a subject
had at base-line was 0.11 HF/day. Average time for
menopause was 4.5 years among intervention group
women and 3.4 years among control women (SD 4.4
and 4.1, respectively) (P  0.097).
Response rates did not differ between the exercise
group and the control group: morning questionnaire, intervention group 74.4%, control group
69.4%; evening questionnaire, 69.8% and 70%,
respectively.
Hot flushes
There were no significant between-group differences
in hot flushes according to WHQ (Table II).
At base-line phone-based diary, 57% of the
women in the intervention and 61% of the women
in the control group reported night-time hot flushes;
proportions for day-time hot flushes were 72% and
71% (Table III). Decrease in day-time hot flushes
was 2.9% in the intervention group (from 72.4% to
69.5%) and 4.5% (from 71.1% to 66.6%) in the
control group. According to multilevel mixed models, the decrease by month in the number of nighttime (P for interaction group  month  0.012)
but not day-time hot flushes (P for interaction
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group  month  0.61) was significantly larger in
the intervention group than in the control group
(Table III; Figure 2).
However, in day-time hot flushes there was a
decrease until the 3-month point (Figure 2).
Changes in WHQ and SF-36
Between-group differences in WHQ were significant
in depressed mood (P  0.001) and attractiveness
(P  0.04) and close to significant in sleep problems
(P  0.07) at the end of the trial. Between-group
difference in change from base-line to 6 months
was significant in depressed mood (P  0.02)
and close to significant in attractiveness (P  0.06)
(Table II). WHQ scores were significantly correlated
with frequency of realized aerobic training sessions
in depressed mood (P  0.03) and menstrual symptoms (P  0.01) and close to significant in anxiety
(P  0.06) (Table IV). No differences were found in
any of the WHQ items by base-line hot flush score
(not shown in the table).
After 6 months’ training, intervention group
women had significantly higher SF-36 scores in
vitality (P  0.02) and mental health (P  0.02) than
did control women (Table II). Between-group differences in changes of SF-36 scores were significant in
the areas of physical functioning (P  0.049) and
physical role limitation (P  0.017) and close to significant in general health (P  0.07) and vitality

Table II. Women’s Health Questionnaire and SF-36 health-related quality-of-life scores among the intervention and control groups—
6 month intervention scores and change from base-line to end.
End
intervention
Health-related quality of life
SF-36 physical component score
Physical functioning
89.0 (13.5)
Role–physical
81.4 (29.3)
Bodily pain
69.4 (21.1)
General health
66.9 (21.1)
SF-36 mental component score
Vitality
66.9 (18.9)
Social functioning
86.0 (19.6)
Role–emotional
85.6 (27.1)
Mental health
78.1 (15.9)
Menopause-specific quality of life score (WHQ)
Depressed mood
0.12 (0.20)
Somatic symptoms
0.42 (0.30)
Memory/concentration
0.49 (0.35)
Vasomotor symptoms
0.83 (0.32)
Anxiety/fears
0.17 (0.26)
Sexual behaviour
0.38 (0.35)
Sleep problems
0.37 (0.33)
Menstrual symptoms
0.26 (0.29)
Attractiveness
0.17 (0.30)
aP

for difference between the groups; Mann–Whitney test.

Control

Pa

Change
intervention

Control

Pa

87.1
77.3
70.2
65.1

(14.8)
(33.5)
(24.9)
(20.0)

0.33
0.48
0.65
0.55

2.67
5.14
0.72
3.01

(10.8)
(27.9)
(19.0)
(12.3)

0.64
3.95
3.08
0.45

(9.38)
(30.0)
(21.4)
(12.1)

0.049
0.017
0.32
0.065

58.3
79.9
78.4
72.7

(23.8)
(25.1)
(31.9)
(17.6)

0.023
0.17
0.12
0.021

5.72
3.25
6.85
3.51

(14.2)
(19.1)
(25.4)
(11.9)

0.13
1.62
3.07
0.25

(16.3)
(20.9)
(34.9)
(13.2)

0.062
0.82
0.46
0.097

0.22
0.41
0.50
0.85
0.19
0.43
0.45
0.31
0.30

(0.21)
(0.26)
(0.38)
(0.28)
(0.22)
(0.34)
(0.30)
(0.32)
(0.39)

0.001
0.96
0.84
0.92
0.25
0.39
0.072
0.32
0.041

0.07
0.04
0.03
0.10
0.04
0.02
0.08
0.08
0.10

(0.16)
(0.23)
(0.30)
(0.37)
(0.16)
(0.27)
(0.28)
(0.25)
(0.31)

0.02
0.02
0.07
0.05
0.02
0.02
0.05
0.05
0.01

(0.15)
(0.17)
(0.34)
(0.25)
(0.17)
(0.24)
(0.26)
(0.29)
(0.28)

0.023
0.64
0.53
0.30
0.82
0.94
0.28
0.47
0.062
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Table III. Number of responses to phone-based diary and observed frequency (%) of hot flushes by intervention month and group.
Estimated proportion of hot flushes from multilevel mixed logistic regression.
Intervention group

Month

Responses

Number of
responses
with hot
flushes

Night-time hot flushes:
1 (base-line)
1513
2
1719
3
1629
4
1611
5
1552
6 (end)
1314

867
948
843
795
780
624

Control group

Observed
proportion
of responses
with hot
flushes (%)

Estimated
proportion
of hot flushes
from mixed
model

Responses

Number of
responses
with hot
flushes

Observed
proportion of
responses
with hot
flushes (%)

Estimated
proportion
of hot flushes
from mixed
model

57.3
55.1
51.7
49.3
50.3
47.5

56.1
54.3
53.2
52.6
48.5
46.0

1518
1712
1576
1581
1503
1361

920
1018
863
872
866
716

60.6
59.5
54.8
55.2
57.6
52.6

59.7
58.6
58.1
55.6
54.3
54.0

72.4
66.4
63.1
64.5
67.2
69.5

68.2
67.1
66.5
67.2
66.2
66.6

1339
1640
1542
1446
1463
1292

952
1151
978
936
1014
861

71.1
70.2
63.4
64.7
69.3
66.6

68.5
69.1
67.8
67.3
66.6
65.7

Mixed model for night-time hot flushes:
P (group at base-line)  0.88.
P (month)  0.001.
P (group  month)  0.012.
Day-time hot flushes:
1 (base-line)
2
3
4
5
6 (end)

1314
1626
1537
1495
1386
1208

951
1080
970
964
931
840

Mixed model for day-time hot flushes:
P (group at base-line)  0.18.
P (month)  0.005.
P (group  month)  0.61.

(P  0.06) (Table II). Women with hot flush score
higher than or equal to 78.5 (mean hot flush score
at base-line) had significantly larger improvement
in SF-36 vitality (P  0.042) and mental health
(P  0.017) than did women with lower hot flush
score ( 78.5) at base-line. Changes in SF-36 score
were not significantly related to frequency of aerobic
training sessions (Table IV).
Fitness and body composition
The groups did not differ as regards cardiorespiratory
fitness or body composition at base-line (Table V).
The women in the intervention group increased their
estimated maximal oxygen consumption (VO2max)
statistically significantly in comparison with the
control group (P  0.008). Increase in lean mass
was significantly higher among intervention group
(0.57 kg versus 0.15 kg; P  0.046) than among
control group (Table V).
Other results
One woman in the intervention group and three
women in the control group used SSRI/SNRI

medication during the trial (difference not significant). Seven women in the intervention group and
four women in the control group used natural remedies. When users of SSRI/SNRI and/or natural
remedies were excluded from the analyses, change
in SF-36 physical functioning was no more significant (P  0.085) (Table II), and significance of
change in lean muscle mass decreased as well
(P  0.066) (Table V). There were no users of excitatory drugs among either group, and the use of
liquids including caffeine did not differ between
the groups (mean number of cups of coffee 3.93,
SD 1.88 intervention; 3.95, SD 1.94 control)

Discussion
In our trial the intervention group had significantly
larger decrease in the frequency of night-time hot
flushes based on mobile phone diary, although in the
WHQ scale between-group differences in hot flushes
were not found. In the WHQ scale aerobic training
resulted also in lower scores for depressed mood and
higher scores for attractiveness. Between-group differences in WHQ score change were significant in
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Figure 2. Observed weekly frequencies (%) and 95% confidence intervals of day-time (left) and night-time (right) hot flushes based on
mobile phone questionnaire during 24 weeks of intervention.

depressed mood. Changes in WHQ scores were
dose-dependent in depressed mood, anxiety, and
menstrual symptoms. Health-related quality of life
was significantly improved in the areas of physical
functioning and physical role limitation. Cardiorespiratory fitness improved, and lean muscle mass
increased in the aerobic training group.
Previous experimental studies
Earlier experimental studies concerning aerobic
training and hot flushes are few; only two randomized controlled trials have included symptomatic

women, whereas several other studies have included
women based on age criteria (15). The first randomized study was performed in Sweden and reported
promising results concerning exercise in spite of
small sample size (24). In a larger (n  164) 4-month
trial the effects of yoga and moderate intensity walking on menopausal symptoms and mental health
were assessed (25). Their results showed that both
groups had decreases in hot flushes. Significant
increases in positive affect scores were found in the
walking and yoga groups but not among controls. In
a Turkish study, 65 menopausal women participated
in an aerobic exercise programme for 6 months (16),

Table IV. Changes in quality of life (WHQ and SF-36 scores) by frequency of aerobic training sessions (from phone-based diary and
heart rate belt information). Intervention group women (n  78). Significance between the frequency groups tested with non-parametric
Kruskal–Wallis test.
Change (base-line to 6 month) in:
SF-36
Physical functioning
Role–physical
Bodily pain
General health
Vitality
Social functioning
Role–emotional
Mental health
WHQ
Depressed mood
Somatic symptoms
Memory/concentration
Vasomotor symptoms
Anxiety/fears
Sexual behaviour
Sleep problems
Menstrual symptoms
Attractiveness

Low (1–49 sessions)
n  24

Medium (50–72 sessions)
n  24

High (72 sessions)
n  26

P

Mean (SD)
2.34 (11.3)
0.00 (22.1)
3.04 (12.4)
0.83 (11.6)
9.44 (13.0)
1.56 (23.4)
6.94 (31.1)
2.71 (12.6)

Mean (SD)
2.13 (13.2)
6.25 (28.8)
4.58 (19.1)
0.63 (13.1)
5.35 (15.9)
0.00 (16.5)
5.56 (16.1)
3.50 (11.9)

Mean (SD)
3.46 (8.0)
9.00 (32.2)
3.56 (22.9)
7.40 (11.4)
2.63 (13.4)
8.00 (16.5)
8.00 (27.7)
4.27 (11.7)

0.80
0.58
0.21
0.096
0.27
0.22
0.99
0.95

0.01
0.04
0.03
0.04
0.02
0.03
0.03
0.05
0.13

0.12
0.04
0.06
0.15
0.05
0.03
0.11
0.16
0.04

(0.17)
(0.23)
(0.34)
(0.36)
(0.07)
(0.22)
(0.17)
(0.23)
(0.22)

(0.16)
(0.23)
(0.25)
(0.35)
(0.16)
(0.28)
(0.21)
(0.26)
(0.44)

Missing number of responses: low: SF-36 1, WHQ 5; medium: SF-36 0, WHQ 5; high: SF-36 4, WHQ 16.

0.09
0.11
0.02
0.13
0.08
0.01
0.10
0.12
0.13

(0.14)
(0.20)
(0.31)
(0.40)
(0.20)
(0.32)
(0.41)
(0.20)
(0.22)

0.03
0.12
0.85
0.52
0.056
0.98
0.46
0.01
0.38
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Table V. Aerobic training-related variables (fitness and body composition) at base-line, after 6 months intervention, and change between
base-line and 6 months. Differences between groups were tested by t test.
Base-line
intervention
VO2 (mL/kg/min)
31.7 (5.4)
DXA
fat mass (kg)
27.2 (8.8)
lean (muscle mass, kg) 40.1 (4.3)

Control

P

End
intervention

Control

P

Change
intervention

31.5 (4.8)

0.845

32.6 (5.2)

31.4 (5.2)

0.167

0.77 (2.22)

0.16 (1.83) 0.008

28.3 (8.9)
40.2 (4.9)

0.413
0.917

26.1 (8.6)
40.6 (4.1)

27.8 (8.8)
40.3 (4.6)

0.262
0.705

0.90 (1.99)
0.57 (1.16)

0.48 (2.10) 0.219
0.15 (1.34) 0.046

Control

P

Missing values: Intervention: base-line 2, 0, and 0; end: 10, 5, and 5; change: 11, 5, and 5; Control: base-line –; end: 4, 3, and 3; change:
4, 3, and 3.
DXA  dual X-ray absorptiometry; VO2  volume of oxygen consumption.

and the intervention group had significantly fewer
hot flushes and other menopausal symptoms.
In our study, women in the intervention group
reported a decreased frequency of hot flushes, especially during night-time. An increased level of aerobic
training probably improved their quality of sleep and
may have resulted in fewer awakenings due to nighttime hot flushes. Previous randomized studies have
showed that adults with moderate sleep complaints
can improve their sleep quality by moderate-intensity
exercise programmes (26,27), but lower-intensity
exercise such as walking or low-intensity yoga programmes may be ineffective (28). Decrease in daytime hot flushes was small, even if the downward
trend was steeper among the intervention group until
half of the intervention time; thereafter the trend was
upward among both groups.
Previous intervention population studies have
shown that increased physical activity has been associated with improvement of all dimensions of quality
of life, but magnitude in improvement of mental
health scale was smaller than in the physical health
scale (29). In our results the improvements were
found both in mental and in physical health items,
possibly due to the sample characteristics, sedentariness and daily symptoms. A randomized, controlled
trial involving 464 menopausal women showed quality
of life (QoL) improvements after 6 months of regular
exercise, independent of weight change (30). However, in the study the aim was not to relieve hot
flushes. Another non-controlled trial for 16 weeks,
aimed at increasing QoL by walking three sessions per
week 45 minutes at a time, and involving 16 women,
showed favourable results (31). In a study carried out
by Teoman et al. (32), aerobic fitness and quality of
life were improved after 6 weeks’ training. Our results
are parallel with these findings based on smaller
samples, confirming the benefits of exercise both on
health-related QoL and night-time hot flushes.
Previous non-experimental studies
The results of some non-experimental studies have
shown associations between exercise and lower rates

of hot flushes and better QoL (15). An observational study by Aiello et al. (13) showed an increased
severity of hot flushes in the exercise intervention
group compared with controls. The women in the
study were relatively old (mean age 60.6 years),
and the majority of them reported symptoms other
than hot flushes. Frequent physical exercise has
been associated with a risk of greater severity and
frequency of hot flushes in other non-experimental
studies as well (10,11). In a multi-ethnic sample of
3,302 women in the Study of Women’s Health in the
Nation (SWAN), a trend of increasing prevalence of
all symptoms with decreasing physical activity was
found (31). In the study by Gold et al. (6) women
were asked about their perception of activity level
but not the type of activity. Thus, observational and
experimental studies have conflicting results due to
differences in assessment, i.e. questions concerning
physical activity and sample characteristics such as
size, age, and menopausal status of the women.
Strengths
Strengths of our study include the trial design, use
of valid quality of life scales, and inclusion of women
with moderate to severe hot flushes. The trial design
was comprehensive for evaluation of exercise efficacy
as regards both hot flushes and menopausal QoL.
Furthermore, the primary outcome of the study
was occurrence of hot flushes, which was measured
with a validated instrument (WHQ). According to
a literature review of instruments used to assess
health-related quality of life during and after menopause (19), both SF-36 and WHQ are reliable and
may overlap in mental health areas. The effect was
modest on menopausal health, while the benefits were
more seen in general health, as shown in previous
physical activity studies as well (29).
Generally, the non-response rate to the paperbased questionnaires was low. Non-adherers differed
from adherent women in regard to age and weight—
they were younger and lighter. The influence of these
issues probably did not affect the primary outcome but might have had an effect on phone-based
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questionnaire results if imputation of the missing
data was not performed.
In outcome assessment we used a new method
of daily mobile phone contact. The method of
daily responding decreases recall bias, and the questions were simple (yes/no). To our knowledge no
previous study has involved the use of similar technology and mobile phone questionnaires in connection with menopausal symptoms. This novel
technology enabled minimization of recall bias, since
menopausal hot flushes were reported twice a day.
Measurement of cardiorespiratory fitness was based
on the UKK Walk Test, which has been widely used
and is feasible for both scientific and practical
purposes (17).
An additional strength of the study is a control
group programme. The control group attended the
lectures during the trial, since otherwise they might
have been more likely to drop out from the trial.
Thus, the main purpose of the lectures was to motivate and support the control group without aerobic
training. Since both groups were given the same lectures, exercise training effect may be clearer than
if the control group was not supported at all.
Weaknesses
Regarding weaknesses of our study we acknowledge
that the phone-based assessment of hot flushes
was not based on a validated instrument. Although
the frequency of hot flushes was accurately reported,
more than 60% of the daily mobile phone responses
lacked information regarding their severity, which
was not compulsory information in the questionnaire. The majority of the women were unsure of
the severity of their hot flushes and left the area
blank. This is a limitation which should be taken into
account in future mobile phone questionnaires.
Before starting the trial the women kept 2-week
diaries of daily symptoms by way of conventional
questionnaires, not mobile phone diaries. In the
feedback questionnaires after the intervention the
women reported difficulties in judging the severity
of symptoms during the mobile phone survey. In
spite of these limitations, our study showed high
adherence, since only 14 women in the intervention
group and 8 in the control group dropped out.
As another limitation in our trial, the women were
on average only slightly overweight, and all were of
Caucasian origin. Therefore the results may not be
generalized to populations with diverse ethnic backgrounds or a higher prevalence of obesity. However,
possibly the effect of aerobic training could be at least
as large among obese women, perhaps even larger.
Sample size calculations were based on a 30%
difference between the groups in hot flushes. Based
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on this assumption and the expected prevalence of
68% of symptomatic women at base-line, we calculated that 154 women would be needed to have 80%
power in the trial. However, in our study the difference between the groups at 6 months was less
than the expected 30%. Therefore, the power of the
study was limited to show differences in hot flushes.
Future studies
The results of recent studies (33,34) have suggested
that women with hot flushes may have adverse
vascular changes. It is possible that symptomatic
women may derive more benefit from aerobic training as regards both their general and vascular health,
since aerobic training is beneficial for mental and
physical health. Our aim was to study the efficacy of
aerobic training on menopausal symptoms rather
than effects on a general population; therefore we
recruited sedentary, recently menopausal women.
Further studies are needed to find out the most
effective exercise (aerobic versus non-aerobic) among
sufficiently active and fit women with menopausal
symptoms. Also long-term compliance with exercise
is a challenge to ours as well as to any study concerning exercise and health. Forthcoming studies need
also to re-address the dose-response effect of exercise
or other possible sham intervention. More experimental studies using mobile phone technology, different exercise training programmes, and fitness
measurements are needed to confirm our findings in
other populations.
Conclusions
Aerobic training may decrease hot flushes, but more
research is needed. Aerobic training improved menopausal and health-related quality of life among
slightly overweight, symptomatic women.
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Abstract
Objectives: Wireless and mobile phone technology as a method of
data collection will increase alongside conventional methods. The
aim of the present study was to evaluate the use of a mobile phone
application for recording symptoms and physical activity exertion
during an experimental physical exercise study. Materials and
Methods: An experimental study on the effects of physical exercise
on the well-being of menopausal women included 158 subjects between 44 and 63 years of age. The women were randomized into
intervention and control groups. All participants in both groups
reported daily symptoms by responding to morning and evening
questionnaires via mobile phones. The usability of the mobile phone
as a data collector tool was evaluated with the System Usability Scale
(SUS) questionnaire 2 months after the intervention. The feasibility
evaluation was based on the frequency of responses and open
questions. Results: The response rates were about 70% to both
morning and evening questionnaires. The average frequency of responses (n = 158) to morning questionnaires was 125 ( – 40)/170
( – 14) and to evening questionnaires was 118 ( – 40)/171 ( – 14).
The response rate did not differ between the intervention and the
control groups. The SUS score was on average 75.4 (range, 0–100;
n = 107). Conclusion: A mobile phone diary is a feasible and usable
tool for data collection in clinical trials.
Key words: e-health, home health monitoring, telehealth

Introduction

I

n clinical trials data collection includes recording of symptoms
and measurements of the bodily functions or patient’s daily
condition. Paper-based data collection has been a traditional
method of data collection for decades. New technology offers
many other options in data collection including mobile phones or
computer-based devices that utilize wireless and mobile phone
technology. Handheld computers have been developed since the
early 1990s, and free or commercial software for developing diaries is
available. The use of electronic diaries as data collectors or for data
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monitoring has increased rapidly in clinical trials and research because they are faster and popular with users.1,2 Traditionally entries
have been made in paper diaries once a day, usually at the end of the
day, and such data may be then based on selective memory. With
electronic and mobile phone diaries, data such as symptoms could be
measured beyond the place or time and recorded as they occur. It is
known that patients (users) do not follow the instructions and may fill
in the missing entries afterwards, possibly affecting the results of an
intervention or treatment. The electronic diary marks all entries in the
program, which ensures that the patient adheres to the protocol.
Electronic diaries have been shown to generate valid data for
studying symptoms and also in healthcare.1,3
Electronic diaries have been used in clinical trials in various fields
of medicine and health. The range of applications is wide, from
electronic patient diaries to electronic case report forms. The sizes
and the durations of the studies have varied.4 Lauritsen et al.5 compared paper diaries with electronic and telephone diaries for the recording of symptoms in a 4-week treatment of gastroesophageal
reflux disease. The main conclusion was that paper diaries were not
filled in at appropriate times and that data from electronic and
telephone diaries was of better quality. Walker et al.6 compared paper
and handheld computer diaries in a 6-month trial with patients
treated for severe hemophilia; the compliance in the computer group
was about 86.2% compared with only 48.3% among patients using
paper diaries. Most of the studies concluded that electronic diaries
have potential for data collection if validation and usability are taken
into account.2–4,7,8 The aim of the present study was to evaluate the
usability and feasibility of a mobile phone program in recording of
symptoms during a physical exercise trial.

Materials and Methods
SUBJECTS
One hundred fifty-eight women who had one or more responses in
the mobile phone diary were included in the analysis. The women
were on average 54.3 years of age, and about 72% were working fulltime. The participants worked 7–60 h a week (mean working hours,
34.9 – 16.2). The subjects were mostly working in mentally demanding jobs (for example, as office workers), but also in physical
jobs (such as cleaners) and mixed (physical and mental demanding)
jobs (such as nurses). A third of the women had a university degree.
Baseline characteristics of subjects are presented in Table 1.

STUDY DESIGN
The study where we analyzed the use of mobile phones was a
randomized exercise trial intended to study the effects of increased
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Table 1. Baseline Characteristics of the Subjects
ALL (N = 158)
Age (years)

54.2 – 3.5

Working hours (per week)

34.9 – 16.2

Work demands (%)
Physical

12.9

Mixed

24.5

Mental

62.6

Education (%)
Primary

33.5

Secondary

40.6

Tertiary

25.8

Type of employment (%)
Full-time

71.9

Part-time

9.8

a

Other
a

18.3

For example, unemployed, retirement, caring for close relatives.

physical activity on menopausal symptoms and quality of life. The
study was approved by the ethical committee of the Pirkanmaa
Hospital District in Finland. The women were recruited through announcements in local newspapers. From a total of 350 women who
contacted the researchers, 176 participated in the study; 174 were
excluded because they did not meet one or more of the inclusion
criteria. Inclusion criteria were as follows: symptomatic (severe, very
severe, or moderate daily hot flushes), age 40–62 years, either no
current use of postmenopausal hormone replacement therapy or
withdrawal cessation of hormonal replacement therapy (washout
period of 3 months), sedentary physical activity (physical exercise
less than twice a week), and 6–36 months from last menstruation.
The duration of the intervention was 24 weeks. A more detailed
description of the intervention has been documented elsewhere.9 The
exercise program included aerobic training four times a week, 50 min
per session, with a progressive increase in intensity. Adherence to the
trial was supported by an option to participate in supervised aerobics
or step aerobics sessions at the research institute twice a week. In the
present study we analyzed also separately differences between the
intervention and control group. The researchers met with the intervention group regularly every second week during the intervention,
which could have had a motivating effect on their response activity.
We also checked separately those who used their own phones and
phones supplied by the research project.

MOBILE PHONE DIARY
A mobile phone diary was used to collect data on symptoms and
amount of physical exercise. The application program was com-
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mercial, Symbian-based and was downloaded primarily onto the
subjects’ own mobile phones. If the subject’s mobile phone did not
have the necessary features a phone was offered to her by the research project. In both groups 64.6% of the participants used their
own phone. All subjects participated in the introduction and training
session where the program was installed on their mobile phones. The
subjects had a 2-week ‘‘running-in’’ period for the exercise program
when they could also practice using the mobile diary program. All
costs of the use of the mobile phone diary were covered by the research project.
All data were transferred via Internet (3 G or WAP) to a server of
the service provider. The users’ interface was protected by user name
and password. After the application was installed on the user’s mobile
phone, she could use the application without logging in.

QUESTIONNAIRES
Information on daytime and nighttime symptoms was collected by
mobile phone questionnaires twice a day. The mobile phone questionnaire included prespecified questions on hot flushes, sleep, and
other symptoms. Symptom questions were modified from the
Symptom Check List (SCL-90).10 Participants were asked to fill in
the morning questionnaires on waking up in the morning and the
evening questionnaires on retiring to bed. Questionnaires could not
be filled in afterwards.
The morning questionnaire included five specific questions on hot
flushes (yes/no), a question on night sweats (yes/no), and two questions on sleep quality (yes/no and 1 = good to 5 = poor). The evening
questionnaire included the same questions on hot flushes as the
morning questionnaire, with additional (yes/no) questions regarding
headache, mood swings, dysphoria, depression, dryness of the vaginal mucosa, and urinary and other symptoms (nine questions). If a
participant had symptoms (she responded yes), specified questions
were presented. The intervention group also reported their exercise
after the training session via mobile phone questionnaire. All participants could also send messages to the researcher from their mobile
phone programs.
Among the questionnaires there were three different types of response options: select yes/no, multiple-choice, and text response
(caption-choice).

USABILITY MEASURES
The usability of the mobile phone as a data collection tool was
evaluated with the System Usability Scale (SUS)11 after the intervention. The SUS scale can be used to assess the usability of a variety
of products or services. The questionnaire investigated users’ experiences of questionnaires by mobile phone and the technical support
required with the system. Responses were given on a scale from 1
(totally disagree) to 5 (totally agree). In the SUS questionnaire there are
five positive statements and five negative statements, which alternate.11 Experiences of the use of the mobile phone diary were elicited
with two open-ended questions. The questions were: Which factors did
you find positive when using the mobile phone diary, and which
factors did you find negative when using the mobile phone diary?

USABILITY AND FEASIBILITY OF MOBILE PHONE DIARY

PILOT STUDY
A 6-week pilot study developing the mobile phone program
(n = 11; mean age of respondents, 53.5 years) was conducted in spring
2008. Participants used mobile phones to fill in questionnaires on
menopausal symptoms and physical exercise (intervention group).
The system sent a reminder text message to the participant if she had
not been active in the program during the last 48 h. Altogether nine of
the 11 participants used mobile phone diaries as requested. None of
them had used a similar system before. The average SUS score was
75.8 (range, 0–100), showing good usability.12 The positive features
of the mobile questionnaires were usability, simple response options,
and availability of the mobile phone compared with the paper
questionnaire. Fine-tuning after the piloting was as follows: A faster
entry method, a guideline for all questions, easier usage, a text
message reminder, and automatic feedback for subjects through the
program or a text message. Web-based reports (e-mail) on inactive
participants for researcher were also included.

Table 2. Response Rates to the Mobile Phone Questionnaires
in the Study: Intervention and Control Groups
INTERVENTION CONTROL
GROUP
P
ALL
GROUP
(N = 79) DIFFERENCES (N = 158)
(N = 79)
Morning
questionnaires
(mean – SD %)

74.4 – 22.3

71.6 – 21.7

0.282

73.0 – 22.0

Evening
questionnaires
(mean – SD %)

69.4 – 23.6

68.6 – 21.8

0.573

69.0 – 22.7

Distribution of response percentages (morning)
0–50%

16.5

17.7

17.1

51–70%

13.9

19.0

16.5

> 71%

69.6

63.3

66.6

Distribution of response percentages (evening)

STATISTICAL ANALYSIS
Statistical analysis was performed with SPSS version 15.0 for
Windows. Characteristics of the groups were tabulated as means and
standard deviations or percentages. Differences between the groups
were assessed using t-tests for continuous variables when they were
normally distributed and using the Mann–Whitney test when they
were non-normally distributed. Normality was tested with histograms and the Kolmogorov–Smirnov test.

Results
The average frequency of responses (n = 158) to morning questionnaires was 125 ( – 40)/170
( – 14) and to evening questionnaires was 118 ( – 40)/171 ( – 14).
The response activity did not differ between the intervention and
the control groups (Table 2). There
were no differences in the response rates between those who
used their own phones or phones
supplied by the research. Figure 1
describes the entries in the program every month.

0–50%

16.5

19.0

17.7

51–70%

25.3

22.8

24.1

> 71%

58.2

58.2

58.2

USERS’ EXPERIENCES
Of all respondents who answered the open-ended questions
(n = 111) 101 gave positive feedback. The mobile phone diary was
considered a fast and easy way for participants to respond to questionnaires. Users commented that doing the diary "has become a

USABILITY
In all, 107 women completed
the usability questionnaire after
the intervention. The average SUS
score was 75.4 (range, 0–100)
(Fig. 2).
In the responses to the SUS
questionnaire two questions out
of 10 scored higher than 4 (product was easy to use, use quick to
learn) (Table 3).

Fig. 1. Responses to the mobile phone questionnaires, morning and evening, by month of intervention
in the intervention and control groups. SUS, System Usability Scale.
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problems such as network connection problems. Participants
also made negative comments on
the relevance of the questionnaires: ‘‘Questionnaires were
monotonous" and "there were no
option to explain and add responses." Some of the participants
who did not use their own phone
felt that it was not easy to remember to respond.

Discussion
Our results permit the conclusion that the response rate and
usability of the mobile phone diary were good throughout the
Fig. 2. Distribution of mean scores of the System Usability Scale (n = 107). CG, control group; IG,
intervention. This concurs with
intervention group.
other studies on electronic diaroutine." It was also noted that "since mobile phones are part of
ries.2,3,5,7,9 Burton et al.1 in their review reported compliance rates
everyday life, it is easy to remember to fill in the questionnaires."
from 76% to 100% of all possible entries. Compared with other
Eighty subjects responded on the question: ‘‘Which factors did you
studies the duration of our study was quite long and demanding for
find negative when using the mobile phone diary?’’ The most comthe participants. However, none of the dropouts discontinued bemon answer was "nothing." Negative comments included technical
cause of the mobile phone diary, but for other reasons such as personal circumstances or chronic illness. In research it is important that
subjects participate actively in the study and that there should be no
Table 3. Responses to Individual System Usability
missing data; this improves the quality and the reliability of the
Scale Statements
data.5,13 However, according to Grady et al.,14 a long-term follow-up
STATEMENT
MEAN (SD)
(7 days vs. 3 days) may increase the perceived stress instead of improving the quality of the data.
1. I would like to use this product
3.52 ( – 1.10)
frequently.
The usability of the mobile phone diary was rated good,12 although
none of the participants had used a similar application before. Earlier
2. The product was unnecessarily
1.90 ( – 0.98)
studies have shown that subjects prefer electronic diaries to tradicomplex.
tional paper-and-pen methods. Participants who have used electronic
3. The product was easy to use.
4.35 ( – 0.98)
versions of a diary have been more likely to keep it in a more usable
4. I would need support from a
1.76 ( – 1.04)
and faster way than the traditional method (e.g., paper-and-pen).2,5
technical person to be able to use
The perceived problems during the intervention were mostly due to
this product.
network problems with the specific mobile operator, which could not be
5. Various functions in the product
3.77 ( – 0.89)
anticipated. The problems were not continuous, but the subject had to
were well integrated.
try to log on several times, which was stressful to the user. It is important
to ensure that the method does not strain the subject too much.15
6. There was too much inconsistency in
2.28 ( – 0.98)
this product.
The software used enabled an easy follow-up of the response activity, and there was also an opportunity to give the participants
7. Most people would learn to use this
4.22 ( – 0.82)
feedback. Online registration of the responses improved the quality of
product very quickly.
the collected material, and problems could be spotted quickly, as
8. The product was very awkward to
1.86 ( – 1.10)
shown in other studies.3,15
use.
9. I felt very confident using the
product.

3.91 ( – 1.07)

10. I had to learn many things before I
could get going with this product.

1.86 ( – 0.98)

Scoring was based on a scale from 1 = Totally Disagree to 5 = Totally Agree.
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LIMITATIONS AND STRENGTHS OF THE STUDY
As one weakness in our study we acknowledge that the mobile
phone diary was not validated against another method (e.g., pen-andpaper). Although we tested the method in a pilot study, we did not
compare the results obtained with the pen-and-paper method. Although
the frequency of hot flushes was reliably reported, more than 60% of the

USABILITY AND FEASIBILITY OF MOBILE PHONE DIARY

daily mobile phone responses lacked information regarding their severity because this was not compulsory in the questionnaire. Most of the
women were unsure about the severity of their hot flushes and left the
area blank. This is a limitation that should be taken into account in
future mobile phone questionnaires. In the feedback questionnaires after
the intervention, the women reported difficulties in assessing the severity of their symptoms during the mobile phone survey. There were
also problems in the research mobile phones offered to those subjects
who could not use their own mobile phones. In phones other than the
women’s own, prepaid subscriptions valid for 6 months were used.
Because in some cases the time was too short, a reload of the subscription was needed. Unexpected costs related to some subscriptions
were also incurred. There were also some Internet connection problems
with some operators in dead zones and outside Finland.
The strengths of our study include a long period of reporting
symptoms and activities, good response rates, and good user experiences among the middle-aged women with no experience of the
application before the study. We also performed a pilot study and
evaluated the usability of the mobile phone application before
starting the actual trial.

Conclusions
The mobile phone diary is a feasible and usable tool for selfreported data collection in clinical trials. In further studies more
research on the usability of mobile solutions as a research tool in
different subject areas is needed.
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