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SUMMARY  
 

The present thesis consists of two papers. The first paper is investigating the literature 

on the association between physical activity and cognitive function from a health promotion 

perspective. The second paper investigates the association between objectively measured 

physical activity and mild cognitive impairment by using data from the ongoing study “The 

Generation 100 study”.  

 

Demographical changes lead to new public health related challenges as a larger 

percentage of the population is getting older. To be able to face the challenges, knowledge 

about health promotion among older adults will become important. To achieve a healthy 

aging, it is important to find factors that can serve as resistance resources so health can be 

maintained or even improved in late life stage. One of the challenges connected to aging is the 

cognitive decline which will threaten the independency and quality of life for older adults, 

lead to increased burden for relatives, and increased health care and costly impacts on the 

society. Physical activity is brought up as a health promotion strategy as brain health and 

brains regions connected to cognitive decline, also seems to be affected by physical activity. 

Empirical research has shown promising findings regarding physical activity serving as a 

resistance resource for cognitive impairment, but some of the evidence are weak and some are 

even equivocal.  

 

Multivariable analysis from the Generation 100 study (n=701) suggested that there 

was no beneficial effect of achieving the recommendations for weekly physical activity 

recommendations regarding cognitive impairment measured 3 years later, but considering 

other health benefits, the groups achieving the recommendations had significantly lower BMI. 

The results however, showed an increased risk of developing mild cognitive impairment for 

the participants having the lowest daily activity level compared to those having the highest 

level of activity, thus suggesting there is an association between daily physical activity level 

and development of cognitive impairment. More research on characteristics and modalities of 

physical activity and development of cognitive impairment in older people are needed. 
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NORSK SAMMENDRAG 
 

Denne masteroppgaven består av to artikler. Den første artikkelen undersøker 

litteraturen på sammenhengen mellom fysisk aktivitet og kognitiv funksjon og har et 

helsefremmende perspektiv. Den andre artikkelen undersøker sammenhengen mellom 

objektivt målt fysisk aktivitet og mild kognitiv svikt ved å bruke data fra den pågående 

forskningsstudien ”Generasjon 100”. 

 

Demografiske endringer fører til nye folkehelserelaterte utfordringer da en større 

prosentdel av populasjonen blir eldre. For å kunne møte disse utfordringene vil det bli viktig å 

tilegne seg kunnskap om helsefremmende arbeid blant eldre. For å oppnå en sunn aldring er 

det viktig å finne faktorer som kan fungere som motstandsressurser, slik at helsen kan 

opprettholdes og kanskje også forbedres ved aldring. En av utfordringene tilknyttet aldring er 

kognitiv svekkelse, noe som vil være en faktor som svekker de eldres uavhengighet og 

livskvalitet. Videre kan kognitiv svekkelse føre til økt byrde hos pårørende, økt press på 

helsevesenet og sånn sett by på økonomiske utfordringer. Fysisk aktivitet er fremhevet som 

en helsefremmende strategi for kognitiv svikt da det kan se ut som regioner i hjernen og ulike 

reaksjoner i hjerneområder tilknyttet kognitiv svikt også blir påvirket av fysisk aktivitet. 

Empiriske forskning har vist lovende funn der fysisk aktivitet har fungert som 

motstandsressurs for kognitiv svekkelse, men noen av bevisene er svake og noen er også 

tvetydige.  

 

Multivariate analyser fra studien Generasjon 100 (n=701) antydet at det ikke var en klar 

fordelaktig effekt av å oppnå de ukentlige anbefalingene for fysisk aktivitet med tanke på 

utvikling av kognitiv svekkelse målt tre år senere, men andre helsemessige fordeler tatt til 

følge, hadde gruppen som oppnådde anbefalingene for fysisk aktivitet statistisk signifikant 

lavere kroppsmasseindeks. Resultatene viste imidlertid en økt risiko for utvikling av mild 

kognitiv svikt for de deltakerne som hadde det laveste daglige aktivitetsnivået sammenlignet 

med de med høyest daglig aktivitetsnivå, hvilket antyder at det er en sammenheng mellom 

daglig nivå av fysisk aktivitet og utvikling av kognitiv svekkelse. Mer forskning på 

egenskaper og modaliteter av fysisk aktivitet og utvikling av kognitiv svekkelse hos eldre er 

derfor nødvendig. 
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MAIN INTRODUCTION 
 

The main aim of the thesis was to investigate the association between physical activity 

and cognitive function in older adults. The populations are growing older and the percentage 

of the population over 65 is increasing. Strategies to maintain or improve the health in this 

group and find health promoting strategies will be important to keep up their quality of life. 

This master thesis is divided into two connecting articles. The first article is a theoretical 

article which contains the theoretical and empirical foundation article two is based upon. The 

first article aims to give a theoretical framework for health promotion, physical activity and 

cognitive function. It also looks at empirical foundations for the association between physical 

activity and cognitive function. The article is based upon theoretical and empirical 

foundations retrieved from literature search. Databases used in the study was mainly PubMed, 

Science Direct, and Cochrane, and the most used search words in the databases were physical 

activity, exercise, training, cognition, cognitive impairment, cognitive decline, healthy aging, 

and demographic changes. In addition to literature search, the “snowball” method was used to 

find similar articles listed in the reference lists from studies retrieved from the databases. Last, 

books based on the same search words were used to lay the theoretical foundation. 

The second article is an empirical article investigating the association between 

objectively measured physical activity and cognitive impairment. The study is quantitative 

and based upon data from the Generation 100 study, which is an ongoing project governed by 

Cardiac Exercise Research Group (CERG) at the Institute of Medical Imaging and Circulation 

at Norwegian University of Science and Technology (NTNU). 

The Publication Manual of the American Psychological Manual (APA 6th) has been used 

as a writing and reference guide. The articles are written for a possible publication in Journal 

of Mental Health and Physical Activity, an international peer-reviewed journal approved by 

the Norwegian Register for Scientific Journals, Series and Publishers. 
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“Physical activity, cognitive function and health 
promotion” 

 
 

 
 
 

Abstract: 
 

As the demographical change continues resulting in an older population, the health 

promotion work in the group of older adults will become necessary. It is important to 

acknowledge that the health of older adults might be perceived as good even though they have 

different health issues. In this context, this article focuses on healthy aging, and addresses the 

relevance of physical activity as prevention of one of the largest health challenges in the 

group of older adults: mild cognitive impairment and dementia. According to literature, 

physical activity seems to have an effect on cognition, in addition to affect structural 

mechanisms in the brain resulting in a preventive state of cognitive decline. However, meta-

analyses conclude that more research is needed to strengthen the evidence, and to address 

which type and dose of physical activity behavior is most beneficial for preservation of 

cognitive function in older adults. 

 
 
 
 
 
 
Keywords: aging, demographical changes, exercise, cognitive impairment, dementia, brain 
 
 
Abbreviations:  
PA – Physical Activity, AD – Alzheimer’s Disease, MCI – Mild Cognitive Impairment, 
MoCA – Montreal Cognitive Assessment, MMSE – Mini Mental State Examination, MVPA-
Moderate-to-vigorous physical activity, RCT -Randomized Controlled Trial. 
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1.0 Introduction 
Demographical data shows an increase in the share of people over 60 years old, and by 

2050 the share is predicted to be over 21% (Norwegian Directorate of Health, 2015).	This 

development will result in new public health related challenges due to an increase of the 

prevalence of diseases commonly for the elderly.  

Genetic factors and disease development are well-known factors that affects the aging 

process. Factors like physical activity (PA) and exercise can help prevent and reduce age 

related physical and psychical changes. PA is also important in maintaining a respectable 

level of mobility during the day, resulting in increased opportunity for an independent life 

(Helsedirektoratet, 2017). Regardless of age, PA can be joyful, social and beneficial, and 

increase life expectancy (Lohne-Seiler & Torstveit, 2012). However, the population has in the 

past decades become less active. A reduced daily activity level due to an industrialized and 

technological society is mainly to blame for the development as sedentary work-behavior and 

public transport leads to an inactive lifestyle (Lohne-Seiler & Torstveit, 2012). 

WHO defines older adults to be the age of 65 + (WHO, 2011). Common reported 

health issues among older adults is difficulties dealing with daily basic activities, mobility 

muscle strength, and balance (Swedish National Institute for Public Health, 2006). I addition, 

one of the challenges related to an older population is the decline in cognitive function, as 

ageing being the biggest risk factor for cognitive impairment (Cohen, Verghese, & Zwerling, 

2016). 47 million people are living with dementia worldwide, and with the demographical 

changes the world are facing, these numbers are expected to double (United Nations, 2015). 

Cognitive impairment is a public health issue to the extent that it can lead to less quality of 

life and fewer active years, and lead to walking problems and social setting issues for the 

older adults (Cohen et al., 2016). Decline in cognition for older adults will also affect their 

caregivers as it can be physically and psychically demanding being caregivers for people with 

dementia. It can also lower the caregivers health and quality of life (Livingston et al., 2017). It 

is important to understand these issues, and find health promotion strategies facing the 

challenges with a continuously growing older population.  

  

 The main aims of this article is firstly to look at different approaches to health and 

healthy aging and discuss how to approach health promotion for older adults. Secondly, the 
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article looks at PA as a possible factor that can decrease the risk of physical and psychical age 

related challenges, especially the association to cognitive function. A theoretical description 

of health, health promotion and healthy aging will be given, in addition to a description of PA 

and cognitive function. 
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2.0 Theoretical background 

2.1 Demographical changes – the population is growing older   

The world is facing a demographic transition in population structure and are going 

from a society where women give birth to many children, where few of them grow up, to a 

society where women are having fewer children, but most of them grow up. At the same time 

the population live longer (Halvorsen, 2013). Due to the increase of life expectancy and the 

decline in fertility rate the population is continuously growing older (Rossini & Marra, 2014; 

Swedish National Institute for Public Health, 2006). This is an ongoing process in almost 

every country in the world, however the different countries are in different parts in the 

transition. Europe is now reaching the end of the transition with a birth rate of 2,1 or less 

(Halvorsen, 2013) and is particularly exposed to the changing structure as a result from the 

large amount of people born after World War II (StatisticsNorway, 2014).  There is expected 

a four-fold increase of people between 80-89 years old before the end of this century and the 

life expectancy for Norwegian men is expected to rise from today’s 79.6 to 91.3 by the year 

2100. For Norwegian women is it expected to rise from 83.5 to 92 years old in the same 

period (StatisticsNorway, 2014). By 2050, 21.1 % of the world’s population will be over 60 

years old (United Nations, 2015). 

The predominance of older people will eventually create a challenge for the society as 

a whole as there will be fever people of working age to support the elderly in retirement 

(Rossini & Marra, 2014). As the population grows older, there will be an epidemiological 

change where there is expected a decrease in infectious diseases, but an increase in chronic 

diseases, which eventually will be one of the biggest challenges for the health care systems 

the next 25 years (Halvorsen, 2013).  

For the society to be able to face these challenges, there will be important to increase 

the knowledge about health promotion among older people. By increasing their health and 

quality of life in later life stages, they will be able to live independently in their own homes, 

which will have a beneficial effect for both the older adults themselves and on the rest of the 

society considering health care and costly impacts (Swedish National Institute for Public 

Health, 2006).  
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2.2 Definitions of health and health promotion 

When talking about health and health promotion, there is different perceptions of what 

lies in the terms. A commonly used definition to explain health is the one from the 

constitution of the World Health Organization (WHO) in 1948. The definition describes 

health as “a state of complete physical, mental and social well-being and not merely the 

absence of disease or infirmity” (WHO, 2006, p. 1). This definition brought attention as no 

longer only physical conditions and diseases where parameters of health as understood from 

the biomedical model, but also mental and social well-being (Huber et al., 2011). 

The aspect of mental and social wellbeing is also apparent in the bio-psycho-social 

model which came as a holistic alternative to the former biomedical model domination the 

understanding of health to the mid-20th century (Borrell-Carrio, Suchman, & Epstein, 2004). 

The model reach to explain the complexity in the relationship between mental and physical 

aspects (Borrell-Carrio et al., 2004). Health is being influenced by biological, social and 

psychological factors, in addition to how we live and the community surrounding us. To 

understand what influences health it is important to focus on health treats, in addition to what 

promotes and protects health. Due to its holistic approach, the bio-psycho-social model has 

contributed to increase the focus on the health promotion aspects, and how to avoid 

development of illness and reduced quality of life (Espnes & Smedslund, 2009). 

In context with health promotion, health is often defined as a continuum with different 

degrees of health, unlike the definition from WHO were health is understood as one state of 

complete wellbeing. This continuum is described as a horizontal line which stretches from 

H+, which is the subjective feeling of good health, to H- which is the subjective feeling of 

poor health. All humans are somewhere on this line, and all factors improving health and 

creates a movement towards H+ is seen as what is called a salutogenic approach (Lindström 

& Eriksson, 2015). With a salutogenic approach, the focus is on those factors which will 

create a higher degree of health and the possibilities humans have to achieve good health 

(Sletteland & Donovan, 2012). The ideal behind the approach is that if people live by the 

salutogenic approach, the population will achieve a longer life and create a positive health 

behavior (Lindström & Eriksson, 2015). The model focuses on to key concepts which is 

“sense of coherence” (SOC) and “resistance resources”. SOC can be understood from the 

aspect of comprehensibility, manageability and meaningfulness, and the theory is that people 

with strong SOC have an understandable, manageable and meaningful life. SOC is seen as a 

resource for people to cope with stress. Resistance resources are crucial for the development 
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of SOC and may include physical, cognitive or emotional features of an individual, group or 

community that helps prevent or combat stressors, thus preventing tension from being 

converted into stress (Lindström & Eriksson, 2015). The focus on the humans resistance 

resources and their ability to create good health rather than focusing on poor health is a 

central part of the model (Sletteland & Donovan, 2012). To achieve a good health in late life 

stages, it is important to find factors who can serve as resistance resources to the challenges 

associated with growing older an in that way achieve a healthy aging and strong SOC 

(Lindström & Eriksson, 2015). 

 

 

2.3 Healthy aging -a part of health promotion 

Health promotion is a term which contains many aspects. Healthy aging is one of the 

aspect who developed in the wake of health promotion. Regarding the definition of healthy 

aging there is a lack of consensus, and therefore no unanimous definition of the term 

(Daskalopoulou et al., 2017). WHO describes healthy aging as ”the process of developing and 

maintaining the functional ability that enables wellbeing in older age” (WHO, 2015, p. 28). 

With functional ability means having the capabilities to do the things you value, such as 

meeting basic needs, learn and make decisions, and to maintain relationship with others and 

the society. In functional ability, intrinsic capacities plays a part and consist of mental and 

physical capacities including walking, thinking, seeing and remembering. WHO also 

underline that healthy aging does not require being free from disease or infirmity, as the 

diseases might not influence their overall wellbeing (World Healht Organization, 2018).  

In another report from EU “ Healthy aging – A challenge for Europe” healthy aging is 

described as “a process of optimizing opportunities for physical, social and mental health to 

enable older people to take an active part in society without discrimination and to enjoy an 

independent and good quality of life” (Swedish National Institute for Public Health, 2006, p. 

16). This definition takes in focus on equity in health and an independent life of good quality.  

Fuchs et al. (2013) has identified components for healthy ageing which included good 

quality of life, survival to a specific age, autonomy in activities of daily living, little or no 

chronic diseases or disabilities, high social participation, no mild cognitive disability and 

behavior including PA (Fuchs et al., 2013).  

Even though there is no clear definition of the term healthy ageing, factors that will 

allow individuals to have a healthy aging both physically and mentally, are suggested. There 



	

	

8	

is an agreement that modifiable factors can decrease the risk of premature death, prevent 

sickness and increase quality of life, the likelihood of healthy aging will increase 

(Daskalopoulou et al., 2017). Healthy aging is often affected by a unhealthy lifestyle with 

inactivity, smoking and alcohol as some of the greatest threats. A systematic review found 

that in studies done on the association between PA and different approaches to healthy ageing 

that those participating in PA had increased odds of a healthy aging compared to those being 

inactive (Daskalopoulou et al., 2017). The authors concluded that interventions to increase the 

chance for a healthy aging therefore should include PA.  

	
	
2.4 Physical Activity (PA) and sedentary behavior  

The most popular and cited definition of PA came in 1985 by Caspersen and 

colleagues. They defined PA as “any bodily movement, produced by skeletal muscles, that 

requires energy expenditure” (Caspersen, Powell, & Christenson, 1985, p. 126). This 

definition is commonly used in context with health enhancing PA (Strath et al., 2013). PA can 

be divided into two different categories: Structural or incidental. Structural PA is often 

referred to as “exercise”, and the activity is planned and undertaken to promote health 

benefits. Incidental PA is when the PA is unplanned and consist of daily activities (Strath et 

al., 2013). PA is a result from increased energy expenditure due to an increase in intensity 

level of the PA, and are commonly measured in metabolic equivalent (MET), kilocalories or 

time spent in different PA intensity categories (Strath et al., 2013). PA can occur in different 

dimensions and different domains and Strath et al. (2013) suggested that PA could be divided 

into four different dimensions being frequency, intensity, duration and type, and four different 

domains being leisure-time related, domestic, transport related and occupation related (Strath 

et al., 2013). Health enhancing PA may occur in all of these four domains and all dimensions.  

Sedentary behavior: There is no standardized definition of sedentary behavior. There 

are however some definition explaining the term. One of the definition used is sedentary 

behavior being activities equivalent to intensity £1.5 METS. Another frequently used 

definition is based on the same intensity in addition to characterizing sedentary behavior as 

any waking behavior with energy expenditure £1.5 METS while in a sitting or reclining 

posture (Gibbs, Hergenroeder, Katzmarzyk, Lee, & Jakicic, 2015). Sedentary behavior can 

also be defined by counts per minute (CPM) <100, which is an intensity measure used in 

conjunction with accelerometers (Freedson, Melanson, & Sirard, 1998; Troiano et al., 2008). 
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PA recommendations: The Norwegian recommendations for PA and sedentary 

behavior for elderly over 65 years is based upon the recommendations from WHO being 150 

minutes per week with moderate intensity, 75 minutes of vigorous intensity or a combination 

of these two. It is also recommended to do muscle strengthening training two days a week and 

minimize the sedentary behavior (WHO, 2011). According to a Norwegian study conducted 

in 2009 only 20 % of the elderly is achieving the PA-recommendations. The objectively 

measured activity level was also declining significantly as the age increased and the oldest 

group of 80-85 years had 50% lower level of activity compared to the youngest group of 65-

69 years (Lohne-Seiler & Torstveit, 2012) 

Assessment of PA: Empirical evidence supports that PA has beneficial effects on 

people’s health and wellbeing (Helsedirektoratet, 2017), but there is still challenges 

associated to employing a valid and reliable measure of PA (Sylvia, Bernstein, Hubbard, 

Keating, & Anderson, 2014). To understand the relations between PA and health, and 

determining the effect of a PA intervention it is important to find the method suitable to the 

intervention, as well as finding a method which can be to minimal discomfort for the subject. 

The method needs to be able to measure PA over periods long enough to be representative for 

the normal daily life and be applicable to larger population (van Schooten et al., 2015). 

The different methods used to measure PA can be divided into two different groups: 

objective and subjective methods (van Schooten et al., 2015). Objective methods include 

doubly labeled water, heart rate monitors, and motion sensors such as accelerometers (Trost 

& O'Neil, 2014). Subjective measures include self-reported information like diaries self and, 

questionnaires, in addition to interviews and behavioral observations (Sylvia et al., 2014). 

Health related benefits of PA in older adults: Regular PA, is according to 

epidemiological studies, beneficial to the health of the older adults, and promotes health by 

being associated with higher degree of self-efficacy, quality of life, and reduces physical and 

psychical age related challenges. PA is also seen as preventive against chronic diseases and 

functional deficits that creates limitations in every-day life (Fuchs et al., 2013). Older adults 

staying active seems to have several years more without chronic diseases compared to their 

counterparts being physical inactive, suggesting that inactivity plays a bigger part in the 

development of chronic diseases compared to the biological aging process itself 

(Helsedirektoratet, 2017). Increased cardiorespiratory fitness which is the ability of  

circulatory, respiratory, and muscular systems to supply oxygen during sustained PA (Lee, 

Artero, Sui, & Blair, 2010) can prevent cardiovascular disease, and strength training leads to 
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an increase in muscle mass and muscle strength, which all results in better physical abilities 

(Pedersen & Saltin, 2015). Further, PA affects bone mass and balance, coordination and 

movement, and due to that, decreases risk of falling accidents and fractures 

(Helsedirektoratet, 2017). PA also seems to be positively associated with mental factors and 

quality of life for elderly, especially considering depression, dementia and cognitive 

impairment (Helsedirektoratet, 2017). Regarding depression PA is shown to have beneficial 

effects both as a preventive strategy, but also as s treatment strategy (Belvederi Murri et al., 

2015; Dinas, Koutedakis, & Flouris, 2011; Mammen & Faulkner, 2013). Studies have further 

shown possible associations between PA and cognitive functions such as memory, 

concentration, attention and reaction time (Helsedirektoratet, 2017; Sofi et al., 2011). PA is 

also shown to contribute to enhancing SOC in older adults, which give them better resistance 

to stress and increased quality of life (Monma, Takeda, & Okura, 2017). PA generally 

decreases with time and age, and it is important to keep the activity level for the older adults 

on a sufficient level so they can achieve a healthy aging (Fuchs et al., 2013).  

 
	
	
2.5 Cognitive function 

Cognitive function is a term used for domains that has a rough correspondence with 

cerebral localizations. The domains are often divided into 5 different groups which is; 

learning and memory, language, visuo-spatiel, executive and pshycomotorich function 

(Knopman & Petersen, 2014). Cognition is a definition that includes all stages of cerebral 

function, representing the spectrum from high order cerebral function to Alzheimer’s´ disease. 

Aging is the biggest risk factor for cognitive decline (Cohen et al., 2016). Some cognitive 

declines are considered normal and a part of the healthy aging, but some of the changes are 

related to neurodegenerative diseases such as dementia and Alzheimer’s Disease. Before 

reaching the stage of AD or other types of dementia, it is normal to reach the stage called mild 

cognitive impairment (MCI) (Kirk-Sanchez & McGough, 2014).  

Mild Cognitive Impairment (MCI): The clinical state between normal cognitive 

function and dementia is called mild cognitive impairment (MCI) (Nasreddine et al., 2005). 

MCI is diagnosed by decline in cognition from previous tests, or from screening tools adapted 

to measure cognitive decline, but at the stage of MCI there is still possible to employ 

compensatory mechanisms to maintain basic functions and function independently or nearly 

so in daily life (Knopman & Petersen, 2014; Nasreddine et al., 2005). To be able to make a 
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MCI diagnosis, only one of the five different domains needs to be impaired, with memory 

often being the earliest established cognitive decline (Knopman & Petersen, 2014). MCI is 

now considered a diagnosable state, often connected to early set Alzheimer’s Disease (AD), 

and MCI is therefore associated with significantly higher risk for worsening and for further 

progression to dementia and AD (Knopman & Petersen, 2014; Nasreddine et al., 2005). This 

results in a stage where daily activities are impeded due to the decline in function (Cohen et 

al., 2016). An estimation of prevalence of cognitive impairment, including MCI, but not yet 

dementia, is estimated to be at 22 %. 12% of these cases are expected to progress to AD or 

other types of dementia annually (Kirk-Sanchez & McGough, 2014). Accurate diagnosis of 

MCI and treatment will become more important as the populations grows older (Nasreddine 

et al., 2005). Both prevention and treatment focusing on staying physically, socially and 

mentally active have grown to become more important the last years (Knopman & Petersen, 

2014; Livingston et al., 2017).  

There are some predictors for optimal aging and modifiable risk factors regarding 

MCI and AD. Factors as smoking, diabetes, vascular diseases, too high or too low BMI, low 

education and inactivity are listed as risk factor considering MCI and dementia. Also 

psychological factors such as stress and depression are associated with increased risk of 

dementia (Xu et al., 2015). High levels of stress is associated with increased risk of amnestic 

MCI (aMCI) which primarily affects memory function, and stress is associated with 30 % 

increased risk of development of aMCI (Katz et al., 2016). Depression is also a psychological 

factor which commonly occurs in association with MCI, and recent evidence suggests that 

depression has a negatively effect on the progression from MCI to dementia as it makes the 

progression go faster (Ismail et al., 2017; John, Patel, Rusted, Richards, & Gaysina, 2018). 

Effective interventions targeting stress and depression through PA and good social support is 

seen as protective to MCI (Goveas et al., 2016; Xu et al., 2015). So for reduction in 

development of dementia, Goveas et al. (2016) recommend to prioritize prevention and to 

address sociodemographic differences. Further the authors suggest an increased focus on 

mental health and reduction of depressive symptoms, interventions regarding vascular disease 

and diabetes, and interventions regarding PA, cognitive and psychosocial functioning 

(Goveas et al., 2016). 

Assessment of Cognitive Function: To avoid risk of complications it is important to 

diagnose MCI and dementia at an early stage, but the diagnosis is commonly overlooked in 

health care with a range from 25-90% (Tsoi, Chan, Hirai, Wong, & Kwok, 2015). There are 
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numbers of different screening tests which are quick and useful customized to assess 

cognitive conditions (Trzepacz, Hochstetler, Wang, Walker, & Saykin, 2015; Tsoi et al., 

2015). The Mini Mental State Examination (MMSE) is the most frequently used test by 

physicians for general cognitive evaluation, but other screening tests such as Mini-Cog test, 

the Addenbrooke’s Cognitive Examination–Revised (ACE-R) and the Informant 

Questionnaire on Cognitive Decline in the Elderly (IQCODE) also show comparable 

diagnostic performance (Tsoi et al., 2015). However, there has been difficulties detecting 

MCI and early dementia with the MMSE (Nasreddine et al., 2005). As a result, the Montreal 

Cognitive Assessment Test (MoCA) test was developed to screen patients with subjective 

feelings of cognitive decline that scored in the normal rage of MMSE. The MoCA test is a  

screening tool able to distinguish cognitively intact older people from the ones with MCI  

(Nasreddine et al., 2005) and is considered the best screening tool for detecting early MCI 

(Trzepacz et al., 2015; Tsoi et al., 2015).  
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3.0 Empirical findings on the association between PA and CF  

3.1 Potential mechanisms in the association between PA and cognitive function  

Aging leads to alterations in brain structure and function, which eventually leads to 

cognitive changes. The decline in cognition is well documented as a normal consequence of 

aging, and these changes are called age-related cognitive changes. There are however some 

cognitive changes that are related to neurodegenerative diseases such as dementia, called 

disease-related cognitive changes (Kirk-Sanchez & McGough, 2014).  

I the third decade of life, the brain beings atrophy resulting in changes in different 

parts of the brain. Executive functions such as decline in attention-switching, daily living 

activities and slower response time, rely on the frontal cortex of the brain. As a result from 

normal aging, the frontal cortex loses volume and function, resulting in loss of executive 

function (Jernigan et al., 2001). In the case of MCI and AD which is neurodegenerative 

diseases, the brain atrophy is shown trough functional magnetic resonance imaging (fMRI) to 

have more profound effect seen on the hippocampus (Dickerson et al., 2004; Dickerson & 

Sperling, 2008).  

PA might be preventive to cognitive decline both indirectly through reduction of 

cardiovascular risk factors and directly through shared pathways (Cohen et al., 2016). 

Indirectly, higher levels of cardiovascular fitness are related to less age-related volume loss in 

frontal lobe (important for planning and multi-tasking), parietal and temporal lobes who 

contains the hippocampus (extremely important for memory function), in addition to 

increased neuro activity and increased cerebral blood flow (Kirk-Sanchez & McGough, 

2014). It is shown trough a study with magnetic resonance imaging (MRI), a noninvasive 

technique that produces computerized images of the brain, and trough reviews of PA 

interventions that PA change the structure and function in the same brain region vulnerable to 

age and disease-related atrophy, suggesting that brain health could be enhanced by PA 

(Colcombe et al., 2006; K. i. Erickson, Gildengers, A.G., & Butters, M.A., 2012).  

Animal studies done on the association between PA and cognitive function show 

compelling evidence for PA being able to promote neuroplasticity in the brain as running and 

exercise leads to increased growth factors, a healthier and larger hippocampus, and 

hippocampal neurogenesis in the mice (Ahlskog, Geda, Graff-Radford, & Petersen, 2011; 

Cotman & Berchtold, 2007). This is supported by cross-sectional and intervention studies 

using MRI in humans who found that higher levels of PA resulted in increased release of 
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protective neurothrophins such as brain-derived neurotopich factors (BDNF), and larger 

hippocampal volume bilaterally, with a percentage of 2 % which is equivalent to reverse age-

related loss in volume by 1-2 years (K. I. Erickson et al., 2009; K. I. Erickson et al., 2011). 

The increased hippocampal volume as result from PA is also supported by the findings of ten 

Brinke et al. (2015) after a PA intervention using MRI as evidence (ten Brinke et al., 2015) 

Further studies done to investigate BDNF also confirm the finding of Erickson et al (2011) 

regarding increased release of BDNF due to PA. In addition, studies show same results  as the 

animal studies did, finding increased level of nerve growth factor (IGF-1) as a result from PA, 

which promotes nerve growth in some brain regions including hippocampus (Cassilhas et al., 

2007; Seifert et al., 2010). 

 

3.2 Different type of PA and cognitive function 

The empirical studies on the association between PA and cognitive function, uses 

different study-designs, different measures of PA and different definitions resulting in 

different findings. 

 

Observational studies: When looking at observational studies there is evidence that 

higher levels of PA have a protective benefit against cognitive impairment. A prospective 

study done by Stubbs et al .(2017) over 22 months, reported positive association between  

moderate-to-vigorous PA (MVPA) and cognition (Stubbs, Chen, Chang, Sun, & Ku, 2017). 

This finding is supported by a cross-sectional study were the highest PA tertile performed 

significantly better than those in the lowest PA tertile on the cognitive screening (Brown et 

al., 2012). The Nurses Health Study in women (n=18766) investigated the association over a 

2 year period, finding that higher levels of PA were associated with better cognitive function 

and a decreased risk for developing cognitive decline and dementia. The activity in this study 

also included easy PA such as walking (Weuve et al., 2004). There have also been 

longitudinal studies suggesting there is a dosage effect of PA on brain health, one of them 

being a study done by van Gelder et al. (2004) were the study based the findings on activity 

dose during a period of 10 years (van Gelder, 2004). The authors found that a decrease in 

intensity of PA of at least half a standard deviation was associated with a 3.6 times stronger 

cognitive decline than maintaining the same level of intensity (van Gelder, 2004). There have 

also been longitudinal studies looking at variety of exercise, and the Doetinchem study done 

by Angewaren et al. (2010) for a period of 5 years provided evidence that different PA 
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activities is beneficial to cognitive function, but intensity rather than duration of time spent in 

PA was associated with decreased risk of cognitive decline (Angevaren, Vanhees, Nooyens, 

Wendel-Vos, & Verschuren, 2010).  

Other evidence suggest that any frequency of moderate exercise is associated with 

reduces risk of MCI when performed in mid-or late life (Geda, 2010). Middleton et al. (2010) 

also did a cross-sectional study on 9344 women at 65+ suggesting women who were active in 

any point in life, but especially as teenagers had reduced risk for cognitive impairment later in 

life (Middleton, Barnes, Lui, & Yaffe, 2010). Unlike the studies above, The John Hopkins 

Precursors study who is a 30-year cohort study, did not find any association suggesting that 

midlife PA was associated with cognitive health in later life. There were however some 

positive association between recent activity and  improved cognition, as the 1978 scores of 

PA was not associated with better cognition in 2008, but higher level of PA in 2006 was 

associated with better cognition in 2008 (Gross et al., 2017).  

Aerobic exercise intervention studies: Several exercise trails investigating the effect 

of PA on cognitive impairment and dementia have included older adults. Lautenschlager et al. 

(2008) did a 24 weeks long randomized controlled trial (RCT) with 170 older adults with 

cognitive complaints and at risk for further development to dementia and AD. They were 

instructed to do 50 min with MVPA 3 times a week, which corresponds to PA 

recommendations, for 6 months. Those already achieving the recommendations were 

instructed to do an extra session a 50 min MVPA. 18 month follow up showed only a modest 

improvement in cognition (Lautenschlager et al., 2008). Another study also done with 54 

older adults at risk for dementia showed an active lifestyle to be more beneficial than a 

training intervention after a 10 week PA intervention and lifestyle mapping. The results 

showed no effect on cognition after a 3 month follow up after the intervention. However, the 

study only had a 10 week intervention, which might be too little to give any effect (Kuster et 

al., 2016).  

Some PA intervention studies done on older adults already in state of dementia has 

shown promising results regarding delay in further progression. A RCT with 191 

institutionalized participants doing 15 min cycling daily for 15 months showed a slight 

improvement in some cognitive domains especially memory function, compared to those not 

included in the PA intervention who had a statistical significant decline during the same 

period (Cancela, Ayan, Varela, & Seijo, 2016). Middleton et al. (2012) did a RCT with 126 

participants with cognitive complaints. They were randomized into a 12-week study with 60 
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min of activity 3 days a week. The intervention group showed improvements in physical 

performance which again was associated with improvements in executive function. This 

might indicate that some of the cognitive improvements are due to the intervention, however 

the association is not strong (L. Middleton, Santos-Modesit, W., Poelke, G., Yaffe, K., & 

Barnes,D., 2012). This is supported by a study done by Linde & Alfermann (2014) who after 

their trial with 70 healthy older adults only could refer to limited effect only on concentration 

after the PA intervention (Linde, 2014). 

Resistance exercise interventions: Regarding resistance exercise the empirical 

evidence is limited. There are however some studies investigating the effect resistance 

training has on cognitive function. van de Rest et al. (2014) did a 24-week long randomized 

controlled trial (RCT) with 127 participants with resistance-type exercise program consisting 

of two sessions per week. They found that resistance exercise training was beneficial for 

attention and working memory, but did not show any results for other cognitive domains (van 

de Rest et al., 2014). Best et al. (2015) also did a RCT with 155 women doing 52 weeks of 

resistance training twice a week or balance and toning twice a week. They were tested at 

baseline, 1 year follow up and 2 year follow up. The study found improvement in executive 

function and memory at 2 year follow up and suggested that resistance training might have a 

long-term effect on cognition (Best, Chiu, Liang Hsu, Nagamatsu, & Liu-Ambrose, 2015). A 

third study based on a 24-week long intervention with 62 men divided the participants into 3 

groups: control, moderate intensity resistance training and high intensity resistance training. 

The study showed increased improvements in several cognitive domains when participating in 

both moderate and high intensity exercise groups (Cassilhas et al., 2007). A fourth study 

based on a 12-month long intervention for women found improved performance on test of 

executive function when participation in resistance training one to two times a week. The 

improvements did not show up after 6 months, meaning duration might have an impact on the 

effect (Liu-Ambrose, Nagamatsu, Voss, Khan, & Handy, 2012).  

Multicomponent exercise interventions: A study done by Lui-Ambrose et al. (2008) 

found that strengthening and balance training formed to reduce falls, also showed a 

significantly improvement in executive functions (Liu-Ambrose et al., 2008). A 9 weeks RCT 

conducted by Bossers et al. (2015) divided 109 participants diagnosed with dementia into 

three groups; control, aerobic exercise, and aerobic exercise and resistance training. The 

training consisted of 36 sessions a 30 minutes. The combination training was shown to be 

most effective in slowing cognitive decline in patients with dementia (Bossers, 2015). Also a 
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study enrolling 1260 participants in a RCT, where the intervention group did a multidomain 

intervention consisting of diet, exercise, cognitive training and vascular risk monitoring, 

showed that multidomain intervention could improve or maintain cognitive functioning in at-

risk elderly people from the general population (Ngandu et al., 2015). However, a study done 

by Sink et al. (2015) investigating how moderate-intensity PA program with different 

activities had an effect on cognition compared to a health education program, showed no 

improvements in cognitive function (Sink et al., 2015). A similar finding was detected in the 

recent RCT done by Lamb et al. (2018) who investigated the effect of aerobic exercise and 

strength exercise training for 494 participants already in state of dementia. After four months 

of exercise and a 12 month follow up, the study concluded with no association between 

aerobic and strength training and delay in further progression from mild dementia to a more 

serious form of dementia (Lamb et al., 2018).  

Meta-analysis and reviews on the association: There has been done several meta 

analyses on the association between PA and cognitive function. A meta-analysis of 15 

prospective studies (n=33816) done by Sofi et al. (2010) on nondemented subject suggested 

that all levels of PA had a significant and consistent protection against development of 

cognitive decline (Sofi et al., 2011). Another meta-analysis including 18 RCT´s (n=1604) 

done by Groot et al. (2016) suggested a positive effect of PA on cognitive function, and that 

PA interventions positively influence cognitive function in people with dementia (Groot et al., 

2016). A third meta-analysis including five RCT´s (n=2878) done by Suoto-Barreto et al. 

(2017) did however contradict the first two meta-analyses´ and concluded with evidence 

being limited and with no significant effect of exercise reducing the risk of development of 

cognitive decline (Barreto, Demougeot, Vellas, & Rolland, 2017). A recent meta-analyse 

done by Song et al. (2018) based the result on 11 studies, showed that aerobic exercise had 

beneficial effect on global cognition. However, the effect PA had on domain specific 

cognitive function were not clear (Song, Yu, Li, & Lei, 2018).  A Cochrane review from 2015 

looking at aerobic exercise to improve cognitive function in older, healthy adults, concluded 

however with no evidence found from aerobic exercise in any cognitive domain (Young, 

Angevaren, Rusted, & Tabet, 2015). 

Larger reviews done on the association is also conflicting. Öhman et al. (2014) did a 

review of 22 trials that reported some positive effects of PA on cognition for persons living 

with MCI. Cognitive domains affected of PA was global cognition, meaning verbal fluency 

and visuospatial ability, in addition to executive functions, attention and delayed recall. The 
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review did however not find any effect of PA for those with dementia (Ohman, Savikko, 

Strandberg, & Pitkala, 2014). Cui et al .(2018) concludes with a positive effect from PA 

interventions studies suggesting PA could delay further onset from MCI to AD. They also 

suggests, unlike Öhman et al. (2014) , that PA could serve as a cost-effective 

nonpharmacological treatment solution to Alzheimer’s disease as it slows down the rapid 

impairment (Cui, Lin, Sheng, Zhang, & Cui, 2018). Guiney & Machado (2013) found in their 

review that aerobic exercise could improve some specific cognitive domains, but 

recommended further research regarding aerobic exercise and cognitive function	(Guiney & 

Machado, 2013). Brasure et al. (2018) also did a review consisting of 32 studies investigating 

the effectiveness of PA interventions on cognitive decline. The review concludes that the 

evidence of any effect PA have on cognitive function is largely insufficient (Brasure et al., 

2018).  
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4.0 Discussion 
The first aim of this article was to look at different approaches to health, health 

promotion and healthy aging and discuss how to approach health for older adults. The second 

aim was to look at physical activity as a resistance resource for cognitive impairment and 

dementia.  

 

The demographical change is inevitable, and the population is getting older. If not 

making the health and healthy aging a priority in the health care systems, the society might 

end up with problems affecting all aspects of the 21st century society as the whole welfare 

system will be overloaded. This will affect the economics of the country and eventually the 

rest of the population. The challenge needs to be handled in fields of diagnostic, therapeutic, 

rehabilitative, but most important preventive (Ricciardi, Specchia, & Marino, 2014). This to 

avoid the onset or worsening of chronic degenerative diseases. Getting old and live as long as 

possible is considered a goal and a privilege in the western countries, but is it a privilege if the 

last years of life are without quality? Living long lives gives opportunities to further discover 

and live fully lives also after retirement, but to be able to get the opportunities that arise from 

living longer lives, heavily depends on health (WHO, 2015). As we strive to get as old as 

possible and find ways to add extra years to our lives, it is important to also strive after factors 

helping us to resist and delay diseases and achieve the everyday quality of life making the 

extra years worth living (Ricciardi et al., 2014).   

 
 

4.1 Health promotion in older people  

When the focus is on the older adults and health promotion, it is important to choose a 

proper health approach. The commonly used definition for health from WHO might not be the 

right approach considering the older adults, because good health by definition will most likely 

be unachievable. The definition has been criticized due to the use of the word “complete” 

wellbeing (Huber et al., 2011) stating that people living with long term diseases or health 

issues not are able to reach good health, which applies for many older adults. The aging 

population and the increase in chronic diseases leads to the older adults often being hampered 

by chronic diseases or difficulties as a result from normal aging. It does however not mean 

that perceived good health is unachievable for the older adults bothered with different health 
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issues. The definitions from WHO however, declares people with different chronic diseases or 

disabilities as definitively ill (Huber et al., 2011).  

When the bio-psyko-model was appearing, it provided an understanding that health and well-

being also were more than just the absence of physical and psychical illness. On one side the 

model resulted in increased focus on the health promotion aspects, which unlike the definition 

from WHO also gave the older adults struggling with health issues the opportunity to 

perceived good health by definition. The model underlined that health is being influenced by 

different factors and even though some are struggling with diseases, there is a possibility to 

enhance other factors affecting the health which might result in a better quality of life. On the 

other side the model made the health term a much more complex theme, making it somehow 

more difficult to understand and cope with. Anyhow, the model resulted in increased focus on 

health promotion, and in the context of health and aging it is important to have the health 

promotion approach to health, and this model helped focus on how to decrease the risk of 

developing diseases, and improve health from the state you are.  

 As a result from the increased focus on health promotion, the term healthy aging 

developed. The different perception of the term does however, as earlier mentioned, result in 

lack of consensus. WHO points out with their definition that absence of disease not is 

necessary to achieve a healthy aging and that healthy aging can be fostered through the shared 

goal of maximising functional ability (World Healht Organization, 2018). Even though the 

older adults have disabilities or diseases, health promotion work can be done to build and 

maintain their intrinsic capacity and in that way give them the resources needed to engage in 

activities. SNIPH (2006) also have the similar approach to healthy aging as they want to 

optimize the older adult’s ability to participate in the society without discrimination, and live 

an independent and good life (Swedish National Institute for Public Health, 2006). The 

definition is inclusive and can affect elderly in all health situations. Fuchs et al. (2013) tried to 

identify factors important for healthy aging and develop a model in the work for 

standardization of the term (Fuchs et al., 2013). The model can however be criticized for 

having to little room for sickness and disabilities as one factor for healthy aging is among 

others “little or no chronic diseases” which in relation to older adults will apply to a small and 

selected group of people. 

 When considering healthy aging in a health promotion aspect, WHO (2015) and 

SNIPH (2006) might have more realistic approach to the term unlike Fuchs et al. (2013) 

which might have a little to optimistic approach to healthy aging. The overall goal is not to 
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achieve complete absence from disease or illness, but to find resistance resources which can 

help each individual to climb on the health continuum and improve quality of life. 

Interestingly, according to the findings earlier mentioned from Daskalopoulou et al. (2017), 

PA seems to play a big part in healthy aging, regardless of which definition used 

(Daskalopoulou et al., 2017). 

 

4.2 Physical activity as a health promotion factor for cognitive function 

PA is shown to give different general health benefits, and maybe that is why the focus 

on PA as treatment for cognitive impairment also has increased. There are several factors 

protecting and helping against cognitive impairment, dementia and AD (Xu et al., 2015). 

However, PA is the factor receiving the most focus lately. This may be due to the fact that the 

risk of development of some of the other factors that are seen as a threat against cognitive 

such as depression and stress, also are weakened by PA (Pedersen & Saltin, 2015) which 

makes PA a good overall strategy. Depression is as earlier mentioned shown to have a 

negatively effect on MCI by resulting in a higher rate of progression from MCI to dementia 

(Ismail et al., 2017). PA has shown to be a factor that both prevent and treat depression, 

which makes PA a factor that can protect against the increased risk of a faster progression 

from MCI to dementia for those affected by depression. Further, there is evidence that PA has 

beneficial effect on SOC. Better SOC is associated with reducing stress or increasing ability 

to cope with stress. This is beneficial as stress is seen as a risk for development of aMCI.  The 

evidence that PA has an effect on the brain is also compelling, as it has been shown that those 

parts of the brain and the reactions that are influenced by PA, being larger hippocampus, 

nerve generation and increase in growth hormones, also are important for cognitive function 

(K. I. Erickson et al., 2009; Seifert et al., 2010; ten Brinke et al., 2015). 

Even though PA seems to be a reasonable resource to maintain cognitive function and 

to prevent cognitive decline, the empirical findings seems to be equivocal. The observational 

studies based on cross-sectional and longitudinal studies have found consistent and 

compelling evidence saying PA is beneficial to prevent decline in cognitive function and the 

findings is supported by a Lancet study done by Livingston et al. (2017) who pointed out PA 

as beneficial considering increased brain cognitive reserve, reduced brain inflammation and 

reduced brain damage (Livingston et al., 2017). The studies seem however to disagree at 
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some level regarding type, intensity, frequency and duration, and whether activity during mid-

life is associated with later cognitive benefits or not.  

For the aerobic exercise interventions studies, there still remains questions about the 

effect. For the studies and RCT´s done on the association the findings have been weaker and 

less successful than expected compared to the findings from the observational, longitudinal 

studies. Some of the interventional studies have shown positive effect of exercise on 

cognition (Kuster et al., 2016; Lautenschlager et al., 2008), however the studies are often 

small in selection of participants, and the associations between PA and cognition are often 

weak an limited to certain cognitive areas. There are also conflicting findings regarding what 

type and dose of activity is being most beneficial, as some of the studies highlights an activity 

lifestyle as preventive (Kuster et al., 2016), others highlights high intensity training as 

effective (Colcombe et al., 2006). The RCT´s range from no change in cognition to moderate 

changes in some specific areas of cognitive functions in older adults in risk of developing 

MCI. The studies also showed some evidence of PA delaying further onset from MCI to 

dementia. There are however different study design and population characteristics used in 

these studies which might explain some of the equivocal results. In addition, it is used 

different exercise parameters which also could affect the association.  

The focus on further investigation on the association between resistance exercise and 

cognitive function has increased the resent years. Studies investigating the association have 

found evidence supporting that resistance training could have an effect on cognitive function 

(Best et al., 2015; van de Rest et al., 2014), but there is also some disagreement regarding the 

effect of the training. There is also differences regarding duration of the interventions, as 

some claims an effect after 6 months (van de Rest et al., 2014) and others don’t (Liu-Ambrose 

et al., 2012) even though the amount of sessions in the two studies were the same. Some of 

these trends were also seen in the aerobic exercise intervention studies. It seems like a 

duration for 6-12months is required in several studies before any change is discovered. A 

reason for this might be that physical function have been to poor and needs to be worked up 

on a certain level before further increasing the activity level to the point where its beneficial 

for cognition. Especially if the intensity required for beneficial effects is MVPA.  

As for multicomponent exercise interventions more evidence is needed to conclude 

with how the training is affecting cognition. Even though some studies have had some 

positive outcomes for multicomponent exercise being both preventive for in-risk patients and 

for slowing down progression of cognitive decline (Bossers, 2015; Ngandu et al., 2015), there 
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is also evidence who do not support the association. These finding are saying that 

multicomponent exercise including aerobic exercise and strength training do not have an 

effect on improving cognition or delaying further progression (Lamb et al., 2018; Sink et al., 

2015). This type of exercise might however be protective against other threats against 

cognitive decline, such as depression, meaning the type of intervention might be indirectly 

associated with improvements in cognition (Kirk-Sanchez & McGough, 2014).  

The meta-analyses are also equivocal as the results are ranging from significant 

protective effect against decline in cognition (Groot et al., 2016; Sofi et al., 2011) to no 

overall evidence that PA is beneficial, or at best limited to specific cognitive domains 

(Barreto et al., 2017; Brasure et al., 2018). The meta-analyses do however correspond with 

earlier findings stating the interventions need to be over longer periods of time to provide any 

effect. There is also disagreement within the meta-analysis whether there is an effect of PA 

for those already in the state of dementia. It does however appears to be stronger evidence 

suggesting PA is delaying or protection against MCI and dementia rather than improve 

cognition in cognitively healthy persons or persons already diagnosed with dementia (Young 

et al., 2015). Based on that, it will be important to face the challenges regarding cognitive 

decline before symptoms develops, or in very early state of MCI. PA might however have 

other beneficial effects on persons in state of dementia considering physical performance and 

function, behaviour, and mood (Livingston et al., 2017; Telenius, Engedal, & Bergland, 

2015), which indirectly might delay further progress of the disease especially considering 

depression (Barreto Pde, Demougeot, Pillard, Lapeyre-Mestre, & Rolland, 2015; Livingston 

et al., 2017).  

 

 

4.3 Methodological considerations 

Even though longitudinal studies have reported compelling evidence of positive effect 

of PA on cognitive function, there is still RCT´s who are the most convincing evidence in 

regard to causality (Livingston et al., 2017). One of the reasons for conflicting results might 

be the methodological challenges connected to intervention studies as earlier mentioned. The 

studies vary in design, in definition of cognition such as improvement in cognitive function, 

prevention or delay of MCI, prevention or delay of dementia diagnoses. In addition, they 

differentiate in how PA is defined, especially regarding type of PA and cut-offs in degree of 

intensity, in addition to varying how long the study is running and how PA is measured.  
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Even though the correlation between objective and self-reported measures of PA 

varies, there is shown to be a moderate correlation between questionnaire and accelerometer-

accessed PA (Sabia et al., 2014). However, different methods of PA measurement will most 

likely give varying results between studies and might be some of the reason for why the 

results vary between observational and interventional studies. The measure used on cognition 

might also create different results as there are challenges associated to the MMSE regarding 

the ability to detect MCI (Saczynski et al., 2015; Trzepacz et al., 2015). The MoCA test has a 

greater sensitivity in regard to detecting MCI unlike MMSE (Nasreddine et al., 2005).   

 

5.0 Conclusion 
In conclusion, regarding older adults, choosing a proper health approach is necessary 

to assure that older adults achieve and perceive good health. For healthy aging and good 

quality of life, health promoting strategies needs to be developed, and risk factors and 

resistance resources needs to be identified. According to some literature, PA might serve as a 

resistance resource that prevents and delay cognitive impairment and the decrease of quality 

of life. 

The evidence regarding the association between PA and cognitive function is anyhow 

equivocal and it does seem like more research is needed to further investigate which cognitive 

domains are affected of the training. Empirical findings, especially based on longitudinal 

studies support the association where PA serve as a protective factor to cognitive decline, but 

the interventional studies are not compelling. Some of the conflicting evidence in the studies 

might come as a result from methodological differences in the studies. The meta-analyses 

suggest that more research is needed to further investigate the association, especially in regard 

to which type and dose of the PA is most beneficial.  
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Objectively measured physical activity and mild cognitive 
impairment in older adults 

	
Abstract: 

Background: Demographical changes are leading to an older population, where 

health promotion strategies will be important to maintain sustainable societies. Cognitive 

health is a major factor in ensuring the quality of life of older adults and preserving their 

independence. Some of the literature support that physical activity (PA) is associated with 

cognitive function, but the evidence regarding the association is somehow equivocal. 

Therefore, the aims of this study were to:1) investigate the association between achievement 

of PA recommendations and development of mild cognitive impairment in older adults 

(MCI), and 2) investigate the association between objectively measured PA level and 

development of mild cognitive impairment. 

Methods and measurement: 701 participants (48.5% women) with an average age 

±(SD) 72.3±1.9 years and with complete data were included in this prospective study. 

Physical activity was objectively measured by use of Actigraph accelerometer for 7 

consecutive days. Counts per minute (CPM) over 2020 were considered moderate-to-vigorous 

physical activity.  Cognition was measured by the use of Montreal Cognitive Assessment Test 

where MCI£21 points. Logistic regression was used as analytic method and the results are 

presented as odds ratio (OR), with a 95% confidence interval (CI).  

Results: Of the 701 participants, 32,4% met the PA recommendations and 11.6% had 

MCI. The mulitvariable regression analyses showed no significant difference in those 

achieving and those not achieving PA recommendations. By contrast, those with the lowest 

quartile of CPM had a significantly higher risk of developing MCI compared to the highest 

quartile of counts per minute (OR2.28, 95%CI: 1.10-4.71, p=0.026). 

Conclusion: The majority of the participants in this selection did not meet the weekly 

PA recommendations. Though, not meeting the PA recommendations did not result in 

increased odds of developing MCI. However, the fact that the lowest quartile CPM had 

statistically significantly higher odds of developing MCI, nevertheless indicates that PA is 

associated with cognitive function in older adults.  

Keywords: Cognition function, Exercise, Training, Healthy Aging 
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Abbreviations: PA – Physical activity, VPA -Vigorous Physical Activity, MVPA -

Moderate-Vigorous Physical Activity, LPA- Light Physical activity, MCI-Mild Cognitive 

Impairment, CF-Cognitive Function, AD-Alzheimer’s Disease, RCT-Randomized Controlled 

Studies, CPM - Counts per minute. 
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1.0 Introduction 
The world is experiencing a demographic change which eventually will result in an 

older population. The world is in different parts in the transition, but Europe is particularly 

exposed to the change as the countries are close to reaching the end of the transition resulting 

in the older adults being in plural (Halvorsen, 2013). There is expected a four-fold increase of 

people between 80-90 years old before the end of this century and by 2050, 21.2% of the 

world’s population will be over 60 years old (StatisticsNorway, 2014). The aging will lead to 

an economic impact of the health care systems and can be potentially overwhelming, 

especially considering age-related disorders such as cognitive decline often resulting in 

dementia and Alzheimer’s Disease (AD) (Carvalho, Rea, Parimon, & Cusack, 2014). This 

development is a public health issue due to the threat against a healthy aging and older adults 

independency and quality of life. There will therefore be important to prioritize resistance 

resources against the threat of cognitive decline.  

Physical activity (PA) is a well-known resistance resource for different health issues, 

especially chronic diseases (Pedersen & Saltin, 2015). It is therefore recommended to 

maintain an active lifestyle as a precondition and as a treatment for different health issues 

(Helsedirektoratet, 2017; WHO, 2011). Based on this, the Norwegian government 

recommends 150 minutes per week with moderate activity in bouts of 10 minutes, 75 minutes 

of vigorous activity in bouts of 10 minutes or a combination of both for older adults over 65.  

Lately, there has been an increase in the interest on the association between PA and 

cognitive function. The association has been subject of research the last years and the 

literature is expanding. Yet, there are still questions regarding the association between PA and 

cognitive function not yet to be answered. There are studies supporting that PA delays the 

onset of cognitive impairment and further development to dementia and AD (Angevaren, 

Vanhees, Nooyens, Wendel-Vos, & Verschuren, 2010; Barnes, Yaffe, Satariano, & Tager, 

2003; Tierney, Moineddin, Morra, Manson, & Blake, 2010), and exercise interventions is 

supporting the findings that PA is beneficial to cognitive function in older adults (Kuster et 

al., 2016; Lautenschlager et al., 2008; Tamura et al., 2015; Vaughan et al., 2014; Vidoni et al., 

2015) . However, recent studies suggesting insufficient evidence regarding the association, 

one of them being a Cochrane review published in 2015 concluding with lack of evidence to 

support the association based on randomized controlled trials done in recent years (Brasure et 

al., 2018; Young, Angevaren, Rusted, & Tabet, 2015). .  
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WHO´s global recommendations on PA for health was developed with the overall aim 

to provide guidance to prevent non-communicable diseases. Now, WHO also promotes the 

PA recommendations as beneficial to cognitive decline (WHO, 2011), making the association 

between PA recommendations and development of MCI an even more interesting research 

topic. There is also an ongoing discussion whether intensity rather than duration of the PA has 

the most effect on the cognition. There are studies showing an effect using high intensity 

exercise rather than longer moderate exercise (Angevaren, Aufdemkampe, Verhaar, Aleman, 

& Vanhees, 2008; Brown et al., 2012), but there is also some evidence that focuses on amount 

of PA rather than the intensity (Lautenschlager et al., 2008). The answer to this question is 

also interesting regarding which of the recommendations of 150 minutes of Moderate-to-

vigorous PA(MVPA) or 75 minutes of vigorous PA (VPA) to follow for maximum effect 

against cognitive decline. However, previous studies are largely based on self-reported PA 

assessment, rather that objectively measured activity causing a larger change for bias (Zhu et 

al., 2017). Therefore, there is an interest in expanding the literature on the association 

between PA and cognitive function, using objectively measured PA.  

 

 The purpose of this study was to investigate the association between objectively 

measured PA and cognitive impairment in older adults. 

The study is based on following two research questions: 

1. Is not meeting the current recommendations for PA associated with an increased risk 

of developing MCI? 

2. Is there any association between activity level and risk of developing mild cognitive 

impairment in older adults? 

	
	
	
	
	
	
	
	
	
	



	

	 41	

2.0 Method  
The data for this paper was provided by the Generation 100 study, which is a phase IIb 

clinical trial. Students writing their master thesis gets access to Generation 100 data by 

participating in the data collection. This also gives great insight for further writing and 

processing of the data. I was invited to participated in the fifth and last data collection of 

cognitive function in the period from September 2017 to February 2018. The present study is 

however using data from baseline and 3 years testing.  

 

2.1 Generation 100 – Design and intervention 

The Generation 100 study is aiming to investigate the effect of exercise training on 

morbidity and mortality in the elderly and is conducted at St. Olav’s Hospital in Trondheim. 

With 190 464 residents at January 2018, Trondheim is the third most populated city in 

Norway (SSB, 2017). All men and women with permanent address in the city of Trondheim, 

born in the period 1936-1942 were invited to participate in the study in 2012/2013, resulting 

in 6966 invitations. All possible participants were identified through the National Population 

Register, and they received an invitation by letter, in addition to a health-related questionnaire 

and a response sheet with a consent form. The individuals were encouraged to return the 

documents regardless of further participation in the study resulting in 3212 responds, of 

which 1790 consented to participate (Stensvold et al., 2015).  After exclusion of some of the 

participants, 1567 participants, 777 men (72,5±2,1 years) and 790 women (72,5±2,1 years) 

enrolled in the Generation 100 study (Stensvold et al., 2015).  

Design and intervention: The participants were randomized 1:1 into a training group 

or a control group. Further, the participants in the exercise group were randomized to a 

moderate-intensity or high-intensity group. The high-intensity training group is given 

instructions to complete two weekly 40 min long interval workouts with 4 minutes working 

periods at the intensity of 85-95% of peak heart rate with 3 minutes’ active breaks between 

the periods at 60-70% of peak heart rate. They can also participate in a supervised spinning 

session every sixth week to ensure that they are exercising in the right intensity. The 

moderate-intensity training group is asked to complete an exercise in moderate intensity twice 

a week with an intensity corresponding to 70% of peak heart rate. Both high-intensity and 

moderate-intensity groups are using the Borg-scale as guidance for exercise intensity. The 
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control group is instructed to follow the current recommendations for PA given by the 

Norwegian government (Stensvold et al., 2015). 

Inclusion/Exclusion criteria: Men and women born between 1 January 1936 and 31. 

December 1942, who were able to complete the exercise program were included in the 

Generation 100 study. Those with illness or disabilities that prohibit exercise, uncontrolled 

hypertension, dementia, cancer that made participation impossible, and chronic 

communicable infectious diseases were excluded. Also individuals with different heart 

conditions as symptomatic valvular, hypertrophic cardiomyopathy, unstable angina, primary 

pulmonary hypertension, heart failure or severe arrhythmia were excluded in addition to those 

who already participated in conflicting studies (Stensvold et al., 2015).  

 

2.2 Study sample 

The present study is using Generation 100-data. The objectively measures PA data 

was retrieved at baseline before randomization. Data for cognitive function is taken from the 

3 year-testing. However, for this study, of the total 1567 participants in the Generation 100 

study, participants who participated at baseline and also at the 3-years testing were included 

(n=702). Participants with missing data on PA, cognitive function or confounding variables 

used in the study were excluded (n=865). A total amount of 702 participants (362 men and 

340 women) was included in this study sample.  

 

2.3 Variables and measures 

Independent variable - Objectively measured PA: Objectively measured PA is 

assessed by the use of SenseWear Armband activity monitor (BodyMedia 7, Pttsburgh, 

Pennsylvania, USA) or by Actigraph (GT3X, Manufacturing Technology Inc, Florida, USA). 

SenseWear Armband activity monitor is a validated, portable device used on the upper right 

arm (Farooqi, Slinde, Haglin, & Sandstrom, 2013) Actigraph GT3X, which was used on the 

majority of the participants, is a widely used accelerometer and often used in large-scale 

studies such as Generation 100 (Zisko et al., 2015). The device is a lightweight solid-state 

accelerometer placed with a waist band right above the hip, measuring acceleration in one 

axis (Santos-Lozano et al., 2013). The acceleration measured by the devices is converted into 

“counts” per unit time. The counts are increasing as the accelerations increase, meaning 

higher the counts, higher the intensity of the activity. The counts are therefore reflecting the 

intensity of the subjects PA during a period and should not be confused with steps per minute 
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(Santos-Lozano et al., 2013). The counts are specified over a user specified interval of time 

called an “epoch” which in this study was set to a 10-second interval (Zisko, 2017).  

The participants wore the accelerometer for seven consecutive days at baseline after 

clinical testing and randomization, but before intervention start, both during day and night, 

except when in contact with water (Stensvold et al., 2015). Intervals of at least 60 consecutive 

minutes with zero counts, with an allowance of up to two minutes of counts greater than zero 

was defined as non-wear time and excluded from the analysis. Days with wear-time <10 

hours and participants with days <4 were also excluded from the study.  

Achieved recommendations Moderate-to-vigorous- activity (MVPA) bouts: The 

variable “achieved recommendations MVPA bouts” was created as a dichotomous variable 

based on whether the participants did or did not achieve public PA recommendations of 150 

minutes of moderate to vigorous activity a week in 10 minutes’ bouts. During the 10 minutes’ 

bouts there was allowed a drop of counts under 2020 for up to two minutes (Troiano et al., 

2008). If the activity dropped for over two minutes, the activity was excluded from the total 

amount of MVPA. As this variable were based upon the participant’s average day, persons 

who spent over 21.4 minutes in bouts of MVPA each day during 7 days were estimated to 

reach the weekly PA recommendations. The groups which achieved the recommendations 

were used as the reference group in the analyses.  

Quartile Counts per minute: The outcome of PA is reported in a one-axis count per 

minute (CPM) variable which is a commonly used measurement for analyzing overall PA 

(Santos-Lozano et al., 2012). The variable “Quartile CPM” were checked for skewness, 

kurtosis and outliers. The skewness level of 0.932 indicates a small positive skewness 

resulting in a score clustered slightly to the left at the low values. The kurtosis value was 

1.284 indicating a rather peaked model, clustered in the center.  Outliers is defined as values 

that extend far beyond the rest of the range, and it is recommended to remove extreme outliers 

who can affect the results (Pallant, 2010). The values for CPM in this study ranged from 59 – 

650 CPM. Due to an extreme score (CPM of 990), one value was considered an outlier and 

removed from the selection resulting in the mean of CPM changing from 259,9 to 253,5. The 

one-axis variable was divided into quartiles for this thesis, given 4 equal groups with 25% of 

the sample, resulting in 175 or 176 participants in each group, stretching from the lowest 

measured intensity level group to the highest measured intensity level group. Quartile 1 

represented the 25% of the participants with the lowest level of activity, and quartile 4 
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represented the participants with highest level of activity. Quartile 4 was used as the reference 

group in the analyses. 

Dependent variable – Mild Cognitive Impairment (MCI): Cognitive function was 

measured by the use of a screening tool called Montreal Cognitive Assessment (MoCA) 

which is a validated screening tool covering eight cognitive domains. The screening tool is 

validated in different languages including Norwegian which is used in previous studies in 

addition to Generation 100 (Ihle-Hansen et al., 2017). The details of the MoCA test as 

described by Nasreddine et al. (2005):  

Visuospatial abilities were assessed using a trail making task (1point), a clock-drawing task 

(3 points,) and a three-dimensional cube copy (1 point). Language was assessed in three 

different tasks. First by the use of a three-item naming task. The participant was asked to 

name the three animals (lion, camel, rhinoceros) and the task gave maximum 3 points. 

Secondly, language was assessed with repetition of two syntactically complex sentences 

which gave maximum 2 points. Finally, language was assessed trough a phonemic fluency 

task (1 point). Short term memory recall was measured by asking the participants to repeat 

five nouns two times as a learning trial. The task involves a delayed recall after approximately 

5 minutes were the participants is asked to repeat the five nouns. This task gave maximum 5 

points. Attention, concentration and working memory is tested. In the first part, the 

participants were asked to repeat digits forward and backwards (2 point), in the second part to 

complete a sustained attention task by target detection using tapping (1 point), 

and in the third part to complete a serial subtraction task starting at 100 and subtracting 7 each 

time (1 point). Abstraction was assessed by the use of a two-item verbal abstraction task 

which gave maximum 2 points. Orientation to time, date and space was evaluated at the end 

and gave maximum 6 points (Nasreddine et al., 2005). 

 The MoCA test gives a maximum score of 30 points. This study operates with a cut-off 

of MCI at ≤21 points (Freitas, Simoes, Alves, & Santana, 2013) resulting in a dichotomous 

variable of cognitive function were the group with a MoCA score ≤21 points were considered 

to have MCI and the other group not.  

 Control Variables: The selection of control variables for this study were based upon 

former research and literature (Stubbs, Chen, Chang, Sun, & Ku, 2017; Xu et al., 2015; Zhu et 

al., 2015). Sociodemographic variables included were age, gender, education and living 

conditions. Living conditions meaning if the participants were living alone or together with 

someone. Questionnaires originated from the Generation 100 study were used to gather 
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information about education and living conditions. The education variable consisted of seven 

response options and on the basis if these seven options the participants were divided into 

three groups: low, medium and high education. Low consisting of primary school, medium 

consisting of education above primary school and up to 2 years of college/university, and high 

consisting of ³3 years of college/university. The question about living conditions had three 

response options: “living alone”, “living with spouse” and “living with others”. This variable 

was in this study merged into a dichotomous variable with “living alone” or “living together 

with someone”. Marital status is also a known control variable in the association but was 

excluded in this study due to a correlation with living conditions at a level of -.952 and a 

sig.level at p<0.01. A correlation above 0.9 might be problematic as the variables are 

measuring the same and with a level close to 1.0 multicollinearity might be a problem 

(Ringdal, 2013).  

Other values included in the study was body mass index (BMI), smoking habits, 

monthly alcohol consumption, insomnia, longstanding illness and depression. BMI was 

calculated by dividing body weight in kg by height in m square, expressed in kg/m2 and 

included as a continuous variable. Smoking, alcohol consumption, insomnia and longstanding 

illness  and depression were measured by the use of questionnaires. Smoking had four 

response options: never, former, daily and sometimes. The variable was in this study divided 

into three groups (never, former, and current smoker (daily and sometimes)). The alcohol 

variable was measured in cl per two weeks. The continuous alcohol variable was in this study 

included as a quartile. 

Insomnia was based upon four questions: (1) “How often during the last 3 months 

have you had difficulty falling asleep at night?”, (2) “How often during the last 3 months have 

you woken up repeatedly during the night?”, (3) “How often during the last 3 months have 

you woken too early and couldn't get back to sleep?” and (4) “How often during the last 

3 months have you felt sleepy during the day”. All four questions had the same three response 

options being “never/seldom”, “sometimes” and “several times a week”. However, it might be 

criticized to have this variable as a dichotomous (no problems/insomnia), as those not 

qualifying for insomnia still might have sleeping problems affecting the cognitive function 

(Gildner, Liebert, Kowal, Chatterji, & Snodgrass, 2014). Based on this, the variable was 

divided into 3 categories: No sleeping problems, sleeping problems and insomnia. The 

category called “sleeping problems” including those who answered “several times a week” on 

at least one  of the fours questions, but did not meet all criteria for being diagnosed with 
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insomnia. If they answered ”several times a week” for at least one of questions 1–3 and 

”several times a week” for question 4 they were classified with insomnia (Skarpsno, Nilsen, 

Sand, Hagen, & Mork, 2018). According to DSM-V criteria these four questions gives the 

information needed to diagnose insomnia (American Psyciatric Association, 2013). However, 

the classification used in the current study is a proxy of an insomnia diagnosis.  

Longstanding illness was measured with one question from the questionnaire “Do you 

have any longstanding (at least 1 year) illnesses or injuries of physical or mental nature that 

decreases function in daily life” with response options “yes or no”, and included as a 

dichotomous variable.  

Depression was included as a dichotomous variable and measured by the use of the 

depression score in the Norwegian translation of the Hospital, Anxiety and Depression Scale 

(HADS-D) which is a self-administered validated questionnaire consisting of seven items. 

Each questions had tree alternative scores reaching from 0 (nor present) to 3 (highly present). 

The questionnaire has focus on the reduced pleasure response aspect of depression. Data from 

participants who completed >5 items were included (ie multiplied by 7/5, 7/6 for those with 

two or one missing response respectively). A cut-off threshold for the dichotomous variable 

was set at ³8 which has established reasonable screening properties in identifying major 

depressive disorders (Bjelland et al., 2009).  

 

 

2.4 Statistics 

Descriptive Statistics: Differences in demographic variables across “quartile CPM” 

and “achieved PA recommendations bouts” were tested respectively by significance tests as 

chi-square and t-test. Chi-square is used in the analysis of the associations between two 

categorical variables in the population on the base of the cross-tabulations. The t-test is used 

when differences in mean is being investigated (Ringdal, 2013). Means and standard 

deviations (SD) for the continuous variables were computed using descriptive statistics. 

Multivariable analyses: The main objective of the study was to do a predictive 

analysis to explore the association between one ordinal independent variable (PA) and one 

dependent binary variable (MCI). Based on this, a binary logistic regression was chosen as 

analytic method. This analytic method was chosen both to investigate the association between 

1. achieved PA recommendations at baseline and the development of MCI and 2. CPM at 

baseline and the development of MCI. As the study also takes confounders into consideration, 
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multiple logistic regression analysis` were done (Field, 2009). The statistical analysis was 

performed using the software program SPSS Statistics, version 25.0.  

Four models were constructed from the data, were model 1 was adjusted for age and 

gender, model 2 was adjusted for the variables in model 1 in addition to sociodemographic 

variables as education and living conditions, model 3 was adjusted for variables in model 2 in 

addition to BMI, smoking and alcohol habits, and model 4 was adjusted for model 3 in 

addition to insomnia, depression and longstanding illness. 

The variables education, smoking, and drinking was included and adjusted for by the 

use of dummy-variables. All variables in the model was included as categorical except from 

age and BMI. To assess if there were any dose-relationship between CPM quartiles and risk 

of developing MCI the four CPM quartiles were added as an ordinal variable in the regression 

analyses. If the results are a statistical significant p-value, the test suggest there is a dose-

response relationship. 

Results from significance test done on the descriptive is presented as p-values. The 

result from the multiple regression analysis are presented as odds ratio, OR, with a 95% 

confidence interval (C95%CI), and p-value. Odds can be described as the probability of an 

event occurring divided by the probability of the event not occurring, and the odds ratio the 

ratio of an event occurring in one group compared to another. An example of this might be the 

odds for developing MCI with sedentary behavior being 2, and the odds of developing MCI 

without sedentary behavior being, 05, the odds ratio is 2/0.5 = 4 meaning the odds for 

developing MCI is 4 times higher with a sedentary behavior. If the odds ratio ends up being 1, 

it would indicate equal odds in both groups (Field, 2009). A confidence interval is a way of 

entering the error margin of a measurement or calculation on the statistics and says something 

about the range of values surrounding the statistic, that are believed to contain with a certain 

probability of 95%, the true value of statistic. A broader confidence interval indicates greater 

uncertainty than a small one (Field, 2009). A CI including 1 indicates that the association is 

not statistical significant. A statistical significant value (p-value) is used to determine the 

statistical significance of the result. With a low p-value the probability to draw the wrong 

conclusion is smaller. The probability is to be as small as possible and a frequently used level 

to distinguish between significant or not is a significant level on 0.05 meaning a probability 

on less then 5 percent. This level is often referred to as p<0.05 (Ringdal, 2013) 

Preconditions: Variables used in the study were checked for skewness, kurtosis and 

outliers. To make sure the regression analyzes were reliable, they were tested with Omnibus 
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Tests of Model Coefficient which is a “goodness of fit” test. It was also done a Hosmer and 

Lemeshow test which is the most reliable test of model fit available in SPSS. In addition, the 

values from Cox & Snell R Square ant the Nagelkerke R Square was investigated to provide 

an indication of the amount of variation in the dependent variable explained by the model. All 

preconditions for both logistic regressions were met.  

 

2.5 Ethics 

All participants were given sufficient information about the study, and signed a 

consent form at the beginning of the Generation 100 study. All participants with previous 

disease history or test result indicating that participation in the study was unsafe were 

excluded. All participants were able to withdraw throughout the study. All data collected is 

treated with confidentiality and test results are saved in files without affiliation to personal 

identification (Stensvold et al., 2015). The participants who scored £19 at the MoCA test 

received a letter after the test day explaining the score was below average, and they were 

encouraged to consult with their doctor. The cut-off at 19 was set from the Generation 100 

study, as they are operating with a milder cut-off than the present study. 

The Generation 100 is approved by the Regional Ethical Committee (REK) in Health 

Region IV (REK 2012/381 B), and this particularly study was considered and approved REK 

as a part of an ongoing PhD-project using the same data (REK 2016/2229 B) (See appendix 

1). 
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3.0 Results 

3.1 Descriptive results 

Among the 701 participants, 51.5% were men and 11.6% had MCI. The mean (±SD) 

was 72.3 ± 1.9 years, and 76.9% of the participants were living with someone. 53.9% of the 

participants had education exceeding primary school and up to two years of university, and 

38.4 % of the participants had college or university education >3 years which means the 

group is highly educated. 3.6 % were diagnosed with depression and 32.1% reported sleeping 

problems of which 4.7% were diagnosed with insomnia. 

In Table 1, demographics, characteristics and cognitive function are displayed 

according to achievement of PA recommendations. Of the 701 participants, 32.4% achieves 

the PA recommendations. The number of men and women achieving the recommendations 

are approximately equal. Of those achieving the recommendations, 10.6 % had MCI, 73.1 % 

was living with someone, 38.3 % were highly educated, and only 2.6 % had a depression 

diagnosis. Those achieving the recommendations spent in mean more time in vigorous 

activity (mean 3.6min) compared to those not achieving the recommendations (mean 0.7min) 

The participants achieving the PA recommendations had also a significantly (p<0.001) lower 

BMI with a mean (±SD) of 24.6 ± 3.2 compared to the other group having a mean of 26.2 

±3.5. There were also a statistical significantly difference between the groups considering 

longstanding illness, where the number of those reporting longstanding illness were higher in 

the group not achieving the PA recommendations (p<0.05).  

 

 

 

 

 

 

 

 

 

 

 



	

	 50	

Table 1. Characteristics of Participants by whether they achieved PA recommendations 
or not (N=701) 

Variable 
n(%) 

Not achieved PA 
recommendations 

Achieved PA 
recommendations 

Total 

MCI 57 (12.0) 24 (10.6) 81 (11.6) 
Age, mean (SD) 72.4 (2.0) 72.1 (1.7) 72.3 (1.9) 
Gender 
            Male 
            Female 

 
247 (52.1) 
227 (47.9) 

 
114 (50.2) 
113 (49.8) 

 
361 (51.5) 
340 (48.5) 

Living sit. 
           Alone 
           Spouse 

 
101 (21.3) 
373 (78.7) 

 
61 (26.9) 

166 (73.1) 

 
162 (23.1) 
539 (76.9) 

Education 
           Low 
           Medium 
           High 

 
37 (7.8)  

255 (53.8) 
182 (38.4) 

 
17 (7.5) 

123 (54.2) 
87 (38.3) 

 
54 (7.7) 

378 (53.9) 
269 (38.4) 

BMI, mean (SD) 26.1 (3.5) 24.6 (3.2) 25.6 (3.5) 

Depression 
(HADS-D³8) 

19 (4.0) 6 (2.6) 25.6 (3.5) 

Longstanding 
illness 

205 (43.3) 78 (34.4) 283 (40.4) 

Insomnia 
          No 
          Sleep prob 
          Insomnia 

 
320 (67.5) 
130 (27.4) 

24 (5.1) 

 
156 (68.7) 
62 (27.3) 

9 (4.0) 

 
476 (67.9) 
192 (27.4) 

33 (4.7) 
Time spent in 
VPA, minutes 
per week 
         Min-Max 
         Mean (SD) 

 
 

0-12.0 
0.7 (1.68) 

 
 

0-41.0 
3.6 (6.83) 
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In Table 2, demographics, characteristics and cognitive function are displayed 

according to quartiles of CPM. Quartile 3 had the highest amount of MCI cases with 14.8% of 

the participants. Quartile 4 had the fewest cases of depression and insomnia, and the lowest 

mean of BMI. Time spent in vigorous activity was generally low with quartile 4 at the highest 

mean time with 4.4 minutes. 40.4% of the participants struggled with longstanding illness, but 

the highest quartile CPM had significantly fewer cases of longstanding illness compared to 

the other groups (p<0.001). 

 

Table 2. Characteristics of Participants by Quartile of CPM (N=710). 

Variable 
n(%) 

Quartile 1 
<=188,4 

Quartile 2 
188,5-244,9 

Quartile 3 
245.0-309,1 

Quartile 4 
309,2 + 

Total 

MCI 24 (13.6) 17 (9.8) 26 (14.8) 14 (8.0) 81 (11,6) 
Age  
     Mean (SD) 

72.3 (2.0) 72.45 (2.0) 72.20 (1,9) 72.1 (1,7) 72.3 (1.9) 

Gender 
     Male 
     Female 

 
91 (51.7) 
85(48.3) 

 
90 (51.7) 
84 (48.3) 

 
86 (48.9) 
90 (51.1) 

 
94 (53.7) 
81 (46.3) 

 
361(51.5) 
340(48.5) 

Living sit. 
     Alone           
With someone 

 
42 (23.9) 

134 (76.1) 

 
32 (18.4) 

142 (81.6) 

 
43 (24.4) 

133 (75.6) 

 
45 (25.7) 

130 (74.3) 

 
162 (23,1) 
539 (76.9) 

Education  
     Low  
     Medium 
     High 

 
16 (9.0) 

102 (58.0) 
58 (33.0) 

 
17 (9.7) 

96 (55.2) 
61 (35.1) 

 
8 (4.6) 

94 (53.4) 
74 (42.0) 

 
13 (7.4) 

86 (49.1) 
76 (43.5) 

 
54 (7.7) 

378 (53.9) 
269 (38.4) 

BMI 
     Mean (SD) 

27.0 (4.0) 25.5 (3.2) 25.2 (3.0) 24.5 (3.0) 25.6 (3.5) 

Depression 8 (4.5) 6 (3.5) 8 (4.6) 3 (1.7) 25.6 (3.5) 

Longstanding 
illness 

87 (49.4) 68 (39.0) 77 (43.6) 51 (29.1) 283 (40.4) 

Insomnia 
     No prob. 
     Sleep prob 
     Insomnia 

 
115 (65.4) 
49 (27.8) 
12 (6.8) 

 
118 (67.8) 
44 (25.3) 

12 (6.9) 

 
114 (64.8) 
55 (31.3) 

7(3.9) 

 
129 (73.7) 
44 (25.1) 

2 (1.2) 

 
476 (67.9) 
192 (27.4) 

33 (4.7) 
Time spent in 
MVPA bouts 
Min-Max 
Mean(SD) 

 
 

0-34.9 
5.12(6.48) 

 
 

0-38.4 
12.1(8.6) 

 
 

0-59.7 
18.4(12.8) 

 
 

1.6-103 
33.8(20.2) 

 

Time spent in 
VPA, 
minutes per 
week 
     Max-Min 
     Mean (SD) 

 
 

0-4.62 
0.2 (0.45) 

 
 

0-16.1 
1.9 (2.1) 

 
 

0-19.5 
2.4 (2.5) 

 
 

0-41.0 
4.4 (7.45) 
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3.2 Logistic regression 

PA recommendations and MCI: The results from the regression analysis on the 

association between PA recommendations and MCI are shown in Table 3. An unadjusted 

logistic regression model for the association between MCI and achievement of PA 

recommendations showed no significant result (data not shown). To furthermore investigate 

the association four adjusted logistic regression models were conducted (Table 3). When 

adjusted for age and gender (model 1), education and living conditions (model 2), smoke/ 

alcohol habits and BMI (model 3), and insomnia, depression and longstanding illness (model 

4) no statistical significant associations were discovered. 

  

 
 
Table 3. Risk of developing MCI by not achieving PA recommendations (N=701). 

Variable Achieved 
recom.e 

Not achieved 
recom. 

Model 1 a 
OR (95%C.I.) 

Ref. 1.13 (0.68-1.88) 
p=0.637 

Model 2 b 
OR (95%C.I.) 

Ref. 1.14 (0.68-1.92) 
p=0.618 

Model 3 c 
OR (95%C.I.) 

Ref. 1.21 (0.71-2.06) 
p=0.492 

Model 4 d 
OR (95%C.I.) 

Ref. 1.12 (0.65-1.91) 
p=0.693 

 
a Model 1: adjusted for age and gender. 
b Model 2: adjusted for model 1 and education and living conditions 
c Model 3: adjusted for model 2 +BMI and smoking and alcohol habits,  
d Model 4: adjusted for model 3 + insomnia, depression and longstanding illness 
e Denote achieved recommendations as an activity level above 150 minutes a week in 10 minutes’ 
bouts´ in moderate to vigorous activity 
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CPM and MCI: The unadjusted model (not showed in the table) for the association 

between PA and MCI showed a significantly higher risk of developing MCI being in the 

lowest CPM quartile group. However, the significance level was small, and the CI-range was 

large, meaning the association was weak. The results from the regression analysis on the 

association between CPM and MCI are shown in Table 4. 

The association did not remain significant after the model being adjusted for age and 

gender only (model 1). However, after adjusting for education and living conditions, the p-

value was back to being statistical significant with p=0.037, OR:2.12 and with a 95%CI of 

1.05-4.30.  

The relationship remained significant after adjustment for smoking and alcohol habits 

and BMI, and even strengthen the association (p=0.027, OR=2.24, 95%CI:1.10-4.56). 

In model 4 when adjusted for age, gender, education, living conditions, smoke and alcohol 

habits, BMI, insomnia, depression and longstanding illness the results showed a statistical 

significant association between PA and MCI being that, compared with the highest CPM 

quartile, the lowest CPM quartile had a significantly higher risk of developing MCI (p=0.026, 

OR:2.28, 95% CI:1.10-4.71). The test for linear trend showed no dose-response relationship 

between CPM level and risk of developing MCI (p=0.460).  

An interesting finding in this logistic regression was the level of OR in quartile 3. The 

level is showing a higher risk of developing MCI compared to quartile 2 with a level of 

OR:1.78 after full adjustment, compared to quartile 2 which are showing a level of OR:1.14. 
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Table 4. Risk for MCI by quartiles of CPM (N=701). 

Variable 
 

Qrt 
4e 

Quartile 3 Quartile 2 Quartile 1 

Model 1 a 
OR (95%C.I.) 

Ref. 1.79 (0.89-3.60) 
p=0.100 

1.21 (0,58-2,55) 
p=0.609 

1.99 (1.00-3.95) 
p=0.051 

Model 2 b 
OR (95%C.I.) 

Ref. 1.62 (0.79-3.30) 
p=0.188 

1.10 (0.51-2.35) 
p=0.812 

2.12 (1.05-4.30) 
p=0.037 

Model 3 c 
OR (95%C.I.) 

Ref. 1.86 (0.89-3.88) 
p=0.100 

1.18 (0.55-2.55) 
p=0.670 

2.24 (1.10-4.56) 
p=0.027 

Model 4 d 
OR (95%C.I.) 

Ref. 1.78 (0.84-3.78) 
p=0.133 

1.14 (0.52-2.48) 
p=0.745 

2.28 (1.10-4.71) 
p=0.026 

Test for linear 
trend 

 
 

p=0.460 
No dose-
response 
relationship 

  

a Model 1: adjusted for age and gender 
b Model 2: adjusted for model 1 and education and living conditions 
c Model 3: adjusted for model 2 +BMI and smoking and alcohol habits,  
d Model 4: adjusted for model 3 + insomnia, depression and longstanding illness 
e Denote the quartiles of the proportion of total accelerometer war time in CPM. Quartile 1: 
CPM<=188,4, Quartile 2:188,5-244,9, Quartile 3:245.0-309,1, Quartile 4: >=309,2. 
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4.0 Discussion 
The main goal of this study was to investigate the association between objectively 

measured PA and mild cognitive impairment in older adults. The study looks at this 

association by firstly investigate the association between government PA recommendations at 

baseline and the development of MCI three years later, and secondly to investigate in the 

relationship between PA measured as quartiles of CPM at baseline and risk of MCI three 

years later. 

Compared to those achieving the weekly PA recommendations there were no statistical 

significant increased risk for MCI among those who did not meet these PA recommendations. 

The study did however demonstrate a statistical significant relationship between PA and 

cognitive impairment by showing that the participants in the lowest CPM quartile, meaning 

the participants with the lowest PA intensity level, was at significant higher risk of developing 

MCI.  

 

4.1 PA recommendations and MCI  

The first research question focused on the association between MVPA 

recommendations and cognitive impairment. The results showed that 32.4% of the 

participants reached the PA recommendations in this present study. A study done by Zisko et 

al (2017) on the Generation 100 participants on baseline data showed similar findings as 

37.9% of the participants reached the PA recommendations (Zisko et al., 2017). The amount 

reaching the recommendations in Zisko et al. (2017) is however slightly higher which might 

be due to the selection in the study being lager (n=1219) which might cause some differences. 

In addition, Zisko et al. (2015)  was using Freedson cut-points of MVPA thresholds (1952-

5724 cpm) which is lower than the Troiano cut-points (2020 – 5998 cpm) used in the present 

study (Freedson, Melanson, & Sirard, 1998; Troiano et al., 2008). This might explain the 

small different in achievement of PA recommendations.  

Not achieving the PA recommendations had an odds ratio of OR: 1.12, with an CI: 

(0.65-1.91) and a p-value of 0.693 which indicates no significant increased risk of developing 

MCI by not reaching the PA recommendations. This finding is supported by a study done by 

Sabia et al. (2017) which followed the participants during 15 years without being able to 

promote achievement of PA recommendations as preventive for cognitive decline (Sabia et 

al., 2017). There are however other studies that contradict these findings, claiming there is an 
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association between PA recommendations and MCI. A study done by Vancampfort et al 

(2017) showed a significant association between PA achievements not met and MCI 

(Vancampfort et al., 2017), and a study done by Zhu et al. (2015) reported that amount of 

MVPA associated with lower prevalence of cognitive impairment was consistent with 

meeting PA guidelines (Zhu et al., 2015). The study of Vancampfort et al. (2017) relied on 

subjectively measured PA which might have been a limitation of the study, but the study of 

Zhu et al. (2015) used objectively measured PA which can be compared to this study. 

However, both studies were cross-sectional which might have been a limitation. 

One of the reasons why the results contradicts might be that a very small amount of 

the participants in the present study spent time in vigorous activity, which means that of the 

150 min MVPA, most of the time were spent in MPA. Another reason for inconsistencies 

might be related to how the variable is made. The variable is dichotomous	and by having only 

two groups it creates room for big differences in average activity level. MVPA bouts-

participants with cero activity and those right below the limit of 21.4 would with this 

threshold be in the same group. The same goes for the participants right above the limit who 

is considered equal to those spending over 60 minutes in MVPA every day.  

Measured in bouts, activity should be 10 minutes coherent, meaning 2 min drops in 

the activity will lead to the activity not being counted. This is according to recommendations 

(WHO, 2011). However, this implies that a participant who are performing a high intensity 

interval session of 4x4 minutes, but with a drop of counts under 2020 for 2 minutes in the 

resting minutes, will lose the registration of the 4x4 interval. This might lead to big 

differences in time in MVPA based whether they are able to maintain high enough counts 

during the breaks. The association of PA recommendations and MCI therefore needs further 

investigation, especially with focus on the recommendations of 75 minutes a week in 

vigorous PA. It would also be interesting to investigate the real effect of bouts measurement 

of exercise. By using bouts, a lot of time spent in MVPA is excluded from the study and it 

would be interesting to see if the benefits from bouts exercise actually have big enough effect 

making it legit to exclude all the MVPA data not being in 10 minutes’ bouts.  

There were however some significant differences between the two groups when 

looking at health benefits, as the group achieving the recommendation had significantly lower 

BMI and longstanding illnesses. This suggest even if not having an association with MCI, 

there are important health benefits from following the PA recommendations. However, 
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regarding longstanding illnesses the diseases might also be a reason for not being able to 

achieve the recommendations.  

 

4.2 CPM and MCI  

The significant association between lowest quartile CPM and risk of MCI suggests 

that PA is beneficial in terms of decreasing the risk of developing MCI. Very light PA and 

sedentary behavior leads to significant increased risk to develop MCI. This finding 

corresponds with a selection of previous studies, both prospective and cross-sectional studies, 

exploring the association between sedentary behavior and cognitive function showing more 

sedentary behavior being significantly associated with lower cognitive scores and the studies 

recommend to promote PA in the aging group (Edwards & Loprinzi, 2017; Steinberg et al., 

2015). The association is also supported by Falck et al. (2017) which reported interesting 

findings saying that increased level of PA and lower sedentary behavior were associated with 

better cognitive function in participants without MCI, and that participants with MCI had 

significantly more time spent in sedentary behavior (Falck et al., 2017). The study was 

however cross-sectional, which might have been a limitation. There are conflicting results 

were some studies show no strong association between sedentary behavior and MCI, but this 

might be a result of activities done in sedentary behavior which compensates for lack of 

activity, being computer work or crosswords which works as cognitive practice (Hamer & 

Stamatakis, 2014; Kesse-Guyot et al., 2012). The association can be further investigated by 

changing the focus from sedentary behavior to PA.  

 

4.3 Subjectively vs Objectively measured PA 

By suggesting that sedentary behavior and very light PA is risk factors for MCI, it can 

be argued that all activity above very light activity is beneficial to the protection of MCI. 

Several studies using self-reported measures on PA reports similar findings. A study done by 

Sanchez-Lopez et al (2018) showed similar finding corresponding with our findings when 

demonstrating that high levels of incidental PA were associated with better scores on 

cognitive tests (Sanchez-Lopez et al., 2018). Also Kuster et al (2016) reported that an active 

lifestyle was beneficial to cognitive decline (Kuster et al., 2016). These studies with self-

reported PA can however be compromised by over-reporting of activity level and recall bias. 

By looking specific on studies using objectively measured PA, the basis for comparison to our 

study can be more reliable. There are several studies using objectively measured PA that also 
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suggest that active individuals may be less likely to develop MCI regardless of the intensity of 

the activity. Stubbs et al. (2017) conducted a longitudinal study over 2 years on older adults at 

mean age 74.5 years where the results showed that objective light PA (LPA) offered a 

protective effect from future decline in cognition when measured independently from the 

intensity level above LPA which is MVPA. The data did however also document that MVPA 

had a protective effect as well, which in reality means a protective effect from all activity 

levels which corresponds well to the present study showing that only those having the lowest 

activity level measured as CPM were at increased risk of developing MCI. The age of the 

participants in the Stubbs´ study is also comparable to the present study. However, Stubbs et 

al. (2017) only had 274 participants which is less than the present study (Stubbs et al., 2017).  

A study done by Buchman et al. (2012) in a period over 4 years with 716 participants used 

Actigraph accelerometer for measurement of PA and different test to measure cognitive 

function. Their findings indicated that daily PA level were associated with level and rate of 

change in cognition, and more importantly a clear association between higher level of total 

daily PA and reduces risk of Alzheimer’s Disease. Based on this the study it should be 

encouraged to increase daily activity level even in very old individuals (Buchman et al., 

2012). This study is also comparable to the present study as both uses Actigraph 

accelerometer for PA measurement, the amount of participants is approximately equal, and 

the study is conducted on the same age group. This hypothesis is supported by several other 

studies including a meta-analysis conducted by Sofi et al. (2011)(Sofi et al., 2011; Tamura et 

al., 2015; Tierney et al., 2010; Won et al., 2014).  

 

4.4 Intensity-discussion  

There is an ongoing discussion whether intensity or amount of activity is most 

important considering decreasing the risk of developing MCI. Several studies have suggested 

that high intensity rather that amount of exercise is most important for the preservations of 

cognitive function (Angevaren et al., 2008; Brown et al., 2012; Zhu et al., 2017). The answer 

to the first research question did not support any difference between the groups when 

considering both moderate and vigorous intensity. When looking at vigorous activity alone, 

the group achieving the PA recommendations spent in average more time in vigorous activity 

than the group not achieving the recommendations. This indicates that lack of vigorous 

physical activity (VPA) among those not meeting the PA guidelines did not increase the risk 

of developing MCI. However, the time the participants spent in vigorous activity was very 
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limited and was at average 0.7 minutes for the group not achieving the recommendations and 

3.6 minutes for those achieving the recommendations which might be too little time to draw 

any conclusion on whether VPA is affecting or not.  

The other research question looked at quartiles of CPM and MCI, and suggested that 

the participants in the lowest quartile CPM had an increased risk of developing MCI. 

However, the mean CPM does not say how long the participants spent in sedentary time, 

LPA, MVPA and VPA. When looking at the amount spent in VPA in each quartile, the time 

increases in line with the mean CPM in the quartiles meaning the group who had the highest 

average CPM, also had the highest amount of time spent in VPA. When looking at all 

quartiles together, quartile 1 have considerably lower time in VPA compared to the other 

groups, and opposite to what the first research question indicated, this might suggest that 

VPA does affect the association. However, the same limitations apply for this association as 

for the first research question, because the total time spent in VPA is considered too low to 

conclude on the specific effect that VPA have on the association.  

 

4.5 Sedentary behavior 

There is also another interesting factor which might affect the association but not 

taken into consideration in this article. As the activity measured is a mean of the day, there is 

not pointed out the time spent in sedentary behavior. The intensity of the activity might not be 

the only factor affecting the association, but also the amount spent in sedentary time each day. 

The pattern of the activity meaning for example if the participants spend 20 minutes in 

vigorous and 10 hours in sedentary time each day or 120 minutes in light to moderate and 

only 4 hours in sedentary, might affect the association. Maybe is reduction in sedentary time 

just as important as time spend in each intensity zone. This would be an interesting topic for 

further research.  

 

4.6 Absolute vs relative cut offs  

It should also be discussed whether the cut-points of MVPA and VPA might be too 

high for older adults to reach. This absolute goals are the same to younger adults and fit 

individuals, which can lead to a misreading of older adults´ activity level. Several of the older 

adults are not capable to reach the absolute moderate/vigorous thresholds due to a decline in 

maximal oxygen uptake (VO2max) which might result in underestimation of PA levels 

among the elderly (Aspvik et al., 2016). Zisko et al (2015) investigated the possibilities of 
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using new relative intensity ambulatory thresholds for elderlies in connection to the 

Generation 100 study and established some new relative cut-offs for MVPA (Zisko et al., 

2015). There might be beneficial to use relative cut-offs in further research, so the level of 

activity is adjusted for older adults.  

 

4.7 Dose-response  
There are studies suggesting there might be dose-response association between PA and 

cognitive function (Vidoni et al., 2015) and a study done by Lopprinzi et al. (2017) showed an 

inverted U-shaped dose-response association between the two factors (Loprinzi, Edwards, 

Crush, Ikuta, & Del Arco, 2017). The present study did however not find a dose-response 

association between PA measured in CPM in quartiles and MCI. Interestingly, the odds ratio 

is actually higher in quartile 3 with an OR of 1.78. compared to quartile 2 which has OR of 

1.14 which suggest a tendency to increased risk of developing MCI in quartile 3 compared to 

quartile 2. These findings are however not significant and has quite broad confidence 

intervals. The no dose-response association is supported by a twin prospective cohort study 

done by Iso-Markku et al. (2016) following 3050 participants reaching over 25 years where 

no dose-response association between PA and MCI were found.  

 

4.8 Methodological discussion 

It can be discussed were to set the cut-off regarding the MoCA test and also which 

cut-off thresholds to use for MVPA. For the present study it was used a MoCA cut-off at £21 

indicating MCI. The cut-off for £21 was chosen based on a former validations study (Freitas 

et al., 2013).  

When it comes to MVPA and chosen cut-off from accelerometer data there exists 

different definitions on the literature. This study is using cut-off points from Troiano, which is 

commonly used (Troiano et al., 2008)This cut-off is however stricter and harder to achieve 

than with the use of Freedson which is used by Zisko et al. (2017). Both cut-offs are 

commonly used in research, however if the present study had access to bouts Freedson 

MVPA it might have been more correct to use that measure, as it is slightly less strict 

considering the study is focusing on older adults. As earlier mentioned, using relative 

threshold for older adults as many of them are not able to reach the absolute thresholds as 

Freedson and Troiano needs more attention in research. Relative thresholds were not used in 
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the present study as the basis for comparison to other study became smaller, but the use of 

relative threshold might however be the most correct thing to use in further research. 

As mentioned earlier in the study, the way the MVPA bouts variable is used as a 

dichotomous variable will result in people being in non-activity and people who fell right 

below the limit of recommendations ends up in the same group which might make it hard to 

determine effect. When it comes to the CPM variable it is the mean activity level who is 

described, and not the amount of time spent in different intensity zones which means the 

person can be in LPA all day, spend most of the day sedentary with small bouts of MVPA, or 

spend a lot of time in MPA which makes it hard to say something about the effect of the 

different intensity zones.  

 

4.9 Strengths and limitations of the study 

One of the strengths of this study was the use of objective measure of PA to 

investigate the association between cognitive function and PA on an older population. This 

gives reliable measures of the activity levels and detailed activity data. The study used the 

MoCA-test for cognitive screening which also can be considered a strength as the test has 

excellent sensitivity for discovering MCI and mild AD (Nasreddine et al., 2005). In addition, 

the analyze was adjusted for a wide range of different potential confounders, which 

strengthens the reliability of the result (Buchman et al., 2012). The selection was equally 

represented of men and women, from different parts of the city and with different 

sociodemographic status. The study also aimed to investigate the association between 

cognitive function and PA recommendations, where the amount of previous studies is limited. 

Limitations for this study is firstly the use of one axis accelerometer data who do not 

capture upper body movements, in addition to using two different accelerometers which may 

have caused uneven results in the measurement of CPM. It should also be mentioned that the 

confidence interval was a bit broad for the significant found between CPM and MCI which 

might weaken the validity of the result. The study is also using absolute cut points of MVPA, 

which used on older adults might be set to high. In the selection, the participants spent little 

time in vigorous activity, resulting in an insufficient foundation to base the association of 

MCI and VPA on. The participants who volunteered to this study, might represent the 

healthiest part of the population, in addition to a relatively high education level which might 

not be representative of older adults. The PA recommendations were also based upon MVPA 
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bouts, meaning only 10 minutes’ bouts of MVPA were taken into consideration. This might 

have affected the distribution between the two groups and further affected the result.  

There was no measurement of cognition at baseline which might lead to reversed 

causality meaning MCI was already developed resulting in a lower activity level.  

 

 

5.0 Conclusion 
In the present study the result suggests that older people who did not meet the PA 

recommendations at baseline had no increased risk of developing MCI three years later. The 

study did however reveal a significant relationship between PA and development of cognitive 

impairment by showing that the participants in the lowest quartile of mean CPM per day at 

baseline was at significant higher risk of developing MCI compared to their counterparts in 

the highest intensity quartiles of CPM. This indicates that PA is associated with the 

development of MCI, but CPM data used in this study does not give the information 

necessary to describe the variation of PA intensity during the week and which dosage of PA is 

being most beneficial against cognitive decline.  

For further investigation, it would also be interesting to look at the association between 

sedentary behavior and cognitive impairment. It would also be interesting to focus on the PA 

recommendations of 75 minutes of VPA per week to see if achievement of those 

recommendations could result in benefits against development of MCI that the 150 minutes of 

MVPA per week recommendations could not. As the results of today are conflicting, more 

research is needed to determine which intensity level of PA is most beneficial against 

development of MCI.  
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Appendix C – Questionnaire 1 from Generation 100 

	



	

	 73	

	
	



	

	 74	

	
	
	
	



	

	 75	

	
	
	
	
	



	

	 76	

Appendix D – Questionnaire 2 from Generation 100 
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