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ABSTRACT 
 

The main purpose of this thesis was to study, whether drinkable yoghurt enriched with 

probiotic bacteria could have any effect on constipation and body weight (BW) among 

older people with dementia. Further, it concerns poor nutritional status among older 

people with physical and cognitive impairments and its relationship with factors 

commonly occur in older people living in residential care facilities. It also discusses how 

body composition changes with ageing and the associations between changes in muscle 

mass and functional balance after a high-intensity weight-bearing exercise program (the 

HIFE program) and the ingestion of an additional milk-based protein-enriched energy 

supplement. 

 

A six-month feasibility study that included a probiotic drink was performed among 15 

old people who were living in special units for people with dementia and who all had 

constipation. The effects of the probiotic drink on stool habits, and BW were studied. 

The outcome measures were followed daily for bowel movements and at three and six 

months for BW. The staff found the study easy to carry out and that the drink was well 

accepted by the participants. No convincing beneficial effects on stool habits were 

observed. In addition, a mean BW loss of 0.65 kg/month was registered. A poor 

nutritional intake, low physical activity level, and an over-night fast of almost 15 hours, 

4 hours longer than recommended were also observed.  

 

As a part of the FOPANU Study (Frail Older People-Activity and Nutrition Study), a 

randomized controlled trial was carried out in Umeå - the associations between 

nutritional status and factors common among old people with physical and cognitive 

impairments living in residential care facilities was studied. Assessments were made of 

nutritional status using the Mini Nutritional Assessment (MNA) scale, fat-free mass 

(FFM) and fat mass (FM) using both bioelectrical impedance spectroscopy (BIS) and 

skinfold thickness measurements. The effects of a high- intensity functional exercise 

program with an additional protein-enriched milk drink on ability to build muscle mass 

were evaluated. Analyses were made to investigate whether nutritional status, assessed 

using the MNA scale, was associated with medical conditions, drugs, activities of daily 

living (Barthel ADL index), cognitive impairment (Mini Mental State Examination 

(MMSE)), and depressive symptoms (Geriatric Depression Scale (GDS)) at baseline. 

The associations were assessed with multiple linear regression analyses with additional 

interaction analyses.  

 

An independent association was found between poor nutritional status and having had 

a urinary tract infection (UTI) during the preceding year and being dependent in 

feeding for both women and men, and having lower MMSE scores for women. A large 

proportion of the participants, were at risk of malnutrition or were already  
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malnourished. Women, but not men, had significantly lower Fat-Free Mass Index 

(FFMI) and Fat Mass Index (FMI) with age.  

 

Bioelectrical impedance spectroscopy results correlated with skinfold thickness 

measurements, but on different levels on value for FM%.  

 

Despite the high-intensity exercise had long-term effects (at six months, three months 

after the exercise) on functional balance, walking ability and leg strength. No effects on 

muscle mass and no additional effects from the protein-enriched drink could be 

observed after the three months of high intensity exercise. A negative, long-term effect 

on the amount of muscle mass and BW was revealed at six months (three months after 

the intervention had ended). The effects from the exercise did not differ for 

participants who were malnourished. No statistical interactions were observed between 

sex, depression, dementia disorder, and nutritional status, and the level of functional 

balance capacity on the outcome at three or six months. 

 

In summary, the majority of the included older people with dementia had a low dietary 

intake, low physical activity level, and lost BW despite receiving a probiotic drink 

supplement every day for six months. The supplementation had no detectable effect on 

constipation. Among the participants in the FOPANU Study, UTI during the preceding 

year was independently associated with poor nutritional status. Being dependent in 

feeding was associated with poor nutritional status as were lower MMSE scores for 

women but not for men. Despite the high-intensity exercise program had long-term 

effects on the fysical function was no effect on the amount of muscle mass at three 

months observed. The FFM and FM expressed as indexes of body height were 

inversely related to age for women, but not for men. A high-intensity exercise program 

did not have any effect on the amount of muscle mass. The ingestion of a protein-

enriched drink immediately after exercise produced no additional effect on the outcome 

and the results did not differ for participants who were malnourished. The negative 

long-term effect on amount of muscle mass, and BW, indicate that it is necessary to 

compensate for increased energy demands during a high-intensity exercise program. 

High age, female sex, depression, mild to moderate dementia syndrome, malnutrition, 

and severe physical impairment do not seem to have a negative impact on the effect of 

a high-intensity functional weight-bearing exercise program. Consequently, people with 

these characteristics in residential care facilities should not be excluded from training 

and rehabilitation including nutrition. More research is needed in large randomized 

controlled trials to further explore the association between energy balance and 

malnutrition among frail old people, with a special focus on UTI and constipation, but 

also to study how physical exercise affects older people’s nutritional status. 
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SVENSK SAMMANFATTNING  
( SUMMARY IN SWEDISH) 

 

Denna avhandlings viktigaste syften var att studera faktorer förknippade med dåligt 

nutritionsstatus bland äldre människor med låg fysisk aktivitet som bor på särskilt 

boende. Vidare var syftet att utvärdera om en dryck med tillsatta probiotiska bakterier, 

en protein-energi dryck och ett hög intensivt fysiskt träningsprogram kunde förbättra 

nutritionsstatus, öka muskelmassan och den fysiska kapaciteten. 

 

En förstudie genomfördes under sex månader där en probiotisk dryck gavs till 15 äldre 

personer som bodde i särskilda boenden för personer med demenssjukdom och där alla 

hade förstoppning. Effekterna av den probiotiska drycken på avförings vanor och 

kroppsvikt studerades. Avförings vanor följdes dagligen under sex månader och 

kroppsvikten vid tre och sex månader. Personalen fann att studien var lätt att 

genomföra och att deltagarna tolererade drycken. Inga övertygande positiva effekter på 

avföringsvanorna observerades. Dessutom registrerades en genomsnittlig viktnedgång 

på 0,65 kg/månad. Deltagarna hade ett dåligt näringsintag, låg fysisk aktivitetsnivå och 

nästan 15 timmar lång nattfasta vilket är 4 timmar längre än vad som rekommenderas.  
 

Som en del av en randomiserad kontrollerad studie, FOPANU studien (the Frail Older 

People – Activity and Nutritional study), studerades sambandet mellan nutritionsstatus 

och några vanligt förekommande faktorer bland äldre människor, med fysiska och 

kognitiva funktionshinder, som bor på särskilt boende. Nutritionsstatus bedömdes med 

Mini Nutritional Assessment (MNA), och fettfri massa (FFM) och fettmassa (FM) 

mättes med både Bioelektrisk Impedans Spektroskopi (BIS) och med 

hudvecksmätningar. Effekterna av ett högintensivt funktionellt träningsprogram 

utvärderades på förmågan att bygga muskelmassa samt om ett extra proteintillskott gav 

ytterligare effekt till träningen. Analyser gjordes för att undersöka om det fanns några 

samband mellan nutritionsstatus bedömt med MNA och medicinska tillstånd, 

läkemedel, aktivitet i det dagliga livet (ADL Barthel index), kognitiv nedsättning (Mini 

Mental State Examination (MMSE)), och depressiva symtom (Geriatrisk Depressions 

Skala (GDS)). Sambanden utvärderades med multipla linjära regressions analyser och 

med ytterligare interaktions analyser. 

 

Ett oberoende samband sågs mellan dålig nutritionsstatus och att ha haft en 

urinvägsinfektion (UVI) under det senaste året samt vara beroende av hjälp vid 

måltiden för både kvinnor och män, och för lägre MMSE poäng för kvinnor. En stor 

del av deltagarna var i riskzonen för undernäring eller var redan undernärda. Kvinnor, 

men inte män, hade signifikant lägre FFM och FM uttryckt som index av kropps 

längden i relation till åldern. Resultaten från BIS mätningarna korrelerade med 

hudvecks mätningar men på olika nivåer när det gällde FM% värderna. 
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Trots att träningen förbättrade den fysiska funktionen kunde inga effekter observeras 
på muskelmassan efter tre månaders hög intensiv träning och den protein berikade 
drycken gav inga ytterligare effekter till träningen. En negativ långsiktig effekt på 
mängden muskelmassa och kroppsvikt registrerades vid sex månader, (tre månader 
efter interventionens avslut). Det var ingen skillnad i träningseffekter för de deltagare 
som var undernärda. Det fanns inga statistiska interaktioner mellan kön, depression, 
demens sjukdom, och nutritionsstatus, och nivån av funktionell balans kapacitet på 
resultatet vid tre eller sex månader. 

 
Sammanfattningsvis hade en stor andel äldre personer med demens-sjukdom ett lågt 
födointag, låg fysisk aktivitetsnivå och förlorade kroppsvikt trots att de fick ett tillägg av 
en probiotisk dryck varje dag under sex månader. Den probiotiska drycken hade ingen 
påvisbar effekt på förstoppning. 

 
Ett dåligt nutritionsstatus var associerat med att ha haft en UVI under det föregående 
året, att vara beroende av hjälp vid måltiden, samt med lägre kognitiv förmåga hos 
kvinnorna som deltog i FOPANU studien. Fettfri masse index och FMI minskade med 
stigande ålder för kvinnorna, men inte för männen. Trots att det högintensiva 
träningsprogrammet långsiktigt (sex månader, tre månader efter avslutad träning) 
förbättrade balans, gångförmåga och benstyrka sågs ingen effekt på mängden 
muskelmassa vid tre månader. Ett intag av en protein dryck direkt efter träning gav 
ingen ytterligare effekt på resultatet, och resultaten skiljde sig inte för deltagare som var 
undernärda. Den negativa långsiktiga effekten på kroppsvikten och mängden 
muskelmassa, visar att det sannolikt är nödvändigt att kompensera för ökade 
energiutgifter under högintensiv träning. Hög ålder, kvinnligt kön, depression, mild till 
måttligt svår demens sjukdom, undernäring, och svår fysisk funktionsnedsättning tycks 
inte ha någon negativ inverkan på effekten av ett högintensiv funktionellt viktbärande 
träningsprogram. Följaktligen bör personer med dessa egenskaper inte uteslutas från 
träning och rehabilitering som troligen bör kombineras med adekvat nutrition. Mer 
forskning behövs med stora randomiserade kontrollerade studier för att ytterligare 
undersöka samband mellan energibalans och undernäring bland sköra äldre, med 
särskilt fokus på UVI och förstoppning, men också för att studera hur fysisk träning 
påverkar äldre människors nutritionsstatus. 

 

 



LIST OF PAPERS 

 11 

LIST OF PAPERS 
 

The thesis is based on the following papers, which will be referred to in the text by 

their Roman numerals: 

 

I. Carlsson M, Gustafson Y, Håglin L, Eriksson S. The feasibility of  

serving liquid yoghurt supplemented with probiotic bacteria,  

Lactobacillus rhamnosus LB 21, and Lactococcus lactis L1A – A pilot  

study among old people with dementia in a residential care facility.  

The Journal of Nutrition, Health & Aging.2009 Nov;13(9):813-819. 

 

II. Carlsson M, Håglin L, Rosendahl E, Gustafson Y. Poor nutritional 

status is associated with urinary tract infection among old people living 

in residential care facilities. Manuscript. 

 

III. Carlsson M, Gustafson Y, Eriksson S, Håglin L. Body composition in 

Swedish old people aged 65-99 years, living in residential care facilities. 

Archives of Gerontology and Geriatrics.2009;49(1):98-107. 

 

IV. Carlsson M, Littbrand H, Gustafson Y, Lundin-Olsson L, Lindelöf N, 

Yifter-Lindgren E, Rosendahl E, Håglin L. Effects of a high-intensity 

exercise program and protein supplementation on total body muscle 

mass in ADL-dependent older people with and without malnutrition – 

A randomized controlled trial. The Journal of Nutrition, Health & 

Aging. E-pub ahead of print. 

 

V. Littbrand H, Carlsson M, Lundin-Olsson L, Lindelöf N, Håglin L, 

Gustafson Y, Rosendahl E. The effect of a high-intensity functional 

exercise program on functional balance: preplanned subgroup analyses 

of a randomized controlled trial in residential care facilities. J Am 

Geriatr Soc Accepted for publication 2011. 

 

 

The original articles are reprinted in this thesis with the kind permission of the 

respective publishers. 



DEFENITIONS 

 12 

DEFINITIONS  
 

AGEING is defined according to the MeSH database, as the gradual irreversible 

changes in structure and function of an organism that occur as a result of the passage 

of time.  

 

ANTHROPOMETRY is the study of the measurement of the human body in terms of 

the dimensions of bone, muscle, and adipose (fat) tissue [1]. 

 

CONSTIPATION in this thesis is defined according to a modified version of the 

Rome III Diagnostic Criteria [2]: Less than 3 bowel movements per week, small loopy 

stools and/or loose stools, stools rarely presented without use of laxatives. 

 

DEMENTIA is defined as a deterioration of intellectual faculties, such as memory, 

concentration, and judgment, resulting from an organic disease or a disorder of the 

brain. It is sometimes accompanied by emotional disturbance and personality changes 

[3]. 

 

DEPRESSION is a common mental disorder that presents with depressed mood, loss 

of interest or pleasure, feelings of guilt or low self-worth, disturbed sleep or appetite, 

low energy, and poor concentration [3]. 

 

EXERCISE is a physical activity that is planned, structured, repetitive, and purposive, 

i.e., done with the intention of improving or maintaining physical fitness. However, 

exercise is not synonymous with physical activity [4].  

 

PHYSICAL ACTIVITY is defined as any bodily movement produced by contractions 

of skeletal muscles that increase energy expenditure [4, 5]. Leisure-time physical activity 

is a broad description of activities pursued during free time, based on personal interests 

and needs, e.g., exercise programmes as well as walking, hiking, gardening, sports, and 

dance [4, 5]. 

 

PROBIOTIC BACTERIA are “Live microorganisms which when administered in 

adequate amounts confer a health benefit on the host", according to the definition 

provided by the Food and Agriculture Organization (FAO)/Word Health Organization 

(WHO) [6]. 

 

MALNUTRITION is defined as a state resulting from lack of uptake or intake of 

nutrition leading to altered body composition reduced fat-free mass (FFM) but 

specifically body-cell mass (BCM) and reduced function [7]. 
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ACRONYMS AND ABBREVIATIONS 
 

ADL   Activities of Daily Living 

ANCOVA   Analysis of Covariance 

ANOVA  Analysis of Variance 

BIS   Bioelectrical Impedance Spectroscopy 

BMI   Body Mass Index 

BMC   Bowel Movement Consistency 

BMF   Bowel Movement Frequency 

BMR   Basal Metabolic Rate 

BW   Body Weight 

CT   Computed Tomography 

CTRL   Control  

DSM-IV   Diagnostic and Statistical Manual of Mental 

Disorders, 4th edition 

ECW   Extra-Cellular Water 

EI  Energy Intake 

FIL   Food Intake Level 

FFM   Fat-Free Mass 

FFMI   Fat-Free Mass Index 

FM  Fat Mass 

FMI   Fat Mass Index 

FOPANU Study  Frail Older People-Activity and Nutrition Study in 

Umeå 

GDS   Geriatric Depression Scale 

HIFE Program   High-Intensity Functional Exercise Program 

ICW   Intra-Cellular Water 

IQR  Inter-Quartile Range 

IUC  Indwelling Urinary Catheter 

MET  Metabolic Equivalent for Task 

MNA   Mini Nutritional Assessment 

MMSE  Mini Mental State Examination 

MRI   Magnetic Resonance Imaging 

NNR   Nordic Nutritional Recommendation 

ONF   Overnight Fast 

PAL   Physical Activity Level 

RM   Repetition Maximum 

SD   Standard Deviation 

TEE   Total Energy Expenditure 

TBW   Total Body Water 

UTI   Urinary tract infection 

NOS   Not otherwise specified 
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INTRODUCTION 
 

With ageing an insufficient nutritional intake may have serious consequences since 

weight loss in older people affects all metabolic tissue in the body, and replacement is 

difficult. Poor nutrition in older people that already has a reduced recerve capacity may 

give rise to diseases and complications, which exacerbate their already poor medical 

condition, and essential rehabilitation may be difficult to carry out, prolonged or 

without result.  

 

Nutritional status and physical activity are mutually dependent since nutrition without 

physical activity cannot preserve the body’s muscle mass and physical activity without 

an adequate amount of nutrition results in poor nutritional status. 

 

This thesis concerns, whether drinkable yoghurt enriched with probiotic bacteria could 

have any effect on constipation and body weight (BW) among older people with 

dementia.  Further, it concerns poor nutritional status among old people with physical 

and cognitive impairments and its relationship with factors that commonly occur in 

older people living in residential care facilities. It also discusses how body composition 

changes with ageing and the associations between changes in muscle mass after a high-

intensity weight-bearing exercise (the HIFE program) and the ingestion of an additional 

protein-enriched energy supplement.  

 

 

AGEING 
 

Ageing actually begins when you are born, but in this thesis ageing is studied from the 

age of 65 years. Ageing is a multidimensional life-long process that takes place in 

different ways and rates in different individuals. Both internal and external factors such 

as genetic, physiological, physical and social factors are involved [8-11]. The ageing 

process involves loss of muscle mass, which gradually begins around age 45 [12, 13], 

and loss of strength, endurance, balance and walking performance [14-16], which 

become more prevalent with cognitive decline [17]. Ageing also brings an increased 

vulnerability to stress and increased risk of depression, stroke, heart failure and 

infectious diseases such as Urinary Tract Infection (UTI) and pneumonia [18-22]. 

 

A high incidence of diseases leads to a high consumption of drugs in old people, who 

also have the highest risk of suffering several adverse outcomes from their drug therapy 

[23]. Common side effects are antibiotic-associated diarrhea, gastrointestinal bleeding, 

constipation, dry mouth, and drug-drug interactions [23-26], which can all, have major  

negative effects on nutritional status. 
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Demographics 
 

The number of adults living into late life has risen due to an increased access to food, 

better housing and improved knowledge of the importance of good hygiene [27]. 

Another contributory factor is that medical advances have made it possible to treat 

diseases even in very old people [27].  

 

It is projected that the proportion of people over 60 years of age in the European 

Union (EU) will increase from 21 percent of the population in 1996 to 30 percent of 

the population in 2050 [28]. The most rapid expansion will be among those over 80. 

Today Sweden has the largest proportion of people aged 80 or over among EU 

member state. Among Sweden's 9 400 000 inhabitants 18 percent have passed the age 

of 65 and about 5 percent the age of 80 [29]. By the year of 2060, the average life 

expectancy for Swedish women and men will be 85 and 83 years, respectively, and the 

number of people above their 80´s will have more than doubled (from 496 000 to 

almost 1 000 000) [29]. 

 

Residential care facility 
 

The types of settings and care for older people vary among and within countries and 

are changing over time. In this thesis institutional settings are grouped together under 

the term residential care facilities where the residents have access to common dining 

rooms, alarms, nursing and care. About 100 000 people were living in residential care 

facilities in Sweden in the year 2005, according to statistical reports from the National 

Board of Health and Wellfare in Sweden; and today this number is lower [30]. 

In 1992, Sweden enacted the Community Care Reform (in Swedish: Ädel reform). Older 

people who had previously been treated in hospitals, in psycho geriatric and somatic 

long-stay wards, were moved to residential care facilities under the responsibility of the 

municipalities. There has also been a 50 percent reduction of the number of beds in 

county council hospitals from 1992 to 2005. Along with the general reductions in 

hospital service, this has lead to residential care facilities facing an increased need of 

care [30]. An increased proportion of those who have major care needs nowadays 

receive medical home care and persons needs to be severely physically and/or 

cognitively dependent to get a place in a residential care facility today. 

 

 

AGEING AND NUTRITION 
 

The older population is extremely heterogeneous, including people who range from fit, 

active, and healthy to those who are totally dependent with chronic diseases and severe 

disabilities. With ageing BW loss is associated with overall poor health and mobility 

problems and it is therefore, especially important that older people consume an  
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individually adapted nutrient-rich diet [31, 32]. In addition to lower levels of activity 

and metabolism, there are many physiological factors involved in the ageing process, 

affecting both hunger and satiety, which also contribute to a poor nutritional intake and 

weight loss [33]. Slower gastric emptying, and poorer function of the central feeding 

control system, affected by changing levels of signalling hormones can cause early 

satiety and reduced feelings of hunger [33]. Furthermore, the sense of smell and taste 

deteriorate with ageing, due to chemosensory losses, which may have major impact on 

appetite and food intake [33]. 

 

 

MALNUTRITION  
 

Prevalence and etiology 
 

Increased ADL dependence, various diseases, suffering from psychosocial problems, 

including social isolation physical and cognitive impairments, increases the incidence of 

malnutrition [31, 34-36]. Approximately 2-10% of free-living older persons in Sweden 

are malnourished and 17-24% are at risk of malnutrition, according to the Mini 

Nutritional Assessment (MNA) scale [37]. About 50-70% of a group of Swedish older 

persons who received home-help or nursing were at risk of malnutrition or were 

malnourished [38]. The prevalence of malnutrition in different types of residential care 

facilities in Sweden, and in other developed countries, varies from 10 to 85% [39-41]. 

The causes of malnutrition in older people are multi-factorial. In addition to the 

biological and physiological changes that occur with ageing, diseases, including 

infections and wounds, and factors such as poor access to food, constipation, eating 

alone, altered taste or poor appetite, being dependent in feeding, pain, oral problems 

and difficulty in swallowing, may contribute to malnutrition [23, 26, 33, 42]. 

 

Various drugs may have negative effects on the ability to absorb or metabolize 

nutrients and may increase the losses of nutrients [23, 43]. An altered drug metabolism, 

due to diseases and an ageing physiology, and drug interaction can cause anorexia 

which is more likely to occur in older people because they tend to use multiple 

medications [23, 43]. 

 

Patients with cognitive impairments are at high risk of developing nutrition-related 

problems. Unintentional weight loss has been reported in as many as 50% of 

institutionalized patients with dementia and up to 30% of non-institutionalized patients 

with mild to moderate Alzheimer’s disease [44]. The causes of malnutrition and weight 

loss in dementia are not adequately understood. A combination of factors may 

contribute, such as apraxia, agnosia, anosmia, cytokine dysregulation, and increased 

caloric needs due to restlessness [31, 45, 46]. However, nutritional status seems to be  
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linked more to physical abilities than to the length of time the person has been 

suffering from dementia [47]. 

 

Institutionalized older people have a higher risk of being constipated than older non-

institutionalized people with prevalence’s of up to 50 % being reported [48]. It has been 

shown that constipation is associated with poor nutritional status among older people 

living in residential care facilities [41, 42]. Constipation has also been shown to be more 

prevalent among older people with dementia and in those with depression [21, 42]. 

Probiotics have been used since the 20th century and it is suggested that they modify 

the bacterial flora of the gut [49]. Probiotic bacteria have been shown to reduce chronic 

constipation in children [50] but evidence of a similar effect in older people living in 

residential care facilities is limited [51-53]. 

 

It has been shown that almost 15% of older people living in the community have 

depressive symptoms, and that 3.6% have a major depressive disorder [54]. The 

prevalence of depression is even higher among old people who live in residential care 

facilities, and among persons with different levels of cognitive impairments up to 63% 

has been reported to be suffering from depression [55]. Depression has been reported 

to be the most common diagnosis associated with malnutrition among older people 

[56, 57]. Social factors are seen as one explanation for this in combination with a 

physiological dysregulation of metabolic signals, which are either absent or reduced in 

people suffering from depression [39]. 

 

Female gender [41] and impaired ADL function among old people in residential care 

facilities have been shown to be significantly associated with malnutrition [41, 58]. Also 

among old people admitted to hospital who were partially or totally dependent in 

feeding were to greate extent malnourished [59].  

 

Consequences 
 

Malnutrition is a highly relevant pathological condition in older people that causes 

lethargy, anemia, reduced cognitive function, loss of muscle mass and function, loss of 

bone mass, reduced functional status, poor wound healing and constipation [42]. 

Malnutrition and associated complications lead to longer periods of hospitalization and 

increased readmission rates, unnecessary suffering and premature death [60]. Some 

studies have shown that poor nutritional status is associated with increased risk of falls 

and injuries [61-65]. Malnutrition gives rise to poor cell regeneration and poor tissue 

conditions that lead to a reduced healing capacity, and an increased risk of  
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developing bedsores [66]. Poor nutritional status also leads to a weakened immune 

system with an increased risk of infections and infectious diseases [67] such as 

pneumonia and UTI, which are widely prevalent in the older population [21, 68]. 

 

 

AGEING AND BODY COMPOSITION 
 

During the ageing process the composition and the distribution of the different 

compartments in the body change. After middle age total body water, bone mass and 

the amount of muscle mass decline while the amount of body fat generally increases 

[69-71]. The amount of both intra-abdominal fat and intramuscular fat increase during 

ageing [72, 73]. 

 

Loss of muscle mass and its consequences 
 

Since loss of muscle mass and strength occur during ageing, it is important to prevent 

any further losses of muscle mass in older people. The decrease in muscle mass begins 

in the third decade; there is a moderate decline between the ages of 50 and 60 years and 

a sharp decline after 60 years with a loss of 1.9 and 1.1 kg/decade in men and women 

respectively, partly because of age-related changes in the muscle protein metabolism 

[72, 74]. During ageing, decreasing protein synthesis and slower protein turnover result 

in atrophy of muscles and an increased amount of intramuscular fat [72]. Several factors 

are involved in this particular process of ageing. The losses are caused by reduced 

production of anabolic hormones such as estrogen, testosterone, growth hormone and 

insulin growth factor-1, which result in a reduced capacity of the muscle to incorporate 

amino acids and synthesize proteins. Increasing concentrations of catabolic circulating 

inflammatory agents, specifically interleukin-6, are also related to loss of muscle mass 

[75]. In addition, a negative energy balance and the effects of drugs, such as steroids 

and statines, and lack of activity will also contribute to these losses [76-78].  

 

Reduced amounts of muscle mass give rise to a decrease in the basal metabolic rate and 

thereby a reduced need for energy.  Since most people continue to eat the same amount 

of food as before, this means that there is too much energy to burn risking weight gain. 

In addition, a low level of physical activity might contribute to an accumulation of body 

fat, visceral, subcutaneous and even more intracellular fat, which affects muscular 

capacity and function [79]. Another scenario could be that illness, with a low energy 

and protein intake, in addition to a very low physical activity level causes muscles 

depletion. Muscle mass is the largest and one of the most active metabolic tissues in the 

body and is also the main reservoir for proteins. Loss of muscle mass in a population 

that already has a reduced reserve capacity may give rise to a variety of serious  

 



INTRODUCTION 

 19 

 

 

consequences [10]. Impaired skeletal muscle strength and power leads to poorer ability 

to perform certain tasks such as walking, climbing stairs and the risk of falling increases 

[10, 80]. Reduced muscle function and poorer balance and a decline in the amount of 

muscle also affect ADL functions negatively, resulting in a reduced capacity to take care 

of oneself [10, 80]. A reduced capacity for exercise and muscle depletion also mean 

prolonged rehabilitation, poorer health status and quality of life [80] and other medical 

complications may arise, such as an impaired immune system [80, 81]. 

 

 

AGEING AND PHYSICAL ACTIVITY  
 

The level of physical activity decreases with increasing age for both social and 

physiological reasons. Retirement with accompanied by loss of interest, in addition to 

physical disabilities, illness and pain are often interrelated. It has been reported that 

physical activity is extremely low among persons living in institutions and that many 

older persons remain sedentary even though the benefits of increased physical activity 

are recognized [82, 83].  

 

In healthy older people, physical inactivity increases the risk of developing 

cardiovascular diseases, osteoporosis, loss of muscle mass, and increases the risk of 

type 2 diabetes mellitus [83]. A relative increase in fat mass at the expense of muscle 

mass contributes to increased insulin resistance and impaired muscle protein turnover 

[84]. 

 

It has been shown that, even very old people are able to increase the amount of muscle 

mass and muscle strength through resistance exercise [85-87]. The loading intensity to 

promote the building of muscle mass should approach 60-80% (80% for more trained 

individuals) of 1RM and it is recommended that novice individuals initially perform one 

to three sets per exercise [88]. The ability to build muscle mass and increase muscle 

strength at higher ages seems to be complex, since there are several age-related factors 

involved in this process. Several studies have found that younger and older people have 

the same ability to build muscle mass and have relative strength gains after strength 

exercise [89-91], but some have reported a reduced effect for older people [92-94].  

 

It is especially important for older women to avoid physical inactivity, since they have 

less muscle- mass, strength and muscle power than men and are closer to the threshold 

values for losing their independence in ADL. Women have also been reported to have 

less ability to increase their muscle mass after training [94]. 

 

To achieve high intensity in the exercises it is necessary for participants to be motivated 

and able to perform the exercise near the limit of their maximum capacity. A recent  
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systematic review showed that progressive strength training was less effective among 

older people with than without physical impairments [95] which indicates that they may 

have difficulties performing exercises near the limit of their maximum capacity. Among 

older people with depression, symptoms such as fatigue, diminished ability to 

concentrate or interest in participating in activities [3], may result in low attendance and 

difficulties in achieving high-intensity when performing the exercises, as well as in 

reduced motor learning. A high drop-out rate has been reported in exercise studies that 

included people with depression [96]. Furthermore, older people with dementia may 

also have difficulties in participating in and performing physical exercise programs 

because of the symptoms of the disease e.g. memory impairment and apraxia [3]. These 

difficulties and symptoms, apart from the neurodegenerative process of the disease, 

may result in reduced effects from exercises compared to those in older people without 

dementia.  

 

 

NUTRITION AND PHYSICAL ACTIVITY 
 

Both adequate nutrition and an optimal amount of exercise are necessary to retein 

protein and thereby build and maintain muscle mass and function in all age groups, for 

both sexes, and in both healthy and disabled people with multiple diseases. Physical 

activity generally increases energy needs in the form of macronutrients in relation to 

level of activity, and all age groups who perform exercise also have increased protein 

needs to secure the ability to retain muscle mass [97]. It has been shown that a low-

protein diet with an adequate amount of energy, results in loss of muscle mass [98] and 

it has been suggested that protein requirements for healthy elderly, are greater over the 

age of 70 years [99, 100]. The FAO/WHO/UNU Expert Consultation has established 

that a safe level of protein intake for older people is 1,0-1,2 gram/kg of BW/day [101], 

provided that the protein is of high biological quality, i.e. contains the essential amino 

acids. Some of the essential amino acids have been shown to be important for protein 

synthesis and for reducing the risk of muscle breakdown [98]. The amino acid leucine, 

in particular has been discussed since it seems to independently stimulate the muscle 

protein synthesis [102, 103]. It has also been shown that an intake of milk, which 

containa leucine, following resistance training may result in a positive muscle protein 

balance [104]. The time when a supplement of protein needs to be given in relation to 

the exercise session has been discussed [105]. A protein supplement of 10 g protein 

taken directly after strength exercise, seems to increase the ability to build muscle mass 

in healthy older men [105]. However, a study by Candow et al. reported that a protein-

enriched supplement of 0.3 g protein*kg-1*d-1 given either before or immediately after 

training (a 12-week exercise period) did not increase the effects of exercise on the 

mount of muscle mass compared to a placebo among healthy older men [106]. The 

conflicting results indicate that more studies are needed in this area. 



INTRODUCTION 

 21 

ASSESSMENTS 
 

Body composition changes with increased age. There is a decrease in total body water 

and FFM, while the amount of FM increases in both women and men up to the age of 

74 years and fat mass decreases slightly thereafter in women [70]. Some older people 

are healthy and others are affected by varying degrees of disease. This heterogeneity 

makes it difficult to find methods for assessing nutritional status, including body 

composition. There is also a wide variation in the level of physical activity and 

dependency in ADL, which has consequences for the methods chosen.  

 

Human body composition can be assessed on three different levels [107]:  

 

1) The most direct assessment is made through the dissection of cadavers and is 

almost 100% accurate since it measure all compartments in the body. This 

post mortem analysis is seldom discussed. 

 

2) The second level includes indirect assessments using methods based on one 

or more assumptions about FFM and FM components in the body. On this 

level the methods available include hydrodensitometry [108], whole body 

counting K40 [108, 109], Magnetic Resonance Imaging (MRI) [110], Computed 

Tomography (CT) [110], and Dual X-ray Absorptiometry (DXA) [111]. These 

methods are less accessible, costly and require the individual to co-operate. 

 

3) The third level is double indirect assessments i.e. indirect methods that are 

validated against other, different indirect methods. This level includes 

traditional anthropometry and bioelectric impedance [1, 112]. The skin-fold 

thickness measurements from different sites can indirectly measure the body’s 

FM. The upper arm circumference and the triceps skin-fold can indirectly 

measure Arm Muscle Area (AMA) and Arm Fat Area (AFA) [113, 114]. 

 

The bioelectrical impedance technique measures the impedance or resistance 

to a small electrical current as it travels through the body’s water reservoir 

[112] and can theoretically measure Total Body Water (TBW), extra cellular 

water (ECW) and intra cellulat water (ICW) and the fat free mass (FFM) in 

the body [115, 116]. Both traditional anthropometry and bioelectrical 

impedance are portable, safe and easy to use. 

 

However, few assessment tools are validated in older people and few reference values 

are therefore available, which make it difficult to compare and evaluate measurements 

in older people.  
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Anthropometric measurements 
 

Anthropometry is defined as the composition of the human body in terms of the 

dimensions of bone, muscle, and fat tissue [1]. This information is important in the 

assessment of nutritional status. Body mass index (kg/m2) is most often used in 

assessing under- and overweight in the elderly, where BW and height are measured. 

Both BW and height can be particularly misleading in calculating BMI in old people. 

Body weight losses could be masked by fluid in people with heart failure, since they 

easily accumulate fluid in the body [117]. Body mass index could also be misleading if a 

person is dehydrated due to diuretic drugs or to a low intake of fluids, since the BW is 

then lower than it should be. Furthermore, measurements of body height in older 

people can be affected by changes that occur with disabilities, senile kyphosis, and 

diseases such as osteoporosis with compression fractures and if a person is unable to 

stand up or is being bedridden. 

 

It has been found that older people with a BMI of 25-29, which represents overweight, 

have the lowest mortality risk, and that the highest risk has been shown in obese people 

with a BMI abowe 30 and in those with a BMI of 18 and below [118]. One explanation 

for this could be that older people with a moderately high BMI may have large amounts 

of body fat which could constitute a metabolic and nutritional reserve, when they are 

affected by diseases [32]. Another explanation might be that older people who are 

healthy and who have a high BMI have maintained their muscle mass and are therefore, 

not affected by illness to the same degree [32]. 

 

There are some problems connected with interpreting BMI. A person with a low BMI 

may be one who has always been physically active and lean [32, 119]. It is, therefore, 

important to consider the weight history when assessing risk levels. Furthermore, BMI 

does not provide any information about the distribution of fat and muscle mass in the 

body and is therefore not approprite for use assessing nutritional status in older people 

[119]. 

 

A Harpenden skinfold caliper has often been used in the assessment of skinfold 

thickness from which the total amount of body fat is derived. This method is frequently 

used in epidemiological studies [120, 121]. Estimation of total body fat in this way relies 

on validated equations, based on data from adult cadavers, which reveal that 50% of 

the body fat is subcutaneous [108, 121, 122]. With advancing age, changes in fat 

distribution, in the composition of FFM and in skin texture may, however, influence 

these calculations [121, 122]. Nevertheless, the technique developed by Durnin and 

Womersly may be one of the best for estimating body fat assessed from total body 

density in clinical settings [73]. Another calculation based on traditional anthropometry 

is the AMA technique which indicates the amount of muscle mass [113]. The AMA is 

calculated from measurements of the triceps skin-fold thickness with a caliper and the 

upper-arm circumference with a tape measure. Since AMA includes subcutaneous fat it  
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may overestimate the amount of muscle mass [123]. Arm muscle area might also be 

overestimated in old people with severe malnutrition because intracellular water in the 

muscle mass then increases [123]. 

 

The amount of FFM may be calculating by total body water and using the bioelectrical 

impedance technique and FM can by calculated as the difference between BW and 

FFM. The FFM index and FM index may be calculated and are equivalent concepts to 

the BMI, as shown in the following definition: FFMI = FFM/height2 (kg/m2) and FMI 

= FM/height2 (kg/m2). Various bioelectrical impedance meters have been developed in 

recent years [124] but few studies have validated measurements from the Bioelectrical 

Impedance Spectroscopy (BIS) Xitron 4200 meter, against other suitable criterion 

methods (multiple dilution) for measuring body water (Table 1), and reference data are 

still lacking for older people [125]. However, BIS model Xitron 4200 has been found to 

be valid in the assessment of changes in fluid volumes, in healthy normal-weight 

individuals, or body cell mass in HIV-infected individuals [126] and in pregnant women 

up to gestational week 14 [127], however, additional research and development is 

needed before the method can be accepted for routine clinical use. 

 

 
Table 1. Description of bioelectrical impedance spectroscopy (by Xitron Hydra 4200) 
validation studies. 

Study N Sex Age,y Health 
status 

Validation 
method 

Mossl et al, 2006  
[128] 

152 F:76 
M:76 

46.3 ± 13.6 Healthy and 
renal failure 

patients 

2H dilution 
 Bromid dilution 
 D20, TBK, 3H20 

Lof and Fossum, 2004 
[127] 

21 F 30 ± 4 Pregnacy 2H dilutio 
 Bromid dilution 

Earthman et al, 2000 
[126] 

21 F:1 
M:20 

41 ± 7.7 HIV 2H dilution 
Bromid dilution 

Moissl et al, 2006  
[128] 

32 F:14 
M:18 

54.3 ± 7.6  Dialysis 2H dilution 
 Bromid dilution 

 

 

The whole body DEXA is a method often used in the assessment of bone mass, 

estimation of lean body mass and FM [129] and whole body potassium, and labelled 

water technique are used to evaluate FFM [130-132]. More advanced methods such as 

MRI and CT have been introduced in recent years to assess muscle mass [110]. 
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Nutritional status and nutritional intake 
 

When assessments of nutritional status are performed in older people, the methods 

used have to take into account the participant’s characteristics and abilities.  

 

A widely used and validated screening method for assessment of nutritional status is the 

MNA (the 30 point scale) that can identify malnutrition and risk of malnutrition in peo-

ple aged 65 and above [133, 134]. It is the most established and widespread screening 

tool for older people and has been translated into a varity of languages and is also 

recommended by the European Society of Clinical Nutrition (ESPEN). The MNA 

questionnaire consists of measurements and questions that can be divided in to four 

different categories: anthropometric measurements (BMI, calf- and upper-arm circum-

ference), global evaluation, eating habits and subjective assessments. The MNA detects 

risk of malnutrition even before changes in BW and serum protein occur [135]. There-

fore, the MNA has prognostic significance with regards to morbidity, mortality and 

adverse outcomes in older people [136, 137]. 

 

Thresholds for scores on the questionnaire were set as follows:  

<17 points: malnutrition, 

17-23.5 points: at risk for malnutrition, 

≥ 24 points: normal nutritional status. 

Maximum score is 30 points. 

 

Among older people with diseases that demand energy and protein and with loss of 

appetite it is important to perform a dietary registration. An assessment of habitual 

nutrition intake adds salient information to the investigation of nutritional status and a 

7-day food registration is usually preferred to avoid day-to-day variation [138]. This 

method has been validated against the double-labelled water technique and seems to be 

a valid method for assessments of energy and fluid intake in old people, and is often 

regarded as the golden standard method [138, 139]. Assessments of physical activity 

and energy expenditure are important in calculating a person’s total energy needs (TEE) 

and to validate food recordings. When, residents are unable to report physical activity, 

and intakes of food and beverages due to memory impairment, the staff makes the 

registrations. 

 

For the assessments of the habitual energy expenditure the physical activity level may 

be recorded from different forms of recall and other indirect methods [140]. Registra-

tions of the activity may be divided into 96 periods of 15 min each day [140, 141]. For 

each period of 15 minutes, energy expenditure can be quantified in terms of metabolic 

equivalents (METS) on a scale from one to 9, where sleep is categorized as one and 

very strenuous exercise as 9. The total energy expenditure in kJ/kcal per day is then 

calculated for each person based on appropriate METS, depending on the categorical 

value of activity registrations (modified from WHO/FAO). 
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RATIONALE OF THE THESIS 
 

Poor nutritional status is common among older people today and will become even 

more prevalent in a future population with an increased proportion of older people 

with multiple diseases. Poor nutritional intake and lack of physical activity are the two 

major reasons for loss of muscle mass, which might contribute, to disabilities and 

complications in old people living in residential care facilities. It is essential to prevent 

and treat malnutrition and thereby eliminate the risk of its consequences for already 

vulnerable older people. Programs implemented for both older people and staff may 

counteract these problems in older people. 
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AIMS OF THE THESIS 
 

The overall aim of this thesis was, whether drinkable yoghurt enriched with probiotic 

bacteria could have any effect on constipation and BW among older people with 

dementia. Further, it concerns poor nutritional status among older people with physical 

and cognitive impairments and its relationship with factors commonly occur in older 

people living in residential care facilities. It also discusses how body composition 

changes with ageing and the associations between changes in muscle mass and physical 

function after a high-intensity weight-bearing exercise program (the HIFE Program) 

and the ingestion of an additional milk-based protein-enriched energy supplement. 

 

Specific aims 
 

Paper I To examine the feasibility of serving drinkable yoghurt enriched with 

probiotic bacteria to old people with dementia diseases, and to test 

whether the drink could have any positive effect on constipation and 

BW. 

 

Paper II To study nutritional status, and its associations with common medical 

conditions, drug intake, and physical and cognitive impairments, 

among old people dependent in ADL and living in residential care 

facilities.   

 

Paper III To describe body composition in old people dependent in ADL, living 

in residential care facilities, using BIS and traditional anthropometry. 

 

Paper IV To determine whether a high-intensity functional weight-bearing 

exercise program could increase the amount of muscle mass in older 

people dependent in ADL and living in residential care facilities and to 

test whether an intake of a protein-enriched drink served immediately 

after the exercise program would increase this effect, and finally to 

assess if the effects from the exercise and the protein-enriched drink 

would be limited among participants with malnutrition. 

 

Paper V To investigate whether age, sex, nutritional status, depression, 

dementia disorder or level of functional balance capacity influence the 

effect of a high-intensity functional weight-bearing exercise program 

on functional balance (BBS) among old people dependent in ADL and 

living in residential care facilities. 
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METHODS 
 

This thesis is based on data from two studies carried out in the city of Umeå in 

northern Sweden – the feasibility pilot study (Paper I) and the Frail Older People 

Activity and Nutrition Study in Umeå (the FOPANU Study) (Papers II-V). These two 

studies included persons aged 65 years and older and were started in the years of 2003 

and 2002 respectively. Paper I was based on a pilot intervention feasibility study; Papers 

II and III were based on cross-sectional data from the FOPANU Study; Papers IV and 

V report a stratified cluster randomised controlled trial. Figures 1 and 2 gives a flow 

chart of participants in both studies and Table 2 offers an owerview of the samples and 

variables studied in the separate papers. The methodologies of these two studies will be 

presented separately. 

 
 

 
 
Figure 1. Flow chart of participants in the feasibility Study (Paper I). 
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Figure 2. Flow chart of participants in the FOPANU Study (Paper II-V). 
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Table 2. Overview of Paper I-V 

  Sample I Sample II 
 Paper I Paper II Paper III Paper IV Paper V 

Sample size (n) 15 188 173 177 191 
Age (range) 69-93 65-100 65-99 65-99 65-100 
Study design Pilot Cross sectional Cross sectional RCT RCT 
Main outcomes Bowel 

movements 
Body weight  

Nutritional 
status 

Body 
composition 

Muscle 
mass 

Functional 
balance 

RCT = Randomised Controlled Trial 

 
 

THE FEASIBILITY STUDY  
 

Settings and participants 
 

The purpose of the first study, performed in 2003 was to evaluate the feasibility of 

serving a probiotic drink and the effect of the drinks on constipation and BW. 

 

The participants selected lived in one residential care facility that comprised six group-

living units for people with dementia, with private rooms and staff on hand and full-

time access to care. The inclusion criteria were; being residents aged 65 years or older, 

diagnosed with dementia disease and suffering from constipation. The dementia 

diagnoses of Alzheimer dementia (n=10), dementia NOS (n=3), dementia due to 

hydrocephalus (n=1), and mixed dementia (n=1) were determined according to 

conventional clinical criteria.  

 

Procedure 
 

The relatives of those participants, who met the inclusion criteria, received initial 

information about the study by telephone. Thereafter written information was delivered 

with the required informed consent form. A dietitian who was also the first author, 

presented the design of the intervention and observation methods for all staff at the 

facility, and performed regular follow-ups. A specialist in geriatric medicine evaluated 

the documentation of diagnoses and prescribed drugs and judged which drugs were 

known to have constipation and impaired appetite as side effects. The stool consistency 

and frequency was recorded for 14 days prior to the intervention and for every day 

during the intervention. The participant’s food intake (including the probiotic drink), 

and activity levels as well as the time when food was served were recorded for seven 

days, once before the intervention started and three times during the intervention.  
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Knee height (cm) and BW were also measured on one occasion before the intervention 

started, and BW was measured on three occasions during the intervention. The 

participants´ body height, BMI, Basal Metabolic Rate (BMR) and Totally Energy 

Expenditure (TEE), energy needs, Food Intake Level (FIL), and Physical Activity Level 

(PAL) and overnight fast were calculated. Figure 3 gives an owerview of the data 

obtained. 

 

 
 

Figure 3. Owerview of obtained data in the feasibility study (Paper I). 

 

Data collections and assessments 
 

The participants’ food intake was registered on a 7-day food record form and mean 

energy intake (EI), protein, fibre and fluid were calculated using the computer program 

MATSs, version 4.06. The participants’ physical activity level was recorded in periods 

of 15 minutes on the same form. The activities were categorized according to metabolic 

energy equivalent task (MET), and five common activities for old people at different 

levels were selected: 1 for sleeping, 2 for lying or sitting very quietly, 2.5 for light 

walking, 5 for moderate to fast walking, and 7 for being highly active for example 

gymnastics. The TEE was calculated from the participants’ BMR in kcal/day, based on 

age and sex and recorded activity level: BMR equation for men is: (0.035 x BW +3.43) x 

1000/4.2 and for women (0.0410 x BW + 2.61) x 1000/4.2 x (the calculated activity 

level/24 hours). The PAL i.e., TEE/BMR and the FIL i.e., EI/BMR and the FIL/PAL 

ratio were calculated. The calculated FIL was also compared with a PAL of 1.4 for very 

inactive old people [142]. 
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The time for when the food was served was registered on the same form as the 7-day 

food recordings. The recorded mean EI, and fibre and fluid consumption were 

evaluated according to the Nordic Nutritional Recommendations (NNR), and mean 

protein intake according to the suggested protein requirements for old people (0.8 

g/kg/day) [142]. 

 

Knee height was measured while the participant was seated on a chair, on the left leg 

with bent knee and the ankle at a 90° angle with a caliper. Body height was estimated 

for men using the equation: (2.02 x knee height in cm) − (0.04 x age) + 64.19 and for 

women (1.83 x knee height in cm) − (0.24 x age) + 84.88 [143]. Body weight was 

measured to the nearest 0.1 kg with the participant wearing light indoor clothing, 

without shoes sitting on a digital chair scale.  

 

Constipation was defined according to a modified version of the Rome III criteria [2]; 

less than 3 bowel movements per week, small loopy stools and/or loose stools, and 

stools rarely present without the use of laxatives. Incidence of constipation was 

obtained from the records at the residential care facility. Number of stools and Bowel 

Movement Consistency (BMC) were dichotomized and recorded as 1 = watery, 2 = 

soft, 3 = solid, and 4 = hard on a form and registered in a diary.  

 

The probiotic drink  
 

The probiotic drink was delivered by the dairy department of Norrmejerier in Umeå, 

and served every day, in addition to the ordinary breakfast, during the whole study 

period of six months. The nurses at the facility recorded any side effects from the drink 

in the medical journal. 

 

The probiotic drink consisted of 200 ml drinkable yoghurt containing 3 g protein, 0.8 g 

fat, and 13 g carbohydrate, with 71 kcal/300 kJ per 100 g; two different kinds of 

bacterial strains was added to the drink, Lactobacillus rhamnosus LB 21, and 

Lactococcus Lactis L1A, containing >5 x 107 colony-forming units (cfu/ml).  
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THE FOPANU STUDY  
 

Settings and participants 
 

The study was performed in 2002 mainly to evaluate the effects of a high-intensity 

functional exercise program (the HIFE Program) on physical functions. The HIFE 

Program showed positive long-term effects on physical functions in older people living 

in residential care facilities, although an intake of extra protein immediately after the 

exercise had no influence. The secondary aims of the FOPANU Study, presented in 

this thesis, were:  

 

1) to investigate whether the participant’s nutritional status was associated with 

medical conditions, drug use, and physical and cognitive impairments (Paper 

II), 

 

2) to describe the participants´ body composition using BIS and traditional 

anthropometry (Paper III), 

 

3) to evaluate the effect of a HIFE Program and protein-enriched drink in a 2 x 

2 factorial model on the ability to increase muscle mass (Paper IV), 

 

4) to evaluate whether age sex, depression, dementia disorder, nutritional status, 

or level of functional balance capacity influenced the effects of the HIFE 

Program on functional balance (Paper V). 

 

The study was carried out in nine residential care facilities. The facilities comprised 

private flats with access to common dining rooms, alarms, nursing and care. Four 

facilities had specialised units for people with dementia, with private rooms and staff on 

hand. The inclusion criteria were: being dependent on assistance from a person in one 

or more personal activities of ADL according to the Katz Index [144]: able to rise from 

a chair with armrests, with the help of no more than one person: and a score of 10 or 

more on a Mini-Mental State Examination (MMSE) [145] (Figure 1). 

 

Procedure 
 

Informed consent was acquired from those residents who met the inclusion criteria, or 

their relatives when appropriate due to cognitive impairment, after oral information was 

given. The exercise and control activities were presented to participants and staff at the 

facilities with no indication of the study hypothesis. Both the exercise and the control 

activity were performed within the facility at a similar distance from the participants´ 

flat or room. The protein energy drinks were offered within five minutes after the end 

of each session and if the participants did not attend the activity, the drink was offered  
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when possible. Individual activity was offered if possible when the participants did not 

attend the group session. The participant’s registered nurse recorded medical diagnoses, 

clinical characteristics and prescribed drugs. All medical records and medication records 

from hospitals, general practitioners and from the residential care facilities were 

investigated. A specialist in geriatric medicine examined the documentations of 

previous and current diseases to determine the diagnosis, according to the same criteria 

for all participants and based on all available information. Two experienced dieticians’ 

were responsible for all assessments of the participant’s body composition and one of 

them was responsible for all nutritional assessments with the MNA.  

 

Data collections and assessments  
 

Nutritional status 
 

The MNA questionaire was used to investigate factors associated with poor nutritional 

status. The MNA scale classifies nutritional status from 18 questions on a 30-point 

scale where thresholds were set as follows; <17 points- malnutrition, 17-23.5- points 

risk of malnutrition and ≥24- normal nutritional status. Body mass index, arm and calf 

circumference are included in the MNA instrument. 

 

Activities of daily living 
 

Dependence in ADL was measured using the Barthel ADL Index (0-20 points) where 

20 points indicates total independence in personal ADL. One question from the 

Barthel questionnaire about feeding was used as a separate question and was 

dichotomised as dependent or partly dependent vs. independent.   

 

Cognitive function and depressive symptoms 
 

The MMSE (0-30) was used when assessing the participant’s cognitive function. A 

MMSE score of 18-23 indicates mild to moderate cognitive impairment and ≤17 

indicates severe cognitive impairment. The Geriatric Depression Scale (GDS-15) was 

used to screen for depressive symptoms where a score of 5-9 might indicate mild 

depression and 10-15 moderate to severe depression. Dementia and depression were 

diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders 

criteria (DSM-IV criteria) [3]. 
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Anthropometry and BIS 

 

Body height was measured in a supine position using a tape measure and recorded to 

the nearest 0.5 cm. 

 

Body weight was measured to the nearest 0.1 kg with the participant wearing light 

indoor clothing, no shoes and sitting on a digital chair scale. Body mass index (kg/m2) 

was calculated. Calf circumference was measure at the level of the largest circumference 

of the right calf to the nearest 0.5 cm. Upper-arm circumference was measure halfway 

between the acromion process of the scapula and the tip of the elbow on the right arm, 

using a tape measure, to the nearest 0.5 cm. 

 

A BIS meter model Xitron 4200 was used for the measurement of body composition. 

Body weight, height and sex were entered into the BIS program. Two pairs of 

electrodes were applied on the hand/wrist and foot/ankle on the right side of the body  

after cleaning the skin with alcohol and cables were connected to the electrodes [112]. 

Measurements were taken while the participant was in a supine position, with arms 

resting slightly away from the trunk and the legs apart. 

 

The volume of TBW, ECW and ICW were measured using a BIS meter. The FFM was 

calculated from TBW, assuming that FFM contains 73% of TBW. Fat mass was 

calculated by the difference between BW and FFM. Measurements of FFM and FM 

were adjusted for height to obtain FFMI and FMI. Intra cellular water was used as a 

proxy for muscle mass[125]. 

 

Skinfold thickness was measured at four sites (triceps, biceps, subscapular, suprailiac) 

on the right side of the upper part of the body to the nearest 0.2 mm using a 

Harpenden skinfold caliper (John Bull British Indicators Ltd, UK). Body density (Bd) 

was calculated using the equations devised by Durnin and Womersley [73] and body fat 

percent was calculated using the Siri’s formula for women and men [121]: 
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Measurements of arm circumference and triceps skin-fold were used to calculate arm 

muscle area using Frisancho´s formula (1981) [114]: 

 
 

Exercise and control activity 
 

The high-intensity exercise and the control activity were performed in groups of three 

to nine participants supervised by two physiotherapists (exercise) and one occupational 

therapist (control). The sessions lasted approximately 45 minutes and were held five 

times during each period of two weeks over three months (13 weeks), 29 sessions in 

total. The exercise program was based on the HIFE Program [146]. The objective of 

the HIFE Program is to improve lower-limb strength, balance, and gait ability. The 

program is based on exercise in functional weight-bearing positions and includes lower-

limb strength and balance exercises while standing and walking. The physical therapists 

selected exercises for each participant according to their functional deficits and 

encouraged the participants to exercise at a high intensity. The load in lower-limb 

strength exercises and the degree of difficulty in the balance exercises were 

progressively increased. It was recommended in each session that the participants 

performed at least two lower-limb strength exercises and two balance exercises in two 

sets. The intention was for participants to perform strength exercises at a maximum of 

8-12 repetitions (RM), and the load was increased as soon as they achieved more than 

12 repetitions. For the first two weeks (build-up period) 13-15 RM was recommended. 

Physical tasks integrated in to daily life activities were recommended individually 

regarding type, number, and frequency at the end of the exercise period, with the aim 

of maintaining physical function. The control activity program consisted of theme-

based sedentary activities such as watching films, reading, singing and conversation. 

 

Protein energy drink and placebo 
 

The nutritional intervention consisted of a milk-based protein-enriched drink which 

contained 7.4 g protein, 15.7 g carbohydrate, 0.43 g fat, and 97 kcal/408 kJ per 100 g 

and a placebo drink that contained 0.2 g protein, 10.8 g carbohydrate, and 46 kcal/191 

kJ per 100 g. The cartons contained 200 ml and had the same neutral design and the  
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drinks were provided to the participants within five minutes after the end of each 

session of exercise or control activity. If a participant could not attend the exercise or 

control activity, the drink was offered when possible. The drinks had a similar taste and 

were consumed using a straw inserted in the carton; each carton was weighed after the 

intake and the amount of drink consumed was recorded. 

 

Functional balance  
 

Trained physiotherapists blinded to which group the participants had been randomized, 

assessed the BBS. The BBS consists of 14 tasks of varied difficulty concerning balance 

that are common in everyday life, for example, standing up from sitting, transferring 

from one chair to another, and while standing reaching forward, turning 360 degree, or 

placing alternate feet onto a step. 

 

 

ETHICAL APPROVAL 
 

The Regional Ethical Review Board in Umeå approved the two studies, study I (§ 

11/03), and study 2 (§ 391/01). Relatives gave their informed consent for participation 

in the study after receiving oral and written information (Paper I). The residents, who 

met the inclusion criteria, or their relatives when appropriate because of cognitive 

impairment, gave their informed oral consent to participate in the FOPANU Study 

(Papers II-V). 

 

 
DESCRIPTION OF THE STUDY POPULATIONS 
 

A full description of sample size and main outcomes of the feasibility study and the 

FOPANU Study are presented in Table 2. 

 

The feasibility study  
 

In the first data collection all residents (n = 48) were screened for constipation, 

according to a modified version of the ROME III criteria by the nurses at the facility. 

Those residents who had an expected survival period of less than six months or who 

were expected to deteriorate severely within a corresponding time, and those who had 

other terminal illnesses such as renal failure, severe heart failure and malignant dis-

orders were not included (n = 33). People who were intolerant of dairy products were 

also excluded. Ultimately 15 residents, aged 69-93 years were included in the study. 

Two people died during the intervention period.  
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At six months, 13 of the 15 participants were followed up and each person constituted 

his or her own control at follow-ups (Figure 1) (Paper I). Characteristics of the 

participants are presented in Table 3. 

 

 
Table 3. Characteristics of the participants in Paper I. 

Code no Sex Age 

(years) 

Height 

(cm) 

BW 

(kg) 

BMI 

(kg/m2) 

1 W 92 149 57.7 26 
2 W 83 153 64.4 22 
3 M 89 160 56.1 21 
4 W 93 149 46.4 28 
5 W 78 157 58.5 24 
6 W 89 168 70.5 25 
7 W 85 151 60.0 26 
8 W 87 149 59.3 26 
9 W 83 152 69.3 30 
10 M 86 156 61.0 25 
11 W 77 175 89.1 29 
12 W 69 160 58.2 23 
13 W 83 151 54.5 24 
14 W 80 152 64.3 28 
15 W 82 157 86.0 34 

Mean  83.7 156 63.7 26.2 

BW = Body Weight; BMI = Body Mass Index. 
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The FOPANU Study 

 

In the first data collection all residents at the nine facilities (n=489) were screened for 

eligibility and 191 persons were included in the FOPANU Study. There were no 

differences regarding age, sex or Katz ADL Index score between the residents who 

were included in the study and those who declined to participatie. The assessment of 

the MNA was not completed for three of the participants and thus 188 participants 

were included (Paper II). Characteristics of this sample are presented in Table 4. The 

BIS measurements were not performed for 14 participants because they had 

pacemakers implanted, values were influenced by technical errors, there was 

disturbance from artificial joints, plates, or other types of metal objects in the body 

(Papers III and IV) and anthropometry measurements were not performed for 4 

participants since they suffered from right-sided hemiplegia (Paper III). Finally 173 

participants aged 65-99 years were included in Paper III and 177 participants were 

included in Paper IV. Characteristics of the sample in Paper III are presented in Table 5 

and 6 and for Paper IV in Table 7. At three months, 149 of the 177 participants in 

Paper IV were followed up; the corresponding figure at six months was 139. The 

functional balance capacity was assessed in the 191 participants who were included in 

the FOPANU Study using the Berg Balance Scale (BBS), at baseline, at three months 

(n=183) and at six months (n=168) (Paper V). Characteristics of this sample are 

presented in Table 8. 
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Table 4. Characteristics of the participants in Paper II.  

 

All 
(n = 188) 

Women 
(n = 136) 

Men 
(n = 52) 

 
P 

Age (years), mean ± SD 84.7 ± 6.5 84.9 ± 6.6 84.0 ± 6.2 0.37 
BMI (kg/m2), mean ± SD 24.8 ± 4.5 25.0 ± 4.6 24.3 ± 4.4 0.39 
Assessments, mean ± SD, n (%)    

MMSE (0−30) 17.7 ± 5.1 17.1 ± 4.7 19.2 ± 5.9 0.01 

GDS (0−15) 4.4 ± 3.2 4.4 ± 3.1 4.3 ± 3.3 0.82 

Barthel ADL Index(0−20)  13.1 ± 4.1 12.9 ± 4.3 13.5 ± 3.9 0.35 

Barthel score 

Dependent in feedinga 
 

  46 (25) 
 

  36 (27) 
 

10 (19) 
 

0.30 

MNA (0−30) 20.5 ± 3.7 20.3 ± 3.7 21.1 ± 3.8 0.17 

MNA (score) 

5.5−16.5 

17−23.5 

24−27.5 

 
  28 (15) 
124 (66) 
  36 (19) 

 
  22 (16) 
  91 (67) 
  23 (17) 

 
    6 (12) 
  33 (64) 
  13 (25) 

 
0.58 
0.32 
0.91 

Drugs, n (%)b     
Laxatives 100 (53)   77 (57)   23 (44) 0.13 
Antidepressants   93 (50)   67 (49)   26 (50) 0.93 
Diuretics   93 (49)   69 (51)   24 (46) 0.58 
Analgesics (ASA)   82 (44)   59 (43)   23 (44) 0.94 
Benzodiazepines   64 (34)   47 (35)   17 (33) 0.81 
Oestrogenesc    55 (29)   40 (29)   15 (29) 0.94 
Neuroleptics   42 (22)   33 (24)     9 (17) 0.31 
Proton pump inhibitors   40 (21)   33 (24)     7 (14) 0.11 
No of drugs, mean ± SD 9.1 ± 4.5 9.4 ±4.7 8.4 ± 3.5 0.15 
Medical conditions, n (%)b     
Depression 114 (61)   86 (63)   28 (54) 0.24 
Constipation 102 (54)   78 (54)   24 (46) 0.17 
Dementia    97 (52)   70 (52)   28 (54) 0.77 
UTI in preceding year   84 (45)   65 (48)   19 (37) 0.17 
Previous stroke   53 (28)   39 (29)   14 (27) 0.81 
Heart failure   52 (28)   35 (26)   17 (33) 0.34 
Diabetes   36 (19)   23 (17)   13 (25) 0.21 
Gastric ulcer   36 (19)   29 (21)     7 (14) 0.22 
UTI currentd   33 (18)   22 (17)   11 (21) 0.43 
Hip fracture (last 5 y)   30 (16)   19 (14)   11 (21) 0.23 
Malignancy (last 5 y)   24 (13)     12 (9)   12 (23) <0.01 
Pneumonia     13 (7)     11 (8)       2 (4) 0.31 
Indwelling urinary catheter     11 (6)       4 (3)     7 (14) <0.01 

BMI = Body Mass Index, GDS = Geriatric Depression Scale, MMSE = Mini-Mental 
State Examination; ADL = Activites of Daily Living; MNA= Mini Nutritional 
Assessment. UTI =Urinary Tract Infection. 
a Dependent or partly dependent (needs help cutting, spreading butter etc) versus 
independent.  
b Descending order.  
c  Only systemic treatment oestrogenes.  
d Ongoing UTI with or without ongoing treatment.  
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Table 5. Characteristics of the study population in Paper III. 

 All subjects  
(n = 173) 

Women  
(n = 128) 

Men  
(n = 45) 

 Mean; 95% CI  
(Range) 

Mean; 95% CI 
(Range) 

Mean; 95% CI 
(Range) 

Age (years) 84; 83.3-85.3 
(65-99) 

85; 83.5-85.8 
(65-99) 

84; 81.7-85.5  
(69-97) 

Body weight (kg)a 64.9; 62.8-66.9 
(31-114) 

62.6; 60.3-64.8 
(31-102) 

71.4; 67.1-75.7  
 (49-114) 

Body height (cm)a 161.0; 159.5-162.0 
(141-183) 

158.0; 156.5-159.0 
(141-176) 

170.0; 168.0-172.0  
(158-183)  

Body mass index (kg/m2 ) 24.9; 24.3-25.6 
(14-41) 

25.0; 24.2-25.9 
(14-36) 

24.6; 23.3-26.0  
(17-41)  

Barthel ADL Index (0-20) 13.1; 12.5-13.8 
(1-19) 

13.0; 12.2-13.7  
(1-19) 

13.7; 12.5-14.8  
(3-19)  

Mini menatal state examination 
(0-30) 

17.5; 16.8-18.3 
(10-30) 

17.0; 16.2-17.8 
(10-29) 

19.1; 17.4-20.8  
(11-30)  

Mini nutritional assessment (0-
30) 

20.5; 20.0-21.1 
(6-29) 

20.3; 19.7-21.0 
(6-29) 

21.1; 19.9-22.3  
(10-28)  

Geriatric depression scale-15 
(0-15) 

4.38; 3.9-4.9 
(0-14) 

4.6; 3.5-5.6 
(0-14) 

4.3; 3.8-4.9  
(0-14)  

Number of drugs 9.1; 8.4-9.8 
(0-27) 

9.4; 8.6-10.3 
(0-27) 

8.2; 7.2-9.3  
(3-16)  

Drugs for regular use, n (%)  
Analgesics  138 (80) 104 (81)  34 (76)  
Laxatives 92 (53) 73 (57) 19 (42)  
Antidepressants 90 (52) 71 (56) 19 (42)  
Diuretics 82 (47) 64 (50) 18 (40)  
Benzodiazepines 68 (39) 52 (41) 16 (36)  
Diagnoses, n (%)    

Depression 108 (62) 82 (64) 26 (58) 
Dementia 93 (54) 69 (54) 24 (53)  
Heart failure 45 (26) 31 (24) 14 (31)  
Diabetes 35 (20) 22 (17) 13 (29)  

CI = Confidence Interval; ADL = Activites of Daily Living.  
a Confidence limits do not overlap between the sexes = significant difference. 
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Table 6. Anthropometric and body composition data of the study population in Paper III. 

 All subjects  
(n = 173) 

Women  
(n = 128) 

Men  
(n = 45) 

 Mean; 95% CI  
(Range) 

Mean; 95% CI 
(Range) 

Mean; 95% CI 
(Range) 

Waist circumference (cm)a 92.1; 90.2-94.0 
(63-135) 

90.2; 88.1-92 
(63-120) 

97.4; 93.4-101.3  
(73-135)  

Calf circumference (cm) 32.7; 32.3-33.3 
(23-41) 

32.8; 32.1-33.4 
(23-41) 

32.6; 31.6-33.6  
(26-41)  

Mid arm circumference (cm) 28.4; 27.8-29.1 
(17-40) 

28.4; 27.6-29.1 
(17-40) 

28.5; 27.3-29.7  
(21-40)  

Triceps skinfold thickness (mm)a 15.9; 14.9-16.9 
(4-35) 

17.3; 16.2-18.5 
(4-35) 

11.8; 10.4-13.2  
(6-24)  

Fat mass skinfold (%)a 33.4; 32.4-34.3 
(16-48) 

34.6; 31.0-34.2 
(23-45) 

25.5; 23.7-27.3  
(14-40)  

Arm muscle area (mm2)a 4435; 4269-4606 
(1819-8621) 

4250; 4067-4432 
(1891-7976) 

4963; 4591-5336  
(2721-8621)  

Arm fat area (mm2 )a 2118; 1963-2273 
(367-5163) 

2291; 2107-2475 
(367-5163) 

1624; 1377-1871  
(662-3955)  

Extra cellular water (l)a 13.8; 13.3-14.1 
(6-23) 

12.8; 12.5-13.2 
(6-20) 

16.4; 15.5-17.3  
(10-23)  

Intra cellular water (l)a 12.5; 12.0-13.0 
(6-25) 

11.7; 11.3-12.2 
(6-20) 

14.7; 13.6-15.8  
(9-25)  

Total body water (l)a 26.2; 25.3-27.1 
(15-43) 

24.5; 23.7-25.3 
(15-37) 

31.0; 29.2-32.8  
(19-43)  

Fat free mass (kg)a 34.5; 33.5-35.7 
(20-57) 

32.3; 31.3-33.3 
(20-49) 

41.0; 38.6-43.3  
(25-57)  

Fat free mass index (kg/m2) 13.2; 12.9-13.6 
(8-21) 

13.0; 12.6-13.3 
(8-19) 

14.1; 13.3-15.0  
(9-21)  

Fat mass (kg) 30.3; 29.0-31.6 
(7-60) 

29.9; 28.8-31.1 
(7-53) 

30.4; 27.6-33.3  
(8-60)  

Fat mass bia (%)a 46.3; 45.2-47.3 
(13-58) 

47.7; 46.6-48.8 
(23-58) 

42.2; 39.9-44.5  
(13-53)  

Fat mass index (kg/m2)a 11.7; 11.2-12.2 
(3-20) 

12.1; 11.5-12.7 
(3-20) 

10.5; 9.6-11.4  
(3-20)  

CI = Confidence Interval; a Confidence limits do not overlap between sexes = significant 

difference.  

 

  



METHODS 

 42 

Table 7. Characteristics of the participants in Paper IV. 

 

 Activity  

 

 Exercise Control  

Characteristics Total 
(n = 177) 

Protein 
(n = 42) 

Placebo 
(n = 41) 

Protein 
(n = 47) 

Placebo 
(n = 47) 

 
P 

Age (years) mean ± SD 84.5 ± 6.4 84.4 ± 6.3 85.3 ± 5.5 82.7 ± 6.4 85.4 ± 7.2 0.16 
Gender, n (%) female 131 (74)  33 (79)  28 (68) 34 (72)   36 (77) 0.71 
Anthropometry, mean ± SD 
BW, (kg) 64.9 ± 13.7 63.9 ± 12.2 65.3 ± 14.3 64.8 ± 12.1 65.4 ± 16.1 0.96 
BH, (cm) 161 ± 8.6 160 ± 7.2 161 ± 9.3 161 ± 8.9 162 ± 8.9 0.46 
BMI, (kg/m2) 24.9 ± 4.6 25.1 ± 4.6 25.2 ± 4.4 24.9 ± 4.5 24.6 ± 4.9 0.94 
FFM, (kg) (n = 174) 34.7 ± 7.6 33.7 ± 6.6 34.8 ± 7.4 35.4 ± 7.8 34.8 ± 8.4 0.77 
ICW, (l) (n = 174) 12.7 ± 3.7 12.4 ± 3.3 12.6 ± 3.1 13.1 ± 5.0 12.5 ± 3.3 0.78 
FMc, (kg) (n = 174) 30.2 ± 9.4 30.2 ± 8.7 30.7 ± 9.3 29.4 ± 9.9 30.6 ± 9.8 0.92 
Assessments, mean ± SD, n (%)      
MNA (0-30) (n = 148) 20.4 ± 3.8 20.8 ± 3.4 19.7 ± 4.5 20.7 ± 3.2 20.4 ± 4.0 0.56 
Barthel ADL Index (0-20) 13.1 ± 4.2 13.8 ± 4.3 11.6 ± 4.6 13.9 ± 3.7 13.0 ± 3.9 0.05 
BBS (0-56) (n = 148) 26.9 ± 14.9 28.7 ± 15.2 24.7 ± 15.5 29.1 ± 13.8 25.0 ± 15.1 0.36 
MMSE (0-30) 17.6 ± 5.1 16.7 ± 4.9 18.0 ± 5.0 18.3 ± 5.4 17.2 ± 5.1 0.46 
GDS-15 (0-15) (n = 141)   4.4 ± 3.1   4.3 ± 3.8   4.6 ± 3.2   4.1 ± 2.8   4.5 ± 3.1 0.92 
Health, self perceived as better 
than age peersb (n = 148) 

72 (41) 8 (19) 19 (46) 24 (51) 21 (45) 0.54 

Impaired vision 52 (29) 14 (33) 16 (39) 15 (32)   7 (15) 0.07 
Impaired hearing 42 (24)   9 (21) 13 (32)   7 (15) 13 (28) 0.27 
Diagnoses, n (%)       
Depression 111 (63) 29 (69) 22 (54) 30 (64) 30 (64) 0.54 
Dementia 94 (53) 23 (55) 21 (51) 23 (49) 27 (57) 0.86 
Previous stroke  51 (29) 14 (33) 10 (24) 10 (21) 17 (36) 0.35 
Angina pectoris 49 (28) 12 (29) 14 (34) 16 (34)   7 (15) 0.13 
Heart failure 47 (27)   9 (21) 11 (27) 12 (26) 15 (32) 0.74 
Diabetes mellitus 35 (20)   5 (12)   8 (20) 10 (21) 12 (26) 0.45 
Drugs for regular use, n (%), mean ± SD     
Analgesics 141 (80)  36 (86) 32 (78) 35 (75) 38 (81) 0.61 
Laxatives 94 (53)  20 (48) 21 (51) 28 (60) 25 (53) 0.72 
Antidepressants 91 (51)  26 (62) 18 (44) 24 (51) 23 (49) 0.41 
Diuretics 84 (48)  20 (48) 19 (46) 24 (51) 21 (45) 0.94 
Benzodiazepines 69 (39)  19 (45) 12 (29) 19 (40) 19 (40) 0.50 
Oestrogensa 50 (28)  10 (24)   9 (22) 13 (28) 18 (38) 0.32 
Neuroleptics 37 (21)    7 (17)   7 (17) 11 (23) 12 (26) 0.66 
Proton pump inhibitors 37 (21)    7 (17)   9 (22) 16 (34)   5 (11) 0.04 
Steroides 49 (28)  13 (31) 15 (37) 11 (23) 10 (21) 0.36 
Number of drugs 9.1 ± 4.4 8.7 ± 3.8 9.8 ± 5.8 9.2 ± 4.2 8.8 ± 3.7 0.66 

BBS = Bergs Balance Scale; MMSE = Mini-Mental State Examination; GDS = Geriatric Depression 
Scale; MNA = Mini Nutritional Assessment; BW = Body Weight; BH = Body Height; BMI = Body Mass 
Index; FFM = Fat Free Mass; ICW = Intracellular Water; FM = Fat Mass. 
a Only systemic treatment oestrogenes  
b Assessed using the Mini Nutritional Assessment item P (no = 0–1, yes = 2) 
c FM = BW-FFM 
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Table 8. Basic characteristics of the participants in Paper V. 

Characteristic Exercise 
(n = 91) 

Control  
(n = 100) 

 
P 

Age, mean ± SD  85.3 ± 6.1 84.2 ± 6.8 0.28 
Female sex, n (%) 67 (74) 72 (72) 0.80 
Diagnoses and medical conditions, n (%)    
Dementia disorder 47 (52) 53 (53) 0.85 
Depression diagnosis 55 (60) 61 (61) 0.94 
Delirium episodes, in the last month 21 (23) 29 (29) 0.35 
Previous stroke 26 (29) 28 (28) 0.93 
Diabetes mellitus 14 (15) 23 (23) 0.18 
Heart failure 25 (28) 27 (27) 0.94 
Angina pectoris 27 (30) 26 (26) 0.57 
Routine prescription medications, n (%)     
Diuretics 45 (50) 49 (49) 0.95 
Analgesics 56 (62) 55 (55) 0.36 
Benzodiazepines 35 (39) 41 (41) 0.72 
Antidepressants 46 (51) 48 (48) 0.73 
Neuroleptics 17 (19) 25 (25) 0.29 
Oestrogene 20 (22) 31 (31) 0.16 
Number of drugs, mean ± SD  9.2 ± 5.0  9.0 ± 3.9  0.74 
Assessments, mean ± SD or n (%)      
Barthel ADL Index Total (0–20)  12.8 ± 4.5 13.4 ± 3.8 0.32 
Mini mental state examination (0–30) 17.5 ± 5.0  18.0 ± 5.3  0.55 
Geriatric depression scale-15 (0–15) (n = 180) 4.6 ± 3.4 4.2 ± 2.9  0.47 
Vision impairment 32 (35) 24 (24) 0.09 
Hearing impairment 24 (26) 22 (22) 0.48 
Body mass index (n = 189) 24.9 ± 4.4 24.7 ± 4.6 0.79 
Mini nutritional assessment (0–30) (n = 188) 20.4 ± 3.9 20.6 ± 3.6 0.65 
Health, self-perceived as better than age peersa (n = 189) 30 (33) 47 (48) 0.04 
Outcome variable    
Berg Balance Scale (0–56) (n = 190) 26.6 ± 15.3 26.6 ± 14.4 1.00 

SD = Standard deviation; ADL = Activities of Daily Living.  
The range of each assessment is indicated in parentheses. For all assessments, except the 
Geriatric Depression Scale, higher scores indicate better status. Numbers after a characteristic 
indicate that there are missing assessments. 
a Assessed using the Mini Nutritional Assessment item P (no = 0–1, yes = 2) 

 

 

STATISTICAL METHODOLOGY 
 

Analyses were performed using the SPSS software, versions 13,15, 16 and 18 (SPSSnc., 

Chicago, IL) in the feasibility and FOPANU study. In the feasibility study analyses were 

also performed using the statistical program R-project with the restricted log-likelihood 

technique. A P-value of <0.05 was considered to indicate statistical significance in all 

statistical analyses. 
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THE FEASIBILITY STUDY  

 

Paper I  
 

Differences between repeated mean values were investigated using the Wilcoxon`s rank 

sum test. Mean BW changes were estimated using a mixed regression model including 

both fixed and random effects, in order to take into account the repeated 

measurements of BW and bowel movements during the whole study period.  
 
 

THE FOPANY STUDY  
 

Paper II 
 

Associations between nutritional status and medical conditions, drug use, and physical 

and cognitive impairments were investigated in a cross sectional sample from the 

FOPANU Study. 

 

Univariate linear regressions were conducted to investigate associations between MNA 

(0−30) as the dependent variable and all independent variables, respectively. A multiple 

linear regression analysis was conducted for variables related to MNA scores (P ≤0.15) 

in the univariate analysis. The independent variables were age, sex, constipation, 

pneumonia, UTI during the preceding year, dependence in feeding, diuretics, MMSE, 

GDS, and number of drugs. Not included in the multiple linear regressions were: 

Indwelling Urinary Catheter (IUC) since all participants with IUC also had a current 

UTI, and a current UTI because it was included in the variable UTI in the preceding 

year. Treatment with laxatives was also excluded since it correlated with constipation (r 

>0.70 in the bivariate correlation analyze), as was the Barthel total score since the item 

about being dependent in feeding was included, and depression, since the GDS score 

was included which measures actual depressive symptoms. Additional interaction 

analyses were conducted between sex and all independent variables in the multivariate 

linear regression, respectively.  

 

Univariate comparisons were conducted for conditions that were significant in the 

multivariate analysis (UTI the preceding year and dependent in feeding, and MMSE) in 

relation to MNA, divided in three groups (<17, 17−23.5, and ≥24), using the Chi-

square test for categorical variables and with one-way analysis of variance with post hoc 

test for the continuous variable. 
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Paper III 
 

Body composition measurements were further investigated in a cross-sectional sample 

from the FOPANU Study. Conventional multiple linear regression was conducted to 

analyze the specific body-composition measurements, anthropometric data and MNA,  

according to age and sex. The association between measures from BIS, traditional 

anthropometry, BMI and MNA were described using Pearson’s correlation coefficient 

(r) and the comparative Student’s t-test. Principal Component Analysis (PCA) was used 

to detect latent structures within the collected data and to assess the influence of each 

item on these structures. A stable and interpretable factor structure supports the 

robustness of latent structures. The relative values (loadings) are used as indicators of 

the relevance of the different data obtained from the two methods. The exploratory 

factor analysis of BIS variables and anthropometrics was conducted using PCA with 

varimax rotation on the same population. Missing values for each item were replaced 

with mean values in the analysis. The number of relevant factors was identified using 

the Kaiser criterion with Eigen values >1. 

 

Paper IV 
 

The effect of the HIFE program and a protein-enriched drink in a 2 x 2 factorial model 

on muscle mass was further investigated in a randomised controlled sample from the 

FOPANU Study. Baseline characteristics were compared between allocation to activity 

(exercise/control) and nutrition (protein/placebo) group using one-way ANOVA or 

the Chi-square test. The outcome variable was ICW for a quantification of muscle 

mass, and BW in order to evaluate eventual changes in ICW. 

 

Possible outliers in the outcome, were evaluated using a box plot, the distribution of 

the absolute differences between baseline and the follow-ups was used. An outlier was 

defined as a value with a difference of 1.5-3*interquartile range (IQR) from the upper 

or lower edge of the box, and an extreme outlier was defined as >3*IQR. 

 

Within-group effects were analyzed in each group: exercise, control, protein and 

placebo, to describe the change over time, by paired sample t-tests, comparing outcome 

measures at baseline with those at three and six months, respectively. 

 

A 2-by-2 between-group analysis of covariance (ANCOVA) was performed to evaluate 

outcome measures at three and six months based on the intention-to-treat principle. 

The dependent variable was the post-intervention value. The independent variables 

were activity (exercise or social activity) and nutrition (protein or placebo). An 

interaction analysis was performed to check whether an intake of a protein-enriched 

milk drink influenced the effects of the exercise. Baseline values for the outcome ICW, 

age, sex and Barthel ADL index were used as covariates to control for individual  
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differences at baseline. Adjustments were made for differences (P <0.15) between the 

groups at baseline: concerning antidepressants, benzodiazepines, and proton pump 

inhibitors, self-perceived health, and impaired vision.  

 

Additional interaction analyses were performed for individuals who had values at 

baseline, three and six months to check whether nutritional status, sex, exercise 

intensity and attendance had any influence on the outcome in the activity groups, at 

three and six months. 

 

Additional between-group analyses were conducted to compare changes over time for 

the 132 participants with measurements from all three time points: baseline, there and 

six months. Differences between activity and nutrition groups for ICW, BW, FM and 

BBS were followed, with the same dependent and independent variables and 

adjustments as in the intention-to treat analyses above. 

 

Paper V 
 

Baseline values were further investigated in a randomised controlled sample from the 

FOPANU Study. The independent variables for the preplanned subgroup analyses 

were age, sex, depression, dementia disorder, nutritional status (MNA score), and level 

of functional balance capacity (BBS score) at baseline. Age and BBS score were 

dichotomized on the median value. Mini nutritional assessment score was 

dichotomized on 17, since a score below 17 indicates the presence of malnutrition 

[133]. In addition, age, BBS and MNA scores at baseline were evaluated as continuous 

variables. To complement the subgroup analyses of depression and dementia disorder, 

GDS and MMSE scores at baseline were analyzed as continuous variables to evaluate 

whether the amount of depressive symptoms and cognitive level, respectively, 

influenced the effects. All analyses were made according to the intention-to-treat 

principle using all available data on each participant, according to their original group 

assignment, regardless of level of attendance in the trial.  

 

Baseline characteristics were compared between exercise and control groups using 

Student’s t-test or the chi-square test. To describe change over time in total score for 

the BBS, within-group effects were analyzed in exercise and control groups using the 

paired sample t-test, comparing the total score at baseline (pre-intervention) with the 

total score at the tree- and six-month follow-ups (post-intervention). Comparison of 

baseline characteristics and analyses of within-group effects (in the exercise and control 

groups, respectively) were also made with the participants divided into the predefined 

subgroups.   
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Interactions between allocation to activity group and each subgroup were evaluated 

using ANCOVA. Between-group differences were analyzed at the three- and six-month 

follow-ups (post-intervention), respectively, in which the post-intervention total BBS 

score was the dependent variable. Independent variables were allocation to activity 

(exercise or control) and one of the subgroups in each analysis. The analyses were 

adjusted for pre-intervention total score for the BBS, age (not in the analyses when 

dichotomized age was the independent variable), sex, and differences (P ≤0.15) 

between the groups (exercise and control) at baseline (vision impairment and self-

perceived health). For the subgroup analysis regarding level of functional balance 

capacity (dichotomized BBS score), the difference between the post- and pre-

intervention values of the total score for the BBS was the dependent variable with no 

adjustments for the pre-intervention total score for the BBS. All the analyses were 

tested for interactions between allocation to activity group and each subgroup. In 

addition, all the analyses using ANCOVA were also performed with adjustments for 

the differences (P ≤0.15) between the exercise and control groups, with the participants 

divided into the subgroups. These analyses produced essentially the same results as the 

analyses adjusted for the differences between the exercise and control groups (data not 

shown).  

 

Interactions between allocation to activity group and age, BBS, MNA, MMSE, and 

GDS score at baseline, respectively, were evaluated using multiple linear regression 

analysis. The dependent variable was the total score for the BBS at the three- and six-

month follow-ups (post-intervention). For testing interaction effects, a variable of the 

product of activity group and each of the variables was added. The multiple linear 

regression analyses were adjusted for the same variables as in the ANCOVA.  
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RESULTS 
 

THE FEASIBILITY STUDY 
 

Paper I 
 

Characteristics of the 15 participants are presented in Tables 3 and 9. For the total 

sample the mean age was 83.7 years, 87% were women, the mean score for BMI 

(kg/m2) was 26,2 and all participants had a dementia diagnosis.  

 

Feasibility 
 

The drinkable yoghurt was easy to serve and the participants found it tasty. In addition,  

the staff did not feel that serving the drink imposed any extra work, as it was prepared 

and ready to serve. The staff also confirmed that the 7-day dietary and physical activity 

records and bowel movements diary were easy to keep. 

 

Bowel function 

 

Bowel movement frequency and consistency for each participant at pre-intervention 

and at the end of the intervention are shown in Table 6. The frequency decreased for 

the whole group, by 0.04 stools/month for the whole six-month intervention period, 

and also when a comparison was performed between 14 days before and the last 14 

days of the intervention (P <0.001). 

 

No effects on the consistency were found for the whole group during the six-month 

intervention period, or when a comparison was made between 14 days before and the 

last 14 days of the intervention period (P = 0.87) (Table 9). Six of the participants 

developed looser bowel concistency during the study and one of them was able to stop 

using all laxatives.  
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Table 9. Characteristics, anthropometry and changes in body weight and energy intake (7 days) over 6 months, overnight fast (7 days) and bowel 
movement (14 days) pre-intervention and at the end of the intervention in mean or median for each participant. 

Code no   
       

Sex 
 

Age 
(years) 

BMI 
(kg/m2) 

Height 
(cm) 

BW 
(kg) 

BW 
change 

(kg) 

EI 
(kcal) 

EI 
change 
(kcal) 

ONFa 

(h) 

ONFb 

(h) 

BMFa 

(mean 
/day) 

BMFb 

(mean 
/day) 

BMCa 

(mean 
points) 

BMCb 

(mean 
points) 

1 W 92 26 149 57.7 -6.6 1132 +75 13.1 15.5 0.4 0.2 1.3 4.0 
2 W 83 22 153 64.4 +0.9 1505 -76 13.8 15.4 0.7 0.6 1.4 3.0 
3 M 89 21 160 56.1 -2.8 1725 -398 14.8 17.6 0.6 0.4 1.7 3.0 
4 W† 93 28 149 46.4 – 1544 – 14.0 – 1.9 – 2.6 – 
5 W 78 24 157 58.5 -1.8 1792 -343 13.9 16.0 0.6 0.3 1.3 2.0 
6 W 89 25 168 70.5 +0.5 1040 -186 16.2 16.2 0.9 0.4 2.6 2.1 
7 W† 85 26 151 60.0 – 836 – 16.5 – 0.6 – 1.4 – 
8 W 87 26 149 59.3 -3.0 1401 +45 16.8 14.4 0.4 0.4 2.7 3.0 
9 W 83 30 152 69.3 -3.3 1827 +76 15.2 15.4 0.4 0.3 3.0 2.4 
10 M 86 25 156 61.0 +3.0 1404 -28 15.9 14.9 1.0 0.6 3.0 2.2 
11 W 77 29 175 89.1 -9.1 1535 +141 09.7 10.3 0.8 0.4 2.1 3.0 
12 W 69 23 160 58.2 -5.6 1776 -50 11.1 12.7 0.8 0.4 1.8 3.0 
13 W 83 24 151 54.5 -9.2 1115 +225 16.8 13.0 0.6 0.4 3.3 0.9 
14 W 80 28 152 64.3 -5.8 1723 -376 13.5 16.0 0.6 0.4 2.9 2.6 
15 W 82 34 157 86.0 -8.0 1457 -207 13.7 15.0 1.0 0.2 3.0 2.7 

Mean  83.7 26.2 156 63.7 -3.9* 1454 -81* 14.3 14.8 0.7 0.3* 3c 3c 

BMC = Bowel Movements Consistency, BMF = Bowel Movements Frequency, BMI = Body Mass index, BW = Body Weight, EI = Energy Intake, 

ONF = Overnight Fast. a Pre-intervention, b At the end of the intervention, † Deceased during intervention period, c Median, * P <0.05. 
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Body weight and overnight fast 

 

Changes in BW, overnight fast (mean number of hours for seven days) at pre-

intervention and at the end of the intervention, are presented in Table 9. The 

participants´ mean BWs decreased by 0.65 kg/month during the time for the 

intervention. Ten of the 13 participants who completed the study lost BW (range 1.8 – 

9.2 kg) and three increased their BW (range 0.5 – 3.0 kg). The mean overnight fast was 

14.3 hours/day pre-intervention and had increased by 0.5 hours/day at the end of the 

intervention. 

  

Medications and diseases 
 

Drugs and diseases, which may have had some effects on the participants’ bowel 

movements and appetite, are presented in Table 10. All participants took various kinds 

of laxatives (not presented) for treatment of constipation at baseline. Only drugs taken 

at baseline are presented, since only a few adjustments in prescribed drugs were made 

during the intervention. The mean number of drugs prescribed ranged from 5 to 11 

(Table 10). Ten of the 15 participants had other diagnoses in addition to dementia, 

which might have had adverse effects on intestinal motility and energy balance and 

seven of the 15 participants had 1-3 diagnosed UTIs during the study period (Table 10).  

 

Energy intake and activity level 

 

The participants EI and PAL at pre-intervention, baseline and for the last 14 days of 

the study are presented in Table 11. Eight of the 13 participants who completed the 

intervention reduced their EI (range 28 – 398 kcal) and five increased their intake by a 

range of 45 – 225 kcal. The participants´ PAL was lower than the level suggested for 

very inactive old people, and did not change during the time for the study (Table 11). 
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Table 10. Prescribed drugs for regular use, drugs with anticholinergic effect and effects on bowel movements, 
in addition to three diseases that could have had adverse effects on intestinal motility and energy balance. 

Participants 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Drugs for regular use, n 6 7 8 10 11 9 10 10 7 9 12 5 9 5 7 
Drugs                

Anticholinergic effect x  x x x x  x x x x x x x  

Antibiotics x x   x   x x x   x   

Analgesicsa  x  x x  x x      x  

Proton pump inhibitors        x  x x x     

Diuretics    x  x x        x 

Antidepressants x    x x  x x x x x x x  

Anti-dementia  x  x  x     x     x 

Diagnoses                

Diabetes mellitus x            x   

Chronic heart failure    x   x        x 

Infections, nb 1 2   3   1 2 1   2   

a None on opioids 
b Urinary tract infections (11) and skin ulcer (1) 
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Table 11. Calculated basal metabolic rate, food intake level, physical activity level, energy intake and needs, estimated needs 
and deficits‚ protein intake, fluid and fibre intake‚ overnight fast, pre-intervention, at start and at 6 month‚ mean ± SD and 
range. 

 Pre-intervention 
(n = 15) 

Start  
(n = 15)    

At 6 months 
(n = 13) 

 Mean ± SD Range Mean ± SD Range Mean ± SD Range 

BMR (kcal/d) 1166 ± 169 928-1646 1162 ± 165 918-1632 1148 ± 152 969-1521 
FIL 1.27 ± 0.3 0.76-1.67 1.26 ± 0.3 0.75-1.72 1.24 ± 0.3 0.67-1.62 
PAL 1.19 ± 0.1 1.10-1.39 1.19 ± 0.1 1.08-1.37 1.16 ± 0.1 1.07-1.35 
Energy (kcal/d)       

1) Intake 1454 ± 304 836-1827 1455 ± 293 818-1722 1413 ± 264 854-1903 
2) Needs (PAL * BMR) 1383 ± 210 1095-1893 1383 ± 218 1083-1926 1340 ± 197 1095-1810 
3) Needs (PAL 1.4 * BMR) 1633 ± 237 1299-2304 1627 ± 230 1285-2285 1608 ± 212 1356-2129 

4) Deficit ( 1 and 3) -178 ± 368 -769-277 -171 ± 310 -670-296 -195 ± 317 -939-262 

Protein intake        
(g/d) 48.5 ± 12.0 22.2-63.0 51.2 ± 14.1 21.6-71.0 53.2 ± 7.7 34.2-63.8 
(g*kg-1*d-1) 0.8 ± 0.3 0.4-1.3 0.8 ± 0.2 0.4-1.2 0.9 ± 0.2  0.5-1.2 

Fluid intake (ml/d)  1510 ± 318 861-2112 1310 ± 223 870-1664 1549 ± 379 1101-2218 
Fiber intake (g/d)  10.4 ± 3.0 4.1-14.6 9.2 ± 2.2 6.1-14.1 9.4 ± 1.9 6.1-13.2 
Overnight fast (h) 14.3 ± 2.0 9.7-16.8 14.6 ± 1.9 10.4-16.9 14.8 ± 1.9 10.3-17.6 

SD = Standard Deviation; BMR = Basal Metabolic Rate; FIL = Food Intake Level; PAL = Physical Activity Level. 
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THE FOPANU STUDY 
 

Paper II 
 

Characteristics of the 188 participants are presented in Table 4. The age range was 65 to 

100 years and women comprised 72% of the sample. The mean score for MNA was 

20.5; 15% of the participants were classified as malnourished and 66% at risk of 

malnutrition, with no difference between women and men. The mean MMSE score was 

17.1 for women and 19.2 for men. Forty-six participants (25%) were totally or partly 

dependent on help in feeding and 45% of the participants had had at least one UTI 

during the preceding year, with no differences between women and men. The most 

prevalent medical conditions were depression, constipation, dementia, and UTI during 

the preceding year. Women had significantly lower MMSE scores, prevalence of 

malignancy and IUC than men (Table 4). 

 
Associations  

 

Table 12 shows sex, diagnoses, drugs, number of drugs, assessments and age among the 

participants and the association with MNA scores as a continuous variable. Lower 

MNA scores were, independently associated with UTI in the preceding year (ß = −0.21, 

P = 0.01), lower MMSE scores (ß = 0.16, P = 0.03), and with dependence in feeding (ß 

= −0.14, P = 0.049) (Table 12). 

 

Interactions 
 

Significant interactions could be seen between women and men for UTI in the 

preceding year and the MMSE score (P = 0.01 vs. 0.02 respectively). A UTI last year 

was significantly associated with lower MNA scores, for both women and men (ß = 

−0.18, P = 0.04 vs. ß = −0.51, P <0.001) and a lower MMSE score was associated with 

lower MNA scores, for women but not for men (ß = −0.006, P <0.001 vs. ß = 0.32, P 

= 0.97).  
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Table 12. Age, sex, assessments, number and type of drugs, and medical conditions in older 
people living in residential care facilities and their associations with MNA scores at baseline. 

Factors (yes/no)  MNAa      

 Mean ± SD Mean ± SD Ba 95% CI for B b Pc Pd 

Age _ _ -0.1 -0.2 – 0.0 -0.1 0.06 0.12 
Female        20.3 ± 3.7 21.1 ± 3.8 -0.8 -2.0 – 0.4 -0.1 0.17 0.83 
MMSE (0-30) _ _ 0.2 0.1 – 0.3 0.2 0.002 0.03 
GDS-15 (0-15) _ _ -0.2 -0.4 – 0.0 -0.2 0.02 0.17 
Barthel ADL Index (0-20) _ _ 0.3 0.2 – 0.5 0.4 <0.001  
Dependent in feedinge 18.7 ± 3.7 21.0 ± 3.5 2.3 1.1 – 3.5 0.3 <0.001 0.049 
Number of drugs _ _ -0.1 -0.2 – 0.0 -0.1 0.05 0.84 
Laxatives 20.0 ± 3.6 21.0 ± 3.7 -1.0 -2.1 – 0.0 -0.1 0.06  
Antidepressants 20.2 ± 4.0 20.7 ± 3.4 -0.5 -1.6 – 0.6 -0.1 0.35  
Diuretics 20.0 ± 3.7 21.0 ± 3.7 -1.0 -2.0 – 0.1 -0.1 0.08 0.12 
Analgesics (ASA) 20.8 ± 3.6 20.2 ± 3.8 0.5 -0.5 – 1.6 0.1 0.33  
Benzodiazepines 20.4 ± 3.9 20.5 ± 3.4 0.1 -1.0 – 1.2 0.01 0.86  
Oestrogensf 19.4 ± 4.2 20.9 ± 3.4 -1.4 -2.6 – -0.2 -0.2 0.24  
Neuroleptics 20.2 ± 4.3 20.5 ± 3.5 -0.3 -1.6 – 1.0 -0.0 0.62  
Proton pump inhibitors 19.7 ± 2.6 20.7 ± 3.9 -0.9 -2.2 – 0.4 -0.1 0.16  
Depression    20.1 ± 3.5 21.0 ± 4.0 -0.9 -1.9 – 0.2 -0.1 0.13  
Constipation    19.9 ± 3.7 21.2 ± 3.6 -1.4 -2.4 – -0.3 -0.2 0.01 0.65 
Dementia    20.1 ± 4.0 20.9 ± 4.4 -0.7 -1.8 – 0.4 -0.1 0.19  
UTI in preceding year 19.3 ± 4.0 21.4 ± 3.2 -2.0 -3.1 – -1.0 -0.3 <0.001 0.01 
Previous stroke    19.9 ± 3.6 20.7 ± 3.7 -0.8 -2.0 – 0.4 -0.1 0.19  
Heart failure    20.1 ± 3.6 20.6 ± 3.8 -0.6 -1.8 – 0.6 -0.1 0.35  
Diabetes    21.5 ± 3.3 20.2 ± 3.8 1.3 -0.1 – 2.6 0.1 0.07  
Gastric ulcer 19.6 ± 2.7 20.7 ± 3.9 -1.0 -2.3 – 0.3 -0.1 0.13  
UTI current 19.2 ± 4.0 20.8 ± 3.6 -1.6 -3.0 – -0.2 -0.2 0.03  
Hip fracture  20.7 ± 3.1 20.4 ± 3.8 0.3 -1.2 – 1.7 0.0 0.68  
Malignancy     20.4 ± 4.0 20.5 ± 3.7 -0.1 -1.7 – 1.5 -0.0 0.93  
Pneumonia 17.9 ± 4.7 20.7 ± 3.6 -2.7 -4.8 – -0.7 -0.2 0.01 0.66 
IUC 18.5 ± 3.9 20.6 ± 3.7 -2.1 -4.3 – 0.2 -0.1 0.08  

MNA = Mini Nutritional Assessment; SD = Standard Deviation; CI = Confidence Interval; IUC 
= Indwelling Urinary Catheter; ASA = Acetylsalicylic Acid; ADL = Activities of Daily Living; 
MMSE = Mini-Mental State Examination; GDS = Geriatric Depression Scale. 
a Unstandardized cofficients, b Standardized cofficients, c Univariate linear regression, d Multiple 
linear regression, e According to Barthel ADL Index item; Dependent or partly dependent (needs 
help cutting, spreading butter etc) versus independent.  
. f Only systemic treatment oestrogenes. The multiple regression model explained 20% of the 
variance of MNA.  
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Main results divided in to MNA groups 

 

Table 13 shows those variables that were independently associated with lower MNA 

scores (UTI in the preceding year, dependence in feeding, and MMSE score) in relation 

to MNA <17, 17-23.5, ≥24.  

Participants who were malnourished (MNA ≤17) had a higher UTI prevalence in the 

preceding year, were more dependent in feeding and had lower MMSE scores than 

those who were well nourished (MNA ≥24) and participants who were at risk (MNA 

17-23.5) did not differ significantly either from the participants with malnutrition or 

those who were well nourished (Table 13).  

 

 
Table 13. Variables that were independently associated with lower MNA scores in the 
multivariate analysis in old people living in residential care facilities classified as malnourished, at 
risk for malnutrition or well nourished. 

 MNA  

 
Factors 

<17 
(n = 28) 

17-23.5 
(n = 124) 

> 24 
(n=36) 

 
P 

UTI in preceding year, n (%) 19 (68)*  54 (44) 11 (31)*  0.04a 
Dependent in feedingb, n (%) 12 (43)*  30 (24)  4 (11)*  0.01a 
MMSE, mean ± SD 15.6 ± 4.5* 17.7 ± 5.1  19.2 ± 5.3* 0.02a 

MNA = Mini Nutritional Assessment; UTI = Urinary Tract Infection; MMSE = Mini Mental 
State Examination; SD = Standard Deviation. 
* Groups that are significantly different from one another at the P < 0.05 level. 
a Comparison between residents in the three MNA-categories using chi-square test or ANOVA. 
b According to Barthel ADL Index item; Dependent or partly dependent (needs help cutting, 
spreading butter etc) versus independent.  
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Paper III 
 

Data in this descriptive study originated from the baseline assessments of the 

participants in the randomized controlled intervention study (the FOPANU study) and 

included 173 older people, 128 women and 45 men (Table 5). Thirty-eight percent of 

the participants had a BMI <23 and 75% were at risk for malnutrition or were 

malnourished according to the MNA. 

 

Body composition 
 

The participants anthropometric and body-composition measurements are shown in 

Table 6. The FFM, FFMI, FMI and FM% differed between women and men (P = 

<0.001) measured using BIS, as well as AMA, AFA (P = 0.001) and FM% (P = <0.02) 

measured by arm circumference and skinfold thickness measurements. 

 

Body composition and nutritional status according to age and sex  

 

Fat-free mass index and FMI, AFA and BMI was inversely related to age, significantly 

for women but not for men (FIG 4 A, B, D and E) respectively. Arm muscle area was 

inversely related to age for both women and men (FIG 4 C), and MNA was not related 

to age for either women or men (Figure 4 F).  
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Figure 4. FFMI (A) FMI (B) AMA (C) AFA (D) BMI (E) and MNA (F) inversely related to age. 
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Associations between anthropometric and BIS measurements 

 

There was a high correlation between AMA and FFMI (r = 0.67) both indicating the 

amount of muscle mass (Figure 5, A). There was a high correlation between AFA and 

FMI (r = 0.82), both indicating the amount of body fat (Figure 5, B). The FM% 

estimated from either BIS or four skinfold measurements correlated (r = 0.46) but on 

different levels of values (Figure. 5, C). 

 

Principal component analysis (PCA)  
 

The PCA revealed three components with Eigen values >1. The first one representing 

body fat, the second the fat-free mass of the body and the third factor comprised 

mainly the body height. These three components explained 75.8% of the variance. The 

factor loadings are shown in Table 14. The BIS measurements had the highest loadings 

in the first and second components, indicating FM and FFM. Arm-fat area, skinfold 

thickness measurements and BMI have the highest loading in the first component, 

which indicates FM in this sample (Table 14).  
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                                            A 

 
                                               B 

                                                          C 

 
  

Figure 5. Linear correlation between FFMI and AMA (r = 0.67), P <0.001 (A) FMI and AFA 
(r=0.82, P<0.001) (B) FM % skinfold and FM% BIS (r=0.46, P <0.001)(C). 
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Table 14. Factor loadings (F) after varimax rotation for body 
composition variables. 

 Factor 1 Factor 2 Factor 3 

Fat mass index 0.93 - - 

Fat massa 0.92 0.20 0.34 

Arm fat area 0.88 0.27 -0.19 

Fat massb 0.84 0.34 - 

Triceps skinfold 0.84 0.20 -0.30 

Mid arm circumference 0.82 0.45 0.16 

Fat massc 0.80 -0.58 - 

Body mass index 0.74 0.38 - 

Weight 0.66 0.55 0.49 

Waist circumference 0.72 0.43 0.51 

Calf circumference 0.67 0.40 0.39 

Arm muscle area 0.53 0.48 0.44 

Mini nutritional assessment 0.40 0.12 0.30 

Age -0.30 -0.23 - 

Fat free mass index 0.30 0.92 - 

Intra cellular water 0.16 0.88 0.34 

Fat free mass - 0.79 0.55 

Height - - 0.89 

Sex 0.27 0.23 -0.79 

Extra cellular water 0.30 0.53 0.69 

Eigenvalues 10. 3.9 .6 
After rotation (%) 8.0 4.4 3.3 

a by BIS in kg. 
b by four skinfold measurements in percent. 
c by BIS in percent. 
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Paper IV 
 

This intervention study, which also originated from the FOPANU study, included 177 

participants shown in Table 7. The mean age was 84.5 years (range was 65 to 99 years) 

and 74% were women. The participants´ BMI was 24.9 kg/m2, 16% had a MNA score 

<17, 64% 17 to 23,5, and 19% ≥24. Eighty-four percent of the participants were 

followed up at three months and 79% at six months (Table 15). 

 

Compliance with intervention 
 

The total attendance level among the 149 participants with both a baseline and follow-

up outcome value was 79% for the exercise group and 72% for the control group. In 

the exercise group, the attendance level was 72% for participants with MNA <17 and 

80% for those who had an MNA ≥17, and 75% for women and 86% for men. The 

exercise group performed lower-limb strength exercises at high-intensity (8-12 RM) in a 

median of 60% of the attended exercise sessions and in a median of 93% at medium 

(13-15 RM) or high intensity. The protein-enriched drink was taken on 84% and the 

placebo drink in 79% of all occasions. The protein-enriched drink package was 

completely emptied on 82% and the placebo drink on 80% of those occasions. 

 

Between-groups effect 

 

At three-months, the exercise group had not increased the amount of muscle mass and 

BW compared to the control group. At six-months, the exercise group had reduced 

amounts of muscle mass and BW significantly compared to the control group. No 

interaction effects were found between the exercise and the protein enriched drink, 

MNA over and below 17, and sex, respectively (Table 15).  

 

Within-group effects 
 

No significant changes in ICW and BW were found within the four groups; exercise, 

control, protein or placebo, at both follow-ups (Table 16). For participants with MNA 

<17, no significant changes were found in ICW or BW either in the exercise or in the 

control group, at both follow-ups. For participants with MNA ≥17, no changes in ICW 

were found but there were changes in BW in the exercise group, while no significant 

changes were seen for either ICW or BW in the control group, at both follow-ups. 
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Table 15 Outcome analyses in mean (SE) for groups values, and for between-group differences mean (95% CI)* at 3 and 6 months based on the intention-
to-treat principle 

  Activity   Nutrition    

Time after 
baseline 

assessment 

Outcome 
measure 

Exercise Control Difference P Protein Placebo Difference P Pb 

3 month, n=149 ICW, l 12.4 (0.2) 12.6 (0.2) -0.2 (-0.7 to 0.3) 0.37 12.4 (0.3) 12.6 (0.3) -0.2 (-0.7 to 0.3) 0.53 0.48 

  BW, kg 64.8 (0.3) 65.5 (0.3) -0.7 (-1.6 to 0.2) 0.13 64.7 (0.3) 65.5 (0.3) -0.8 (-1.7 to 0.1) 0.09 0.62 

6 month, n=139 ICW, l 12.2 (0.2) 12.6 (0.1) -0.5 (-0.9 to 0.02) 0.04 12.4 (0.1) 12.4 (0.2) -0.1 (-0.5 to 0.4) 0.85 0.54 

  BW, kg 65.3 (0.4) 66.5 (0.4) -1.3 (-2.3 to -0.2) 0.02 65.8 (0.4) 65.9 (0.41)  -0.1 (-1.3 to 1.1) 0.81 0.12 

BW = Body weight; ICW = Intra cellular water. Bold font highlights results with statistical significance P <0.05 
a Between-group effects analysed by 2 x 2 factorial ANCOVA in which the post-intervention value was the dependent variable. Independent variables were  
the allocation to activity (exercise/control) and nutrition (protein/placebo) groups, pre-intervention value, age, sex. b P for interaction 

 

 

 
Table 16. Within-group differences between post- and pre-intervention values at 3 and 6-months, baed on the intention to-treat principle, mean (SD). 

  Activity Nutrition 

Time after 
baseline 
assessment 

Outcome 
measure 

n Exercise P n Control P n Protein P n Placebo P 

3 month ICW, l  66 0.07 (1.4) 0.69 83 0.3 (1.5)  0.09 76 0.1 (1.6) 0.48 73 0.2 (1.3) 0.10 

 BW, kg 66 -0.6 (2.7) 0.08 83 0.1 (2.5) 0.72 76 -0.7 (2.9) 0.054 73 0.3 (2.2) 0.34 

6 month ICW, l 63 -0.3 (1.2) 0.07 76 0.2 (1.3) 0.11 74 -0.1 (1.3) 0.70 65 0.01 (1.1) 0.97 

 BW, kg 63 -0.6 (3.1) 0.11 76 0.6 (3.1)  0.08 74 -0.1 (3.5) 0.76 65 0.3 (2.7) 0.42 

SD = Standard Deviation; ICW = Intracellular Water; BW = Body Weight. Bold font highlights results with statistical significance P <0.05. 
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Additional analysis 

 

Between exercise and control group, changes in ICW, BW, FM, and BBS for the 133 

participants who had measurements from all three time points (baseline, three- and six-

months) are precented in Figure 6. 

 

 
Figure 6. Differences in change in intra cellular water, BW, fat mass and Berg Balance Scale  
at three and six month from baseline, between exercise and control group. Three months 
represents end of intervention period. The zero line indicates no difference between the two  
study groups at baseline, and the control group at three- and six-months. 

 
 

Paper V 
 

Characteristics of the 191 participants are presented in Table 8. For the total sample, 

the mean age was 84.7 years, 73% were women, 52% had a dementia disorder, and 61% 

had a diagnosis of depression. The mean scores for MNA and BBS were 20.5 and 26.6, 

respectively.  

 

Compliance  

 

In the exercise group, the attendance was 62% for participants with malnutrition and 

81% for men. The attendance in the remaining subgroups ranged from 67 to 78%. 

Proportions of attended sessions with high-intensity strength exercise were 68% for 

men and ranged from 50% to 59% in the remaining subgroups. The proportion of 

attended sessions with high-intensity balance exercises were 60% for people with 

malnutrition and ranged from 71 to 77% for the remaining subgroups  
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Between groups differences 

 

Mean differences for the BBS at the three- and six-month follow-ups between the 

exercise and control groups, stratified according to the preplanned subgroups, are 

presented in Table 17.  No statistically significant interactions were revealed for the 

subgroups: age, sex, depression, dementia disorder, nutritional status, and level of 

functional balance capacity at the three- and six-month follow-ups (Table 17). In 

addition, no significant interactions were revealed for age, BBS and MNA scores 

respectively at baseline, when they were evaluated as continous variables at the three- or 

six-month follow-ups. Moreover, no significant interaction was found for cognitive 

level (MMSE score) or amount of depressive symptoms (GDS scores) at three- and six- 

month follow-ups. No statistically significant interactions were revealed for the 

subgroups: age, sex, depression, dementia disorder, nutritional status, or level of 

functional balance capacity, at the three- and six-month follow-ups (Table 17). When 

age, BBS and MNA scores as continuous variables, and MMSE score and GDS score at 

baseline were evaluated respectively there was no significant interaction at the three- 

and six-month follow-ups (Table 17) 

 

Within-group differences  
 

Overall, the within-group analyses in the exercise group revealed significant 

improvements in the BBS at both the three-month and the six-month follow-up. For 

the control group there was a significant mean difference at the six-month follow-up 

but not at the three-month follow-up. The within-group analyses for all the subgroups 

revealed a trend for all mean differences in the exercise group to be positive and to be 

higher compared to the subgroups in the control group at the three- and six-month 

follow-ups (Table 18). 
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Table 17.  Between-group differences of the Berg Balance Scale and interactions effects at 3 and 6 months after baseline 
assessment, stratified according to participant characteristics. 

 Difference between Exercise – Control 
3 months 

Difference between Exercise – Control 
6 months 

Participants n Mean (95% CI) P for interaction n Mean (95% CI) P for interaction 

Age    0.65   0.69 
< 85 82 1.79 (-0.98 – 4.56)  79 1.41 (-1.24 – 4.07)  

≥ 85 90 0.92 (-1.74 – 3.58)  82 2.16 (-0.47 – 4.79)  

Sex   0.65   0.62 

Female 124 1.62 (-0.69 – 3.93)  116 2.11 (-0.12 – 4.34)  

Male 48 0.65 (-2.93 – 4.21)  45 1.07 (-2.40 – 4.53)  

Depression   0.51   0.20 

Yes 100 0.76 (-1.84 – 3.37)  95 0.71 (-1.79 – 3.21)  

No 72 2.08 (-0.86 – 5.03)  66 3.26 (0.36 – 6.16)  

Dementia disorder   0.78   0.94 

Yes 90 1.59 (-1.08 – 4.26)  87 1.78 (-0.76 – 4.31)  

No 82 1.04 (-1.72 – 3.80)  74 1.92 (-0.80 – 4.65)  

Nutritional status   0.09   0.48 

MNA score < 17 25 5.42 (0.38 – 10.46)  24 3.47 (-1.37 – 8.31)  

MNA score ≥ 17 146 0.70 (-1.38 – 2.77)  137 1.60 (-0.42 – 3.61)  

Functional balance capacity   0.67   0.85 

BBS score < 29 84 1.12 (-1.62 – 3.85)  73 1.85 (-0.93 – 4.63)  

BBS score ≥ 29 88 1.93 (-0.76 – 4.61)  88 2.22 (-0.33 – 4.76)  

CI = Confidence Interval; MNA = Mini Nutritional Assessment; BBS = Berg Balance Scale. 
For subgroup analyses, all variables were dichotomized. Between-group differences in the total score for the BBS were 
analyzed using ANCOVA at the 3- and 6-month follow-ups (postintervention). All the analyses were tested for interactions 
between allocation to activity group and each subgroup. 
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Table 18 Within-group differences of the Berg Balance Scale between post- and preintervention values at 3 and 6 months After baseline 
assessment, stratified according to participant characteristics. 

 3 months 6 months 

Participants  
n 

Exercise 
Mean (95% CI) 

 
n 

Control 
Mean (95% CI) 

 
n 

Exercise 
Mean (95% CI) 

 
n 

Control 
Mean (95% CI) 

Age          

≥ 85 47 2.36 (0.34 – 4.38) 44 1.84 (-0.01 – 3.70) 42 3.45 (1.36 – 5.54) 41 1.85 (-0.43 – 4.14) 
< 85 35 2.06 (-0.32 – 4.43) 47 0.57 (-1.08 – 2.23) 35 2.29 (0.60 – 3.97) 44 0.82 (-0.53 – 2.16) 

Sex         
Female 59 2.00 (0.19 – 3.81) 66 0.92 (-0.41 – 2.25) 55 2.64 (0.96 – 4.31) 62 0.84 (-0.47 – 2.15) 
Male 23 2.83 (-0.06 – 5.72) 25 1.88 (-1.01 – 4.77) 22 3.64 (1.28 – 5.99) 23 2.61 (-0.70 – 5.91) 

Depression         
Yes 47 2.13 (0.17 – 4.08) 54 1.78 (0.41 – 3.14) 45 2.53 (0.44 – 4.63) 51 2.06 (0.51 – 3.60) 
No 35 2.37 (-0.10 – 4.85) 37 0.32 (-1.98 – 2.63) 32 3.47 (1.97 – 4.97) 34 0.21 (-2.05 – 2.46) 

Dementia disorder         
Yes 42 1.86 (-0.42 – 4.13) 48 0.92 (-0.69 – 2.52) 43 1.91 (0.25 – 3.56) 44 0.27 (-1.08 – 1.63) 
No 40 2.63 (0.57 – 4.68) 43 1.49 (-0.45 – 3.42) 34 4.21 (1.95 – 6.46) 41 2.44 (0.20 – 4.67) 

Nutritional status         
MNA < 17 15 1.47 (-2.99 – 5.93) 10 -4.00 (-9.26 – 1.26) 14 1.86 (-1.55 – 5.26) 10 -1.00 (-4.25 – 2.25) 
MNA ≥ 17 67 2.40 (0.79 – 4.02) 79 1.90 (0.68 – 3.11) 63 3.16 (1.65 – 4.67) 74 1.66 (0.25 – 3.07) 

Functional balance capacity         
BBS < 29 36 2.94 (0.26 – 5.63) 49 2.04 (0.29 – 3.79) 30 4.33 (1.84 – 6.83) 44 2.61 (0.73 – 4.50) 
BBS ≥ 29 46 1.67 (-0.08 – 3.43) 42 0.19 (-1.52 – 1.90) 47 2.02 (0.46 – 3.58) 41 -0.07 (-1.77 – 1.62) 

CI = Confidence Interval; MNA = Mini Nutritional Assessment; BBS = Berg Balance Scale.  
Within-group effects in all subgroups were analyzed using paired sample t-test. 



DISCUSSION 

 67 

DISCUSSION 
 

It was revealed from the feasibility study in this thesis that it was feasible for older 

people with a dementia disease to consume a probiotic drink and it was possible for the 

staff to register the participant’s daily intake of food, their level of activity and their 

bowel movements. Despite an extra 140 kcal from the probiotic drink a mean loss of 

BW of 0.65 kg/month was found, and no beneficial effect could be observed on bowel 

movement frequency or consistency. The participants’ energy intake was lower than 

their calculated energy needs and their physical activity level was lower than 

recommended for very inactive older people [142]. Furthermore, the overnight fast was 

almost 15 hours, which is four hours longer than the recommended upper limit. 

 

A high proportion of older people with cognitive and physical impairments in the 

FOPANU Study were at risk of malnutrition or already malnourished. Poor nutritional 

status was associated with having had a UTI during the preceding year, being 

dependent in feeding in both women and men, and with lower MMSE scores in 

women but not in men. There was an inverse relation between both FFMI and FMI 

according to age for women but not for men. Results from the BIS measurements 

correlated well with the skinfold measurements regarding muscle mass. There was also 

a relatively high correlation between fat mass measured using BIS and the 

anthropometric measurements, but on different levels on values for FM%.  

 

The FOPANU Study showed positive long term effects (three month after the training) 

on functional balance, walking ability and leg strength. No effects on the amount of 

muscle mass and no additional effects from the protein-enriched milk drink could be 

observed after the three months of high intensity exercise and no interaction effects 

were seen between the exercise and the nutritional intervention. However, there were 

negative long-term effects with loss of muscle mass and BW at six months, i.e. three 

months after the intervention had ended. The effects of the exercise on muscle mass 

were independent from malnutrition. High age, female sex, a diagnosis of depression or 

dementia disorder, malnutrition, or severe physical impairment, did not influence the 

effect of the exercise program on functional balance. 

 

 

THE FEASIBILITY STUDY  
 
Feasibility 
  

The staff member at the facility whom conducted the intervention thought the 

intervention program, was easy to implement despite a heavy workload (Paper I). Staff 

good will and the regular support and reminders given by the dietitian were probably a  
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major contributory factor to the study’s high feasibility. Other contributory factors 

could be that the participants found the probiotic drink tasty and that it had few side 

effects. The staff also thought the drink was easy to serve because it was ready-mixed, 

and that the forms for registration of dietary intake, activity level and bowel movements 

were easy to use, which was also confirmed by the number of missing values <1%. 

 

The probiotic yoghurt drink and constipation 

  

In contrast to our study, a randomized, double-blinded, placebo-controlled study 

including 209 participants by Pitkala et al. showed that people in nursing homes who 

received a probiotic drink for seven months had more frequent bowel movements [51]. 

However, our study is in accordance with a study by Ouwehand at al., who did not 

observe any changes in the use of laxatives in a small group of old people (n=28) [52]. 

In that study they used a different type of drink (juice) supplemented with another type 

of bacteria strain and the time for intervention was shorter than in our study, 3 weeks 

as compared to six months. Contrary, to both our study and the study undertaken by 

Owerhand et al, a small study by An et al that involved 19 older people in nursing 

homes revealed that a lactic acid bacteria supplement was able to significantly improve 

defecation frequency, and concistency [53]. However, the findings in our study and in 

the study by Pitkala et al, and that by Owehand et al, having less statistical power due to 

few study participants. In addition, none of these studies compared effects from similar 

bacteria strains. In addition, one limitation in the study by Pitkala et al, was that all 

participants, both in the intervention group and in the placebo group, received a 

fermented oat drink that contained the same amount of oat fiber, that also could have 

effect on constipation. Another limitation was also that no recordings of the habitual 

food intake and no calculations of daily beverage and fiber intake were performed. In 

our study six participants, out of 13, developed looser stools, which might indicate that 

the effect of the probiotic drink might reach significant effect in a larger randomized 

study. 

 

Body weight, energy intake and overnight fast 
 

The staff at the facilities became more aware of the participants' food intake during the 

food registrations. This may have led to an over-reporting of the registered intake, since 

it might be difficult to collect true information on the actual intake from this type of 

recording [147]. The participants´ weight loss during the intervention might be a 

confirmation that food intake was over-reported. In addition, the probiotic drinks 

served to participants close to breakfast might have caused satiety and thus competed 

with the habitual food intake, which in turn might have resulted in a lower daily food 

intake. The long overnight fast (mean 14.3-14.8 hours, range 9.7-16.8), almost four  
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hours longer than the recommended 11 hours, might also have contributed to the loss 

of BW. In addition, the long overnight fast often resulted in that the meals throughout 

the day being served too close together meaning that the participants may not have 

been hungry before the next meal was served [142]. 

 

However, there are many factors in this group of older people with dementia that could 

have contributed to the weight loss and in addition as no control group was included it 

is difficult to draw accurate conclusions from the results. The participants in the 

present study were affected by dementia diseases, many other diseases and drug 

treatments. Impaired olfactory ability, and difficulties in swallowing, are common in 

dementia and may contribute to poor appetite and weight loss [39, 148, 149]. The 

participants with dementia in the present study had an energy and protein intake that 

was too low to cover their needs. A large proportion of the participants suffered from 

UTI during the study period, which might also have influenced their energy needs, and 

their poor nutritional intake might have contributed to the high incidence of infections. 

Participants might thus have lost even more weight if they had not received the drinks. 

 

Activity level 

 

Although staff felt that daily physical activity was easy to record, the recording may 

have contained some underestimations, since it can be difficult to remember the kinds 

of physical activity that have been performed, while records that provide a more 

detailed information may also result in a high administrative burden [150]. It is, 

therefore, possible that staff underestimated the participants' activity level, and that a 

higher activity levels than recorded in addition to a low energy intake, might explain the 

loss of BW. However, the results may also correspond to reality, since many other 

factors could have contributed to the weight loss in this group of older people with 

dementia receiving many drugs treatments. 

 

 

THE FOPANU STUDY  
 

Urinary tract infection 

 

Poor nutritional status was found to be associated with having had an UTI during the 

preceding year, in both women and men (Paper II). To our knowledge this has not 

been demonstrated earlier among old people living in residential care facilities. 

However, it has previously been shown that people with poor nutritional status more 

often suffer from infections such as UTI after being admitted to hospital [151]. Old  
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people in residential care facilities and old people admitted to hospital settings have 

high prevalence’s of both diseases and malnutrition, indicating that the high risk of UTI  

could be similar in both settings. 

 

Loss of ability to eat independently and cognitive function 

 

Poor nutritional status was associated with dependency in feeding and with lower 

MMSE scores in our study (Paper II), which is supported by several other studies [41, 

47, 152]. Suominen et al., found that the prevalence of malnutrition was high among 

participants who had impaired ADL functioning, and suggested that they needed more 

assistance during the mealtime in order to prevent malnutrition, especially those with 

dementia [41]. Lower MMSE scores were associated with lower MNA scores for 

women in our study, which was not, investigated in the aboved mentioned studies. One 

possible explanation for this gender difference may be that men with demetia get better 

help with nutrition, perhaps because a larger proportion of the men had a wife who was 

still living. Other factors such as staff gender, and age might also play a role in the care 

[153]. 

 

Assessments of body composition 
 

Distribution and amount of FFM and FM, AMA and AFA have been evaluated 

according to age in our study population (Paper III). To our knowledge no other study 

has used a BIS meter among older people with physical and cognitive impairments 

living in residential care facilities. The present study found that the participants had 

lower FFMI and higher FMI compared to a population of free-living older people 

[154]. However, the participants in that study by Tengvall et al., were about 10 years 

younger (75 years of age) and healthier than those in the present study. Thus, both age 

and disease prevalence may explain these differences. The participants in our study may 

have received higher FM at the expense of reduced FFM, which might be due to 

diseases that cause wasting, in addition to ageing and physical impairments. 

 

Estimation of body composition  

 

Amount of FFM in the body may be underestimated and FM may be overestimated 

when measured using BIS, due to malnutrition and disturbed fluid distribution [155, 

156]. A large proportion of the participants in our study were classified as malnourished 

and may also have been suffering from dehydration as a result of a low beverage intake, 

in addition to a therapeutic use of diuretics. Therefore, the amount of FFM might have 

been underestimated and FM overestimated. 
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A true body height is difficult to obtain in old people and as the body height is included 

in the BIS calculations, this might also have contributed to incorrect measurement of 

body composition. 

The sum of four skinfold measurements and sex- and age-specific equations were used 

to calculate FM, according to Durnin and Womersley [73] (Paper III). This measure 

might have underestimated FM in this group of old people, as suggested in other 

studies [1, 157, 158]. Changes in skin elasticity and thickness, distribution of adipose 

tissue from subcutaneous fat to intra-abdominal fat and changes in muscle composition 

that occur with ageing might all have contributed to an underestimation of the amount 

of body fat when assessed using skinfold thickness measurements. The equation by 

Durnin and Womersly is validated for people up to the age of 72. Bioelectrical 

impedance spectroscopy measurements have not been validated in very old people or 

in old diseased people suffering from physical impairments. The BIS measurements 

correlated well with anthropometric measurements and both methods seem to have 

measured what they were intended to measure in the present study. We may conclude 

that both these methods are also suitable for assessing body composition in very old 

people. However, further validation studies of both BIS and skinfold measurements, 

compared to a golden standard method are needed. 

 

Body composition, nutritional status and ageing 
 

Fat-free mass can be a valuable indicator of nutritional status [159]. In Paper III it was 

found that the amount of FFM was inversely related to age among old people who 

were suffering from many diseases. A decrease in FFM with age seems to be more 

pronounced in diseased than in healthy old people [70]. These findings are supported 

by results from another study among older people with multiple diseases, living in 

residential care facilities [40]. 

 

The participants in the present study had a high prevalence of malnutrition or risk of 

malnutrition according to MNA, in spite of a high BMI. The relatively high BMI that 

was found in our study seems to be a poor indicator of body composition or of 

malnutrition [160]. Assessments of body composition including information on FFM 

and FM are therefore of importance when nutritional status is to be evaluated in old 

people. 

 

Effect of a high intensity exercise program on muscle mass 

 

The lack of effect of the HIFE Program on muscle mass is not in accordance with 

other exercise studies among healthy or moderately impaired old and very old people 

[85, 105, 161] (Paper IV). In these studies, an increased muscle mass was observed after 

a high-intensity strength exercise program. One explanation for these differences might  
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be that the participants in these studies, in contrast to those in our study, were more 

healthy and probably less affected by malnutrition, inflammatory cytokines that cause 

wasting, and took fewer drugs with side effects. Such factors may have limited the 

participants’ capacity to build muscle and thereby limited the effects of the exercise. In 

two of the above mentioned studies [105, 161], an additional explanation could be that 

the participants were also younger than our participants and thus not affected by the  

decreased levels of anabolic hormones, reduced enzyme activity and impaired insulin 

sensitivity that occur with ageing [33].  

 

Three months after the HIFE program was completed, improvements in the physical 

function (Berghs balance scale) were observed despite reduced amount of muscle mass 

and BW. This is probably due to improvment in neuromuscular function [162], as 

shown in an exercise study among obese older people who lost BW [163]. In contrast 

to our study, the participants in that study seemed to maintain their muscle mass. 

 

A protein-enriched supplement 

 

The protein-enriched drink taken immediately after the exercise did not have any 

additional effect on the amount of muscle mass, which is in accordance with a study by 

Candow et al but in contrast with results from a study by Esmark et al [105, 106]. Both 

of these studies included only healthy older men although younger than those included 

in the present study [105, 106]. One explanation for the lack of effect in our study may 

be that the participants had poor energy intake and poor nutritional status indicating a 

negative energy balance, which was also confirmed by registered loss of BW and low 

MNA scores. Thus, the protein in the drink might have been metabolized and used as 

energy, instead of being substrate in order to build muscle mass. Unfortunately, no 

registrations of food intake and energy expenditure were recorded in the FOPANU 

Study, which would have indicated whether the participants were in energy balance or 

not. However, some caution should be taken regarding Esmarks´ study since the results 

from the within-groups analyses in that study indicated that the comparison group did 

not increase the amount of muscle mass after the exercise, in contrast to other studies 

among healthy older men [78, 85]. 

 

Protein and carbohydrate supplements ingested simultaneously, stimulates insulin 

secretion, promote the muscle protein synthesis and muscle hypertrophy following 

exercise to a greater extent than when they are taken separately [164, 165]. Similar 

results has also been found in a study where a milk drink containing both carbohydrates 

and protein was taken following the exercise [104]. Although our protein-enriched 

drink was milk-based, containing both protein and carbohydrates, and the placebo 

drink included only carbohydrates we were unable to replicate these results. However,  
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these two studies differed in the type of exercises and the participants included were 

both healthier and younger than our participants, which might have had an influence.  

 

Exercise among old people with malnutrition 

 

Older people suffering from malnutrition (MNA <17) seemed to derive the same 

benefits from the HIFE Program regarding the effect on functional balance as those 

who were at risk of malnutrition or were well nourished (Paper V). One could assume 

that the reduced muscle- building capacity among our participants affected their ability 

to improve functional balance negatively, since muscle mass is correlated with muscle 

strength [166]. Nevertheless, among those who were classified as malnourished (MNA 

<17) there was a tendency to derive more benefits on functional balance from the 

three-month exercise program, as was found in the interaction analysis (P = 0.09). The 

same trend was seen when MNA was analyzed as a continuous variable (P = 0.07). 

Those who were malnourished (MNA <17) and exercised may have gained a better 

appetite, increased their energy intake and achieved a positive energy balance, which 

supported further training. Another possible explanation for these tendencies could be 

that not all those who were classified as malnourished according to the MNA were 

suffering from underweight. The result may be an effect of an improved neuromuscular 

function that has occurred as a result of the exercise without the protein supplement 

and the nutritional status having any influence. 

 

  

METHODOLOGICAL CONSIDERATIONS 
 

The feasibility study  
  

The study was designed as a pilot study to determine whether it was possible to 

implement this kind of intervention among old people with dementia and constipation. 

However, the external validity in the study was limited because of the inclusion of a 

selected group of old people with dementia and constipation living in residential care 

facilities. The study group was also small (n=15) with no control group, which is a 

limitation when evaluating the results from the intervention. 

 

All participants in the study were suffering from dementia and were not able to 

communicate, thus a modified version of the ROME III criteria had to be used in the 

evaluation of effects on constipation, where assessments based on the person's 

experience of subjective symptoms of their stools were removed. This must be  
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considered a limitation because there are studies which indicate that subjective 

assessment of BMC is more important for the individual than the BMF [167].  

 

The study was performed over a rather long period and with numerous of registrations 

and follow-ups. This must be considered a strength of this study since more data give 

more power to the outcome. However it is hard to make correct recordings over a long 

time which could be a limiation.   

  

The FOPANU Study  
 

In Paper II the nutritional status was assessed using MNA and no other method was 

used to validate this assessments. This can be considered a design limitation in this 

study. 

 

In Paper III we did not use any golden standard methods to validate the methods used 

to measure the participants’ body composition, which is a limitation. However it was a 

study on a large population and the methods used did not require any cooperation from 

the participants. 

 

In Paper IV the inclusion of a protein-energy drink given to the participants in 

connection with the high-intensity exercise, aimed to evaluate whether the extra protein 

would produce any effect additional to the exercise. The participants’ habitual food 

intake was not registered and their energy needs were not calculated. Thus it is 

impossible to know if the protein in the drink was metabolized as energy instead of 

producing effects additional to the exercise. 

 

We used a BIS meter to evaluate the participants muscle mass and as mentioned in the 

limitations for Paper III, a validation of this method would have been necessary to 

ascertain whether the results were reliable in this group of old people living in 

residential care facilities. 

 

In Paper V one limitation was that the subgroups in the interaction analyses were small 

and thus there were at risk for TYP II errors. Few men were included in the FOPANU 

Study, errors analyzes included men may be possible in Papers II-V. However, the 

strength of the FOPANU Study is that the exclusion criteria were well defined and the 

participants’ characteristics were well described. 
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ETHICAL CONSIDERATIONS 
 

All participants in the feasibility study had severe dementia and in the FOPANU Study 

a large proportion of those included had severe cognitive impairment and 52% a 

dementia diagnosis. In older people with severe cognitive impairment or with dementia, 

it can be difficult to obtain adequate informed consent to participate in a study because 

they may have difficulties understanding information about what the study involves. 

Oral and written consent to participating was therefore sought from the participants' 

next of kin in Study I, and in Study II oral consent was given by the next of kin to 

participation when the participants were unable to do this by themselves because of 

cognitive impairments. 

 

Malnutrition and low levels of physical activity might have serious clinical consequences 

for old people with dementia. It therefore seems most unethical to exclude people with 

dementia from research and especially from intervention studies. 

 

When high-intensity exercise is performed in this group of old people there may be a 

strong risk of adverse events. However, the risks have been minimized in the 

FOPANU study. The physician in the study decided from a medical perspective 

whether the participants could engage in a high-intensity exercise program. The PTs 

who supervised the physical exercise could also consult the physician or nurse if there 

were any questions about the participants’ health. The participants could also 

discontinue the study at any time. 
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CLINICAL IMPLICATIONS 
 

The main clinical implication of this thesis is that the majority of older people with 

dementia living in residential care facilities had a poor nutritional intake, low physical 

activity level and lose a lot of weight, which may negatively influence the clinical 

outcome for them. Since studies have shown that poor nutritional status might be 

prevented and treated at a high age, even among old people with dementia, there 

should be more focus on this area [149]. Poor nutritional status always has an 

underlying cause and may be reversible. The feasibility study showed that a selected 

group of old people with dementia had a poor nutritional intake, low levels of physical 

activity and lost BW. These circumstances should be taken into consideration when 

efforts are focused on assessments, and to take into accunt these persons´ individual 

needs for food and activity. 

 

We have also found that poor nutritional status among old people living in residential 

care facilities is common and seems to be strongly associated with UTI, indicating that 

it is probably important to prevent and treat malnutrition to prevent UTI in this 

vulnerable group. Urinary tract infection in frail old people might be a good indicator 

of possible malnutrition, but UTI may also possibly be a contributory cause of 

malnutrition. 

 

Exercise in malnourished older persons including those with dementia, can be 

performed safely and achieve a good result, thus people with cognitive and physical 

impairments should not be excluded from exercise and rehabilitation. Physical exercise 

might even be an effective way of slowing down the progression of dementia [146]. 

The most impressive effects on ADL were seen in people with dementia, indicating 

that our attitudes towards exercise interventions in this group should be positive.  
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IMPLICATIONS FOR FUTURE RESEARCH 
 

It would be interesting to investigate whether the probiotic drink used in the feasibility 

study would have any effect on constipation and BW in a larger randomized controlled 

trial. It would also be interesting to find out if a shorter overnight fast and increased 

physical activity would have any effect on constipation, BW and nutritional status in old 

people with severe dementia, and to investigate further whether improvements in 

physical activities and nutritional status translate into effects on cognition and dementia 

status. 

 

Further research is needed to determine if malnutrition also is associated prospectively 

with UTI. It would also be of interest to discover if improvements of nutrition can 

prevent UTI among old people living in residential care facilities. 

 

Future research is needed to determine whether high intensity exercise over a longer 

period than in the FOPANU Study can increase the amount of muscle mass. Such a 

study should also consider the risk of negative energy balance and therefore include 

methods and measurements of both energy intake and calculated energy needs. 

Registrations of the participants’ level of daily physical activity would also be important 

in such a study. 

 

Protein supplements used in future studies should have a higher proportion of protein 

with a high biological value, including those amino acids that have been proven to be 

important for muscle hypertrophy. 

 
For further research, improved equations adapted to old and very old people with 
multiple diseases are needed in the prediction of body composition by BIS and skinfold 
thickness. There is also a need to validate these equations against golden standard 
methods. 

 

It would also be of interest, to investigate nutritional status using both MNA and 

biological markers. Another aspect for further studies would be to calculate the amount 

of muscle mass, an to give an optimal individualized nutritional supplement to older 

people, to prevent weight loss and loss of FFM, in addition to a high intensity exercise 

program. 
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CONCLUSIONS 
 

This study found that a majority of the included older people with dementia, had a low 

dietary intake, low physical activity level, and they lost BW despite receiving a 

supplemental probiotic drink every day for six months. The supplementation had no 

detectable effect on constipation. Among the participants in the FOPANU Study, 

urinary tract infection during the preceding year was independently associated with 

poor nutritional status. Being dependent in feeding was also associated with poor 

nutritional status as were lower MMSE scores for women. The fat-free mass and fat 

mass expressed as indexes of body height were inversely related to age for women but 

not for men. Despite the high-intensity exercise program had long-term effects (three 

month after the intervention) on funtional balance, walking ability and leg power was 

no effect on the amount of muscle mass at three months observed. A high-intensity 

exercise program did not have any effect on the amount of muscle mass. The ingestion 

of a protein drink immediately after exercise produced no additional effect on the 

outcome and the results did not differ for participants who were malnourished. The 

negative long-term effect on BW and amount of muscle mass indicate that it is 

necessary to compensate for increased energy demands during a high-intensity exercise 

program. High age, female sex, depression, mild to moderate dementia disease, 

malnutrition, and severe physical impairment do not seem to have a negative impact on 

the effect of a high-intensity functional weight-bearing exercise program. Consequently, 

people with these characteristics in residential care facilities should not be excluded 

from rehabilitation (including nutritional supplementation and physical training). 

Further research is needed, to further explore in large randomized controlled trials, the 

association between energy balance and malnutrition among frail old people, with a 

special focus on UTI and constipation, but also how physical exercises effects 

nutritional status. 
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