
Introduction

Nutritional problems in multimorbid elderly people are often
accompanied by poor physical function and disablement. The
combination of poor nutritional state and impaired physical
function constitutes frailty (1) and increases the risk for
dependency in daily living and further deterioration of health
status. It would be desirable to prevent the frail elderly from
reaching the stage where they can no longer live independently.

There are a few published randomised controlled trials
(RCT) focusing on both nutrition and physical function in the
frail elderly (2-6). A positive energy balance seems to have a
positive effect on body weight and possibly on body
composition (2-4). Physical training can affect both muscle
strength and integrated physical functions such as gait velocity,
balance, stairclimbing power, and the overall level of physical
activity (2; 4-6). There seems to be little combined effect of
nutrition and physical training.

Considering the low number of studies using both nutritional
and physical intervention, we decided to conduct a controlled
intervention trial in frail elderly people analysing the effects of
individualised nutritional intervention and supporting group
sessions as well as physical training focusing on endurance,
muscle strength and balance. The study was a pilot study
working with methods of individualised nutritional

intervention, as most other studies have used standardised doses
of supplements.

The aim of this pilot RCT was to analyse:
• the effect of individualised nutritional intervention and

physical training on energy intake, resting metabolic rate and
body composition in frail, community-dwelling elderly, aged
75 and older

• the correlation between energy intake, resting metabolic rate
and fat-free mass in the frail elderly

Material and methods

The study was performed on an outpatient basis in an elderly
research centre in Solna, a suburb of Stockholm, Sweden,
between 2003 and 2005. The study was approved by the
research ethics committee at Karolinska Institutet. All
participants gave written, informed consent.

Subjects
Subjects were recruited through questionnaires and

advertisements in local newspapers, as well as through referrals
from primary care and the home service administration
organised by the local municipal authorities. Subjects (n=437)
who were interested in having their nutritional state analysed
and who met the inclusion criteria were contacted by telephone
for screening. A final sample of 96 subjects was included in the
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study.

Inclusion criteria
Included were elderly people, aged 75 and older, defined as

frail using the definition by Chin A Paw, comprising both a
nutritional and a physical focus (1):
• unintentional weight loss of ≥ 5% during the last year and/or

body mass index (BMI) <20 kg/m2

• low physical activity level (≤ grade 3 in the Mattiasson-Nilo
classification of physical activity (7-8).

Exclusion criteria were age under 75, BMI > 30 kg/m2, non-
walkers, recent cardiac problems requiring hospital care, hip
fracture or surgery during the last six months, current cancer
treatment, stroke within the last two years and less than 7 points
of a total 9-point score on the short form of the Mini Mental
State Examination (9), and institutionalised residents.

Randomisation
The subjects were randomised consecutively into four

different groups. The randomisation procedure was conducted
in an open manner by the study personnel with the instructions
of a statistician. For each new group, randomisation started
with the oldest individual to avoid age differences between
groups.

Randomisation was done to the following four intervention
groups:
1. Nutrition (N) (n=25): Individual dietary counselling and

group session education; general physical training advice
2. Training (T) (n=23): Specific physical training; general

dietary advice
3. Nutrition and training (NT) (n=25): Individualised dietary

counselling and group session education; specific physical
training

4. Control (C) (n=23): General advice regarding diet and
physical training

Assessment
The subjects were assessed at baseline (0 months), after three

months of treatment (F1) and a 9-month follow-up (F2). The
study was completed without blinding.

The subjects were initially examined by the geriatrician for
medical history, continuous medication, physical status, living
arrangements and type of walking aid.

Nutritional intake
Food intake was analysed using a four-day food record,

where the participants reported intake of all foods and
beverages. At the home visit, a nutritionist/dietician went
through the record verifying details of foods and amounts
consumed. Questions were asked regarding appetite, cooking,
buying groceries and meal patterns. The food intake data was
computerised, and energy content was calculated using
StorMATS (version 4.06, 2002, RUDANS LÄTTDATA,
Västerås, Sweden) and the Swedish national nutrient database,
PC-kost (version 02_1, National Food Administration, 2002).

Missing values in the database were queried on the producers’
websites, and entered into the program when available;
otherwise similar products were chosen.

Mini nutritional assessment
The Mini Nutritional Assessment (MNA) (10) was

completed.

Resting metabolic rate
Resting metabolic rate (RMR) was measured by indirect

calorimetry, using an MBM-200 Delta Trac II metabolic
monitor (DATEX, Engström, Finland). Each morning a
calibration was done using a test gas of known composition.
The study subjects arrived at the centre fasting and rested for 30
minutes before RMR was measured for another 30 minutes.
The results were extrapolated to MJ per 24 hours. The physical
activity level (PAL) was estimated as energy intake/RMR.

Body composition
The patients were weighed, in underwear, to the nearest 0.1

kg on a digital chair scale (UMEDICO SV-600, Rosersberg,
Sweden). Height was measured to the nearest centimetre using
a stadiometer. Four skinfolds were measured using a
Harpenden calliper (British indicators Ltd, Bedfordshire, UK)
(11) and the mean of three measurements to the nearest 0.1 mm
was recorded. Body density and fat mass were calculated from
the sum of these four skinfolds using prediction equations (12-
13). Fat-free mass (FFM) was calculated as body weight minus
fat mass. Body composition was also measured using whole-
body dual energy x-ray absorptiometry (DXA). Due to the
expense of the scan, DXA was only used at baseline and at the
nine-month follow-up. Conventional anthropometric results
were used for the longitudinal analyses.

Physical performance
Personal activities of daily living (pADL) were estimated

with the Functional Independence Measure (FIM) (14-15). This
is a 13-item (motor items), 7-graded ordinal scale with a
maximal score of 91. Grade 6 and 7 indicate independence with
or without devices, respectively. Instrumental activities of daily
living (iADL) were estimated using Instrumental Activity
Measures (IAM), a supplementary scale to FIM (16). This is a
8-item (e.g. cleaning, washing, cooking, shopping, public
transportation, etc.), 7-graded ordinal scale with a maximal
score of 56. Grade 6 and 7 indicate independence with or
without devices, respectively.

After baseline examinations and randomisation, participants
were invited to a meeting, where each group received
information on their treatment and written summaries of their
individual baseline results.

Intervention
Nutritional intervention
The nutritional intervention consisted of individual dietary

counselling based on the baseline food record data focusing on
food choices and meal patterns. Energy needs of each
individual were estimated as 1.4 x RMR for the N group, and
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1.5 x RMR for the NT group.
When analysing the results a sufficient energy intake was

considered 1.4 x RMR for the C-group and 1.5 x RMR for the
T-group, in analogy with the N and NT groups, respectively.

At each session, a nutritionally well-balanced snack was
served. The T and C groups received general advice regarding
nutrition for the elderly. Protein and micronutrients were
considered during counselling, however, not analysed in this
study. Suggestions that would cover the needs of each
individual were presented and discussed at an individual
session lasting about one hour. The nutritional intervention
included five group sessions that covered such topics as
nutritional needs for the elderly, meal frequency and cooking
methods. 

Physical training
The exercise program has been described elsewhere (17). In

short, the physical training consisted of 60-minute organised
sessions twice a week for twelve weeks, with emphasis on
endurance, muscle strength and balance. The program consisted
of three corresponding sections: i) warm-up including aerobic
training, ii) individually prescribed muscle strength training,
and iii) Qigong including cool-down. The warm-up/aerobic
training section consisted of standing exercises, such as
walking/jogging on the spot, walking forwards/backwards and
sideways, and arm movements. The muscle-strength training
section consisted of two separate stations: high intensity
strength training on stationary equipment and functional
strength training with weight belts. The balance training section
consisted of different Qigong exercises performed on different
degrees of supporting area combined with arm and trunk
movements. These exercises were progressed with increasing
difficulty. The training program was planned by the
physiotherapist and led by a trained instructor with the
assistance of a physiotherapy assistant.

Statistical analysis
Longitudinal changes within study groups, based on an

intention-to-treat analysis, were tested by pairwise t-tests, as
were comparisons between “responders” and “non-responders”
regarding adherence to the recommendation to increase energy
intake. For treatment effects at F1 compared to baseline within
study groups, confidence intervals were used in addition to t-
tests.

Comparisons between treatment groups were made by
analysing variance (ANOVA) using the differences between
baseline and follow-up. The level of significance was p<0.05
for all analyses.

The correlations between energy intake, RMR and FFM
were tested at baseline and the two follow-ups. A correlation
matrix was also calculated and mean correlations and
confidence intervals were created for each pair of correlations
to test the longitudinal relationship between these parameters.

The matter of power calculation is addressed in Discussion.
The statistical analysis was conducted in JMP 5.0 (SAS
Institute, USA) and in Microsoft Excel 2000. Continuous data

is presented by mean (m) and standard deviation (sd), and
ordinal data with median (md) and first and third quartiles (q1-
q3).

Results

Figure 1 shows detailed information on inclusion criteria and
drop-out rates. All data collection was complete by December
2005. Three individuals dropped out during baseline testing and
were excluded from analysis. This left 93 individuals in the
study (40% men). Table 1 shows the baseline characteristics of
the study population for each treatment group. The four groups
were comparable at baseline, except that there were
significantly more men in the training group compared with the
control group. The median MNA score was just at or above the
“risk for malnutrition” cut-off point of 23.5, and three
individuals were classified as “malnourished” by the MNA
(10). The majority of participants were practically independent
in pADL, but there was a large variation between individuals in
iADL.

Figure 1
Flow of study participants: Recruitment, inclusion/exclusion

and dropout from baseline to 2nd follow-up

N = nutrition, T = training, C = control, F1 = 1st follow-up, F2 = 2nd follow-up

The baseline anthropometric data of the body fat percentage
were statistically different from the DXA results, but as this
difference was only 1.3 percentage units, and the correlation
coefficient between the two methods was 0.85, we did not
consider this difference relevant for the further analysis.

Table 2 shows the outcome variables at baseline and first
follow-up (F1). The mean energy intake at baseline was 6.6
MJ/d (1,574 kcal/d) for the total study population, with no
significant differences between treatment groups. The mean
RMR was approximately 4.7 MJ/d (1,120 kcal/d) in all groups,
resulting in a mean physical activity level (PAL) of 1.4. The
mean percentage of body fat varied between 24 and 27% in the
groups. The data for F2 did not differ significantly from the
data on F1 (not shown).

Results of intervention
When analysing the results, a sufficient energy intake was

considered 1.4 x RMR for the C-group and 1.5 x RMR for the
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T-group, in analogy with the N and NT groups, respectively.
Analysis within treatment groups showed that the changes from
baseline to follow-up 1 (F1) at three months and follow-up 2
(F2) at nine months were very small. At F1, there was a
significant increase in RMR in the T group at F1. The C group
showed a significant increase in waist circumference.

Otherwise, we observed no effects of the intervention in energy
intake, RMR, or body composition.

Analysis between treatment groups by ANOVA showed no
significant differences. An analysis of the combined nutrition
groups (N+NT) compared with the combined training and
control groups (T+C) provided no further information.

Table 1
Baseline characteristics of study participants

Treatment group
Variable Na SDb/ q1;q3c Tg SD/ q1;q3 N + T SD/q1;q3 Ch SD/q1;q3 All SD/q1;q3

Number of participants 25 23 24 21 93
Men, % 40 52* 36 30 40
Age, mean (SD) 82.5 4.4 83.0 82.6 4.0 82.4 3.9 82.6 4.0
BMIi, mean (SD) 21.8 3.4 21.9 21.9 3.4 21.6 3.6 21.8 3.5
MNAd, median (q1;q3) 24.5 21.5;25.5 23.5 22;25 24 21;26 24.5 23;26.5 24.5 22;25.5
pADLe median (q1;q3) 88 87;89 88 83;89 85 81;88 88 83;90 88 83;89
iADLf median (q1;q3) 45 39;49 38 33;43 42 30;48 43 37;48 42 35;48
Living alone, n 14 8 16 16 54
Sheltered living for elderly, n 1 1 2 1 5
Use of walking aids indoors, n 4 6 9 5 24
Prescribed medications, median (q1;q3) 7 5;8 6 4.5;8.5 6 4;7 6.5 4;8 6 4;8

a. N, nutrition; b. SD, standard deviation; c. 1;q3, 1st and 3rd quartiles; d. MNA, Mini Nutritional Assessment, scale maximum 30; e. pADL, personal activities of daily living, using
Functional Independence Measure (FIM), scale maximum 91; f. iADL, instrumental activities of daily living, using Instrumental Activity Measures (IAM), scale maximum 56; g. T,
training; h. C, control; i. BMI, body mass index (kg/m2); * Significantly different from control group (p<0.05)

Table 2
Baseline results and changes within groups at first follow-up at 3 months for the four treatment groups

Treatment group
Variable Na SDb Tc SD N + T SD Cd SD All SD

Number of participants at
baseline/follow-up 1 25/22 23/20 24/18 21/18 93/79
Energy intake (MJ/d)e

Baseline, mean 6.8 2.0 6.0 1.5 6.8 2.0 6.7 1.7 6.6 1.8
Change at follow-up 1 0.27 0.31 0.14 0.27 0.25
95% CIf for change -0.41,0.95 -0.21,0.83 -0.68,0.97 -0.50,1.04 -0.09,0.60

RMRg (MJ/d)
Baseline, mean 4.7 0.6 4.8 0.7 4.7 1.0 4.7 0.8 4.7 0.8
Change at follow-up 1 0.08 0.12* 0.14 0 0.14
95% CI for change -0.07,0.23 0.03,0.21 -0.10,0.39 -0.20,0.20 0.00,0.28

Body weight (kg)
Baseline, mean 60.1 10.3 58.3 11.1 59.0 11.8 57.1 9.9 58.6 10.7
Change at follow-up 1 0.8 -0.1 -0.3 0.6 0.3
95% CI for change -0.1,1.7 -0.8,0.6 -1.1,0.6 -0.5,1.7 -0.2,0.7

Fat-free mass (kg)
Baseline, mean, 43.5 8.0 43.9 8.1 43.1 8.9 42.4 8.2 43.3 8.2
Change at follow-up 1 0.7 -0.4 0.2 0.3 0.2
95% CI for change 0, 1.5 -1.1,0.2 -0.3,0.7 -0.5,1.1 -0.1,0.6

Body fat (%)
Baseline, mean 24.2 7.5 27.4 7.9 27.3 7.1 26.5 6.4 26.4 7.3
Change at follow-up 1 0.6 -0.3 -0.6 0.1 -0.04
95% CI for change -0.2,1.4 -0.8,0.3 -1.8,0.6 -0.6,0.8 -0.5,0.4

Waist circumference (cm)
Baseline, mean 83 11.6 83.6 11.1 84.2 10.3 82.7 9.5 83.4 10.5
Change at follow-up 1 0.05 -0.6 -0.2 2.3* 0.4
95% CI for change -1.7,1.8 -1.9,0.7 -1.7,1.3 0.6, 3.9 -0.4,1.2

a. N, nutrition; b. SD, standard deviation; c. T, training; d. C, control  e. MJ/d, megajoule per day; f. CI, confidence interval; g.RMR, resting metabolic rate; * Significantly different from
baseline (p<0.05).
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Table 3 shows the number of individuals in each treatment
group who would have needed to increase their energy intake
by 20% or more to reach 1.4/1.5 x RMR. Of the 49 subjects
receiving nutritional treatment (N+NT), 16 needed to increase
their energy intake by 20% or more to reach 1.4/1.5 x RMR,
but only 6 reached the desired level (“responders”). Similarly,
of the 44 individuals in the training and control groups, 16
would have needed to increase their energy intake by 20% or
more to reach 1.5/1.4 x RMR. Without nutrition intervention, 7
individuals reached this level. The 13 energy intake responders
of all four groups combined had a lower BMI (21 vs. 24) and a
lower fat percentage (23 vs. 30) at baseline than the non-
responders. The responders did not show any change in any
outcome variable, but the non-responders showed a small,
statistically significant decrease in body fat percentage at F1,
and in body weight, BMI and FFM at F2.

Table 3
Energy intake: need and outcome

Treatment group
Variable Na Tb N + T Cc ALL

Number of participants 25 23 24 21 93
Number of individuals who would have 7 11 9 5 32
needed to increase energy intake by ≥ 20%d

Number who received individual 7 0 9 0 16
recommendations to increase energy intake 
Number of those in need of increased 3 5 3 2 13
energy intake who succeeded, “responders” 
Number of those in need of increased 4 6 6 3 19
energy intake who failed, “non-responders” 
Total number who increased energy intake 7 6 4 7 24
Number of drop-outs who needed to 0 (3) 2 (3) 1 (6) 2 (2) 5 (14)
increase energy intake (of total number of  
drop-outs)

a. N, nutrition; b. T, training; c. C, control; d. Increase in energy intake refers to an
increase of ≥20% throughout the table

Analysing the correlation between energy intake, RMR, and
FFM showed a correlation of about 0.75 between FFM and
RMR for all groups combined at each of the three assessments.
Correlations with energy intake for both FFM and RMR varied
between 0.27 and 0.49, with the lowest correlation at F2.
Analysis of correlation at an individual level for all three
assessments did not provide any further information. The
results regarding physical function and effect of physical
training has been published separately (17).

Discussion

To our knowledge, this is the first RCT in community-
dwelling frail, elderly people aged 75 and over that has applied
individualised dietary counselling and tried to work with food
choices and eating patterns instead of standardised
supplements. This approach resembles clinical routine practice
and also serves an educational and participatory purpose.

Except for a small, but statistically significant, increase in
RMR in the T group, we observed no evident mean treatment
effects on energy intake, RMR or body composition. Those

participants assessed as needing increased energy intake and
also managed to actually increase their energy intake regardless
of treatment (responders), seemed to be protected against
further negative effects on body composition. We believe that
the small differences and lack of significant effects of nutrition
intervention in this and similar studies (2-5, 18) may be due to
the heterogeneity of the study population, and the non-targeted
treatment due to randomisation (see below).

Levels of energy intake
The levels of energy intake were estimated in relation to the

measured RMR, which showed that the majority of the study
participants had a sufficient energy intake. In healthy elderly
individuals, a level of 1.5 x RMR has been recommended when
estimating energy needs (19). Using the doubly labelled water
technique, this seems to be correct in those aged 80 and older,
but in younger populations it is probably too low (20-21). The
frail elderly in this study were included partly based on their
low physical activity, and were estimated to have a low ratio
between energy intake and RMR; i.e., energy available for
physical activity.

The optimal energy intake in the frail elderly is not known.
Of those subjects who were recommended to increase energy
intake, only 6 of 16 actually managed to increase their intake,
while 7 of 16 with a low energy intake in the training and
control groups also increased energy intake without specific
dietary advice. We do not know the reason for this. One may
speculate that the lower BMI and fat mass of the “responders”
might have made them more aware of their need for nutritional
improvement. We chose a cut-off level of 20% for increase in
energy intake because we considered this to exceed day-to-day
variation, and therefore to be of clinical relevance.

Correlation between energy intake, FFM, and RMR
There were no correlations over time between energy intake,

RMR and FFM. We became aware of this issue in a previous
study, when we analysed the relationship between energy
intake and body weight over time and found no such
relationship (22). This indicates that one may not expect a
direct effect of an increased energy intake on body composition
in this patient group.

Nutritional intervention and its effects
Since all food diaries were evaluated in detail by a

nutritionist or dietitian together with each elderly person, we
believe that the recorded dietary intake represented the actual
intake. We were not as successful as we had hoped in changing
the eating patterns and food choices of these elderly
individuals. This is, however, a general problem in studies
intending to change food habits, well known in, for example,
the obesity literature. Most studies in the existing literature
have used standardised oral nutrition supplements in the
nutritional intervention, which have the advantages of precision
and the ability to use a placebo. There are also disadvantages:
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Standardised doses of oral supplements do not consider
differing individual needs. Moreover, compliance can be poor
and supplements may decrease food intake, giving no net effect
on energy intake (2). Some previous supplement studies have
shown an increase in body weight, but no effect on muscle
mass (4, 23).

Limitations of the study
The large clinical heterogeneity for the included frail

population regarding mixture of diseases and/or injuries and
unknown degree of potential effect(s) of interventions with
physical exercise and/or nutrition made it impossible to
perform a standard power calculation. We therefore decided to
conduct the intervention study as a pilot RCT to provide both
methodological and clinical information. Available resources
made it reasonable to include around 100 subjects.

There is no consensus regarding the definition of frailty and
many different definitions are presented in the literature (1, 24-
25). The definition of frailty used in the present study was
chosen on the basis of the published literature at that time, but
also for logistic and economical reasons. A more narrow
definition would probably have resulted in a more
homogeneous group. On the other hand, it has been suggested
that a broad definition increases generalization (26).

Study design development
The lack of observed effect of nutritional intervention on

body composition in the frail elderly in this and previous
studies demonstrates the need to develop the methods for
nutritional intervention, including educational support to the
participants and choice of outcome measures.

It is generally accepted and taught that the randomised
controlled design constitute a scientific standard for treatment
studies. During this study, we questioned if it is ethically
acceptable to provide only physical training to individuals who
are in obvious need of nutritional support, and vice versa. In the
training group, 11 of 23 individuals would have needed an
increased energy intake of 20% or more to reach 1.5 x RMR,
but did not receive any specific nutritional support. Our
experiences during this study highlighted the importance of
targeting the treatment according to the needs of the patient.
We realise that scientific quality will be questioned without
randomisation, but we hope our results will stimulate a
discussion regarding this issue in the field of treatment studies
in the frail elderly.
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