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Objectives. This study deter-
mined the effect of enriched foods and
all-around physical exercise on bone
and body composition in frail elderly
persons.

Methods. A 17-week randomized,
controlled intervention trial, following a
2 × 2 factorial design—(1) enriched
foods, (2) exercise, (3) both, or (4) nei-
ther—was performed in 143 frail
elderly persons (aged 78.6±5.6 years).
Foods were enriched with multiple
micronutrients; exercises focused 
on skill training, including strength,
endurance, coordination, and flexibil-
ity. Main outcome parameters were
bone and body composition.

Results. Exercise preserved lean
mass (mean difference between exercis-
ers and nonexercisers: 0.5 kg ± 1.2 kg; 
P<.02). Groups receiving enriched food
had slightly increased bone mineral
density (+0.4%), bone mass (+0.6%),
and bone calcium (+0.6%) compared
with groups receiving nonenriched
foods, in whom small decreases of 0.1%,
0.2%, and 0.4%, respectively, were
found. These groups differed in bone

mineral density (0.006±0.020 g/cm2; P=
.08), total bone mass (19 ± g; P = .04),
and bone calcium (8±21 g; P=.03).

Conclusions. Foods containing a
physiologic dose of micronutrients
slightly increased bone density, mass,
and calcium, whereas moderately in-
tense exercise preserved lean body
mass in frail elderly persons. (Am J
Public Health. 2000;90:947–954)
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Physical frailty in elderly persons has
been defined as a state of reduced physio-
logic reserve associated with increased sus-
ceptibility to disability.1 The main causes of
such frailty in an individual are an increas-
ingly sedentary lifestyle and the resulting
lower energy expenditure. A decline in
appetite and in dietary intake concurrently
increase the risk of developing (micro)nutri-
ent deficiencies. Further deterioration of
health and nutritional status may in turn ham-
per the physical activity level.

Both inactivity and inadequate dietary
intake are important contributors to sarco-
penia. This loss of skeletal muscle mass,
together with advancing age, is associated
with other changes in body composition,
including a reduction in total lean body mass,
total body water, and bone density and an
increase in body fat.2–5 These alterations affect
health, physical functioning, and quality of
life.6,7 Moreover, decreased bone density may
lead to fractures after minimal trauma.8

The potential reversibility of sarcopenia
in particular, and of bone loss and osteoporo-
sis in general, is therefore of great interest.2,7,9

Until now, only 1 study had examined the
effects of dietary supplements combined
with physical exercise on body composition
in frail elderly persons.5 The study showed
that low muscle mass was strongly related
to impaired mobility. Resistance training
increased muscle size, but the supplement
did not affect muscle mass. Other trials either
investigated nutritional (energy and nutrients)
supplementation10,11 or focused only on
strength training.9 Supplementation increased
body weight (both lean and fat mass), and
strength training protected bone mineral den-
sity and muscle mass. Interactive effects or
effectiveness of supplements on bone loss
were not studied thoroughly.

For our intervention, we specifically
developed micronutrient-dense foods with a
physiologic amount of only those vitamins

(100% of the Dutch recommended daily
allowance) and minerals (25%–100% of the
recommended daily allowance) frequently
characterized as deficient in elderly people.
Furthermore, we developed a unique pro-
gressive all-around exercise program aiming
at long-term feasibility. We investigated the
effect of micronutrient-dense products, a
physical exercise program, and a combina-
tion of both on bone parameters and body
composition in frail elderly persons.

Methods

Subjects

The study population comprised 217
frail elderly persons living in their private
houses in Wageningen, the Netherlands. Fig-
ure 1 gives an outline of the selection of the
subjects. The main criterion was need for
health care, which consisted of (1) medical
home care, (2) use of meals-on-wheels ser-
vice, (3) household assistance through home
care, or (4) household assistance through a
social network. Other selection criteria were
age (70 years or older), lack of regular exer-
cise, body mass index (BMI) below average
(≤25 kg/m2, based on self-reported weight
and height) or recent weight loss, ability to

Nynke de Jong, Marijke J. M. Chin A Paw, Lisette
C. P. G. M. de Groot, and Wija A. van Staveren are
with the Division of Human Nutrition and Epi-
demiology, Wageningen University, Wageningen,
the Netherlands. Gerrit J. Hiddink is with the 
Dutch Dairy Foundation on Nutrition and Health,
Maarssen, the Netherlands.

Correspondence and requests for reprints
should be sent to Nynke de Jong, MSc, Division of
Human Nutrition and Epidemiology, Wageningen
University, Dreijenlaan 1, 6703 HA Wageningen,
the Netherlands (e-mail: nynke.dejong@staff.
nutepi.wau.nl).

This paper was accepted October 5, 1999.



June 2000, Vol. 90, No. 6948 American Journal of Public Health

de Jong et al.

Note. BMI = body mass index. aToo much physical and mental distress as a result of the measurements. bCardiac infarction, hip
fracture or hip replacement surgery, kidney stones, umbilical hernia. cCancer, rheumatoid arthritis.

FIGURE 1—Outline of the selection and flow of subjects: Wageningen (and surrounding area), the Netherlands.



understand the study procedures, and no use
of multivitamin supplements.

All subjects gave their written informed
consent. The study protocol was approved by
the external Medical Ethical Committee of
the Division of Human Nutrition and Epi-
demiology, Wageningen University

Design, Randomization, and Follow-Up

Enrollment took place between January
and June 1997. After confirmation of eligi-
bility, subjects were randomized to 1 of the
following 4 intervention groups through
selection of sealed envelopes: (1) nutrition
(nutrient-dense products + social program);
(2) exercise (regular products+exercise pro-
gram); (3) combination (nutrient-dense prod-
ucts+exercise program); and (4) control (reg-
ular products+social program).

Because a higher dropout rate was
expected in the intervention groups, more
subjects were assigned to these groups. Cou-
ples were randomized together. After ran-
domization, baseline measurements (week 0)
were performed at our research center. The
intervention period was 17 weeks, after
which (week 18) data were collected again.
Preintervention and postintervention mea-
surements were available for 161 subjects.

A total of 56 (26%) subjects dropped
out (Figure 1). Twenty-five subjects dropped
out immediately after baseline measurement,
mainly because of physical and mental dis-
tress as a result of the measurements. Other
reasons for dropout (n = 27) were related to
health problems, including (terminal) dis-
ease, hospitalization, and recent falls or frac-
tures. In 4 subjects who withdrew between
week 8 and week 17 of intervention, interme-
diate measurements were available, but
they were not included in the data analysis.
Valid dual-energy x-ray absorptiometry
(DXA) measurements were available for
143 subjects.

Nutrient-dense products. Subjects had
to consume 2 products per day: 1 from a
series of fruit products and 1 from a series of
dairy products. A variety of products were
available to avoid monotony and to increase
acceptability of the products. Every week,
fresh 100-g servings of fruit-based products
(2 types of both fruit juice and compote) and
dairy products (vanilla custard, 2 types of
fruit yogurt, and cheese curd with fruit
[75 g]) were provided. Daily consumption of
2 enriched products delivered about 100% of
the Dutch recommended daily allowance12,13

of vitamins D, E, B1, B2, B6, folic acid, B12,
and C and about 25% to 100% of the Dutch
recommended daily allowance of the miner-
als calcium (25%), magnesium (25%), zinc
(50%), iron (50%), and iodine (100%).

Subjects in the control and exercise
groups received the natural amount present
in identical regular products (concentration
vitamins and minerals at the highest 15% of
the concentration in enriched products).
Total energy content of the enriched prod-
ucts was equal to that of the regular products
(0.48 MJ/day).

Subjects were allowed to consume the
intervention products either in addition to
their habitual daily diet or as a replacement.
Because change in spontaneous dietary
intake was an additional outcome parameter,
3-day dietary records were obtained at base-
line and follow-up.14 Compliance was
checked by measurement of the following
serum vitamin levels: D, B1, B2, B6, and B12.

Exercise program. The main objective
of the exercise program was maintenance
and/or improvement of mobility and per-
formance of daily activities essential for inde-
pendent functioning. Skill training was
emphasized: muscle strength, coordination,
flexibility, speed, and endurance were trained
with use of different materials, such as balls,
ropes, weights, and elastic bands. Group
sessions were held twice a week for 45 min-
utes and were of moderate, gradually increas-
ing intensity. To guarantee uniformity, ses-
sions were extensively rehearsed with all
skilled teachers and the supervisor. More-
over, an instruction videotape and manual
were developed. Participants and teachers
were instructed to train at moderate to high
intensity (value of 7) according to a 10-point
rating of perceived exertion.15

A social program served as a control
(for attention) for the exercise program.
Sessions were held biweekly by a skilled cre-
ative therapist. This program focused on cre-
ative and social activities and lectures about
topics of interest for elderly people. Transport
to and from the sessions was arranged. Com-
pliance was checked by recording attendance
to the sessions.

Questionnaires

The general questionnaire recorded
information about age, sex, marital status,
education, living conditions, use of care, ill-
ness, use of medicine, and recent falling and
fracturing. Physical activity was assessed
with the validated Physical Activity Scale for
the Elderly.16,17

Anthropometry and Body Composition

All anthropometric measurements were
performed with subjects wearing underwear.
Body weight was measured to the nearest
0.05 kg on a digital scale (ED-6-T; Berkel,
Rotterdam, the Netherlands). Height was

measured to the nearest 0.001 m with a wall-
mounted stadiometer. BMI was calculated as
weight in kilograms divided by height in
meters squared. Waist and hip circumferences
were measured for calculation of the waist-to-
hip ratio as a measure of fat distribution.18

Body composition of the subjects was
measured by DXA (Lunar DPX-L, whole
body scanner, Radiation, Madison, Wis). The
system uses a filtered x-ray source that pro-
vides peak energies at 40 and 70 keV. The
software divides pixels into bone mineral and
soft tissue compartments. The soft tissue is
then further separated into fat and fat-free
soft tissue. The fast-scan mode was used for
all subjects.

Statistical Analysis

Data were analyzed with SAS (SAS
Institute, Inc, Cary, NC). Means ± standard
deviations (SDs), medians (10th–90th per-
centiles), or percentages of baseline values
were calculated per intervention group for the
primary outcome variables. Absolute changes
±SD per intervention group were calculated
and compared with changes in the control
group (unpaired t test). A multiple regression
model was used to determine the effect of
both interventions and a possible interaction
on the change in body and bone composition
variables. For all changes in these variables,
confounding by baseline age, weight, BMI,
frequency of fractures, change in energy
intake, and interaction between sex and inter-
vention program was examined. With respect
to the models analyzing the change in bone
parameters, change in body weight also was
taken into account. Because no interaction
between the interventions was evident, a
comparison was made between the supple-
mented group and the nonsupplemented
group and the exercising group and the
nonexercising group, respectively.

A rank procedure was completed in
which the population was divided in half: a
relatively high-compliance group of exercis-
ers (high attendance at the session) and a
low-compliance group (low attendance at the
session) next to a relatively high-compliance
supplemented group (large increase in serum
vitamin levels) and a low-compliance group
(small increase in serum vitamin levels).
Differences at a probability of ≤ .05 were
considered statistically significant.

Results

Baseline Characteristics

Approximately 70% of the participants
were women (Table 1). Mean age of the study
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population was 79 years, with the exercise
group being slightly younger. At least 91% of
the population had 1 or more diseases. Sub-
jective health on a 10-point scale (with 1 =
not healthy and 10 = very healthy) was on
average rated as 7. Most lived alone and had
a substantial fear of falling. In the control
subjects, the prevalence of fractures was
somewhat higher (24%) than in the other
groups (8%–13%).

In 38 subjects who dropped out, addi-
tional information was available (not pre-
sented in a table). Their mean age (78.9 years)
and mean body weight (64.9 kg) were com-
parable to those of the subjects who com-
pleted the trial. Their mean subjective health
(6.6) was slightly lower, however.

Changes in Anthropometric Variables

Significant changes in anthropomet-
ric variables were not observed in either
intervention group when compared with

the control group (unpaired t test: P > .21)
(Table 2). A tendency toward a decrease in
body weight in the control and nutrition
groups was observed compared with a
preservation of body weight in the exercis-
ing and combination groups.

Changes in Bone Parameters and Body
Composition

Table 3 presents mean baseline values
and change (± SD) in the bone parameters
and body composition based on DXA mea-
surements. Significant differences in change
in lean body mass were observed between the
exercise group (0.2 kg) and the control group
(−0.5 kg). With respect to change in bone
mineral density, a significant difference
between the nutrition group (0.006 g/cm2)
and the control group (−0.003 g/cm2) was
detected.

Because no interaction was evident
between the 2 interventions, the effect of

each intervention was analyzed separately
(Table 4). Supplementation showed a slightly
positive, borderline statistically significant
effect on bone mineral density (unadjusted
difference between supplemented and non-
supplemented groups: 0.006 g/cm2, P=.08).
Bone mass and bone calcium improved sig-
nificantly in the supplemented group com-
pared with the nonsupplemented group
(unadjusted differences: 0.019 g, P=.04 and
0.008 g, P = .03, respectively). No interac-
tion between the nutrition program and sex
was observed for change in bone parameters.
Addition of other relevant covariates to the
models also did not markedly alter the
results.

When bone parameters in a high-com-
pliance supplemented group (n = 36) were
compared with those in the control group
(n = 33), bone mineral density appeared to
increase by 0.006 g/cm2 in the first group but
to decline by 0.003 g/cm2 in the latter group
(unpaired t test: P=.03). The improvement in
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TABLE 1—Baseline Characteristics of the Study Population

Nutrition Group Exercise Group Combination Control Group 
(n=35) (n=36) Group (n=39) (n=33)

Women, % 69 69 74 67
Age, y (mean ± SD) 79.6 ± 5.0 76.5 ± 4.6 79.8 ± 5.8 78.8 ± 6.7
Activity scorea (median; 10th–90th percentiles) 63 (34–103) 63 (30–100) 59 (30–111) 59 (34–100)
Subjective healthb (mean ± SD) 7.1 ± 1.3 7.1 ± 1.2 6.9 ± 1.3 7.0 ± 1.4
Chronic illness, % 86 92 95 88
Prescribed medicines, % 88 75 83 80
Living alone, % 69 64 67 67
Use of care for health reasons, %

Meals-on-wheels 31 31 44 39
Household assistance through

Home care 49 36 41 52
Assistance through social network 20 31 26 12

Medical home care 20 14 15 15
Physiotherapy 43 50 46 55

Recent falls, % 43 50 44 36
Recent fractures, % 9 8 13 24
Fear of falling, % 71 64 49 70

aRange of Physical Activity Scale for the Elderly: 0–400.
bRange: 1–10.

TABLE 2—Mean Anthropometric and Mean 17-Week Changes in the 4 Intervention Groups

Nutrition Group (n=35) Exercise Group (n=36) Combination Group (n=39) Control Group (n=33)

Mean Mean Mean Mean Mean Mean Mean Mean
Baseline Change Baseline Change Baseline Change Baseline Change

± SD ± SD ± SD ± SD ± SD ± SD ± SD ± SD

Height, m 1.65 ± 0.09 . . . 1.65 ± 0.10 . . . 1.65 ± 0.08 . . . 1.64 ± 0.08 . . .
Weight, kg 65.8 ± 9.1 −0.2 ± 1.2 67.0 ± 12.1 0.1 ± 1.2 67.3 ± 7.8 0.2 ± 1.3 64.7 ± 10.9 −0.3 ± 1.7
Body mass index, kg/m2 24.1 ± 2.4 0.0 ± 0.0 24.2 ± 3.0 0.0 ± 0.0 25.1 ± 2.5 0.0 ± 0.0 23.8 ± 3.1 0.0 ± 0.0
Waist circumference, cm 87.9 ± 8.7 4.3 ± 5.2 88.7 ± 10.8 3.2 ± 5.0 90.5 ± 9.6 1.9 ± 6.7 87.8 ± 9.7 2.4 ± 5.6
Hip circumference, cm 97.9 ± 5.3 1.0 ± 3.3 97.6 ± 8.0 1.8 ± 3.0 98.6 ± 4.7 1.8 ± 3.5 97.0 ± 7.4 1.8 ± 3.7
Waist-to-hip ratio 0.90 ± 0.08 0.03 ± 0.06 0.91 ± 0.07 0.01 ± 0.05 0.92 ± 0.09 0.00 ± 0.07 0.91 ± 0.08 0.01 ± 0.06



bone mass (+.025 kg) and bone calcium
(+.009 kg) was also notable in this high-com-
pliance group compared with the control
group (+.004 kg and +.002 kg, respectively;
P<.11). Differences were of the same magni-
tude when the high-compliance group (n =
36) was compared with the low-compliance
group (n = 36). The latter group showed
increases of 0.002 g/cm2 in bone mineral den-
sity (P=.33), .003 kg in bone mass (P=.08),
and .001 kg in bone calcium (P=.08).

Exercise had a positive effect on lean
body mass compared with no exercise (unad-
justed difference: 0.5 kg, P=.02). Interaction
between exercise and sex with respect to
change in lean body mass was borderline sig-
nificant (P = .09), whereas other covariates
did not markedly contribute. Stratified analy-
ses revealed a difference in men of 1.0 kg
(P = .04) and in women of 0.3 kg (P = .20).
The effect on lean body mass was attributed
mainly to preservation in the exercise group
compared with a decrease among the nonex-
ercising subjects. Comparison of high-com-
pliance exercisers (relatively high attendance
rate, n = 39) and control subjects (n = 33)

revealed that the lean body mass in the high-
compliance group increased by 0.1 kg com-
pared with a decrease of 0.5 kg in the con-
trol group (unpaired t test: P = .04). The
difference was nonsignificant (P=.73) when
the high-compliance group (+0.1 kg) was
compared with the low-compliance group
(+0.01 kg, n=36). Exercise had no effect on
bone parameters.

Discussion

As far as we know, this is the first trial
to investigate the effects of a progressive,
moderately intense all-around exercise pro-
gram combined with specially developed
foods containing a physiologic dose of
micronutrients in frail elderly persons. After
a 17-week intervention with nutrient-dense
foods, bone mineral density, total bone mass,
and bone calcium increased slightly. The
exercise program showed a protective effect
on the age-related decline in lean body mass.
No evidence of interaction between the two
intervention programs was found.

Population

Because uniform criteria to select frail
elderly persons are still lacking, we defined
our own and thereby emphasized the need
for care, physical inactivity, and BMI below
average or involuntary weight loss. For prac-
tical reasons, we had to rely on subjects’
self-reports. Because many elderly have
senile kyphosis and often overestimate
height and underestimate weight, the distri-
bution of actual BMI shifted to the right
compared with the initial calculated BMI.
We did, however, succeed in recruiting a
population with a health profile worse than
that of healthy Dutch elderly people. Their
mean BMI was lower than that in the
Dutch elderly men and women in the Euro-
pean Seneca study (24 kg/m2 vs 26 kg/m2

in men and 28 kg/m2 in women).19 Further-
more, self-rated health (7.0 vs 7.7) and
activity level (Physical Activity Scale for the
Elderly score: 59 vs 85) were lower than
those of healthy Dutch elderly people.17

Mean energy intake and scores on physi-
cal fitness tests also were below average20

(M. J. M. Chin A Paw, PhD, MSc, et al.,
unpublished data, 2000).

Half of the dropouts withdrew before,
during, or immediately after baseline mea-
surements. Thus, dropping out seemed unre-
lated to the type of intervention. With respect
to the health-related reasons (e.g., hospital-
ization and recurrence of serious illnesses),
slightly more subjects dropped out in both
the exercise and the combination groups.
Combined with a moderately lower rating of
subjective health of dropouts compared with
the actual study population, this might point
to a slight selective withdrawal. However, if
selective withdrawal did occur (with drop-
outs having a worse health profile), it would
have caused only an underestimation of the
effect of exercise, because effects in a
“healthier” group are assumed to be smaller.
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TABLE 3—Mean Baseline Values and Mean Changes in the 4 Groups of Elderly Persons With Valid Pre-DXA and Post-DXA
Measurements

Nutrition Group (n=35) Exercise Group (n=36) Combination Group (n=39) Control Group (n=33)

Mean Mean Mean Mean Mean Mean Mean Mean
Baseline± SD Change± SD Baseline± SD Change± SD Baseline± SD Change± SD Baseline± SD Change± SD

Lean body 42.1± 8.2 −0.4± 1.0 42.8± 8.6 0.2± 1.4* 42.6± 6.7 −0.1± 1.0 42.5± 7.5 −0.5± 1.4
mass, kg

Fat mass, kg 21.5± 6.6 0.1± 1.2 21.9± 7.4 −0.1± 1.2 22.6± 5.8 0.2± 1.1 20.1± 8.2 0.1± 1.4
Bone mass, kg 2.19± 0.47 0.02± 0.06 2.24± 0.71 −0.01± 0.06 2.31± 0.49 0.01± 0.05 2.20± 0.49 0.00± 0.05
Bone mineral  1.028± 0.111 0.006± 0.014* 1.031± 0.145 0.000± 0.022 1.065± 0.120 0.003± 0.023 1.031± 0.106 −0.003± 0.018

density, g/cm2

Bone calcium, kg 0.832± 0.179 0.007± 0.020 0.851± 0.270 −0.006± 0.020 0.866± 0.175 0.004± 0.020 0.835± 0.185 0.002± 0.019

Note. DXA=dual-energy x-ray absorptiometry.
*P< .05, change compared with change in control group, unpaired t test.

TABLE 4—Unadjusted Estimates of the Mean Difference in Change in Body
Composition Measured by Dual-Energy X-Ray Absorptiometry
Between Groups Receiving Nutrient-Dense vs Regular Products and
Groups Receiving Exercise vs No Exercise (n=143)

Nutrient-Dense Products (n=74) Exercise (n=75) 
vs Regular Products (n=69) vs No Exercise (n=68)

Difference P Difference P

Lean body mass, kg −0.1 .60 0.5a .02
Fat mass, kg 0.1 .48 0.0 .95
Bone calcium, kg 0.008 .03 −0.005 .15
Bone mass, kg 0.019 .04 −0.012 .19
Bone mineral density, g/cm2 0.006 .08 0.000 .99

aStratified analyses revealed the following: men (n=43): 1.0 kg, P= .04; women (n=100):
0.3 kg, P= .20.



Type of Intervention

The specific aim of developing our all-
around progressive exercise program was to
investigate the effects of exercises that are
feasible and acceptable for frail individuals in
the long term rather than the effects of
monotonous resistance and endurance train-
ing programs with unfamiliar equipment.

We added only vitamins and minerals
frequently characterized as def icient in
elderly people. No extra energy or macro-
nutrients were added, because we expected
that low levels of activity would result in rela-
tively low energy requirements. The need for
sufficient micronutrients often is not altered
in less active elderly persons13,21,22; however,
debate is ongoing.23,24 Nutrient-dense foods
instead of vitamin and mineral pills are
attractive and preferred because foods gener-
ally also contain other important nutrients. In
addition, elderly people often already take
many medications. Vitamin and mineral pills
may be regarded as another “medicine” and,
as a consequence, may be taken together and
confused with the regular medications.

Measurements

DXA is a noninvasive, relatively fast, and
therefore appealing method of assessing bone
mass in elderly people. Because the device
also can precisely assess soft tissue mass, it is
clearly a promising method of choice.25 There
are, however, indications that DXA yields less
valid measurements.26–28 Moreover, DXA, like
other methods, still assumes constancy in the
composition of fat-free mass.

Our main objective was investigating
changes; therefore, the absolute validity of
our data toward a reference was of less impor-
tance. With respect to repeatability, DXA
should allow accurate measurements of small
changes in body composition.29–31 Additional
data obtained with the D2O dilution technique
showed a small increase in lean body mass in
the exercising group vs a small decrease in the
nonexercising group, although this difference
did not reach statistical significance. When
this method was used to calculate the ratio
between extracellular water and total body
water, changes were not found in any of the
intervention groups. This means that effects
cannot be attributed to change in hydration
state (N. de Jong, PhD, MSc, unpublished
data). These D2O dilution data, when com-
bined with our data on body weight, point in
the same direction as our DXA data.

Effect on Lean Body Mass

To date, most studies have focused
only on the effects of high-intensity resis-

tance training in frail elderly persons. Pro-
gressive resistance training proved to be
effective in the prevention of sarcope-
nia.32,33 Several trials5,9,34 clearly showed
beneficial effects of resistance training on
muscle size, muscle mass, and strength.
Meredith et al.11 concluded that strength
training in elderly men combined with a
nutritional supplement affected body com-
position (both lean and adipose tissue), but
their f indings should be confirmed in a
larger trial with sedentary control subjects.

We found that exercise preserved lean
body mass. The response to exercise differed
between men and women. Men apparently
benefited more from exercise and also lost
more mass with no exercise. Men simply
have more lean mass to train or to lose and
also may be more responsive to exercise; a
higher “trainability” may have been accom-
panied by more enthusiastic participation.

The comparison of a high-compliance
exercising group with the control group as
well as a low-compliance exercising group
indicated that the preserving effect on lean
body mass was indeed attributable to the
exercise program. In the control subjects,
lean body mass declined; in the low-
compliance group, no change occurred; and
in the high-compliance group, a small
increase was found. The decrease in the
nonexercising groups may be attributed to the
ongoing process of sarcopenia in frail elderly
persons. The positive result of our exercise
program is a valuable addition to all earlier
findings, because we expect the long-term
feasibility of our program to be higher com-
pared with high-intensity strength training
with monotonous exercises.

Our nutrient-dense products had no effect
on lean or fat mass in frail elderly persons. We
hypothesized that extra micronutrients would
correct existing deficiencies, and subjects with
a better nutritional status might develop a
higher activity level, a better appetite, and in
turn a higher energy intake. Because of these
changes, sarcopenia might be reversed. The
lack of an effect on lean or fat mass with the
nutrition intervention may have been caused
by several factors. First, the intervention may
not have been long enough to establish a con-
siderable effect on the mechanism described.
Second, at baseline, the process of age-related
sarcopenia may not have been severe enough
to establish an improvement with nutrient-
dense products. In earlier reports,5,10 an
increase in body weight due to (energy-dense)
supplements was described. No significant
changes in muscle mass were found; therefore,
fat mass must have increased. This effect may
be attributed to the energy-dense supplement
used, which is not comparable to the nutrient-
dense foods used in our study.

Effect on Bone

The small but significant changes in
bone parameters after 17 weeks of consump-
tion of the nutrient-dense products are impor-
tant in the debate over whether bone loss and
osteoporosis are reversible and whether
changes found within 1 year can be ascribed
to transient effects.35 Several public health
approaches to osteoporosis are currently rec-
ommended: (1) maximization of the peak
bone mass in the younger age groups, (2) use
of estrogen replacement therapy in post-
menopausal women, and (3) intake of suffi-
cient or extra calcium and vitamin D at older
age. Optimal supplies of both nutrients are
essential for restoring bone and should be
effective even at old age.36,37 Exercise also is
often recommended.

Given that we found a larger increase in
bone mass, bone calcium, and bone density in
the group with the largest increase in their
serum vitamin levels, the enriched products
did seem to contribute to the observed
changes in bone parameters in elderly per-
sons. The response to the nutrient-dense foods
with respect to bone density, bone mass, and
bone calcium appeared not to be markedly
different between men and women.

Our results certainly should be inter-
preted with caution. The effects observed
could be attributed to the variability of the
DXA machine, although the magnitude of our
effects is in agreement with those from a
1-year walking program.9 In addition, several
studies reporting effects on bone mass and
density after 1 or 2 years of supplementation
observed these effects within the first (half)
year,38–40 after which they leveled off. Chapuy
et al.41 reported effects of supplementation on
fracture rates even after 2 months, accompa-
nied by a modest increase in bone density.
Studies of the precision and stability of DXA
measurements reported coefficients of varia-
tion of total body parameters between 0.6%
and 1.0%31,42; it is possible that we were able
to detect statistically significant changes only
because we recruited enough subjects to
observe an effect and the standard deviation
appeared to be smaller than expected. Never-
theless, the change in control and experimental
groups is in the direction expected. A longer
intervention period, as well as biochemical
markers of bone turnover, might have given
more convincing and more relevant results.
This should be confirmed in future studies.

The exercise program did not have an
(additional) effect on bone parameters. Again,
a possible explanation may be the duration
of the program. Longer controlled trials
showed that exercise can positively influence
bone density by a few percentage points.43

Nelson et al.9,44 identified effects on bone
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density and bone mass after 1 year of resis-
tance or endurance training. Because they did
not report an earlier measurement, the time
span required before exercise affects bone
parameters remains unclear. Furthermore, the
mechanical load of our exercise program may
not have been large enough to establish an
effect on bone. An even more important effect
of exercise may be the decline in risk of
falling, as a result of improved balance and
coordination. This may have a greater effect
on prevention of fractures than the modest
effects of exercise on bone density.

In summary, loss of bone, a decline in
bone mineral density, and the process of
sarcopenia are a serious threat to indepen-
dently functioning, community-dwelling
frail elderly persons. Investigating potential
reversibility of not only sarcopenia but also
bone loss and osteoporosis is important,
because a slight improvement in these factors
may improve physical functioning and the
quality of life and may subsequently reduce
the need for support services. This trial con-
firmed that supplementing and training frail
elderly persons is beneficial even beyond
70 years of age because of positive effects on
both lean body mass and bone parameters.
However, because our interventions were
unique and changes after 17 weeks of inter-
vention were small, these results should be
confirmed in future studies.
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