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and Vitamin D Decreases Falls in Malnourished Older Adults
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OBJECTIVES: To evaluate the effects of a short-term
nutritional intervention with protein and vitamin D on
falls in malnourished older adults.

DESIGN: Randomized controlled trial.

SETTING: From hospital admission until 3 months after
discharge.

PARTICIPANTS: Malnourished older adults (! 60) newly
admitted to an acute hospital (n = 210).

INTERVENTION: Participants were randomized to
receive nutritional intervention (energy- and protein-
enriched diet, oral nutritional supplements, calcium!
vitamin D supplement, telephone counseling by a dietitian)
for 3 months after discharge or usual care.

MEASUREMENTS: Number of participants who fell, fall
incidents, serum 25-hydroxyvitamin D, and dietary intake.
Measurements were performed on admission to hospital
and 3 months after discharge.

RESULTS: Three months after discharge, 10 participants
(10%) in the intervention group had fallen at least once,
compared with 24 (23%) in the control group (hazard
ratio = 0.41, 95% confidence interval (CI) = 0.19–0.86).
There were 57 fall incidents (16 in the intervention group;
41 in the control group). A significantly higher intake of
energy (280 kcal, 95% CI = 37–524 kcal) and protein
(11 g, 95% CI = 1–25 g) and significantly higher serum
25-hydroxyvitamin D levels (10.9 nmol/L, 95% CI = 2.9–

18.9 nmol/L) were found in participants in the interven-
tion group than in controls.

CONCLUSION: A short-term nutritional intervention con-
sisting of oral nutritional supplements and calcium and vita-
min D supplementation and supported by dietetic counseling
in malnourished older adults decreases the number of
patients who fall and fall incidents. J Am Geriatr Soc 2012.

Key words: falls; elderly patients; nutritional interven-
tion; protein; energy; vitamin D; RCT.

Falls are a common and serious cause of morbidity and
mortality in older persons. Fractures as a result of falls

lead to enormous healthcare costs.1 Each year, one in three
community-dwelling persons aged 65 and older experi-
ences at least one fall.2–4 Loss of muscle mass and strength
are regarded as important risk factors for falls, functional
decline, and disability.5

Vitamin D deficiency6 and malnutrition7 can decrease
muscle mass and muscle strength. In well-nourished com-
munity living older people at risk of vitamin D deficiency,
vitamin D supplementation has been shown to improve
muscle strength, function, and balance in a dose-related
pattern.8 These benefits translate into a reduction in falls,
as shown in epidemiological studies and randomized clini-
cal trials. Several meta-analyses in healthy persons support
the beneficial effects of vitamin D supplementation on
falls.9,10

Malnutrition is also associated with a higher incidence
of falls.11,12 Although a nutritional intervention in mal-
nourished older people has been shown to accelerate weight
gain,13 only a few studies have shown an increase in muscle
mass14 or improved muscle function.15,16 One study in frail
older adults showed a reduction in the number of falls after
12 weeks of oral nutritional supplements.17

A recent study of a nutritional intervention in
malnourished older adults (3 months of oral nutritional
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supplements (ONS), calcium and vitamin D supplementa-
tion, and dietetic counseling) induced weight gain and a
decrease in functional impairment.18 The aim of the cur-
rent study was to assess the effects of the same interven-
tion on fall incidents.

METHODS

Design

The current study is a secondary analysis of a previously
conducted study that has been reported elsewhere.18 The
primary study was a randomized controlled trial compar-
ing ONS, calcium and vitamin D supplementation, and
dietetic counseling with usual nutritional care in malnour-
ished older adults from hospital admission to 3 months
after discharge. The primary outcome was changes in
activities of daily living (functional limitations, physical
performance, and physical activity). Secondary outcomes
included changes in body weight, body composition, and
muscle strength. Details about the design have been
described more extensively elsewhere.19 This secondary
analysis focuses on falls.

The study design was in accordance with the Declaration
of Helsinki and was approved by the Medical Ethics Com-
mittee of the VU UniversityMedical Center, Amsterdam.

Participants

All older adults (aged ! 60) newly admitted (expected
length of hospital stay > 2 days) to the departments of
general internal medicine, rheumatology, gastroenterology,
dermatology, nephrology, orthopedics, traumatology, and
vascular surgery of the VU University Medical Center were
screened for malnutrition.

Individuals were eligible for the study if they were
identified as being malnourished according to the follow-
ing criteria: body mass index (BMI) of 20.0 kg/m2 or less,
5% or more self-reported unintentional weight loss in the
previous month, or 10% or more self-reported uninten-
tional weight loss in the previous 6 months.

Individuals with dementia were excluded if this diag-
nosis was documented in the hospital record or in a refer-
ral letter from the individual’s primary care or nursing
home physician.

Randomization

A computerized random number generator was used to
assign participants in blocks of 10 to the control or inter-
vention group. At the end of the baseline interview and
measurements, the primary investigator (FN) opened a
consecutively numbered opaque envelope containing the
participant’s group assignment. Participants, research assis-
tants, and researchers were aware of group assignment
during the intervention phase. Before analysis, the primary
investigator received an anonymized data set and was no
longer aware of group assignment. A second independent
researcher also entered all data on falls into the database.
No differences between researchers were found for identi-
fying fall incidents.

Control Group

Participants allocated to the control group received usual
care (given nutritional support only on prescription from
their treating physician). In general, they did not receive
postdischarge nutritional support.

Intervention Group

Participants allocated to the intervention group received
standardized nutritional support starting in the hospital
and continuing for 3 months after discharge.

• Energy- and protein-enriched diet (during the in-hospital
period). This diet excludes low-fat products and
includes whole milk products, butter or margarine, and
energy-and protein-enriched oatmeal and desserts. The
oatmeal and desserts were fortified with extra cream
and carbohydrates (maltodextrins). Participants were
also offered one energy- and protein-enriched snack
(containing approximately 250 kcal and 10 g protein)
each day. This diet provided intake of approximately
750 kcal and 30 g of protein more per day than the reg-
ular hospital menu.

• Two additional servings per day of an ONS (Nutri-
drink®, Nutricia, Zoetermeer, the Netherlands) were
offered. This was intended to provide an additional
600 kcal, 24 g of protein, 176 IU of vitamin D3, and
364 mg of calcium per day during the entire study per-
iod. ONS were first dispensed for 2 weeks (2 bottles per
day 9 14 days = 28 bottles) and subsequently for
4 weeks (2 bottles per day 9 28 days = 56 bottles). The
dietitian ordered the first batch of ONS. During tele-
phone counseling, the dietitian asked the participant
how many bottles of ONS had been consumed during
the past 2 weeks. If necessary, the dietitian reminded
the participant to order new ONS. After the first
2 weeks, participants (or family) ordered more by tele-
phone from the pharmaceutical delivery service center.
When participants (or their family) were not able to
order themselves, the dietitian ordered for them.

• 400 IU vitamin D3/day, which in the Netherlands is
usually given as a combined calcium and vitamin D
supplement (400 IU vitamin D3 and 500 mg calcium
per day during the entire study period, Calci-Chew
D3®, Nycomed bv, Hoofddorp, the Netherlands).

• Telephone counseling by a dietitian was conducted
every other week after hospital discharge (six sessions in
total) to encourage adherence to the prescribed supple-
ments. During the telephone consultation, the partici-
pant’s general health status and any difficulties with the
prescribed diet and supplements were discussed. For
example, participants were asked how many of the pre-
scribed ONS they had consumed during the past
2 weeks. If the intake of ONS was less than two bottles
per day, participants were asked whether they (dis)liked
the taste, were advised not to take the ONS just before
a meal, were given recipes to try with the ONS, and
were advised to order other flavors of ONS at the phar-
maceutical service center. All participants had access to
a telephone.

If participants took all of the prescribed supplements
after discharge from hospital, this would provide an
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additional 600 kcal, 24 g of protein, and 600 IU of vita-
min D per day.

Adherence

The interviews to recall adherence to ONS and calcium
and vitamin D supplementation were conducted by tele-
phone every other week. Participants did not have to keep
a written record of their supplement use. The dietitian
asked participants about their total supplement intake in
the past 2 weeks and checked this with the deliveries from
the pharmaceutical service center or pharmacy.

Monitoring Adherence

Dietary Intake

Dietary intake was recorded in a diary on admission to the
hospital and 3 months after hospital discharge. On each
occasion, seven meals or snacks (breakfast, in between
morning, lunch, in between afternoon, dinner, in between
evening, night) were recorded. Average daily intake of
food and drinks during the past 2 weeks was documented.

Dietary energy (kcal/d) and protein (g/d) intake were
calculated using a nutrition analysis software application
with the use of the most recent Dutch Food Composition
table(20).

Serum 25-Hydroxyvitamin D

For measurement of 25-hydroxyvitamin D, serum was
kept frozen at "20°C until analysis at the Endocrine Labo-
ratory of the VU University Medical Center. One sample
was collected at baseline and the other one 3 months after
discharge. Both samples from each participant were
analyzed together in one run to decrease variation within
participants; 25-hydroxyvitamin D in serum was analyzed
using radioimmunoassay (Diasorin, Stillwater, MN). The
interassay coefficient of variation was 10%.

The Health Council of the Netherlands advises levels
of 50 nmol/L or greater to improve bone quality and
reduce the risk of fracture and falling in older people.21

Outcome Parameters

Measurements

All measurements were made at baseline (within 3 days
after hospital admission) and 3 months after hospital dis-
charge. Measurements of fat-free mass, hand grip strength,
and physical activity were part of the parent study. Assess-
ment of falls was part of the secondary analysis.

Fat-Free Mass and Hand Grip Strength

Bioelectrical impedance spectroscopy (BIS) was used to deter-
mine changes in fat free mass (kg).22,23 Measurements were
performed using an ECF/ICF Bio Impedance Spectrum Ana-
lyzer, Hydra 4200 (Xitron Technologies, San Diego, CA).

Hand grip strength (kg) was measured using a hydrau-
lic hand dynamometer (Baseline, Fabrication Enterprises,
Inc., Elmsford, NY).24 Participants were asked to perform
two maximum force trials with their nondominant hand in

a standing position and, if not possible, from a seated
position. The highest value was used.

Physical Activities, Functional Limitations, and
Physical Performance

Physical activity was assessed using the validated Longitu-
dinal Aging Study Amsterdam Physical Activity Question-
naire, which includes questions on walking, cycling, light
and heavy household activities, gardening, and sports
(yes = 1 point, no = 0 points). Total score was calculated
by summing the scores of all activities, ranging from 0
(does not have difficulty with any of the activities) to 6
(has difficulty with all activities).25

Functional limitations were assessed using the vali-
dated LASA Functional Limitations questionnaire as the
degree of difficulty that participants experienced with
six activities (e.g., climbing stairs and getting up from
and sitting down in a chair. Participants scored between
0 and 6 points; lower scores indicate less functional lim-
itation.26,27

Physical performance was assessed using the validated
LASA Physical Performance questionnaire, which includes
three tests: timed walk test, chair-stand test, and tandem
stand.28 Participants scored between 0 and 12 points (4
points for each test); lower scores indicate poorer physical
performance.

Fall Incidents

Participants recorded their falls weekly. A fall was defined
as an unintentional change in position resulting in coming
to rest at a lower level or on the ground.29 The time of
recording was documented in the fall diary. Participants
were asked to return their first diary by mail 6 weeks after
discharge from hospital. When it was not received within
1 week after week 6, participants were telephoned and
reminded to send it. In a few cases, sending back the diary
was not possible, and the information on falls was
obtained over the telephone. This procedure was repeated
for the second fall diary covering the period 7 to 12 weeks
after discharge. The described procedure of collecting data
on fall incidents has been shown to be valid and reliable in
earlier studies.18

Statistical Methods

Differences in dichotomous variables between the interven-
tion and control groups were tested using chi-square tests.
Differences in continuous variables between the groups
were tested using independent t-tests. These tests were
performed for baseline and follow-up measurements. The
statistical analyses for the main outcome parameters were
restricted to participants with complete follow-up. For
skewed data (number of fall incidents) a nonparametric
test (Mann Whitney U) was used.

Logistic regression analysis was used to evaluate the
difference in falling (yes or no) between the intervention
and control groups. A time-to-event analysis was per-
formed calculating a hazard ratio using Cox regression,
log rank, and a Kaplan!Meier curve.
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The presence of effect modification and confounding
was investigated. Hazard ratios with accompanying 95%
confidence intervals (for differences in means) and P-
values are presented. Chi-square tests were applied to
compare numbers of participants with vitamin D levels at
different cut-off points. Statistical significance was defined
as P # .05. Statistical analyses were performed using the
SPSS for Windows, version 16.0 (SPSS, Inc., Chicago, IL).

RESULTS

Participant inclusion, participant characteristics, and clini-
cal outcomes have been described extensively elsewhere.18

In summary, 210 participants were included in the study:
105 randomized to the intervention group and 105 to the
control group (Figure 1).

Seventeen percent of the 3,291 individuals screened
for inclusion in the study were identified as malnourished;
55% of the malnourished individuals had a BMI less than
20.0 kg/m2, and 23% had a BMI below 18.5 kg/m2. Sev-
enteen percent of individuals reported more than 10%

weight loss over the last month (acute weight loss) and
49% had more than 10% weight loss over the last
6 months.

Follow-up data were incomplete for 60 participants;
in the intervention group, 16 withdrew and 14 died, and
in the control group, 19 withdrew and 11 died. Partici-
pants without complete follow-up were older than those
with complete follow-up (77.3 ± 9.5 vs 73.4 ± 9.3, 95%
CI = 1.0–6.7).

No significant differences between the intervention
and control groups were observed at baseline for func-
tional limitations, body weight, grip strength, and physical
performance, all of which are known potential predictors
of falling (Table 1).

At baseline, 30 of 105 (29%) participants in the con-
trol group and 23 of 105 (22%) in the intervention group
were receiving nutritional support with a prescription from
their treating physician or dietitian. Three months after
hospital discharge, 23 of 75 (31%) and 63 of 75 (84%)
participants, respectively, were receiving such nutritional
support.

Assessed for eligibility 
(n=3,291) 

Excluded  (n=365)
 Senile dementia / confusion  (n=114) 
 Refused to participate (n=103) 
 Department transfer (n=73) 
 Too ill (n=29) 
 Not speaking Dutch language (n=12) 
 No data on malnutrition criteria (n=11)  
 Earlier inclusion in study (n=11) 
 Other reasons (n=12) 

Analyzed  
- Functional limitations (n=70) 
- Physical activities (n=57) 
- Physical performance (n=59) 
- Weight (n=73) 
- Fat free mass (n=48) 
- Hand grip strength (n=65) 
- Falling (n=73) 

Reasons to exclude from analysis: 
Too painful, too ill, logistical problems 
and errors in measurement 

Lost to follow-up  (n=30) 
  Withdrawal (n=16) 
  Died during study (n=14) 

Intervention
Allocated to intervention (n= 105) 
Received allocated intervention (n=105) 

Analyzed  
- Functional limitations (n=74) 
- Physical activities (n=53) 
- Physical performance (n=48) 
- Weight (n=73) 
- Fat free mass (n=31) 
- Hand grip strength (n=53) 
- Falling (n=74) 

Reasons to exclude from analysis: 
Too painful, too ill, logistical problems 
and errors in measurement 

Allocation 

Analysis 

Follow-Up 

Enrollment 

Randomization 
(n=210)

Control 
Allocated to usual care (n= 105) 
Received allocated usual care (n=105) 

Not eligible
(n=2,716)

Lost to follow-up  (n=30) 
  Withdrawal (n=19) 
  Died during study (n=11)

Figure 1. The CONSORT diagram.
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For the primary outcome parameters, a trend toward
greater body weight and fewer functional limitations was
observed in participants receiving nutritional intervention
than in those receiving usual care.18

Monitoring Adherence

Results on intake and serum 25-hydroxyvitamin D are
shown in Table 2. Energy and protein intake and serum

Table 1. Baseline and Clinical Characteristics of Participants

Characteristic Intervention Group (n = 105) Control Group (n = 105) P-Value

Female, n (%)> 56 (53.3) 60 (57.1) .58
Age, mean ± SD 74.6 ± 9.7 74.4 ± 9.3 .88
Living situation, n (%) >.99
Alone 54 (51.4) 54 (51.4)
With partner or family 51 (48.6) 51 (48.6)

Preadmission residence, n (%) .20
Living independently 86 (81.9) 90 (85.7)
Nursing home 9 (8.6) 11 (10.5)
Home for the elderly 6 (5.7) 4 (3.8)
Hospital 4 (3.8) 0

Consulting dietitian before admission, n (%) 25 (23.8) 23 (21.9) .74
Use of supplemental drinks before admission, n (%) 23 (21.9) 30 (28.6) .27
Body weight, kg, mean ± SD 61.0 ± 13.1 58.9 ± 12.3 .25
Men 66.2 ± 13.4 66.2 ± 11.2 .99
Women 56.4 ± 11.1 53.4 ± 10.2 .14

Body mass index, kg/m2, n (%) .42
< 20.0 58 (55.2) 56 (53.3)
20.0–24.9 32 (30.5) 39 (37.1)
! 25.0 15 (14.3) 10 (9.6)

Weight change in last month,% (range) !4.5 (!19.8–16.9) !4.0 (!35.7–17.7) .62
Weight change in last 6 months,% (range) !9.4 (!30.1–16.9) !9.1 (!30.3–26.2) .84
Medical specialty, n (%) .31
Surgical

Trauma 7 (6.7) 3 (2.9)
Vascular surgery 13 (12.4) 16 (15.1)

Nonsurgical
Internal medicine 32 (30.5) 43 (41.0)
Gastroenterology 30 (28.6) 30 (28.6)
Nephrology 14 (13.3) 8 (7.6)
Rheumatology 5 (4.8) 4 (3.8)
Dermatology 4 (3.7) 1 (1.0)

Primary diagnosis in categories, n (%) .50
Acute infection 20 (19.0) 13 (12.4)
Vascular disease 16 (15.2) 16 (15.2)
Kidney insufficiency 13 (12.4) 8 (7.6)
Fracture or orthopedic disorder 12 (11.4) 10 (9.5)
Malignant neoplasm 10 (9.5) 18 (17.1)
Chronic bowel disease 10 (9.5) 17 (16.2)
Diabetes mellitus, heart failure, or other 10 (9.5) 10 (9.5)
Gastrointestinal bleeding 7 (6.8) 8 (7.6)
Liver, gall bladder, or pancreatic insufficiency 7 (6.7) 5 (4.9)

Hand grip strength, kg, mean ± SD 17.9 ± 9.1 17.9 ± 8.0 .93
Physical activities (range 0–6), mean ± SD 1.7 ± 1.3 1.4 ± 1.3 .23
Functional limitations (range 0–6), mean ± SD 1.9 ± 2.0 1.8 ± 1.9 .73
Physical performance (range), mean ± SD
Total score (0–12) 3.1 ± 4.2 2.8 ± 4.0 .61

Walking time (0–4) 1.1 ± 1.5 1.1 ± 1.4 .78
Chair-stand test (0–4) 0.8 ± 1.4 0.8 ± 1.3 .60
Tandem stand (0–4) 1.1 ± 1.7 1.0 ± 1.7 .13

Kcal intake, kcal/d, mean ± SD 1,473 ± 625 1,462 ± 615 .90
Protein intake, g/d, mean ± SD 52 ± 27 54 ± 29 .60
Protein intake g/kg per day, mean ± SD 0.9 ± 0.5 0.9 ± 0.6 .40
Protein intake < 0.8 g/kg per day, n (%) 46 (49) 41 (43) .39
Serum vitamin D level, nmol/L, mean ± SD 39.8 ± 19.3 42.5 ± 21.8 .39
Serum vitamin D level ! 50 nmol/L, n (%) 21 (20) 32 (30) .08

There were no significant differences in characteristics between the intervention and control groups.

SD = standard deviation.
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25-hydroxy vitamin D levels were significantly higher in
the intervention group than in the control group.

Adherence to ONS, vitamin D supplementation, and
dietetic counseling was 80%, 96%, and 96%, respectively.
Eighty percent of participants in the intervention group
consumed ONS, with a mean intake of 1.6 bottles per day
(target 2/day). Ninety-six percent of participants in the
intervention group consumed the calcium and vitamin D
supplement, with a mean intake of 0.9 tablets per day (tar-
get 1/day). The dietitian contacted 96% of participants by
telephone, with a mean of 5.8 contacts (target 6 contacts
per participant).

Results of adherence to ONS and vitamin D supple-
mentation as reported by participants compared well with
distribution data from the pharmaceutical service center
and participants’ pharmacies.

Body Weight and BMI

Body weight and BMI at baseline are presented in Table 1.
Three months after discharge, body weight increased

to 64.7 ± 14.4 kg in the intervention group and
61.0 kg ± 12.2 in the control group. (Three months after
discharge, the mean difference between the groups was
3.7 kg, 95% CI = 0.6–8.1.)

BMI increased to 22.1 ± 4.5 kg/m2 in the intervention
group and 21.0 ± 3.7 kg/m2in the control group. (Three
months after discharge, the mean difference between the
groups was 1.1 kg/m2, 95% CI = 0.3–2.4.)

Fat-Free Mass and Hand Grip Strength

Neither fat-free mass nor hand grip strength changed sig-
nificantly from baseline in the intervention or the control
group. Mean increase in fat free mass was 3.3 ± 4.3 kg in
the intervention group and 2.8 ± 4.1 kg in the control
group (95% CI = 1.5–2.4). Mean increase in grip strength
was 0.2 ± 5.6 kg in the intervention group and
1.0 ± 6.7 kg in the control group (95% CI = 3.0–1.5).

Physical Activities

Physical activities did not change significantly in the inter-
vention or control group. Mean improvement in score was
0.5 ± 1.5 in the intervention group and 0.6 ± 1.5 in the
control group (95% CI = 0.7–0.5).

Fall Incidents

Results on fall incidents are shown in Table 3. Participants
in the control group fell more than twice as often as par-
ticipants in the intervention group. In total, 57 fall inci-
dents occurred: 16 in the intervention group and 41 in the
control group. Ten participants (10%) in the intervention
group and 24 (23%) in the control group had one or more
fall incidents (HR = 0.41, 95% CI = 0.19–0.86, P = .02,
log rank); 56% of participants in the intervention group
and 68% of those in the control group who had fallen had
more than one fall incident (not significantly different).
The mean number of falls per participant in participants
who had fallen was 1.6 ± 1.1 in the intervention group
and 1.7 ± 0.9 in the control group. This was not signifi-
cantly different between groups (P = .55). In 94% of fall
incidents, participants fell in their home, and only one par-
ticipant (in the control group) reported a fracture after a
fall incident. Figure 2 shows a Kaplan!Meier curve for the
time (days) to a fall incident for participants in the inter-
vention group versus participants in the control group.

Confounding or effect modification was not observed
for age, sex, body weight, BMI (<20.0 vs ! 20.0 kg/m2),
unintentional weight loss in the previous month, uninten-
tional weight loss in the previous 6 months, fat-free mass,
hand grip strength, physical activities, functional limita-
tions, or physical performance.

DISCUSSION

A short-term nutritional intervention, consisting of oral
nutritional supplements and vitamin D supplementation,

Table 2. Energy, Protein, and Serum 25-Hydroxyvitamin D Between Intervention Group and Control Group After
3-Month Follow-Up and Difference Between Baseline and Follow-Up

Characteristic

Intervention Group Control Group

Difference in Improvement,
Intervention – Control P-ValueEnd, n = 75

End –
Baseline End, n = 75

End –
Baseline

Kcal intake per day,
mean ± SD

2,152 ± 752 595 ± 753 1,766 ± 661 315 ± 640 280 .002

Protein intake, g/d,
mean ± SD

78 ± 34 21 ± 29 63 ± 30 10 ± 29 11 .04

Protein intake, g/kg per day,
mean ± SD

1.3 ± 0.5 0.3 ± 0.4 1.0 ± 0.5 0.1 ± 0.5 0.2 .07

Protein intake < 0.8 g/kg per
day, n (%)

10 (16) 21 (30) .049

Serum vitamin D level,
nmol/L, mean ± SD

65.7 ± 25.5 24.0 ± 20.3 54.8 ± 25.4 13.1 (17.3) 10.9 .008

Serum vitamin D
level ! 50 nmol/L, n (%)

32 (37) 23 (47) .30

SD = standard deviation.
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supported by dietetic counseling, decreases the number of
individuals with falls and fall incidents in malnourished
older adults. There were no statistically significant differ-
ences in physical activity between the groups.

Approximately 30% of community-dwelling persons
aged 65 and older fall once a year, and 15% fall at least
twice a year.30–32 The occurrence of falls in intervention
participants (10% in 3 months) was as expected. In con-
trast, the occurrence of falls in the control group (30% in
3 months) was higher than expected.

Because this study was designed as a secondary
analysis of a parent study, data were not collected on all
well-known risk factors for falling, but no statistically sig-
nificant differences were observed between intervention
participants and controls for functional limitations, body
weight, grip strength, and physical performance. Data
were not collected on, for example, polypharmacy or
vision impairment, other well-known risk factors that
could have influenced the results. It can be assumed that
the randomized design of the trial accounted for similar
distribution of all fall risk factors between the groups.

A recent meta-analysis of randomized clinical trials
showed that serum 25-hydroxyvitamin D concentrations
of 60 nmol/L or higher were associated with fewer falls,
and lower concentrations were not.33 A study of a sample

of the Longitudinal Aging Study Amsterdam (LASA)
cohort found that a serum 25-hydroxyvitamin D level less
than 30 nmol/L was associated with a higher fall incidence
than a higher level.34 In the present study, participants’
mean serum 25-hydroxyvitamin D levels were inadequate
in both groups at baseline. After the intervention period,
serum 25-hydroxyvitamin D levels in both groups had
improved, more so in the intervention group than in the
control group. In the intervention group, mean serum level
reached 65 nmol/L, which is above the 50 nmol/L that the
Institute of Medicine35 and the Health Council of the
Netherlands21 have suggested. Still, 37% of all participants
in the intervention group did not reach a serum 25-hy-
droxyvitamin D above the threshold of 50 nmol/L, even
after supplementation.

The study was conducted with a low-dose vitamin D
(400 IU/d from calcium and vitamin D supplementation and
176 IU/d from ONS). After the start of this study in 2006,
the dose of vitamin D supplementation advised by the
Health Council of the Netherlands for older people
increased to 800 IU/d.21 It is possible that a higher dose of
vitamin D would reduce fall incidence even further. Further
research in a study with a dose-response design is needed.

When studying the absolute number of participants
with levels less than 30 nmol/L or less than 50 nmol/L,
there were no statistically significant differences between
groups at baseline or at 3-month follow-up. This supports
the idea that the combined intervention, rather than only
the vitamin D, was effective in the reduction of falls. The
intervention consisted of a combination of energy, protein,
vitamin D, and calcium. In addition, a dietitian counseled
participants every other week. This study does not give an
answer to which specific nutritional component or combi-
nation of components and counseling is responsible for the
effects found.

Falling is associated with activity pattern, muscle
mass, and strength. Increasing physical activity was not a
primary aim of this study. Reported activity levels were
measured using a questionnaire. They did not change in
the intervention group or the control group, suggesting
that changes in activity level did not account for the differ-
ence in falls.

The results of the present study did not confirm an
increase in falls because of decreased muscle mass and
strength. Measurements of muscle mass (using bioelectric
impedance) and strength (using handgrip dynamometry)
were crude and probably not sensitive enough to pick up
small changes. Nevertheless, function improved.18 Results
may be ascribed to changes in neuromuscular function
rather than to changes in muscular strength. A vitamin D
supplementation study showed neuromuscular improve-
ments after a short-term intervention (16 weeks), which
confirms that neuromuscular improvements may take place
over a short period of time.36

One of the strengths of this study is that the adherence
to the nutritional intervention was higher than 80%,
which may explain the better results than in other studies.
For ONS, earlier studies have shown adherence rates of
only approximately 50%.15 In a similar trial, adherence
was 38% in the ONS group and 50% in the matched
placebo group.15 Low adherence rates have also been
reported for vitamin D supplementation. According to a

Table 3. Fall Incidents After 3 Months of Follow-Up
in Malnourished Older Adults

Characteristic
Intervention

Group
Control
Group Effect

Participants who fell,
n (%)

10 (10) 24 (23) 0.41*
(P = .02)

Number of fall incidents, mean ± standard deviation
Whole group (76
intervention, 75
control)

0.21 ± 0.57 0.55 ± 0.84 0.001†

Participants who fell
(10 intervention, 24
control)

1.6 ± 1.1 1.7 ± 0.91 0.550†

* Hazard ratio.
† Mann Whitney U-test.
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Figure 2. Kaplan-Meier curve for time (days) to a fall incident
for participants in the intervention and control groups.
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meta-analysis, 21 of 29 trials had an adherence rate of cal-
cium (and vitamin D) supplementation of less than 80%.8

In contrast to most other studies, a dietitian counseled
participants in the present study every other week (six
times during the study period). The excellent adherence
may be attributed to this counseling. This is supported by
a recent study that also showed greater energy intake in
the group that received counseling.37

The study population was heterogeneous and differed
in medical diagnosis, nutritional status, age, and health
status. To increase homogeneity, individuals from only
two wards were included: internal medicine and trauma-
tology/vascular surgery, representing the specialties general
internal medicine, rheumatology, gastroenterology, derma-
tology, nephrology, orthopedics, traumatology, and vascu-
lar surgery. This population was carefully chosen and
excluded individuals undergoing major surgery.

This study has certain limitations. First, it was not
blinded. Participants and investigators were aware of
group assignment. Blinding the researcher during the
analyses partially adjusted for this limitation, but socially
desirable answers of participants could have biased the
results. Therefore, a double-blind controlled design would
have been preferable.

Second, a 2-week dietary history was used to assess
participants’ nutritional intake. The method of collection
of nutrition data was not optimal, but it was the best
available method considering the health status of the par-
ticipants. Twenty-four-hour recall was not considered
appropriate because most participants were very ill the day
before hospital admission, so this would not give an accu-
rate impression of usual intake. In addition, performing
24-hour recall would be too much an effort for this ill,
frail population.

Finally, loss to follow-up was 30% because of
mortality and withdrawal. These data could have biased
the results. Fifty-three percent of these individuals died or
withdrew within the first 6 weeks. For these individuals,
no falls data were available. The fall incidence in individu-
als who completed the first 6 weeks of the study and
subsequently dropped out was not different from the inci-
dence in individuals who completed the whole study.

In summary, significantly fewer falls were seen in mal-
nourished elderly adults receiving short-term nutritional
intervention consisting of the combination of ONS, cal-
cium and vitamin D, and dietetic counseling. This is one
of the first studies showing these effects in such a short
period and in a participant sample consisting of exclusively
malnourished individuals. It would be of interest to study
the cost effectiveness of this intervention in the future.

ACKNOWLEDGMENTS

We are grateful to Geraldine Droog, Suzanne ten Dam,
Ingrid Nan, Lisa van Swieten, Evelien van Meel, Monique
Bosman, Anne Lieke Rondel, and Leonie Bijland for their
contribution to the acquisition of participants and data
collection.

Conflict of Interest: The editor in chief has reviewed
the conflict of interest checklist provided by the authors
and has determined that the authors have no financial or
any other kind of personal conflicts with this paper.

Jaap C. Seidell: Board member of Netherlands Health
Council, Society Go4Kids, European EPODE Network,
International Obesity Task Force. Marian A.E. van Bok-
horst-de van der Schueren: Board member of Netherlands
Society for Clinical Nutrition and Metabolism, European
Society for Clinical Nutrition and Metabolism

The Netherlands Organisation for Health Research
and Development (ZonMw) funded the trial (project num-
ber 94506203). ZonMw had no further role in the study
design, in the data collection, analysis and interpretation
of the data, writing the report, and in the decision to sub-
mit the paper for publication.

Author Contributions: All authors were responsible
for study design, data collection, analysis, and manuscript
preparation.

Sponsor’s Role: ZonMw had no role in the study
design, in the data collection, analysis and interpretation
of the data, writing the report, and in the decision to sub-
mit the paper for publication.

REFERENCES

1. Stel VS, Smit JH, Pluijm SM et al. Consequences of falling in older men
and women and risk factors for health service use and functional decline.
Age Ageing 2004;33:58–65.

2. Blake AJ, Morgan K, Bendall MJ et al. Falls by elderly people at home:
Prevalence and associated factors. Age Ageing 1988;17:365–372.

3. Graafmans WC, Ooms ME, Hofstee HM et al. Falls in the elderly: A pro-
spective study of risk factors and risk profiles. Am J Epidemiol
1996;143:1129–1136.

4. Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly
persons living in the community. N Engl J Med 1988;319:1701–
1707.

5. Kim JS, Wilson JM, Lee SR. Dietary implications on mechanisms of sarco-
penia: Roles of protein, amino acids and antioxidants. J Nutr Biochem
2010;21:1–13.

6. Bischoff-Ferrari HA, Borchers M, Gudat F et al. Vitamin D receptor
expression in human muscle tissue decreases with age. J Bone Miner Res
2004;19:265–269.

7. Chevalier S, Saoud F, Gray-Donald K et al. The physical functional
capacity of frail elderly persons undergoing ambulatory rehabilitation is
related to their nutritional status. J Nutr Health Aging 2008;12:721–
726.

8. Tang BM, Eslick GD, Nowson C et al. Use of calcium or calcium in com-
bination with vitamin D supplementation to prevent fractures and bone
loss in people aged 50 years and older: A meta-analysis. Lancet
2007;370:657–666.

9. Bischoff-Ferrari HA, Dawson-Hughes B, Willett WC et al. Effect of vitamin
D on falls: A meta-analysis. JAMA 2004;291:1999–2006.

10. Boonen S, Bischoff-Ferrari HA, Cooper C et al. Addressing the musculo-
skeletal components of fracture risk with calcium and vitamin D: A review
of the evidence. Calcif Tissue Int 2006;78:257–270.

11. Vellas B, Conceicao J, Lafont C et al. Malnutrition and falls. Lancet
1990;336:1447.

12. Johnson CS. The association between nutritional risk and falls among frail
elderly. J Nutr Health Aging 2003;7:247–250.

13. Milne AC, Potter J, Vivanti A et al. Protein and energy supplementation in
elderly people at risk from malnutrition (Review). Cochrane Database Syst
Rev 2009;CD003288.

14. Lauque S, Arnaud-Battandier F, Gillette S et al. Improvement of weight
and fat-free mass with oral nutritional supplementation in patients with
Alzheimer’s disease at risk of malnutrition: A prospective randomized
study. J Am Geriatr Soc 2004;52:1702–1707.

15. McMurdo ME, Price RJ, Shields M et al. Should oral nutritional supple-
mentation be given to undernourished older people upon hospital dis-
charge? A controlled trial. J Am Geriatr Soc 2009;57:2239–2245.

16. Price R, Daly F, Pennington CR et al. Nutritional supplementation of very
old people at hospital discharge increases muscle strength: A randomised
controlled trial. Gerontology 2005;51:179–185.

17. Gray-Donald K, Payette H, Boutier V. Randomized clinical trial of nutri-
tional supplementation shows little effect on functional status among free-
living frail elderly. J Nutr 1995;125:2965–2971.

8 NEELEMAAT ET AL. 2012 JAGS



18. Neelemaat F, Bosmans JE, Thijs A et al. Post-discharge nutritional support
in malnourished elderly individuals improves functional limitations. J Am
Med Dir Assoc 2011;12:295–301.

19. Neelemaat F, Thijs A, Seidell JC et al. Study protocol: Cost-effectiveness of
transmural nutritional support in malnourished elderly patients in compari-
son with usual care. Nutr J 2010;9:6.

20. Dutch Nutrition Center. Nederlandse Voedingsmiddelentabel (Dutch Food
Composition Table). The Hague, the Netherlands: Dutch Nutrition Center,
2001.

21. Towards an Adequate Intake of Vitamin D. The Hague, the Netherlands:
Health Council of the Netherlands, 2008.

22. Kyle UG, Bosaeus I, De Lorenzo AD et al. Bioelectrical impedance ana-
lysis—part I: Review of principles and methods. Clin Nutr 2004;23:1226–
1243.

23. Kyle UG, Bosaeus I, De Lorenzo AD et al. Bioelectrical impedance analysis
—part II: Utilization in clinical practice. Clin Nutr 2004;23:1430–1453.

24. Mathiowetz V, Kashman N, Volland G et al. Grip and pinch strength:
Normative data for adults. Arch Phys Med Rehabil 1985;66:69–74.

25. Kriegsman DM, Deeg DJ, van Eijk JT et al. Do disease specific characteris-
tics add to the explanation of mobility limitations in patients with different
chronic diseases? A study in the Netherlands. J Epidemiol Community
Health 1997;51:676–685.

26. Glass TA. Conjugating the “tenses” of function: Discordance among hypo-
thetical, experimental, and enacted function in older adults. Gerontologist
1998;38:101–112.

27. Guralnik JM, Simonsick EM, Ferrucci L et al. A short physical perfor-
mance battery assessing lower extremity function: association with self-
reported disability and prediction of mortality and nursing home admis-
sion. J Gerontol 1994;49:M85–M94.

28. Wicherts IS, van Schoor NM, Boeke AJ et al. Vitamin D status predicts
physical performance and its decline in older persons. J Clin Endocrinol
Metab 2007;92:2058–2065.

29. The prevention of falls in later life. A report of the Kellogg International
Work Group on the prevention of falls by the elderly. Dan Med Bull
1987;34 (Suppl 4):1–24.

30. Nevitt MC, Cummings SR, Kidd S et al. Risk factors for recurrent non-
syncopal falls. A prospective study. JAMA 1989;261:2663–2668.

31. TinettiME,Doucette J, Claus E et al. Risk factors for serious injury during falls
byolder persons in the community. JAmGeriatr Soc1995;43:1214–1221.

32. Tromp AM, Smit JH, Deeg DJ et al. Predictors for falls and fractures in
the Longitudinal Aging Study Amsterdam. J Bone Miner Res 1998;13:1932
–1939.

33. Bischoff-Ferrari HA, Dawson-Hughes B, Staehelin HB et al. Fall prevention
with supplemental and active forms of vitamin D: A meta-analysis of
randomised controlled trials. BMJ 2009;339:b3692.

34. van Schoor NM, Visser M, Pluijm SM et al. Vitamin D deficiency as a risk
factor for osteoporotic fractures. Bone 2008;42:260–266.

35. Ross AC, Manson JE, Abrams SA et al. The 2011 report on dietary
reference intakes for calcium and vitamin D from the Institute of Medi-
cine: What clinicians need to know. J Clin Endocrinol Metab 2011;96:
53–58.

36. Lips P, Binkley N, Pfeifer M et al. Once-weekly dose of 8400 IU vitamin
D(3) compared with placebo: Effects on neuromuscular function and toler-
ability in older adults with vitamin D insufficiency. Am J Clin Nutr
2010;91:985–991.

37. Rufenacht U, Ruhlin M, Wegmann M et al. Nutritional counseling
improves quality of life and nutrient intake in hospitalized undernourished
patients. Nutrition 2010;26:53–60.

JAGS 2012 NUTRITIONAL INTERVENTION AND FALL INCIDENCE IN OLDER ADULTS 9


