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Summary Aims: To evaluate the effect of a whole formula diet on nutritional and
cognitive status in Alzheimer’s disease patients.
Methods: Patients were randomly assigned to two interventions: a whole formula
diet based on lyophilised foods (Treatment Group, n ¼ 24) or nutritional advice
(Control Group, n ¼ 29). Energy intake, body weight, biochemistry, Mini Nutritional
Assessment (MNA) and Pfeiffer’s tests were determined at baseline and at 3 months
of treatment.
Results: No differences were observed between groups at baseline. Energy intake
tended to increase in the Treatment Group and to decrease in the Control Group,
although differences were not significant. The improvement in MNA and Pfeiffer test
scores was not significantly different between groups. Body weight increased by
2.0671.9 kg in the Treatment Group and by 0.3273.04 kg in the Control Group
(P ¼ 0:007). The increases in albumin (P ¼ 0:007), haemoglobin (P ¼ 0:002) and
serum ferritin (P ¼ 0:009) were higher in the Treatment Group than in controls. A
similar rate of serious adverse events (hospitalisation or death) was observed in both
groups.
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Conclusions: Administration of this whole formula has a positive impact on
nutritional status. The great diversity in textures and tastes enable these
formulations to be administered to a wide range of patients with or without liquid
dysphagia.
& 2005 Elsevier Ltd. All rights reserved.

Introduction
Life expectancy and, consequently, the proportion
of elderly people are increasing in developed
countries. As a result, the incidence of age-related
diseases, such as dementia of different causes is
also increasing spectacularly. Nowadays, the prevalence of dementia is estimated to be between 5%
and 6% in subjects more than 65 years old.1
During the course of this chronic disease, a large
subset of patients suffer from unintentional weight
loss and malnutrition.2,3 In fact, according to the
criteria of the National Institute for Neurological
and Communicative Disorders and the Stroke and
Alzheimer’s Disease and Related Disorders Association,4,5 body weight loss is one of the main
symptoms of Alzheimer’s disease. Furthermore,
body weight loss tends to augment in parallel with
the progression of the disease and is a predictor of
mortality in Alzheimer’s disease patients.6,7
The aetiology of body weight loss and malnutrition in the context of Alzheimer’s disease is
multifactorial. Alzheimer patients show a progressive inability to make correct nutritional choices, a
loss of autonomy to feed themselves and, frequently, negative attitudes related to intake. The
presence of anorexia, other problems related to
ageing and dementia such as dysphagia, and the
increase in nutritional requirements associated to
the disease also contribute to the development and
maintenance of malnutrition.8,9
Several authors have made studies to determine
how effective nutritional supplementation with
liquid formulas is on energy intake and nutritional
status in this kind of patients. Some studies have
shown that such liquid supplements can lead to an
increase in body weight and plasma albumin
levels,10–14 whereas other studies have failed to
demonstrate any effect.15 This discrepancy is
probably explained by the heterogeneity of the
populations studied, the different formulas used
and the variable length of the nutritional interventions.
Furthermore, the degree of compliance with
these liquid formulas is highly variable, which can
also affect the results obtained. Between 15% and
20% of elderly patients dislike liquid formulas16 or
dropout for this reason in clinical trials.17 Further-

more, some authors have described that more than
40% of subjects did not comply with prescribed
liquid supplements in clinical settings.18 Most of
these commercialised products are liquid sweet
formulas with monotonous flavours. Hence, a high
percentage of patients abandon the treatment
shortly after supplementation is started. On the
other hand, the liquid consistency of most of these
products makes tolerance difficult in demented
patients with liquid dysphagia. At present, complete formulas based on lyophilised natural foods
with liquid or semi-solid consistency (depending on
the amount of water used for their dilution) are
available. These formulas offer a wide range of
savoury and sweet flavours. These formulas will
probably be easier for geriatric populations to
accept and can be easily administered to patients
with liquid dysphagia. Therefore, it can be
hypothesised that these formulas will have better
effects on the nutritional status of patients with
dementia.
Hence, the present study conducted in patients
with Alzheimer’s disease aims to: (a) evaluate the
compliance to a complete nutritional formula of
liquid or semi-solid consistency; (b) analyse the
total energy intake in patients receiving this
nutritional intervention in comparison with patients fed with a traditional home-made diet; and
(c) evaluate the effect of this nutritional intervention on body weight, nutritional markers and
cognitive parameters in comparison to the Control
Group.

Patients and methods
Patients
The study evaluated 56 patients older than 65 years
with Alzheimer’s disease diagnosed on the basis of
the DSM-IV criteria, who fulfilled the following
inclusion criteria: (a) to score 3 and above on
Pfeiffer’s cognitive questionnaire, (b) to need a
semi-solid or liquid diet, and (c) to present or refer
a weight loss higher than 5% of body weight in the
previous year.
Exclusion criteria were: (a) terminal care or
severe acute illness, cancer or history of cancer in
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the last 5 years; (b) severe gastrointestinal disease;
(c) respiratory or urinary infection or any other
acute illness potentially able to affect the nutritional status at the moment of study; (d) significant
hepatic or renal disease; (e) enteral or parenteral
nutritional support at the moment of the study; (f)
chronic treatment with corticoids, antibiotics or
antineoplastics; (g) diabetic patients under insulin
treatment; (h) use of nutritional supplements in
the last 15 days prior to entering the study.

Study design
The present study is a prospective multicentric 3month randomised clinical trial. Subjects were
recruited in six geriatric institutions from Catalonia
(Spain).
A total of 53 out of the 56 patients first selected
took part in the study and were randomised to
receive: (a) a complete formula based on natural
lyophilised foods (Treatment Group, n ¼ 24), or (b)
standard dietetic advice (Control Group, n ¼ 29).
Randomisation process was centralised and both
groups were stratified by the initial body mass
index (BMI). Three patients did not take part in the
study because they did not like the product,
particularly because they claim for food of solid
consistency.
First degree relatives or legal tutors and, if
possible, the patients gave their written informed
consent to participate. The study protocol was
approved by the Ethics Committee of the Hospital
Universitari Sant Joan de Reus.
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Table 1 Nutritional composition of the complete
formula Vegenats-med.
Nutrients

330 g

100 g

Energy (kcal)
Carbohydrates (g)
Protein (g)
Fat (g)
Saturated fatty acids (g)
Monounsaturated fatty acids (g)
Polyunsaturated fatty acids (g)
Vitamin A (mg)
Vitamin D (mg)
Vitamin E (mg)
Vitamin K (mg)
Vitamin B1 (mg)
Vitamin B2 (mg)
Niacin (mg EN)
Pantotenic acid (mg)
Vitamin B6 (mg)
Folic acid (mg)
Vitamin B12 (mg)
Biotin (mg)
Vitamin C (mg)
Sodium (mg)
Potassium (mg)
Calcium (mg)
Phosphorous (mg)
Magnesium (mg)
Iron (mg)
Zinc (mg)
Copper (mg)
Selenium (mg)

1490
451.52
186.86
56.62
69.07
20.93
52.27
15.84
13.39
4.06
26.72
8.10
12.08
3.66
743.49 225.30
10.89
3.30
10.56
3.20
52.8
16.00
1.65
0.50
0.99
0.30
23.76
7.20
7.26
2.20
5.61
1.70
166.32
50.40
1.65
0.50
73.92
22.40
59.4
18.00
1095
331.82
1860
563.64
820.16 248.53
614.46 186.20
268.62
81.40
11.55
3.50
11.55
3.50
1254
380.00
5412
1640.00

Note: Composition is expressed per 100 g and 330 g
(corresponding to three packets).

Intervention
Patients from the Treatment Group received a
complete diet based on natural lyophilised foods
with liquid or semi-solid consistency depending on
the amount of added water. They were administered orally 3 packets/d (450 kcal/packet) of
Vegenats-med, which substituted breakfast, lunch
and supper. A wide range of savoury and sweet
flavours was provided to the patients (lentils,
chickpeas, ham, fish, beef, chicken, vegetables,
apple, honey, orange and chocolate). They also
received recommendations directed to increase
energy intake. They were also allowed to consume
as a dessert or as snack the following items: baked
apple or pea fruit juices, yoghurt, crème caramel,
milk or cookies. Patients in the Control Group
received the same dietetic advice as the Treatment
Group. No nutritional supplements, but the Vegenats-med in the intervention group, were allowed
during the study in any group. Caregivers from both

groups received written information about balanced diet recommendations and advice on how
to increase energy intake by using home-made food
as well as recommendations on how to prevent
liquid dysphagia if necessary. The nutritional
composition of the complete natural lyophilised
formula is shown in Table 1.

Nutritional and cognitive evaluation
Before randomisation, subjects underwent a
screening which recorded information about usual
body weight, weight loss in the previous 3 months,
height, waist circumference and systolic (SBP) and
diastolic (DBP) blood pressure. Waist circumference
was measured at the midpoint between the last rib
and iliac crest.19 When height and weight could not
be measured in the standard way, specially adapted

ARTICLE IN PRESS
Effect of a whole formula diet in Alzheimer’s disease patients
weight scales were used and height was estimated
by measuring the non-dominant leg.20
At the beginning of the study and at 1 and 3
months of intervention, energy intake, body weight
and nutritional status were evaluated and a blood
sample was obtained. Energy intake was recorded
using a 24-h dietary record of three non-consecutive days including one non-working day. Dietary
records were completed by the caregivers and
checked by a trained dietician. The energy and
nutrient intake were estimated with the French
Regal composition table.21 Nutritional status was
assessed by the Mini Nutritional Assessment (MNA)
Test.22 Venous blood was drawn from fasted
subjects. Fasting glucose, plasma lipid profile,
haemoglobin, albumin and prealbumin were measured enzimatically. Lymphocyte count and erythrocyte
sedimentation
rate
(ESR)
were
determined by routine technique. Serum ferritin
and C-reactive protein (CRP), vitamin B12 and folic
acid were determined by chemiluminescence.23,24
Cognitive performance was evaluated at the
beginning of the study with Pfeiffer’s mental status
questionnaire validated for a Spanish population by
Garcı́a-Montalvo. On the basis of this test subjects
were classified as having: (a) preserved cognitive
status (scores between 0 and 2); (b) slight cognitive
impairment (scores between 3 and 4); (c) moderate
cognitive impairment (scores between 5 and 7);
and (d) severe cognitive impairment (scores between 8 and 10).25,26 The Blandford scale codified
eating disorders and was used to evaluate eating
behaviour.2
The degree of cognitive and functional impairment was evaluated at the beginning and at the
end of the study by the GDS scale, validated for the
Spanish population by Peña-Casanova in 1997.27
This scale determines the severity of the dementia
and classifies patients according to the degree of
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cognitive affection (GDS) and functional impairment (FAST).28,29

Statistical analyses
Statistical analyses were performed with the
statistical package SPSSs version 11.5 for Windows.
Results are expressed as mean7SD.
For comparisons between groups, non-parametric tests were used for quantitative variables
(Mann–Whitney U-test) and the Chi-square test was
used for categorical variables. Changes in the
studied parameters from the beginning to 3 months
of intervention were calculated and compared
among groups using non-parametric tests (Mann–Whitney U-test). A P-value of o0.05 was
considered to be statistically significant.

Results
Baseline
All the patients studied scored above 5 on the GDS
scale, and a high percentage (51.7% in the Control
Group and 54.2% in the Treatment Group) scored 7.
Hence, the population studied consisted of patients
with a severe cognitive impairment or advanced
dementia. No significant differences in GDS scoring
were observed between the intervention and the
Control Group.
Tables 2–4 show the baseline demographic,
biochemical characteristics and the intake of
energy and nutrients (protein, carbohydrates,
lipids and alcohol) of the studied sample. No
significant differences in any of the studied variables were observed between groups at baseline. In
addition, the prevalence of concurrent or previous

Baseline characteristic of the study groups.

Gender (male/female)
Age (years)
Height (cm)
Weight (kg)
BMI (kg/m2)
Usual body weight (kg)
Waist circumference (cm)
SBP (mmHg)
DBP (mmHg)
MNA score

Control Group (n ¼ 29)

Treatment Group (n ¼ 24)

4/25
83.976.9
149.6711.9
48.6710.7
21.773.6
56.1711.3
79.479.4
118.2712.6
65.7713.8
16.573.6

5/19
85.676.6
151.879.9
51.5710.4
22.3710.4
58.5712.4
83.1713.0
122.3718.6
66.4710.1
15.174.8

SBP, systolic blood pressure; DBP, diastolic blood pressure; MNA, Mini Nutritional Assessment Test.
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Table 3
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Biochemical parameters at baseline.

Haemoglobin (g/dL)
Lymphocytes (  109/L)
Cholesterol (mg/dL)
Tryglicerides (mg/dL)
Albumin (mg/dL)
Prealbumin (g/L)
Glucose (mg/dL)
Ferritin (mg/dL)
Folic acid (mg/mL)
Erythrocyte sedimentation rate (mm/h)
Vitamin B12 (pg/mL)
C reactive protein (mg/dL)

Table 4

Control Group (n ¼ 29)

Treatment Group (n ¼ 25)

12.471.6
2.271.4
175.7750.2
93.9732.6
33.875.3
0.1870.04
86.5713.2
132.27122.2
7.075.0
30.2719.0
321.5795.5
1.471.6

11.671.7
1.870.76
187.8735.2
108.3745.8
32.877.0
0.1670.04
91.0720.3
120.2784.0
7.575.7
40.0735.8
287.7793.5
1.772.4

Energy and nutrient intake at baseline.

Energy (kcal)
Protein (g)
Carbohydrates (g)
Fat (g)
Alcohol (g)

Control Group
(n ¼ 28)

Treatment Group
(n ¼ 22)

1903.47478.7
88.3732.2
234.0768.6
68.7722.0
0.7372.7

1841.67640.4
87.4739.3
213.0771.0
70.5728.5
0.2771.1

diseases (diabetes, dyslipidaemia, hypertension,
history of cancer or cardiovascular disease) was
not significantly different between groups.
Although the prevalence of malnutrition was high
in the studied population, no significant differences
among groups were observed. At baseline, 13.2% of
the patients presented a BMIo18 kg/m2, 52% had
albumin levels o35 mg/dL and 50.9% showed MNA
scores suggestive of malnutrition.
No significant differences between groups were
observed in the cognitive status as measured by
Pfeiffer’s test or in their eating behaviour as
measured by the Blandford scale.

Evolution
While, at the end of the study, mean energy intake
tended to increase in the Treatment Group
(1247833 kcal/d), a tendency to decrease was
found in the Control Group (467402 kcal/d);
however, the changes were not significantly different. No significant differences were observed in
relation to changes in protein, carbohydrates, fat
or alcohol intake between groups during the
intervention period. In the intervention group,

32% of the total reported energy intake came from
other food sources different from the prescribed
supplements.
Severe adverse events were not significantly
different between groups. A total of 11 patients
did not end the study since they presented severe
adverse events, five in the Control Group (three
deaths and two acute diseases that required
hospitalisation) and six in the Treatment Group
(five deaths and one acute disease requiring
hospitalisation). Ten out of these 11 patients who
had severe adverse events presented an advanced
degree of dementia at baseline (GDS score ¼ 7).
Table 5 shows the differences in the evolution of
body weight and biochemical parameters between
groups. Mean body weight increased by
2.0671.9 kg in the Intervention Group and by
0.3273.04 kg in the Control Group (P ¼ 0:007).
The Intervention Group showed a significant increase in albumin levels compared to the Control
Group (3.7675.03 mg/dL versus 1.1375.7 mg/dL;
P ¼ 0:007). Similar trends were observed in haemoglobin levels (P ¼ 0:002) and serum ferritin
(P ¼ 0:009). No significant differences were observed between groups in relation to the changes in
other biochemical parameters. The MNA score
increased more in the Treatment Group than in
the Control Group (3.674.16 versus 0.775.05,
respectively) although the differences between
groups were not significant. No significant differences were observed in cognitive parameters such
as GDS test and Pfeiffer’s scores (Table 6).

Discussion
The main objective of the present study was to
evaluate how a new complete nutritional formula
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Changes in biochemical and nutritional parameters during the study period time in both groups.

Weight (kg)
Haemoglobin (g/dL)
Lymphocytes (  109/L)
Cholesterol (mg/dL)
Tryglicerides (mg/dL)
Albumin (mg/dL)
Prealbumin (g/L)
Glucose (mg/dL)
Ferritin (ng/dL)
Folic acid (ng/mL)
Erythrocyte sedimentation rate (mm/h)
Vitamin B12 (pg/mL)
C reactive protein (mg/dL)

Control Group (n ¼ 23)

Treatment Group (n ¼ 15)

0.3273.04
0.1870.95
0.3371.53
7.46740.73
15.50722.52
1.1375.70
0.0270.03
2.78715.34
8.58790.82
2.6378.49
2.45713.76
14.09758.43
0.0570.45

2.0671.90*
1.1071.47**
0.0370.31
0.92728.50
7.73731.64
3.7675.03*
0.0270.04
4.55712
25.38735.50*
0.6471.80
0.31714.86
4.15727.16
0.0670.13

*Po0.05; **Po0.005.

Table 6 Changes in cognitive parameters evaluated by GDS scale and Pfeiffer’s test during the study period
time in both groups.
Control Group

Pfeiffer’s test score

Treatment Group

Baseline (n ¼ 24)

Final (n ¼ 23)

Baseline (n ¼ 15)

Final (n ¼ 15)

7.871.7

7.871.8

7.572.5

7.072.4

0
0
10
13

0
2
7
6

0
1
7
7

GDS (number of patients)
o5
0
5
0
6
12
7
12

Note: No significant differences among groups were observed.

based on natural lyophilised foods with liquid or
semi-solid consistency affected body weight and
other nutritional parameters in patients with
Alzheimer’s disease.
As shown in the Results section, baseline
clinical and nutritional characteristics as well
as mental status were similar between groups
which is essential if the trial design is to be
suitable.
In these conditions, the present study demonstrates that this kind of intervention for 3 months is
able to improve the nutritional status in these
Alzheimer’s disease patients. The use of this
formula associated to dietetic advice on how to
increase energy intake leads to a higher increase in
body weight and a greater improvement of several
nutritional parameters than traditional dietetic
advice.
In fact, mean body weight increased while the
formula was administered by 2.0671.9 kg in the
Treatment Group and by only 0.3273.04 kg in the

Control Group (P ¼ 0:007). This is important because body weight change is an important indicator
of health status, and a decrease in body weight has
been associated to an increased morbimortality in
different chronic conditions.30,31
The mean increase in body weight observed in
the present study is similar to that reported in
Gray-Donald’s study32 in which the administration
of a nutritional supplement over a period of 12
weeks was accompanied by a 2.1 kg increase in
body weight. It was also higher than that observed
in a similar period of time by other nutritional
intervention studies on psycho-geriatric nursing
home patients12,17 or hospitalised geriatric patients.13
Albumin, haemoglobin and serum ferritin levels
also improved more in the nutritional Intervention
Group, suggesting that this kind of nutritional
formula is more effective at improving nutritional
status. Albumin has been shown to be a strong
predictor of mortality in several conditions and a
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specific and sensitive nutritional marker in chronic
conditions.33 The use of ferritin and albumin as
nutritional markers could be impaired by the
presence of inflammatory conditions. However, in
our study, no changes in inflammatory markers such
as ESR and CRP occurred that could explain such
differences in albumin and ferritin.
The improvement in nutritional status achieved
in the present study might be explained by an
increase in energy and protein intake associated
with a nutritional intervention that offers a wide
variety of presentations and flavours. The wide
range of savoury and sweet flavours probably
contributes to increasing its acceptability in the
long term. Additionally, the fact that the texture
can be easily changed from liquid to semi-solid
makes them adaptable to all kinds of patients
including those with liquid dysphagia. The formula
used in the present study was well accepted and
patients adhered well to the intervention. In our
study, patients from the Intervention Group tended
to increase their energy intake whereas the Control
Group showed a slight decrease. However, no
significant differences could be observed between
groups. This lack of significance could be due to the
large standard deviation observed in energy intake
leading to an inadequate statistical power for the
present sample size which was initially calculated
taking body weight changes as the main study
variable.
Our study sample consisted of patients with
advanced dementia and a considerable impairment
of mental status. It could be hypothesised that the
improvement in nutritional status is accompanied
by an improvement in mental functioning. However, no significant improvement in Pfeiffer’s test
or in the GDS scale was observed in our study. This
could be explained by the short intervention time
and does not necessarily rule out a potential effect.
Additionally, the severe baseline mental impairment of our patients could also explain the
difficulty in observing any scoring change in tests
evaluating cognitive status.
The nature and design of the present study does
not make it possible to analyse the effect of the
nutritional intervention on other hard end points
such as morbidity or mortality. Longer studies with
larger samples are needed to determine whether
this improvement in nutritional status is maintained over time and to evaluate its effect on
morbimortality.
In conclusion, our study showed that the nutritional status of advanced Alzheimer disease patients can be improved by providing dietary advice
and, specially, a high dense complete formula
based on natural lyophilised food.
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la población anciana de Cataluña. Med Clin (Barc)
2002;118:707–15.
10. Lauque S, Arnaud-Battandier F, et al. Protein-energy oral
supplementation in malnourished nursing-home residents. A
controlled trial. Age Ageing 2000;29:51–9.
11. Payette H, Boutier V, Coulombe C, Gray-Donald K. Benefits
of nutritional supplementation in free-living, frail, undernourished elderly people: a prospective randomized community trial. J Am Diet Assoc 2002;102:1088–95.
12. Wouters-Wesseling W, Wouters AEJ, Kleijer CN, Bindels JG,
de Groot CPGM, van Staveren WA. Study of the effect of a
liquid nutrition supplement on the nutritional status of
psycho-geriatric nursing home patients. Eur J Clin Nutr
2002;56:245–51.
13. Gazzotti C, Arnaud-Battandier F, Parello M, et al. Prevention
of malnutrition in older people during and after hospitalisation: results from a randomised controlled clinical trial. Age
Ageing 2003;32:321–5.
14. Planas M, Conde M, Audivert S, et al. Micronutrient
supplementation in mild Alzheimer disease patients. Clin
Nutr 2004;23:265–72.

ARTICLE IN PRESS
Effect of a whole formula diet in Alzheimer’s disease patients
15. Beck AM, Ovesen L, Schroll M. Home-made oral supplement
as nutritional support of old nursing home residents, who are
undernourished or at risk of under nutrition based on the
MNA. A pilot trial. Mini Nutritional Assessment. Aging Clin
Exp Res 2002;14:212–5.
16. Bruce D, Laurance I, McGuiness M, Ridley M, Goldswain P.
Nutritional supplements after hip fracture: poor compliance
limits effectiveness. Clin Nutr 2003;22:497–500.
17. Wouters-Wesseling W, van Hooijdonk C, Wagenaar L, de
Groot L, van Staveren W. The effect of a liquid nutrition
supplement on body composition and physical functioning in
elderly people. Clin Nutr 2003;22:371–7.
18. Remsburg R, Sobel T, Cohen A, Koch C, Radu C. Does a
liquid supplement improve energy and protein consumption in nursing home residents? Geriatr Nurs 2001;22:
331–5.
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