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Prevalence of malnutrition and inadequate food intake
in self-feeding rehabilitation patients with stroke

R. AQUILANI, M. GALLÌ**, C. GUARNASCHELLI*, G. FUGAZZA, M. LORENZONI*
E. VARALDA***, N. ARRIGONI*, M. P. ACHILLI*, G. P. ZELASCHI*, M. G. CRESPI**, P. BAIARDI****, P. MARIANI**

Background. Malnutrition is known to impair function-
al outcome and prolong the hospital stay of rehabilita-
tion patients with stroke. The aim of this study was to
establish the prevalence of malnutrition in self-feeding
patients with stroke and to investigate the adequacy of
their food intake.
Methods. One hundred and fifty self-feeding patients
with stroke were considered (85 M + 65 W; 60 ± 11 yrs,
30 ± 10 days from the acute event; 45.3% with right and
54.7% with left hemiplegia). Each patient underwent
the following evaluations: a) anthropometry to diag-
nose the malnutrition; b) resting energy expenditure
(REE by indirect calorimetry, standard protocol); c) cal-
orie and macronutrient intakes by using 3 — day food
diaries; d) 24 hr urinary nitrogen excretion to measure
nitrogen balance (NB).
Results. Forty-five patients (=30%) were diagnosed as mal-
nourished. Inadequacies in calorie (Kcal-I/REE≤110%),
protein (<0.8 g/kg/day) and in carbohydrate (<140 g/d)
intake were found, respectively in 60, 50, 38.6% of all the
patients with stroke. A negative NB was observed in
more than 50% of patients. Food intake inadequacy was
significantly greater in malnourished than in normally
nourished patients.
Conclusions. The prevalence of malnutrition in self feed-
ing rehabilitation patients with stroke is high and a self-
feeding status is not synonymous with normal food
intake. Nutritional evaluations should be routinely made
in patients with the sequelae of cerebrovascular acci-
dents.
Key words: Cerebrovascular disorders rehabilitation -
Self-feeding - Nutrition disorders. 

From the Servizio di Fisiopatologia Metabolico Nutrizionale
e Nutrizione Clinica

*Divisione di Recupero
e Rieducazione Funzionale II, Unità Spinale

Fondazione S. Maugeri
IRCCS, Centro Medico - Montescano

**Divisione di Recupero e Rieducazione Funzionale
Fondazione S. Maugeri, IRCCS, Centro Medico - Tradate

***Sezione Day Hospital, Divisione di Recupero
e Rieducazione Funzionale

Fondazione S. Maugeri, IRCCS, Centro Medico - Montescano
****Servizio di Informatica Medica

Fondazione S. Maugeri, IRCCS, Centro Medico - Pavia, Italy 

Malnutrition is a condition that may induce a num-
ber of complications in surgical and medical

patients.1 2 Among these complications, impairment of
immunocompetence 3-5 and respiratory and gastrointes-
tinal functions 6 as well as increased risk of pressure
sore formation 6 have been described. For these rea-
sons, the rehabilitation of patients with stroke is negative-
ly influenced by malnutrition. Indeed, it has been dem-
onstrated that malnourished patients stay in hospital
longer and have a poorer functional outcome than nor-
mally nourished ones. 7 8 The prevalence of malnutrition
in patients with stroke, as reported in literature, varies
from 16% in acute settings 9-12 to 60% in rehabilitation
wards.13 Among the factors impairing the nutritional
status of patients with stroke, reduced motor ability to
self-feed, cognitive dysfunction, depression and, when
present, dysphagia may all play a role. All these condi-
tions may act to cause a decrease in the amount of food
intake. However, unless food intake is quantified and
body calorie need is established in every rehabilitation
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patient with stroke, it is impossible to judge whether
spontaneous nutritional intake by patients with stroke is
adequate for the body’s requirements. This issue should
not be underestimated in clinical practice as inadequate
food intake may pass unsuspected simply because
patients are found to be independent in their choice of
food and intakes. The aims of this investigation were,
therefore, twofold: to determine the prevalence of mal-
nutrition and to establish the inadequacy of nutritional
intake, when present, of self feeding rehabilitation
patients at the time of admission to our institutes.

Materials and methods

Study population

One hundred and fifty self-feeding patients with
stroke, consecutively admitted to our rehabilitation
institutes were considered for the study. Table I reports
their clinical characteristics. All patients had clinical
findings consistent with a stroke and a positive Com-
puted Tomography or Magnetic Resonance Imaging
score. Within a week of admission each patient under-
went the following nutritional evaluations.

Anthropometry

a. Height, estimated from knee height; 14

b. Weight, measured by a mechanical weight- lift-
er (Partner, Pabish) and recorded both as a percent-
age of reference weight and of usual weight;

c. Triceps skinfold thickness (TST, in mm), using a
Harpenden skinfold caliper;

d. Midarm circumference (MAC), to estimate mid-
arm muscle circumference (MAMC) using the formu-
la MAMC=MAC (cm) — 0.314×TST (mm).15 From
MAMC estimates, arm muscle area (AMA) was calcu-
lated as following:

AMA (cm2) = 
MAMC2

12.56

The patient’s non-paretic arm was used for meas-
urements of TST and MAC.

Biochemistry

Serum albumin level and total lymphocyte count
were registered from the routine biochemical labora-
tory tests.

Resting energy expenditure measure (REE; kcal/day)

This was performed by indirect calorimetry with a
Horizon metabolic measurement chart (Beckman
Instruments Anaheim, CA). A canopy was used to col-
lect the expired air. REE was performed 12 to 14 hours
after overnight fasting. Oxygen consumption and car-
bon dioxide production were measured at 1-minute
intervals and the mean of the 60-minute measure-
ment period was calculated.16 REE values were calcu-
lated as described in the literature 17 18 and referred to
predicted values from Harris-Benedict’s equation (H-
B).19 REEs between 90-110% of the predicted H-B
were considered normal; a REE <90% H-B was taken
to indicate a condition of hypometabolism; a REE
>110% H-B a state of hypermetabolism

From oxygen consumption (
.
VO2) and carbon diox-

ide production (
.
VCO2), the respiratory quotient (RQ)

was calculated as follows: RQ = 
.
VCO2 / 

.
VO2 (normal

values 0.7 — 1.0).

Evaluation of calorie and macronutrient intake 

This evaluation was made by recording the type
and weight of the patient’s cooked and uncooked
food for three days. The findings were converted into
the raw equivalent when necessary, using appropri-
ate Tables.20 Nutritional analysis using a computed
system designed by our group allowed us to calculate
the actual calorie and macronutrient intake. In all
patients, calorie intake (kcal — I) was expressed either

TABLE I.—Clinical characteristics of the patients in this study.

Parameters Values

Age (years) 60±11
Sex (No)

Male 85
Female 65

Lesion (%)
Ischemic 64.6
Hemorragic 35.4

Hemiplegia (%)
Right 45.3
Left 54.7

Dysphagia (%) 28
Co-morbidity (%)

Systemic hypertension 27.3
Coronary artery disease 11.3
Diabetes 18.0
Infections (urinary, respiratory) 21.3
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in absolute values or as a percentage of REE (kcal-
I/REE). On the last day of food recording, 24-hour
urine was collected to determine nitrogen excretion
(Nu). It was thus possible to calculate nitrogen balance
(NB), according to the following equation: 

NB(g/day) = Ni — Nu + 2g

Where Ni is the nitrogen intake obtained from the
protein intake (g) divided by 6.25 and 2 g is a constant
of the number of grams of nitrogen to compensate for
losses, mainly fecal.21

Criteria for malnutrition

The diagnosis of malnutrition was established by the
presence of: 

1. Loss of usual body weight ≥10% but with actual
body weight (ABW) lower than reference weight
(RBW) (GROUP A patients).

2. Loss of usual body weight ≥5% plus one or more
of the following malnutrition indicators (GROUP B
patients): 21 22

a. AMA <5th percentile (a marker of reduced mus-
cle protein store);

b. serum albumin <3.5 g/dl ( an indicator of reduced
visceral protein synthesis);

c. total lymphocytes <1500 n/mm3 (an indicator of
impaired immunocompetence).

Criteria for inadequate food intake

1. Inadequate calorie intake for body needs was
established when the patient’s daily calorie intake
was ≤110%REE(kcal-I/REE).

2. Inadequate protein intake (Prot-I) was judged
to occur when intake was <0.8 g/day.

3. Inadequate carbohydrate intake (CHO-I) was
present when intake was <140 g/day, a value that
represents the daily minimum amount of CHO neces-
sary for the function of brain and other glucose-depen-
dent tissues (predominantly blood cell elements).

4. Inadequate lipid intake was estimated when lip-
id intake was <0.5 g/kg/day.

Statistical analysis

The unpaired “t” test was used to compare nutrition-
al parameters, REEs and RQs between malnourished
and normally nourished patients. Values are data as
x±sd. The level of statistical significance was set at
p<0.05.

Results

This study shows that 45 patients with stroke were
diagnosed as malnourished according to the above mal-
nutrition criteria (Table II). Thus, the prevalence of mal-
nutrition in self-feeding patients with stroke was 30%.
Among the malnourished patients, 18 (=40%) were dys-
phagic. In 71 % of group A patients, alterations in mus-
cle protein stores, visceral protein synthesis, immuno-
competence or a combination of the last two functions
were also observed. 

Tables III and IV report resting energy expendi-
ture, nutritional intake, nitrogen balance and respira-
tory quotient in patients with stroke. Malnourished
patients had lower calorie intakes and resting energy
expenditures than normally nourished ones (1036±487
vs 1434±375, p<0.02 and 1111±171 Kcal vs 1404±238,
p<0.001 respectively). When normalised for body
weight, REEs were similar between the malnourished
and the normally nourished patients (19.6±2.2 Kcal/kg
vs 18.4±2.3, respectively n.s.). When expressed in
absolute values REE was found to be ≤1300 kcal/day
in the malnourished patients and 1500 kcal/day in
80% of the normally nourished ones. Only in 20% of

TABLE II.—Distribution of altered nutritional indicators in mal-
nourished patients with stroke (No=45).

Loss of weight No patients %

Group A 35 77.8
With presence of:

AMB <5th percentile 9 25.7
ALB <3.5 g/dl 9 25.7
Lymph <1500 n/mm3 5 14.3
ALB <3.5+lymph<1500 2 5.7

Group B 10 22.2
With presence of:

AMB <5th 0
ALB <3.5 g/dl 7 70
Limph <1500 n/mm3 3 30
ALB <3.5+limph <1500 0

Group A) Patients with a loss of usual body weight >10% but with actual body
weight (ABW) lower than reference weight (RBW). Group B) Patients with a
loss of usual body weight ≥5% plus one or more of other malnutrition indica-
tors (see methods).
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this latter group was REE >1500 kcal/day. The Harris-
Benedict formula failed to predict energy require-
ments in more than 37% of patients with stroke. In
comparison with the normally nourished patients, the
malnourished ones had lower protein (0.6±0.32 g/kg
vs 0.89±0.29 g/kg, p<0.04), lipid (0.51±0.24 g/kg vs
0.88±0.31 g/kg, p<0.01), and carbohydrate intakes
(140±49.7 g/day vs 224±73.5 g/day, p<0.005). Nitrogen
balance was similar in malnourished and normally
nourished patients, while respiratory quotient (RQ)
was lower in the former group (0.71±0.09 vs 0.81
(±0.09 p<0.01).

Table V reports the percentage of patients with
stroke who had inadequate macronutrient and calo-
rie intakes and negative nitrogen balance. More than
75% of the patients with diagnosed malnutrition met
the criteria for inadequate carbohydrate, protein, and
calorie intakes while in the normally nourished
patients calorie intake was inadequate and negative
nitrogen balance was present in more than 50% and
in about 46% respectively.

Discussion

This study conducted in rehabilitation patients with
stroke yielded two main results: the prevalence of
malnutrition was 30% and an inadequate nutritional
intake was present in the majority of patients, main-
ly in those with a diagnosis of malnutrition.

The prevalence of malnutrition in this study was
lower than the previously reported prevalences of 49
and 60%.11 13 This discrepancy is probably due to our
different study plan which considered only self-feed-
ing patients. Indeed, feeding-dependent patients were
excluded as artificial nutrition in acute services is
known to be associated with malnutrition.11 Another
factor that contributed to the lower prevalence of
malnutrition in our patients than that found by the
other authors is that we adopted a more restrictive

TABLE III.—Resting Energy Expenditure (REE) in self-feeding
patients with stroke.

Parameters
Patients

All Malnourished Normally
nourished

kcal/day 1291±210 1111±171* 1404±238
range (823-1883) (823-1326) (989-1883)
kcal/kg/day 19.3±2.8 19.6±2.2 18.4±2.3
range (13.8-21.9) (13.8-21.8) (14.8-21.9)
% predicted**
90-110% (normometabolic) 58.6 57.5 64.7
<90% (hypometabolic) 32.0 42.2 24.8
>110% (hypermetabolic) 9.4 0.0 10.5

*) p<0.001 malnourished vs normally nourished patients. **) Figures are per-
centage of patients.

TABLE IV.—Nutritional analysis of food intake and respiratory
quotient in patients with stroke. Values are mean±sd; p=level
of significance; ns=not significant. Statistical analysis con-
ducted between malnourished and normally nourished
patients.

Parameters
Patients

All Malnourished Normonourished p

A-Intakes
Calories

kcal-I 1292±463 1036±486 1434±374 <0.02
kcal-I/REE 99.4±32 88.5±37 106±27 —

Protein
g/kg/day 0.78±0.33 0.66±0.39 0.93±0.33 <0.05
% kcal-I 16.4±3.2 15.6±3.4 16.8±3 —

Lipid
g/kg/day 0.8±0.3 0.66±0.36 0.87±0.28 <0.01
% kcal-I 34.5±5.5 33.5±6.5 35.1±5 —

Carbohydrate
g/kg/day 2.78±0.95 2.99±1.01 2.39±0.72 ns
g/day 195±77 141±50 224±73 <0.005
% kcal-I 48.5±6.4 49±8.5 48.4±5 —

B-Nitrogen balance
g/day -0.65±3.4 -1.84±2.99 0.08±3.5 ns

C-Respiratory
Quotient 0.77±0.1 0.71±0.09 0.81±0.09 <0.01

TABELLA V.—Percentage of patients with inadequate nutritional intakes.

Patients
Nutritional intakes

CHO <140 g/day Protein <0.8 g/kg Lipid <0.5 g/kg kcal-I/REE ≤110% Negative nitrogen balance

All patients (No 150) 38.6 50 19.3 64.6 56.6
Malnourished patients (No 45) 77.6 77.7 37.7 82.2 75.5
Normonourished patients (No 105) 17.1 30.4 7.7 51.4 45.7

CHO=carbohydrates; kcal-I=calorie intake; REE=Resting Energy Expenditure
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indicator of malnutrition, as a loss of weight >10%
usual body weight but with the actual body weight
lower than reference weight. 

Diabetes, previous episodes of stroke and dysphagia
are well-recognised causes of malnutrition in patients
with cerebrovascular accidents.11 However, in this study,
malnutrition was also diagnosed in patients without a
history of the above conditions meaning that other fac-
tors may play a role in worsening the nutritional status
of patients with cerebrovascular accidents. Although
we can not exclude that some patients may be under-
nourished before the acute event of stroke 9 12 it is like-
ly that nutritional wasting is associated with hospitalisa-
tion in acute wards, since the proportion of malnutrition
has been found to increase during hospital stay.9 12

It is of interest that nutritional parameters were
found to have deteriorated in acute stroke patients
with swallowing disorders, despite aggressive early
enteral nutrition providing a total number of calo-
ries greater than that calculated as necessary by cal-
orimetry.12 Thus, it can be anticipated that a lack
of/or insufficient calorie intake in acute ill patients,
particularly those with clinical complications, may
lead to malnutrition. Unless the causes of malnutrition
and the role of therapeutic nutritional intervention in
acute stroke patients is well understood, a high prev-
alence of malnutrition among rehabilitation patients
will not be surprising. Fortunately, during hospitaliza-
tion in rehabilitation wards, malnutrition has been
found to be reversible if adequate nutritional thera-
py is provided.7

This investigation demonstrates that self-feeding is
not automatically associated with normal food inges-
tion as an inadequate food intake can be present in a
large population of self-feeding rehabilitation patients
with stroke. The inadequacy of food intake is evident
in more than 75% of malnourished patients and also
in many of normally nourished ones. In malnour-
ished patients the inadequacy of alimentation is near-
ly global because it regards calorie, protein and car-
bohydrate intakes. The observed inadequate food
intake was not due to an excess in body energy
requirements because the majority of patients with
stroke in this study were normo- or hypometabolic,
but to a real low food assumption. It is possible that
dysphagia, paralysis of the extremities, depression,
apraxia, agnosia or neglect contributed to reducing
food intake by the patients in this study.23

The clinical consequences of food inadequacy are
that malnourished patients become more and more

malnourished and normally nourished patients are at
risk of developing malnutrition.

One practical correlate of this study is that resting
energy needs can be initially set at 1300 kcal/day in
malnourished patients and at 1500 kcal/day in normal-
ly nourished ones. These values may be very useful in
a clinical setting for planning nutritional therapy when
it is not possible to weigh the patients or to measure their
resting energy consumption directly, in the absence of
a reliable theoretical formula to predict energy con-
sumption. This study shows that three quarters of mal-
nourished patients and about half of normally nour-
ished ones have a negative nitrogen balance, indicating
the presence of increased endogenous protein catabo-
lism. It is likely that reduced protein intake is the main
factor inducing the excess of endogenous protein break-
down since 83% of the negative nitrogen balances
occurred in patients with a protein intake lower than 0.8
g/kg/daily. Two other factors may also contribute to
nitrogen imbalance, mainly in patients with a diagnosis
of malnutrition. One factor is the observed reduced car-
bohydrate ingestion that is known to spare protein uti-
lization. The second factor may be tissue peripheral
insulin resistance induced by immobility.24 It is partic-
ularly noteworthy that insulin resistance has been dem-
onstrated to be proportional to immobility duration.25

The main clinical consequences of the negative nitrogen
balance may be: a) increased muscle wasting because
of increased gluconeogenesis, b) impaired immuno-
competence,26 c) asthenia with a reduction in the
patients ability to participate in rehabilitation therapy. 

An interesting result of our study is that carbohy-
drate intake in malnourished patients was lower than
the minimum amount necessary for brain and other
glucose dependent tissue functions. 

Low carbohydrate intake may explain the significant
lower respiratory quotient (RQ) in the malnourished
than in the normally nourished patients, meaning that
organ and tissue metabolism in the former group is
oriented towards the preferential utilisation of lipids
with consequent reduced biochemical and mechani-
cal cellular efficiency.

The contribution of ingested carbohydrates to dai-
ly energy intake was lower than recommended (48%
instead of ≥ 55%) 20 meaning that the spontaneous
alimentary regimen of patients with stroke may not be
qualitatively well-balanced. This is particularly evi-
dent when considering that the lipid calorie contribu-
tion to daily energy intake was high (33 — 35% instead
of recommended value < 30%).20 The dietary analysis
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conducted on food diaries showed that low carbo-
hydrate intake by patients was due to a low amount
of carbohydrate-rich foods such as pasta and bread,
while the high fat intake was attributable to dairy
products and cured meat (mainly ham) that patients
preferred to meat/fish. It is unlikely that the hospital
diet contributed to the above unbalanced diet of the
patients since, in our institutes, the carbohydrate con-
tent of meals is planned to offer at least 55% of the dai-
ly energy intake and a maximum of 30% of lipids are
provided. We are not, at present, able to understand
why patients with stroke reduce their intakes in car-
bohydrates, while we suspect that, as regards the lip-
ids, dairy products and ham are chosen because they
are soft and, consequently, they require less co-ordi-
nation in mastication and deglutition.

In clinical practice, low carbohydrate ingestion is a
dangerous practice for at least three reasons. First, it
may deteriorate brain dysfunction in patients with
cognitive and motor impairments; second it causes
an increase of gluconeogenesis, the biochemical pro-
cess that may induce alterations in both muscle and
plasma aminograms. Aminoacids normally pass the
blood — brain barrier and compete with each other
for entry into the brain 27 to be partly transformed
into neurotransmitters. Third, reduced glucose avail-
ability may induce a reduction in acetylcholine synthe-
sis, as glucose normally provides the acetyl moiety of
acetylhcoline. There is considerable evidence to sug-
gest that the positive effects of glucose on learning,
memory, and other cognitive functions are mediated
via acetylcholine.28

We therefore speculate that reduced carbohydrate
intake in patients with stroke may interfere with brain
neurotransmission directly and/or indirectly by induc-
ing alterations in tissue/plasma aminograms.

In conclusion, the prevalence of malnutrition is
high among self-feeding rehabilitation patients with
stroke and, more importantly, patients’ actual food
intakes can be greatly inadequate for their body needs. 

Clinical implications

A number of clinical and ethical practices may be
derived from this study.

1. Every patient with stroke should be routinely
evaluated both for his/her nutritional status and ade-
quacy of food intake.

2. It is necessary that physycians/physiatrists and

care-givers become aware of the nutritional problems
induced by stroke. A nutritional survey of stroke
should be routinely begun in the acute services.
Nutritional parameters to diagnose malnutrition are
very easy to use at the bed side.

3. Hospital managers should plan the purchase of
a weighing-chair and skinfold calipers, the costs of
which are very low compared to the cost of a single
patient’s prolonged stay in hospital (with or without
complications).

Riassunto

Prevalenza della malnutrizione ed inadeguata assunzione ali-
mentare in pazienti con stroke in fase riabilitativa.

Obiettivo. La malnutrizione causa una riduzione del recupe-
ro funzionale ed un allungamento dei tempi di degenza dei
pazienti con stroke in fase di riabilitazione. 

Scopo. Determinare la prevalenza della malnutrizione e l’a-
deguatezza degli introiti alimentari in pazienti con stroke, auto-
nomi sotto il profilo alimentare.

Metodi. Sono stati considerati 150 pazienti (85 maschi e 65
femmine; 60±11 anni; 30±10 giorni dall’evento acuto; 45,3%
con emiplegia destra e 54,7% con emiplegia sinistra. Ogni
paziente è stato sottoposto al seguente protocollo di indagine:
a) valutazione dello stato nutrizionale mediante misure antro-
pometriche (peso, altezza, spessore della plica tricipitale, cir-
conferenza muscolare del braccio) e misure biochimiche (albu-
mina sierica e conta dei linfociti totali nel sangue); b) misura del
consumo energetico a riposo (CER con calorimetria indiretta);
c) quantificazione degli introiti calorici e dei macronutrienti
(carboidrati=CHO; proteine=Prot, lipidi=Lip) mediante diario
alimentare di 3 giorni; d) misura dell’azoto escreto nelle urine
delle 24 ore per calcolare il bilancio azotato (BA). 

Criteri di malnutrizione: 1) riduzione del peso corporeo abi-
tuale preictus ≥10%, ma con peso corporeo attuale inferiore al
peso corporeo desiderabile; 2) riduzione del peso corporeo
abituale preictus ≥5% più uno o più dei seguenti indicatori di
malnutrizione: area muscolare del braccio <5° percentile e/o
albumina sierica <3,5 g/dl e/o linfociti totali <1500 nmm3. Criteri
di inadeguatezza degli introiti calorici: 1) calorica=kcal-I≤110%
CER; 2) proteica=Prot<0.8 g/kg/die; 3) carboidrati= CHO<140
g/die; 4) lipidica=Lip<0,5 g/kg/die.

Risultati. In base ai criteri adottati 45 pazienti sono risultati
malnutriti (=30% della popolazione studiata). Sono stati osser-
vati: kcal-I ≤110% CER in più del 60% di tutti i pazienti; Prot<0,8
g/kg/die nel 50%; CHO<140 g/die nel 38,6%; Lip<0,5 g/kg/die
nel 19%. Il bilancio azotato è risultato negativo in più del 56%
dei pazienti. Queste inadeguatezze sono risutate distribuite e più
marcatamente evidenti nella popolazione dei malnutriti rispet-
to ai normonutriti.

Conclusioni. La prevalenza di malnutrizione nei pazienti con
stroke è alta. Gli introiti calorici e di macronutrienti possono esse-
re insufficienti anche in pazienti con stroke normonutriti. Lo stu-
dio dimostra che la presenza di un’osservabile autonomia ali-
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mentare in questi pazienti può non essere sinonimo di un nor-
male apporto calorico. Gli Autori concludono auspicando l’in-
troduzione di un’indagine nutrizionale in pazienti con stroke in
fase riabilitativa.

Parole chiave: Emiplegia, riabilitazione - Autonomia alimenta-
re - Malnutrizione.
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