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of Nutritional Status (ICANS), Università degli Studi di Milano, via Botticelli 21, 20133 Milano, Italy
2Dietetic and Clinical Nutrition Unit, Trento Hospital, Trento, Italy
3Dietetic and Clinical Nutrition Unit, Regional General Hospital, Bolzano, Italy
4National Institute for Research on Food and Nutrition (INRAN), Roma, Italy
5Dietetic and Clinical Nutrition Unit, ‘Niguarda-Ca Granda’ Hospital, Milano, Italy
6Department of Applied Dietetic Technical Sciences, University of Modena and Reggio Emilia, Modena, Italy
7Dietetic and Clinical Nutrition Unit, ‘S.Camillo-Forlanini’ Hospital, Roma, Italy
8Dietetic and Clinical Nutrition Unit, University Hospital San Giovanni Battista, Torino, Italy
9Department of Clinical Medicine, University ‘La Sapienza’, Roma, Italy

(Received 27 October 2009 – Revised 15 February 2010 – Accepted 16 February 2010 – First published online 7 May 2010)

The association between hyporexia/anorexia, reduced food intake and disease-related malnutrition at hospital admission is well established.

However, information on fluid intake according to nutritional risk has never been provided. Thus, we assessed the attitude and adequacy of

fluid intake among case-mix hospitalised patients according to nutritional risk. A sample of 559 non-critically ill patients randomly taken from

medical and surgical wards was evaluated. Nutritional risk was diagnosed by the Nutritional Risk Screening 2002. Usual fluid consumption

the week before admission was assessed and categorised as ,5 and $5 cups/d (1 cup ¼ 240 ml), with the acceptable intake being $5 cups/d.

Prevalence of nutritional risk was 57·2 %, and 46·2 % of the patients reported a fluid intake ,5 cups/d. Multiple-adjusted logistic regression

revealed that age $65 years (OR: 1·88 (95 % CI: 1·03, 3·43); P,0·04), energy intake (for every 25 % increase in food intake compared

with estimated requirements, OR: 0·37 (95 % CI: 0·25, 0·55); P,0·001) and the number of drugs taken (every three-drug increase, OR: 0·63

(95 % CI: 0·44, 0·90); P,0·02) were independently associated with inadequate fluid intake (,5 cups/d). A significant independent association

was also found with nutritional risk (OR: 0·64 (95 % CI: 0·43, 0·95); P,0·03). Nutritional risk appears to be positively associated with greater

fluid intake in non-acute hospitalised patients, but both the reasons and the consequences of this relationship, as well as the impact on clinical

practice, need to be explored. However, water replacement by oral nutritional support should take advantage of the patients’ attitude to assuming

a greater fluid intake, limiting at the same time fluid overload during the refeeding phase.

Disease-related malnutrition: Nutritional risk at hospital admission: Fluid intake: Food intake: Nutritional Risk Screening 2002

Malnutrition due to both chronic and acute diseases is a
widespread, under-recognised and under-treated problem at
hospital admission(1). The association between hyporexia/
anorexia, reduced energy intake and disease-related malnutri-
tion has been studied extensively, and most of the underlying
pathophysiological mechanisms have been clarified(1,2).
Nutritional depletion can also worsen during hospital stay(1,3,4),
and clinicians are now aware that nutritional care should
be managed continuously during this period. Accordingly,
malnutrition screening procedures at referral are now enforced
and treatment guidelines have been drawn up, aimed at redu-
cing malnutrition prevalence, the rate of related complications,

hospital costs and the length of hospital stay(1,5,6). However,
the relationship between nutritional risk and fluid intake has
never been investigated. In a healthy subject, body water com-
prises about 60 % of the total body weight, and it is distributed
in two major compartments, extracellular and intracellular.
The balance between these compartments and whole body
homeostasis strongly depends on ingestion, absorption and
retention. During periods of starvation and/or critical illness,
water and salt retention usually increases, and both over-
and under-prescription of fluids can be detrimental. Thus, in
the past, researchers focused their attention on the best way
to correct fluid and electrolyte imbalances(7,8), but baseline
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fluid intake has never been investigated either in the
critically ill or in a non-intensive setting. However, it can be
hypothesised that the pre-existing fluid balance could affect
fluid management during the hospital stay.

Taking into consideration this background, the present
study was undertaken to evaluate, on admission to hospital,
the association between fluid intake and nutritional risk
in non-critically ill patients, and to identify factors with
potential impact on clinical practice and deserving further
investigation.

Methods

The present study was performed according to the principles
of the Declaration of Helsinki, and before any form of assess-
ment, we obtained local Ethics Committee approval. The
protocol was approved initially by the Institutional Review
Board of the coordinating centre (Bolzano Regional General
Hospital), and then by that of the other recruiting centres.
We also obtained written informed consent for every patient
(the patient itself, relatives or legal guardians). The data ana-
lysed in the study were obtained from a larger observational
multicentric (thirteen large (.400 beds) multidisciplinary
regional hospitals) study, aimed at evaluating the prevalence
of malnutrition among hospitalised patients in Italy (Project
Iatrogenic Malnutrition in Italy study – PIMAI)(9), and from
a personal database of assessments (C. P.) performed at the
Hospital of Trento in agreement with the PIMAI study proto-
col. Thus, the present study is a retrospective analysis of data
initially collected for other purposes. All the evaluations were
made within 36 h of admission. Adult patients (age .18
years) were recruited from all the wards, except from those
of both medical and surgical acute emergencies, according
to randomised selection from the daily list of new admissions.
A random sample of patients was chosen using the following
criteria: one of three patients admitted; no more than three
patients/d per hospital; an equal number of males and females;
an equal number of subjects aged ,65 and $65 years.
Patients whose fluid intake might be altered because of poss-
ible disease-related conditions (chronic heart or renal failure,
vomiting, diarrhoea, not compensated diabetes, diabetes insi-
pidus and compulsive water drinking) were excluded(10 – 13).
Also, subjects with dementia syndromes, diagnosed accor-
ding to the International Classification of Disease, 10th
Revision(14), those with a moderate to high alcohol intake
(set to $36 g/d) and pregnant women were excluded.

Information was collected on sex, age, educational level,
work, speciality of admission, main admission diagnosis,
co-morbidities, drugs, overall nutritional risk, determinants
of nutritional risk (weight status, recent weight loss and
food intake) and fluid intake.

Diagnosis of nutritional risk

Nutritional risk was diagnosed using the Nutritional Risk
Screening 2002 scoring system(5,15). This tool, recommended
by the European Society of Parenteral and Enteral Nutrition
for nutrition screening, is based on the sum of three different
subscores that take into account nutritional status (‘Nutritional
score’), disease severity (‘Disease severity score’) and
age (‘Age score’). The ‘Nutritional score’ is derived from

information on actual body weight as BMI, recent weight
loss and period of weight loss ($5 % within the last 1, 2 or
3 months), and dietary intake during the last week before
admission (categorised into quartiles of requirement) as
assessed by well-trained dietitians. Energy requirement was
calculated as BMR (calculated using the Harris–Benedict
equation) corrected by an activity factor or by a stress
factor. In estimating dietary intake, we also considered energy
from liquid foods. ‘Nutritional scoring’ is as follows: a score
of 3 is assigned to the patient when BMI is , 18·5 kg/m2, or
there has been a weight loss $5 % in the last month or only
0–25 % of the intake requirement. A score of 2 is given to the
patient with 18·5 kg/m2 #BMI # 20·5 kg/m2, recent weight
loss $5 % in the last 2 months or an intake of 25–50 % of the
requirement. A score of 1 is assigned to the patient when
recent weight loss is $5 % in the last 3 months or the dietary
intake is 50–75 % of the requirement.

The ‘Disease severity score’ categorises the patient accord-
ing to disease-related metabolic stress (< increased require-
ments); there are three classes: slight (score ¼ 1), moderate
(score ¼ 2) or severe (score ¼ 3). These scores are then
added to give a total score to which an additional point is
added when age is $70 years (‘Age score’). Any patient
with a total score $3 is diagnosed as being ‘at nutritional
risk’. A more detailed description of this scoring system is
provided elsewhere(5,15).

Fluid intake assessment

Fluid intake assessment was performed by well-trained dieti-
tians, and consisted of the semi-quantitative evaluation of all
the major fluid intakes (from sources such as water, juices,
sweetened beverages, milk, wine, beer, tea and coffee) the
week before admission; this was done by dietary recall and
through the use of illustrated atlases. In some cases, additional
information was obtained from caregivers. The level
of acceptable intake was set at $5 cups/d (.1200 ml/d;
1 cup ¼ 240 ml). This threshold value was chosen according
to commonly accepted statements on fluid balance. In fact,
given the normal daily water loss through urine, stools, skin
and respiration, the average daily requirement is estimated
to be 2500 ml/d, with approximately 1000–1500 ml coming
from beverages and the remaining amount coming from
substrate oxidation and foods(16,17).

Possible risk factors for altered fluid intake

Apart from age, the presence of malignancies (cancer), dia-
betes and the number of co-morbidities were investigated as
possible independent risk factors(13,18,19). The diagnosis of
‘being at nutritional risk’, the adequacy of dietary intake in
the previous week (assessed as quartiles of requirement:
,25 %, 25– , 50 %, 50– , 75 % and $75 %) and recent
body weight loss ($5 % in 1, 2 or 3 months) were also con-
sidered. Finally, the use of blood pressure-lowering medi-
cations and diuretics, as well as the daily number of
prescribed drugs (drugs/d; including antihypertensive medi-
cations and diuretics), were taken into account as potential
determinants of fluid intake(17). Accordingly, the patients
were stratified as follows: 0–2, 3–5 and $6 drugs/d.
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Statistical analysis

All statistical analyses were performed using the SPSS 16·0
statistical package (SPSS for Windows; SPSS Inc., Chicago,
IL, USA).

The normal distribution of the variables was examined
using the Kolmogorov–Smirnov test. Continuous variables
of the two groups were compared using unpaired Student’s
t test (normal distribution) or the Mann–Whitney U test (not
normal distribution), whichever was appropriate. However,
multiple-group comparison was performed using ANOVA or
the Kruskal–Wallis test. Frequencies were compared using
the x 2 test. Finally, we investigated the independent determi-
nants of reduced fluid intake (,5 cups/d; dependent variable)
using logistic regression models, and OR with 95 % CI were
calculated. First, we ran univariate analyses adjusted for sex,
height, educational level, work, admission speciality and
recruiting centre. All the correlates with a P,0·10 by these
models were then analysed using multivariate analysis,
basing the analysis on the crude model and making additional
adjustments for diabetes and the use of diuretics and medi-
cation for lowering blood pressure. In all the models, included
independent variables were treated categorically. Statistical
significance for type I error was established by P,0·05.

Results

From the initial population fulfilling the inclusion criteria
(n 2136), we excluded patients due to the following
reasons: n 252 (11·8 %), refusal to participate or terminal
illness; n 301 (14·1 %), unavailability of complete data to
perform risk assessment using the Nutritional Risk Screening
2002 tool; n 854 (40 %), lack of fluid intake assessment
(not performed since the beginning of the recruitment phase

because it was not included in the initial study protocol);
n 170 (8·0 %), fluid intake potentially altered because of
disease-related conditions.

Final analysis included a study sample of 559 subjects.
Patients were recruited from all the regular wards (Table 1),
but most of them were from internal medicine (22·9 %) and
general surgery (13·2 %). Overall prevalence of nutritional
risk was 57·2 % (n 320), with significantly higher rates in
the medical setting than in the surgical one (61·2 v. 50·5 %)
(Table 2). The prevalence of patients ‘at risk’ and of those
reporting low fluid intake (,5 cups/d) was markedly hetero-
geneous among the investigated specialities, and it ranged
from 26·7 % (psychiatry) to 78·9 % (gastroenterology) for
nutritional risk, and from 25·0 % (endocrinology) to 88·5 %
(geriatrics) for fluid intake. A weight loss $5 % and an
energy intake ,75 % of the estimated requirement were
recorded in 62·3 and 36·4 % of the cases, respectively.
Both these features were reported by 24·2 % of the patients.
‘At-risk’ patients showed lower BMI, albumin and prealbumin
serum levels, and a higher number of prescribed daily drugs
taken, and were more likely to suffer malignancies and
report a higher fluid intake (Table 2).

Therefore, the patients were divided into four groups
according to fluid intake and nutritional risk (Table 3). The
differences in BMI, albumin, prealbumin and lymphocytes
between ‘at-risk’ and ‘not at-risk’ patients appeared to be
independent of fluid intake. Patients ‘at risk’ and characterised
by poor fluid intake were significantly older than those in the
other groups. We also found a significant association with the
entity of weight loss, food intake and the number of medi-
cations taken. It was noted that the ‘not at-risk’ patients
with poor fluid intake and the patients ‘at risk’ with acceptable
fluid intake, respectively, took the lowest and highest average
number of drugs.

Table 1. Study sample distribution according to setting, speciality, nutritional risk and low fluid
intake (,5 cups/d)

Total

Setting and speciality n % At-risk (%) Low fluid intake (%)

Medical
General medicine 128 22·9 60·9 44·5
Cardiology 14 2·3 50·0 42·9
Endocrinology/metabolism 8 1·4 50·0 25·0
Gastroenterology 19 3·4 78·9 26·3
Geriatrics 26 4·7 69·6 88·5
Haematoloy/oncology 37 6·6 78·4 51·4
Immunology/infectivology 23 4·1 69·6 47·8
Neurology 33 5·9 39·4 60·6
Nephrology 10 1·8 70·0 60·0
Pneumology 19 3·4 73·4 42·1
Psychiatry 15 2·7 26·7 40·0
Rheumatology/dermatology 9 1·6 33·3 55·5
Others 22 3·9 77·3 40·9

Surgical
General/abdominal surgery 74 13·2 62·2 32·4
Cardiothoracic surgery 21 3·8 47·6 33·3
Maxillary/plastic/vascular surgery 11 2·0 54·5 45·4
Neurosurgery 21 3·8 33·3 42·9
Gynaecological surgery 13 2·3 53·8 46·2
Orthopaedic/traumatology 27 4·8 37·0 44·4
Otorhinolaringology 16 2·9 43·7 50·0
Urology 13 2·3 46·2 76·9
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Finally, we investigated the independent predictors of low
fluid intake (,5 cups/d; dependent variable) at hospital admis-
sion using multivariate logistic regression models (Table 4).
Multiple-adjusted univariate analyses revealed that patients
aged $65 years, presenting with reduced energy intake and
a lower number of drugs taken, were more likely to have a
lower fluid intake. Moreover, higher fluid intake was detected
in patients with decreasing BMI and those ‘at nutritional risk’.
The multivariate model also confirmed similar associations,
the exception being that with weight status.

Discussion

Disease-related malnutrition has been proven to be frequently
associated with reduced food/energy intake, and this, in turn,
significantly contributes to body mass wasting and impairment
of functional status(1,2,4). Even dehydration of as little as
2 % leading to loss of body weight can result in impaired
physiological responses and functional change(8,17). However,
the failure to prescribe adequate fluids also, resulting in
overload, might have consequences in terms of complications
or recovery rate after surgery or a critical illness(7,8). These
pathological conditions, as well as many other diseases, are
responsible for higher nutritional risk(1,5), but the relationship
between nutritional status or risk and oral fluid consumption
on admission to hospital has been never explored.

In the present study, we observed for the first time that
non-critically ill patients at nutritional risk are more likely
to present with an acceptable fluid intake. We also detected

an independent association between fluid intake and age,
food intake and multiple pharmacological treatment.

It has been well demonstrated that levels of thirst reduce
progressively during ageing due to a decrease in the sensitivity
of volume- and osmoreceptors(13,20). Along with this, a role
for mental (e.g. decline of cognitive function) and physical
dependency, as well as for behavioural changes, should be
recognised(13).

We observed a direct relationship between the energy and
fluid intakes. It is reasonable to argue that subjects eating to
a normal extent drink more to accompany food. Food per se
is an important source of water, but some energy can also
be introduced in liquid form (wine, milk, beverages, etc.).

Also, the positive association between polypharmacy and
fluid intake may be simple to explain as the ingestion of
medication frequently takes place during meals, and the
patients usually have a cup of water or other liquids everytime
they need to swallow a pill.

However, some liquid preloads are able to reduce appetite if
they provide energy, particularly in the elderly(21), and drugs
are known to negatively affect energy intake(1,21). Malnour-
ished patients are more likely to be older, and frequently
present reduced energy intake and multiple drug prescriptions,
which are interacting factors that result in detrimental conse-
quences on nutritional status(1,5,22,23). However, the associ-
ation between nutritional risk and fluid intake was found to
be independent. Thus, the mechanisms beyond this relation-
ship are not clear, and some speculations would be in order.

When disease is present, particularly acute injury or critical
illness, the inflammatory condition induces a generalised

Table 2. Features of the population according to nutritional risk*

(Mean values and standard deviations)

Overall (n 559) At-risk (n 320) Not at-risk (n 239)

%† Mean SD %† Mean SD %† Mean SD P‡

Ward (surgical:medical) 206:353 104:216 102:137 ,0·02
Sex (M:F) 280:279 155:165 125:114 0·37
Age (years) 62·4 18·8 63·2 18·8 61·3 18·9 0·25
BMI (kg/m2) 24·4 5·4 22·5 4·5 27·1 5·4 ,0·001
Albumin (g/l) 36·9 7·0 35·2 7·9 39·4 4·1 ,0·001
Prealbumin (mg/l) 202 94 173 86 259 83 ,0·001
Lymphocytes (/mm3) 1670 865 1414 757 2044 880 ,0·001

WL
$ 5 % within 1 month 21·3 37·2 0 ,0·001
$ 5 % within 2 months 28·8 30·4 26·8
$ 5 % within 3 months 12·2 9·1 16·4

Food intake
, 25 % 2·7 4·7 0 ,0·001
25–50 % 8·1 11·9 3·0
50–75 % 25·6 32·5 16·3

Co-morbidities (n) 1·3 1·4 1·3 1·5 1·3 1·4 0·79
Malignancy 20·7 25·9 13·8 ,0·001
Diabetes 13·9 11·6 17·1 0·06
Drugs (n) 3·1 2·6 3·3 2·7 2·8 2·5 0·04
Diuretics 14·5 16·6 11·7 0·55
Antihypertensives 17·0 17·8 15·9 0·11

Fluid
, 5 cups/d 46·2 35·0 53·1 ,0·005
$ 5 cups/d 53·8 65·0 46·9

M, male; F, female; WL, weight loss before hospital admission.
* Data are presented as prevalence/frequency as indicated.
† Percentages refer to the whole group (within a single column).
‡ According to unpaired t test or Mann–Whitney U test and x 2 test, where appropriate.
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Table 3. Features of the population according to fluid intake and nutritional risk (Nutritional Risk Screening 2002 score $3)†

(Mean values and standard deviations)

,5 (cups/d) $5 (cups/d)

At-risk (n 131) Not at-risk (n 127) At-risk (n 189) Not at-risk (n 112)

%‡ Mean SD %‡ Mean SD %‡ Mean SD %‡ Mean SD P§

Ward (surgical:medical) 38:93 47:80 66:123 55:57 0·02
Sex (M:F) 64:67 67:60 91:98 58:54 0·84
Age (years) 67·3* 17·1 63·4 18·5 60·4 19·4 59·0 19·2 ,0·002
BMI (kg/m2) 22·7* 4·3 28·0 5·5 22·4* 4·6 26·6 5·2 ,0·001
Albumin (g/l) 34·1* 8·0 39·4 4·0 36·1* 7·7 39·5 4·3 ,0·001
Prealbumin (mg/l) 163* 74 279 83 179* 92 244 81 ,0·001
Lymphocytes (/mm3) 1450* 823 2012 899 1391* 712 2081 861 ,0·001

WL
$ 5 % within 1 month 37·4 0 37·0 0 ,0·001
$ 5 % within 2 months 34·3 26·8 27·5 26·8
$ 5 % within 3 months 11·4 21·2 7·4 10·7

Food intake
, 25 % 9·9 0 1·1 0 ,0·001
25–50 % 24·4 4·7 3·2 0·9
50–75 % 38·9 24·4 28·0 7·1

Co-morbidities (n) 1·5 1·5 1·3 1·3 1·2 1·4 1·2 1·5 0·13
Malignancy 27·5 15·7 24·9 11·6 0·09
Diabetes 9·9 18·9 12·7 15·2 0·19
Drugs (n) 3·1 2·7 2·4* 2·3 3·5* 2·7 3·3 2·8 0·01
Diuretics 13·7 15·0 18·5 8·0 0·10
Antihypertensives 19·1 15·0 16·9 17·0 0·86

M, male; F, female; WL, weight loss before hospital admission.
* Mean values were significantly different, post hoc comparison by Scheffe’s test (P,0·05).
† Data are presented as prevalence/frequency as indicated.
‡ Percentages refer to the whole group.
§P values according to ANOVA or Kruskal–Wallis test and x2 test, where appropriate.
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increase in capillary permeability with a leakage of albumin,
and so of fluids, to the extravascular space(7,8,24 – 26). Albumin
levels fall also for an impairment in protein turnover(25).
Moreover, the alteration electrolyte fluxes across cellular
membrane due to ATP depletion should be taken into con-
sideration. Accordingly, low plasma flow and electrolyte
alterations can lead to the activation of volume- and osmore-
ceptors, resulting in an increase in water and Na retention and
in the sense of thirst(7,8,20).

The aforementioned pathophysiological mechanisms
apparently refer to the two main types of malnutrition, kwashior-
kor-like and marasmatic, and they could be useful to distinguish
between them. Indeed, it has been demonstrated that the two
conditions frequently coexist, and that both contribute to
nutritional risk(1). Perhaps, the availability of data concerning
inflammatory markers (e.g. C-reactive protein) would better
sustain this hypothesis, and an evaluation of body fluid compart-
ments (intracellular and extracellular) and natraemia would
help explain this relationship. Nonetheless, part of the indepen-
dent association found with nutritional risk could be explained
by the tool used for risk assessment. The Nutritional Risk
Screening 2002 tool was developed and validated in the acute
care setting, and focusing much more on the effect of a disease,
it seems to better reflect the inflammatory background associ-
ated with the pathological process leading to hospitalisation(15).

We do not know the consequences of the present results
on outcome and clinical practice. Indeed, fluid intakes are
different from fluid status. Water and salt retention is usually
increased in starved subjects, and both over- and under-
prescription of fluids can be detrimental. Accordingly, a
cautious correction of even modest deficits or excesses of
fluid and electrolyte imbalances is recommended to avoid
excess fluid retention and to optimise physiological functions,
particularly in those patients suffering from critical illness or
acute injury (e.g. burn or brain injury) or who have undergone
surgical procedures(7,8). In our study, the evaluation was
performed at admission, thus before surgery, and most
critically ill patients were excluded.

It is not clear if this attitude to a better fluid intake affects
patient prognosis, and we are unable to set a threshold fluid
intake level, over or under which the rates of complications
might change significantly. It should be recognised that no
real estimation of fluid balance was performed, as we did
not consider output, loss or water coming from solid foods.

We cannot suggest that ‘at-risk’ patients be advised to
change their behaviour. Indeed, in the initial phase of refeed-
ing, water replacement by oral energy-dense formula could be
advantageous for ‘at-risk’ patients, as the increase in both fluid
and energy needs by this route seems feasible and effective(27),
and this practice would also be in agreement with the need to
avoid fluid overload during the refeeding process(26,28).

The study has limitations other than those presented earlier.
Indeed, the method used for assessing fluid intake (recall) is
useful in population studies, and similarly to food intake, it is
well applicable in this type of setting. The major disadvantage
is its heavy reliance on memory, as well as that it also overlooks
day-to-day food variation. Unfortunately, the use of quantitative
tools of assessment, such as diaries, cannot be considered in such
a study design. Limits should also be recognised in the lack of
distinction between the different fluid sources (energetic and
non-energetic) and in the threshold value chosen to define an
acceptable intake. The one reported is suggested in the literature,
but it refers to the real fluid balance.

The exclusion of some patient categories is also recognised
as a limit, as well as the type of study design (retrospective
rather than prospective). Accordingly, our findings should be
interpreted cautiously, and they could not be generalised
to the whole population of patients at risk of malnutrition
at hospital referral. Some of the excluded pathological
conditions are related to both nutritional risk and alteration
of fluid intake (e.g. chronic heart or renal failure, persistent
vomiting or diarrhoea, dementia and total dependence in the
activities of daily living), but the inclusion would have been
confounding. However, an extensive evaluation of cognitive
function was not performed, and only patients with a reported
diagnosis of dementia were excluded.

Table 4. Logistic regression models of independent risk factors for low fluid intake (,5 cups/d)

(Odds ratios and 95 % confidence intervals)

Univariate model* Multivariate model†

Risk factor OR 95 % CI P OR 95 % CI P

Setting (surgical v. medical) 0·81 0·52, 1·25 0·34 –
Age $65 years 1·60 1·04, 2·45 0·03 1·88 1·03, 3·43 0·04
Weight status‡ 1·27 1·02, 1·58 0·03 1·26 0·92, 1·74 0·15
Weight loss§ 0·94 0·81, 1·09 0·39 –
Food intakek 0·54 0·39, 0·75 ,0·001 0·37 0·25, 0·55 ,0·001
Co-morbidities 1·10 0·97, 1·25 0·13 –
Malignancy 1·18 0·77, 1·82 0·45 –
Drugs{ 0·62 0·48, 0·79 ,0·001 0·63 0·44, 0·90 0·02
‘At nutritional risk’** 0·58 0·41, 0·81 ,0·002 0·64 0·43, 0·95 0·03

* Adjusted for sex, height, educational level, work, recruiting centre and admission speciality.
† Further adjusted for diabetes, use of diuretics and blood pressure-lowering medications.
‡ Entered as categorical variable: underweight, 0; normal weight, 1; overweight, 2; obesity, 3.
§ Entered as categorical variable: $5 % in 1 month, 0; $5 % in 2 months, 1; $5 % in 3 months, 2.
kEntered as categorical variable: ,25 % requirement, 0; 25– , 50 % requirement, 1; 50– , 75 % requirement, 2; $75 %

requirement, 3.
{Entered as categorical variable: 0–2 drugs/d, 0; 3–5 drugs/d, 1; 6 or more drugs/d, 2.
** As defined by Nutritional Risk Screening 2002 score $ 3.
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In conclusion, non-acute patients at risk of malnutrition or
with overt malnutrition at hospital admission frequently pre-
sent with better fluid intake. In critically ill patients, fluid
overload must be avoided. Thus, our observations in the
non-critically ill patients suggest that the evaluation of fluid
balance at hospital admission is of potential interest and
deserves investigation. It cannot be excluded that a better
focus on this issue might be helpful in improving the nutri-
tional management of hospitalised patients.
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