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ABSTRACT

Background: Comprehensive evaluations of the nutritional
parameters associated with length of hospital stay are
lacking. We investigated the association between malnu-
trition and length of hospital stay in a cohort of ambula-
tory adult patients.

Methods: From September 2006 to June 2009, we system-
atically evaluated 1274 ambulatory adult patients ad-
mitted to hospital for medical or surgical treatment. We
evaluated the associations between malnutrition and pro-
longed hospital stay (> 17 days [> 75th percentile of distri-
bution]) using multivariable log-linear models adjusted for
several potential nutritional and clinical confounders re-
corded at admission and collected during and at the end
of the hospital stay.

Results: Nutritional factors associated with a prolonged
hospital stay were a Nutritional Risk Index score of less
than 97.5 (relative risk [RR] 1.64, 95% confidence interval
[CI] 1.31-2.06) and an in-hospital weight loss of 5% or
greater (RR 1.60, 95% ClI 1.30-1.97). Sensitivity analysis of
data for patients discharged alive and who had a length of
stay of at least three days (n = 1073) produced similar find-
ings (adjusted RR 1.51, 95% ClI 1.20-1.89, for Nutritional
Risk Index score < 97.5). A significant association was also
found with in-hospital starvation of three or more days
(RR 1.14, 95% Cl 1.01-1.28).

Interpretation: Nutritional risk at admission was strongly asso-
ciated with a prolonged hospital stay among ambulatory
adult patients. Another factor associated with length of stay
was worsening nutritional status during the hospital stay,
whose cause—effect relationship with length of stay should be
clarified in intervention trials. Clinicians need to be aware of
the impact of malnutrition and of the potential role of wors-
ening nutritional status in prolonging hospital stay.

management for patients admitted to hospital may not
only improve clinical outcomes but also result in
early discharge.** Several factors associated with prolonged
hospital stay include the clinical setting, the type and the
severity of disease, the presence of comorbidities, the quality

C hoosing the most appropriate approach to clinical
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and number of interventions, and the patient’s age.>® There is
a growing body of evidence that nutritional factors, both
related and unrelated to the leading diseases, also affect
length of hospital stay and overall health care costs.”** A poor
nutritional status at the time of admission can contribute to a
prolonged hospital stay, and inadequate nutritional support
may negatively affect both nutritional status and prognosis.”
However, these factors have been frequently analyzed inde-
pendently, and comprehensive and multivariable evaluations
of the nutritional parameters associated with a prolonged hos-
pital stay are lacking. Moreover, the potential effect of other
confounders occurring during the hospital stay, such as wors-
ening nutritional status, is unknown.

We identified the nutritional parameters associated with
prolonged hospital stay in a representative sample of ambula-
tory adult patients. We investigated the association between
nutritional risk at the time of admission and length of stay
after controlling for several confounders recorded at admis-
sion and during the hospital stay.

Methods

This prospective hospital-based observational study was car-
ried out in the Fondazione IRCCS (lstituto di Ricovero e Cura
a Carattere Scientifico) Policlinico San Matteo, in Pavia,
Italy. It was approved by the Ethics Committee of the Fon-
dazione IRCCS Policlinico San Matteo and performed in
agreement with the principles of the Declaration of Helsinki.
From September 2006 to June 2009, adult patients admit-
ted to hospital for either medical or surgical treatment were
systematically screened for inclusion in the study. We ex-
cluded patients admitted to obstetrics, intensive care units and
other emergency settings. Recruitment was performed as fol-
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lows: every four months, for one month, all patients recently
admitted (within 36 hours) were assessed for eligibility. Pa-
tients were excluded if they were bed-ridden, admitted for
day surgery or another day procedure, or admitted for pallia-
tive care. We also excluded patients who presented with fluid
retention or who were undergoing hemodialysis, because of
possible bias in weight assessment at baseline and during the
hospital stay. All eligible patients were asked for personal
agreement by written informed consent.

Data collection

Apart from sex, age, date and ward of admission, we col-
lected information on primary and secondary diagnoses
(coded at the time of admission), severity of disease, risk of
death and number of procedures required by the patients
(coded at discharge). Diagnoses, comorbidities and proce-
dures were coded according to the major disease categories in
the International Classification of Diseases and Related
Health Problems, 9th Revision (ICD-9). Data on the severity
of disease and risk of death were extrapolated from the All
Patient Refined-Diagnostic-Related Group (APR-DRG) by
the Hospital Management Unit.*? During baseline assessment,
physicians’ subjective judgment-based measure of disease
severity (score range 0-2; 0 = low, 1 = moderate, 2 = high)
were also collected.

To determine nutritional status, all patients were assessed
within 36 hours after admission. Data on height, weight, body
mass index (BMI), preadmission weight loss and serum albu-
min level were collected. When the height measurement was
inaccurate because of evident spinal cord deformities, height
was calculated on the basis of knee height. Nutrition-related
risk of complications was assessed with the use of the Nutri-
tional Risk Index, as previously proposed by Buzby and col-
leagues.®® The Nutritional Risk Index score is based on the
patient’s serum albumin concentration and the ratio of actual
to usual weight (defined as the stable weight in the last six
months), two parameters that have been shown to reflect dis-
ease severity and affect the prognosis of patients in hospi-
tal.”** The score is derived as follows: (1.519 x serum albumin
level, g/L) + (41.7 x actual/usual weight). A score greater
than 100 indicates no nutritional risk, 97.5-100 mild risk,
83.5-97.5 moderate risk, and less than 83.5 severe risk. Clini-
cally relevant nutritional risk was defined as a Nutritional
Risk Index score of less than 97.5.

In addition to the collection of data on total weight loss,
patients were asked to quantify the change in their body
weight in the month before admission. A weight loss of 5% or
more was considered a further negative prognostic factor. The
total number of nonconsecutive days of complete fasting (no
calories by any route) during the hospital stay was also col-
lected. Every patient was weighed at discharge, and the
occurrence of a weight loss of 5% or more during the hospital
stay was recorded.

When nutritional counselling was requested by the admis-
sion department, an appropriate support was provided and
monitored by the Nutrition and Dietetics Service in agree-
ment with the European Society for Clinical Nutrition and
Metabolism guidelines.®*
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Outcome measure

Length of stay was the outcome measure. It was computed as
the difference between the date of discharge and the date of
admission. Prolonged hospital stay was defined as a stay
above the 75th percentile of its distribution.

Sample size

Based on the number of admissions per year in our institution,
we planned to enrol about 1000 patients during the study
period. Given the sample size and the expected prevalence of
malnutrition of 30%-50%, a two-sided 95% confidence inter-
val (CI; based on the “large sample” normal approximation)
would be between 2.8% and 3.1% from our estimated preva-
lence. Also, based on the 1-in-10 rule for the ratio of outcome
to predictors, up to 30 predictors (for a prevalence of 30%) or
50 predictors (for a prevalence of 50%) would be evaluable in
a multivariable regression, without overfitting of the model.

Statistical analysis
Continuous variables were presented as means and standard
deviations (SDs) in case of normal distribution, or medians
and interquartile ranges (IQRs) in case of non-normal distribu-
tion. Continuous parameters were compared between patient
groups with one-way analysis of variance (normal distribu-
tion) or the Kruskall-Wallis test (non-normal distribution) fol-
lowed by post-hoc comparison of means tests. Categorical
variables were described as counts and percentages and com-
pared between groups by the Fisher exact test. Prevalence of
malnutrition was computed together with its binomial 95% CI.

A log-linear multivariable model was fitted to assess the
independent association between malnutrition and prolonged
hospital stay. Huber—White robust standard errors were calcu-
lated. The analysis included two steps: in the first model, we
included only potential confounders (identified from the liter-
ature) recorded at admission or on the first day of hospital
stay. In the second model, we also included potential con-
founders evaluable during or at the end of the hospital stay,
for a more thorough estimate of the association between mal-
nutrition and prolonged stay. Before confounders were in-
cluded in the models, collinearity between all possible co-
variates was assessed. Based on consensus between the
authors, disease severity and risk of death extrapolated from
the All Patient Refined-Diagnostic-Related Group were not
included in the multivariable analysis, because they were
strongly associated with the number of comorbidities and the
number of procedures performed and were more difficult to
retrieve. Relative risks (RRs) and 95% Cls were computed.

The primary analysis was based on the entire study popu-
lation. Two sensitivity analyses were performed: the first was
restricted to patients discharged alive, and the second was
restricted to patients discharged alive with a length of stay of
three or more days. This last restriction was applied because a
stay of less than three days may be considered too short to
detect any significant change in nutritional status. Moreover,
nutritional support is recommended when a patient’s energy
intake is expected to be inadequate for five days or more.?

All tests were two-sided. A p value of less than 0.05 was
considered statistically significant.
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Results

Study population
A total of 1274 patients met the inclusion criteria. The distrib-
ution of patients by primary diagnosis at the time of admis-
sion is presented in Table 1. Fifty-two patients died in hospi-
tal, and 149 patients had a length of stay of less than three
days. The primary analyses were performed with data for all
1274 participants; the 1222 patients (95.9%) discharged alive
were included in the first sensitivity analysis, and the 1073
patients (84.2%) discharged alive after at least three days
were included in the second sensititivy analysis.

The demographic and clinical characteristics of the main
study cohort, of the patients who died in hospital and of the
patients who had a short length of stay are summarized in
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Table 2. Compared with the patients who had a length of stay
of at least three days, those who died in hospital were more
likely to have a lower BMI, to be at nutritional risk, to experi-
ence unintentional weight loss of 5% or more both before
admission and during their hospital stay, and to have more
severe diseases, malignant neoplasms and a greater number of
comorbidities. Patients discharged within three days after
admission usually had less severe disease, required fewer
interventions and were less frequently at nutritional risk than
patients with longer stays.

Nutritional support was provided in hospital to 309
(28.8%) of the patients with a length of stay of three or more
days (123 received oral support, 10 tube feeding, 24 tube
feeding plus peripheral parenteral nutrition, 149 peripheral
parenteral nutrition, and 3 total parenteral nutrition). Nineteen

Table 1: Primary diagnoses of 1274 ambulatory adult patients admitted to hospital who were included in the study cohort (part 1 of 2)

No. (%) of patients

Total Discharged alivet Length of stay > 3 dayst

Primary diagnosis* n=1274 n=1222 n=1073
Cardiovascular system 163 (12.8) 156 (12.8) 130 (12.1)
Ischemic heart disease 48 (29.4) 47 (30.1) 35 (26.9)
Heart failure 35 (21.5) 32 (20.5) 29 (22.3)
Arterious vascular disease 27 (16.7) 27 (17.3) 25 (19.2)
Thromboembolic disease 11 (6.7) 10 (6.4) 10 (7.7)
Arrhythmia 9 (5.5) 8 (5.1) 8 (6.2)
Valvular disease 10 (6.1) 9 (5.8) 9 (6.9)
Other, medical or surgical 23 (14.1) 23 (14.7) 14 (10.8)
Digestive system 167 (13.1) 162 (13.3) 156 (14.5)
Acute biliary tract illness 32 (19.2) 32 (19.8) 32 (20.5)
Obstruction and diverticular disease 21 (12.6) 21 (13.0) 21 (13.5)
Inflammatory bowel disease 13 (7.8) 13 (8.0) 13 (8.3)
Hepatitis and acute liver failure 13 (7.8) 10 (6.2) 10 (6.4)
Chronic cirrhosis 14 (8.4) 14 (8.6) 14 (9.0)
Pancreatitis 7 (4.2) 7 (4.3) 7 (4.5)
Other, medical 30 (18.0) 30 (18.5) 29 (18.6)
Other, surgical 37 (22.2) 35 (21.6) 30 (19.2)
Genitourinary system 88 (6.9) 87 (7.1) 67 (6.2)
Renal failure (acute or chronic) 24 (27.3) 23 (26.4) 20 (29.9)
Urinary tract obstructive syndrome 22 (25.0) 22 (25.3) 16 (23.9)
Infection 7 (8.0) 7 (8.0) 7 (10.4)
Other, medical 16 (18.2) 16 (18.4) 6 (9.0)
Other, surgical 19 (21.5) 19 (21.8) 18 (26.9)
Neoplasm 389 (30.5) 358 (29.3) 317 (29.5)
Malignant

Head and neck 45 (11.6) 43 (12.0) 42 (13.2)

Esophageal or gastrointestinal 52 (13.4) 47 (13.1) 47 (14.8)

Pancreatic, hepatic or biliary tract 23 (5.9) 20 (5.6) 19 (6.0)

Upper respiratory, lung or pleura 41 (10.5) 36 (10.1) 34 (10.7)

Hematologic 47 (12.1) 38 (10.6) 37 (11.7)

Genitourinary 27 (6.9) 27 (7.5) 23 (7.3)
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Table 1: Primary diagnoses of 1274 ambulatory adult patients admitted to hospital who were included in the study cohort (part 2 of 2)

No. (%) of patients

Total Discharged alivet Length of stay > 3 days*

Primary diagnosis* n=1274 n=1222 n=1073

Other solid tumour 47 (12.1) 40 (11.2) 37 (11.7)

Admission for chemotherapy or radiotherapy 83 (21.3) 83 (23.2) 56 (17.7)
Benign tumour 24 (6.2) 24 (6.7) 22 (6.9
Nervous system 27 (2.1) 25 (2.0 24 (2.2)
Stroke 12 (44.4) 11 (44.0) 11 (45.8)
Neurodegenerative disorder 3(11.1) 3 (12.0) 3 (12.5)
Other, medical or surgical 12 (44.4) 11 (44.0) 10 (41.7)
Orthopedics 22 (1.7) 22 (1.8) 20 (1.9
Major surgery 7 (31.8) 7 (31.8) 7 (35.0)
Minor surgery 15 (68.2) 15 (68.2) 13 (65.0)
Respiratory system 97 (7.6) 94 (7.7) 92 (8.6)
Pneumonia 43 (44.3) 42 (44.7) 42 (45.7)
Chronic obstructive pulmonary disease 30 (30.9) 30 (31.9) 29 (31.5)
Other, medical 22 (22.7) 20 (21.3) 19 (20.7)
Other, surgical 2 (2.1) 2 (2.1) 2 (2.2
Miscellaneous 321 (25.2) 318 (26.0) 267 (24.9)
Endocrine or metabolic disorder 21 (6.5) 21 (6.6) 19 (7.1)
HIV infection 16 (5.0) 16 (5.0) 16 (6.0)
Other infection 28 (8.7) 28 (8.8) 27 (10.1)
Hematologic condition 33 (10.3) 33 (10.4) 26 (9.7)
Rheumatologic condition 28 (8.7) 28 (8.8) 25 (9.4)
Dermatologic condition 42 (13.1) 42 (13.2) 41 (15.4)
Otorhinolaryngologic condition 4 (1.2) 4 (1.3) 4 (1.5)
Ophthalmologic condition 57 (17.8) 57 (17.9) 45 (16.9)
e 55 109 55 110 5 @9
Transplantation-related condition 28 (8.7) 25 (7.9 17 (6.4)
Other, medical 10 (3.1) 10 (3.1) 8 (3.0
Other, surgical 19 (5.9 19 (6.0) 16 (6.0)

*Percentages for diagnoses within categories are based on the respective category totals.
tExcludes patients who died in hospital (n = 52); population included in first sensitivity analysis.
$Excludes patients who died in hospital (n = 52) and those whose length of stay was less than three days (n =149); population used in second sensitivity analysis.

(36.5%) of the patients who died received nutritional support
(3 received oral support, 1 tube feeding, 1 tube feeding plus
peripheral parenteral nutrition and 14 peripheral parenteral
nutrition). None of the patients discharged early received
nutritional support.

Nutritional risk and length of stay

Nutritional risk was identified at the time of admission in 594
(46.6%) of the patients (95% CIl 43%-49%); 403 (31.6%)
were at moderate risk and 191 (15.0%) at severe risk. Overall,
317 patients (24.9%) had a prolonged hospital stay (> 17 days
[75th percentile of the distribution]). Patients at nutritional
risk had a longer stay (median 13 days, IQR 7-22 days) than
those not at risk (median 7 days, IQR 4-13 days) (p < 0.001).
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Patients at severe nutritional risk had a longer hospital stay
(median 16 days, IQR 8-27 days) than those at moderate risk
(median 11 days, IQR 6-21 days) (p < 0.001). Specifically,
221 (37.2%) of the patients at nutritional risk had a prolonged
length of stay, as compared with 96 (14.1%) not at risk (RR
2.63, 95% CI 2.13-3.26). In the multivariable analysis that
included only the confounders collected within 36 hours after
admission, the risk of prolonged hospital stay associated with
malnutrition (adjusted RR 1.81, 95% CI 1.43-2.29) was inde-
pendent of age, sex, BMI, weight loss of 5% or more before
admission, physician-based disease severity score, number of
comorbidities and presence of malignant disease (Table 3).
This significant independent association was also confirmed
in the second model (adjusted RR = 1.64; 95%Cl, 1.31-2.06),
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which also included the confounders collected during or at the
end of the hospital stay, such as the number of the procedures
performed, in-hospital fasting of three of more nonconsecu-
tive days and in-hospital weight loss of 5% or more.

Other parameters associated with prolonged length of stay
were in-hospital weight loss of 5% or more, a higher number
of procedures performed, malignant disease, admission to a
surgical ward and a higher physician-assessed severity score
(Table 3).

Similar results were reached when we included nutritional
support as a covariate in the model (adjusted RR for malnu-
trition 1.55, 95% CI 1.23-1.94). The use of nutritional sup-
port was itself associated with a prolonged stay (RR 1.91,
95% CI 1.52-2.39), whereas the associations with admission
to a surgical ward (RR 1.06, 95% CI 0.86-1.31) and physi-
cian-assessed severity score (RR 1.12, 95% CI 0.97-1.30)
were lost.

Sensitivity analyses

The independent association between prolonged hospital stay
and nutritional risk remained significant when we restricted
the analysis to the 1222 patients discharged alive (RR 1.52,
95% CI 1.21-1.91) and when we restricted the analysis to the
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1073 patients discharged alive who had a hospital stay of at
least three days (RR 1.51, 95% CI 1.20-1.89). Interestingly,
in these analyses, we detected a significant association be-
tween prolonged hospital stay and in-hospital fasting of three
or more nonconsecutive days. The RRs of the other variables
were also confirmed. In the model that included patients dis-
charged alive who had a length of stay of at least three days,
the RRs were as follows: in-hospital fasting of three of more
nonconsecutive days, RR 1.14 (95% CI 1.01-1.28); malig-
nant disease, RR 1.40 (95% CI 1.14-1.72); physician-
assessed severity score, RR 1.18 (95% CI 1.01-1.37); number
of procedures, RR 1.20 (95% CI 1.10-1.30); in-hospital
weight loss of 5% or more, RR 1.65 (95% CI 1.34-2.02); and
nutritional support, RR 1.74 (95% CI 1.38-2.20).

Interpretation

In our study, we were able to show a significant and indepen-
dent association between malnutrition at admission (measured
as a Nutritional Risk Index score < 97.5) and prolonged hos-
pital stay. We computed a 65% increase in the risk of a pro-
longed hospital stay in the presence of malnutrition after
adjusting for multiple risk factors in a multivariable analysis.

Table 2: Demographic and clinical characteristics of 1274 adult patients admitted to hospital for medical or surgical treatment

Patient group

Length of stay  Length of stay Died in
Total >3 days < 3 days hospital

Characteristic n=1274 n=1073 n=149 n=52 p value*
Age, yr, mean (SD) 60 (16) 60 (16) 58 (15) 62 (16) 0.28
Sex, male, no. (%) 763 (59.9) 630 (58.7) 95 (63.8) 38 (73.1) 0.07
Length of stay, d, median (IQR) 9 (4-17) 11 (6-19) 1(1-2)t 14 (4-25)% < 0.001
Admission to surgical ward (v. medical), no. (%) 445 (34.9) 378 (35.2) 59 (39.6) 8 (15.4)t# 0.004
Risk of death score, by APR-DRG, median (IQR) 1(1-2) 1(1-2) 1(1-1*t 3 (2-4)t% < 0.001
Disease severity score, median (IQR)

By APR-DRG 2 (1-2) 2 (1-2) 1(1-2)t 3(2-3)t¢ < 0.001

By physicians’ judgment 0 (0-1) 0 (0-1) 0 (0-1) 1(0-1)t% < 0.001
No. of comorbidities, median (IQR) 2 (1-4) 2 (1-4) 1(0-2)t 5(3-5)1% < 0.001
Malignant disease, no. (%) 413 (32.4) 347 (32.3) 39 (26.2) 27 (51.9)t% 0.004
No. of ICD-9 procedures, median (IQR) 4 (2-5) 4 (3-6) 2 (1-4)t 5 (3-6)t < 0.001
BMI, mean (SD) 259 (5.3) 25.1 (5.4) 24.8 (4.5) 219 (49t <0.001
Nutritional Risk Index score, mean (SD) 97.1 (12.4) 97.3 (12.2) 99.7 (12.1) 86.6 (12.3)t+ < 0.001
Nutritional risk (Nutritional Risk Index score 594 (46.6) 499 (46.5) 53 (35.6) 1 42 (80.8)t+ < 0.001
< 97.5), no. (%)
Weight loss > 5%, no. (%)

Before admission 290 (22.8) 233 (21.7) 35 (23.5) 22 (42.3)t+ 0.004

In hospital 136 (10.7) 112 (10.4) 12 (8.1) 12 (23.1)t% 0.017
In-hospital starvation > 3 days, no. (%) 117 (9.2) 103 (9.6) 7 @4.7) 7 (13.5) 0.067
Nutritional support, no. (%) 328 (25.7) 309 (28.8) 0t 19 (36.5)8 < 0.001

Note: APR-DRG = All Patient Refined-Diagnostic-Related Group; BMI = body mass index; ICD-9 = International Classification of Disease and Related Health

Problems, 9th revision; IQR = interquartile range, SD = standard deviation.

*Continuous and categorical variables were compared between patient groups with one-way analysis of variance, the Kruskall-Wallis test or the Fisher exact test.
tSignificantly different compared with patients whose length of stay was > 3 days, by post-hoc comparison tests.
#Significantly different compared with patients whose length of stay was < 3 days, by post-hoc comparison tests.
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Other nutritional factors, such as in-hospital fasting of three
of more nonconsecutive days and in-hospital weight loss of
5% or more, were also shown to be independently associated
with a prolonged stay. Some clinical and procedural charac-
teristics associated with a prolonged stay were number of pro-
cedures, presence of malignant disease, admission to a surgi-
cal ward and physician-assessed disease severity score.
Adjusting for nutritional support in our analyses did not affect
the association between the other nutritional variables and
length of stay.

Our study confirms and extends the evidence supporting
the prognostic impact of disease-related malnutrition.” We
used the Nutritional Risk Index as a screening tool for nutri-
tional risk, because previous experiences support its use in the
acute setting and because the score provides information
about both protein-energy stores and the severity of dis-
ease.***® Qur choice of the 75th percentile of the distribution
of hospital stays as the threshold to identify prolonged length
of stay was arbitrary, although sensible. A common threshold
to define a prolonged hospital stay in relation to nutritional
risk has never been identified, although a recent review of
prevalence studies provided a weighted mean length of stay
of 17 days in the presence of malnutrition.” Several nutritional
factors (e.g., unintentional weight loss and low BMI) have
been shown to be associated with prolonged length of

stay.”***2t However, their independent association with this
outcome has never been investigated. The novelty of our
study is the multivariable approach. Not eating while in hos-
pital might be detrimental to the patient’s recovery. Indeed,
this is a multifactorial phenomenon. Patients may experience
hyporexia because of disease-related (e.g., cytokines and
other mediators) or psychological (e.g., depression, anxiety)
reasons. Impaired cognitive function and dissatisfaction with
hospital meals may also compromise food intake. Further-
more, prolonged and unjustified orders for nothing by mouth
may be prescribed because of diagnostic procedures and sur-
gical interventions.

Our observation that in-hospital weight loss of 5% or more
was associated with a prolonged hospital stay is not surpris-
ing. Different factors contribute to weight loss during hospital
stay, such as the underlying disease, the catabolic stress
related to surgical interventions, insufficient oral intake or
fasting, and the inappropriate management of the nutritional
problems of the patients.?? Nutritional support was associ-
ated with prolonged length of stay, too. This apparent contra-
diction with previous intervention trials, in which nutritional
support was reported to result in improved outcomes and cost
savings,??*# is probably related to the observational nature of
our study. Finally, our observation of a strong association
between prolonged length of stay and the presence of malig-

Table 3: Correlates of prolonged hospital stay (> 17 days)* in log-linear multivariable Poisson regression

Length of stay; no. (%) of patientst

Relative risk from Relative risk from

> 17 days <17 days first modelt second model+

Characteristic n=317 n =957 (95% Cl) (95% CI)
Age, yr, mean (SD) 62 (16) 59 (16) 1.00 (0.99-1.01) 1.00 (0.99-1.01)
Sex, male 199 (62.8) 564 (58.9) 0.95 (0.79-1.14) 0.97 (0.81-1.17)
Body mass index, kg/m’

<185 46 (14.5) 72 (7.5)

>18.5to< 25 157 (49.5) 412 (43.1)

0.92 (0.82-1.03)§ 0.92 (0.82-1.03)§

> 25 to < 30 84 (26.5) 310 (32.4)

>30 30 (9.5) 163 (17.0)
Nutritional risk (Nutritional Risk Index 221 (69.7) 373 (39.0) 1.81(1.43-2.29) 1.64 (1.31-2.06)
score < 97.5)
Preadmission weight loss > 5% 110 (34.7) 180 (18.8) 1.10 (0.91-1.34) 1.15 (0.95-1.40)
Admission to surgical ward (v. medical) 117 (36.9) 328 (34.3) 1.42 (1.17-1.73) 1.24 (1.01-1.52)
Malignant disease 162 (51.1) 251 (26.2) 1.49 (1.21-1.84) 1.63 (1.34-2.00)
No. of comorbidities, median (IQR) 3 (1-5) 2 (1-3) 1.20 (1.13-1.28)** 1.20 (1.13-1.28)**
Physician-assessed disease severity score, 1 (0-1) 0 (0-1) 1.27 (1.09-1.48)tt 1.20 (1.04-1.39)tt
median (IQR)
No. of ICD-9 procedures, median (IQR) 5 (4-6) 4 (2-5) - 1.32 (1.23-1.43)%
In-hospital starvation > 3 days 47 (14.8) 70 (7.3) - 1.08 (0.96-1.22)
In-hospital weight loss > 5% 68 (21.5) 68 (7.1) - 1.60 (1.30-1.97)

Note: APR-DRG = All Patient Refined-Diagnostic-Related Group; ICD-9 = International Classification of Disease and Related Health Problems, 9th Revision;

IQR = interquartile range, SD = standard deviation.

*The cutoff for prolonged hospital stay was determined on the basis of the 75th percentile of the distribution of the length of stay.

tUnless stated otherwise.

1The first model included potential confounders collected within 36 hours after admission; the second model included potential confounders collected within 36
hours after admission as well as those evaluable during or at the end of the hospital stay.

§Linear increase in risk over categories assumed (checked with likelihood ratio test).

**Relative risk per additional comorbidity.
ttRelative risk per 1-point increase in physician-assessed disease severity score.
f+Relative risk per additional procedure.
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nant disease is not surprising. Patients who have cancer are
generally more compromised, and cancer is a systemic,
highly catabolic disease whose effects on nutritional status are
well known.”

Limitations

The limitations of our investigation are those of observational
studies. Thus, it cannot offer information about the causal
effect of in-hospital nutritional support. Also, data validity
and generalizability may be limited by the heterogeneity of
the clinical settings and of the policies for nutritional manage-
ment in different wards, hospitals and countries.

Our study has several strengths. The robustness of our
results was supported by both primary and secondary analy-
ses, the study sample was large and patients were recruited
systematically, and a large number of confounders were con-
sidered. Moreover, sensitivity analyses confirmed the accu-
racy of the estimates of both prevalence and RRs.

Conclusion

We observed a strong association between nutritional risk at
admission and prolonged length of stay in hospital among
ambulatory adult patients. Worsening nutritional status during
the hospital stay was another factor associated with a pro-
longed stay. Clinicians need to be aware of the impact of mal-
nutrition and of the potential role of worsening nutritional sta-
tus in prolonging hospital stay, not only in critically ill
bedridden patients, but in all patients admitted to hospital who
may require nutritional support. High-quality trials focused
on the effect of nutritional interventions on length of stay in
hospital are required.
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