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Abstract
This prospective cohort study was conducted in eighteen Canadian hospitals with the aim of examining factors associated with nutritional decline
in medical and surgical patients. Nutritional decline was defined based on subjective global assessment (SGA) performed at admission and
discharge. Data were collected on demographics, medical information, food intake and patients’ satisfaction with nutrition care and meals during
hospitalisation; 424 long-stay (≥7 d) patients were included; 38% of them had surgery; 51% were malnourished at admission (SGA B or C); 37%
had in-hospital changes in SGA; 19·6% deteriorated (14·6 % from SGA A to B/C and 5% from SGA B to C); 17·4 % improved (10·6 % from SGA B
to A, 6·8 % from SGA C to B/A); and 63·0 % patients were stable (34·4% were SGA A, 21·3 % SGA B, 7·3 % SGA C). One SGA C patient had weight
loss ≥5 %, likely due to fluid loss and was designated as stable. A subset of 364 patients with admission SGA A and B was included in the multiple
logistic regression models to determine factors associated with nutritional decline. After controlling for SGA at admission and the presence of a
surgical procedure, lower admission BMI, cancer, two or more diagnostic categories, new in-hospital infection, reduced food intake,
dissatisfaction with food quality and illness affecting food intake were factors significantly associated with nutritional decline in medical patients.
For surgical patients, only male sex was associated with nutritional decline. Factors associated with nutritional decline are different in medical and
surgical patients. Identifying these factors may assist nutritional care.
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The prevalence of hospital malnutrition is reported to be
between 15 and 70 %(1–9) depending on types of institutions
and nutritional measurements. Regardless of prevalence, mal-
nutrition negatively affects clinical outcomes and increases
healthcare costs(9–19) independently of other factors. Patients
are often admitted malnourished, and pre-admission factors
associated with this can be underlying illnesses, ageing and
socio-economic situations(9,20,21). In-hospital factors may also
be associated with the presence of hospital malnutrition and are

related to age, underlying disease, polypharmacy, infections,
procedures that impact food intake, lack of monitoring
of nutritional status and lack of standardised nutrition-care
protocols(5,8,20–22). However, except for one report(22), all these
studies were cross-sectional, assessing nutritional status at one
time point during hospitalisation and change over time was not
assessed. Kondrup et al.(22) reported on the distribution of
weight gain and weight loss from admission to discharge but
did not rigorously assess potentially associated factors, other
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than describing nutritional care. Nutritional decline during
hospitalisation is frequently observed in clinical practice and is
independently associated with detrimental outcomes and pro-
longed length of stay(10,23,24). However, there is very little
understanding of the factors related to the actual in-hospital
nutritional decline. The only studies we could find were in
the field of oncology where concurrent radiotherapy and
chemotherapy, advanced-stage tumours and tumour size
were independently associated with weight loss ≥5 %(25,26). As
oncology patients account for only a fraction of patients
admitted to acute-care hospitals, more studies are required to
assess the factors associated with nutritional decline in the
general patient population. Identifying these factors is important as
it may assist clinicians in providing nutritional care to these
patients.
Subjective global assessment (SGA) is a tool that assesses

multiple aspects of nutritional status, taking into account
declining body mass associated with reduced food intake, poor
function and disease stress(27). It is a well-validated tool used in
various populations worldwide(5,8,11,28–33) and is associated
with clinical outcomes(11,16,23,33–39). It has also been used to
assess nutritional decline(23,24), and it was found that SGA
deterioration was associated with prolonged length of stay
independently of factors reflecting demographics, living
accommodations and disease severity(24). However, there are
no studies assessing the factors associated with nutritional
decline using SGA as the indicator of malnutrition. Furthermore,
none of the studies assessing nutritional decline included
patient-reported barriers to food intake and perceptions of
food quality. The latter is important to assess as we found that
malnourished patients, and those eating <50 % of their meals,
reported several barriers to food intake, according to a validated
questionnaire on barriers to food intake that included percep-
tions of food quality(40). Considering that patient dissatisfaction
with the food service is a patient-reported outcome(41–43)

associated with low food intake(10) and increased length of
stay(42,43), we thought that it would be important to assess this
in our study. Therefore, the aim of this study was to determine
the factors that are associated with in-hospital nutritional
decline, including patient-reported barriers to food intake, in
medical and surgical patients using SGA as a measurement of
nutritional status.

Methods

Study sample

We included patients from a larger prospective multicentre
cohort study with a hospital stay of at least 7 d, discharged alive
and with nutritional assessment performed at admission and
discharge(9). A 7 d threshold was chosen to define the study
subgroup based on clinical experience and literature(23). The
large cohort study was conducted from July 2010 to February
2013 and included 1022 adult patients (≥18 years) admitted for
≥2 d directly to the surgical and medical wards of the eighteen
participating acute-care hospitals (eleven academic, seven
community) from eight provinces across Canada. The main aim
of this study was to determine contributors to malnutrition at

hospital admission and their impact on hospital length of stay(9).
Hospitals were made aware of the study by various modes of
communication (national conferences, direct contact with hos-
pital dietitians and administrators and the CMTF website (www.
nutritioncareincanada.ca)). Patients were excluded from the
cohort study if they were admitted directly to the intensive care
unit (ICU), obstetric, psychiatry or palliative wards or admitted
to a medical day unit. Each hospital with >200 beds recruited
sixty patients and those with <200 beds recruited forty patients.
Patients were approached for consent and were enroled
according to a strict protocol to avoid selection bias. Days of
enrolment rotated from Monday to Friday, with Monday cap-
turing the week-end admissions from Friday 17.00 hours to
Monday 17.00 hours. Consecutive admissions were approached
for consent and a maximum of seven patients were followed-up
at the same time. Patients were monitored every 2nd day and
the site coordinator was notified in advance of the discharge
date for final measurements. Site coordinators captured data on
paper forms at their respective hospital site from patients or
medical charts, and entered the information into a database for
future analysis. All site coordinators received standard training,
a study manual and had the opportunity to discuss issues
throughout the study with the national study coordinator.
Questions and answers were shared electronically among all
site coordinators. The study was approved by all the institutions’
administration and Research Ethics Boards, and all the participants
or their alternative decision-maker signed a consent form.

Data collection

The nutritional status of the patients was assessed at admission
and at discharge using two different measures. SGA(27) was
performed by uniformly trained coordinators to avoid inter-rater
variability. SGA relies on the patient’s history regarding weight
loss, dietary intake, gastrointestinal symptoms, functional
capacity and the disease and its relation to nutritional require-
ments, as well as physical signs of malnutrition (loss of sub-
cutaneous fat or muscle mass, oedema or ascites). Each patient
was classified as well nourished (SGA A), mildly/moderately
malnourished (SGA B) and severely malnourished (SGA C). The
second indicator was body weight measured in light clothes
using a chair scale (Seca 952 Chair Scale; Weigh and Measure,
LLC). Assessment of both the parameters was completed within
48 h from admission to the hospital ward and just before
discharge.

Change in nutritional status was assessed as a difference
between nutritional measures at admission and at discharge.
For SGA, we considered that patients with SGA A at admission
and SGA B or C at discharge or SGA B at admission and SGA C
at discharge had a decline in nutritional status. For SGA C,
further deterioration was defined as having ≥5 % decrease in
weight from admission to discharge. Change in weight was
calculated as a percentage based on the difference in weight
between discharge and admission divided by admission weight.
Improved nutritional status was SGA C at admission moving to
B or A and SGA B moving to A by discharge. Those who did not
have any changes in their SGA classifications during admission
were considered stable.
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Data regarding demography, contact information, living
arrangements, primary admission diagnosis, presence/absence
of cancer, Charlson Comorbidity Index (CCI)(44) and number of
medications were collected at admission. The CCI predicts the
10-year mortality for a patient who may have a range of
comorbid conditions (up to twenty-two conditions), where
each condition is assigned a score of 1, 2, 3 or 6, depending on
the risk of dying associated with it. Scores are summed to
provide a total score to predict mortality. The higher the score,
the more likely the predicted outcome will result in mortality or
higher resource use. It is used in this study as an index of
disease severity. Due to the variety of diagnoses, these were
classified under eleven broad standard categories by the
authors and, in the large cohort(9), were compared with parts of
the database of the Canadian Institute for Health Information
Discharge Abstract Database Research Analytic Files (sampled
from fiscal years 2009–2010 and 2010–2011). The diagnosis
of infection covered all systems and was excluded for each
specific system – for example, pneumonia was classified under
infection and not respiratory; urinary tract infection was classi-
fied under infection and not genitourinary, etc. If there was
more than one category for the same patient, a second and third
diagnostic category was coded. During hospitalisation, patient
charts were reviewed approximately every 2 d: new diagnostic
categories, new diagnosis of cancer, days of dietitian visits, diet
orders (including nil per os (NPO) and nutrition support),
number of daily medications for the first 10 d of admission,
surgical interventions and ICU stays were recorded. At dis-
charge, CCI was evaluated again to assess potential changes in
medical condition during hospitalisation. Length of hospital stay
was recorded as the difference (days) between the date of
discharge or transfer to another hospital and the date of
admission to the hospital.
In-hospital dietary intake was estimated using patient-

generated nutritionDay™ Forms(45,46) completed by the patient
at the noon mealtime for up to 3 d of the 1st week of stay.
A patient survey regarding barriers to food intake and meal

satisfaction during hospitalisation was completed by patients
just before discharge. This survey was slightly modified from a
previously published survey by Naithani et al.(47) to make it
suitable for Canadian hospitals(40). It included six domains that
contained statements (items) related to different barriers to food
access in hospitals. Patients were asked to choose a response
on a Likert-like scale (reflecting level of agreement) for each
item. As only small proportions of participants used extreme
response options, each item was reduced to a binary
(‘affected’ v. ‘not affected’) and the score for a domain was
calculated as a sum of ‘affected’ items(40). Patients with
incomplete set of answers for a domain were excluded. Affec-
ted items were summed into a domain score, with higher scores
indicating that more barriers were experienced by the patient.
In addition, proportions of ‘affected’ respondents for separate
items in domains where scores were significantly associated
with nutritional deterioration were used in this analysis. Choice
and organisational domains were excluded as these domains
reflected hospital-level organisational problems not directly
relevant to the present study(47) (online Supplementary
Appendix 2).

Statistical analysis

Distribution of continuous and count variables was assessed by
graphical methods. Mean values, standard errors, medians and
first and third quartiles were calculated for continuous and
count variables, and percentages were calculated for categorical
variables.

Factors potentially related to deterioration in nutritional status
were identified based on clinical experience and literature
review, focusing specifically on demographic, disease-related
and nutrition-related measures, medical interventions, self-
reported food intake and barriers to food intake. Factors used
in the models included the following: age, sex, number of
diagnostic categories (one category v. two or more), presence/
absence of cancer, CCI at admission (dichotomised at two),
indicators of a new infection during hospitalisation, ICU stay,
median number of daily medications, presence/absence of
surgical procedure during hospitalisation (ward-type proxy),
admission SGA, admission BMI, average food intake (<50 v.
≥50 % of the main plate) during the 1st week of hospitalisation
(online Supplementary Appendix 1) as well as patient self-
report of feeling hungry, physical barriers to food intake, food
quality and effects of illness and treatment on food intake. The
indicator of an increase in CCI from admission to discharge was
used to account for deterioration in medical condition.

Associations between continuous factors of interest and
nutritional deterioration were tested using independent samples
t test or the Wilcoxon–Mann–Whitney test as appropriate.
Associations with categorical variables were tested using the χ2

and the Fisher exact (for contingency tables with counts <5)
tests. Bonferroni correction was used for multiple tests. Fol-
lowing that, all predictors of interest were tested in multiple
logistic regression models. Based on bivariate analyses, all the
models included SGA at admission, presence of surgical pro-
cedure indicator and the interaction term between surgical
procedure and predictor of interest to account for differences in
effect size between medical and surgical subgroups; in addition,
all the models included a random intercept to account for
hospital effect. From these models, marginal odds ratios of
nutritional deterioration were calculated for each factor of
interest for medical and surgical patients by specifying contrasts
using the ESTIMATE statement in SAS. Two sensitivity analyses
were carried out, in which low prevalence predictors (ICU stay
and change in CCI) were considered. All the analyses were
performed using SAS 9.4 software (SAS Institute Inc). All the
tests were two-sided, and a P value <0·05 was considered to be
statistically significant.

Results

Study sample and patient characteristics

Of the 1022 patients who participated in the large cohort
study(9), 478 had lengths of stay ≥7 d and were discharged
alive, and, of these, 424 patients had admission and discharge
SGA assessments that could be used to determine the outcome
variable. Patients not included in the analysis due to missing
values had lower length of stay (median 9 d compared with 11 d
for those included, P value= 0·04) but did not differ in terms of
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age, admission BMI, admission SGA, number of diagnostic
categories and frequency of cancer.
Demographic, disease-related and nutritional characteristics

of the study sample along with diagnostic categories are pre-
sented in Table 1. The median length of stay was 11 d. The
median age was 68 years and 52·2 % were males: 38·4 % had a
surgical procedure, 22·2 % had a diagnosis of cancer and 42·0 %
had more than one diagnostic category. The most common
diagnostic category was gastrointestinal, followed by infection
and respiratory. Overall, 50·9 % were malnourished at admis-
sion (SGA B or C), 173 (40·8 %) patients had dietitian visits
during hospitalisation and sixty-nine (16·3 %) patients received
some form of nutritional support (forty-one patients oral, seven
enteral, twelve parenteral and nine some combination of those).
Compared with the surgical group, the medical group had a

higher proportion of patients with two or more diagnostic
categories (P value= 0·0009), neurological (P value<0·0001)
and haematopoetic (P value= 0·004) diagnoses, and a lower

proportion of patients with gastrointestinal diagnoses (P value=
0·004) (Table 1). The patients who had a surgical procedure
compared with those who did not also differed in proportions
of patients with SGA C, genitourinary, respiratory and infection
diagnoses, but the differences were not statistically significant,
possibly due to the small sample size.

Among all the patients, 157 (37·0 %) had changes in SGA
while staying at the hospital: eighty-three (19·6 %) deteriorated
(14·6 % from SGA A to B/C and 5 % from SGA B to C) while
seventy-four (17·4 %) improved (10·6 % from SGA B to A, 6·8 %
from SGA C to B/A). One patient with SGA C at admission and
at discharge had a weight loss ≥5 %. This patient had ‘presence
of oedema’ recorded at admission. Considering that only one
patient in that category had weight loss and that weight loss
may have been due to fluid loss rather than due to nutritional
decline, this patient was included in the SGA C stable category;
267 (63·0 %) patients had no changes in their nutritional status
from admission to discharge; among them, 146 (34·4 %) were

Table 1. Characteristics of medical and surgical patients for categorical and continuous predictors
(Medians and quartiles; numbers and percentages)

All patients (n 424) Medical patients (n 261) Surgical patients (n 163)

Characteristics n % n % n %

Age (years) (n 423)
Median 68 68 66
Quartile 1, quartile 3 58, 79 58, 79 56, 76

Admission BMI (kg/m2) (n 402)
Median 26·5 26·5 26·5
Quartile 1, quartile 3 23·2, 31·9 23·4, 32·0 23·0, 31·7

Length of stay (days)
Median 11 11 10
Quartile 1, quartile 3 8, 17 8, 18 8, 16

Sex
Female 202 47·8 125 48·1 77 47·2
Male 221 52·2 135 51·9 86 52·8

Surgical procedure during hospitalisation
No 261 61·6 261 100 0
Yes 163 38·4 0 163 100

Number of diagnostic categories
One category 246 58·0 135 51·7 111 68·1
Two or more categories 178 42·0 126 48·3 52 31·9

Presence of cancer
No 330 77·8 208 79·7 122 74·8
Yes 94 22·2 53 20·3 41 25·2

SGA at admission
A 208 49·1 119 45·6 89 54·6
B 156 36·8 98 37·5 58 35·6
C 60 14·1 44 16·9 16 9·8

Diagnostic category*
CVD 67 15·8 43 16·5 24 14·7
Gastrointestinal 110 25·9 55 21·2 55 33·7
Genitourinary 51 12·0 37 14·2 14 8·6
Respiratory 92 21·7 63 24·2 28 17·2
Musculoskeletal 45 10·6 30 11·5 15 9·2
Neurological 27 6·4 26 10·0 1 0·6
Autoimmune 2 0·5 2 0·8 0 –

Metabolic 43 10·1 27 10·4 16 9·8
Sensory organ impairment 5 1·2 3 1·2 2 1·2
Trauma 8 1·9 3 1·2 5 3·1
Haematopoietic disorder 44 10·4 36 13·8 8 4·9
Infection 96 22·6 67 25·8 29 17·8
Other 71 16·7 41 15·8 30 18·4

SGA, subjective global assessment.
* Number of patients with this diagnostic category out of the total number of patients in the cohort; some patients have more than one category.
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SGA A, ninety (21·3 %) were SGA B and thirty-one (7·3 %)
were SGA C.

Factors associated with nutritional deterioration

The results of the bivariate analyses for factors potentially
associated with nutritional deterioration are presented in
Table 2, and the results of multiple logistic regression analyses
are presented in Table 3. The analysis was restricted to the
subset of patients with admission SGA A and B (n 364) who had
non-missing observations for each variable. The highest per-
centage of missing observations was present in the patient
mealtime survey variables (7–11 %); in addition, five out of ten
remaining variables had 4 % (admission BMI) or less (sex,
admission CCI, change in CCI, food intake, age and number
of medications) missing values. For the <50 % food intake
indicator, ten out of fourteen missing observations were due to
NPO, clear fluid only and enteral/parenteral nutrition orders
throughout the 1st week of stay. Sensitivity analyses were
carried out imputing values <50 % food intake for these
observations.
The proportion of deteriorated patients was higher among

those with SGA A at admission compared with SGA B (30·2 %
compared with 13·5 % correspondingly, P value= 0·0002); this
finding was consistent for medical and surgical patients, but
was more pronounced in the latter group (Table 2). Overall,
the proportion of deteriorated patients was slightly higher in
surgical compared with medical patients (27·2 v. 19·8 % corre-
spondingly), but the difference was not statistically significant
(P value= 0·1).
After controlling for SGA at admission, presence of surgical

procedure and hospital effect, the following factors were sta-
tistically significantly associated with higher risks of deteriora-
tion in medical patients: lower admission BMI, presence of
cancer, two or more diagnostic categories, new infection diag-
nosis while at the hospital, low food intake and more barriers
(higher scores) on quality and illness domains reported in the
patient survey. For surgical patients, only sex was found to be
statistically significantly associated with nutritional deteriora-
tion: males were at higher risk for deterioration. Age, number of
medications and hunger and eating difficulties domain scores
from the patient survey were NS predictors in either group
(Table 3). Sensitivity analysis including ten patients with food
intake variables missing due to NPO or clear fluid diet orders
produced results similar to those obtained in the main analysis:
OR were 4·16 (95 % CI 1·91, 9·04) for medical and 1·74 (95 % CI
0·8, 3·78) for surgical patients. Additional bivariate analyses
based on individual items within quality of food and illness
domains of the patient survey showed that for medical patients
nutritional deterioration was statistically significantly (after
Bonferroni correction) associated with higher frequencies of the
following: dissatisfaction with taste, appearance and smell of
food as well as loss of appetite, sickness and pain affecting the
amount of food eaten (Table 4). Portion size, temperature as
well as tiredness, worrying, depression, breathing and chewing/
swallowing difficulties were not associated with deterioration.
Patients with ICU stay, increase in CCI and on artificial

nutrition (enteral and parenteral) were in low numbers (and

proportions) in the sample (<10 %); therefore, these predictors
were not considered in the main multivariate analyses. Bivariate
analyses showed that for both medical and surgical wards
the deteriorated group had a higher proportion of patients
with ICU stays and increase in CCI in comparison with no
change/improved group, but the differences were not statisti-
cally significant.

Sensitivity analyses were carried out by adding the indicator
of increase in CCI to all the models (online Supplementary
Table S1) in order to test whether the association of the con-
sidered factors with nutritional decline was independent of
deterioration in medical condition. The sensitivity models
were very similar to the main ones. OR for disease-related
predictors changed; this was expected because the disease
status at admission and the disease deterioration were
related parameters. OR for nutrition-related factors remained
stable, providing evidence that their relationship with nutri-
tional decline was not affected by disease deterioration as
characterised by CCI.

Another sensitivity analysis was performed for multivariate
models excluding patients who stayed in ICU (online Supple-
mentary Table S2). The results were not different from those
obtained in the main analyses.

The relationship between food intake, sex and nutritional
deterioration was examined in more detail in order to clarify the
association between sex and nutritional deterioration in surgical
patients. Among patients with reduced food intake, the pro-
portion of females was higher than the proportion of males at
62 v. 38 % (P value= 0·009) in medical patients and 58 v. 42 %
(P value= 0·02) in surgical patients. For the medical group, both
males and females had reduced food intake that was statistically
significantly associated with deterioration. In the surgical group,
the direction of the relationship was similar for both sexes,
but the association was not statistically significant (online
Supplementary Table S3).

Discussion

This study shows that factors associated with nutritional decline
are different for medical and surgical patients: lower admission
BMI, presence of cancer, two or more diagnostic categories,
new in-hospital infection diagnosis, reduced food intake and
more barriers of food quality and illness affecting food intake
were significant in the medical group, whereas for the surgical
group only male sex was significant. To our knowledge, there
are no other studies comprehensively assessing such factors,
particularly patients’ feedback on barriers to food intake,
including quality aspects of the food, in both medical and sur-
gical patients.

Our findings add significant information to the very small
body of literature on factors associated with nutritional decline
during hospitalisation. The only prospective study that we
could find in general acute-care hospital populations(22) was
descriptive and used a nutritional risk tool rather than a nutri-
tional assessment tool. It assessed 750 randomly selected
patients in three hospitals who were screened at admission and
followed-up during their entire hospitalisation, re-assessing
nutritional risk, weight changes and monitoring nutritional care.

1616 J. P. Allard et al.

https://doi.org/10.1017/S0007114515003244  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114515003244


Table 2. Deterioration in nutritional status in medical and surgical patients classified on admission as only subjective global assessment (SGA) A and B*
(Mean values with their standard errors; medians and quartiles; numbers and percentages; n 364)

Medical patients Surgical patients

Predictor †
All patients
(n 364)

No change/improved
(n 174)

Deteriorated
(n 43) P

No change/improved
(n 107)

Deteriorated
(n 40) P

Length of stay
Median 10 10 18 <0·0001 10 12 0·08
Quartile 1, quartile 3 8, 17 8, 15 10, 43 8, 15 9, 19

Continuous predictors Mean SE Mean SE Mean SE Mean SE Mean SE

Age (n 363) 66·1 0·8 67·5 1·2 66·7 2·4 0·8 64·9 1·6 62·2 2·4 0·4
BMI at admission (n 349) 28·9 0·4 29·5 0·6 27·6 0·9 0·2 28·8 0·7 28·3 1·0 0·7
Number of medications (n 36) 13·7 0·3 14 0·5 14·8 0·8 0·4 12·7 0·4 14·3 1·1 0·1

Categorical predictors n % n % n % n % n %

Sex (n 363) 0·6 0·001
Female 173 47·7 85 49·1 19 44·2 59 55·1 10 25·0
Male 190 52·3 88 50·9 24 55·8 48 44·9 30 75·0

Charlson Comorbidity Index at admission (n 360) 0·2 0·9
≤2 198 55·0 98 56·7 19 45·2 59 56·2 22 55·0
>2 162 45·0 75 43·3 23 54·8 46 43·8 18 45·0

Change in Charlson Comorbidity Index from admission to discharge (n 357) 0·06 0·1
No change/decrease 323 90·5 156 90·7 33 80·5 99 95·2 35 87·5
Increase 34 9·5 16 9·3 8 19·5 5 4·8 5 12·5

Cancer presence 0·0009 0·05
No 284 78·0 148 85·1 27 62·8 84 78·5 25 62·5
Yes 80 22·0 26 14·9 16 37·2 23 21·5 15 37·5

Number of diagnostic categories 0·004 0·5
One category 207 56·9 93 53·5 12 27·9 76 71·0 26 65·0
Two or more categories 157 43·1 81 46·5 31 72·1 31 29·0 14 35·0

New infection diagnosis during hospitalisation 0·0001 >0·99
No 312 85·7 155 89·1 28 65·1 94 87·8 35 87·5
Yes 52 14·3 19 10·9 15 34·9 13 12·2 5 12·5

ICU time during hospitalisation 0·09 0·4
No 342 94·0 171 98·3 40 93·0 97 90·7 34 85·0
Yes 22 6·0 3 1·7 3 7·0 10 9·3 6 15·0

SGA at admission 0·1304 0·0002
SGA A 208 57·1 91 52·3 28 65·1 55 51·4 34 85·0
SGA B 156 42·9 83 47·7 15 34·9 52 48·6 6 15·0

Food intake (n 350) (%) 0·001 0·6
≥50 225 64·3 131 76·2 20 50·0 56 54·9 18 50·0
<50 125 35·7 41 23·8 20 50·0 46 45·1 18 50·0

Patient Mealtime Survey scores Mean SE Mean SE Mean SE Mean SE Mean SE

Hunger domain score (n 337) 0·8 0·1 0·8 0·1 1·1 0·2 0·07 0·6 0·1 0·6 0·2 0·6
Difficulties domain score (n 339) 1·3 0·1 1·3 0·1 1·5 0·3 0·4 1·2 0·2 0·9 0·2 0·8
Quality domain score (n 323) 1·0 0·1 0·9 0·1 1·6 0·2 0·0009 1·1 0·1 1·2 0·3 0·7
Illness domain score (n 332) 2·8 0·1 2·5 0·2 4·1 0·4 0·0002 2·7 0·2 2·8 0·4 0·7

ICU, intensive care unit.
* P values are given for t test for age, BMI and number of medications, the Wilcoxon–Mann–Whitney test for length of stay and Patient Mealtime Survey domain scores and the χ2 tests (or Fisher’s test if cell frequencies<5) for categorical

variables.
†Total number of observations is presented in parentheses for variables containing missing values.
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The objective of that study was to define the relative importance
of various potential causes of inadequate nutritional care. If a
patient was found to be not treated according to defined
nutritional standards, the nurse responsible for the patient was
interviewed in a standardised way. It was found that screening
for nutritional problems was performed in only 60 % of the
patients, and only 25 % of the patients found at nutritional risk
received adequate amount of energy and protein. The main
potential causes for inadequate nutritional care were lack of
instructions to deal with the problem and lack of basic knowl-
edge of dietary requirements and practical aspects of the hos-
pital food service. In that study(22), no rigorous assessment of
factors related to nutritional decline was completed, but the
descriptions of the problems associated with screening, food
intake, food service and food satisfaction suggest that these
factors have a role in the nutritional care of these patients. There
are a few more studies in oncology addressing the factors
associated with nutritional decline but these studies were
restricted to very specialised patient populations. For example,
one(25) was a retrospective study of ninety-six patients treated
with high-dose palliative or radical radiotherapy for lung can-
cer. Weight loss between the start and up to 90 d from radio-
therapy commencement was calculated. Associations between

≥5 % weight loss and risk factors of enteral feeding, demo-
graphic and clinical characteristics were assessed. The pre-
valence of weight loss ≥5 % was 31 % and of starting enteral
feeding was 12 % when undergoing chemotherapy. Patients
receiving concurrent chemotherapy were more likely to have
≥5 % weight loss and the odds of a patient with late-stage dis-
ease having ≥5 % weight loss were fifteen times greater than
that for a patient with earlier stage disease. Another study(26) in
the head and neck cancer population found similar results with
concurrent chemotherapy and disease stage being associated
with a higher likelihood of enteral feeding. The authors sug-
gested that identification of these factors associated with weight
loss helped with the early identification of, and intervention for,
patients at high nutritional risk in these oncological and mostly
ambulatory patient populations. Following the commencement
of enteral feeding, weight stabilised in the majority of patients,
suggesting that a nutrition intervention can be effective in this
group, although the impact of weight stabilisation on clinical
outcomes remain unknown. Yet, oncology patients under active
treatment comprise a small fraction of the population seen in
acute-care hospitals, and these results are not generalisable, but
still emphasise the need to identify factors associated with nutri-
tional decline as a means of targeting treatment.

Table 3. Probability of deterioration in patients with admission subjective global assessment (SGA) A and B*
(Odds ratios and 95% confidence intervals; n 364)

Medical patients Surgical patients

Continuous predictors n† OR 95% CI P OR 95% CI P

Age OR per 10 years 363 0·98 0·79, 1·22 0·8 0·87 0·68, 1·12 0·3
BMI at admission OR per 1 U increase 349 0·94 0·88, 0·99 0·03 0·98 0·92, 1·04 0·5
Number of medications OR per 1 U increase 361 1·03 0·97, 1·09 0·4 1·05 0·97, 1·13 0·2
Categorical predictors
Sex 363

Female Ref. Ref.
Male 1·10 0·54, 2·23 0·8 3·40 1·46, 7·94 0·005

Charlson Comorbidity Index at admission 360
≤2 Ref. Ref.
>2 1·86 0·9, 3·83 0·09 1·13 0·52, 2·45 0·8

Cancer presence 364
No Ref. Ref.
Yes 3·38 1·5, 7·66 0·004 2·04 0·89, 4·68 0·09

Number of diagnostic categories 364
One category Ref. Ref.
Two or more categories 3·18 1·46, 6·92 0·004 1·23 0·54, 2·85 0·6

New infection diagnosis during hospitalisation 364
No Ref. Ref.
Yes 3·89 1·67, 9·09 0·002 1·01 0·31, 3·23 >0·99

Food intake not imputed (%) 350
≥50 Ref. Ref.
<50 3·69 1·68, 8·12 0·001 1·46 0·66, 3·27 0·4

Food intake imputed (%) 360
≥50 Ref. Ref.
<50 4·16 1·91, 9·04 <0·001 1·74 0·8, 3·78 0·2

Patient Mealtime Survey scores, OR per unit increase
Hunger domain score 337 1·18 0·86, 1·63 0·3 1·13 0·69, 1·84 0·6
Difficulties domain score 339 1·08 0·89, 1·32 0·4 0·93 0·7, 1·22 0·6
Quality domain score 323 1·60 1·21, 2·11 0·001 1·13 0·83, 1·54 0·4
Illness domain score 332 1·39 1·18, 1·63 <0·0001 1·09 0·89, 1·32 0·4

Ref, reference category.
* Multiple logistic regression: all the models were controlled for admission SGA, presence of surgical procedure and included interaction between surgical procedure and predictor

of interest and random term for hospital effect.
† Number of patients with complete data on variables used in the model.
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Other prospective studies on nutritional decline assessed its
relationship with clinical outcomes, principally length of
stay(10,23,24), but did not look specifically at factors associated
with the decline itself. Additional studies were cross-
sectional(5,8,20,21), assessing the presence of nutritional risk(21)

or malnutrition(20) at one time point, either at admission or
during hospitalisation, and determining pre-admission or hos-
pital factors associated with high nutritional risk or malnutrition.
In those, illiteracy, older age, being male, living alone, lower
education level, smoking, presence of malignant disease and
polypharmacy were associated with being at nutritional risk or
malnourished. One study(21) also showed that surgical patients
were at decreased nutritional risk compared with medical
patients. Therefore, our prospective cohort study extends this
work further as, first, it assessed nutritional status rather than
nutritional risk, second, it measured nutritional status at two
time points and, third, it considered factors potentially related to
the risk of in-hospital nutritional decline assessed over time
rather than just at one time point.
Another unique feature of our study is related to patients’

feedback on their meals and barriers to food intake obtained in
a standardised survey(47). High scores in food quality and
severity of illness domains were significant and independent
predictors in logistic regression models, indicating that poor
satisfaction with food served in hospitals, particularly with its
taste, appearance and smell, were associated with nutritional
decline. Whether this reflects the quality of hospital food or the
effect of illness or polypharmacy on perceptions such as taste
and smell is unclear, but considering that reduced food intake is
also associated with nutritional decline, it might be advisable to
pay more attention to the quality of the food service, including
the type and quality of food we are serving to our patients and
consider that their perceptions of food may be affected by the

underlying illness and, possibly, medications. Unfortunately,
food and meal service are generally undervalued in patient
care(48,49). In this analysis, food and the barriers to intake of
hospital food are a few of the factors that are potentially
amenable to change. Literature suggests that we need to change
the mealtime culture(48,50) and identify areas for quality
improvements based on patients’ feedback(41,47), as patient
satisfaction with food service is a patient-reported out-
come(41–43) that is associated with low food intake(21) and
increased length of stay(42,43). Many factors influence food
intake such as illness, social, psychological and biological fac-
tors(47,50,51) as well as organisational and physical barriers to
food intake(50,52–55). Some of these challenges can be addressed
to improve patient nutritional care(56–58). We also showed
that high score in the illness domain was associated with
nutritional decline. Food intake may be reduced due to
loss of appetite from illness, feeling sick and having pain. In
addition, being tired, worried, depressed or having breathing,
chewing or swallowing difficulties may have an impact.
Several of these factors can be corrected. Monitoring of food
intake and identifying barriers to intake while at the hospitals
appears to be prudent if it is coupled with interventions that
remove these barriers, thus potentially minimising nutritional
decline.

We found that factors associated with nutritional decline
are quite different between medical and surgical patients. It is
unclear why male sex is the only factor associated with
nutritional decline in the surgical population. One study
performed in general acute-care patients found that being male
was associated with in-hospital under-nutrition risk(21) but
this was not specific to surgery. One possible explanation for
our results is the existence of protocols in surgery that
standardise selection and treatment of patients before and

Table 4. Relationship between deterioration in nutritional status and individual items within quality and illness domains of Patient Mealtime Survey in
medical and surgical patients with admission subjective global assessments A and B, n %, χ2 and the Fisher exact tests as appropriate
(Numbers and percentages)

Medical patients Surgical patients

No change/improved
(affected)

Deteriorated
(affected)

No change/improved
(affected)

Deteriorated
(affected)

Questionnaire item n % n % P* n % n % P*

Quality domain: dissatisfied with (n 323)
Taste 36 23·4 20 48·8 0·001 31 32·3 16 50·0 0·07
Appearance 16 10·4 11 26·8 0·007 15 15·6 7 21·9 0·4
Smell 23 14·9 15 36·6 0·002 11 11·5 9 28·1 0·02
Portion size 29 18·8 7 17·1 0·8 17 17·7 2 6·3 0·1
Temperature 28 18·2 11 26·8 0·2 28 29·2 4 12·5 0·06

Effects of illness and treatment domain:
the amount of food eaten affected by (n 332)
Loss of appetite 58 35·8 30 75·0 <0·0001 47 48·0 19 59·4 0·3
Sickness 67 41·4 27 67·5 0·003 42 42·9 17 53·1 0·3
Pain 54 33·3 23 57·5 0·005 44 44·9 16 50·0 0·6
Tired 68 42·0 26 65·0 0·009 47 48·0 16 50·0 0·8
Worry 47 29·0 16 40·0 0·2 26 26·5 8 25·0 0·9
Depressed 42 25·9 16 40·0 0·08 28 28·6 5 15·6 0·1
Breathing difficulties 34 21·0 15 37·5 0·03 13 13·3 5 15·6 0·7
Chewing and swallowing difficulties 33 20·4 10 25·0 0·5 17 17·3 3 9·4 0·3

* Not corrected. Bonferroni-corrected threshold for 0·05 level of significance is 0·01 for tests of quality domain items and 0·006 for tests of illness and treatment domain items.
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after procedures. For example, malnourished patients are
more likely to get some form of nutritional support to
improve their nutritional status before surgery, and the imple-
mentation of perioperative nutritional care similar to the
Enhanced Recovery After Surgery (ERAS) programme may
minimise catabolism, support anabolism thereby reducing
morbidity, length of stay(59) and, likely, nutritional decline.
Otherwise, we did not find any particular difference between
the characteristics of the medical and surgical patient groups
to explain this. Whether males are more at risk of nutritional
decline because of unmet higher nutritional requirements
or because of physiological or psycho-social factors is
not known.
The strength of this study was the prospective design, patient

sample from several hospital centres across the country and
the assessment of nutritional status using the ‘gold standard’ of
SGA, which was performed by trained coordinators to ensure
internal validity. Changes in SGA as a measure of changes in
nutritional status was also used in a previous cohort study(23)

and interventional studies(60,61). We considered several poten-
tial social and disease-related factors and took into account
confounders such as initial SGA, hospital site and surgical
procedures. These unique strengths allowed us to more firmly
establish the factors associated with nutritional decline during
hospitalisation.
There are certain limitations to this study. It cannot confirm

causality owing to the observational design. Specifically, it
cannot clearly distinguish between the effect of factors such as
disease severity, lower admission BMI, reduced food intake and
barriers of food intake on nutritional decline, as well as the
possible effect of nutritional decline contributing to these
factors. The true relationship between these factors and dete-
rioration in nutritional status would need to be clarified with
interventional studies. Another limitation is that CCI may not
well reflect disease acuity. CCI is a well-validated tool(44) to
measure disease/comorbidity severity; however, it is possible
that it cannot capture all the changes in acuity from medical
conditions equally as well as if we would use individualised
disease-specific severity scoring systems. For such a large-scale
study as ours, using disease-specific systems for analyses would
not be feasible due to the high diversity of diagnoses in our
patient population. Another limitation is that nutritional
assessment was performed at two time points (admission and
discharge) similar to other studies(10,23), thus the time span
between SGA assessments for different patients was not the
same, and those staying longer may have had higher chances
for nutritional decline, potentially introducing some bias in the
estimates. Other limitations include presence of missing data,
which reflects the reality of observational studies in a complex
and busy healthcare system environment, as well as voluntary
hospital enrolment and voluntary patient consent that may have
introduced a bias. Due to sample size limitations, we could not
conduct further multivariate analyses to examine the relation-
ships between the considered factors. We also cannot fully
exclude the possibility that there are unmeasured patient factors
and heterogeneity in clinical practice and policies between
institutions and provinces that may have contributed to nutri-
tional decline.

Conclusion

In medical patients, low BMI at admission, concomitant ill-
nesses and infection, reduced food intake and perceived low
food quality and illness affecting food intake were associated
with nutritional decline, whereas in surgical patients only male
sex was a significant factor. Identification of some of these factors
may assist in providing prompt nutritional care with the potential
effect of preventing or reducing nutritional decline. Perhaps pro-
tocols or care pathways such as in surgery should be implemented
in medical wards. However, specific nutritional interventions
targeting specific patient populations will require randomised
controlled trials if we are to assess true benefits.
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