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A B S T R A C T

Objective: Malnutrition screening instruments used in hospitals mainly include criteria to identify character-
istics of malnutrition. However, to tackle malnutrition in an early stage, identifying risk factors for malnutri-
tion in addition to characteristics may be valuable.
The aim of this study was to determine the predictive validity of the Patient-Generated Subjective Global
Assessment (PG-SGA SF), which addresses malnutrition characteristics and risk factors, and the Short Nutri-
tional Assessment Questionnaire (SNAQ), which addresses mainly malnutrition characteristics, for length of
stay (LOS) in a mixed hospital population.
Methods: Patients (N = 443) were screened with the PG-SGA SF and SNAQ in the first 72 h after admission to
the lung, cardiology, or surgery ward. The McNemar�Bowker test was used to investigate the symmetry
between the SNAQ and PG-SGA SF categorization for low, medium, and high risk. The predictive value of the
PG-SGA SF and SNAQ was assessed by g-regression before and after adjusting for several confounders.
Results: Of the 443 patients included, 23% and 58% were categorized as being at medium/high risk for malnu-
trition according to the SNAQ and PG-SGA SF, respectively. The regression analysis indicated that LOS of
high-risk patients according to PG-SGA SF was 36% longer than that of low-risk patients (P = 0.001). LOS in
patients at high risk according to the SNAQ did not significantly differ from that of SNAQ low-risk patients.
Conclusions: The PG-SGA SF, as a proactive malnutrition screening instrument, predicts LOS in various hospi-
tal wards, whereas the SNAQ, as a reactive instrument, does not. Therefore, we recommend the PG-SGA SF
for proactive screening for malnutrition risk.

© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Introduction

Current estimates of the prevalence of malnutrition reveal that
20% to 50% of hospital patients are malnourished [1]. This variation
is possibly caused by variation in screening and assessment meth-
ods, and hospital population [2,3]. Malnutrition is associated with
poor clinical outcomes, including a longer hospital length of stay
(LOS) [4�8].

Thus far, validated screening instruments have been imple-
mented mostly for the purpose of identifying patients who are
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malnourished at hospital admission [9], which can be considered a
reactive malnutrition policy. Reactive malnutrition screening and
assessment instruments focus mainly on critical weight loss [10].
Such instruments, like the Short Nutritional Assessment Question-
naire (SNAQ), which is used widely in the Netherlands, are effec-
tive in identifying hospital patients who have characteristics of
present malnutrition [9,11].

Proactive screening of risk for malnutrition aims to identify
patients having risk factors for future malnutrition, in addition to
patients who are already malnourished [12]. Early identification of
malnutrition and its accompanying risk factors is needed to facilitate
nutritional treatment in a timely manner to prevent negative changes
in nutritional status [13,14]. The most studied proactive screening
instrument is the Patient-Generated Subjective Global Assessment
Short Form (PG-SGA SF), which has mainly been used in patients
with cancer [15]. The PG-SGA SF is a multidimensional instrument
addressing short-, medium-, and long-term weight history, food
intake, nutrition impact symptoms (NIS; i.e., symptoms hindering
food intake), and activities and function [15]. NIS have proven to be
significant predictors of reduced dietary intake andweight [16].

It is not known if screening proactively for both characteristics
of malnutrition and its risk factors leads to higher predictive valid-
ity on LOS compared with reactive screening. Therefore, in the
present study, we aimed to determine the predictive validity of a
proactive malnutrition risk instrument with predictive validity of a
reactive risk for malnutrition screening instrument in relation to
LOS in a hospital setting.

Material and methods

Study design

In this cross-sectional study, patients admitted to the regional hospital Nij
Smellinghe, located in Drachten, the Netherlands, were recruited from August 3,
2016 to June 12, 2017. The following inclusion criteria were applied: �18 y of age;
admission to the lung disease, cardiology, or surgery wards; and measurements
performed within 72 h of hospital admission. Patients were excluded when they
could not write or speak Dutch, or if they had severe cognitive problems. This
study was approved by the Medical Ethics Committee of hospital Nij Smellinghe.
Informed consent was obtained from all participants before study measurements
were performed.

Study measures

The PG-SGA [12,15] was translated and culturally adapted to the Dutch setting
in 2014 [17]. The PG-SGA SF, which consists of scores assigned to questions
divided over four boxes, addressing weight history (Box 1), food intake (Box 2),
NIS (Box 3), and activities and function (Box 4), was completed by the patient.
When the patient was unable to fill in the PG-SGA SF, the researcher, dietitians in
training, and/or family members assisted. All weight values (i.e., the current, 1 mo
ago, and 6 mo ago), as well as height were self-reported by the patient. Based on
the numeric scores from the four boxes, patient risk for malnutrition was catego-
rized as low (0�3 points), medium or high (�4 points), or high (�9 points)
[12,18,19]. Body mass index (BMI) was calculated with the information from the
PG-SGA SF about current weight and height (kg/m2).

SNAQ contains the following three questions:

1. “Did you lose weight unintentionally? More than 6 kg in the past 6 mo (3
points) or more than 3 kg in the past month?” (2 points);

2. “Did you experience a decreased appetite over the past month?” (1 point);
3. “Did you use supplemental drinks or tube feeding over the past month?” (1

point).

Low-risk for malnutrition according to the SNAQ was defined as 0 to 1 point,
medium and high as 2 to 7 points, and high as >2 points [9].

Information on LOS, age, sex, diagnosis, and comorbidity was retrieved from
the medical records. Comorbidities, if present, were converted to the Charlson
Comorbidity Iindex (CCI) by assigning a weighted score to each of 17 comorbidities
[20]. For diagnosis, due to a variety of diagnoses, 11 main categories were formed
using the International Classification of Disease (ICD-10) [21]. The categories were
respiratory, cancer, fractures, trauma, circulatory, infectious and parasitic, eye and
ear, musculoskeletal, digestive system, endocrine and metabolic diseases, urinary
system and kidney disease, and other.

Statistical analyses

Statistical analyses were carried out using SPSS version 24 (SPSS Inc, Chicago,
IL, USA). Descriptive statistics including frequencies and percentages were pro-
duced for sex, hospital wards, PG-SGA SF categories, SNAQ categories, medical
diagnosis, and the CCI. Mean and § SD are reported for the variables age and BMI.
Median and interquartile range (IQR) are reported for LOS and PG-SGA SF scores.
Normality was tested with the Shapiro�Wilk test. A 3 £ 3 table was used to depict
the SNAQ and PG-SGA SF categories (i.e., low, medium, and high risk for malnutri-
tion). The McNemar�Bowker test was used to test symmetry in the cross tabula-
tion of SNAQ by PG-SGA SF categories.

Prevalence of risk for malnutrition and PG-SGA SF box scores are reported as
frequencies with percentages or median and IQR. The predictive value of both the
PG-SGA SF and SNAQ was assessed by the generalized linear model (GLM), in
which a log link for g-regression as the outcome LOS, was measured as a non-neg-
ative (broken) counts of days according to Allen et al. [22]. The variables age, sex,
BMI, diagnosis, and comorbidity were included in the GLM to correct for effects of
these variables on LOS. Subgroup GLM analyses were performed per hospital ward
(i.e., lung disease, cardiology, and surgery). Additionally, subgroup analysis with
GLM analysis was performed on patients who scored low risk for malnutrition by
the SNAQ, but medium or high risk according to the PG-SGA SF. In all analyses, sta-
tistical significance was set at P < 0.05.

Results

There were 443 patients included in the analyses. Table 1 shows
the characteristics of the study sample and per hospital ward. Par-
ticipants were 64.5 § 14.6 y of age and had BMI of 26.7 § 5.1 kg/
m2. More than half of the participants (54%) were men. In all, 128
(29%), 101 (23%), and 214 (48%) of the patients were admitted to
the lung disease ward, cardiology ward, and surgery ward, respec-
tively. All values were present for the scores of the PG-SGA boxes.
According to the PG-SGA SF, 30% (n = 132) and 29% (n = 128) of par-
ticipants were at medium and high risk for malnutrition, respec-
tively. According to the SNAQ, 6% (n = 26) of participants were at
medium risk for malnutrition, and 18% (n = 78) were at high risk
for malnutrition (Fig. 1).

Prevalence of risk for malnutrition per screening instrument

Table 2 shows the 3 £ 3 contingency table of the participants
according to the SNAQ and PG-SGA SF risk for malnutrition catego-
ries. Half of the participants who were at low risk for malnutrition
according to the SNAQ were at medium or high risk for malnutrition
according to the PG-SGA SF. Of the participants at low risk for malnu-
trition according to the PG-SGA SF, 8% were at medium or high risk
for malnutrition according to the SNAQ. Of the participants, 51% were
categorized equally by the SNAQ and PG-SGA SF. The McNe-
mar�Bowker test indicates rejection of the null hypothesis of sym-
metry of the SNAQ by PG-SGA SF cross tabulation (P< 0.001).

Table 3 summarizes the PG-SGA SF and SNAQ scores per risk for
malnutrition category. The median PG-SGA SF score was 5
(IQR = 1�9), and 14% (n = 60) participants had a PG-SGA SF score of
0. Median SNAQ score was 0 (IQR = 0�1). Half (n = 223) of the par-
ticipants had a SNAQ score of 0.

Subgroup analysis of risk for malnutrition per hospital ward

Figure 1 shows that across the three hospital wards, the PG-SGA
SF categorized 2.5 times more participants at medium or high risk
compared with the SNAQ. The PG-SGA SF categorized 3.1 times
more participants at medium or high risk compared with the
SNAQ for participants admitted to the lung diseases ward, and
2.7 times and 2.1 times more frequently for participants admitted
to the cardiology and surgery wards, respectively.



Fig. 1. Prevalence of risk for malnutrition per hospital ward, according to the SNAQ and PG-SGA SF. PG-SGA SF: low risk = 0�3 points, medium risk = 4�8 points, high risk �9
points. SNAQ: low risk = 0�1 points, medium risk = 2 points, high risk �3 points. PG-SGA SF, Patient-Generated Subjective Global Assessment Short Form; SNAQ, Short Nutri-
tional Assessment Questionnaire.

Table 1
Characteristics of the study population

Demographic information Total (N = 443) Lung disease (n = 128) Cardiology (n = 101) Surgery (n = 214)

Age (y), mean § SD 64.5 § 14.6 64.6 § 15.2 67.7 § 11.2 62.9 § 15.5
Men, n (%) 241 (54) 65 (51) 67 (66) 109 (51)
BMI (kg/m2), mean § SD 26.7 § 5.1 26.4 § 5.8 27.3 § 11.2 26.6 § 5.2
Diagnosis, n (%)
Respiratory 123 (28) 112 (88) 10 (10) 1 (1)
Digestive system 90 (20) 2 (2) 2 (2) 86 (40)
Circulatory 77 (17) 2 (2) 65 (64) 10 (5)
Cancer 28 (6) 5 (4) 2 (2) 21 (10)
Fractures 28 (6) 0 1 (1) 27 (13)
Musculoskeletal 17 (4) 2 (2) 12 (12) 3 (1)
Urinary system and kidney disease 30 (7) 0 1 (1) 29 (14)
Other 50 (11) 5 (4) 8 (8) 37 (17)

Charlson Comorbidity Index score, n (%)
0 254 (57) 72 (53) 40 (40) 142 (66)
1 106 (24) 30 (23) 31 (31) 45 (21)
2 52 (12) 15 (12) 18 (18) 19 (9)
3 20 (5) 6 (5) 7 (7) 7 (3
4 10 (2) 5 (4) 5 (5) 0
11 1 (0.2) 0 0 1 (1)

LOS, median (IQR) 4.2 (2.8�7.1) 4.8 (3.1�7.7) 3.9 (2.1�6.9) 4.2 (2.8�7.1)

BMI, body mass index; IQR, interquartile range; LOS, length of stay

Table 2
SNAQ and PG-SGA SF categorization (N = 443)

Low risk SNAQ Moderate risk High risk Total

PG-SGA SF
Low risk 170 8 6 184
Medium risk 101 9 22 132
High risk 69 9 49 127
Total 340 26 77 443

PG-SGA SF, Patient-Generated Subjective Global Assessment Short Form; SNAQ,
Short Nutritional Assessment Questionnaire
PG�SGA SF: low risk = 0�3 points, medium risk = 4�8 points, high risk �9 points
SNAQ: low risk = 0�1 points, medium risk = 2 points, high risk �3 points
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Table 4 shows scores on the PG-SGA SF and SNAQ per hospital
ward. Participants admitted to the lung disease wards had the highest
total median score on the PG-SGA SF (i.e., 6 points [IQR = 2.25�9.75]).
Lung disease patients mainly reported problems of food intake, NIS,
and activities and function. The most frequently reported NIS in the
lung disease participants were no appetite, dry mouth, and fatigue.
Participants admitted to the cardiology ward had a total median PG-
SGA SF score of 3 points (IQR = 1�7), and mainly reported NIS and
problems with activities and function. The most reported NIS in these
participants were no appetite, feeling full quickly, and fatigue. The
total median PG-SGA SF score of participants admitted to the surgery
ward was 4 (IQR = 1�10). The participants admitted to the surgery
ward reported mainly problems with food intake and NIS, and their
most reported NIS were no appetite, fatigue, nausea, and pain.

The median score (IQR) for the SNAQ per hospital ward was 1
(0�1) for the lung disease ward, and 0 (0�1) for the cardiology,
and 0 (0�2) for the surgery ward.

Predictive value of risk for malnutrition on LOS

Participants at risk for malnutrition (i.e., medium and high risk)
according to PG-SGA SF or SNAQ, had both a median hospital LOS
of 4.9 d, respectively. High-risk participants according to PG-SGA



Table 3
PG-SGA SF and SNAQ scores per risk for malnutrition category (N = 443)

PG-SGA SF Total sample (N = 443) Low risk (n = 184) Medium risk (n = 132) High risk (n = 127)

Box 1:Weight score, median (IQR) 0 (0�1) 0 (0�0) 0 (0�1) 1 (0�1)
Box 2: Food intake score, median (IQR) 1 (0�1) 0 (0�0) 1 (0�1) 1 (1�3)
Box 3: NIS* score, median (IQR) 3 (0�6) 0 (0�1) 3 (2�4) 7 (6�9)

No problems eating, n (%) 218 (49) 151 (82) 56 (42) 12 (9)
No appetite, just did not feel like eating, n (%) 114 (26) 1 (0.5) 29 (22) 84 (66)
Nausea, n (%) 71 (16) 2 (1) 14 (11) 55 (43)
Constipation, n (%) 44 (10) 7 (4) 8 (6) 29 (23)
Mouth sores, n (%) 15 (3) 2 (1) 5 (4) 8 (6)
Things taste funny or have no taste, n (%) 54 (12) 4 (2) 13 (10) 37 (29)
Problems swallowing, n (%) 26 (6) 1 (0.5) 10 (8) 15 (12)
Pain, n (%) 93 (21) 3 (2) 32 (24) 59 (46)
Vomiting, n (%) 50 (11) 2 (1) 8 (6) 40 (32)
Diarrhea, n (%) 35 (8) 2 (1) 10 (8) 23 (18)
Dry mouth, n (%) 111 (25) 14 (8) 40 (30) 57 (45)
Smells bother me, n (%) 28 (6) 1 (0.5) 4 (3) 23 (18)
Feel full quickly, n (%) 82 (19) 4 (2) 26 (20) 52 (41)
Fatigue, n (%) 132 (30) 18 (10) 40 (30) 74 (58)
Other, n (%) 26 (6) 4 (2) 9 (7) 13 (10)

Box 4: Activities and function, score, median (IQR) 1 (0�2) 0 (0�1) 1 (0�2) 2 (1�3)
PG-SGA SF total score, median (IQR) 5 (1�9) 1 (0�2) 6 (5�7) 11 (10�15)

SNAQ, n (%) Total sample (N = 443) Low risk (n = 330) Medium risk (n = 26) High risk (n = 77)

6 kg weight loss in past 6 mo 58 (13) 0 0 57 (74)
3 kg weight loss in past month 53 (12) 1 (0.3) 15 (58) 37 (48)
Loss of appetite 175 (39) 106 (31) 12 (46) 57 (74)
Use of supplement drinks/tube feeding 42 (9) 12 (4) 11 (42) 19 (25)
SNAQ score, median (IQR) 0 (0�1) 0 (0�1) 2 (2�2) 4 (3�5)

IQR, interquartile range; NIS, Nutrition impact symptoms; n.a., not applicable; PG-SGA SF, Patient-Generated Subjective Global Assessment; SNAQ, Short Nutritional Assess-
ment Questionnaire
PG-SGA SF: low risk = 0�3 points, medium risk = 4�8 points, high risk �9 points
SNAQ: low risk = 0�1 points, medium risk = 2 points, high risk �3 points
*Participants could indicate >1 NIS.

Table 4
Scores on the PG-SGA SF and SNAQ per hospital ward

PG-SGA SF Total sample (N = 443) Lung disease (n = 128) Cardiology (n = 101) Surgery (n = 214)

Box 1: Weight, score, median (IQR) 0 (0�1) 0 (0�0) 0 (0�1) 0 (0�1)
Box 2: Food intake, score, median (IQR) 1 (0�1) 1 (0�1) 0 (0�1) 1 (0�1)
Box 3: NIS,* score, median (IQR) 3 (0.25�6) 3 (0.25�6) 2 (0�4) 3 (0�6)

No problems eating, n (%) 218 (49) 40 (31) 62 (61) 116 (54)
No appetite, just did not feel like eating, n (%) 114 (26) 40 (31) 22 (22) 52 (24)
Nausea, n (%) 71 (16) 21 (16) 8 (8) 42 (20)
Constipation, n (%) 44 (10) 7 (6) 6 (6) 31 (15)
Mouth sores, n (%) 15 (3) 8 (6) 2 (2) 5 (2)
Things taste funny or have no taste, n (%) 54 (12) 28 (22) 9 (9) 17 (8)
Problems swallowing, n (%) 26 (6) 10 (8) 5 (5) 11 (5)
Pain, n (%) 93 (21) 23 (18) 13 (13) 57 (27)
Vomiting, n (%) 50 (11) 12 (9) 3 (3) 35 (16)
Diarrhea, n (%) 35 (8) 7 (6) 3 (3) 25 (12)
Dry mouth, n (%) 111 (2%) 40 (31) 21 (21) 50 (23)
Smells bother me, n (%) 28 (6) 12 (9) 4 (4) 12 (6)
Feel full quickly, n (%) 82 (19) 32 (25) 17 (17) 33 (15)
Fatigue, n (%) 132 (30) 48 (38) 30 (29) 54 (25)
Other, n (%) 26 (6) 7 (5) 10 (10) 11 (5)

Box 4: Activities and function, score, median (IQR) 1 (0�2) 1 (0�2) 1 (0�2) 0.5 (0�1)
PG-SGA SF score, median (IQR) 5 (1�9) 6 (2.25�9.75) 3 (1�7) 4 (1�10)
SNAQ, n (%)
Weight loss in past 6 mo 58 (13) 12 (9) 11 (11) 34 (16)
Weight loss in past month 53 (12) 14 (11) 10 (10) 29 (14)
Loss of appetite 175 (39) 62 (48) 30 (30) 83 (39)
Use of supplement drinks/tube feeding 42 (9) 15 (12) 7 (7) 20 (9)
SNAQ score, median (IQR) 0 (0�1) 1 (0�1) 0 (0�1) 0 (0�2)

IQR, interquartile range; NIS, Nutrition impact symptoms; PG-SGA SF, Patient-Generated Subjective Global Assessment; SNAQ, Short Nutritional Assessment Questionnaire
*Participants could indicate >1 NIS (nutrition impact symptoms)
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SF and SNAQ stayed 5.1 and 4.9 d in the hospital, respectively. Low-
risk participants (reference category) according to PG-SGA SF and
SNAQ had a median hospital LOS of 3.9 and 4.1 d, respectively.
Table 5 shows the predictive value of risk for malnutrition
according to each instrument on LOS, by a univariate analysis, as
well as a multivariate analysis after correcting for various



Table 5
Length of stay for PG-SGA SF and SNAQ risk for malnutrition categories (N = 443)

Instrument Risk for malnutrition category Multiplication factor; 95% CI LOS (d) P-value

Univariate model
SNAQ Low risk (n = 330) Reference 4.10

Medium risk (n = 26) 1.08; 95% CI, 0.80�1.45 4.43 0.620
High risk (n = 77) 1.15; 95% CI, 0.96�1.39 4.72 0.133

PG-SGA SF Low risk (n = 184) Reference 3.90
Medium risk (n = 132) 1.24; 95% CI, 1.05�1.46 4.83 0.011
High risk (n = 127) 1.36; 95% CI, 1.15�1.60 5.30 <0.001

Adjusted model*
SNAQ Low risk (n = 330) 4.10

Medium risk (n = 26) 0.98; 95% CI, 0.73�1.32 4.02 0.891
High risk (n = 77) 1.11; 95% CI, 0.92�1.34 4.55 0.276

PG-SGA SF Low risk (n = 184) 3.90
Medium risk (n = 132) 1.16; 95% CI, 0.98�1.37 4.52 0.087
High risk (n = 127) 1.36; 95% CI, 1.14�1.62 5.30 0.001

BMI, body mass index; LOS, length of stay; PG-SGA SF, Patient-Generated Subjective Global Assessment Short Form; SNAQ, Short Nutritional Assessment Questionnaire
PG-SGA SF: low risk = 0�3 points, medium risk = 4�8 points, high risk �9 points
SNAQ: low risk = 0�1 points, medium risk = 2 points, high risk �3 points
*Model adjusted for age, sex, BMI, diagnosis, and comorbidities.
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covariates per hospital ward. In the adjusted model, LOS of partici-
pants at medium risk according to PG-SGA SF did not significantly
differ from LOS in participants at low risk (0�3 points). However,
in patients at high risk according to PG-SGA SF, LOS was 36% longer
(P < 0.001) than in low-risk participants. Additionally, participants
at medium or high risk for malnutrition according to PG-SGA SF
stayed significantly longer in the hospital than low-risk partici-
pants, according to both the univariate (30%, P < 0.001) and
adjusted models (25%, P = 0.003).

For the SNAQ, no significant difference in LOS between the risk cat-
egories were found in neither the univariate normultivariate analysis.

Table 6 shows the multivariate subgroup analysis on predictive
validity of PG-SGA SF for LOS in participants at low risk according
to the SNAQ. Participants categorized by SNAQ as low risk but as
being at high risk according to the PG-SGA SF, stayed 45% longer
(P = 0.001) in the hospital than participants categorized as being at
low risk by both SNAQ and PG-SGA SF.

Table 7 shows the multivariate analysis on the relationship
between malnutrition risk according to the PG-SGA SF and SNAQ and
LOS per hospital ward. Participants admitted to the lung disease
ward who were at high risk for malnutrition according to the PG-SGA
SF had a 42% (P = 0.021) longer LOS than those at low risk according
to the PG-SGA SF. For the cardiology ward, no significant differences
in LOS between the medium- and high-risk participants compared
with the low-risk group, respectively, were found. Participants admit-
ted to the surgery ward who were at high risk according to the PG-
SGA SF had a 51% (P = 0.010) longer LOS than participants at low risk
according to the PG-SGA SF. In comparison, no significant difference
in LOS between the SNAQ risk for malnutrition categories were found
in any of the hospital wards.
Table 6
Multivariate subgroup analysis on predictive validity of PG-SGA SF for LOS in participants

Instrument Malnutrition risk category M

Univariate model
PG-SGA SF Low risk (n = 170) Re

Medium risk (n = 101) 1.
High risk (n = 69) 1.

Adjusted model*
PG-SGA SF Low risk (n = 170) Re

Medium risk (n = 101) 1.
High risk (n = 69) 1.

BMI, body mass index; LOS, length of stay; PG-SGA SF, Patient-Generated Subjective Glob
PG-SGA SF: low risk = 0�3 points, medium risk = 4�8 points, high risk �9 points
*Model adjusted for age, sex, BMI, diagnosis, and comorbidities.
Discussion

The present study demonstrates that the PG-SGA SF as proactive
malnutrition screening instrument predicts hospital LOS, whereas the
SNAQ as reactive instrument does not. According to the PG-SGA SF,
patients at high risk for malnutrition stay 1.4 d longer than low-risk
patients. Moreover, patients categorized as low risk according to the
SNAQ but high risk according to the PG-SGA SF stayed 4.4 d longer in
the hospital compared with patients categorized as low risk by both
instruments. However, although the patients at high risk for malnu-
trition according to the PG-SGA SF admitted to the lung disease and
surgery wards stayed significantly longer in the hospital, neither the
PG-SGA SF nor SNAQ significantly predicted LOS in patients admitted
to the cardiology ward.

To the best of our knowledge, this was the first study to com-
pare the PG-SGA SF as a proactive instrument with the SNAQ as a
reactive instrument in relation to hospital LOS. The findings of the
present study support our hypothesis that a proactive malnutrition
screening instrument has better predictive validity than a reactive
screening instrument. This finding could be explained by the mul-
tidimensional character of the PG-SGA SF. The PG-SGA SF includes
items covering the malnutrition domains of nutrient balance, body
weight, and function [10], and also includes more different types
of risk factors for malnutrition than the SNAQ. For example, in the
present study, 44% of patients reported multiple NIS, such as no
appetite, dry mouth, nausea, and fatigue. These NIS and decreased
intake, as well as decreased activity and being bedridden, are likely
to delay the patient’s time of recovery in the hospital, and are all
included in the PG-SA SF. Other studies also found positive associa-
tions between presence of NIS and reduced intake, involuntary
at low risk for malnutrition according to the SNAQ (N = 340)

ultiplication factor; 95% CI LOS (d) P-value

ference 3.86
24; 95% CI, 1.05�1.46 4.78 0.045
36; 95% CI, 1.15�1.60 5.25 0.001

ference 3.86
13; 95% CI, 0.94�1.36 4.36 0.198
45; 95% CI, 1.16�1.82 5.60 0.001

al Assessment Short Form; SNAQ, Short Nutritional Assessment Questionnaire



Table 7
LOS according to PG-SGA SF and SNAQ risk for malnutrition categories per hospital ward

Hospital ward Instrument Malnutrition risk category Multiplication factor; 95% CI LOS (d) P-value

Lung disease Univariate model
SNAQ Low risk (n = 99) Reference 5.77

Medium risk (n = 9) 1.01; 95% CI, 0.64�1.59 5.83 0.965
High risk (n = 20) 1.01; 95% CI, 0.74�1.39 5.83 0.953

PG-SGA SF Low risk (n = 38) Reference 4.18
Medium risk (n = 47) 1.10; 95% CI, 0.83�1.45 4.60 0.511
High risk (n = 43) 1.39; 95% CI, 1.04�1.84 5.81 0.021

Adjusted model*
SNAQ Low risk (n = 99) Reference 5.77

Medium risk (n = 9) 0.97; 95% CI, 0.62�1.52 5.60 .0.903
High risk (n = 20) 1.08; 95% CI, 0.79�1.48 6.23 0.636

PG-SGA SF Low risk (n = 38) Reference 4.18
Medium risk (n = 47) 1.12; 95% CI, 0.86�1.47 4.68 0.406
High risk (n = 43) 1.42; 95% CI, 1.05�1.89 5.94 0.021

Cardiology Univariate model
SNAQ Low risk (n = 83) Reference 3.89

Medium risk (n = 5) 1.27; 95% CI, 0.60�2.70 4.94 0.539
High risk (n = 13) 1.23; 95% CI, 0.75�2.00 4.78 0.417

PG-SGA SF Low risk (n = 52) Reference 3.47
Medium risk (n = 34) 1.10; 95% CI, 0.95�1.95 3.82 0.090
High risk (n = 15) 1.39; 95% CI, 0.52�1.33 4.82 0.443

Adjusted model*
SNAQ Low risk (n = 83) Reference 3.89

Medium risk (n = 5) 0.82; 95% CI, 0.38�1.78 3.19 0.614
High risk (n = 13) 1.19; 95% CI, 0.72�1.95 4.63 0.501

PG-SGA SF Low risk (n = 52) 3.47
Medium risk (n = 34) 1.19; 95% CI, 0.83�1.72 4.13 0.342
High risk (n = 15) 0.69; 95% CI, 0.41�1.15 2.39 0.156

Surgery Univariate model
SNAQ Low risk (n = 158) Reference 4.08

Medium risk (n = 12) 1.04; 95% CI, 0.68�1.61 4.24 0.846
High risk (n = 44) 1.18; 95% CI, 0.92�1.51 4.81 0.186

PG-SGA SF Low risk (n = 94) Reference 3.83
Medium risk (n = 51) 1.28; 95% CI, 1.00�1.64 4.90 0.050
High risk (n = 69) 1.43; 95% CI, 1.14�1.80 5.48 0.002

Adjusted model*
SNAQ Low risk (n = 158) Reference 4.08

Medium risk (n = 12) 0.81; 95% CI, 0.53�1.25 3.30 0.345
High risk (n = 44) 1.13; 95% CI, 0.89�1.43 4.61 0.327

PG-SGA SF Low risk (n = 94) Reference 3.83
Medium risk (n = 51) 1.16; 95% CI, 0.92�1.48 4.44 0.213
High risk (n = 69) 1.51; 95% CI, 1.20�1.90 5.78 <0.001

BMI, body mass index; LOS, length of stay; PG-SGA SF, Patient-Generated Subjective Global Assessment Short Form; SNAQ, Short Nutritional Assessment Questionnaire
PG-SGA SF: low risk = 0�3 points, medium risk = 4�8 points, high risk �9 points
SNAQ: low risk = 0�1 points, medium risk = 2 points, high risk �3 points
*Model adjusted for age, sex, BMI, diagnosis, and comorbidities.
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weight loss, and survival, respectively, in patients with head and
neck cancer [16,23]. Therefore, it seems useful to proactively iden-
tify presence of NIS, to enable timely interdisciplinary interven-
tions to treat NIS. Future research is necessary to determine the
effectiveness of interventions targeting NIS on reducing LOS.

The results of the present study on the predictive validity of the
PG-SGA SF in relation to LOS are in line with results of previous
studies [24,25]. Previous research on the predictive value of the
PG-SGA has been performed with the full PG-SGA rather than the
PG-SGA SF. However, differences in the association with LOS
between the two versions of the PG-SGA are not expected as both
are strongly correlated (r = 0.984; P < 0.001) [14]. An explanation
for this strong correlation is that the large majority of the point
score of the full PG-SGA is generated by the PG-SGA SF [12].

This study showed that the different hospital wards scored dif-
ferently on the PG-SGA SF. The lung disease and surgery ward par-
ticipants scored mainly on the NIS. Patients with lung disease
more often reported a dry mouth, altered taste perception, and
feelings of satiety compared with patients from the surgery ward.
More surgical patients reported nausea, vomiting, constipation,
paint, and diarrhea compared with patients having lung disease.
Patients on the cardiology ward appeared less inflicted by malnu-
trition risk as they reported fewer problems with food intake and
reported less NIS. Additionally, weight loss is difficult to identify in
these cardiology as edema, which is often present in in this group,
can mask weight loss. Therefore, risk for malnutrition can be
harder to detect in cardiology patients when a malnutrition instru-
ment that focuses mainly on weight loss, like the SNAQ, is used.

Interestingly, the present results on the lack of predictive value
of the SNAQ in relation to LOS are different from previous findings.
In particular, a study with 564 063 participants found that patients
at high risk for malnutrition according to the SNAQ stayed 1.4 d
longer in the hospital [11]. However, on the basis of PG-SGA SF risk
groups, in the present study we found a significant increase in LOS
with a sample size 1000 times smaller, indicating that the PG-SGA
SF can already significantly predict LOS in a smaller hospital sam-
ple size, whereas the SNAQ did not find a significant difference
between malnutrition risk categories in the same sample size and
hospital population. In daily hospital practice, it is important to
choose a malnutrition screening instrument that is capable of
detecting patients who are at risk for malnutrition and also which
patients are more likely to have a longer LOS. Therefore, the PG-
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SGA SF is suitable choice. Additionally, in the present study the
relationship between malnutrition risk and LOS was corrected for
several covariables (e.g., age, sex, BMI, diagnosis, and comorbid-
ities). In several studies, having multiple comorbidities and a diag-
nosis of cancer have been shown to be contributors to a longer LOS
[26,27]. Correcting for these potential confounders better repre-
sents the actual process in patients, where the explanatory variable
simultaneously influences LOS rather than separately. Additionally,
the present findings suggest that the association between risk for
malnutrition and LOS represents a unique source of explanatory
variance not covered by the confounding explanatory variables.

The results of this study can be generalized to the hospital pop-
ulation. The construct of malnutrition has been defined as “a state
resulting from lack of uptake or intake of nutrition leading to
altered body composition (decreased fat free mass) and body cell
mass leading to diminished physical and mental function and
impaired clinical outcome from disease” [28], and this definition is
not disease-specific. The PG-SGA SF covers all domains of the mal-
nutrition definition [10]. Moreover, the present study has the same
comparable mean age, sex ratio, and median LOS as another study
that investigated risk for malnutrition prevalence in the Nether-
lands by including 12 other Dutch hospitals and their 27 different
hospital wards [11], indicating that our patient sample was repre-
sentative for the hospital population in general.

The present study had various implications for clinical practice
and future research. First, proactive screening that includes not
only identification of malnourished patients but also of patients
being at risk for future malnutrition gives the opportunity for early
nutritional support, which might prevent deterioration in nutri-
tional status. Patients at risk for malnutrition according to the PG-
SGA SF mainly score on presence of NIS, which can decrease nutri-
tional intake and cause weight loss [16]. The PG-SGA SF gives infor-
mation on the cause of an increased risk for malnutrition, which
can be used to start an intervention by a dietitian and/or other rel-
evant health care professionals, dependent on the underlying risk
factor(s). If the goal of the hospital is to identify treatable risk fac-
tors for malnutrition early on, the PG-SGA SF is more qualified
when compared with the SNAQ, due to better predicative validity
on LOS, but also by including more malnutrition risk factors, and
therefore better recognition of patients at risk for future malnutri-
tion. Further research is needed to show the effectiveness of proac-
tive screening as well as treatment of risk for malnutrition.

Second, using the PG-SGA SF facilitates triaging for interdisci-
plinary nutritional interventions, which may improve overall effec-
tiveness of interventions. For example, the dietitian’s treatment
might be more effective when underlying symptoms hindering
food intake like fatigue, pain, dry mouth, nausea, vomiting, consti-
pation, mouth sores, and/or diarrhea are treated or prevented.
Additionally, because >25% of the patients reported being limited
in activity and function (PG-SA SF Box 4), treatment by a physical
therapist might benefit these patients [29]. However, future
research is needed to demonstrate improved effectiveness of inter-
disciplinary interventions compared with mono-disciplinary based
on screening and triaging according to PG-SGA SF scores.

Conclusion

This study demonstrated that the PG-SGA SF as a proactive mal-
nutrition screening instrument, predicts LOS in various hospital
wards, whereas the SNAQ as a reactive instrument does not. The
multidimensional PG-SGA SF identifies more than twice the num-
ber of patients at risk for malnutrition than the SNAQ; thus for the
hospital setting, we recommend using the PG-SGA SF to screen for
risk for malnutrition.
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