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s u m m a r y

Background & aim: Due to lack of global consensus in diagnosing malnutrition, Global Leadership
Initiative on Malnutrition (GLIM) has suggested the GLIM criteria based on etiological and phenotypical
criteria. The aim of this study was to investigate the prevalence of malnutrition in patients with intestinal
insufficiency (INS) or intestinal failure (IF) based on the different GLIM criteria combinations to diagnose
malnutrition. Furthermore, the aim was to investigate the severity of malnutrition in the two patient
groups.
Methods: A cross-sectional study with INS patients on enteral nutrition and IF patients on home
parenteral nutrition. We recorded age, gender, weight, height, fat free mass index (FFMI) by bioelectrical
impedance analysis, handgrip strength (HGS), arm muscle circumference (AMC) and biochemical pa-
rameters: plasma albumin (p-alb) and plasma C-reactive protein (p-CRP). Further, we calculated Glasgow
prognostic score (GPS) and body mass index (BMI). Statistics: T-test, Chi-square test and simple logistic
regression analysis. Significance level: p < 0.05.
Results: In total 277 INS and IF patients were included (age 59.5 ± 15.2 years, male 43,7%, BMI
22.1 ± 4.3 kg/m2). Groups were comparable according to number, age and gender but more IF patients
had decreased BMI, p-alb, HGS and FFMI and increased CRP and GPS 1 or 2. Prevalence of malnutrition
using GPS 1 or 2 combined with BMI, FFMI or HGS was 22.6%, 23.4%, 26.3% for INS, respectively
(p ¼ 0.756) and 40.7%, 40.0%, 59.3% for IF, respectively (p ¼ 0.001). Agreement between the criteria
combinations were: 8.0% for INS and 25.7% for IF. Significantly more with IF was diagnosed with severe
malnutrition as compared to no malnutrition (43 vs. 26, p ¼ 0.012, OR 2.1 [CI95% 1.2e3.8]), but only a
tendency in the group with moderate malnutrition as compared to no malnutrition (27 vs. 22, p ¼ 0.180,
OR 1.6 [CI95% 0.8e3.0])
Conclusion: We found both prevalence and severity of malnutrition to be higher in IF than INS patients.
GLIM-criteria were able to identify approximately same prevalence of malnutrition in INS but not in IF,
when combining GPS 1 or 2 with BMI, FFMI and HGS. However, the agreement was poor in both groups.
Consequently, further validation of GLIM is needed - including association to clinical outcome in lack of a
gold standard.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY license (http://creativecommons.org/licenses/

by/4.0/).
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1. Introduction

Malnutrition can be caused by an underlying disease and
treatment [1], which can lead to nausea, lack of appetite, pain and
altered taste [2e8], resulting in reduced food intake andweight loss
[1]. Some consequences associated with malnutrition are increased
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risk of complications, longer hospitalizations, poorer response to
treatment, lower quality of life, increased risk of depression and
mortality [1,6,9e22]. Patients with intestinal insufficiency (INS)
and intestinal failure (IF) are categorized under short bowel syn-
drome (SBS) [23]. Recent data suggest 10% of the patients with SBS
are malnourished [22], and 20%e44.6% have had a weight loss
[22,24]. A study from 2017 of patients with IF found that 69% were
at severe nutritional risk and 27% at moderate nutritional risk [25],
further patients with IF have significant higher risk of being
malnourished [26]. Body composition and muscle function have
been used as indicators of malnutrition in patients with chronic IF,
where studies have found that 64% patients with chronic IF have a
decreased fat free mass index (FFMI), 60% a decreased handgrip
strength (HGS) and 17.4% a low body mass index (BMI) [27,28]. This
suggests that malnutrition is a problem for patients with INS and IF.

Hospital inpatients must be screened for nutritional risk within
24e28 h after admission [1]. Use of a validated screening tool i.e.
Nutrition Risk Screening-2002 (NRS-2002) or Malnutrition Uni-
versal Screening Tool (MUST) is recommended [1,29]. Guidelines
and recommendation exist for managing malnutrition in INS and IF
patients [30,31]. However, there is a lack of global consensus in
diagnosingmalnutrition, which led The Global Leadership Initiative
on Malnutrition (GLIM) to develop the GLIM criteria [32]. Recent
studies have demonstrated that 10%e42%weremalnourished using
the GLIM criteria among patients with inflammatory bowel disease
(IBD) [33] and patients in gastrointestinal surgery [34,35].

To date no studies have investigated malnutrition using GLIM
criteria among INS and IF patients. Therefore, the aim of this study
was to investigate prevalence of malnutrition in patients with INS
or IF based on the GLIM criteria using different criteria combina-
tions to diagnose malnutrition. Furthermore, the aim was to
investigate the severity of malnutrition.

2. Materials and methods

2.1. Setting

This study was a retrospective study with data collected from
2010 to 2019. The patients were affiliated to Center for Nutrition
and Intestinal Failure (CET), a tertiary intestinal failure referral
center at Aalborg University Hospital in Denmark. The study was
performed on two patient groups: INS patients on enteral nutrition
(EN) and IF patients on home parenteral nutrition (HPN). This in-
formation was collected as part of clinical routine procedure. The
requirement for informed consent and approval from the ethics
committee was waived, as the assessments were performed as part
of clinical routine procedure. The Danish Data Protection Agency,
Northern Denmark Region approved the collection, storage and
analysis of data (journal no.: 2020e011).

The inclusion criteria were patients that were metabolic stable
and where we have a full dataset. Exclusion criteria were ampu-
tation, over-/dehydration, edema and lymphedema. If the standard
procedures were not performed as described below, the patients
were excluded as well. In total, nine patients were excluded, as
there were missing bioelectrical impedance analysis (BIA) on the
patients.

2.2. Data collection

The patients were recruited from a local database, where clinical
and demographic data were collected. From this database we
gathered data on nutritional intake (patients were classified based
on HPN or EN), biochemical measurements (plasma C-reactive
protein (p-CRP), plasma albumin (p-alb)), anthropometrics, HGS
and BIA. All data were collected through routine assessment.
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Data were gathered by the same operator (MK) and the same
equipment was used. This was done to achieve best accuracy
regarding data collection.

2.2.1. Malnutrition diagnosis
According to the GLIM criteria the patients should be screened

at first by using a screening tool to identify the risk of malnutrition
[32]. The patients in the present study were not screened, as they
were regarded as being at nutritional risk, because patients with
INS or IF are prone to develop malnutrition due to malabsorption of
micro- and macronutrients and it is crucial to diagnose the condi-
tion in order to provide targeted nutritional therapy [31,36]. The
subsequent steps were followed in this study (Fig. 1). The next step
was diagnostic assessment, and a combination of a least one etio-
logic criterion and one phenotypic criterion was required to di-
agnosemalnutrition. The severity of malnutritionwas based on one
of the phenotypic criteria such as non-volitional weight loss, low
BMI or reduced muscle mass [32].

Assessment criteria used in this study to diagnose malnutrition
based on the GLIM criteria are illustrated in Fig. 2, thus data on food
intake or weight loss were not available in this study. Arm muscle
circumference (AMC) is used as an alternative measure for reduced
muscle mass. In this study we included measurement of HGS as a
supportive proxy assessment of muscle function, as this may be
used in situations where muscle mass cannot be readily assessed
[32]. P-alb and p-CRP are used as supportive proxy for inflamma-
tion [32]. The Glasgow prognostic score (GPS), which is a cumula-
tive inflammation-based cancer-prognostic marker composed of
serum elevation of p-CRP and decrease in p-alb concentration, is
likely to reflect host systemic inflammatory response and has been
reported to be significant as a prognostic indicator in cancer-
bearing patients [37]. However, the use as an indicator for inflam-
mation in our group of patients has not been elucidated.

2.2.2. Demographics
Demographic data were gender and age.

2.2.3. Anthropometrics
Height was measured using a wall mounted stadiometer (Seca

222) to the nearest 0.1 cm. Weight was measured using a digital
electronic scale (Seca 701) to the nearest 0.1 kg (kg). Both height
and weight were measured without shoes and wearing light
clothing. BMI was calculated using the formula: weight (kg)/height
(m)2.

Triceps skinfold (TSF): TSF was measured using a Harpenden
skinfold caliber (Baty International, West Sussex, UK). TSF was
measured at the dominant arm to the nearest 0.1 cm midway be-
tween acromion and olecranon process. When TSF were measured,
the arm was relaxed along the body, the elbow was stretched, and
the thumb pointed forward.

Arm circumference (AC): AC was measured using a tape mea-
sure to the nearest 0.1 cm. Themeasuring spot for TSF was also used
for AC.

AMC: AMC was calculated using the formula: AC (cm) e

(0.314 � TSF) [40].

2.2.4. Muscle strength
HGS was measured using a North Coast hydraulic hand dyna-

mometer (NC70142, North Coast Medical, Arcata, CA, USA) to the
nearest kg. The patient sat on a chair with the elbow in an angle of
90� as well as wrist and shoulder in a neutral position. HGS was
measured three times with 10e15 s between each measurement.
The highest measurement for each hand was noted, and a mean
value was calculated and used.



Fig. 1. GLIM diagnostic scheme for screening, assessment, diagnosis and grading of malnutrition [32].
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2.2.5. Body composition
Fat free mass (FFM) was measured with BIA using a multi-

frequency analyzer BioScan 920-II (Maltron, Essex, UK). BIA was
measured with the patient in a supine position, and electrodes
were placed on the patient's right side on the dorsal surface of the
ankle, foot, wrist and hand. The measurements followed stan-
dardization to ensure the accuracy of the measurement [41]. The
patients were not allowed to eat or drink two and four hours before
the measurement, respectively. Patients were not allowed to ex-
ercise eight hours prior the measurement, and they urinated before
the measurement. The measurement was carried out with the pa-
tient lying on an examination couch or bed in a supine position, and
the patient remained still for ten minutes before the measurement
performed. The legs should not touch each other, and arms should
not touch the torso. Therefore, about 45� were there between the
legs and about 30� between the arms and the torso. FFM was
divided with the square of height to calculate FFMI.
2.2.6. Biochemistry
P-alb and p-CRP were collected through routine assessment.

GPS was calculated using p-alb and p-CRP. GPS ¼ 0 if p-alb and p-
CRP was within the normal range, GPS ¼ 1 if p-alb was below the
normal range or p-CRP was above the normal range. GPS ¼ 2 if p-
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alb was below the normal range and p-CRP was above the normal
range. The normal value for p-CRP is < 8 mg/l and the normal value
for p-alb is 36e45 g/l.
2.3. Statistics

Data were reported as mean ± standard deviation (SD) and
number (percent (%)). Chi2 test and t-test were performed to
investigate the difference between the patient groups in relation to
the clinical and demographic measurements. A Chi2 test was per-
formed to investigate the difference between the patient groups
regarding to the GLIM criteria.

A simple logistic regression analysis was performed to calcu-
late odds ratio (OR) to investigate the odds for being severely
malnourished between the two patient groups. A significant level
of 0.05 (p < 0.05) was selected and a 95% confidence interval (95%
CI) was calculated to the OR. Software for Statistics and Data Sci-
ence MP version 15 for Mac was used.
2.4. Ethical consideration

There were no ethical considerations, because the patients were
measured as part of routine assessment.



Fig. 2. Assessment criteria used in this study regarding to “Diagnostic assessment” (modified version [32]).BMI: Body mass index, FFMI: fat free mass index, AMC: Arm muscle
circumference, HGS: handgrip strength, p-CRP: plasma C-reactive protein, p-alb: plasma albumin, GPS: Glasgow Prognostic Score.
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3. Results

3.1. Patient characteristics

In total 277 INS and IF patients were included and 43.7% were
male. Mean age was 59.5 ± 15.2 years and mean BMI was
22.1 ± 4.3 kg/m2, indicating that the patients in average were
normal weight according to WHO [42]. Groups were comparable
according to number, age, gender and AMC (p > 0.05), but more IF
patients had decreased BMI, HGS, FFMI, p-alb and increased p-CRP
and GPS 1 or 2 (p < 0.05) (Table 1).

AMC was different from the other GLIM criteria, and the prev-
alence of malnutrition using AMC was very low (3.4%) as compared
to the other criteria. Therefore, AMC was not used in the subse-
quent calculations.
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3.2. Prevalence

Prevalence of malnutrition using GPS 1 or 2 combined with BMI,
FFMI and HGSwere 22.6%, 23.4%, and 26.3% for INS respectively and
40.7%, 40.0% and 59.3% for IF respectively. There was no significant
difference between BMI, FFMI and HGS combinedwith GPS 1 or 2 to
identify malnutrition for INS (p ¼ 0.756), which means there is no
difference in the combination used to diagnose malnutrition for
INS. There was a difference in combinations used to diagnose
malnutrition for IF, because of a significant difference between BMI,
FFMI and HGS combined with GPS 1 or 2 (p < 0.05) (see Table 2).

If p-CRP and p-albwere used as etiologic criteria togetherwith the
three phenotypic criteria, the same trendwas seenwhen using GPS 1
or 2 in the two patient groups. The prevalence of malnourished pa-
tients was lower when using p-CRP (INS: BMI¼ 14.6%, FFMI¼ 13.9%,



Table 1
Patient characteristics and nutritional assessments in patients with intestinal insufficiency or intestinal failure.

Variable All patientsh INS patientsh IF patientsh p-valuei

Demographics
Number 277 137 140
Gender, male 121 (43.7) 60 (43.8) 61 (43.6) 0.970
Age (years) 59.5 ± 15.2 59.4 ± 15.9 59.6 ± 14.7 0.940
Anthropometrics
Body mass index, BMI (kg/m2) 22.1 ± 4.3 22.9 ± 4.5 21.4 ± 4.0 0.003*
BMI e below referencea 118 (42.6) 48 (40.7) 70 (59.3) 0.012*

Arm muscle circumference (AMC, cm)
AMC - below referenceb 9 (3.4) 2 (1.5) 7 (5.0) 0.100

Muscle strength
Handgrip strength (HGS, kg)
HGS - below referencec 147 (53.1) 50 (36.5) 97 (69.3) <0.001*

Body composition
Fat free mass index (FFMI, kg)
FFMI - below referenced 113 (40.8) 45 (32.9) 68 (48.6) 0.008*

Biochemistry
Plasma C-reactive protein (p-CRP, mg/dl)
P-CRP - above referencee 122 (44.0) 45 (32.9) 77 (55.0) <0.001*

Plasma Albumin (p-Alb, g/l)
P-Alb - below referencef 175 (63.2) 68 (49.6) 107 (76.4) <0.001*

Glasgow prognostic score (GPS, 0e2)
GPS e HIGH (1e2)g 199 (71.8) 81 (59.1) 118 (84.3) <0.001*

*p � 0.05.
INS ¼ Intestinal insufficiency, IF ¼ Intestinal failure.
BMI: Body mass index, FFMI: fat free mass index, AMC: Arm muscle circumference, HGS: handgrip strength, p-CRP: plasma C-reactive protein, p-alb: plasma albumin, GPS:
Glasgow Prognostic Score.
Reference values.

a BMI: �20 kg/m2 if < 70 y, �22 kg/m2 if � 70 y [32].
b AMC: Age and sex dependent [38].
c HGS: Age and sex dependent (adapt. [39]).
d FFMI: <17 if males and <15 if females [32].
e P-CRP: <8 mg/dl.
f P-alb: �36 g/l.
g GPS: 0 ¼ p-alb. and p-CRP are normal, 1 ¼ p-alb. is under or p-CRP is over normal and 2 ¼ p-alb. and p-CRP are over normal.
h Mean ± SD or n (%).
i Chi2 test or t-test.

Table 2
Comparison between BMI, FFMI and HGS and GSP 1 or 2 among the patient group INS and IF.

Assessment criteria (1 phenotypic and GPS 1 or 2) Malnutrition diagnosis for INS p-value

Yesa Noa

Low BMI and GPS 1 or 2 31 (22.6) 106 (77.4) 0.7562
Low FFMI and GPS 1 or 2 32 (23.4) 105 (76.6)
Low HGS and GPS 1 or 2 36 (26.3) 101 (73.7)

Assessment criteria (1 phenotypic and GPS 1 or 2) Malnutrition diagnosis for IF p-value
Yesa Noa

Low BMI and GPS 1 or 2 57 (40.7) 83 (59.3) 0.0012*
Low FFMI and GPS 1 or 2 56 (40.0) 84 (60.0)
Low HGS and GPS 1 or 2 83 (59.3) 57 (40.7)

INS ¼ Intestinal insufficiency, IF ¼ Intestinal failure.
BMI: Body mass index, FFMI: fat free mass index, HGS: handgrip strength, GPS: Glasgow Prognostic Score.
*p � 0.05.

a n (%).

S. Mikkelsen, M. Køhler, T. Østergaard et al. Clinical Nutrition ESPEN 44 (2021) 449e457
HGS¼ 15.3% and IF: BMI¼ 25.7%, FFMI¼ 23.6%, HGS¼ 39.9%) and p-
alb (INS: BMI¼ 16.8%, FFMI¼ 18.3%,HGS¼ 24.8%and IF: BMI¼ 35.7%,
FFMI ¼ 36.4%, HGS ¼ 54.3%) in both patient groups. There was a sig-
nificant difference in which assessment criteria used to diagnose
malnutrition among IF patients (p < 0.05).

Fig. 3 shows the prevalence of the INS and IF patients identified
as malnourished when combining GPS 1 or 2 with BMI, FFMI or
HGS. Significant more IF patients were identified as malnourished
using all combinations compared to INS patients (p < 0.05).
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3.3. Agreement

Agreement between ‘Low BMI and GPS 1 or 2’, ‘Low FFMI and
GPS 1 or 2’ and ‘Low HGS and GPS 1 or 2’ was: 8.0% for INS and
25.7% for IF. Agreement is presented in Fig. 4.

The same trend was found when p-CRP and p-alb were used to
calculate agreement between BMI, FFMI and HGS. However, the
agreement was 4.4% and 15,0% for INS and IF patients using p-CRP
and 7.3% and 24.3% for INS and IF patients using p-alb.



Fig. 3. Identification of malnutrition when combining GPS 1 or 2 with BMI, FFMI or HGS. INS ¼ Intestinal insufficiency, IF ¼ Intestinal failure. BMI: Body mass index, FFMI: fat free
mass index, HGS: handgrip strength, GPS: Glasgow Prognostic Score. *p < 0.05.

Fig. 4. Agreement between criteria combinations when combining GPS 1 or 2 with BMI, FFMI or HGS. INS ¼ Intestinal insufficiency, IF ¼ Intestinal failure. BMI: Body mass index,
FFMI: fat free mass index, HGS: handgrip strength, GPS: Glasgow Prognostic Score.
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3.4. Severity of malnutrition

Significantly more patients with IF were diagnosed with severe
malnutrition compared to patients with INS (43 vs. 26, p ¼ 0.012),
and IF patients had significant higher risk of being severely
malnourished (OR¼ 2.1 [CI95%: 1.2e3.8]). Therewas only a tendency
in the IF group with moderate malnutrition compared to patient
Table 3
Malnutrition severity grading based on BMI.

Malnutrition severity grading based on BMI INSa

No malnutrition 89 (56.0)
Moderate malnutrition
<20 kg/m2 if < 70 y or <22 if � 70

22 (44.9)

Severe malnutrition
<18.5 kg/m2 if < 70 y or <20 if � 70

26 (37.7)

All 137

INS ¼ Intestinal insufficiency, IF ¼ Intestinal failure.
*p � 0.05.

a n (%).

454
with INS (27 vs. 22, p¼ 0.180, OR¼ 1.6 [CI95%: 0.8e3.0]) when using
BMI to estimate the severity of malnutrition (see Table 3).

4. Discussion

In the present study, we investigated the prevalence and
severity of malnutrition in 137 INS patients and 140 IF patients at a
IFa p-value OR

70 (44.0) Reference
27 (55.1) 0.180 1.6 [0.8; 3.0]

43 (62.3) 0.012* 2.1 [1.2; 3.8]*

140
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tertiary intestinal failure referral center. Prevalence of malnutrition
using different criteria in etiology such as GPS 1 or 2 combinedwith
different phenotypic criteria such as BMI or FFMI or HGS were
22.6%, 23.4% and 26.3% among INS patients and 40.7%, 40.0% and
59.3% among IF patients. However, agreement between the
different combinations was very low in both group of patients. This
means, that using different available criteria combinations will not
identify the same patients as being malnourished. Furthermore, a
difference in severity of malnutrition as measured by BMI was
found between the two patient groups, where patients with INS
had a higher BMI as compared to IF patients. A similar finding was
found in another study where INS patients had a BMI of 22.9 kg/m2,
while patients with IF had a BMI of 19.9 kg/m2 (p < 0.05) [43].

According to Cederholm et al. (2019), there are many different
GLIM criteria combinations comprising at least one phenotypic and
one etiologic criteria for the diagnosis of malnutrition [32]. Due to
i.e., cultural, logistics and economic situation, not all of the sug-
gested criteria may be investigated and thus be part of the diag-
nosis of malnutrition. However, there are no guidelines for which
combination is best, and how many of the criteria should be ful-
filled for making the diagnose, except for at least one criterion for
each. Keller et al. (2020) concluded that no specific combination
might fit better than another [44]. Based on the results from our
study, clear guidance and recommendations for combinations to
use in clinical practice is important, because AMC identified a
significantly lower proportion of malnourished patients compared
to FFMI, BMI and HGS as phenotypic criteria. It can be questioned
whether AMC can be used to identify malnutrition or rather can it
predict complications in surgery. Recent a study found that midarm
circumference and midarm muscle area were the most relevant
criteria to predict complications in patients undergoing gastroin-
testinal surgery [34]. In other patient groups, studies have found
that successful combinations to identify malnutrition are to
combine weight loss and CRP [45], weight loss and reduced food
intake [34,45] and include HGS as a phenotypic criterion [46].

In the present study the combinations found approximately the
same proportion of malnutrition, furthermore agreements be-
tween the various combination were 8.0% for INS and 25.7% for IF.
This substantiates the need for developing guidelines for which
combinations to use, because they did not identify the same pa-
tients as being malnourished, although the prevalence of malnu-
trition was roughly the same regardless the combination of criteria
used. However, agreement was greatest in the IF patients compared
with the INS patients. This means, there was a difference in which
combinations used in different patient groups, as there was no
significant difference between the combinations among the INS
patients, while a significant difference between the combinations
was found in IF patients. Most malnourished patients were iden-
tified using GPS 1 or 2 and HGS among the patients with IF, how-
ever it is important to remember that this study did not compare
the findings with a golden standard, and thus cannot conclude
upon which combination criteria should be used. Furthermore, in
the GLIM criteria it is suggested, that in situations where muscle
mass cannot be readily assessed then HGS is an appropriate sup-
porting proxy [32]. However, this has to be further examined. This
low agreement between different criteria for identifying patients
with the diagnose “malnutrition”, and thus not identifying the
same patients being malnourished might have implications for
reimbursement, prevalence rates even between same patient
groups, effect of nutritional intervention studies, guidelines and
regulatory affairs.

When using the three combinations 22%e26% of the patients
with INS were malnourished, while 40%e59% were malnourished
among the IF patients. Compared to other studies that used the
GLIM criteria to identify malnutrition among patients with IBD [33]
455
and patients undergoing gastrointestinal surgery [34,35], the pro-
portion of malnourished patients were approximately the same.

In the present study, BMI was used to assess the severity
of malnutrition, and IF patients had significantly higher odds of
being severely malnourished compared to patients who were
not malnourished. No significant difference between moderate
malnutrition in the two patient group were found. According to
Cederholm et al. (2019), BMI will not be used in all countries to
identify malnutrition and the severity of malnutrition, because in
some countries a large proportion of the population is overweight
or obese. Therefore, a large weight loss is required before the pa-
tients are identified as underweight [32]. In this study, in average
the patients were normal weight (22.1 ± 4.3 kg/m2), but unfortu-
nately there is an overweight tendency in the Danish population,
where about 51% were moderate or severely overweight according
to the health profile from 2017 [47]. It can be discussed whether the
use of BMI will give the right picture of the proportion of malnu-
trition in Denmark, because the proportion of overweight is
increasing, and e.g. North American does not use low BMI, because
of the obesity problem [32]. Because of that, weight loss in percent
should be considered as criterion to identify malnutrition and
assessing the severity of malnutrition in the Danish setting. Other
studies found that the best combinations for identifying malnu-
trition are using weight loss in percent as the phenotypic criterion
[34,45,48,49].

This study describes the different prevalence of malnutrition
using the GLIM criteria in the two groups of patients. The approach
relies on the implicit assumption that phenotypic GLIM criteria are
independent of each other, but this may or may not be the case. The
low agreement in INS patients may indicate independence, but the
higher rate in IF patients may point to an interaction of the criteria.

4.1. Study limitations

This is a retrospective study and certainly have some limitations.
The cross-sectional nature of this study precludes definitive causal
inferences about the relationship between the different diagnostic
criteria and other risk factors such as i.e., bowel length, absorption
of energy and protein as well as micronutrient intake which were
not accounted for in this study. The study could not validate the
relevance of the different criteria, since no golden standard, semi-
gold standard or health outcome were used, which must be used
for criterion validity and predictive validity, respectively [44].
Therefore, further research is needed so the various GLIM criteria
combinations can be validated accordingly, and if all the GLIM
criteria should be fulfilled for diagnosing malnutrition.

However, patients in the two groups were classified according to
international criterion for IF and INS [36]. To avoid methodological
discrepancies and to achieve best possible accuracy, all measure-
ments of anthropometrics and BIA were performed by the same
researcher and registered in a dynamic nutritional assessment
database over time, which strength this study. Another strength of
this study is, that data obtained from a dynamic database of pa-
tients with INS or IF followed at a highly specialized center of IF.
Further, this database included patients from a well-defined
geographical area comprising two regions in Denmark.

5. Conclusion

We found both prevalence and severity of malnutrition to be
higher in IF patients than INS patients. GLIM criteria were able to
identify approximately same prevalence of malnutrition in INS but
not in IF, when combining GPS with BMI, FFMI and HGS. However,
the agreement was poor in both groups. To our knowledge, this
study was the first study to examine the GLIM criteria among
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patients with IF and INS. Consequently, further validation of GLIM is
needed - including association to clinical outcome in lack of a gold
standard.
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