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Abstract

Background and aims: Physiologic and metabolic changes following spinal cord injury (SCI) lead to an increased 
risk of malnutrition. The Global Leadership Initiative on Malnutrition (GLIM) is a three-step approach to diag-
nose malnutrition: 1) screening; 2) phenotypic and etiological criteria; and 3) malnutrition severity. The main aim 
of this study was to assess malnutrition in patients with SCI, according to the GLIM criteria.
Methods: Patients with SCI (≥ 18 years) admitted to rehabilitation were included. Anthropometrics, food 
intake, and inflammation were assessed on admission. Fat-free mass index (FFMI) was estimated from bio-
impedance analysis. Malnutrition was diagnosed by the GLIM criteria, using the Malnutrition Universal 
Screening Tool (MUST) as the first step screening tool. Sensitivity and specificity analyses were performed.
Results: In total, 66 patients were assessed (50 men) with a mean age of 51.4 (± 17.4) years and median time 
since injury was 37.5 (10–450) days. The mean body mass index was 24.7 (± 4.2) kg/m2, and 1-month involun-
tary weight loss was 5.7 (± 4.4)%. FFMI for men was 17.3 (± 1.9) and for women 15.3 (± 1.6) kg/m2. Forty-one 
patients (62%) were malnourished according to the GLIM criteria: 27 moderately and 14 severely malnour-
ished. MUST was not able to detect malnutrition risk of nine patients, giving a moderate agreement (kappa 
0.66), with a sensitivity of 0.78 and a specificity of 0.92 compared to the GLIM diagnosis.
Conclusions: In this cross-sectional study, 62% of subacute SCI patients were malnourished according to the 
GLIM criteria. The screening tool MUST showed moderate agreement with the GLIM criteria and did not 
detect risk of all patients with a malnutrition diagnosis. The clinical implications of these findings need further 
investigation.
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Metabolic changes after spinal cord injury (SCI) 
demonstrate an increased level of inflamma-
tory markers combined with a hypometabolic 

response (1, 2). Muscle catabolism and negative nitrogen 

balance post-SCI are largely attributed to the conse-
quences of acute motoric and sensory loss, and weight 
loss is normal during the initial weeks of SCI (2–4). 
Diagnosing malnutrition following SCI requires special 

Popular scientific summary
•	 According to global criteria for diagnosing malnutrition (Global Leadership Initiative on 

Malnutrition (GLIM)), the prevalence of malnutrition is high among patients with a subacute 
spinal cord injury (SCI).

•	 Loss of fat-free mass is a natural and inevitable consequence of an SCI and contributes to a 
malnutrition diagnosis.

•	 One may argue that the SCI itself  inflicts a malnourished state of the human body in the acute/
subacute phase.

•	 The validity of the GLIM criteria among patients with a SCI is questioned, and clinical implica-
tions need to be investigated.
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consideration due to muscle atrophy and accompanied 
weight loss. Disease-related malnutrition is characterized 
by reduced food intake and involuntary weight loss and 
is linked to a poorer clinical outcome in terms of recov-
ery, morbidity, and mortality in several patient groups 
(5, 6). A study on a mixed group of hospitalized patients 
in Norway (mostly patients from internal medicine and 
surgery followed by oncology, orthopedics, geriatric, and 
other) emphasizes that many have a reduced food intake, 
particularly after surgery (7). Malnutrition may nega-
tively affect rehabilitation after SCI by increasing the risk 
of pressure injuries, delayed wound healing, infections, 
respiratory complications, and increased length of stay (8, 9). 
Identifying patients at risk of malnutrition is important 
to take appropriate actions to improve nutritional status. 
Malnutrition assessment and diagnosis associated with 
disease or injury have lacked global consensus in the clin-
ical setting. Previous studies have used different tools to 
assess malnutrition risk in the SCI population, includ-
ing the generic Malnutrition Universal Screening Tool 
(MUST), SCI-specific screening tools, and dietetic assess-
ment (8–12). These studies report a high risk of malnutri-
tion among individuals with SCI (8, 9, 11–13).

The Global Leadership Initiative on Malnutrition 
(GLIM) criteria was convened in 2016 and is now the 
globally recommended scheme for diagnosing malnutri-
tion (14). The GLIM guidelines recommend a three-step 
model to detect and diagnose malnutrition by assess-
ing phenotypic and etiological criteria. Step 1 includes 
screening with a validated malnutrition screening tool. 
MUST is an example of a quick and easy tool often used 
in clinical practice (15). Step 2 involves evaluating phe-
notypic criteria; degree of involuntary weight loss, body 
mass index (BMI), fat-free mass (FFM), and etiological 
criteria; food intake and inflammation (14). In step 3, a 
malnutrition diagnosis is set based on the criteria from 
steps one and two, categorized as no, moderate, or severe 
malnutrition. FFM is a relatively new criterion in the 
malnutrition diagnosis. Assessing FFM is important to 
differentiate lean body mass from adipose tissue, as the 
negative consequences of disease-related malnutrition are 
linked to the loss of lean body mass (16). However, few or 
no studies have assessed the FFM of individuals with SCI 
and compared this with criteria for malnutrition diagnosis 
(GLIM).

Several methods to assess FFM exist. In the clinical 
setting, bioimpedance analysis (BIA) is an available and 
non-invasive method to assess body composition. BIA 
differentiates body composition by measuring the elec-
trical water conductivity of tissues, and the accuracy of 
BIA depends on hydration status and mathematical equa-
tions to interpret fat and FFM (17). Increased extracellu-
lar water after SCI may influence the prediction of total 
body water (TBW) from BIA and estimates of FFM (18). 

However, by using population-specific equations and 
multifrequency BIA, one can achieve reliable measure-
ments of TBW and FFM. In a study among individu-
als with subacute SCI, deuterium dilution (DD) and the 
doubly labeled water method were utilized to calculate 
TBW and FFM, which were then compared to measure-
ments obtained from dual-energy x-ray absorptiometry 
(DXA) and several BIA equations (19). They found that 
a SCI-specific BIA equation developed by Kocina et al. 
(20) had a good fit, showing a high concordance with DD, 
a mean bias of 0.6 kg and moderate limits of agreement 
(LOA) ± 5.2 kg.

The primary aim of the present study was to assess 
the prevalence of malnutrition according to the GLIM 
criteria. Explorative aims were to evaluate the agree-
ment between the MUST risk of malnutrition and the 
GLIM diagnosis. Moreover, we investigate the agreement 
between the manufacturers BIA equation and the equa-
tion developed by Kocina et al. (20).

Methods

Participants
Patients ≥ 18 years of age admitted for SCI rehabilita-
tion were included in this cross-sectional study, from 
October 2018 to March 2023. Patients with congeni-
tal disorders, psychological factors, head trauma, poor 
cognition, lingual barriers, cauda equina, and severe 
comorbidity (alcohol/substance abuse, cancer, progres-
sive disorders, diabetes, and heart failure) were excluded. 
Data on the first 18 patients were obtained from of a pilot 
study, which included a mix of subacute and follow-up 
non-traumatic and traumatic SCI patients. These data 
were collected by a master student in clinical nutrition 
under the supervision of a dietitian (first author: HBS). 
The remaining samples include baseline data from an 
ongoing randomized controlled trial among individuals 
with traumatic SCI admitted for subacute SCI rehabili-
tation. All the data were collected and quality checked by 
the dietitian (HBS). Data on hospitalization and subtypes 
of SCI were obtained from the electronic medical records 
according to the International Standards for Neurological 
Classification of SCI, including the American Spinal 
Injury Associations’ (AIS) impairment scale grade (21).

Nutritional screening
The Norwegian version of the MUST (22), originally 
developed by Stratton and colleagues (15), was used for 
nutritional risk screening (step 1). The nurses at the ward 
performed nutritional screening with MUST routinely on 
admission, including assessment of patient’s body weight, 
BMI, and weight loss (kg) post-injury. This was later 
quality checked by the dietitian. In cases where MUST 
was missing, this was performed by the dietitian based 
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on data from the patients’ journal and dietitian interview. 
Calibrated weight scales at the ward were used, includ-
ing a wheelchair weight scale, standing weight scale, and 
a chair weight scale. All weight scales were routinely cal-
ibrated to ensure its accuracy. As a standard procedure, 
the weight of the wheelchair, shoes, and clothes was 
subtracted to estimate actual body weight. Body height 
was self-reported by the participant. MUST is a five-step 
screening tool using a score system to identify adults who 
are malnourished or at risk of malnutrition. Step 1: calcu-
lating and scoring BMI by measuring height and weight. 
BMI ≥ 20 kg/m2 equals 0 point, BMI 18.5–20 kg/m2 equals 
1 point, and BMI < 18.5 kg/m2 generates 2 points. Step 2: 
calculating and scoring percentage unintentional weight 
loss. Less than 5% weight loss equals 0 points, weight 
loss 5–10% equals 1 point, and ≥ 10% generates 2 points. 
Step 3: score degree of acute disease effect and nutritional 
intake. Acute illness and no nutritional intake for > 5 days 
generate 2 points. Step 4: adding points from steps 1–3 to 
decide overall risk of malnutrition. A total of 0 points = 
low risk, 1 point = moderate risk, and 2 points or more = 
high risk. Step 5 calls on action using local guidelines to 
develop a care plan.

Body composition
To estimate FFM, we used the medical body composi-
tion analyzer Seca 525 (SECA mBCA525) with the soft-
ware Seca analytics 115 (Seca GmbH & Co., Hamburg, 
Germany). SECA mBCA525 is a segmental multifre-
quency BIA-apparatus using the 8-electrode method 
to measure body composition (17). The multifrequency 
Seca mBCA 525 used in our study has not been validated 
among individuals with SCI. However, it shares the same 
properties with the BIA method employed in the study 
by Panisset et al. (19). Accurate measures of  FFM are 
derived from TBW, assuming a hydration fraction for 
FFM of  0.732 (23). To predict impedance and fat mass 
(FM) by BIA, data on weight, height, and waist circum-
ference are required. Measurement of  waist circumfer-
ence was done by the dietitian (HBS) and carried out 
with the patient in a supine position, using a standard-
ized measuring tape mid-abdominal between the lower 
costae and iliac crest. Measurements were performed in 
a fasted state; patients were instructed to not consume 
food/drinks or exercise for at least 8 h prior to the mea-
surement, empty their bladder in the morning, and bed-
rest at least 10 min before the measurement. During the 
measurement, arms were separated about 30° from the 
trunk, and legs were separated by about 45°. We used the 
manufacturers’ estimation of  FFM and compared this 
with FFM calculated with the SCI-specific BIA equa-
tion suggested by Kocina et al. (20, 24). To calculate the 
FFM, we used raw BIA data from the SECA mBCA 525 
device and the SCI FFM-equation:

18.874 + Ht2/R (0.367) + Wt (0.253) – age (0.081) – 
sex (5.384) (male = 0, female = 1) 

in which Ht2 = height in cm squared, R = resistance, 
and Wt = weight in kg. Fat-free mass index (FFMI) was 
obtained by the equation:

FFM (kg)/height (m2).

FM and FM percentage (FM%) were obtained by the 
equation:

Body weight (kg) – FFM SECA (kg)/(kg/100).

Suggested SCI-specific BMI obesity cutoff  at 22 kg/m2 
and FM percentage from the BIA measurement were 
used to describe the prevalence of overweight/obesity in 
our study population (23).

Phenotypic and etiologic criteria
All patients were assessed with the GLIM-malnutrition 
criteria presented in the GLIM consensus report, regard-
less of  risk screening result (14). To achieve a mal-
nutrition diagnosis, at least one phenotypic criterion 
and one etiologic criterion are required. The following 
phenotypic criteria were used: non-volitional weight 
loss of  > 5% within past 6 months or > 10% beyond 6 
months, low BMI (≤ 20 kg/m2 if  < 70 years or ≤ 22 kg/
m2 if  ≥ 70 years). FFMI ≤ 17 kg/m2 for men and ≤ 15 kg/
m2 for women were interpreted as low muscle mass, as 
suggested in the European Society for Clinical Nutrition 
and Metabolism consensus statement (25). The SCI-
specific BIA equations (Kocina) were used to determine 
FFMI. To assess the first etiologic criteria, reduced food 
intake, or assimilation, any reduction in food intake for 
the last 2 weeks upon admission was used. This informa-
tion was obtained by nurses through routine nutritional 
risk assessment upon admission and further confirmed 
during data collection by dietitian interviews. Patients 
were asked if  they had experienced reduced food intake 
in the 10–14 days leading up to admission for rehabilita-
tion. If  it was unclear whether they met their nutritional 
needs, this was checked through a 3-day food diary. 
Patients on full enteral feeding meeting their estimated 
energy needs preceding the time of  assessment were 
interpreted as normally fed. To assess the second etio-
logic criterion, inflammation, and disease burden, ele-
vated C-reactive protein (CRP) ≥ 5 mg/dL was counted 
as inflammation. CRP was routinely collected by blood 
sampling during hospitalization.

Malnutrition diagnosis
Severity grading of  malnutrition was determined based 
on the phenotypic criteria. To obtain a moderate mal-
nutrition diagnosis, the following phenotypic criterion 
is required: 5–10% weight loss within past 6 months or 
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> 10–20% beyond 6 months or ≤ 20 kg/m2 if  < 70 years 
or ≤ 22 kg/m2 if  ≥ 70 years, or mild to moderate muscle 
mass deficit (women ≤ 15 kg/m2 FFMI and men ≤ 17 kg/
m2 FFMI). To obtain a severe malnutrition diagnosis, 
the following phenotypic criterion is required: > 10% 
within past 6 months or > 20% beyond 6 months or 
≤ 18.5 BMI if  < 70 year/< 20 if  ≥ 70 years, or severe mus-
cle mass deficit (women ≤ 15 kg/m2 FFMI and men ≤ 17 
kg/m2 FFMI). The BIA Kocina equation was applied 
across the whole sample to establish the FFMI cutoff. 
Lower BMI cutoff  according to GLIM is ≤ 18.5 kg/m2 or 
≤ 20 kg/m2 if  ≥ 70 years.

Statistics
Data are presented as mean and standard deviation, 
median and 25–75 percentiles, or frequencies and percent-
ages, depending on the nature of the data. Categorical 
data were presented using frequencies. For comparison 
of categorical data, Pearson Chi-square Test or Fisher’s 
Exact Test was used. Sensitivity, specificity, and Cohen’s 
kappa were used to evaluate the agreement between the 
MUST screening and the GLIM diagnosis using crosstabs. 
The Cohen’s kappa was interpreted as follows: 0–20 no 
agreement, 0.21–0.39 minimal, 0.40–0.59 weak, 0.60–0.79 
moderate, 0.80–0.89 strong, and ≥ 0.90 as almost perfect 
agreement (26). Relative agreement of the two estimates 
of FFMI was determined by intraclass correlation coef-
ficients (ICCs) (two-way random, absolute agreement). A 
Bland-Altman plot was performed to explore bias (esti-
mated by mean differences), LOA (mean difference ± 1.96 
SD), and the presence of outliers in the data. Proportional 
bias was assessed by analyzing the Pearson’s correlation 
coefficient and the vertical spread of scatter points for the 
mean of the two BIA equations (27). One sample t-test 
was used to evaluate mean difference between the two 
FFMI estimations. All statistical analyses were performed 
using IBM SPSS Statistics for Windows, version 28 (IBM 
Corp., Armonk, NY, USA).

Ethics
The implementation of this study was in accordance with 
the “Declaration of Helsinki”, and all patients signed the 
consent form to participate. This study was approved by 
the Regional Committee of Medical and Health Research 
Ethics (REK 2017/2443). All patients at risk of malnutri-
tion were further assessed in accordance with the hospi-
tal’s procedures.

Results

Patient characteristics
Ninety-four patients were eligible to participate in 
the  study, but 16 patients were excluded due to psycho-
logical factors, lingual barriers, and severe comorbidity. 

Twelve patients declined participation. In total, 66 patients 
were included in the study, 16 women and 50 men. Median 
time since injury was 37.5 days, ranging from 10 to 450 
days. Table 1 describes characteristics of the study pop-
ulation, including age, time since injury, level and sever-
ity of the SCI, weight on acute admission, unintentional 
weight loss, BMI, waist circumference, and FFMI (calcu-
lated with the SCI-specific Kocina equation and the man-
ufacturers’ estimation). Mean unintentional weight loss 
was 5.9% (5.2) at 1-month post-SCI. Mean BMI of all 
patients was 24.7 (4.2) kg/m2. Two patients were classified 
as underweight (BMI ≤ 18.5 kg/m2), and one patient was 
underweight according to the GLIM age-modified cutoff  
at ≤ 20 kg/m2, ≥ 70 years. A total of 18 patients were classi-
fied as overweight (BMI ≥ 25.0–29.9 kg/m2), and five were 
obese according to BMI ≥ 30.0–34.9 kg/m2. According to 
the suggested SCI-specific obesity BMI cutoff at 22 kg/
m2, 49 patients (74%) were overweight. Forty-six patients 
(39 men and 7 women) had a FM percentage (measured 
by BIA) corresponding to obesity (SCI cutoff ≥ 22% FM 
men and ≥ 35% FM women) (28).

Malnutrition diagnosis according to GLIM
In total, 41 patients (62%) were diagnosed as malnour-
ished according to the GLIM criteria, 27 patients were 
categorized with moderate malnutrition and 14 patients 
had severe malnutrition (Table 2). The MUST screen-
ing revealed 19 patients at moderate risk and 15 at high 
risk of  malnutrition, while 32 patients were assessed as 
having low risk (Fig. 1). Nine of  the 32 patients with 
low risk according to the MUST were classified as mod-
erately malnourished according to GLIM (Fig. 1). The 
only phenotypic criteria of  the nine patients were low 
FFMI (Table 3). Four of  these nine patients had a com-
bination with the etiological criteria low food intake and 
inflammation (Table 3). One of  the four patients were 
assessed 450 days post-injury as part of  follow-up in the 
initial pilot study and had a combination of  low FFMI 
and inflammation. Two patients were screened to “mod-
erate risk” according to the MUST but had no malnu-
trition diagnosis according to GLIM. One of  the two 
patients had a moderate weight loss and low FFMI, but 
no etiologic criteria, resulting in no GLIM diagnosis. 
The other individual had no weight loss, but suboptimal 
FFMI according to the manufacturers’ BIA equation, in 
addition to low food intake and inflammation. The same 
individual had a normal FFMI using the SCI-specific 
BIA equation, resulting in no phenotypic criteria and 
therefore no GLIM diagnosis. Table 1 describes charac-
teristics of  the 41 individuals with a GLIM diagnosis.

The screening tool MUST showed moderate agreement 
with GLIM diagnosis (Cohen’s kappa 0.66), with a sensi-
tivity of 0.78 and a specificity of 0.92 compared to GLIM 
diagnosis.
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The crucial variable resulting in GLIM-malnutrition 
diagnosis was moderate or severe weight loss. Table 3 
illustrates the individual combinations of phenotypic and 
etiologic criteria with GLIM diagnosis and malnutrition 
risk in all 66 patients.

FFM estimations
The manufacturer’s BIA equation and the SCI-specific 
Kocina equation were used to calculate FFMI. There 
was a strong linear correlation r = 0.86 (P < 0.001) 
between the two equations (Fig. 2A), and the relative 
agreement was excellent (ICC = 0.92, two-way random). 

The manufacturer’s equation tended to overestimate the 
FFMI compared to the Kocina equation (mean difference 
0.207 kg, 95% CI, −0.09 – 0.501, P = 0.087). The Bland-
Altman plot (Fig. 2B) illustrates no proportional bias 
(P = 0.086) and moderate LOA ± 2.36 kg.

Discussion

Malnutrition diagnosis after SCI
In this cross-sectional study, almost two-thirds of our SCI 
patients was diagnosed as either moderately or severely 
malnourished according to the GLIM criteria. We found 

Table 1.  Patient characteristics and injury characteristics for the whole study population (N = 66) and the GLIM positive patients (N = 41).

Characteristic Study population GLIM positive

Mean (± SD) Mean (± SD)

Age at injury (years) 51.4 (17.4) 49.9 (17.9)

Gender, n (male/female) 50/16 32/9

Time since injury (months)a 1.3 (0.3,15) 1.3 (0.5,15)

Time since injury (days)a 37.5 (10,450) 38 (15,450)

Weight on acute admission (kg)b 78.4 (14.6) 75.4 (13.0)

Weight loss kg/%c 5.7 (4.4) / 6.8 (5.0)† 7.3 (4.5) / 8.8 (4.8)

BMI (kg/m2)d 24.7 (4.2) 23.5 (3.1)

BMI categories N N

  < 18.5 kg/m2 2 2

  18.5-25 kg/m2 41 29

  25-30 kg/m2 18 9

  > 30 kg/m2 5 1

Waist circumference, supine (cm) males/femalese 95.4 (12.3) / 88.0 (14.8) 92.6 (11.6) / 78.4 (6.7)

FFMI kg/m2 males/females. manufacturef 18.1 (2.3) / 15.2 (1.1) 17.2 (2.0) / 14.8 (1.0)

FFMI kg/m2 males/females. Kocinag 17.3 (1.9) / 15.3 (1.6) 17.3 (1.7) / 14.4 (1.0)

Fat mass % males/females, manufacturersh 25.8 (8.1) / 34.6 (10.0) 26.3 (7.8) / 30.9 (7.0)

Fat mass % males/females, Kocinai 26.6 (6.3) / 35.2 (6.5) 25.7 (5.9) / 33.0 (6.1)

Etiology and severity of SCI N N

 Traumatic 57 35

  Nontraumatic 9 5

Neurological assessmentα

  C1-4AIS A, B and C 9 5

  C5-8 AIS A, B and C 9 6

 T1-S3 AIS A, B and C 17 12

 AIS D at any injury level 31 17

aTime since injury; months/days between time of injury and baseline data, median (range) non-normal distribution.
bWeight on acute admission.
cWeight loss; difference between weight at baseline and weight at time of injury (kg/%).
dBody mass index (BMI) (kg/m2) on acute admission.
eWaist circumference measured in a supine position, n = 2 missing data.
fFat-free mass index (FFMI) estimated by bioimpedance analysis (BIA) with the manufacturers equation (SECA), n = 2 missing data.
gFat-free mass index (FFMI) calculated with a spinal cord injury (SCI)-specific equation (Kocina) based on raw data from the BIA measurment. n = 2 
missing data.
hFat mass % estimated by bioimpedance analysis (BIA) with the manufacturers equation (SECA). n = 2 missing data.
iFat mass % calculated with a spinal cord injury (SCI)-specific equation (Kocina) based on raw data from the BIA measurment. n = 2 missing data.
†, Nine patients had a weight gain.
α, American Spinal Injury Association (ASIA) impairment scale (AIS).
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a moderate agreement between the screening tool MUST 
and the GLIM diagnosis. However, nine patients (14%) 
were “false” negative, that is, according to the MUST 
screening tool, they were categorized as having low risk 
of malnutrition, while according to the GLIM criteria, 
they had a moderate malnutrition diagnosis. All the nine 
patients were diagnosed with malnutrition due to the 
phenotypic criteria of low FFMI in combination with the 
etiologic criteria of reduced food intake and/or inflamma-
tion. CRP was used as a simple measure of inflammation 
status. CRP is an acute-phase reactant, which increases 
following acute traumatic SCI due to a cascade of inflam-
matory reactions (29). Inflammation is one of the main 
drivers of disease-related malnutrition and is therefore 
relevant in the acute/subacute assessment of malnutri-
tion following SCI (30). MUST screening was part of 
the routine clinical assessment at our hospital ward and 

was therefore used in this study. We cannot rule out that a 
more SCI-specific screening tool could have led to differ-
ent results. The spinal nutrition screening tool (SNST) is 
a more specific malnutrition screening tool developed by 
SCI dietitians in the UK, and includes weight loss, BMI 
adjusted to SCI, age, neurological level of  injury, other 
medical conditions, diet, appetite, and ability to self-
feed. In a study by Wong et al. on 150 SCI patients, the 
SNST showed good validity compared to MUST (sensi-
tivity 86% and specificity 76%) (12). This indicates that 
MUST is a valid tool to assess malnutrition risk in the 
SCI population. In a study by Flury et al., they used the 
SNST at discharge and 3 months post-SCI to calculate 
malnutrition risk (31). Out of 252 SCI patients, 62% had 
a malnutrition risk at 3 months post-injury and 40% at 
discharge (31). Our results support previous reports on 
malnutrition risk among SCI individuals, and this study 
highlights that the malnutrition risk can be elevated even 
above the acute phase. 

Current malnutrition diagnostics tools do not consider 
the obligatory weight and muscle loss after SCI. One could 
argue that the SCI itself puts the body into a malnour-
ished state with involuntary weight loss and muscle atro-
phy. Thus, the validity of using the GLIM criteria as gold 
standard diagnostics criteria in the SCI population can be 
questioned. Ideally, monitoring tissue loss above the lesion 
level, including individual energy needs and diet, could give 
a more precise estimation of malnutrition risk and diagno-
sis after SCI. Moreover, this would enable more targeted 
nutrition interventions. However, techniques for accurately 
measuring the distribution of body tissue, such as magnetic 
resonance imaging analysis and computed tomography, are 
costly and have limited availability in the clinical setting.

Using the whole GLIM process provides valuable 
information on nutritional status at the individual level 
and adds value in terms of choosing actions to improve 
nutritional status. As earlier mentioned, nine patients were 
classified with “low risk” in step 1 of the GLIM process 
(screening) and would be undiagnosed in an ordinary 
clinical setting. As we performed all steps of GLIM on 
all our included patients, we found all nine patients to be 
moderately malnourished due to low FFMI and a com-
bination of low food intake and/or inflammation, but no 
weight loss. The low FFMI could be due to the irreversible 
consequences of SCI, which includes skeletal muscle atro-
phy and loss of FFM (4, 32). This aspect likely pertains 
in the chronic phase of an SCI and is particularly plau-
sible for the individual who was evaluated 450 days post-
SCI, presenting with both low FFMI and inflammation. 
Elevated CRP levels are commonly observed in chronic 
SCI, attributed to clinical factors such as pressure ulcers, 
urinary tract infections, lack of physical activity, and 
accumulation of adipose tissue (33, 34). Therefore, CRP is 
probably less sensitive as a criterion for malnutrition in the 

Table 2.  GLIMa screening, assessment, diagnosis, and grading of 
malnutrition in our population (N = 66).

GLIMa steps N

Step 1: Screening

  0 = low risk 32

  1 = medium risk 19

  > 2 high risk 15

Step 2: Assessment criteria

Phenotypic criteria, any 44

  Weight lossb,c 33

  Low body mass index (kg/m2)d 3

  Reduced muscle masse 26†
Etiologic criteria, any 64

  Reduced food intake or assimilatocf 30

  Inflammationg 56

Step 3: Severity

  Moderate malnutritionh 27

  Severe malnutritioni 14
aGlobal Leadership Initiative on Malnutrition.
bModerate weight loss: 5–10% within past 6 months or > 10–20% 
beyond 6 months.
cSevere weight loss: > 10% within 6 months or > 20% beyond 6 months.
dBody mass index (BMI) < 18.5 kg/m2 if < 70 years, or < 20 kg/m2 if 
> 70 years.
eFat-free mass index (FFMI) < 17.0 kg/m2 for men and < 15.0 kg/m2 for 
women.
fany reduction in food intake for > 2 weeks.
gacute disease/injury or chronic disease-related. Severe inflammation 
associated with trauma, major infection, burns or closed head injury. 
High C-reactiv protein (CRP) if combined with any of the inflammation 
states mentioned.
hRequires 1 phenotypic criterion; 5–10% within past 6 months or 
> 10–20% beyond 6 months or < 20 BMI if < 70 yr/< 22 if > 70 yr, or 
mild to moderate muscle mass deficit.
iRequires 1 phenotypic criterion; > 10% within past 6 months or > 20% 
beyond 6 months or < 18.5 BMI if < 70 yr/< 20 if > 70 yr, or severe 
muscle mass deficit.
†, n = 2 missing.
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chronic phase of SCI. However, four of these patients also 
reported a low food intake, and a poor diet could partly 
explain the low FFMI. Indeed, individuals with SCI are 
at risk of poor dietary intake throughout all phases of the 
injury. Regular and individual dietary assessments after 
SCI are important for targeted interventions and should be 
included into SCI rehabilitation and follow-up protocols.

Sarcopenic obesity
All except four patients were normal to obese according 
to the general BMI scale, despite involuntary weight loss. 
A suggested obesity cutoff  for individuals with chronic 
SCI is BMI ≤ 22 kg/m2, and a large proportion of our 
study population were obese according to these SCI cut-
offs (35). Body FM results measured by BIA confirmed 
this finding. A study examining FM among athletes 
with SCI discovered a weak correlation in percentage fat 
between DXA and the BIA Kocina equation (36). This 
was attributed to individual differences in hydration lev-
els, and we cannot rule out that this extends to our data, 
resulting in a potential underestimation of FM from BIA 

in our study. The combination of low FFM and high 
FM, termed “obese sarcopenia”, may partly explain the 
increased cardiometabolic risk among individuals with 
SCI (28). However, it is important to emphasize that obe-
sity and malnutrition can coexist, and a high pre-injury 
weight may mask a disease-related malnutrition unless 
necessary examinations are undertaken. This presents a 
challenge in diagnosing malnutrition in individuals with 
SCI and necessitates special measures to address it. This 
includes guiding and empowering patients to adopt a bal-
anced diet that maintains their initial obligatory weight 
loss and establishes a new, healthier weight adjusted to the 
muscle loss. Doing so may help prevent future cardiomet-
abolic health issues.

Consequences of malnutrition
Consequences of malnutrition in the initial weeks post-
SCI are poorly understood (3). However, it is plausible 
to suggest that malnutrition may negatively impact recov-
ery and muscle mass preservation and increase morbid-
ity. A randomized clinical trial by Kaegi-Braun et al. 

Fig. 1.  Flow diagram of the study. Patient recruitment was performed from 2018 to 2023. Out of 94 eligible patients, 28 were 
excluded due to psychological factors, lingual barriers, severe comorbidity, or refusal to participate in this study. Finally, 66 
patients were included in this study. Step 1: MUST screening was performed by nurses at the ward and then quality checked by 
the researcher/dietitian. Step 2: interpreting phenotypic and etiologic criteria. Step 3: determining the severity level of the mal-
nutrition diagnosis, which was performed by the researcher/dietitian. A total of 27 patients were diagnosed as moderately mal-
nourished, and 14 patients had a severe malnutrition diagnosis. GLIM, Global Leadership Initiative on Malnutrition Criteria; 
MUST, Malnutrition Screening Tool.
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Table 3.  Individual combinations of phenotypic and etiologic criteria according to GLIMa (n = 66).

ID Phenotypic Etiologic GLIM diagnosis MUSTj

Low BMIb Weight loss 5–10%c Weight loss > 10%d Low FFMIe Low Food intakef Inflammationg Severity levelh,i Risk score

1 X X severe high

2 X X X severe high
3 X X severe high
4 X X X moderate moderate
5 X X X moderate low
6 X X X moderate high
7 X X X X moderate moderate
8 X X moderate low
9 X X X moderate moderate
10 X X X moderate low
11 X X X severe high
12 X X X X severe high
13 X X X X X severe high
14 X X moderate low
15 X X severe high
16 X X X moderate moderate
17 X X moderate moderate
18 X X moderate moderate
19 X X X X moderate moderate
20 X X X severe severe
21 X X X moderate moderate
22 X X X X moderate moderate
23 X X X X severe severe
24 X X X X moderate moderate
25 X X moderate low
26 X X X severe high
27 X X moderate moderate
28 X X X X moderate moderate
29 X X X moderate moderate
30 X X X severe high
31 X X moderate low
32 X X moderate low
33 X X X moderate low
34 X X X severe high
35 X X severe high
36 X X X moderate moderate
37 X X moderate moderate
38 X X moderate moderate
39 X X X moderate low
40 X X X severe high

41 X X moderate low

Bold = individuals with low malnutrition risk and positive GLIM diagnosis.
aGlobal Leadership Initiative on Malnutrition.
bBody mass index (BMI) < 18.5 kg/m2 if < 70 years, or < 20 kg/m2 if > 70 years.
cModerate weight loss: 5–10% within past 6 months or > 10–20% beyond 6 months.
dSevere weight loss: > 10% within 6 months or > 20% beyond 6 months.
eFat-free mass index (FFMI) < 17.0 kg/m2 for men and < 15.0 kg/m2 for women.
fany reduction in food intake for > 2 weeks.
gacute disease’injury or chronic disease-related. Severe inflammation associated with trauma,
major infection, bums or closed head injury. High C-reactiv protein (GRP) if combined with any of the inflammation states mentioned.
hRequires 1 phenotypic criterion: 5–10% within past 6 months or > 10–20% beyond 6 months or < 20 BMI if < 70 yr/< 22 if > 70 yr, or mild to moderate 
muscle mass deficit.
iRequires 1 phenotypic criterion: > 10% within past 6 months or > 20% beyond 6 months or < 18.5 BMI if < 70 yr/< 20 if > 70 yr, or severe muscle mass deficit.
jMalnutrition Universal Screening Tool.
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found significantly higher incidence of adverse clinical 
outcomes (all-cause mortality, readmissions, respira-
tory/renal/gastrointestinal failure, cardiovascular events, 
or decline in functional status) among acutely admitted 
hospital patients (non-SCI) who were GLIM positive 
(malnourished) compared to GLIM negative (well-nour-
ished) patients (OR 1.65; 95% CI 1.32–2.06; P < 0.001). 
This association was even stronger for the outcome 30-day 
mortality. Importantly, they observed a higher reduc-
tion of adverse clinical outcomes among GLIM positive 
patients who received individual nutritional therapy ver-
sus standard hospital food (37). Wong et al. found similar 
results in a prospective study among individuals with SCI 

newly admitted to UK SCI centers. Here, they used both 
the SNST and MUST and detected a malnutrition prev-
alence of 44.6% (12). In a second paper, they found that 
patients classified as malnourished, or at risk, had a signif-
icant association with longer inpatient hospital stay, and 
greater 12-month mortality (11). Although the duration 
of inpatient hospital stays and mortality after SCI have 
multifaceted causes, this study highlights the importance 
of addressing and monitoring nutritional status after SCI.

As discussed in the previous section, muscle fat infil-
tration, body weight, and total FM tend to increase 
over time among individuals with SCI (38, 39). The risk 
of gaining weight and accumulating FM following SCI 

Fig. 2.  Fat-free mass index (FFMI) assessed by whole-body BIA. (A) Scatter plot for manufacturer’s and Kocina equation FFMI 
(kg/m2) estimates (R2 = 0.047, SEE = 1.19). Pearson’s correlation coefficient r (P-value), 0.86 (P < 0.001). The solid line represents 
the regression line between mean FFMImanufacturer’s and FFMIKocina. (B) Bland-Altman plot to show absolute agreement between 
FFMI estimates of FFMI (kg/m2) from the manufacturer’s and Kocina equation. The solid line represents the mean difference 
of 0.207 kg, with dotted lines representing 95% LOA (± 1.96 SD) of −2.158 to 2.581 kg (P = 0.086).
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is important to consider early in the rehabilitation set-
ting. Importantly, more attention on nutritional support 
during the malnourished state of SCI and transition to 
the more “well-nourished” state is required. Methods to 
accurately assess and treat malnutrition following SCI 
remain to be explored, including the short- and long-term 
clinical implications.

Body composition
A reliable BIA measurement depends on the precise esti-
mation of TBW. It is well known that individuals with SCI 
have increased extracellular water, which, in turn, affects 
TBW estimations (18). Panisset et al. used isotope tracer 
dilution (the reference method for measuring TBW) in a 
population of subacute SCI to validate estimates of FFM 
from BIA-based predictive equations developed for the 
SCI population (19). They found that the Kocina equa-
tion showed the best fit; however, it increasingly underesti-
mated FFM as the value of FFM increased, compared to 
the gold standard isotope dilution technique. In the pres-
ent study, agreement between the manufacturers FFMI 
estimates and the Kocina FFMI estimates was good at a 
group level. It is unclear which equation reflects the true 
value, as we lack comparison to reference methods of 
FFM, such as isotope dilution technique, magnetic reso-
nance imaging, or DXA.

Strengths and limitations
Strengths of this study include a fair number of patients, 
considering the low annual incidence rate of SCI in 
Norway. Furthermore, the same dietitian performed all 
BIA measurements and waist circumference, except for 
the first 18 patients, which were performed by a master 
student in clinical nutrition under the supervision of the 
dietitian. Some limitations need to be addressed. First, 
height was self-reported and could be a possible bias in 
the BMI assessment. Weight was obtained in a clinical 
setting, from different nurses, using two types of scales 
(wheelchair weight and a portable standing scale). This 
may have led to bias, which can have influenced the accu-
racy of the BIA measurements. However, the nurses were 
instructed on how to weigh the patients, and this was per-
formed under the supervision of the dietitian. Another 
weakness is that imbalance in extracellular and intracellu-
lar fluids may have affected the BIA measurement, leading 
to estimation bias of FFM in this population. We did not 
use data on waist circumference and SCI-specific BMI 
cutoffs for the interpretation of our findings. We care-
fully considered this issue and concluded not to use SCI-
specific BMI as these cutoff  values are more applicable to 
chronic SCI patients. Another consideration was that we 
intended to apply the GLIM criteria to this population 
and, therefore, choose the GLIM-recommended cutoff  
points. MUST is not a screening tool specific to SCI, but 

it was utilized because it was part of the standard routine 
assessment in the rehabilitation hospital. Similarly, BIA 
was selected because it was the only clinically available 
instrument at our rehabilitation facility and offered an 
easy, low-cost, bedside method to measure FFM.

A small number of the patients had a longer time 
since injury, as the first 18 patients were part of a pilot 
which included a mix of traumatic, non-traumatic, and 
follow-up SCI individuals, with various time since injury. 
This prompt questions regarding some of the individual 
results, as certain malnutrition criteria, such as standard 
FFMI cutoffs and CRP, are not well-suited for individuals 
with SCI in the chronic phase. Furthermore, we did not 
analyze potential gender differences from the BIA assess-
ment due to the absence of reference methods. Finally, the 
lower FFMI cutoffs established in the GLIM criteria may 
not be universally applicable to all individuals with SCI, 
given variations across type of injury, gender, and age.

Conclusion
In this cross-sectional study, 62% of individuals with sub-
acute SCI were malnourished according to the GLIM 
criteria. The screening tool MUST showed moderate 
agreement with the GLIM criteria and did not detect risk 
of all patients with a malnutrition diagnosis. The clinical 
implications of these findings need further investigation, 
and there is a need for an international consensus on crite-
ria for diagnosing malnutrition following SCI. Moreover, 
our findings suggest that both the manufacturer’s equa-
tion and the Kocina equation can be used in a clinical set-
ting to estimate FFM. However, further validation and 
reliability studies are needed to confirm the accuracy of 
FFM estimates from BIA among individuals with SCI.
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