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STUDY DESIGN: Observational study
OBJECTIVE: To describe body mass index (BMI) during rehabilitation in people with a newly sustained spinal cord injury (SCI).
SETTING: Inpatient SCI rehabilitation in Denmark.
PARTICIPANTS: Inpatients, >18 years, having sustained a SCI within the last 12 months at admission to primary rehabilitation,
inclusive of various SCI etiology, neurological level, completeness of the lesion or mobility status.
METHODS: Measures of BMI were obtained at admission and discharge as part of standard care. At one SCI center measures of BMI
were sampled at follow up 9.5 months after discharge as well. BMI was described by mean and standard deviation (SD). Paired t-test
was used to test difference in BMI between admission and discharge. Repeated measures Analysis of Variance (ANOVA) was used
for analyzing BMI deriving from three time points.
RESULTS: Overall BMI was stable with no change (25.4 kg/m2 at admission and 25.6 kg/m2 at discharge) during rehabilitation at the
two national centers. In participants with an American Spinal Injury Association (ASIA) Impairment Scale (AIS) D classification, BMI
was higher during rehabilitation compared to the other groups and increased significantly (p= 0.008) from discharge to follow up.
CONCLUSIONS: Overall BMI was stable but higher than recommended in people with SCI undergoing rehabilitation at the two
national centers in Denmark. Participants with an AIS D SCI were obese according to SCI adjusted BMI and the World Health
Organization (WHO) recommendations during rehabilitation and at follow up.
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INTRODUCTION
Spinal cord injury (SCI) predisposes to overweight and a
conservative estimate of the overweight prevalence in people
with SCI is of 66% [1]. Obesity was found to reduce functional
outcomes in patients with SCI undergoing rehabilitation [2] just as
overweight was found to be one of the most common cardio-
metabolic risk factors among people with SCI [3, 4]. In people with
paraplegia who were wheelchair users overweight increased the
cardiovascular risk profile [5].
When sustaining a SCI people experienced a loss of muscle

mass. The severity of the loss increased in accordance with a
higher neurological level of injury and with the completeness of
the SCI [6, 7]. Energy expenditure decreased significantly and
remained low due to loss of muscle mass and inactivity [6, 8].
During the first year after injury, a loss of lean body mass and
increase in body fat occurred [8, 9]. Improvement in severity
during the first year after SCI with a potential to gain in
lean body mass and thus impact on body weight has been
reported [10].

Due to these changes and fluctuations in body weight, body
composition and SCI severity over time, it is important to monitor
body weight in order to identify and manage obesity in daily
clinical practice due to the cardio-metabolic risk factor [11].
Although body mass index (BMI) lacks the sensitivity to distinguish
between fat mass and lean body mass, and despite challenges
with accurate assessment of body weight and height, needed for
the calculation of BMI, it is the most widely used outcome
measure for body mass in people with SCI in clinical practice [12].
The BMI cut off for overweight in the able bodied population
seemed to underestimate obesity in people with SCI [6, 11–13].
Therefore, the clinical practice guideline for identification and
management of cardio-metabolic risk after SCI recommended the
use of the SCI adjusted BMI cut off ≥22 kg/m2 for overweight in
people with chronic SCI [1, 12].
In Denmark 65–80% of all newly injured people with SCI are

classified as American Spinal Injury Association (ASIA) Impairment
Scale (AIS) D at discharge from rehabilitation, and 60% are non-
traumatic. The number of patients undergoing rehabilitation in
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Denmark is highest in individuals who are 60–74 years old [14].
However, previous studies on the course of BMI during rehabilita-
tion and after discharge were focusing on participants who were
18–65 years of age, being a wheelchair user or expected to be a
wheelchair user on a permanent basis, even in individuals
classified as AIS D [15–17]. One study included participants with
a traumatic SCI only [18]. In these studies, the course of BMI over
time showed different patterns for different subgroups according
to e.g., level and severity of injury, age and gender. However,
these studies did not include people who were not using a
wheelchair or older than 65 years of age which is the most
common group of people with SCI in Denmark and the Nordic
countries. Therefore, this study will provide useful information to
clinicians about the course of BMI in a sample reflecting clinical
practice in their daily work trying to prevent overweight in people
with a new SCI.
To address the previous divergent findings, we formed a

longitudinal observational study including inpatients who had
recently sustained a SCI and were admitted to one of the two
national centers in Denmark. The annual incidence of traumatic
and non-traumatic SCI admitted to the two SCI centers in
Denmark is of 25–30 per million [14]. Based on clinical experience
and previous studies, we hypothesized that BMI would increase
during rehabilitation and continue increasing from discharge to
follow up [15].

METHODS
Participants and eligibility criteria
This study was an observational study on BMI at admission and discharge
with consecutive enrollment during a 10 months period of all patients with
a new SCI hospitalized at the Department for Spinal Cord Injuries in Eastern
Denmark (DSCIED) and the Spinal Cord Injury Center of Western Denmark
(SCICWD). At DSCIED, data on BMI at follow up 9.5 months after discharge
was collected as well.
Inclusion criteria were: Inpatients; 18 years of age or older; having

sustained a SCI within the last 12 months at admission to rehabilitation
regardless of SCI etiology, neurological level, completeness of the lesion or
mobility status.
Eligible patients gave informed written and verbal consent. Data on BMI

at admission and discharge as well as core characteristics of the
participants including age, gender, time since injury, and neurological
status according to the International Standards for Neurological Classifica-
tion of Spinal Cord Injury (ISNCSCI) [19] were obtained from the electronic
medical record at both centers.

BMI data
All data on measured body weight (kg) and self-reported height (cm) for
calculating BMI (kg/m2), as well as ISNCSCI were collected and registered as
part of standard care. Therefore, no specific instructions on how to collect
data in relation to the study were given. BMI was calculated by the
corresponding author if only data on body weight and height were
registered in the medical record, and a telephone call was made to
the participants involved if body height was not registered, resulting in
their self-reported height, whereby calculation of BMI was possible. At
follow up the participants were dressed during measurement of body
weight and therefore one kilogram was subtracted [20].
For participants having data at both admission and discharge, data

analysis was performed for overall BMI nationwide and for each center.
Also, analysis of BMI according to SCI severity was performed nationwide
and for each center. SCI severity was described according to the AIS
classification and the participants were divided into three subgroups
according to the standardization of reporting in the International SCI Core
Data Set [21]. The three groups established were: C1-C8 AIS A,B,C; T1-S5 AIS
A,B,C and AIS D regardless of injury level [21]. Likewise, age was divided
into three subgroups for analysis in the order 18–29; 30–59 and 60+ years
[21]. Ideally, BMI at admission, discharge and follow up was sub-grouped
according to the neurological level of injury and AIS classification at the
respective time points. If the neurological level and AIS classification for a
specific time point was not present, the most recently registered was used
when sub-grouping. Likewise, if a conversion of the severity subgroup

occurred, e.g., due to neurological recovery, BMI was categorized and
analyzed according to the newest severity sub-group. Because a high
proportion of participants with an AIS D SCI was expected, BMI was
analyzed according to cut-off points used for the general population
(underweight: BMI < 18.5 kg/m2; normal: 18.5 ≤BMI < 25 kg/m2; over-
weight: 25 ≤ BMI < 30 kg/m2; obese: BMI ≥ 30 kg/m2) [11], as well as the
adjusted cut-off points for people with SCI (recommended: BMI < 22 kg/m2;
overweight: 22 ≤ BMI < 25 kg/m2; obese: BMI ≥ 25 kg/m2) [22].

Statistical analysis
Median and interquartile range (IQR) was used to report personal
descriptive data at admission to the rehabilitation. BMI data were
described by mean and standard deviation (SD). Paired t-test was used
to test any differences in BMI between admission and discharge and
independent T-test for differences between centers. Repeated measures
Analysis of Variance (ANOVA) was used for analyzing BMI at three or more
time points. The relationship between BMI and personal characteristics
(severity, age and gender) was analyzed using univariate analysis. A
significance level of α < 0.05 was considered significant. All statistical
analyses were carried out using IBM SPSS statistics version 22.

RESULTS
Of 137 eligible patients, informed consent was not retrieved from
30 patients at SCICWD and 9 patients at DSCIED. Therefore, 39
patients (28%) were not included in the study (non-participants)
(Table 1) (Fig. 1).
Participants without data needed for calculating BMI at

admission and/or discharge were excluded from the data analysis
(N= 18) (Table 1). However, there was no significant difference in
age between this subgroup (58.0, (SD 26.2)), (95% CI, 55.1–62.6)
and participants with BMI at both time points (60.0 (SD 26.5)),
(95% CI, 57.3–67.1) (p= 0.360) but slightly more women
represented (Table 1). In addition, there was 58% (N= 11)
participants classified as AIS D compared to 52.5% (N= 42) in
study participants with BMI at both time points. Data from DSCIED
showed a similar distribution of SCI etiology with 66% (N= 8)
being non-traumatic compared to 63% (N= 25) in participants
with data at both time points.
Therefore, data analysis on BMI at both admission and

discharge was performed in 80 participants. Age and gender
distribution were similar to age and gender distribution in all the
participants initially included (Table 1). Participants classified as
AIS D was 52.5% (N= 42) at admission and 65% (N= 52) at
discharge.

Overall BMI
Overall BMI was stable with no change during rehabilitation at the
two national centers while BMI was 25.4 kg/m2 (5.1) at admission
and 25.6 kg/m2 (4.8) at discharge (N= 80) (Table 2). Participants
with a BMI above the recommended 22 kg/m2 for individuals with
SCI were 75% (N= 60) at admission and 82.5% (N= 66) at
discharge. According to World Health Organization (WHO) BMI
cut-off points used for the general population 43.7% (N= 35) and
42.5% (N= 34) respectively were overweight.

Neurological level and severity of SCI and BMI
Compared to the recommendations for people with SCI ( < 22 kg/
m2) a high but stable BMI at admission and discharge was present
in all three sub-groups (C1-C8 AIS A,B,C; T1-S5 AIS A, B, C and AIS
D), with no significant changes (Table 2). The highest mean BMI
was observed in participants classified as AIS D with high BMI
values corresponding to overweight according to WHO BMI cut-off
points used for the general population (Table 2). In participants
≥65 years of age classified as AIS D BMI was 27.7 kg/m2 at both
admission (95% CI, 25.5–29.9) and discharge (95% CI, 24.2–28.1).
Neurological recovery to AIS D was observed in three

participants at DSCIED and seven at SCICWD. In total four
improved from C1-C8 AIS A, B, C to AIS D and six from T1-S5
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AIS A, B, C to AIS D. However, no significant change in BMI
between admission and discharge was present among partici-
pants converting from AIS A, B, C (C1-S5) to AIS D with a mean
increase of 0.3 kg/m2.

BMI at different time points during rehabilitation
Data on BMI at admission, discharge and follow up on average
9.5 months after discharge was present in 18 participants (median
age 56 (IQR 26.0), 14 men and 4 women) (Fig. 2). In these
participants a non-significant increase in overall BMI from 25.3 kg/
m2 (5.2) (95% CI, 22.7–27.2) at discharge to 26.5 kg/m2(5.5) (95%
CI, 24.0–29.4) at follow up was present. However, in participants
with an AIS D classification (n= 12) a significant increase occurred
by 2.0 kg/m2 from 26.2 kg/m2 (5.3) (95% CI, 23.2–29.1) at discharge
to 28.2 kg/m2 (5.8) at follow up (95% CI, 24.8–31.4) (p= 0.008).

DISCUSSION
This study was an observational study on BMI at admission and
discharge from rehabilitation collected and registered as part of
standard care at the two national centers in Denmark. We
hypothesized that BMI would increase during rehabilitation and
continue increasing from discharge to follow up. Although high,
BMI was stable during rehabilitation and only increased from
discharge to follow up in people with AIS D SCI.
The present study differed from other studies conducted on

BMI, because participants included were 18 years and older
regardless of SCI etiology, neurological level, completeness of the
lesion or mobility status and resulted in a participant sample

Informed consent 
not achieved 

N= 39 

Included for par�cipa�on

N= 98 

Excluded due to 
missing data on BMI at 
admission/discharge 

N= 18 

Included for analysis

N= 80 

Eligible pa�ents

N= 137 

Fig. 1 Flow diagram of study participation, describing the number
of eligible and included participants as well as reasons for exclusion.

Table 1. Participant characteristics.

Inclusion and exclusion Center Participants Age (years) Gender

Eligible participants N= 137

Eastern Denmark N= 61

Western Denmark N= 76

Informed consent not achieved

Total N= 39 (28%) – –

Eastern Denmark N= 9 (15%) – –

Western Denmark N= 30 (39%) – –

Included

Total N= 98 (72%) 61 (26.5) Range: 21–88 Male: N= 61 (62%)
Female: N= 37 (38%)

Eastern Denmark N= 52 (85%) 60 (27.7) Male: N= 32 (62%)
Female: N= 20 (38%)

Western Denmark N= 46 (61%) 61 (25.0) Male: N= 29 (63%)
Female: N= 17 (37%)

Excluded due to missing BMI data at admission and/or discharge

Total N= 18 58.5 (26.2) Male: N= 10 (56%)
Female: N= 8 (45%)

Eastern Denmark N= 12 52 (23.7) Male: N= 6 (50%)
Female: N= 6 (50%)

Western Denmark N= 6 59 (22.7) Male: N= 4 (66%)
Female: N= 2 (34%)

Included for analysis

Total N= 80 60 (26.5) Male: N= 48 (60%) Female: N= 32 (40%)

Eastern Denmark N= 40 59 (30.0) Male: N= 24 (60%)
Female: N= 16 (40%)

Western Denmark N= 40 61 (24.0) Male: N= 25 (63%)
Female: N= 15 (38%)

Median age in years with interquartile range (IQR) and length of stay in days from admission to discharge from rehabilitation described as median and IQR.
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where 52.5% (N= 42) were classified as AIS D [15–18]. Median age
was 61 years with an age range of 67 (21–88 years). Also,
participants with improvements in neurological classification and
severity of SCI during rehabilitation were included when calculat-
ing BMI at different time points. Therefore, our sample resembled
individuals with SCI in the Nordic countries where 61% are
classified as AIS D at discharge from rehabilitation, and the
number of patients undergoing rehabilitation is highest in
individuals who are 60–74 years old [14].
These differences among participants in the respective studies

may be important. Age may have an impact due to e.g.,
sarcopenia or frailty prior to SCI and differences in mobility status
between wheelchair users and people who ambulate may induce
potential differences in muscle activity, energy expenditure and
thus BMI due to differences in lean mass and fat mass [23, 24].
In this study BMI was described using the SCI adjusted cut-off

points as well as the cut-off points used for the general
population. The SCI adjusted cut off points are based on people
with chronic SCI and therefore applying these to people with
acute or subacute SCI may seem inappropriate because changes

in body composition may occur within the first year after injury
due to the hypercatabolic state immediately after SCI and
changes in the musculoskeletal system or SCI severity [8, 10].
However, although speculative, using the SCI adjusted cut-off
points during rehabilitation may be appropriate. A previous study
found that 72% of the participants classified with an AIS A SCI at
admission were still classified as AIS A 6 months post injury and of
the 16% converting to AIS B only few became motor incomplete
[10]. Because energy expenditure has shown to decrease
significantly and remain low there is a risk of exceeding the SCI
adjusted cut off while awaiting chronic SCI with neurological and
physiological steady state. The SCI adjusted cut off points may be
too extreme however when applied to people with a motor
incomplete SCI and therefore the WHO BMI cut-off could be more
appropriate due to a better preservation of muscle mass.
Therefore, although the recommended SCI adjusted cut-off for
overweight (22 kg/m2) does not take the severity of SCI into
account at present, this may be important. However, this
perspective needs further investigation as the causality for
overweight in this study is unknown.

Table 2. Neurological level and severity of spinal cord injury (SCI) and mean (SD) Body Mass Index (BMI) at admission and discharge nationwide and
at each center.

Neurological level and
severity of SCI

Participants at
admission

BMI at admission Participants at
discharge

BMI at discharge Student´s-
t test

Nationwide N Mean (SD) N Mean (SD)

C1-C8 AIS A,B,C 18 (22.5%) 23.5 (4.5) 14 (17.5%) 23.5 (4.6) P= 0.96

T1-S5 AIS A,B,C 20 (25.0%) 25.1 (3.6) 14 (17.5%) 24.7 (3.9) P= 0.33

All D 42 (52:5%) 25.9 (5.1) 52 (65.0%) 26.0 (4.7) P= 0.63

Eastern Denmark Mean (SD) Mean (SD)

C1-C8 AIS A,B,C 9 (22.5%) 21.5 (4.1) 8 (20.0%) 22.3 (4.3) P= 0.37

T1-S5 AIS A,B,C 10 (25.0%) 24.7 (3.1) 8 (20.0%) 24.7 (2.9) P= 1.00

All D 21 (52.5%) 26.4 (5.4) 24 (60.0%) 26.3 (5.0) P= 0.68

Western Denmark Mean (SD) Mean (SD)

C1-C8 AIS A,B,C 9 (22.5%) 25.7 (4.2) 6 (15.0%) 24.0 (4.9) P= 0.14

T1-S5 AIS A,B,C 10 (25.0%) 25.5 (4.2) 6 (15.0%) 24.7 (4.9) P= 0.14

All D 21 (52.5%) 25.3 (4.8) 28 (70.0%) 25.7 (4.4) P= 0.14

Severity of SCI is described according to the American Spinal Injury Association (ASIA) Impairment Scale (AIS) classification with the grades A–D, whereby tree
sub-groups are created according to the neurological level and AIS grade. A recovery in neurological level and AIS occurred in some participants, which is
illustrated by the change in the number of participants in the sub-groups from admission to discharge.
SCI Spinal cord injuryl, BMI Body Mass Index, Severity of SCI is described according to the American Spinal Injury Association (ASIA) Impairment Scale AIS
classification grades A–D.

Fig. 2 Body mass index at admission and discharge from rehabilitation and at follow up on average 9.5 months after discharge from
rehabilitation at Department for Spinal Cord Injuries in Eastern Denmark. Body mass index = BMI.
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Overall BMI was stable with no change during rehabilitation at
the two national centers, but high according to the recommended
cut-off for people with SCI as well as the WHO cut-off. Our findings
across SCI centers were similar compared to previous longitudinal
studies by de Groot et al. and Nooijen et al. [17, 25]. However, in
our study 75% (N= 60) and 82.5% (N= 66) were overweight
according to the recommended 22 kg/m2 at admission to
rehabilitation and discharge respectively. Likewise, 43.7% and
42.5% were overweight according to the WHO BMI cut-off points
for the general population. This is much higher than previously
reported. Accordingly, de Groot et al. described overweight in 56%
and 63% of the participants at admission and discharge from
rehabilitation using the SCI adjusted cut off and 28% and 36%
when using the WHO BMI cut-off points. Although speculative, the
reason for the higher percentages in our study could be that 52.5%
(N= 42) of our participants were classified as AIS D which was the
severity group with the highest BMI at both time points in contrast
to the study by de Groot et al. where 70% (N= 124) were classified
as AIS A or B. However, the increase in BMI from admission to
discharge was similar in the two studies, which is worrying, due to
the increased risk of cardio-metabolic complications [15].
At DSCIED, the lowest BMI observed at admission in participants

with a C1-C8 AIS A, B, C classification was of 15.5 kg/m2. At present
there is no definition of underweight in the clinical practice
guideline for identification and management of cardio-metabolic
risk after SCI [1]. However, only two out of 18 participants at
admission and one out of 14 at discharge, were underweight
according to the BMI classification index for able bodied persons
[26]. This is in line with the findings of de Groot et al. at baseline
(15%) and higher than reported by Powell et al. at baseline (4.1%).
In participants classified as AIS D, BMI was >25 kg/m2 with a
significant increase from discharge to follow up and higher
compared to the other AIS groups which was similar to the
findings of Powell et al. They suggested that the risk of weight gain
was higher when neurological impairment was modest, probably
due to independence in feeding and/ or higher amount of lean
body mass [18]. In addition, we found that people ≥65 years of age
were overweight according to the cut-off points used for the
general population. In able bodied people older than 65 years of
age a BMI of ≥25–29.9 kg/m2 has been associated with lower risk
of all-cause mortality [27, 28]. To our knowledge this perspective
has not been discussed in relation to people with SCI. However, it is
a relevant area for future research because the majority sustaining
a SCI in Scandinavia are 60–74 years old and classified as AIS D. If
the risk of all-cause mortality is reduced in people with SCI as well,
this may impact on future BMI recommendations [14].
Systematic assessment of BMI is important in newly injured

people with SCI due to reduced energy needs [8]. However, the
interpretation of BMI would be improved if it was coupled with
assessment of body composition as part of standard care especially
in people with an AIS D SCI [1]. The use of waist circumference
(WC) could be an additional and easy administered anthropometric
measure because SCI specific WC cut-off point has been reported
and was associated with increased cardio-metabolic risk [29].

Limitations and strengths
Compared to previous studies the number of participants was
small, and because 28% (N= 39) of the patients undergoing
rehabilitation in the study period were not included, the
representativeness for people with SCI undergoing primary
rehabilitation in Denmark may be limited. It was a strength that
the survey included both national SCI centers with participants
resembling individuals with SCI in Denmark regarding age and AIS
classification. No specific instructions were given on how to
measure body weight and height was self-reported. Therefore,
caution must be taken in relation to the BMI values obtained as
part of standard care with the risk of underestimating BMI due to
lack of standard guidelines which is required for reliable measures

of BMI. However, describing BMI in relation to the actual severity
classification at different time points was a strength.

CONCLUSION
In people with SCI undergoing rehabilitation the overall BMI was
stable but higher than recommended. Participants with an AIS D
SCI were obese according to SCI adjusted BMI and the WHO
recommendations during rehabilitation and at follow up. Future
research should investigate the body composition to determine
the reason for the higher BMI in this sub-group.

DATA AVAILABILITY
The datasets generated and analyzed in the current study are available upon
reasonable request to the corresponding author.
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