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Changes in body composition during and after inpatient
rehabilitation in people with recent spinal cord injury
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STUDY DESIGN: Prospective cohort study.
OBJECTIVES: To investigate changes in body composition parameters in people with recent spinal cord injury (SCI) during their first
inpatient rehabilitation and up to 1 year after discharge and whether those potential changes over time varied between different
personal and lesion characteristics groups.
SETTING: Rehabilitation center, the Netherlands.
METHODS: People with recent SCI (≥18 years; n= 53) were tested around admission (T0) and discharge (T1) of inpatient
rehabilitation. A sub-group (n= 19) was measured 1 year after discharge (T2). Personal and lesion characteristics were registered at
T0. Anthropometry (height, body mass, body mass index, and waist circumference) was performed at T0, T1, and T2. Bioelectrical
impedance analysis (BIA) was measured at T0 and T1.
RESULTS: During inpatient rehabilitation, no significant changes in all body composition parameters were found. During the first year
after discharge, body mass index (26.8 kg/m2) significantly increased compared with the level at both admission (25.4 kg/m2; p= 0.01,
95% CI: 0.32–2.52) and discharge (25.1 kg/m2; p= 0.02, 95% CI: 0.26–3.00). People with paraplegia showed an increase in absolute
waist circumference (6.5%) compared with people with tetraplegia who showed a net decrease (−5.5%) in the year after discharge
(p= 0.047, 95% CI: 0.27–33.62).
CONCLUSIONS: A stable body composition during inpatient rehabilitation is followed by an increased BMI in the year after discharge
in people with recent SCI. People with paraplegia showed an increase in absolute waist circumference compared with people with
tetraplegia who showed a net decrease in the year after discharge.
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INTRODUCTION
Obesity is a common secondary complication in people with
spinal cord injury (SCI), predominantly caused by paralyzed
muscle atrophy and physical inactivity [1, 2]. These physiological
and lifestyle alterations lead to changes in body composition such
as an increase in fat mass (FM) and a decrease in lean body mass
(LBM), resulting in a significant reduction in total daily energy
expenditure and resting energy expenditure [3]. These unfavor-
able changes combined with the unchanged dietary habits lead to
weight gain as time progresses and increase the risk of many
obesity-related health problems such as insulin resistance [4],
hyperlipidemia [5], cardiovascular diseases [6], and upper-
extremity overuse injuries [7]. Previous studies have reported that
people with SCI showed up to 12% higher FM% and 14–27%
lower resting energy expenditure than able-bodied controls [2, 8].
Crane et al. [9] demonstrated that persons with recent SCI were at
the highest risk of weight gain during the first year following
rehabilitation. De Groot et al. [10] showed that the percentage of
persons with SCI with overweight or obese (body mass index
(BMI) ≥ 22 or 25 kg/m2, respectively) increased from 56 to 75% in
the first 5 years after injury, with the largest increase in BMI during
the first year after discharge. Furthermore, De Groot et al. [10]

suggested that based on BMI values, men, persons with
paraplegia and older people had more chance of being over-
weight or obese compared with women, persons with tetraplegia
and younger people. Gupta et al. [11] also found that the
prevalence of overweight and/or obese (BMI ≥ 25 kg/m2) was
higher in people with paraplegia than in those with tetraplegia.
There are several methods to monitor changes in body

composition such as measuring BMI and waist circumference
(WC), or estimating body composition using bioelectrical impe-
dance analysis (BIA) or dual-energy X-ray absorptiometry (DXA).
For clinical purposes, measuring BMI, WC, and BIA is more feasible
compared to DXA due to financial and logistical restrictions [12].
Most studies have focused on BMI, WC, FM%, and LBM% in people
with SCI after rehabilitation [10, 13–18], while only a few studies
have investigated body composition during rehabilitation by BIA
or DXA [19, 20]. Felleiter et al. [19] found that FM% measured by
BIA decreased significantly in the acute phase, but leveled off in
the subacute phase during inpatient rehabilitation, suggesting an
influence of length of stay during rehabilitation. However, they
excluded obese individuals and relatively few (33%) people with
tetraplegia were included, which might partly cause the con-
siderably lower FM% (19.9%) of their participants compared to
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other studies in people with chronic SCI (28–38%) [2, 21]. Singh
et al. [20] reported a marked decrease in LBM with an increase in
adiposity in a relatively young (mean: 33.3 years, range: 19–60
years) group of people with recent SCI (n= 95) during the first
year of SCI using DXA, but unfortunately no follow-up measure-
ments after discharge were performed. Hence, there is a need for
body composition data from a more heterogeneous and
representative group of people with SCI during and after inpatient
rehabilitation. Therefore, in the present study, every patient
admitted for the first time to the rehabilitation center was
monitored for body composition as a part of regular care. The aim
was to investigate changes in body composition, using BMI, WC
and BIA outcomes, in people with recent SCI during the first
inpatient rehabilitation and up to 1 year after discharge.
Furthermore, we investigated whether the alterations in body
composition parameters over time varied between different
personal characteristics (age and sex) and lesion characteristics
(lesion level and motor completeness) groups. Based on previous
studies [2, 10, 22], our hypotheses were [1] that people with recent
SCI would show a stable body composition during inpatient
rehabilitation and a BMI or WC increase during the first year after
discharge [2]; that changes in body composition parameters
would be affected by personal and lesion characteristics with,
men, older people, persons with paraplegia, showing a more
increased adiposity than women, younger people, persons with
tetraplegia.

METHODS
Participants
This study was a part of the AMSterdam Spinal Cord Injury cohort study,
which aims to evaluate the treatment on an individual and group level and to
study potential outcome determinants. All adults (≥18 years) with recent SCI
classified as AIS A-D were eligible to enter the study when admitted for the
first inpatient rehabilitation at Reade, center for rehabilitation and rheumatol-
ogy in Amsterdam, the Netherlands. Exclusion criteria were: (1) SCI due to
metastatic cancer with a diminished life expectancy (<1 year), (2) acute severe
psychiatric problems, (3) not able to communicate in Dutch or English.
Fifty-three people (25 females) with recent SCI were included. The mean

age of the participants was 54.4 (15.7) years and the median time since
injury at the admission of inpatient rehabilitation was 23 (17–33) days.
Forty-seven percent of the participants had a tetraplegia (tetraplegia: 25
persons; paraplegia: 28 persons) and 25% had a motor complete injury
(motor complete injury: 13 persons; motor incomplete injury: 40 persons)
(Table 1). This study was approved by the Medical Ethical Committee of
Slotervaart Hospital and Reade rehabilitation center. All participants signed
an informed consent form before the first test occasion.

Design
Data were collected using standardized procedures within 2 weeks after
admission of inpatient rehabilitation (T0), within 2 weeks before discharge
(T1) and 1 year after discharge (T2) by trained human movement scientists
and physical therapists. Since it was not possible to perform BIA
measurements at T2 similarly to T0 and T1, i.e., early morning in bed
after an overnight fast, anthropometric measurements were only
performed at T2 without an overnight fast on a sub-group of 19 persons.
This sub-group was created based on the number of participants that
could be measured at T2.

Personal and lesion characteristics
With the median age of 57, younger (≤57 years) and older (>57 years) age
groups were defined. Lesion characteristics (level and completeness) were
determined by a physiatrist using the AIS criteria [23]. Motor complete (AIS
A or B) and motor incomplete injury (AIS C or D) groups were defined while
lesion level groups were defined by tetraplegia (lesion ≥T1) and paraplegia
(<T1).

Anthropometry
At T0, self-reported height was obtained. Body mass was measured using a
wheelchair accessible weighing scale (Henk Maas Scales IND-II, AllScales

Europe, Veen, the Netherlands) at T0, T1, and T2. BMI was calculated (body
mass (kg)/height (m2)). WC was measured twice (and averaged) after a
normal expiration and in supine position with a tension-gated tape
measure at the umbilicus level at T0, T1, and T2. A tension-gated tape
measure was used to ensure equivalent tape pressure between
participants. The adjusted cut-off points of BMI (recommended: BMI <
22 kg/m2; overweight: 22≤BMI < 25 kg/m2; obese: BMI ≥ 25 kg/m2) and WC
(recommended: WC < 94 cm; adverse cardiovascular disease (CVD) risk:
WC ≥ 94 cm) for people with SCI were used to check the prevalence of
overweight/obese individuals and adverse CVD risk at T0, T1 and T2
[17, 24].

Bio-impedance analysis
BIA measurements were scheduled early morning at T0 and T1 when the
participants were still in bed after an overnight fast. Caffeine, alcohol
intake, and physical exercise were not allowed within 8 h of the
measurement. FM% and LBM% were obtained by using a BIA device
(Bodystat® 1500MDD, Bodystat Inc, Douglas, UK) with participants’ arms
and legs slightly apart. To minimize fluctuations in body fluid distribution,
participants were instructed to rest in a supine position for at least 10 min
before the measurement started. BIA measurements were performed
according to the standard operating procedures from the device’s
instruction manual.

Statistical analysis
Data were tested for a normal distribution using QQ-plots, the
Kolmogorov–Smirnov test, and the Shapiro–Wilk test and all data were
normally distributed. A Chi-squared test was used to determine the
differences in prevalence of overweight/obese individuals and adverse
CVD risk among all test occasions. Pearson’s correlations identified the
relationships between changes in body composition parameters and
length of stay between T0 and T1. A paired t-test was used to determine
potential differences between T0 and T1 (total group) in BMI, WC, FM%,
and LBM%. Repeated measures analysis of variance was used to test the
changes in body composition among T0, T1, and T2 in the sub-group and
whether changes in body composition parameters between T0 and T1

Table 1. Baseline characteristics of all the participants and the
participants in the sub-group.

Total (n= 53) Sub-group
(n= 19)

Mean (SD)

Age (years) 54.4 (15.7) 55.7 (14.0)

Height (m) 1.74 (0.1) 1.75 (0.1)

Body mass (kg) 77.2 (16.8) 77.5 (16.1)

BMI (kg/m2) 25.5 (4.9) 25.4 (4.8)

WC (cm) 94.3 (14.2) 93.7 (13.0)

FM% 27.9 (10.0) 27.4 (9.7)

LBM% 72.1 (10.0) 72.0 (10.8)

Count (%)

Male 28 (53%) 10 (53%)

Tetraplegia 25 (47%) 7 (37%)

Motor complete (AIS A or B) 13 (25%) 5 (26%)

AIS A/B/C/D 9/4/6/34 4/1/2/12

SCIM total score, mean (IQR)a 50 (32–64) 51 (41–61)

Time since injury (days),
median (IQR)

23 (17–33) 24 (19.5–38.5)

Length of stay in inpatient
rehabilitation (days),
median (IQR)

57 (35–103) 57 (37–86.5)

Data are expressed as mean (SD).
BMI body mass index, WC waist circumference, FM% percentage of fat
mass, LBM% percentage of lean body mass, IQR interquartile range.
aSCIM (Spinal Cord Independence Measure) total score in the total group
(n= 46), in the sub-group (n= 17).
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(total group) as well as T1 and T2 (sub-group) varied between different
personal and lesion characteristics groups (interaction effect: group ×
time). All statistical analyses were performed using SPSS software (version
25, IBM, Somers, NY, USA). A p-value < 0.05 was considered significant.
Data are presented as mean (SD).

RESULTS
Table 1 shows the baseline (T0) characteristics of the total group
(n= 53) and sub-group (n= 19). At T0, the prevalence of
overweight/obese individuals was 78% while the prevalence of
adverse CVD risk was 51%. When using BMI and WC cut-off points,
no significant changes were found in prevalence between T0, T1
and among T0, T1, T2 (Fig. 1). Also, no significant changes over
time were found in prevalence between the different personal
and lesion characteristics groups.
Figure 2 illustrates the individual changes in BMI, WC, FM%, and

LBM% in the groups of tetraplegia and paraplegia. No significant
changes in BMI, WC, FM%, and LBM% or interaction effects
(group × time) during inpatient rehabilitation were found
(Table 2).
Figure 3a shows that BMI increased significantly in the sub-

group during the first year after discharge (26.8 kg/m2) compared
with the level at both admission (25.4 kg/m2; p= 0.01, 95% CI:
0.32–2.52) and discharge (25.1 kg/m2; p= 0.02, 95% CI: 0.26–3.00).
In contrast, no significant change was found in WC during the first
year after discharge, but an interaction effect indicated that
people with paraplegia (6.5%) showed a significantly larger
increase in absolute WC than people with tetraplegia who showed
a net decrease (−5.5%; p= 0.047, 95% CI: 0.27–33.62; (Fig. 3b)).

Table 3 shows the changes in BMI and WC among T0, T1, and T2 in
the sub-group.

DISCUSSION
During inpatient rehabilitation
According to the BMI and WC cut-off points, the percentage of
overweight/obese individuals and those who were at risk of CVD
did not show a significant change during inpatient rehabilitation,
which was also found in a previous Dutch study [10]. This quite
stable BMI during inpatient rehabilitation might be explained by a
more active lifestyle due to therapy and imposed meals [22]. Since
BMI does not distinguish between FM and LBM [24], BIA outcomes
(FM% and LBM%) were investigated. Also, no significant changes
were identified in the absolute body composition parameters
(BMI, WC, FM%, and LBM%) during inpatient rehabilitation, similar
to Felleiter’s study [19]. However, they scheduled more measure-
ments during inpatient rehabilitation and found that FM%
gradually decreased at the early stages after the injury
(2–14 weeks), but then nearly returned to the level at admission
in the following weeks until the end of rehabilitation
(14–26 weeks). Our stable body composition during inpatient
rehabilitation seems to be inconsistent with some other studies
[20, 25]. Wilmet et al. [25] found that lower-limb LBM already
started to decrease during the first few weeks after injury and this
decrease occurred rapidly in people with acute SCI after the first
15 weeks post injury. This period was longer than our inpatient
rehabilitation (median: 8 weeks), which could be the reason for
not finding significant changes in body composition. In contrast,

Fig. 1 Percentage of participants in different BMI and WC groups between T0 and T1 and T0, T1, and T2. Percentage of participants in the
three BMI groups between a T0 and T1 (n= 53) and b T0, T1, and T2 (n= 19) and percentage of participants in the two WC groups between
c T0 and T1 (n= 53) and d T0, T1 and T2 (n= 19) according to adjusted cut-off points of BMI and WC for people with SCI. BMI body mass index,
WC waist circumference, CVD cardiovascular disease.
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Wilmet et al. also found that LBM in the arms increased by 30%
after the first 6 months indicating different changes in body
composition between paralyzed and unaffected parts [25]. In
future studies, possible changes in body composition should,
therefore, be measured segmentally. Singh et al. [20] reported a
significant decrease in LBM below the level of injury and a
significant increase in FM% in all regions in people during the first
year after injury. This might be explained by their longer study
period during rehabilitation (12 months) and that they only
included people with motor complete injury [20], while people
with motor incomplete injuries can have a smaller decrease in
LBM below the lesion level [2]. Finally, no significant changes in
body composition were found between different personal and
lesion groups during inpatient rehabilitation, which is in line with
a previous study in people with chronic SCI [2].
Since the prevalence of overweight/obese individuals was 78%

(based on adjusted BMI cut-off points for people with SCI) and
55% (based on BMI cut-off points for general population) at T0,
and the median time since injury was only 23 days, we
hypothesize that most of these participants were already

overweight or obese at the time of SCI. Moreover, studies have
showed that early onset of a reduction in body mass can be found
in people with SCI because of hypercatabolism and reduced
appetite during the first 4 weeks after injury [26, 27]. Thus, there
might be more participants with higher premorbid levels of
obesity at the time of SCI. However, even though people were
already qualified as overweight or obese, body mass gain could
still increase the risk status of their obesity-related health
problems. According to the World Health Organization (WHO)
classification of BMI for the general population, the increased risk
is a continuum with increasing BMI and the risk status increases
from moderate to very high between the range of 25–40 kg/m2

[28]. A previous study showed that two of every three persons
who have SCI were likely obese and appear at risk for the
metabolic consequences of obesity [1]. This highlighted the
importance of managing obesity after SCI.

During the first year after discharge
The percentage of overweight/obese individuals increased from
63 to 79% in the first year after discharge, which is supported by

Fig. 2 Individual changes in different body composition parameters in different lesion level groups during inpatient rehabilitation.
Individual changes in a BMI, b WC, c FM% and d LBM% in different lesion level (Tetraplegia, Paraplegia) groups during inpatient rehabilitation.
BMI body mass index, WC waist circumference, FM% percentage of fat mass, LBM% percentage of lean body mass.

Table 2. Body composition parameters between T0 and T1 (n= 53).

Parameters T0, Mean (SD) T1, Mean (SD) Mean change (95% CI) p

BMI (kg/m2) 25.5 (4.9) 25.4 (4.8) 0.09 (−0.25 to 0.43) 0.58

WC (cm) 94.3 (14.2) 93.7 (13.0) 0.62 (−0.63 to 1.87) 0.33

FM% 27.9 (10.0) 27.4 (9.7) 0.55 (−0.28 to 1.39) 0.19

LBM% 72.1 (10.0) 72.0 (10.8) 0.01 (−1.47 to 1.49) 0.99

Data are expressed as mean (SD).
BMI body mass index, WC waist circumference, FM% percentage of fat mass, LBM% percentage of lean body mass.
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previous observations [10], indicating that, even though 10–15
years have passed since the study of De Groot et al. [10], the
problem of an increase in BMI still exists in the first year after
discharge. Useful and effective methods to counteract the
unfavorable trend of body composition such as dietary manage-
ment and exercise prescription during that challenging period are
still urgently needed. In contrast, WC did not significantly change,
indicating that the increase in body mass is not around the
abdominal segment. These contradicting results remain unfortu-
nately unexplained since we were not able to obtain FM% and
LBM% in our sub-group. Future studies should collect those
parameters and utilize segmental measurements to analyze lean
and adipose tissue in specific regions. After discharge, people with
paraplegia had a considerably larger increase in WC than those
with tetraplegia, who even showed a tendency towards a
decrease. A speculative reason could be that people with
paraplegia have the ability to use both arms for daily activities
(e.g. do groceries and approach food by themselves), giving them
increased independence to eat freely in daily life [11], suggesting
that the food intake affects the energy balance more in people

with paraplegia than the higher levels of physical activity and
significantly higher rates of basal energy expenditure compared to
those with tetraplegia [29, 30]. Besides the individual difference in
energy balance between participants with tetraplegia and
paraplegia, there might be multiple factors that could play a role
in weight management such as e.g., living situation, economical
status [31]. This makes weight management a multivariable and
complex issue.
During inpatient rehabilitation, our dieticians provided dietary

advice mainly about calorie and protein intake to every participant
within the first week of admission. Depending on the seriousness
of the situation, follow-up appointments were scheduled at least
once every 2 weeks until participants were satisfied with the
treatment and reached their personal goals such as losing weight,
gaining muscle, or gaining weight. So the stable body composi-
tion during inpatient rehabilitation might be explained by the
given dietary advice from dieticians. However, future studies
should record the dietary advice in detail to investigate whether it
could have any effect on body composition during inpatient
rehabilitation. After returning home, people with SCI might start

Fig. 3 Changes in BMI and WC in different age and lesion level groups from T0 to T2. Changes in a BMI and changes in b WC in the whole
group and in different age (Age ≤ 57, Age > 57), lesion level (Tetraplegia, Paraplegia) groups from T0 to T2. BMI body mass index, WC waist
circumference. Error bars in a, b belong to the whole group. a *Significant change in BMI between T0 and T2, p < 0.05 **Significant change in
BMI between T1 and T2, p < 0.05. b *Significant difference in WC between age groups, p < 0.05 **Significant interaction effect in WC between
lesion level groups during T1 and T2, p < 0.05.

Table 3. Body composition parameters among T0, T1, and T2 in the sub-group (n= 19).

Parameters
Mean (SD) Mean change

T0 T1 T2 T2-T0 (95% CI) T2-T1 (95% CI)

BMI (kg/m2) 25.4 (4.8) 25.1 (4.6) 26.8 (5.8) 1.42* (0.32–2.52) 1.63* (0.26–3.00)

WC (cm) 93.2 (13.3) 93.2 (12.9) 95.3 (18.2) 2.18 (−2.17 to 6.53) 2.10 (−2.51 to 6.70)

Data are expressed as mean (SD).
BMI body mass index, WC waist circumference.
*p < 0.05.
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with a lifestyle without the control of nutritional intake and
without the motivation of being physically active [19, 32], resulting
in a rapid increase in body mass.

Strengths and limitations
Our study has some strengths and weaknesses. One of the
strengths is that changes in body composition were measured
over the less commonly studied subacute phase after SCI. More
importantly, no specific inclusion criteria were applied con-
tributing to a heterogeneous and more representative group of
participants. The use of self-reported height was an inherent
weakness of the BMI calculation. The BIA only provided whole-
body but not segmental body composition, disallowing
distinguishing the changes in body composition between
paralyzed and unaffected parts. The BMI and WC results at 1
year after discharge are somewhat unsupported since no BIA
outcomes were available and due to the relatively small sample
size. However, the follow-up measurement in the sub-group
was of great importance to identify the negative changes in
body composition after rehabilitation. Furthermore, alterations
in body composition might be different at various stages as
shown between 2–14 weeks post injury and 14–26 weeks post
injury by Felleiter et al. [19]. Although we did not find any
relationship between changes in body composition and length
of stay between T0 and T1, potential changes in body
composition at specific stages might be concealed. Moreover,
it might be valuable to register medication use at each
measurement since a change in medication use, such as
diabetic medications, can have an impact on the change in
body mass.

Future directions
For future studies, segmental measurement of body composi-
tion is essential to detect the changes between paralyzed and
unaffected parts and studies with a larger sample are needed to
evaluate our findings during the first year after discharge. Other
anthropometrics such as hip circumference could be beneficial.
Also, it could be valuable to gain insight into changes in body
composition in different phases during inpatient rehabilitation.
Furthermore, it is very important to measure nutritional
variables and activity levels and provide timely intervention
regarding diet, exercises and education to control the risk of
body mass and FM gain in both the inpatient and outpatient
phases. Both rehabilitation professionals and people with SCI
should be aware of the importance of controlling body
composition after the patient leaves the acute inpatient
rehabilitation setting.

CONCLUSIONS
People with subacute SCI did not show significant changes in
body composition during inpatient rehabilitation and changes in
body composition were not significantly related to personal and
lesion characteristics. However, BMI increased significantly during
the first year after discharge and people with paraplegia showed a
larger increase in WC compared to people with tetraplegia who
showed a net decrease.

DATA AVAILABILITY
The datasets generated and/or analyzed during the current study are available from
the corresponding author on reasonable request.
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