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Abstract

Background: The prevalence of obesity is high in individuals with spinal cord injury (SCI) due to the alterations in body composition that
occur as a direct result of injury. Body mass index (BMI) is used to classify body habitus. In 2009, an adjusted BMI classification, with lower
thresholds for obesity, was recommended for individuals with SCI. Objective: Determine obesity prevalence before and after SCI to examine
the trajectory of obesity development. Furthermore, we discuss the challenges of applying a modified BMI classification system in this
population. Methods: We conducted a retrospective medical record review. Adults with traumatic SCl were selected. Height and body weight
measurements were used to calculate BMI two years before injury through two years after injury. Results: Obesity prevalence is high in SCI
participants. However, we report no significant difference in BMI between motor complete and incomplete injuries, or between tetraplegic or
paraplegic injuries. We report a decrease in BMI from one year before injury to one- and two-years after injury for all groups. With moderate
obesity before injury, the transition to a new BMI classification system creates a challenge in reducing obesity prevalence. Conclusion:
Obesity prevalence encompassed nearly all participants by the second year following SCI. The adjusted BMI classification system dictates the
high obesity prevalence in this population and is best used as a screening tool to track the risk of developing obesity. Exceptions should be
considered when using the SCl-adjusted BMI classification system, and tissue composition analysis is preferred.
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Introduction

The accumulation of excess body fat, otherwise known as
obesity, is highly prevalent among individuals with spinal
cord injury (SCI). This condition continues to reach epidemic
proportions, and the pathogenesis and prevalence rates
have been thoroughly described in recent reports [1-7].
Obesity is considered a cardiometabolic risk factor, and its
high prevalence in the chronic SCI population has led to
cardiovascular disease as a leading cause of morbidity and
mortality [8-10]. Commonly used tools to measure body
composition include hands-on assessments, compartmental
imaging, volume displacement, bioelectrical impedance, and

estimation equations [11]. However, the method of classifying
obesity status in persons with SCI has changed in recent
years due to recognition of alterations in body compositional
profiles that occur as a result of their injury [10,12,13]. In
general, recommended thresholds for classifying obesity are
reduced in the SCI population compared to the nondisabled
population. Throughout the initial year following a SClI an
individual will experience significant skeletal muscle atrophy
to areas below the level of injury, an accumulation of fat mass
in the atrophied areas, a reduction of basal metabolic rate and
resting energy expenditure, and a loss of bone mineral density
and total body water [2,8,14-16]. After this compositional shift,
overnutrition largely contributes to sustained obesity as a
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person transitions to a chronic SCl state [16,17]. A sedentary
lifestyle and low levels of physical activity may further
exacerbate obesity status in this population [14,18,19].

The current metric used to screen those at risk of developing
obesity, or to appropriately identify obese individuals, is body
mass index (BMI). BMI is a calculation of a person’s weight in
relation to their height to estimate body fat in both males
and females of any age. However, this metric has shifted
away from the traditional classification system to identify
obesity in individuals with SCI. For instance, the World Health
Organization and National Institutes of Health use BMI to
classify a person’s body habitus as underweight (<18.5 kg/m?),
normal weight (18.5 - 24.9 kg/m?), overweight (25.0 — 29.9 kg/
m?) or obese (>30.0 kg/m?) [20]. Due to the aforementioned
compositional changes that occur following SCI, BMI has been
found to underestimate obesity in this clinical population.
For this reason, there is substantial support for the use of an
adjusted BMI classification system for those with SCI. In order
to better capture obesity prevalence in SCI, Laughton et al. had
originally suggested lowering the obesity cutoff to a BMI
>22 kg/m?, and others suggested 23 kg/m” or 25 kg/m? as the
appropriate criteria for being “overweight or obese” [1,10-13].
The Clinical Practice Guideline for Health Care Providers has
adopted a SCl-adjusted BMI classification system establishing
that a BMI>22 kg/m? represents an obese body habitus where
the classification of a normal BMI would be under this value
[10]. Depending on body habitus prior to SCI onset, this goal
may be impractical for individuals who have a substantially
higher BMI preceding their injury. The differences in traditional
and SCI specific BMI classification systems are presented in
Table 1.

The goal of this study was to observe BMI changes in a
population of individuals with SCl pre- and post-injury
from our clinical database. We began by examining obesity
trajectories two years pre-SCl through the initial two years
post-SCl using BMI measurements collected through inpatient
and outpatient clinic visits. Due to the differences in SCI
severity, and the respective greater losses of lean tissue mass

noted in motor complete injuries, we examined differences
in obesity prevalence, and obesity trajectories, between
American Spinal Injury Association Impairment Scale (AIS)
grades before and after injury. We also examined differences
in obesity prevalence, and obesity trajectories, by level of
injury between persons with tetraplegia or paraplegia injuries.
Finally, we examined pre-SCl obesity status and injury severity
or level of injury to determine if there is a coupled effect.

This four-year timeline provides a novel analysis of BMI
status pre- and post-SCI that could facilitate discussions on
appropriate weight management interventions in acute
SClI care planning. Applicable to weight management
interventions for lifelong wellness, we will discuss the
challenges of using the SCl-adjusted BMI classification system
with this population, and the undertaking placed on these
patients to meet their adjusted BMI goal.

Materials and Methods

Our institutional review board approved this retrospective
review using electronic medical record databases to identify
persons with traumatic SClI who received care at any of our
institution’s facilities from January 1, 1996, to April 27, 2020.
Participants were excluded if they had documented refusal of
medical record data to be used for research purposes.

In total, 2,668 participants were identified using an advanced
proprietary analytic search tool (i.e., Advanced Text Explorer)
developed at the authors’ institution. This tool identifies
specificlanguage or text syntax used within electronic medical
records. All record types (e.g., progress notes, procedures, visit
summary, etc.) were available to search. The required search
textsyntaxwascomprised of“spinal cordinjury”and“traumatic”
but was not to include “non-traumatic” or “atraumatic” Data
from atraumatic injuries, and other participants without SCI,
were identified and removed (n=1,100), as well as data from
participants who died within a year of injury (n=46). The final
dataset included 1,522 participants with traumatic SCI. A
summary of our process to identify participants can be found
in Figure 1.

Traditional (kg/mz)

SCI-Adjusted (kg/m’)

Underweight <18.5
Normal
Overweight

Obese >30.0

18.5-24.9
25.0-29.9

<18.5
18.5-22.0

>22.0

>22.0

Table 1. Differences in body habitus categories per BMI classification system.
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Figure 1:

Search performed 04/27/2020 using
Advanced Text Explorer

Assessed for eligibility (n = 2,668)
o Spinal Cord Injury
o Traumatic etiology
e BMI measurement for each year

Excluded (n = 1,100)

e Atraumatic spinal cord injury, or
no spinal cord injury

A 4

Enrolled (n = 1,568)

Excluded (n = 46)

e Deceased within 1 year of spinal
cord injury

v

Data Reduction (n = 1,522)

Excluded (n = 1,460)

e Missing data before or after injury,
or a height or weight entry

v

A\ 4

Analysis (n = 62)

ASIA Impairment Scale (AIS)

e AISA=18

e AISB=6

e AISC=12
> ® AIS D= 26

Level of Injury

e Tetraplegia =40
o Paraplegia =22

Figure 1. Flow chart for participant identification, and injury characteristics.
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All height and weight measurements were extracted to
calculate BMI pre- and post-SCl. These data were further
reduced and restructured due to the amount of information
provided by the electronic medical record. To simplify the
dataset, we only included participants with two full years
of BMI records before injury and two full years after injury.
The dataset was then stratified by level of injury and AIS
classification; both were described in the medical record. Due
to inconsistencies found within certain patients regarding
body weight values, such as suspected data entry errors or
measurement errors, an upper and lower limit threshold of +
30% of the median body weight was used for every individual
at each time point. A limit threshold was chosen because a
change in body weight of + 30% is unlikely to occur within a
year of successive body weight or height measurements. This
threshold removed outliers that would over or underestimate
the BMI calculation. A total of 62 participants met inclusion
criteria, and a summary of injury characteristics can be found
in Figure 1. The median BMI for each year was used for the
analysis. AllBMl values, collected prior to injury were compared
using the standard BMI classification system, and the SCI-
adjusted BM classification system was used after injury.

Statistical analysis

A quantitative comparison was performed to determine
the percentage of patients considered obese at different

time points, pre- and post-SCl, using the appropriate BMI
classification system. After determining BMI per year, all time
points were combined to visualize obesity changes for all
participants using both the traditional and SCl-adjusted BMI
classification systems (Figure 2). A Wilcoxon Rank Sum test
was performed to compare the change in BMI pre- and post-
injury between the motor complete and motor incomplete
groups. Regarding injury severity, participants with motor
complete injuries (AIS A or B) were grouped together, as were
participants with motor incomplete injuries (AIS C or D), for
comparison. The same analysis was applied to compare the
change in BMI pre- and post-injury between groups with
tetraplegia and paraplegia. Wilcoxon Signed Rank analyses
were performed on the groups categorized as motor
complete, motor incomplete, tetraplegic, and paraplegic to
identify statistically significant changes in BMI between one
year and two years post-SCl. Finally, a two-way ANOVA was
performed to determine if post-SCI BMI, both one year and
two years post-SCl, is impacted by pre-SCl obesity status and/
or injury severity, or if an interaction between these factors
was present. The same analysis was performed with factors
of pre-SCl obesity status and level of injury (tetraplegia
or paraplegia), again for one year and two years post-SCI.
Data used for parametric analyses were tested for normality
using the Anderson-Darling test. The level of significance for
statistical analyses was p <0.05.

Figure 2:
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Figure 2. Scatter plot map comparison of obesity prevalence in motor complete injuries using two classification systems.
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Results
BMI before and after SCI

Twenty (83%) participants with motor complete injuries
demonstrated a decrease in BMI from one year before to one
year after injury, and 18 (75%) experienced a decrease in BMI
from one year before to two years after injury. Nineteen (50%)
participants with motor incomplete injuries demonstrated
a decrease in BMI from one year before injury to one year
after injury, and 18 (47%) of these participants experienced a
decrease in BMI from one year before to two years after injury.
When examining BMI changes by level of injury, 24 (60%)
participants with tetraplegia demonstrated a decrease in BMI
from one year before to one year after injury, and 21 (53%)
experienced a decrease in BMI from one year before to two
years after injury. Finally, 15 (68%) participants with paraplegia
experienced a decrease in BMI from one year before to one
year after injury, as well as one year before to two years after
injury.

Mean and median BMI values per year, and 95% confidence
intervals estimates, are provided in Table 2. A Wilcoxon Rank
Sum test demonstrated that between one year before injury to

one year after injury a decrease in mean BMI was significantly
greater (p=0.002) for motor complete injuries (mean -1.50;
95% Cl =[-2.26,-0.73].) compared to motor incomplete injuries
(mean -0.14; 95% Cl = [-0.67, 0.39].). No other significant BMI
differences were found between motor complete and motor
incomplete injuries. Similarly, no significant differences in BMI
were observed between persons with tetraplegia and those
with paraplegia. Two-way ANOVA analyses demonstrated no
significant interaction effect between obesity status before
injury and injury severity classification when examining BMI
at either one year or two years after injury. There were also no
interaction effects between obesity status before injury and
level of injury when examining BMI at one year or two years
after injury.

Obesity prevalence

In Figure 1, the most common injury characteristics
were motor incomplete injuries (n=38), and persons with
tetraplegia (n=40). Differences in obesity prevalence between
BMI classification systems are presented in Table 3. Scatter
plots that are scaled to BMI thresholds for each classification
system show changes in obesity prevalence over all four years
included in the analysis (Figure 2).

Motor Complete (n=24) Motor Incomplete (n=38)
Mean Median SD CI (95%) Mean Median  SD CI (95%)
Year-2| 284 27.6 6.2 [25.70,31.05] 28.5 28.3 4.6  [26.93,29.98]
.E Year-1| 28.6 27.5 6.2 [25.91, 31.27] 28.4 28.5 4.6 [26.85,29.91]
E SCI
&l Year+1]| 27.1 25.6 6.2 [24.40, 29.77] 28.2 27.6 4.5 [26.75, 29.73]
Year +2| 27.4 27.3 5.5 [25.01, 29.78] 28.2 28.4 4.4 [26.68, 29.63]
-1 to+1| -1.5% -1.4 1.9 [-2.31,-0.69] -0.1* 0.0 1.6 [-0.69, 0.41]
-1to+2| -1.2 -1.4 2.9 [-2.46, 0.07] -0.2 0.1 2.1 [-0.91, 0.46]
Tetraplegia (n=40) Paraplegia (n=22)
Mean Median SD CI (95%) Mean Median  SD CI (95%)
Year-2| 28.1 27.9 5.0 [26.52,29.77] 28.8 27.9 5.7 [26.36, 31.51]
.E Year-1| 283 28.1 52  [26.60,29.95] 28.9 28.0 54 [26.31,31.27]
.E SCI
=| Year +1| 27.8 27.1 5.1 [26.16, 29.50] 27.7 26.6 54 [25.26, 30.20]
Year +2| 27.8 28.4 5.1 [26.13,29.44] 28.0 27.3 4.5  [25.95,30.05]
-1to+1] -0.5 -0.3 1.6 [-0.98, 0.08] -1.1 -1.2 2.2 [-2.05, -0.08]
-1to+2] -0.5 -0.2 2.4 [-1.28, 0.29] -0.8 -1.2 2.6 [-1.97, 0.38]
Table 2. Summary of statistical analyses for changes in BMI before and after SCI. Cl: Confidence Intervals; SD: Standard Deviation; * the
comparison of change in BMI from -1 year to +1 year between motor complete and motor incomplete was significant (p=0.002).
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Motor Complete (n=24)
n= BMI>30 n= BMI>22
2] Year-2 8 33% 20  83%
S| Year-1| 8 33% 20 83%
£
=l S
Year +1 6 25% 18 75%
Year+2 | 9 38% 20 83%
Tetraplegia (n=40)
n= BMI>30 n= BMI>22
-E Year-2 | 14 35% 36 93%
g Year-1 | 15 38% 35 88%
=l SscI \
Year+1 | 11 28% 35 88%
Year+2 | 13 33% 35 88%

Motor Incomplete (n=38)
n= BMI>30 n= BMI> 22
Year-2 | 13  34% 36 95%
Year-1 | 14 37% 35 92%
SCI
Year+1 | 13 34% 35 92%
Year+2 | 11 29% 36 95%
Paraplegia (n=22)
n= BMI>30 n= BMI> 22
Year -2 7 23% 20 91%
Year -1 7 23% 20 91%
SCI \
Year +1 7 23% 18 82%
Year+2 | 7 23% 21 95%

Table 3. Bolded values highlight the changes in obesity prevalence determined by the traditional BMI classification system (Year -2, Year -1)
before SCI, and the SCl-adjusted BMI classification system (Year +1, Year +2) following SCI.

Discussion

Using a SCl-specific BMI classification system, the results
of this study demonstrate a high prevalence of obesity after
injury, regardless of injury severity or level of injury. These
findings are consistent with other reports in the literature
[3-5,11,17,21-25]. Using the standard BMI classification
system, approximately one third of all participants were
considered obese pre-SCl. Using the SCl-adjusted BMI
classification, following SCI obesity prevalence increased to
encompass nearly all participants just two years after injury.
It is important to note the numerical shift by the SCl-adjusted
BMI classification system to 22 kg/m?dictates the high obesity
prevalence in this population.

Specific to the groups shown herein, we determined the
increase in obesity prevalence was not driven by an increase
in BMI. Most participants with motor complete injuries
experienced a decrease in BMI, however, the primary reason
for the increased obesity prevalence was due to the change
in classification system. When utilizing the recommended SCI-
adjusted BMI classification system, it is important to recognize
that a large percentage of individuals who are obese after
injury would also have been considered obese prior to injury,
had the same thresholds been applied. It appears that BMI is
best used as a screening tool, and a more complex method
of measuring body composition should be used if there is

a need for certainty when establishing obesity status in a
patient. Without tissue composition records a person may be
misclassified as obese, such as those with incomplete injuries
and preserved lean tissue mass below the level of injury [10].
The decreases in lean tissue mass mostly occur in the first
few months following injury, but can continue for several
years after injury, and is more pronounced in individuals
with flaccid paralysis [26-28]. As such, there are reported
body compositional differences between injuries resulting in
tetraplegia and paraplegia, and to a certain degree differences
between injury severities [26,29-31]. These reports suggest
higher body fat mass and body fat percentages can be found
in motor complete injuries, as well as injuries resulting in
tetraplegia. For our study, we report no significant difference
in BMI between motor complete and incomplete injuries, or
between injuries resulting in tetraplegia and paraplegia, at
one year and two years post-SCl.

Changes to BMI in acute SCI

We noted that 63% of all participants showed a decrease in
BMI value from one year pre-SCl to one- and two-years post-
SCI regardless of injury severity or location. Grouping the
participants by AIS or level of injury, we determined a slight
decrease in BMI values for all groups. However, this decrease
in BMI from one year before to one year after injury was
determined to be significantly different for motor complete
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injuries compared to motor incomplete injuries. When
stratified by level of injury, no significant differences in BMI
were found from one year before injury to one and two years
after injury.

The BMI trajectories for our participants appear to be stable as
BMI values remained near or slightly below pre-injury values.
Our analysis revealed there is not a significant difference in BMI
values between one year and two years after injury for motor
complete or motor incomplete injuries; these findings were
consistent when stratified by level of injury. Our results are
similar to a recently published BMI trajectory analysis, with the
exception that our study is the first to incorporate BMI values
prior to SCl onset [32]. Perhaps this trajectory analysis could
be applied throughout the first year following SCI onset to
predict patients who are at higher risk of developing obesity or
determine worsening BMI for those already classified as obese.
Therefore, the aforementioned study could be enhanced with
a pre-injury reference point as this value would provide insight
to how the individual’s BMl is affected following SCl onset. BMI
measurements may be best used to monitor BMI trajectories
to then initiate obesity mitigation efforts if the trajectory is
worsening, and monitoring trajectories would be enhanced
with a pre-injury BMI reference value.

Feasibility in reaching a normal BMI

Using the recommended SCl-adjusted BMI classification
system, which better captures obesity prevalence in this
population, newly injured patients will have a goal BMI under
22 kg/m?2. This goal BMI may be impractical for individuals
who have a substantially higher BMI preceding their injury. If
available, it may be beneficial for a primary care provider to
examine BMI trajectories using data points that were recorded
prior to injury to better understand the patient’s obesity risk
trajectory, and to establish appropriate expectations for future
weight management care.

When considering the high prevalence of obesity in the SCI
population, and the shift from the traditional BMI classification
system to the SCl-adjusted BMI classification system, a patient
may be tasked with a difficult goal of reducing his or her
BMI to a value that correlates to a healthy body habitus. For
participants in our study who were obese before their injury
(i.e., BMI >30.0 kg/m?), the average value above the BMI goal
of 22 kg/m? was greater than 10 kg/m? following SCI. As an
example, if an individual with a height of 183 cm and weight
of 107 kg (32.0 BMI) experienced a traumatic SCI, he or she
would be tasked with reducing their body weight by 30%
to a goal weight of 74 kg to avoid an obesity diagnosis. To
succeed in reducing body weight by 33 kg, their weight loss
will be comprised of the typical SCl-related muscle atrophy,
as well as additional intervention(s) to target excess adiposity.
A recent systematic review of weight loss interventions in SCI
populations found minimal changes to BMI following exercise
programs, including those that incorporated neuromuscular

electrical stimulation for greater muscle activation [33].
Therefore, exercise should be complementary to other weight
loss interventions to reduce BMI values [19,34-38].

Study limitations

The final sample size represents 4% of all participants with
traumatic SCI. While seemingly small for the analyses presented
herein, we believe the sample size is sufficient considering the
inclusion criteria of having a BMI on record two years before
injury through two years after injury. Our sample distribution
favors more injuries resulting in tetraplegia than paraplegia, as
well as more motor incomplete than motor complete injuries,
but this does align with national data [39]. Our analysis did
not account for age or sex, which could be factors in sustained
obesity post-SCI.

Conclusions

It is important to monitor obesity prevalence following SCI
due to clustering with other cardiometabolic disease risk
factors that are equally prevalent in the SCI population [40].
BMI does not differentiate tissue composition, and itis possible
that a proportion of our participants had either above or below
average fat mass which would misclassify obesity in these
participants. For motor complete and incomplete injuries, as
well as injuries resulting in tetraplegia and paraplegia, BMI
decreased from one year pre-SCl to two years post-SCI. This
decrease in BMI noted from pre- and post-SCl was significant
for those with motor complete injuries. Overall, a further
decrease in BMI across all groups is needed to be classified
as normal according to the SCl-adjusted BMI classification
system. The SCl-adjusted BMI classification system is likely not
a sufficient tool to track obesity in individuals with SCI due to
the differences found between level of injury and severity of
injury described in previous reports [26,29-31]. Based on these
reports, the SCl-adjusted BMI classification could be improved
by using a tiered system of obesity thresholds that align with
noted differences in body fat mass and body fat percentage for
specific injury characteristics. Therefore, some exceptions may
be applicable in certain situations when considering injury
profiles. When feasible, a more accurate form of measurement
that differentiates tissue composition should be used to
determine obesity status.
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