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ABSTRACT Objective: This study investigated the impact of obesity and
dyslipidemia on manual wheelchair mobility in individuals with spinal cord
injury (SCI). Material and Methods: A total of 102 individuals with
chronic motor-complete SCI, aged 18-60 years, with an injury duration of
>1 year, were included. The body mass index (BMI) was used to assess obe-
sity. The lipid profiles were measured, including high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglyc-
erides (TG), and total cholesterol (TC). Manual wheelchair propulsion tests
(MWPTSs) (20-meter propulsion test, slalom test, and 6-minute propulsion
test) were conducted to evaluate mobility. SCI-specific BMI>22 kg/m? was
classified as obese, while <22 kg/m? was classified as non-obese. HDL-
C<40 mg/dL was considered low, whereas LDL-C >130 mg/dL, TG >150
mg/dL, and TC >200 mg/dL were considered high. Participants were strat-
ified into binary groups, and their MWPT results were compared. Results:
Among participants, 71.6% (n=73) were classified as obese, 69.6% had low
HDL-C, 27.4% had high LDL-C, 45.1% had high TG, and 22.5% had high
TC. Participants with TG<150 mg/dL demonstrated significantly shorter 20-
meter propulsion times than those with TG>150 mg/dL (p=0.014), while
HDL-C, LDL-C, and TC levels did not significantly affect test outcomes
(p>0.05). Participants with BMI <22 kg/m? exhibited shorter 20-m and
slalom test times and better 6-min propulsion performance than those with
BMI >22 kg/m? (p=0.014, p=0.008, p=0.035, respectively). Conclusion:
Obesity and hypertriglyceridemia negatively impact manual wheelchair mo-
bility in individuals with chronic SCI.
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OZET Amag: Caligmanin amact spinal kord yaralanmali (SK'Y) bireylerde
obezite ve dislipideminin manuel tekerlekli sandalye mobilizasyonuna et-
kisini arastirmaktir. Gereg ve Yontemler: Yaralanma siiresi >1 yil olan, 18-
60 yas arasi, 102 kronik motor komplet SKY’li birey dahil edildi. Obezite
degerlendirmesinde beden kitle indeksi (BK{) kullanildi. Lipit profili olarak
yiiksek yogunluklu lipoprotein [High Density Lipoprotein (HDL)]-koleste-
rol (HDL-K), diisiik yogunluklu lipoprotein [Low Density Lipoprotein
(LDL)]-kolesterol (LDL-K), trigliserid (TG) ve total kolesterol (TK) de-
gerleri ol¢iildii. Mobilizasyonu degerlendirmek i¢in manuel tekerlekli san-
dalye itme testleri (MTSIT) (20 m itme testi, slalom testi, 6 dk itme testi)
uygulandi. SKY ye 6zgii BKI>22 kg/m? obez olarak smiflandirilirken, <22
kg/m? obez olmayan olarak simiflandirildi. HDL-K<40 mg/dL diisiik kabul
edilirken, LDL-K>130 mg/dL, TG>150 mg/dL ve TK>200 mg/dL yiiksek
olarak degerlendirildi. Katilimcilar ikili gruplara ayrildi ve manuel teker-
lekli sandalye itme testi sonuglari kargilastirildi. Bulgular: Katilimeilarin
%71,6’sinin (n=73) obez oldugu, %69,6’sinda HDL-K disikligii,
%27,4’tinde LDL-K yiiksekligi, %45,1’inde TG yiiksekligi ve %22,5’inde
TK yiiksekligi bulundu. TG<150 mg/dl olan grupta TG>150 mg/dl olan
gruba gore 20 m itme testi siiresi anlamli olarak daha diisiik bulundu
(p=0,014) ancak HDL-K, LDL-K ve TK diizeylerinin manuel tekerlekli san-
dalye itme testlerine etkisi anlamli bulunmadi (p>0,05). BKi<22 kg/m2 olan
grupta BKi>22 kg/m2 olan gruba gore 20 metre itme testi siiresi ve slalom
testi siiresi kisaligi ile 6 dk itme testi performansinin yiiksekligi anlamli ola-
rak bulundu (sirastyla p=0,014, p=0,008, p=0,035). Sonug: Kronik SKY’li
bireylerde obezite ve hipertrigliserideminin manuel tekerlekli sandalye mo-
bilizasyonunu olumsuz etkiledigi gosterilmistir.

Anahtar Kelimeler: Spinal kord yaralanmasi; obezite; dislipidemi;
mobilizasyon; tekerlekli sandalye
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Metabolic changes observed after spinal cord in-
jury (SCI) lead to obesity due to decreased sympa-
thetic nervous system activity and a restriction in
physical activity.!* Within 5 years following the in-
jury, the prevalence of obesity in individuals with
SCI ranges from 40% to 66%."*° Obesity limits the
mobility of individuals with SCI and accelerates the
risk of cardiovascular disease (CVD), which is one
of the primary causes of mortality.**

Physical inactivity and immobilization resulting
from SCI lead to progressive changes in body com-
position over time. Another consequence of SCI-re-
lated dyslipidemia, which
represents an additional risk factor.” Skeletal muscle

immobilization is

atrophy develops below the injury level after
SCI. Compared to body mass index (BMI)-matched
healthy individuals, those with SCI have been found
to exhibit lower muscle mass and higher fat mass.?
An increase in both whole-body and central adipos-
ity is observed, which is positively correlated with
triglyceride (TG) levels and negatively correlated
with high-density lipoprotein cholesterol (HDL-C)
levels.”!® Increased adiposity further elevates the
risks of dyslipidemia and CVD.'""'? Lipid profiles in
individuals with SCI differ significantly from those of
able-bodied controls. In a systematic review of 4,512
individuals with chronic SCI, the mean low-density
lipoprotein cholesterol (LDL-C) level was found to
be 115.5+14.6 mg/dL."3 Koyuncu et al. reported that,
in patients with SCI, the mean TC level exceeded the
upper limit of normal by 21%, while the LDL-C and
TG levels were 24% and 31% higher, respectively.
Additionally, the HDL-C level was below 40 mg/dL in
80% of the patients.!* In a study of 9,081 individuals
with SCI in the United States, hypercholesterolemia
was reported to be 5% more prevalent and associated
with a 1.53-fold higher cardiac risk.!* In a study of
the Finnish SCI population, Tallgvist et al. found that
hypercholesterolemia was present in 22% of individ-
uals.'® Understanding the extent of dyslipidemia
within the SCI population is crucial, as it is a well-es-
tablished risk factor for CVD, which ranks among the
leading causes of death in individuals with SCIL.

A wheelchair is the primary mobility tool for in-
dividuals with SCL.'” Manual Wheelchair Propulsion
Tests (MWPTs) are commonly used to assess mobil-

ity. These tests provide more comprehensive infor-
mation than loggers that measure daily distance trav-
eled or tests such as the “Wheelchair Skills
Test”, which merely indicate success or failure in per-
forming specific skills.'

Following SCI, alterations in body composition,
changes in lipid metabolism, and restricted mobility
are commonly observed. Studies evaluating mobility
in individuals with SCI are relatively limited, and re-
search examining the relationship between mobility,
obesity, and dyslipidemia is also scarce. The aims of
this study are twofold: (i) to determine the prevalence
of obesity and dyslipidemia in individuals with
chronic SCI and (ii) to investigate the impact of these
factors on mobility.

I MATERIAL AND METHODS
PARTICIPANTS

A cross-sectional study was conducted after obtaining
approval from the Academic Board of the Faculty of
Medicine at the University of Health Sciences (date:
June 28, 2017, no: 46418926/020). Between July
2017 and May 2018, individuals diagnosed with SCI
who were enrolled in an inpatient rehabilitation pro-
gram at the Ankara Physical Therapy and Rehabili-
tation Training and Research Hospital were included
in the study.

A G'power (version 3.1.9.4, Heinrich Heine
University in Diisseldorf, Germany) analysis was per-
formed to calculate the sample size. Based on this
analysis, the effect size was set at 0.50, with a type |
error () value of 0.05 and a type II error () value
0f 0.20. Accordingly, the study power (1-p) was cal-
culated as 0.80, and the sample size was determined
to be 102 participants.

Participants were informed about the study’s
purpose and the tests to be conducted, both verbally
and in writing, using a pre-prepared “Informed Con-
sent Form” in accordance with the study protocol.
Written consent was obtained from all participants
who agreed to participate by signing the “Informed
Consent Form”. The study was conducted in accor-
dance with the principles of the Declaration of
Helsinki.



Inclusion criteria
m Age between 18 and 60 years.
m Disease duration of at least 1 year.

m Ability to sit without support for at least 30
seconds.

m Ability to tolerate at least 45 minutes of activity.

m Motor-complete individuals with traumatic or
non-traumatic SCI (classified as American Spinal
Cord Injury Association (ASIA) Impairment Scale
(AIS) A or B).

Exclusion criteria

m Postoperative use of thoracolumbar orthosis
or cervical braces.

m Secondary musculoskeletal disorders or pain
in the trunk or upper extremities.

m Other conditions that could prevent the com-
pletion of tests (e.g., postural hypotension, uncon-
trolled hypertension, uncontrolled hyperglycemia,
uncontrolled autonomic dysreflexia, or chronic arte-
rial disease).

OBESITY ASSESSMENT

Height and weight were measured according to the
techniques outlined in the Anthropometric Standard-
ization Reference Manual.!” The BMI was calculated
using the formula of body mass (kg)/[height (m)].2
Both the World Health Organization (WHO) crite-
ria and SCI population-adjusted data were used to as-
sess obesity. According to the SCI-specific criteria,
individuals with a BMI of >22 kg/m? were classified
as obese, whereas those with a BMI of <22
kg/m? were classified as non-obese.?**! Binary groups
were then formed. Additionally, based on the WHO
criteria, individuals were categorized as underweight
(BMI<18.5 kg/m?), normal weight (BMI=18.5-24.9
kg/m?), overweight (BMI=25-29.9 kg/m?), and obese
(BMI>30 kg/m?).?

ASSESSMENT OF THE LIPID PROFILE

Following a 12-h overnight fast, blood was drawn to
assess the serum lipid profiles. An automated chemistry
analyzer utilizing colorimetric methodology was em-
ployed to measure TC, HDL-C, and TG. LDL-C values

were determined using Friedewald’s equation: LDL-
C=TC HDL-C (TG/5).2 HDL-C, LDL-C, TG, and TC
values were recorded. The values specified in the Na-
tional Cholesterol Education Program Adult Treatment
Panel III (NCEP/ATP III) III guideline were taken as
reference.?* Accordingly, HDL-C below 40 mg/dL was
considered low, LDL-C above 130 mg/dL, TG above
150 mg/dL, and TC above 200 mg/dL were considered
high, and paired groups were formed.

ASSESSMENT OF MWPTS

20-m Propulsion Test (MWPT,,,,): Partici-
pants were positioned with the front bar of their
wheelchair at the starting line of the course and were
instructed to propel the wheelchair as quickly as pos-
sible. The time to complete the 20-m course was mea-
sured and recorded in seconds (Figure 1).!8

Slalom Test (MWPTg; o1 onm): Participants nav-
igated their wheelchairs through an 18-m slalom
course at their maximum self-selected speed. The
course featured seven cones arranged in a linear con-
figuration with varying distances of 3, 2, and 1m be-
tween them. The time to complete the course was
recorded in seconds (Figure 1).'8

6-Minute Propulsion Test MWPT,;): An 8-
shaped track with a length of 25 meters was designed
for the test. Participants started at the center of
the course and propelled as quickly as possible to the
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FIGURE 1: MWPTs
MWPT: Manual Wheelchair Propulsion Test



cones on the sides, then returned to the center, per-
formed a rapid stop, and continued to the other side.
This cycle was repeated for 6 minutes. The distance
measured was recorded in meters (Figure 1).!3

MWPT results were compared in binary groups
consisting of SCl-specific BMI>22 kg/m? (obese) vs.
<22 kg/m? (non-obese); HDL-C below 40 mg/dL (low)
vs. HDL-C above 40 mg/dL; LDL-C above 130 mg/dL
(high) vs. LDL-C below 130 mg/dL; TG above 150
mg/dL (high) vs. TG below 150 mg/dL; and TC above
200 mg/dL (high) vs. TC below 200 mg/dL.

STATISTICS

Data entry and analysis were performed using the
“Statistical Package for Social Sciences” version 23.0
(IBM Corp., Armonk, NY, USA). The conformity of
the variables to the normal distribution was checked
by the Kolmogorov-Smirnov and Shapiro-Wilk tests.
The independent samples t-test was used to compare
independent 2-group continuous variables that con-
formed to the normal distribution. The Mann-Whit-
ney U test was used to compare independent 2-group
continuous variables that did not fit the normal dis-
tribution. Statistical significance was set at p<0.05.

I RESULTS

Table 1 presents the demographic profile of the study
participants. The mean age of the cohort was

TABLE 1: Characteristics of the participants
Outcome Measure Number (n)  Percentage (%)
Gender Male 79 775
Female 23 22.5
Age (year) 18-24 28 27.3
25-31 23 226
32-45 26 25.5
46-60 25 246
Etiology Traumatic 86 84.4
Non-traumatic 16 15.7
ASIA Impairment Scale A 50 49
B 52 51
Neurological injury level ~ C6 3 8
c7 2 2
C8-T1 1 1
T2-T10 57 55.8
T11-L2 39 38.2

ASIA: American Spinal Cord Injury Association

34.6£11.9 years. The mean time since the date of SCI
was 5.36+4.94 years.

OBESITY

According to the SCl-specific BMI, 28.4% (n=29) of
the participants were not obese and 71.6% (n=73)
were obese. According to the WHO criteria, 4.9%
(n=5) of the participants were underweight, 56.9%
(n=58) were of normal weight, 27.4% (n=28) were
overweight, and 10.8% (n=11) were obese.

LIPID PROFILE

The mean HDL-C was 35.7+8.68 mg/dL, LDL-C was
107.4+£31.7 mg/dL, TG was 153.7+72.7 mg/dL, and
TC was 175+£36.8 mg/dL. Among all participants,
69.6% had low HDL-C, 27.4% had high LDL-C,
45.09% had high TG, and 22.5% had high TC.

A comparison of HDL-C, LDL-C, TG, and TC
between the AIS-A and AIS-B groups is shown in
Table 2. The mean TG level was significantly higher
in the AIS-A group than in the AIS-B group
(p=0.014). The differences in HDL-C, LDL-C, and
TC levels between the groups were not statistically
significant (p=0.12, 0.756, and 0.69, respectively).

TABLE 2: Comparison of lipid profile results according to AIS

classification
AISA AIS B
n XSD n X+SD p value
HDL-C {mg/dL) 50 34.4+8.18 52 37.1£9.1 0.120

LDL-C (mg/dL) 50
TG (mg/dL) 50
TC (mg/dL) 50

108.4+29.2 52
170.9£80.6 52
1751374 52

106.5+34.1 0.756
135.8£59.1  0.014*
171.9+42.5 0.692

*p<0.05; AIS: American Spinal Cord Injury Association Impairment Scale;
SD: Standard deviation; HDL-C: High-density lipoprotein cholesterol;
LDL-C: low-density lipoprotein cholesterol; TG: triglycerides; TC: Total cholesterol

TABLE 3: MWPT outcome measures in individuals with spinal
cord injury

Wheelchair Propulsion Tests n X+SD Minimum-Maximum

20-m propulsion test (s) 102 13.3+5.18 7-35

Slalom test (s) 102 28.6+11.8 13-80

8-min propulsion test {m) 102 625.8+173.6 180-1200

SD: Standard deviation; s: Second; m: Meter



TABLE 4: Effect of HDL-C, LDL-C, TG, TC, and BMI on MWPT results
20-m propulsion test (s) Slalom test (s) 6-min propulsion test (m)
n X+SD Mlnlrnum- p value n X£SD Mlnlrnum- p value n X+SD Mlnlfnum- p value
maximum maximum maximum
HDL-C< 40 (mg/dL) 71 12.8+4.00 7-30 044 71 | 26.5£7.60 13-45 0.06 71 |646.8+170.7| 375-1200 "
HDL-C> 40 (mg/dL) 31 14.5+7.15 7-35 . 31 | 33.4£17.3 14-80 . 31 |577.7£173.6( 180-900 .
LDL-C< 130 (mg/dL) 74 13.4+5.51 7-35 74 | 29.3£13.0 13-80 74 1609.8+160.9| 180-1050
0.61 0.69 0.30
LDL-C> 130 (mg/dL) 28 12.9+4.28 | 8.74-25 28 | 26.9+7.68 14-44 28 | 668.24250 | 300-1200
TG<150 (mg/dL) 56 12.946.04 7-35 56 | 28.9+14.7 13-80 56 |638.8+189.0| 180-1200
0.014* 0.196 0.49
TG>150 (mg/dL) 46 13.7£3.93 9-30 46 | 28.3+6.8 16-45 46 | 610+153.5 | 300-1050
TC< 200 (mg/dL) 79 13.245.39 7-35 79 | 28.9+12.8 13-80 79 |608.2+156.9| 180-1050
0.60 0.86 0.10
TC> 200 (mg/dL) 23 13.6+4.50 9-25 23 | 27.74£7.53 14-43 23 |686.3+215.1| 300-1200
BMI<22 kg/m? 29 11.3+4.21 7-30 29 | 23.7£5.88 13-40 29 |683.1x141.8| 450-925
0.014* 0.008* 0.035*
BMI=22 kg/m? 73 14.1£5.35 8-35 73 | 30.6£12.9 15-80 73 | 603+180.7 | 180-1200

*p<0.05; SD: Standard deviation; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; TG: Triglycerides; TC: Total cholesterol; BMI: Body mass index

MWPTS

The results of the MWPTSs for the participants are
shown in Table 3.

The effects of obesity and dyslipidemia on the
MWPT results are shown in Table 4. Participants
were divided into paired groups according to HDL-C,
LDL-C, TG, TC, and BMI measurements. The effects
of the MWPT,q,,, MWPTg srom> and MWPTg .
were compared between the paired groups. The time
to complete the MWPT,,,,, was significantly lower in
the group with TG<150 mg/dl compared with the
group with TG*150 mg/dl (p=0.014). However, no
significant relationship was found between the groups
in the MWPTg; o1 om and the MWPT, ... (p=0.196
and 0.49, respectively). The shorter time to complete
the MWPT,;,, and MWPTg; ; on and the longer dis-
tance traveled in the MWPT..., were statistically sig-
nificant in the group with BMI <22 kg/m? compared
to the group with BMI>22 kg/m? (p=0.014; 0.008;
0.035, respectively). The effect of the binary groups
for HDL-C, LDL-C, and TC on the MWPTSs was not
statistically significant (p>0.05).

I DISCUSSION

Our study revealed the effect of obesity and dyslipi-
demia on mobility using MWPTs in individuals with
chronic motor complete SCI. It was shown that the

SClI-specific BMI criteria diagnosed obesity more
frequently than the WHO criteria. Regarding dyslipi-
demia, low HDL-C and high TG were found to be at the
forefront. TG levels were statistically significantly
higher in individuals with AIS-A compared with those
with AIS-B. Regarding the effect of obesity on mobil-
ity, obese individuals demonstrated slower performance
in the MWPT,;,, and MWPTg; o; o and covered a
shorter distance in the MWPTj, ... Regarding the effect
of dyslipidemia on mobility, it was shown that individ-
uals with hypertriglyceridemia demonstrated slower
performance in the MWPT,,,..

In SCI, neurogenic obesity may develop as a re-
sult of physical inactivity due to motor impairment,
negative energy balance, and progressive loss of mus-
cle and bone mass due to interruption of neuronal
stimulation below the level of injury.?>?” In the first
study on the need for a separate classification for the
assessment of obesity, Laughton et al. showed that
the WHO classification may miss 73.9% of individ-
uals with SCI and that their body fat percentage was
8-18% higher than that of healthy controls. They sug-
gested that those with a BMI >22 kg/m? in individu-
als with chronic SCI should be considered to be at
high risk of obesity and related chronic diseases.?! In
a study conducted by Hatchett et al. on 222 individ-
uals with chronic SCI, 13.5% were found to be obese



according to the WHO classification and 44.1% ac-
cording to SCI-specific BMIL.?® In a study including
136 individuals with SCI with an obesity limit of 22
kg/m?, 77.9% were shown to be obese.?’ In our study,
we used both the WHO and SClI-specific BMI crite-
ria. Consistent with the literature, we evaluated
10.8% of individuals as obese according to the WHO
criteria and 71.6% of individuals as obese according
to the SCI-specific BMI criteria.

Dyslipidemia is a common cardiometabolic risk
factor after SCI.*° It is frequently characterized by
low HDL-C and elevated TG.!*?33! Wahman et al.
compared wheelchair-dependent chronic paraplegics
(n=135) with age-gender matched healthy individuals
(n=1,488) in terms of cardiovascular risk factors. Ac-
cordingly, the prevalence of dyslipidemia was 11.1%
in individuals with SCI, whereas it was 1.8% in
healthy controls, and the difference was found to be
statistically significant.?> Bauman et al. compared the
HDL-C levels of 320 paraplegic patients with those
of relatively sedentary healthy controls. The serum
HDL-C level was reduced in the SCI group compared
with the control group.®® In a study conducted on 253
individuals with chronic SCI, low HDL-C was found
to be 85%.%* A study by Paim et al. showed that the
mean LDL-C was 114.6£9.1 mg/dl in sedentary in-
dividuals with SCI and 101.9+5.5 mg/dl in physically
active individuals with SCIL.** In a study conducted
by Vichiansiri, the TC value was found to be
175.1£41.3 mg/dl.*® In our study, similar to the liter-
ature, the mean HDL-C value was 35.7+8.68 mg/dl
and 69.6% of the participants had low HDL-C; the
mean LDL-C value was 107.4£31.7 mg/dl, and
27.4% had high LDL-C, and the mean TC value was
175£36.8 mg/dl and 22.5% had high TC. This may
be due to the reduced physical activity and immobi-
lization associated with SCI, which can alter lipid
metabolism. Decreased mobility generally results in
lower energy expenditure and muscle mass, poten-
tially contributing to dyslipidemia, including low
HDL-C and altered LDL-C and TC levels.

In a study, it was shown that TG value was pos-
itively correlated with visceral adipose tissue in indi-
viduals with chronic SCIL.*’ In studies, mean TG
values were found to be 202.4£119.8 mg/dl and
128.6+£65.6 mg/d1.*3*° In our study, the mean TG of

all participants was 153.7+72.7 mg/dl and was found
to be high in 45.1% of patients. We believe that the
different results in the literature may be related to the
diet and exercise habits of individuals. The risk of de-
veloping cardiometabolic diseases such as dyslipi-
demia and obesity has been found to be higher in
complete SCIs than in incomplete SCIs due to less
physical activity.!! Although no correlation has been
found between serum TG levels and AIS in studies,
in our study, we found significantly higher TG levels
in patients with AIS-A compared with those with
AIS-B.'%3¢ We associated this with higher physical
inactivity in individuals with complete SCI.

MWPTs are inexpensive and simple tests used
to assess mobility. It has been shown that tasks such
as going back and forth and changing direction in
these tests can be applied to improve the ability to use
the wheelchair.***3 In the MWPT,,,,, it is necessary to
apply symmetrical force to the wheelchair; energy is
generated during linear displacement. In the MWPT-
sLaLom> asymmetric force is applied to change direc-
tions along the trajectory, with energy production and
consumption.** The MWPT,,,, and MWPTg; x; oum 8S-
sess anaerobic capacity, whereas MWPT, ., evalu-
ates endurance, i.e., acrobic capacity.

Obesity causes limitations in daily living activi-
ties, transfers, and manual wheelchair mobilization
in individuals with SCI.3# A person’s body weight af-
fects their ability to maneuver a wheelchair, with in-
dividuals having a higher BMI generally unable to
push as far as those with a lower BML* It has been
shown that individuals who experience at least a 5%
increase in body weight have greater difficulty pro-
pelling a wheelchair. Their propulsion speed was
lower than that of individuals who did not gain
weight, and the total distance covered was also sig-
nificantly negatively affected. It has been reported
that obese individuals with SCI propel their
wheelchairs 19% less per day on average.”® Remark-
ably, in a study of veterans who had recently devel-
oped SCI, BMI increased over 5 years despite a
decrease in muscle and bone mass, suggesting that
weight changes mainly reflect an increase in adipose
tissue.>* In individuals with incomplete paraplegia,
obese patients showed smaller improvements in FIM
self-care and mobility scores compared with those of



normal weight. For those with complete paraplegia,
obese patients experienced significantly lower gains
in self-care and mobility scores. However, in cases
of both incomplete and complete tetraplegia, there
were no significant differences in FIM self-care and
mobility scores between obese and normal-weight
patients.*’ Consistent with the literature, our study re-
vealed statistically significant differences, with
obese patients demonstrating longer MWPT,, and
MWPTg; o1 om times and shorter MWPT,,;, dis-
tances compared to non-obese patients. A study by
the Human Engineering Research Laboratories re-
vealed that manual wheelchair users with a BMI
greater than 25 kg/m? propelled at a notably slower
speed compared to those with a BMI below 25
kg/m? when navigating surfaces commonly en-
countered in daily life, such as ramps, thick carpet,
and grass.*® The findings of our study demonstrate
that obesity limits mobility in individuals with SCI,
causing difficulties in wheelchair mobilization and
negatively affecting physical performance. Consis-
tent with the literature, obese individuals demon-
strated shorter wheelchair propulsion distances and
longer propulsion times compared with those with
lower BMI. This could be due to the increased body
weight and adipose tissue, which restrict the mobi-
lization abilities. Additionally, these patients may
have experienced reduced mobility due to lower mus-
cle strength and endurance, with decreased physical
activity levels potentially contributing to the devel-
opment of obesity.

Following SCI, dyslipidemia is linked to signif-
icant physical deconditioning and systemic inflam-
mation, both of which are connected to the rapid
development of neurogenic obesity, insulin resis-
tance, and type 2 diabetes mellitus. Compared with
non-disabled individuals, those with SCI face a
higher risk of developing these health complica-
tions.*> Comparisons between physically active and
inactive men with SCI showed notable differences in
total body weight, BMI, and fat mass.”>® Men and
women with SCI who are physically active have total
body fat percentages ranging from 16% to 24% for
men and 24% to 32% for women. In contrast, seden-
tary individuals with SCI exhibit “at-risk” fat mass
levels, exceeding 25% in men and 32% in women.’

Farkas et al. identified notable associations between
visceral fat measured by MRI and the ratio of vis-
ceral-to-subcutaneous fat with TG, HDL-C, and the
TC:HDL-C ratio, specifically in individuals with
paraplegia. However, these connections were not pre-
sent in cases of tetraplegia.’! Similarly, Gorgey et al.
found multiple significant relationships between lipid
metabolism markers and abdominal obesity measured
via magnetic resonance imaging (MRI) in individuals
with SCI. The study noted that HDL-C, the TC:
HDL-C ratio, and TG levels were associated with
both upper and lower visceral fat, subcutaneous fat,
and the ratio between these two fat depots.’’ No study
examining the effect of lipid profile on the MWPTs
was found in the literature. In our study, the effect of
HDL-C, LDL-C, and TC binary groups on the
MWPTs were not statistically significant. The
MWPT) )y, duration was 13.8+3.93 seconds in the
group with TG>150 mg/dL and 1346.04 seconds in
the group with TG<150 mg/dL, and this difference
was statistically significant. Although we did not
evaluate it in our study, it has been shown in previous
studies that hypertriglyceridemia is associated with
visceral adipose tissue.* The results of our study may
reflect the complex relationship between TG levels
and physical inactivity in individuals with SCI. High
TG levels are associated with central obesity, which
may result from decreased physical activity and sub-
sequent accumulation of visceral adipose tissue.
Since visceral fat is associated with lipid metabolism
disorders, it is likely that individuals with higher TG
levels experience increased fat accumulation, which
may prolong the MWPT» (., completion times. Fur-
thermore, the physical inactivity of these individuals
may have intensified the metabolic disorders seen in
SCI and led to longer propulsion times.

LIMITATIONS

The lack of a healthy control group was a limitation
of our study. We thought that healthy individuals may
affect the results of the MWPTs because they are not
accustomed to the use of a manual wheelchair. The
absence of a healthy control group may have limited
our ability to determine a definitive cause-and-effect
relationship. Additionally, the cross-sectional design
of our study may have further constrained this as-



sessment. Another limitation is that body fat and
muscle mass were not evaluated.

I CONCLUSION

In our study investigating the effect of obesity and
dyslipidemia on wheelchair mobilization in individ-
uals with chronic motor complete SCI, hypertriglyc-

eridemia, and obesity were shown to have a negative
effect. The use of SCl-specific BMI criteria may be
preferred over WHO criteria to avoid missing cases
of obesity in individuals with SCI. In the future, ran-
domized controlled trials are needed to evaluate the ef-
fect of the effectiveness of treatments for obesity and
dyslipidemia on mobilization in individuals with SCIL.
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