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Leisure-time physical activity, anthropometrics, and 
body composition as predictors of quality of life 
domains after spinal cord injury: an exploratory 
cross-sectional study
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Abstract  
The objective of the current work was to examine the relationships between quality of life (QOL) domains in persons with spinal cord 
injury (SCI) and their levels of weekly leisure-time physical activity (LTPA), anthropometric variables, and body composition variables. This 
exploratory cross-sectional study consisted of baseline data collected as part of a randomized clinical trial at a VA Medical Center and SCI 
center. A convenience sample of 36 community-dwelling persons with SCI participated in the current study. Outcome measures included 
the World Health Organization Quality of Life Short Form (WHOQOL-BREF), Leisure-Time Physical Activity Questionnaire for People with 
Spinal Cord Injury (LTPAQ-SCI), anthropomorphic measures (waist, hip, and abdominal circumference), and dual-energy x-ray absorptiometry 
(DXA) to quantify regional and total body composition. Multiple regression models suggested that engagement in LTPA accounted for 35.7% 
of the variance in physical health QOL, 33.5% in psychological QOL, 14.2% in social relationships QOL, and 38.2% in environmental QOL. 
Anthropometric measures accounted for 11.3%, 3.1%, 12.0%, and 6.7% of the variance in these QOL indices, respectively, and DXA indices 
accounted for 18.7%, 17.5%, 27.4%, and 21.9%. Within these models, the number of minutes of heavy LTPA per day uniquely predicted 
physical health QOL, the number of mild LTPA days per week uniquely predicted psychological QOL, and the amount of mild LTPA per day 
uniquely predicted environmental QOL. Bivariate analyses also suggested that android and trunk fat, as well as supine waist and abdominal 
circumferences, were positively associated with social relationships QOL. Encouraging individuals with SCI to engage in LTPA may robustly 
enhance multiple aspects of QOL while reducing the risk for cardiovascular and metabolic morbidities associated with SCI. Moreover, this may 
lead to a further understanding of how QOL may impact longitudinal intervention trials. The study protocol and procedures were reviewed 
and approved by the McGuire VA Research Institutional Review Board (IRB# 02152, approval date August 9, 2015; IRB# 02375, approval date 
May 2, 2018).
Key Words: anthropometrics; body composition; dual-energy-x-ray absorptiometry; exercise; physical activity; quality of life; spinal cord injury 

Chinese Library Classification No. R494; R364; R741

https://doi.org/10.4103/1673-5374.327356

Date of submission: December 2, 2020 

Date of decision: February 9, 2021 

Date of acceptance: February 26, 2021 

Date of web publication: November 12, 2021 

1Division of Physical Medicine and Rehabilitation, University of Utah School of Medicine, Salt Lake City, UT, USA; 2Department of Psychology, Virginia 
Commonwealth University, Richmond, VA, USA; 3Spinal Cord Injury & Disorders; Hunter Holmes McGuire VA Medical Center, Richmond, VA, USA; 4Department 
of Physical Medicine and Rehabilitation, Virginia Commonwealth University School of Medicine, Richmond, VA, USA
*Correspondence to: Ashraf S. Gorgey, MPT, PhD, FACSM, FACRM, Ashraf.Gorgey@va.gov.
https://orcid.org/0000-0002-9157-6034 (Ashraf S. Gorgey)

Funding: This study was supported by the Department of Defense-Congressionally Directed Medical Research Program (DoD-CDMRP) (W81XWH-14-SCIRP-CTA; 
to ASG).
How to cite this article: Mickens MN, Perrin P, Goldsmith JA, Khalil RE, Carter III WE, Gorgey AS (2022) Leisure-time physical activity, anthropometrics, and body 
composition as predictors of quality of life domains after spinal cord injury: an exploratory cross-sectional study. Neural Regen Res 17(6):1369-1375. 
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Introduction 
Individuals with spinal cord injury (SCI) experience reduced 
mobility and physical activity and increased likelihood of 
several medical comorbidities (Maitland Schladen and Groah, 
2014; Smith and Yarar-Fisher, 2016). Engagement in leisure-
time physical activity (LTPA) has emerged as a promising set 
of behaviors that not only reduces the risk for cardiovascular 
diseases but also improves subjective well-being (Gorgey et 
al., 2014), satisfaction with social relationships (Smith and 
Yarar-Fisher, 2016), functional independence (Kawanishi and 
Greguol, 2013), community reintegration (Ginis et al., 2003), 
and quality of life (QOL) (Gillison et al., 2009). Individuals 
with SCI are advised to engage in habitual LTPA in addition 
to their usual activities of daily living (ADL) because many 
ADLs are performed at insufficient intensities or durations 
to achieve health benefits. LTPA is any physical activity that 
individuals choose to do in their spare time, including aerobic 
and strength training, playing sports, and hobbies (Godin and 
Shephard, 1985; Martin Ginis et al., 2012). Physical inactivity 
has been associated with increased psychological and physical 
issues, including respiratory dysfunction, depression, chronic 
pain, and fatigue (Rintala et al., 1998; Anderson et al., 2007; 
Noce et al., 2009; Anneken et al., 2010). Conversely, LTPA 
is associated with lower chronic disease risk in adults with 
SCI (Buchholz et al., 2009; Hetz et al., 2009). In persons with 
tetraplegia, physically active participants (minimum of two 
and a half hours per week of exercise, three times a week 
or more for at least three months) have lower total body 
fat mass, which is associated with improvements in fasting 
plasma insulin and homeostatic model assessment (HOMA) 
index (D’Oliveira et al., 2014).

To accurately prescribe LTPA, the American College of Sports 
Medicine (ACSM) guidelines were extracted to determine 
appropriate physical activity levels in persons with SCI (Garber 
et al., 2011). However, the ACSM guidelines may misclassify 
those with SCI as being inactive. Recent guidelines have 
suggested that 30 minutes of moderate-to-vigorous intensity 
three times per week may maintain health and wellness after 
SCI (Ginis et al., 2018). At present, it is still unclear whether 
this recommended dose of exercise is adequate to improve 
QOL after SCI. Given its positive emotional and social effects, 
researchers have further examined relationships between 
LTPA intensity, frequency, duration, and QOL (Whiteneck et 
al., 1992). However, it is worth noting that several barriers 
may hinder participation in routine physical activity, especially 
in persons with SCI. These barriers are likely to impact the 
primary domains of QOL (Gorgey, 2014).

Across studies, the definition of QOL varies dramatically but 
has been described by the Centers for Disease Control as 
“a broad multidimensional concept that includes subjective 
evaluations of both positive and negative aspects of life,” 
as well as physical and emotional determinants of health 
(Control and Prevention, 2005). Extensive work has been 
done to clearly define QOL and elucidate predictors of QOL 
in various populations. Dijkers (2003) differentiated between 
objective and subjective QOL. Objective QOL is conceptualized 
as achievements, while subjective QOL is conceptualized as 
feelings about how achievements align with expectations 
(Dijkers, 2003). Therefore, it is important to assess multiple 
domains of QOL and their associations with varying levels 
of LTPA in persons with SCI. In a review of 11 studies, strong 
positive associations were found between engagement 
in LTPA and specific aspects of QOL, such as improved life 
satisfaction, greater functional independence, and greater 
perception of overall health (Kawanishi and Greguol, 2013). 
The authors noted that the weekly frequency, duration, and 
type of physical activity led to varied outcomes (Kawanishi 
and Greguol, 2013). Moreover, there are critical differences 
in the effects of exercise frequency on reported QOL, with 

Table 1 ｜ Physical and SCI characteristics of the participants enrolled in 
the current study

Variable n (%) or mean±SD

Sex
Male 29 (80.6)
Female 7 (19.4)

Race/ethnicity
White/European-American 21 (58.3)
Black/African-American 15 (41.7)

Injury classification
Paraplegia 23 (63.9)
Tetraplegia 13 (36.1)

Level of Injury
Cervical 14 (38.9)
Thoracic 21 (58.3)
Lumbar 1 (2.8)

AIS Impairment Scale Classification  
A 21 (58.3)
B 9 (25.0)
C 6 (16.7)

Age (yr) 40.00±13.00
Weight (kg) 70.45±14.95
Height (cm) 174.25±9.10
Body mass index (kg/m2) 23.4±5.5
Time since injury (yr) 10.8±10.23

AIS: ASIA (American Spinal Injury Association) Impairment Scale.

individuals achieving at least four hours of weekly exercise 
reporting greater QOL than those completing 30 minutes 
(Kawanishi and Greguol, 2013). Beyond frequency, a pattern 
exists between the intensity of training and perceived QOL. 
Those who reported engagement in higher intensity exercises 
experienced reduced chronic pain and fatigue, which may 
have also accounted for greater ratings of QOL (Hicks et al., 
2003; Luchauer and Shurtleff, 2015). Overall, engagement in 
physical activity has positive impacts on aspects of QOL (Ginis 
et al., 2003).

Previous studies in community-dwell ing adults have 
demonstrated an inverse relationship between body mass 
index (BMI), waist circumference (So, 2014; Wu et al., 2014) 
and ratings of QOL (WHOQOL, 1994; Jang et al., 2004). This 
may suggest that parameters of body composition may serve 
as predictors of QOL after SCI. However, we are unaware of 
any studies that have conducted a detailed assessment of 
body composition using sophisticated imaging techniques 
and established associations with the domains of QOL. 
Determining this association will provide an understanding 
of how QOL may impact longitudinal intervention trials. The 
present study’s objective was to identify the associations 
among different levels of LTPA, anthropometric variables, 
body composition variables, and SCI-related QOL. Based on 
the aforementioned evidence, we hypothesized that LTPA 
and body composition parameters might serve as positive 
predictors for domains of QOL after SCI. 
 
Participants and Methods
Participants
A convenience sample of 36 individuals with SCI were 
recruited as part of two separate clinical trials conducted 
at the McGuire VA Research Institute and registered 
with ClinicalTrials.gov (Gorgey et al., 2017, 2019). Thirty-
four participants (NCT02660073) and two participants 
(NCT03410550) were used for analyses for the current study. 
Participant recruitment and data collection occurred from 
2016 to 2020. Sample characteristics are described in Table 1. 
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Participants in this study met the following inclusion criteria: 
the ability to understand the informed consent process, age at 
the time of recruitment was between 18 and 65 years, at least 
1-year post-onset of injury, and diagnosed with traumatic 
motor complete and incomplete SCI (C5-L1). Participants were 
excluded if they experienced cardiovascular disease, type II 
diabetes, acute urinary tract infections, and pressure ulcers of 
stage 2 or greater. 

Procedure
Prior to enrollment in the study, the protocol and procedures 
were reviewed and approved by the McGuire VA Research 
Institutional Review Board (IRB# 02152, approval date 
August 9, 2015; IRB# 02375, approval date May 2, 2018) 
(Additional file 1) and conducted in accordance with the 
Declaration of Helsinki. This study was reported according 
to the STrengthening the Reporting of OBservational studies 
in Epidemiology (STROBE) statement (Additional file 2). 
All participants provided written consent prior to study 
enrollment and data collection (Additional file 3). As part 
of baseline data collection for the clinical trials, participants 
were administered self-report questionnaires by a trained 
study coordinator who read the questions aloud and provided 
patients with copies of the forms. The coordinator recorded 
the participants’ responses to each questionnaire to facilitate 
consistent administration across participants, both with and 
without upper extremity impairments. Participants underwent 
anthropometric measurements to capture weight (kg), height 
(m), body mass index (BMI), waist, hip, abdominal, and thigh 
circumferences (cm). Dual-energy-x-ray absorptiometry (DXA) 
scanning was performed to measure fat and lean masses (g) 
of whole body and regional compartments. The DXA short and 
long-term precision of repeated measures for regional and 
whole-body composition was recently reported in persons 
with SCI (Gorgey et al., 2018).

Measures
Participants responded to questionnaires that assessed 
demographics, injury characteristics, QOL, and participation 
in leisure-time physical activity one week before study 
participation. The specific measures and constructs assessed 
are outlined below.

Demographics
Participants provided information about their current age 
(years), gender, racial/ethnic identity, and time since injury 
(years). Injury diagnosis (level and AIS classification) was 
performed during their physical examination by a trained SCI 
physician (Kirshblum et al., 2011).

QOL
QOL was assessed using the World Health Organization 
Quality of Life short form (WHOQOL-BREF) (WHOQOL, 1994), 
a 26-item questionnaire that assesses four domains of QOL: 
physical health, psychological health, social relationships, 
and environmental engagement (WHOQOL, 1994; Jang et 
al., 2004). Psychometric properties for this measure, when 
administered among individuals with SCI, demonstrate strong 
adequate consistency by domain (α = 0.54–0.78) and good 
discriminant and construct validity across domains (Jang et 
al., 2004). The items assess the frequency of experiencing 
different aspects of QOL during the past two weeks. Responses 
to the items were reverse coded when appropriate and then 
summed into the four domain scores as recommended by 
the WHOQOL Group (WHOQOL, 1994; Harper and Orley, 
1996). Domain item averages were multiplied by 4 (per the 
scoring manual) and used for statistical analyses to improve 
predictive accuracy. Domain averages of the full sample were 
transformed to a 0-100 scale that is comparable with the 

WHOQOL-100 and used for making generalizations about the 
sample. 

Physical activity
Participants completed the Leisure Time Physical Activity 
Questionnaire for People with Spinal Cord Injury (LTPAQ-
SCI) (Martin Ginis et al., 2012). The LTPAQ-SCI is a self-report 
measure that assesses physical activity engagement during 
the past week. Participants reported the number of minutes 
they engaged in mild, moderate, and heavy-intensity activity 
and the number of days they engaged in mild, moderate, and 
heavy-intensity physical activity. Each of these indices of LTPA 
was used as a predictor in the current study. The LTPAQ-SCI 
demonstrates adequate test-retest reliability (intercorrelation 
coefficients range from 0.62-0.83) and construct validity 
(Martin Ginis et al., 2012).

Anthropomorphic data
Using previously established methods (Gorgey et al., 2016), 
the following anthropomorphic and body composition 
variables were obtained: weight (kg), BMI, waist and 
abdominal circumferences (cm), as well as the percentage of 
body fat, fat mass, and lean mass (g). 

Statistical analyses 
All analyses were conducted using SPSS 26.0 (IBM Corp., 
Released 2019; IBM SPSS Statistics for Windows; Armonk, 
NY, USA). Descriptive statistics were used to assess means 
and standard deviations of demographic variables, predictor 
variables, and QOL outcome variables, and frequencies were 
used to identify percentages of categorical variables in the 
sample. Tables 1 and 2 provide a summary of demographics, 
as well as predictor and outcome variables used in the 
analyses.

Table 2 ｜ Descriptive statistics of predictors (anthropometrics, body 
composition parameters, and LTPA) and domains of QOL 

Variable category Variable Mean ± SD

Range

Min Max

Anthropometrics Sup waist Cir. (cm) 82.5±13.9 59.80 110.20
Sup Ab Cir. (cm) 87.98±16.0 61.70 118.70
Supine hip Cir. (cm) 90.10±14.15 57.90 118.90

DXA Legs fat (g) 6987.81±3397.33 2508.00 15563.00
Legs lean (g) 13104.83±2601.03 7974.00 18877.00
Trunk fat (g) 12205.17±7506.79 1945.00 28288.00
Trunk lean (g) 21630.47±3321.44 15382.00 27129.00
Android fat (g) 2031.81±1474.40 216.00 5255.00
Android lean (g) 3146.92±589.28 1767.00 4318.00

LTPA Mild (d/wk) 3.97±2.47 0 7.00
Mild (min/d) 109.36±114.88 0 480.00
Mod (d/wk) 3.33±2.52 0 7.00
Mod (min/d) 64.58±89.94 0 480.00
Heavy (d/wk) 1.78±2.42 0 7.00
Heavy (min/d) 39.86±52.16 0 180.00

QOL Physical health 14.63±2.81 9.14 18.86
Psychological 15.76±2.99 8.00 20.00
Social relationships 13.78±3.23 4.00 18.67
Environment 15.92±2.39 10.50 20.00

Data are expressed as the mean ± SD. Ab: Abdominal; Cir: circumference; 
DXA: dual-energy x-ray absorptiometry; LTPA: leisure-time physical activity; 
Mod: moderate; QOL: quality of life; Sup: supine. QOL means the domain 
item average multiplied by 4. 

Twelve simultaneous multiple regressions were run based 
on a 3 × 4 matrix of three categories of predictors (LTPA, 
anthropometrics, and DXA) and four separate WHOQOL-
BREF QOL outcomes (physical health, psychological, social 
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relationships, and environment). The six LTPA predictors 
included the number of minutes of mild, moderate, and 
heavy exercise per day, as well as the number of days of 
mild, moderate, or heavy exercise per week. The three 
anthropometric predictors included supine waist, hip, and 
abdominal circumference (cm). The six DXA predictors included 
legs, trunk, and android fat and lean mass (g). Because of 
the limited sample size of 36 participants, the effect size was 
emphasized over traditional indices of statistical significance 
(e.g., P < 0.05). Additionally, because bivariate effects 
may have been obscured due to multicollinearity among 
predictors, a nonparametric Spearman’s rho correlation 
matrix was used to examine the associations between the 
three sets of predictors and the four QOL outcomes. Partial 
correlations were also used to examine the relationships 
between LTPA, body composition, anthropometrics, and QOL 
while controlling for participants’ age and time (Table 3).

Table 4 ｜ Multiple regression analyses with the study's primary predictors 
(LTPA, anthropometrics, and body composition parameters) and domains 
of QOL

Predictor variable
Physical 
health Psychological

Social 
relationships Environment

Predictors: LTPA
Mild (d/wk) 0.20 0.47* 0.08 0.36
Mild (min/d) 0.26 0.14 0.02 0.35*

Mod (d/wk) –0.24 –0.07 –0.05 –0.52*

Mod (min/d) 0.11 0.29 0.25 0.19
Heavy (d/wk) –0.26 –0.07 0.26 –0.24
Heavy (min/d) 0.51** –0.16 –0.22 0.21
Model R2 0.36* 0.34 0.14 0.38*

Predictors: 
Anthropometrics

Supine waist Cir. 
(cm)

–0.71 0.65 0.73 –0.88

Supine hip Cir. 
(cm)

0.08 –0.42 –0.16 0.26

Supine Ab Cir. 
(cm)

0.74 –0.39 –0.32 0.63

Model R2 0.11 0.03 0.12 0.07
Predictors: DXA

Legs fat (g) 0.12 –0.18 –0.17 0.19
Legs lean (g) 0.37 0.19 0.05 0.32
Trunk fat (g) –1.72 –2.45 –1.56 –2.02
Trunk lean (g) 0.29 0.09 –0.35 –0.075
Android fat (g) 1.78 2.72 2.06 1.87
Android lean (g) –0.57 –0.28 0.21 –0.23
Model R2 0.19 0.18 0.27 0.22

*P < 0.05, **P < 0.01. All regression weights are standardized betas. Ab: 
Abdominal; Cir: circumference; LTPA: leisure-time physical activity; Mod: 
moderate; QOL: quality of life.

Results
Sample characteristics 
Demographic information is described in Table 1. Participants 
were primarily male with time since injury of approximately 
11 years and predominately diagnosed with paraplegia at 
the thoracic level. Table 2 presents the means and standard 
deviations of the anthropometrics, body composition 
parameters, frequency and volume of LTPA, and the four 
domains of QOL. On average, participants reported at least 
four days of some level of exercise intensity and often reported 
over 30 minutes of exercise during these days. However, four 
participants reportedly did not engage in any form of LTPA. 
Participants’ QOL domain scores transformed (out of 100) 
were as follows: physical health (69), psychological (75), social 
relationships (62), and environmental (75), suggesting positive 
QOL across the various domains. 

Regression analysis between predictor variables and 
domains of QOL
The results of all 12 multiple regressions appear in Tables 4 
and 5. The four LTPA multiple regression models suggested 
that engagement in LTPA accounted for 35.7% of the variance 
in physical health QOL, 33.5% in psychological QOL, 14.2% in 
social relationships QOL, and 38.2% in environmental QOL, 
although only the physical health and environmental QOL 
regressions were statistically significant (Table 4). 

Table 3 ｜ Partial correlation matrix examining the primary predictors of 
the study (LTPA, anthropometrics, and body composition parameters) and 
domains of quality of life using age and TSI as control variables

Variable Physical health Psychological

Control variable Age TSI Age TSI
LTPA 

Mild (d/wk) 0.27 0.27 0.49** 0.48**

Mild (min/d) 0.38* 0.38* 0.29 0.26
Mod (d/wk) 0.09 0.09 0.22 0.22
Mod (min/d) 0.25 0.26 0.33 0.28
Heavy (d/wk) 0.12 0.12 0.07 0.06
Heavy (min/d) 0.45 0.45** 0.06 0.03

DXA
Legs fat (g) 0.17 0.14 –0.03 –0.02
Legs lean (g) 0.26 0.25 0.13 0.16
Trunk fat (g) 0.08 0.03 –0.02 –0.02
Trunk lean (g) –0.02 –0.03 –0.05 –0.04
Andro fat (g) 0.13 0.07 0.04 0.02
Andro lean (g) –0.02 –0.04 –0.03 –0.04

Anthro
Sup waist Cir. (cm) 0.06 0.002 –0.06 –0.04
Sup hip Cir. (cm) –0.12 –0.15 –0.12 –0.11
Sup Ab Cir. (cm) 0.25 0.17 –0.05 –0.04

Variable Social relationships Environment

Control variable Age TSI Age TSI
LTPA 

Mild (d/wk) 0.11 0.09 0.21 0.22
Mild (min/d) 0.1 0.05 0.43* 0.39*

Mod (d/wk) 0.03 0.03 –0.18 –0.18
Mod (min/d) 0.26 0.21 0.29 0.23
Heavy (d/wk) 0.22 0.22 0.02 –0.02
Heavy (min/d) 0.02 –0.02 0.13 0.14

DXA
Legs fat (g) 0.19 0.23 0.23 0.11
Legs lean (g) 0.06 0.09 0.18 0.15
Trunk fat (g) 0.29 0.32 0.07 –0.12
Trunk lean (g) –0.07 –0.04 –0.16 –0.19
Andro fat (g) 0.35* 0.36* 0.14 –0.07
Andro lean (g) 0.06 0.08 –0.09 –0.15

Anthro
Sup waist Cir. (cm) 0.27 0.31 0.03 –0.15
Sup hip Cir. (cm) 0.21 0.24 –0.04 –0.16
Sup Ab Cir. (cm) 0.17 0.22 0.15 –0.03

*P < 0.05, **P < 0.01. Ab: Abdominal; Andro: android; Anthro: 
anthropometric; Cir: circumference; DXA: dual-energy X-ray absorptiometry; 
LTPA: leisure-time physical activity; Mod: moderate; Sup: supine; TSI: time 
since injury.

Within these models, the number of minutes of heavy LTPA 
per day uniquely predicted physical health QOL, the number 
of mild LTPA days per week uniquely predicted psychological 
QOL, and the number of minutes of mild LTPA per day 
uniquely predicted environmental QOL. 
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The four anthropometric regression models accounted 
for 11.3% of the variance in physical health QOL, 3.1% in 
psychological QOL, 12.0% in social relationships QOL, and 6.7% 
in environmental QOL. However, none of the regressions were 
statistically significant, nor were any unique predictors within 
these models. 

The four DXA regression models accounted for 18.7% of the 
variance in physical health QOL, 17.5% in psychological QOL, 
27.4% in social relationships QOL, and 21.9% in environmental 
QOL, although again, none of the regressions were statistically 
significant. Neither were any unique predictors within these 
models. There were no significant differences detected based 
on the level (cervical or thoracic) or completeness (AIS grade) 
of injury (data not presented).

Relationships between predictor variables and domains of 
QOL
The correlation matrix (Tables 3 and 6) supported the same 
pattern of relationships as the multiple regression models. 
However, only in a bivariate sense was the number of minutes 
per day of mild LTPA positively associated with physical health 
QOL. Additionally, android fat (g), trunk fat (g), and waist and 
abdominal circumferences (cm) were positively associated 
with social relationships QOL. A nonparametric Spearman 
Rank test was used instead of a traditional Pearson’s 
correlation matrix because of possible non-parametric issues 
given that some of our variables were interval (e.g., QOL scale 
scores) and due to the small sample size. 

Discussion
This study aimed to identify the relationships of different levels 
of LTPA, anthropometric variables, and body composition 
variables with SCI-related QOL. LTPA mostly accounted for 
a large amount of variance in aspects of QOL in individuals 
with SCI, anthropometric variables accounted for a small-to-
moderate amount of variance, and body composition variables 
accounted for a moderate-to-large amount of variance. 

Regarding LTPA and QOL, the current findings are congruent 
with previous studies suggesting that increased frequency and 
intensity of physical exercise can lead to psychological and 
health benefits among individuals with SCI (Anneken et al., 
2010; Tomasone et al., 2013; Crane et al., 2017). The results 

also suggest that different patterns of physical activity may 
affect specific but not all aspects of QOL. For example, the 
number of minutes of heavy LTPA per day uniquely predicted 
physical health QOL, perhaps suggesting that LTPA intensity 
may be the most beneficial for physical health in people with 
SCI. Conversely, the number of minutes and the number of 
days engaged in mild LTPA uniquely predicted environmental 
QOL and psychological QOL, respectively. Perhaps this is 
reflective of individuals with SCI engaging in longer periods 
of light LTPA. Moreover, while minutes of heavy intensity 
LTPA was associated with increases in physical health QOL, 
it is notable that the current participants reported spending 
an average of 109 minutes engaged in mild LTPA per day 
and 64 minutes of moderate, but only 39 minutes of heavy. 

Table 5 ｜ Multiple regression analyses with the study's primary predictors (LTPA, anthropometrics, and body composition parameters) and modules of 
quality of life

Predictor variable Physical health Psychological Social relationships Environment

Mild (d/wk) 0.233 –0.230 to 0.696 0.568* 0.067 to 1.069 0.099 –0.515 to 0.714 0.347 –0.039 to 0.733
Mild (min/d) 0.006 –0.002 to 0.015 0.004 –0.006 to 0.013 0.000 –0.001 to 0.012 0.007* 0.000 to 0.014
Mod (d/wk) –0.265 –0.715 to 0.186 –0.087 –0.574 to 0.401 –0.065 –0.633 to 0.534 –0.496* –0.871 to  –0.120
Mod (min/d) 0.004 –0.007 to 0.14 0.010 –0.002 to 0.021 0.009 –0.005 to 0.023 0.005 –0.004 to 0.014
Heavy (d/wk) –0.306 –0.750 to 0.138 –0.087 –0.567 to 0.394 0.342 –0.247 to 0.932 –0.233 –0.603 to 0.137
Heavy (min/d) 0.028** 0.007 to 0.048 –0.009 –0.031 to 0.013 –0.014 –0.041 to 0.013 0.010 –0.007 to 0.027
Adjusted R2 0.224* 0.197 –0.036 0.254*

Sup waist Cir. (cm) –0.136 –0.428 to 0.156 0.137 –0.199 to 0.473 0.145 –0.157 to 0.447 –0.141 –0.393 to 0.111
Sup hip Cir. (cm) 0.016 –0.149 to 0.181 –0.089 –0.279 to 0.100 –0.033 –0.203 to 0.138 0.042 –0.100 to 0.184
Sup Ab Cir. (cm) 0.123 –0.057 to 0.303 –0.072 –0.279 to 0.134 –0.055 –0.241 to 0.131 0.087 –0.068 to 0.243
Adjusted R2 0.021 –0.069 0.029 –0.029
Leg fat (g) 9.66E-05 0.000 to 0.001 0 –0.001 to 0.000 0.000 –0.001 to 0.000 0.000 0.000 to 0.001
Leg lean (g) 0 0.000 to 0.001 0 0.000 to 0.001 5.71E-05 –0.001 to 0.001 0.000 0.000 to 0.001
Trunk fat (g) –0.001 –0.002 to 0.001 –0.001 –0.002 to 0.000 –0.001 –0.002 to 0.001 –0.001 –0.002 to 0.000
Trunk lean (g) 0 –0.001 to 0.001 8.301E-5 –0.001 to 0.001 0.000 –0.001 to 0.001 –5.367E-5 –0.001 to 0.001
Android fat (g) 0.003 –0.002 to 0.009 0.006 –0.001 to 0.012 0.005 –0.002 to 0.011 0.003 –0.002 to 0.008
Android lean (g) –0.003 –0.008 to 0.002 –0.001 –0.007 to 0.004 0.001 –0.004 to 0.006 –0.001 –0.005 to 0.003
Adjusted R2 0.019 0.004 0.124 0.058

*P < 0.05, **P < 0.01. All regression weights are b weights with 95% confidence intervals. Ab: Abdominal; Cir: circumference; Mod: moderate; Sup: supine.

Table 6 ｜ Spearman’s rho correlation matrix between the study's primary 
predictors (LTPA, anthropometrics, and body composition parameters) and 
domains of QOL

Variable
Physical 
health Psychological

Social 
relationships Environment

LTPA
Mild (d/wk) 0.28 0.45** 0.1 0.25
Mild (min/d) 0.37* 0.25 0.11 0.36*

Mod (d/wk) 0.17 0.23 0.02 –0.13
Mod (min/d) 0.23 0.32 0.19 0.20
Heavy (d/wk) 0.29 0.18 0.26 0.08
Heavy (min/d) 0.49** 0.18 0.06 0.13

DXA 
Legs fat (g) 0.05 –0.1 0.26 0.06
Legs lean (g) 0.17 0.08 0.02 0.10
Trunk fat (g) –0.04 –0.03 0.36* –0.04
Trunk lean (g) –0.08 –0.04 –0.05 –0.19
Android fat (g) –0.02 –0.007 0.39* –0.02
Android lean (g) –0.06 –0.02 0.05 –0.11

Anthro 
Sup waist Cir. (cm) –0.04 –0.07 0.36* –0.08
Sup hip Cir. (cm) –0.12 –0.12 0.24 0
Sup Ab Cir. (cm) 0.17 0.02 0.35* 0.04

*P < 0.05, **P < 0.01. Ab: Abdominal; Anthro: anthropometric; Cir: 
circumference; DXA: dual-energy x-ray absorptiometry; LTPA: leisure-time 
physical activity; Mod: moderate; Sup: supine.
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The duration and frequency of mild and moderate activity 
for longer durations may be more feasible for individuals 
with SCI. Overall, these findings suggest that engagement 
in LTPA (intensity and volume) is associated with enhanced 
QOL and that LTPA more accurately predicts QOL than body 
composition or anthropometrics. This offers clinicians and 
health providers critical information about lifestyle activities 
that can enhance physical and emotional well-being while 
reducing disease risk after SCI.

To our knowledge, this is the first time that sophisticated 
imaging of body composition, anthropometric variables, and 
LTPA have been associated with QOL domains in individuals 
with SCI. Interestingly, the results suggest that body 
composition variables (in particular android and trunk fat) 
and anthropometric variables (in particular supine waist and 
abdominal circumferences), proxy indices of central obesity, 
may contribute to social relationships QOL. Central obesity is 
characterized by increasing visceral adipose tissue that likely 
leads to impaired glucose tolerance, insulin resistance, and 
dyslipidemia in persons with SCI (Gorgey et al., 2014; Farkas 
and Gater, 2018). It should be noted that social relationships 
QOL is a broad construct encompassing personal relationships, 
social support, and sexual activity. A potential explanation for 
the positive association between social relationships QOL and 
body composition may be due to the social aspects of food. 
Previous work examining dietary restrictions found that while 
certain indices of QOL improved during diet modification, 
the social domain scores were negatively affected. This 
may be due to the fact that eating outside of the home and 
with others provides opportunities for social engagement. 
Moreover, difficulty eating with others as a result of a 
modified or restricted diet may hinder the social aspect of 
eating (Corle et al., 2001). Although this is only an association 
(not seen in the regression analyses), future research should 
investigate this potential link between social relationships QOL 
and high caloric intake. It is possible that individuals with SCI 
may enjoy social interactions without considerable attention 
to nutrition. 

Limitations
The current findings were limited by two key aspects. 
First, the sample was a small convenience sample of very 
healthy individuals (i.e., no cardiovascular disease, type II 
diabetes, pressure ulcers, or common medical and psychiatric 
comorbidities), which limits the generalizability of findings 
beyond individuals with similar levels of functioning. Another 
concern is that conducting 12 simultaneous multiple 
regressions may result in a multicollinearity problem, 
especially with a small sample size. Green suggests that with 
six or more predictors, the sample size should be at least 100 
to conduct a single multiple regression model (Green, 1991). 
The small sample size is primarily limited by constraints, 
including access to this specific population and the cost 
of sophisticated imaging techniques (i.e., DXA) utilized. 
Due to the small sample size, the adjusted R2 values with 
unstandardized b weights are also reported (Table 5). The 
results of this study should be viewed as an exploratory study 
evaluating potential predictors of QOL in SCI. Future studies 
with larger sample sizes may see a more robust effect.

As a healthier sample, participants may have improved 
functional mobility and more likely to engage in physical 
activity. Also, the sample was well beyond the first several 
years of injury and likely had time to identify physical activities 
that they could consistently engage in. The measures of LTPA 
relied on retrospective self-report, which may have distorted 
accuracy and may have been affected by recall bias. The use 
of bioinformatics through physical activity trackers in future 
studies may help to ameliorate the effects of recall bias on 

participants’ reports of physical activity. In light of these 
limitations, the current findings are fairly robust and offer 
feasible suggestions that improve physical and emotional 
wellness. A large multi-center trial is highly warranted to 
effectively address the aforementioned limitations.
	
Conclusions
Engagement in LTPA was strongly associated with various 
aspects of QOL in individuals with SCI. Anthropomorphic 
measures and body composition measures were also 
associated to varying degrees with increased QOL. Health 
providers may want to encourage those with chronic SCI to 
engage in some form of mild, moderate, and heavy-intensity 
LTPA as a way to improve mood, decrease stress, and improve 
overall QOL. Further identifying the relationships among 
levels of physical activity, anthropometrics, body composition 
variables, and SCI-related QOL may provide insight on 
how these variables can predict participant adherence in 
longitudinal interventional trials.
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