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Abstract 25 

OBJECTIVE: To examine (i) the associations between physical activity dimensions, 26 

cardiorespiratory fitness and body composition and, (ii) the associations between physical 27 

activity dimensions, cardiorespiratory fitness, body composition and biomarkers of 28 

cardiometabolic health in persons with spinal cord injury (SCI). 29 

METHODS: A cross-sectional prospective cohort study with 7-day follow-up was 30 

conducted. Body composition, cardiorespiratory fitness and biomarkers of cardiometabolic 31 

health were measured in thirty-three participants with SCI (> 1 year post injury). Physical 32 

activity dimensions were objectively assessed over 7-days. 33 

RESULTS: Activity energy expenditure (r = .43), physical activity level (r = .39), and 34 

moderate-to-vigorous physical activity (MVPA) (r = .48) were significantly (P < 0.001) 35 

associated with absolute (L/min) peak oxygen uptake (V̇O2 peak). V̇O2 peak was significantly 36 

higher in persons performing ≥150 MVPA minutes/week compared to <40 minutes/week (P 37 

= 0.003). Individual physical activity dimensions were not significantly associated with 38 

biomarkers of cardiometabolic health. However, body composition characteristics (BMI, 39 

waist and hip circumference) showed significant (P < 0.04), moderate (r > .30) associations 40 

with parameters of metabolic regulation, lipid profiles and inflammatory biomarkers. Relative 41 

V̇O2 peak (ml/kg/min) was moderately associated with only insulin sensitivity (r = 0.37, P = 42 

0.03).  43 

CONCLUSIONS: Physical activity dimensions are associated with cardiorespiratory fitness; 44 

however, stronger and more consistent associations suggest that poor cardiometabolic health 45 

is associated with higher body fat content. Given these findings, the regulation of energy 46 

balance should be an important consideration for researchers and clinicians looking to 47 

improve cardiometabolic health in persons with SCI.  48 
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Inflammation. 50 

List of abbreviations: MVPA, moderate-to-vigorous physical activity; SCI, spinal cord 51 

injury; V̇O2 peak, peak oxygen uptake 52 

 53 

Introduction 54 

Spinal cord injury (SCI) is characterised by increased mortality 1 and a greater risk of 55 

developing chronic diseases (i.e. cardiovascular disease and type 2 diabetes; T2D) compared 56 

to non-disabled individuals.2, 3 In the general population, larger volumes of physical activity 57 

are associated with reduced all-cause mortality 4 and a substantially lower incidence of T2D.5 58 

Therefore, such relationships between physical activity and health are of considerable interest 59 

to policy makers and clinicians, especially in populations at increased risk of developing 60 

chronic disease. The Canadian physical activity guidelines for individuals with SCI (PAG-61 

SCI) 6 and recently published American Congress of Rehabilitation Medicine (ACRM) 62 

recommendations 7 both promote at least 40 minutes/week of moderate-to-vigorous physical 63 

activity (MVPA). However, Totosy de Zepetnek et al,8 has since demonstrated that adherence 64 

to the PAG-SCI for sixteen weeks was insufficient to promote clinically meaningful changes 65 

in cardiometabolic health biomarkers.  66 

 67 

The current exercise and sports science Australia (ESSA) position statement on exercise and 68 

spinal cord injury 9 is more in keeping with volumes of MVPA (> 150 minutes/week) 69 

promoted by international health authorities [World Health Organisation (WHO)]. 70 

Consequently, there remains uncertainty about the most suitable volume of MVPA for this 71 

population, partly because physical activity is a complex construct that is difficult to 72 
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accurately measure. Recent technological advancements (i.e. multi-sensor physical activity 73 

monitors) and the development of population or individual-specific prediction algorithms 74 

now facilitate more accurate measurement of free-living physical activity behaviours in 75 

persons who use wheelchairs.10  76 

 77 

There are numerous important dimensions of physical activity, besides the amount of time 78 

engaged in activities of a specific intensity, which could be biologically relevant and 79 

important for cardiometaoblic health.11 With respect to weight loss or maintenance, activity 80 

energy expenditure (AEE) is a key consideration.12 Consequently, certain international health 81 

authorities (i.e. Institute of Medicine) base their physical activity recommendations around 82 

normalised AEE [Physical activity level (PAL); Total energy expenditure/Resting metabolic 83 

rate]. Nevertheless, other physical activity dimensions such as sedentary time and light-84 

intensity activity have been shown to provide considerable (and arguably independent) 85 

health-related benefits in the general population.13-15 Despite recent interest in sedentary 86 

behaviours in persons with SCI,16 such physical activity dimensions remain to be analysed in 87 

the context of cardiometabolic health biomarkers in this population.  88 

 89 

Poor cardiorespiratory fitness has been widely reported in individuals with SCI.17, 18 This is 90 

concerning as there is a wealth of evidence identifying cardiorespiratory fitness as an 91 

important determinant of all-cause morbidity and mortality in the able-bodied population.19, 20 92 

Moreover, it has been suggested that only 1 in 4 young people with paraplegia were able to 93 

achieve peak functional capacity necessary to maintain independent living.21 Of note, the 94 

only relevant environmental factor known to influence V̇O2 peak is physical activity.22 95 

Besides the adoption of a sedentary lifestyle and poor cardiorespiratory fitness, deleterious 96 
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body composition changes also occur following SCI (reduced fat free mass and increased fat 97 

mass).23, 24 The increase in central obesity, particularly the accumulation of visceral adipose 98 

tissue, has been linked to impaired carbohydrate and lipid metabolism in persons with SCI.25 99 

Consequently, this study aims to examine: (i) the associations between physical activity 100 

dimensions, cardiorespiratory fitness and body composition and, (ii) the associations between 101 

physical activity dimensions, cardiorespiratory fitness, body composition and biomarkers of 102 

cardiometabolic health in persons with spinal cord injury (SCI). 103 

 104 

Methods 105 

Sample and experimental procedures 106 

This study used pooled baseline data from two trials conducted at the University of Bath 107 

between December 2012 and April 2016.26, 27 Ethical approval for these trials was granted by 108 

the University of Bath’s Research Ethics Approval Committee for Health (REACH) and the 109 

South West National Research Ethics Service Committee (REC reference number: 110 

14/SW/0106). Participants were recruited from the local community, were not under medical 111 

care and were not taking T2D medication. All participants provided written informed 112 

consent. Thirty-three men (n = 27) and women (n = 6) with chronic (>1 year) SCI were 113 

included in the analysis. All data collection methods and subsequent analyses were identical 114 

between studies. 115 

 116 

Participants visited the laboratory following an overnight fast (> 10 hours). Visits were 117 

scheduled within the follicular phase of the menstrual cycle for eumenorrheic female 118 

participants (n = 3). Out of the remaining female participants; two were postmenopausal and 119 

one amenorrheic.  Anthropometric characteristics: height, waist and hip circumference were 120 
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measured in duplicate to the nearest cm, with participants in a supine position, using a non-121 

elastic tape measure (Lufkin, Sparks, USA). Body mass was measured using platform 122 

wheelchair scales (Detecto® BRW1000, Webb City, USA). A 20-mL venous blood sample 123 

was drawn from an antecubital vein, with serum and plasma stored at -80ºC. Key systemic 124 

metabolites and hormones [serum triacylglycerol (TG), total and high-density lipoprotein 125 

(HDL) cholesterol, c-reactive protein (CRP) and plasma glucose] were measured in a batch 126 

analysis with commercially available spectrophotometric assays (Randox Laboratories, Co. 127 

Antrim, UK) and enzyme-linked immunosorbent assays (ELISAs) [serum interleukin-6 (IL-6) 128 

(Quantikine HS, R & D Systems Inc, Abingdon, UK) and insulin (Mercodia AB, Uppsala, 129 

Sweden)].  130 

 131 

Following a submaximal warm-up, participants performed an incremental exercise protocol 132 

on an electrically braked arm-crank ergometer (Lode Angio, Groningen, Netherlands). A 133 

cadence of 75 rpm was encouraged throughout the test and the starting intensity was selected 134 

based on the participants training history. Resistance was increased by 14W every three 135 

minutes until the point of volitional exhaustion (approximately 9 – 12 min).27 V̇O2 peak was 136 

measured throughout using a computerised metabolic system (TrueOne® 2400, ParvoMedics, 137 

Salt Lake City, USA), with corresponding heart rate measurements (Polar T31 heart rate 138 

monitor, Polar Electro Inc., Lake Success USA) taken throughout exercise. Breath-by-breath 139 

V̇O2 values were averaged over the final minute of each exercise stage, with the highest value 140 

representative of V̇O2 peak. A number of criteria (with at least two of these being achieved) 141 

were applied to determine whether this endpoint reflected a valid V̇O2 peak value. These 142 

were: (i) a peak RER value ≥ 1.1, (ii) a peak heart rate ≥ 95% the age-predicted maximum 143 

(200 beats/minute minus chronological age) and, (iii) an increase in V̇O2 ≤ 2 ml/kg/min in 144 

response to an increased workload.28  145 
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 146 

Over the following 7 days participants wore a chest-mounted multi-sensor physical activity 147 

monitor (ActiheartTM, Cambridge Neurotechnology Ltd, Papworth, UK) to estimate habitual 148 

physical activity dimensions. These were activity energy expenditure (AEE; kcal/day), 149 

physical activity level (PAL; Total energy expenditure/Resting metabolic rate), and based on 150 

metabolic equivalents (METs) time spent performing (minutes/day); sedentary activities (< 151 

1.5 METs), light-intensity activity (1.5 – 2.9 METs) and moderate-to-vigorous intensity 152 

physical activity (MVPA; ≥ 3 METs).  The physical activity monitor was individually 153 

calibrated as described previously.27 This monitor and approach was previously validated for 154 

use in wheelchair users.26 Considering wear time impacts the reliability of determining 155 

sedentary behaviour,29 participants were required to wear the device for > 80% of each 24-156 

hour period to constitute a valid measurement day. Participants were excluded from the 157 

analysis if they had < 4 valid measurement days. This is the number of days necessary to 158 

reliably measure PAL in middle aged adults with a multi-sensor physical activity monitor.30 159 

 160 

Statistical analysis  161 

The Homeostasis Model Assessment (HOMA) calculator, incorporating the updated HOMA-162 

2 model,31 was used to derive fasting estimates of pancreatic β-cell function (-β), insulin 163 

resistance (-IR) and sensitivity (-S). LDL-C was calculated using the Friedewald equation 164 

[LDL-C = total cholesterol – HDL-C – (triacylglycerol/2.2)].32 All data were analysed for 165 

normality of distribution. The distributions of AEE, PAL, MVPA, hip circumference, fasting 166 

glucose and insulin, HOMA2-IR, CRP and IL-6 were positively skewed. Therefore, these 167 

values were log-transformed to allow the use of parametric statistics. Waist circumference 168 

was negatively skewed and was therefore reflected prior to log-transformation. Age, level of 169 
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spinal cord lesion, time since injury (all continuous variables), neurological completeness of 170 

injury and sex (both categorical variables) were assessed as covariates for all dependent 171 

variables. Pearson correlation coefficients and independent t-tests were conducted for 172 

continuous and categorical covariates, respectively. Part correlations were calculated between 173 

dimensions of physical activity, cardiorespiratory fitness, body composition characteristics 174 

and biomarkers of cardiometabolic health, with adjustments for significant (P ≤ 0.05) 175 

covariates where indicated, using multiple linear regressions. The following descriptors were 176 

used to help interpret the magnitude of each correlation: small (r > 0.1), moderate (r > 0.3), 177 

large (r > 0.5) and, very large (r > 0.7). Where significant part correlations are observed for 178 

MVPA, participants were dichotomised into three groups LOW, less than 40 minutes/week (n 179 

= 9); MOD, 40 - 149 minutes/week (n = 11); or HIGH, ≥ 150 minutes/week (n = 11). A one-180 

way analysis of variance (ANOVA) was performed to determine differences between groups, 181 

with a Bonferroni correction for multiple Post Hoc comparisons. ANOVAs were performed 182 

on raw data, irrespective of any minor deviations from a normal distribution.33 Statistical 183 

analyses were performed using SPSS (SPSS Statistics version 22; IBM Corp, Armonk, USA) 184 

with statistical significance accepted at a priori of α ≤ 0.05. 185 

 186 

Results 187 

Participant characteristics are presented in Table 1. One participant had untreated T2D 188 

(fasting plasma glucose = 8.62 mmol/L). Dyslipidaemia was common, with 48% having total 189 

cholesterol values ≥ 5 mmol/L and 61% having elevated LDL-C (≥3 mmol/L) and depressed 190 

HDL-C (≤ 1.03 mmol/L for males and ≤ 1.29 mmol/L for females). Forty-five and forty-eight 191 

percent of participants had increased abdominal obesity (waist circumference > 94 cm) and 192 

high-risk of developing future cardiovascular events (CRP; > 3 mg/L), respectively. Only 193 
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35% of participants achieved the time/intensity physical activity guidelines from the WHO (≥ 194 

150 minutes/week MVPA). 195 

 196 

[INSERT TABLE 1 ABOUT HERE] 197 

 198 

Covariates 199 

A lower SCI lesion was associated with; a higher BMI (r = 0.38, P = 0.03), V̇O2 peak 200 

[absolute and relative, r = 0.44 (P = 0.01) and 0.40 (P = 0.027), respectively] and poorer 201 

metabolic regulation [fasting insulin, r = 0.43 (P = 0.01); HOMA2-IR, r =0.45 (P = 0.009), 202 

and insulin sensitivity, r = -0.50 (P = 0.003)]. Longer time since injury was associated with 203 

higher fasting glucose concentrations (r = 0.36, P = 0.038). Older age was associated with 204 

lower V̇O2 peak [absolute and relative, r = -0.44 (P = 0.016) and -0.59 (P = 0.001), 205 

respectively)]. V̇O2 peak was also significantly higher in males (P = 0.007) and participants 206 

with incomplete SCI (P < 0.029). Females had significantly higher HDL-C concentrations (P 207 

= 0.008).  208 

 209 

Associations between dimensions of physical activity, body composition characteristics and 210 

cardiorespiratory fitness 211 

Part correlation coefficients between dimensions of physical activity (independent variables), 212 

body composition characteristics and cardiorespiratory fitness (dependent variables) are 213 

displayed in Table 2. There were no significant associations between physical activity 214 

dimensions and body composition characteristics. Greater PAL and MVPA revealed a 215 

moderate (r > 0.30) association with cardiorespiratory fitness (both absolute and relative V̇O2 216 
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peak). There were also small but significant associations between AEE, sedentary time and 217 

V̇O2 peak (ml/kg/min). When dichotomised into three groups (LOW, MOD, HIGH) there 218 

was a significant effect of MVPA volume on both absolute (Fig. 1A) and relative (Fig. 1B) 219 

V̇O2 peak (P = < 0.005). Post Hoc analyses revealed that V̇O2 peak was significantly higher 220 

in the HIGH compared to the LOW group (P < 0.003). 221 

 222 

[INSERT TABLE 2 ABOUT HERE] 223 

[INSERT FIGURE 1 ABOUT HERE] 224 

 225 

Associations of physical activity dimensions, body composition characteristics and 226 

cardiorespiratory fitness with biomarkers of cardiometabolic disease 227 

Part correlation coefficients between V̇O2 peak, physical activity dimensions, body 228 

composition characteristics (all independent variables) and a range of markers of metabolic 229 

regulation, cardiovascular health and inflammation are shown in Table 3. Dimensions of 230 

objectively measured physical activity were not associated with biomarkers of metabolic 231 

regulation, cardiovascular health or inflammation. Larger relative V̇O2 peak was only 232 

associated with improved insulin sensitivity (r = 0.37, P = 0.03). No significant associations 233 

were observed between absolute V̇O2 peak and cardiometabolic health biomarkers. Central 234 

adiposity (i.e. larger waist circumference) was moderately associated with greater insulin 235 

resistance, inflammation, TG concentrations and depressed HDL-C. Greater BMI and hip-236 

circumference was also moderately associated with unfavourable markers of metabolic 237 

regulation and CRP concentrations.  238 

[INSERT TABLE 3 ABOUT HERE] 239 
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Discussion 240 

These data suggest that higher normalised AEE (PAL) and MVPA were moderately 241 

associated with higher cardiorespiratory fitness. Both absolute and relative V̇O2 peak were 242 

significantly higher in individuals with SCI that habitually achieved general population 243 

MVPA guidelines (≥150 minutes/week) compared to those that perform <40 minutes/week. 244 

None of the objectively assessed physical activity dimension were associated with 245 

biomarkers of cardiometabolic health. We have previously argued that achieving 246 

cardiometabolic health benefits in persons with SCI might be more complex than simply 247 

prescribing exercise.34 This may be because upper-body MVPA alone creates insufficient 248 

metabolic stress to adequately modulate energy balance and body composition. In support of 249 

this, no associations were observed between physical activity dimensions and body 250 

composition variables. However, numerous body composition characteristics were 251 

significantly associated with biomarkers of metabolic regulation, cardiovascular health and 252 

inflammation.  253 

 254 

Dimensions of physical activity and cardiorespiratory fitness 255 

In the rehabilitation setting, Nooijen et al,35 objectively assessed physical activity over 48 256 

hours, finding that physical activity levels were associated with V̇O2 peak. The present study 257 

reveals that PAL and MVPA had the strongest associations with relative V̇O2 peak, although 258 

sedentary time also had a weak association. Greater benefits in V̇O2 peak are seen with 259 

volumes more akin to non-disabled MVPA guidelines than PAG-SCI. Considering that light-260 

intensity activity (which encompasses non-exercise activity thermogenesis; NEAT) was not 261 

associated with V̇O2 peak, it could be argued that purposeful exercise above the intensity 262 

threshold of MVPA is necessary to improve cardiorespiratory fitness. However, this is 263 



SCI and Cardiometabolic health	

12 
	

difficult to determine when you consider physical activity is a multidimensional construct, 264 

whereby no single dimension will adequately reflect an individual’s physical activity.11 For 265 

example there are multiple physical activity profiles, whereby one person might have high 266 

MVPA (through a bout of structured exercise) and high cardiorespiratory fitness but a low 267 

NEAT. In this scenario, NEAT may therefore appear not important (on its own), but of 268 

course the situation is more complex than this. For the time being, interventions should be 269 

feasible, yet challenging enough (through higher-intensity exercise and greater volumes of 270 

MVPA) to increase cardiorespiratory fitness in this population. Moreover, as only 13% of the 271 

cohort performed any vigorous-intensity physical activity (≥ 6 METS), future studies should 272 

examine whether such unique characteristics of physical activity could be manipulated to 273 

improve cardiometabolic health in this population.36 274 

 275 

Cardiorespiratory fitness and biomarkers of cardiometabolic disease  276 

Dimensions of physical activity are highly variable from day-to-day,29 whereas 277 

cardiorespiratory fitness represents a more stable measure that could be used as a surrogate 278 

for long-term physical activity behaviours. Cardiorespiratory fitness has been suggested to be 279 

a more clinically meaningful prognostic measure than physical activity, primarily because 280 

quantifying V̇O2 peak has lower measurement error and is highly reproducible.37 However, of 281 

all the cardiometabolic outcomes, V̇O2 peak was only significantly associated with insulin 282 

sensitivity in persons with SCI. While cardiorespiratory fitness has been identified as the 283 

most important risk factor for clustered cardiometabolic risk in non-disabled individuals 37, 38 284 

this relationship is not necessarily causal. Higher fitness could simply be a proxy for other 285 

improved outcomes. Nevertheless, an increase of 3 ml/kg/min in lower-body V̇O2 peak in 286 

able-bodied individuals is similar to a 1 mmol/L drop in fasting plasma glucose, a 7cm 287 
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reduction in waist circumference or a 5 mmHg reduction in systolic blood pressure.39 Such 288 

increases in cardiorespiratory fitness have also been associated with a 19% reduction in CVD 289 

mortality.20 However, due to a lack of strong epidemiological evidence in persons with SCI, 290 

we do not currently know whether upper-body cardiorespiratory fitness predicts future 291 

health-related endpoints or mortality in this population. The non-significant ‘trivial’ and 292 

‘weak’ associations in this present study may suggest that the substantially reduced 293 

cardiorespiratory capacities assessed in persons with SCI plays less of a role in 294 

cardiometabolic protection than the substantially higher cardiorespiratory capacities 295 

measured in the general population. Indeed, recent research in 140 participants with SCI also 296 

demonstrated no significant associations between V̇O2 peak and metabolic syndrome 297 

component risk factors.40 The precise physiological mechanisms for this remain unclear, but 298 

are probably related to loss of functional innervation, atrophy of the substantial lower-limb 299 

skeletal muscle mass and impaired cardiovascular function observed in persons with SCI.  300 

 301 

Dimensions of physical activity and body composition characteristics  302 

The data reported herein, which was collected over 7-days of habitual free-living using a 303 

validated multi-sensor device calibrated for each individual participant,26 does not report any 304 

associations between specific physical activity dimensions and body composition 305 

characteristics. However, previous cross-sectional evidence reported significant (P < 0.01) 306 

associations between self-reported physical activity and body composition characteristics (r = 307 

-0.62 and - 0.67 for trunk fat mass and percentage body fat, respectively) in persons with 308 

SCI.41 These body composition variables were measured using a more precise measure of 309 

adiposity (dual-energy X-ray absorptiometry; DXA), which might explain the discrepancy to 310 

the findings from this current study. Paraplegic participants that performed ≥ 25 minutes/day 311 
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leisure time physical activity (LTPA) have also been shown to have a significantly lower 312 

BMI and waist circumference than inactive participants.42 An important caveat is that these 313 

two aforementioned studies 41, 42 actually measured components of ‘exercise’, which a 314 

planned, structured, repetitive and intentional movement intended to improve fitness.43 This 315 

is a different construct to what was assessed in this current study, physical activity, which is 316 

any movement carried out by skeletal muscles that requires energy (encapsulating both 317 

activities of daily living and LTPA). Participants in these studies performed a large volume of 318 

‘exercise’; 376 ± 59 min/week,41 > 175 min/week,42 and presumably this is in addition to 319 

other activities of daily living. It may be that a higher level of physical activity than that 320 

observed in the cohort in this current study is necessary to modulate body composition 321 

characteristics in persons with SCI.  322 

 323 

Dimensions of physical activity and biomarkers of cardiometabolic disease 324 

No significant associations between dimensions of physical activity and biomarkers of 325 

cardiometabolic disease were observed in this current study, which is in contrast to other 326 

research that objectively assessed physical activity in this population.35 These findings were 327 

in persons with acute not chronic SCI and physical activity was only assessed over two 328 

consecutive weekdays, as opposed to a whole week. However, physical activity has 329 

previously demonstrated moderate 41 and large 44 positive associations with HDL-C and sport 330 

participation has also been negatively associated with total cholesterol and LDL-C (r = -0.33 331 

and -0.40, respectively).45 It is worth pointing out that despite comparative sample sizes (n = 332 

20 – 37) in these studies, significant correlations were considerably stronger than those 333 

presented in the present study. These observations were reliant on subjective self-report 334 

measures, which can quantify a person’s perception of physical activity, rather than their 335 
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actual physical activity.46 Therefore, it is possible that subjective methods capture something 336 

different (i.e. overall lifestyle or their care about their health) to unidimensional physical 337 

activity from objective measures, which has a positive effect on associations with 338 

cardiometabolic health.  339 

 340 

A recent systematic review concluded physical activity may improve inflammatory 341 

biomarkers in persons with SCI.47 However, the studies reviewed were noted to have a high 342 

risk of bias and provided ‘very low’ levels of evidence. Nevertheless, our inability to detect 343 

significant associations between dimensions of physical activity and any cardiometabolic 344 

health biomarkers was somewhat unexpected. In keeping with the wider SCI population,48 the 345 

majority of our sample is inactive (87% have a PAL ≤ 1.6). The range of PAL was relatively 346 

small (1.21 – 1.89) compared to the wider non-disabled population, which can range from 1.2 347 

for sedentary individuals to ~ 4.0 for professional endurance athletes.49 As the strength of a 348 

correlation is somewhat dependent on the range of values in the sample, this might partly 349 

explain why no associations were reported between physical activity dimensions and 350 

cardiometabolic health biomarkers, in this present study.  351 

 352 

Body composition characteristics and biomarkers of cardiometabolic disease 353 

Considering the substantial multiple correlations between body composition characteristics 354 

and biomarkers of cardiometabolic health, it could be argued that body fatness (particularly 355 

the accumulation of central adiposity) is the most important consideration in persons with 356 

SCI. Overweight middle aged men who were fit and active have previously displayed a 357 

poorer profile for various inflammatory and metabolic outcomes compared to fit and active 358 

lean counterparts.50 Seemingly, when an objective measure of physical activity is used, 359 
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adiposity appears more important than physical activity. These findings, albeit in a highly 360 

active non-disabled population, are consistent with the data presented in this current study. 361 

Energy restriction, combined with regular physical activity appears to be the most effective 362 

treatment for obesity 51, 52 and an important strategy for the management of T2D.53 As these 363 

conditions are prevalent in persons with SCI, 2, 3, 23 it seems surprising that there is a paucity 364 

of research focussing on weight management through combined diet and exercise 365 

interventions in this population. Only one study appears to have implemented a weight 366 

management program, with weekly classes in nutrition and exercise behaviour change.54 A 367 

significant weight loss was achieved (Δ -3.5 ± 3.1 kg) over 12 weeks, with greater weight 368 

loss being associated with a greater reduction in total cholesterol (r > 0.4). Research in 369 

overweight non-disabled individuals has also revealed associations between changes in 370 

weight loss and inflammatory biomarkers.55 It is clear from the present study that, in 371 

individuals with SCI, a lower BMI, waist and hip circumference is associated with favourable 372 

cardiometabolic health. This is in conjunction with previous research that has demonstrated 373 

higher BMI is linked to unfavourable lipid profiles in persons with SCI (significantly lower 374 

HDL-C and higher total cholesterol, LDL-C and TG concentrations).56 375 

 376 

Limitations 377 

It should be noted that the associations observed in this cross-sectional study are not 378 

indicative of cause and effect. Inventive, carefully controlled cohort studies are required to 379 

assess the impact of differing dimensions of physical activity on body composition, 380 

cardiorespiratory fitness and biomarkers of cardiometabolic health. The sample size of this 381 

current study was too small to better understand the variance in specific cardiometabolic 382 

health outcomes, through the development of ‘composite’ models incorporating multiple 383 
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dimensions of physical activity. A measure of spasticity (i.e. Modified Ashworth Scale) was 384 

not included in this study, which could be deemed a limitation. Spasticity has been related to 385 

variables of body composition and metabolic profile in persons with SCI 57, 58 and studies 386 

should account for this as an additional covariate in future analyses. Another limitation of this 387 

study is the use of crude anthropometric measurements, rather than more accurate methods 388 

(magnetic resonance imaging or DXA scan) to assess body composition variables such as 389 

lean body mass and fat free mass. Nevertheless, these data highlight the importance of weight 390 

management and reducing central adiposity in this population. A further consideration is that 391 

only fasting measures of cardiometabolic health were reported. Responses to mixed meal or 392 

oral glucose tolerance tests (i.e. postprandial lipaemia and glycaemia) might reveal different 393 

associations and should be assessed in future research studies.  394 

 395 

Conclusion 396 

Despite physical activity being associated with cardiorespiratory fitness, stronger and more 397 

consistent associations were observed between high body fat content and unfavourable 398 

biomarkers of cardiometabolic health. Given these findings, the regulation of energy balance 399 

(potentially through the manipulation of both diet and physical activity) should be an 400 

important consideration for researchers and clinicians looking to improve cardiometabolic 401 

health in persons with SCI. 402 
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 605 

Figure Legend 606 

 607 

Fig. 1: Comparison of absolute (L/min, panel A) and relative (ml/kg/min; panel B) 608 

cardiorespiratory fitness (V̇O2 peak) between participants with chronic paraplegia, 609 

grouped by habitual volume of MVPA (LOW, < 40 minutes/week; MOD, 40-149 610 

minutes/week and; HIGH, ≥ 150 minutes/week).	Fig. 1B is overlaid with categories for 611 

normative V̇O2 peak values, specific to individuals with paraplegia (17). 612 

† Significant difference between groups (P < 0.005)  613 

* Significant difference between HIGH vs LOW MVPA (P < 0.003). 614 

 615 

 616 

 617 

 618 

 619 

 620 

 621 

 622 

 623 
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Table 1: Participant characteristics  624 

Demographics  

Age (y) 44 ± 9 

Sex (male/female) 27/6 

  

Injury characteristics  

AIS A - B 29 

AIS C - D 4 

Lesion level T1 – L4 

Time since injury (y) 15 ± 10 

  

Body composition  

Body mass (kg) 76.1 ± 12.5 

BMI (kg/m2) 25.3 ± 3.6 

Waist circumference (cm) 92.6 (12.5) 

Hip circumference (cm) 94.7 (9.6) 

  

Physical activity1  

AEE (kcal/day) 358 (279) 

PAL  1.38 (0.18) 

MVPA (min/day) 17 (27) 

  

Cardiorespiratory fitness2  

V̇O2 peak (L/min) 1.51 ± 0.50 

V̇O2 peak (ml/kg/min) 19.8 ± 6.4 

  

Metabolic Regulation  
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Fasting serum insulin (pmol/L) 42.3 (34.5) 

Fasting plasma glucose (mmol/L) 5.33 (0.73) 

HOMA2-IR 0.74 (0.68) 

HOMA2-β (%) 75.0 ± 28.2 

HOMA2-S 140.9 ± 67.7 

  

Cardiovascular health  

Total cholesterol (mmol/L) 5.03 ± 0.97 

HDL-C (mmol/L) 1.07 ± 0.23 

LDL-C (mmol/L) 3.42 ± 0.81 

Triacylglycerol (mmol/L) 1.21 ± 0.46 

  

Inflammatory markers  

CRP (mg/L)3 2.63 (4.72) 

IL-6 (pg/ml)4 0.76 (0.75) 

 625 

Note: Data are mean ± SD for parametric variables. Non-parametric variables (waist and hip 626 

circumference, dimensions of physical activity, fasting serum insulin and plasma glucose, 627 

HOMA2-IR and, inflammatory markers) are median (interquartile range). Numbers of 628 

participants in each categorical variable are also presented (sex, neurological completeness of 629 

injury) along with the range of SCI lesion levels.  630 

1 missing data; n = 31 due to ActiheartTM monitor failure. ActiheartTM monitors were worn 631 

continually for 7 ± 1 days, with 96 ± 4% (mean ± SD) daily wear time.  632 

2 missing data; n = 30 due to participants not achieving valid V̇O2 peak criteria. 633 

3 missing data; n = 29 due to small quantity of blood. 634 
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4 missing data; n = 31 due to small quantity of blood. 635 

Abbreviations: AEE, activity energy expenditure; AIS, American Spinal Injury Association 636 

Impairment Scale; BMI, body mass index; CRP, c-reactive protein; HDL-C, high-density 637 

lipoprotein cholesterol; HOMA, homeostasis model assessment; IR, insulin resistance; β, 638 

pancreatic β-cell function; S, sensitivity; IL-6, interleukin-6; LDL-C, low-density lipoprotein 639 

cholesterol; MVPA, moderate-to-vigorous physical activity; PAL, physical activity level; 640 

V̇O2 peak, peak oxygen uptake. 641 

 642 


