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Physical Activity Barriers in Danish Manual Wheelchair Users – A Cross-sectional 1 

Study 2 

Abstract  3 

Objective: To identify physical activity barrier prevalence and severity among manual 4 

wheelchair users (MWCUs) and test whether barrier impact is associated with self-reported 5 

physical activity level (PAL).  6 

Design: Cross-sectional survey. The ‘Barriers to Physical Activity Questionnaire for People 7 

with Mobility Impairments’ (BPAQ-MI) was translated from English to Danish and 8 

administered online. The BPAQ-MI includes barriers within four domains, eight subdomains, 9 

and queries if an item hindered physical activity participation in the last 3 months (yes/no). If 10 

“yes”, participants graded barrier severity from very small (1) to very big (5). Barrier impact 11 

scores were summed within and across domains. 12 

Setting: General community. 13 

Participants: Danish MWCUs (N=181; 52.5% females, mean±SD: age 48±14 yrs.). 14 

Interventions: Not applicable.  15 

Main Outcome Measure: PAL was rated from not active (1) to extremely active (10). 16 

Individual barrier prevalence (frequency, %) and severity (median (IQR)) was computed. 17 

Unadjusted (Spearman’s rank correlations, domains, subdomains) and adjusted (multivariate 18 

linear regression, subdomains) associations between PAL and barrier impact were computed.  19 

Results: The five most prevalent barriers were reported by ≥49.6% of participants (two 20 

intrapersonal and three community). The five most severe barriers all had a median of 5 (one 21 

organizational and four community). Unadjusted analysis showed that PAL was inversely 22 

associated with total intrapersonal  (r=-0.487, p<0.01) and overall (r=-0.241, p<0.01) impact 23 

and the intrapersonal ‘health’ (r=-0.477, p<0.01) and ‘beliefs/attitudes’(r=-0.307, p<0.01) 24 

subdomains. Adjustment for shared variance revealed only the ‘health’ subdomain was 25 
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independently associated with PAL (p<0.001). 26 

Conclusions: Intrapersonal barriers were highly prevalent. Health-related barriers were 27 

inversely related to PAL. When organizational and community barriers were present, they 28 

were rated as particularly severe. These results provide novel information that can guide the 29 

design of future interventions aiming to increase MWCUs physical activity levels. 30 

Keywords 31 

exercise; barriers; mobility disability; wheelchair; participation; health promotion; physical 32 

activity 33 

 34 

List of Abbreviations 35 

SCI: Spinal cord injury  36 

MWCUs: Manual wheelchair users  37 

BPAQ-MI: Barriers to Physical Activity Questionnaire for People with Mobility Impairments 38 

PAL: Physical activity level   39 
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Of the estimated more than one billion individuals with disabilities worldwide1, 40 

approximately 10% utilize a wheelchair for mobility2. Individuals with disabilities are among 41 

the most inactive members of society3, which elevates their risk for chronic diseases and 42 

secondary health complications4. Therefore, a better understanding of barriers hindering their 43 

physical activity participation is required.  44 

Individuals who use wheelchairs experience many types of physical activity barriers, such as 45 

secondary health complications (e.g. pressure sores, fatigue, pain)4, physiological (e.g. low 46 

fitness5 or disability-related autonomic disturbances6) and psychological (e.g. lack of 47 

motivation) limitations and socio-environmental constraints (e.g. lack of personal 48 

assistance)7. Some barriers identified by individuals with mobility disabilities are consistent 49 

with those reported in the non-disabled population, such as the intrapersonal barriers of lack 50 

of time8 or energy9. Other barriers are specific to the mobility disabled individuals, such as 51 

organizational or societal structural barriers (e.g. lack of accessible fitness centers7,10 and 52 

adaptive exercise equipment11) and built environment barriers (e.g. inaccessible 53 

transportation12 or bathroom facilities13). However, Scelza et al.14 reported that transportation, 54 

financial, and exercise facility accessibility were the least problematic barriers for a group of 55 

spinal cord injured (SCI) individuals living in Michigan, US. Thus, barriers cannot be 56 

assumed to be universal across all individuals with mobility disabilities. 57 

Differences in geography, climate, infrastructure, culture, governmental policies, and crime 58 

likely influence perceived physical activity barriers. Policies on minimal standards for public 59 

facility accessibility differs across countries13, which could impact organizational or societal 60 

structural barriers. Fear of crime as a barrier varies within and between nations. For example, 61 

41% of mobility disabled individuals living in Chicago, US15 reported fear of crime as a 62 

barrier, versus 6.9% in Michigan, US14, and 29% in Malaysia10. Many of the largest studies 63 

utilize samples residing in the United States, primarily in large urban areas8,9,14–16. 64 
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Generalization of their results to other nations, cultures, and geographies may be 65 

questionable. Thus, it is important to assess physical activity barriers within a population, 66 

before developing solutions.  67 

Our objective is to assess the physical activity barriers of manual wheelchair users (MWCUs) 68 

residing in Denmark in order to develop interventions to improve physical activity 69 

participation. Our aims include, i) defining perceived physical activity barriers among Danish 70 

MWCUs, ii) identifying which barriers are most prevalent and severe, and iii) testing the 71 

hypothesis that physical activity barriers are associated with self-reported physical activity 72 

level. 73 

 74 

Methods  75 

Design 76 

This exploratory, cross-sectional study used a web-based survey to obtain information about 77 

physical activity barriers and exercise participation in MWCUs. It was approved by the 78 

University Institutional Review Board (journal number: 2019-899/10-0112). 79 

 80 

Instrument  81 

The 15-20 minute survey contained three sections: a) demographic information, b) self-82 

reported physical activity level, and c) perception of barriers to physical activity participation. 83 

The demographic section queried age, gender, self-reported height and body mass, resident 84 

city, time spent in a manual wheelchair, any SCI (if yes, neurological lesion level and 85 

severity, i.e. complete or non-complete, if known), educational level, and employment status. 86 

Categorical information was collected about gender, highest completed education, 87 
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employment status, and information about SCI (see Table 1). Physical activity level 88 

(PAL)7,8,16 was self-rated on a 10-point scale (1=“not being physically active at all” and 89 

10=“extremely physically active). We chose this as a pragmatic approach to facilitating the 90 

exploration of associations between PAL and perceived physical activity barriers8,16. Good 91 

construct validity16 is suggested by the significant inverse associations between PAL (1-10) 92 

and barriers, but the sensitivity and specificity of this scale are not established. 93 

 94 

We assessed barrier perception with the ‘Barriers to Physical Activity Questionnaire for 95 

People with Mobility Impairments’ (BPAQ-MI)17 The BPAQ-MI is based on an ecological 96 

framework18 and assesses barriers within the intrapersonal (an individual’s health, attitude, 97 

and impairment); interpersonal (the individual’s social relations and support systems); 98 

organizational (social institutions and organizations within the community, such as staff and 99 

programs); and community domains (macro-level factors such as public transportation, built 100 

environment, and natural environment)18. The BPAQ-MI has 63 items distributed over four 101 

domains and eight subdomains. The eight subdomains describe health, beliefs/attitudes 102 

towards physical activity (intrapersonal), friends, family (interpersonal), fitness center built 103 

environment, staff/program/policy (organizational), and community built environment, safety 104 

(community) barriers. Except for the final open-ended question, answers were restricted to 105 

pre-defined selections. For each item, respondents first indicated whether he/she had 106 

experienced a particular barrier hindering them from engaging in physical activity in the last 107 

three months17. If the respondent answered “no,” a score of zero was recorded17. If the 108 

respondent answered “yes”, they were asked to rate the size of the barrier on a scale from one 109 

to five (1=very small and 5=very big)17.  110 

 111 

 112 
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The BPAQ-MI is valid for adult wheelchair users; demonstrates moderate to very good 113 

internal consistency (Cronbach’s alpha: 0.792 – 0.935); and good test-retest reliability (paired 114 

t-tests)17. Test-retest reliability was assessed in N=15017, who completed the BPAQ-MI again 115 

7-14 days after the initial completion. This time period was justified as long enough to limit 116 

participant recall of their initial answers and short enough not to markedly change their 117 

responses17.  118 

Translation and cultural adaptation of the BPAQ-MI into Danish. 119 

The BPAQ-MI was translated and cross-culturally adapted from English to Danish following 120 

published guidelines19,20. As a part of the translation process, three items were removed due 121 

to perceived irrelevance; one item had ‘walk’ changed to ‘roll’; the pain item was expanded 122 

to capture pain location; and two items were added, one about lack of time, and one open-123 

ended question to capture comments. Details on the translation process are appended 124 

(appendix S1).   125 

Participants 126 

The questionnaire was administered for 6 months in an online format (SurveyXact, Rambøll, 127 

Denmarka) and distributed through SCI and multiple sclerosis organizations, general 128 

disability organization websites and social media forums, online support groups, and via 129 

snowball recruiting. Questionnaire posting and distribution were active, but participant 130 

recruitment was passive since the participants had to choose to access the questionnaire21. 131 

Individuals interested in the study who lacked internet access could request and complete a 132 

hardcopy (N=1). Participants had to be age ≥18 years, use a manual wheelchair for their 133 

primary mobility, and indicate the absence of any cognitive or intellectual disability that 134 

limited the ability to read or understand the questionnaire. Of the 307 questionnaires initiated, 135 

126 were excluded and 181 were used for analyses (Figure 1).  136 
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Statistical Analysis 137 

All continuous variables were tested for normality (Shapiro Wilk test). Parametric (mean ± 138 

standard deviation (SD)) or non-parametric (median and interquartile range (IQR)) statistics 139 

were used as appropriate. All categorical variables were reported as counts and percentages. 140 

To test for selection bias, Chi-squared (gender, education level, and employment status) and 141 

independent t-tests (age, years in chair, BMI, and city size) identified differences between 142 

participants included (N=181) and not included (N=34) in the analysis, and between those 143 

who fully (N=125) or partially (N=56) completed the BPAQ-MI.  144 

To describe barrier prevalence, barrier frequency was computed as counts and frequencies (% 145 

of yes) for each item. To describe barrier severity, the median and IQR were calculated for 146 

each item. Barrier severity was based on the 1 to 5 rating provided by those that indicated 147 

‘yes’ an item hindered them from physical activity participation. The five most severe 148 

barriers were then identified from the subset of barriers reported by >5% of participants. 149 

Barrier impact integrated frequency and severity on a 0-5 scale, with 0 equaling a ’no’ 150 

response to if an item hindered physical activity participation and 1-5 equaling the severity 151 

grade provided by ‘yes’ respondents. Barrier impact was then summed within each domain 152 

(domain impact score), subdomain (subdomain impact score), and across all domains (total 153 

impact score). PAL scores ranged from 1-10 and were stratified for descriptive purposes as 154 

follows: 1-4 = low physical activity; 5-7 = moderate physical activity level; and 8-10 = high 155 

physical activity level. Spearman’s rank correlations were performed between PAL (1-10 156 

scale) and barrier impact within each of the four domains, the eight subdomains, and overall 157 

total to identify unadjusted associations. A multiple regression model was used to explore 158 

adjusted associations between all barrier subdomain impact scores (predictors) and PAL 159 

(dependent variable). Due to collinearity between domain and subdomain scores, only 160 

subdomain impact scores were added to the regression model as independent variables. The 161 
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statistical significance level was set to P < 0.05. All data analysis was conducted using SPSS 162 

(Version 25.0, IBM Corporation, Armonk, NY, USAb).  163 

 164 

Results 165 

 166 

There were no statistical differences (all p>0.162) in any demographic variables between 167 

participants included (N=181) versus excluded (N=34) from the analysis. Similarly, no 168 

significant differences (all p> 0.204), were found between participants who fully (N=125) or 169 

partially (N=56) completed the BPAQ-MI, suggesting that the missing data did not introduce 170 

any bias to the interpretation of the results. Data from the partially completed questionnaires 171 

were therefore included in our analysis. Of the included participants, 52.5% were female with 172 

an average age of 48±14 years, and 18±15 years of wheelchair use (Table 1).  173 

 174 

INSERT FIGURE 1 175 

 176 

INSERT TABLE 1 177 

 178 

Barrier Prevalence and Severity  179 

There was a high prevalence of perceived physical activity barriers, with 12 out of 61 barriers 180 

reported by more than 30% of participants (supplemental appendix S2). The five most 181 

prevalent barriers included two intrapersonal barriers, both from the health subdomain (“you 182 

got tired or fatigued” (63.5%); “you were in pain” (61.9%)) and three community barriers, 183 

all from the community built environment subdomain (“uneven or crooked sidewalks” 184 

(55.2%); “lack of accessible curb cuts in community” (50.4%); “the sidewalks had cracks, 185 
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gaps, or were under construction” (49.6%)). The shoulder was the most frequently identified 186 

pain location (39.7%), followed by back (34.5%), neck (31%), arms (27%), wrist (25.3%), 187 

buttocks (19%), and other (18.8%). 188 

The five most severe individual barriers all had a median score of 5 (‘very big barrier’); were 189 

reported by ≥ 12% of participants (supplemental appendix S2); and included one 190 

organizational (“lack of accessible exercise equipment at fitness center” (5 (4-5) – fitness 191 

center built environment subdomain); and four community barriers, all within the community 192 

built environment subdomain (“lack of access to public restrooms” (5 (4-5)); “lack of 193 

accessible curb cuts in community” (5 (4-5)); “sidewalks were not wide enough” (5 (3.25-194 

5)); “lack of adequate street lighting at night” (5 (3-5))). Only one barrier (“lack of 195 

accessible curb cuts in community”) was among the five most prevalent and five most severe.  196 

 197 

INSERT TABLE - supplemental appendix S2 198 

Self-reported physical activity level (PAL) and barrier impact scores. 199 

Self-reported PAL had a median (IRQ) of 5 (3-7). Within the sample, 41.1% perceived 200 

themselves as having a low PAL (rating of 1-4); 39.4% as having a moderate PAL (rating of 201 

5-7); and 19.4% as having a high PAL (rating of 8-10). There were few unadjusted 202 

associations between PAL and barrier impact scores. As presented in supplemental appendix 203 

S3, PAL was moderately inversely associated with the intrapersonal domain (r=-0.487, 204 

p<0.001) and subdomain (health, r=-0.477, and beliefs/attitudes towards physical activity, r=-205 

0.307, both p<0.001) barrier impact. There was also a weak inverse association (r=-0.241, 206 

p=0.001) between PAL and total barrier impact score. The eight subdomain impact scores 207 

collectively explained 29% of the variance in PAL (p<0.001, multiple regression, Table 2). 208 

However, only health subdomain impact score (p<0.001) was independently associated with 209 

PAL (all other p-values ≥0.134, Table 2).  210 
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 211 

INSERT TABLE - supplemental appendix S3 212 

 213 

INSERT TABLE 2 214 

 215 

Discussion 216 

 217 

Danish MWCUs report physical activity participation barriers in all four BPAQ-MI domains. 218 

Intrapersonal and community domain barriers were the most commonly reported, while 219 

organizational and community barriers were rated as the most severe. Only the community 220 

built environment subdomain was among the most common and most severe barriers. Finally, 221 

health-related barriers demonstrated an independent negative association with PAL.  222 

 223 

Barrier Prevalence  224 

The five most common barriers were reported by ≥49% of participants and were either of 225 

intrapersonal or community character. In agreement with other studies8,9,14, the two most 226 

common were health concerns (intrapersonal). The most prevalent barrier was ”you got tired 227 

or fatigued” . This is similar to the ”lack of energy” previously reported as a very prevalent 228 

barrier among individuals with SCI8,9,14. The mechanism(s) behind this widely reported 229 

feeling of a lack of energy, or fatigue is not defined but is likely multifactorial. Possible 230 

factors could be physiological and/or psycho-social, such as a lack of physical activity22, 231 

blood pressure disturbances 6, poor social functioning23, and pain24. Indeed, pain was the 232 

second most prevalent barrier in the present study (reported by 61.9%), with shoulder pain 233 

reported by 39.7 % (appendix S2). Shoulder pain is highly prevalent among long-term 234 
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MWCUs 25,26; prevents them from being active24; and results in further inactivity27, which 235 

may exacerbate poor health. Local and national health institutions should consider offering 236 

MWCUs community (i.e. fitness classes) or home-based (i.e. personal assistance) programs 237 

that strengthen the shoulder girdle since resistance training of these muscles can alleviate 238 

shoulder pain28.  239 

Consistent with other findings29,30, community barriers, specifically the built environment, 240 

were the other three most prevalent barriers, and included; “uneven or crooked sidewalks”, 241 

“lack of accessible curb cuts in community”, and “the sidewalks had cracks, gaps, or were 242 

under construction.”  Only 4% of our sample reported fear/safety as a barrier which contrasts 243 

Rimmer et al.9 and Vasudevan et al.15 who reported that “fear about leaving the home”/”fear 244 

of crime in neighborhood” were among the most frequently reported barriers (39%9 and 245 

40.7%15, respectively) among MWCUs residing in Chicago, This could be attributed to 246 

differences in crime rates. For example, in 2018, there were 1.2031 versus 20.732 intentional 247 

homicides per 100,000 individuals in Denmark and Chicago, respectively. These results 248 

support the assumption that some physical activity barriers among MWCUs may be unique to 249 

nations and cultures. 250 

 251 

Barrier Severity 252 

The five most severe barriers were either organizational or community-related and each had a 253 

median score of 5 (1-5 scale). A “lack of accessible exercise equipment at fitness center” was 254 

the most severe barrier (median (IQR) of 5(4-5)). This is not surprising given that 255 

inaccessible fitness facilities and lack of adaptive equipment are commonly reported7,8,33. Our 256 

findings support the continued, urgent need for fitness centers to develop strategies to enable 257 

equal participation by MWCUs34. This may be accomplished via the construction of universal 258 
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design of facilities and exercise equipment, and increased training of fitness personal on how 259 

to adapt exercise for disabled individuals33. The four other top-rated barriers were all 260 

community built environment barriers: “lack of access to public restrooms”,” lack of 261 

accessible curb cuts in community”,” sidewalks were not wide enough”, and “lack of 262 

adequate street lighting at night”. Inaccessible curb cuts were the only barrier among the five 263 

most prevalent and most severe. This should concern politicians and other decision-takers. 264 

There is a critical need for the community built environment to be inclusive rather than 265 

exclusive of the non-ambulatory population. However, the built environment does not change 266 

quickly. Some environmental difficulties can be more quickly reduced via mobility assistive 267 

technology35 or wheelchair skill training programs36. Purchasing manual wheelchair powered 268 

assists could alleviate some, but not all35 environmental and fatigue-related barriers. 269 

Providing wheelchair skill training programs36 could reduce the impact of built environment 270 

barriers by improving the user’s mobility (e.g. by learning how to negotiate a curb 271 

independently)37. 272 

  273 

Although no interpersonal barriers were among the five most prevalent, none were reported 274 

by less than 20%. Two barriers related to ‘friends’ physical activity behavior and lack of 275 

support for their PAL were reported by ~40% of participants. This suggests that social 276 

relations may matter and that a lack of support from friends and family may limit physical 277 

activity participation. The influence of social relations could be used to influence PAL by 278 

increasing MWCUs adaptive sports participation, thereby providing positive examples and 279 

peer pressure38.  280 

 281 

Associations between barrier impact and self-reported PAL  282 
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Self-reported physical activity level (PAL) decreased as health barriers increased. 283 

Specifically, the multiple regression model showed an independent negative association 284 

between health subdomain barrier impact and PAL. This suggests that health-related 285 

variables such as the perception of pain and energy level have the strongest association with 286 

physical activity level in Danish MWCUs. The absence of any relationship between PAL and 287 

the organizational or community domains is interesting, as some of those barriers were both 288 

frequently and highly rated. As previously suggested7,8, one interpretation is that overcoming 289 

organizational or community barriers are possible if the individual possesses the desire to be 290 

physically active. Conversely, for someone with fewer intrapersonal resources, these barriers 291 

could seem insurmountable, resulting in no physical activity participation. Assessing barrier 292 

perception before and after an exercise intervention targeting motivation or health could help 293 

to elucidate this hypothesis.  294 

 295 

Future research and practical recommendations 296 

Future research should focus on resolving health-related and community built environment 297 

barriers to physical activity participation. To address health-related barriers, interventions can 298 

directly target health and physical function by following recent recommendations for this 299 

population39 in combination with individual or group-based mental health coaching. Poor 300 

architecture of the community built environment must be reported to politicians and city 301 

planners so they can prioritize and develop strategies to address these barriers. In addition, 302 

telehealth, wheelchair skill training and/or interventions to provide home gym equipment 303 

could circumvent built environment barriers. Finally, future research should include a 304 

detailed exploration of the relationship among perceived and measured PAL, physical activity 305 

barriers, and demographic characteristics of MWCUs.  306 
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 307 

Study Limitations 308 

The following limitations should be considered. First, selection bias is a concern. Although 309 

we tested for systematic differences between participants that completed, partially completed, 310 

and not completed the BPAQ-MI, passive recruitment increases the risk of including only 311 

those who are interested in the topic21. In Denmark, the total number of MWCUs is unknown. 312 

Without the exact population size and demographics, we cannot determine the response rate 313 

and if responders differed from non-responders. Second, as we only included MWCUs living 314 

in Denmark and most had an SCI, our findings may lack generalizability to other countries 315 

and disability groups. Third, due to the cross-sectional design, causation cannot be inferred. 316 

Finally, the self-rating of PAL risks recall bias towards overestimation40. An exhaustive 317 

investigation of PAL would have increased participant time burden and drop out risk. We, 318 

therefore, selected a single self-report question as a feasible and convenient approach7,8,16.  319 

 320 

Conclusions 321 

We observed that intrapersonal barriers were most prevalent, but barriers to physical activity 322 

participation were identified within each domain. The severity of low prevalence 323 

organizational and community barriers implies that these barriers could be impactful at the 324 

individual level when they are present. In agreement with our hypothesis, we found a 325 

significant inverse relationship between barrier impact and PAL. The independent association 326 

between health barriers and PAL suggests that health-related factors may meaningfully 327 

impact PAL even when individual health barriers are not rated as severe. These novel results 328 
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can guide the design of future interventions aiming at increasing physical activity levels in 329 

MWCUs. 330 

 331 
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Table 1. Participant demographic characteristics (N = 181) 

 

Age (years), mean±SD                                               48±14 

Years in chair (years), mean±SD                                               18±15 

BMI * (kg·m-2), mean±SD                                               25.8±6.2 

Gender , N (%) 

Female 95 (52.5%) 

 Male 86 (47.5%) 

SCI, N (%) 

  Yes 114 (63%) 

  No  67 (37%) 

SCI level, N (%) 

  Tetraplegia 22 (19.3%) 

  Paraplegia 81 (71.1%) 

  Unknown 11 (9.6%) 

SCI type, N (%) 

  Complete 59 (51.8%) 

  Incomplete 50 (43.9%) 

  Unknown 5 (4.4%) 

Highest level of completed education, N (%) 

  Some high school 30 (16.6%) 

  High school  55 (30.4%) 

  Bachelor 60 (33.1%) 

  Graduate/Master 25 (13.8%) 

  PhD  1 (0.6%) 

  Other 10 (5.5%) 

Work status, N (%) 

  Unemployed 90 (49.7%) 

  Part-time employed 35 (19.3%) 

  Full-time employed 24 (13.3%) 

  Other 32 (17.7%) 
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City size † (population), mean±SD                                               94,149±169,683 

NOTE. SCI = spinal cord injury.       

                                                           

 * Body mass index (BMI) was calculated based on the participants self-reported body weight (kg) and height (m). 
†City size was defined from the number of citizens and identified from the participants reported resident city.  
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Table 2. Multiple linear regression analysis of subdomain barrier impact scores and PAL.  

 

NOTE. PAL = self-reported physical activity level; β = β-coefficient; CI = Confidence interval; sr = semi-partial correlation.  

 

 
 

                                                                 
* Domain barrier impact scores were not included in the model because they could be perfectly predicted from one or 
more of the other independent variables (i.e. tolerance =0.0). 

Dependent variable 
(PAL) 

Independent variable*  
(subdomain barrier impact score) 

ββββ P-value 95% CI sr 

 

 

Model:  

F8,115 =5.973; p< 0.001, 

R2=0.294, N = 124 

Health -0.15 <0.001 -0.206 to -0.093 -0.413 

Belief/Attitudes towards physical activity -0.06 0.134 -0.139 to 0.019 -0.118 

Friends 0.009 0.857 -0.088 to 0.106 0.014 

Family 0.075 0.185 -0.037 to 0.187 0.104 

Fitness Center Built Environment 0.033 0.286 -0.028 to 0.093 0.084 

Staff/Program/Policy -0.06 0.208 -0.154 to 0.034 -0.099 

Community Built Environment 0.011 0.557 -0.026 to 0.049 0.046 

Safety 0.038 0.449 -0.061 to 0.136 0.06 
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