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The effect of health service use, unmet need and service obstacles on quality of life and 1 

psychological wellbeing in the first year after discharge from spinal cord injury rehabilitation 2 

 3 

ABSTRACT 4 

Objective: This study examined the effects of health and rehabilitation service use, unmet 5 

need for services and service obstacles on health-related quality of life (HR QoL) and 6 

psychological wellbeing after discharge from spinal cord injury (SCI) rehabilitation.  7 

Design: Prospective cohort study, with participants followed up at 6- and/or 12 months after 8 

discharge from SCI inpatient rehabilitation. 9 

Setting: Community setting. 10 

Participants: Fifty-five people with SCI (mean age 51 years; 76.4% male; 61.8% traumatic 11 

injury; mean length of stay 137 days). 12 

Interventions: Not applicable. 13 

Main outcome measures: Service Usage Scale, Service Obstacles Scale (SOS), the 14 

EuroQol-5D and the Depression Anxiety and Stress Scale short-form. Eight predictors of 15 

outcome were considered: service use (i.e., use of General practitioner, medical specialist, 16 

nursing, and allied health, and rehospitalisation); unmet need; and service obstacles (i.e., 17 

finances and transport). Possibly important predictors of each outcome were identified via 18 

penalised regression, and a final model was fit using Bayesian hierarchical regression with a 19 

Gaussian or zero-inflated Poisson response distribution. 20 

Results: Financial obstacles were associated with a poorer HR QoL (β [95% credible 21 

interval, CI] = -0.095 [-0.166, -0.027]) and higher anxiety (odds ratio, OR [95% CI] = 1.63 22 

[1.16, 2.23]). Rehospitalisation was associated with a lower EQ-VAS (β= -11.2 [-19.7, -2.5]), 23 

and interestingly, lower anxiety (OR= 1.63 [1.16, 2.23]). Use of allied health was associated 24 

with higher anxiety (OR= 2.48 [1.42, 4.44]). 25 



Conclusion: The varying degrees of financial hardship experienced after injury with complex 26 

rehabilitation needs requires investigation, as does the interactive effects of service use, 27 

unmet need and service obstacles on outcomes like QoL and psychological wellbeing. 28 

 29 
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EQ-VAS EuroQol Visual Analogue Scale 37 
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HR QoL Health-related Quality of Life 39 

Lasso  Least absolute shrinkage and selection operator 40 
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SCI  Spinal cord injury 44 

SD  Standard deviation 45 

SIU  Spinal Injuries Unit 46 

SOS  Service Obstacles Scale 47 

SUS  Service Usage Scale 48 

ZIP  Zero-inflated Poisson  49 



INTRODUCTION 50 

Access to health and rehabilitation services is critical for positive outcomes after 51 

severe illnesses or injuries, particularly for those living with permanent disability and 52 

complex needs,1,2 like spinal cord injury (SCI).3 Spinal cord injuries can be highly variable, 53 

multi-faceted and are often characterised by secondary health complications.1,3 As such, 54 

people with SCI are likely to engage with a range of mainstream and specialist post-acute 55 

services to meet their rehabilitation requirements.4-6 The reliance on mainstream, publically 56 

funded, services is particularly evident in Australia. The Australian healthcare system 57 

comprises a complex mix of public and private funding arrangements and service provision. 58 

Access to public hospitals (at no cost) and out-of-hospital medical services (at no or minimal 59 

cost) are covered for citizens under Medicare, a national health insurance system.7 In 60 

addition, there is a burgeoning private hospital system for individuals with additional private 61 

health insurance, which also off-sets the cost of a range of other non-admitted services (e.g., 62 

allied health and rehabilitation services).7 63 

For persons with permanent disability, when needs for services are unmet, health 64 

status may be compromised and disability exacerbated. These consequences can further 65 

protract recovery and result in unnecessary rehospitalisation.8,9 Unfortunately, barriers to 66 

health care are a reality for people with SCI.1,2 Common systemic and service-related barriers 67 

include accessible services, funding support and transportation, and provider expertise.10,11 68 

Furthermore, although access and associated barriers are acknowledged priorities of research 69 

and policy, rarely does this capture the difficulties of accessing services and the shortfalls 70 

from the individuals’ experiences.10,11 71 

Access, or rather realised access, is often measured as an individual’s point of contact 72 

with a health service.12,13 However, while this reflects a person’s service use, it does not offer 73 

insight into the obstacles experienced, and efforts made, when accessing services.2,14,15 It also 74 



does not provide an indication of whether a person’s needs were sufficiently met by accessing 75 

the service(s).2,15 Unmet need can be defined as the perception of difficulties receiving a 76 

service in relation to health problem––that cause some level of distress.10,16 Encountering 77 

hardship when accessing health providers could offset, or at least limit, the positive benefits 78 

of engaging with those services. As such, service obstacles could have an equally negative 79 

effect on an individual’s health status, including psychological wellbeing, as unmet need for 80 

services.10,15,17 However, and unfortunately, the effect of service use, unmet need and service 81 

obstacles on outcomes––like health-related quality of life (HR QoL) and psychological 82 

wellbeing––in populations with complex rehabilitation needs has received little attention. 83 

Determining the influence of these often invisible factors on QoL and psychological 84 

wellbeing may provide important information about health system performance, and 85 

particularly, from the perspective of those individuals whom the system is most likely to 86 

fail.10,15 87 

This study aimed to examine the effect of health and rehabilitation service use, unmet 88 

need for services and service obstacles on HR QoL and psychological wellbeing in the first 89 

12 months after discharge from SCI rehabilitation. It was hypothesised that a lack of service 90 

use, and incidence of unmet need and service obstacles would be associated with a poorer HR 91 

QoL and psychological wellbeing. 92 

 93 

METHODS 94 

Participants 95 

A convenience sample of 55 participants were recruited from a specialist inpatient 96 

Spinal Injuries Unit (SIU) at a tertiary hospital. Participant demographic, injury and discharge 97 

characteristics are shown in Table 1. Participants were mostly male, married/defacto, 98 

employed at the time of injury and generally experienced a traumatic injury (Table 1). 99 



Trauma type (i.e., non-traumatic or traumatic) was determined from Australasian 100 

Rehabilitation Outcomes Centre impairment codes. Length of stay (LOS) was calculated as 101 

the number of days between admission to, and discharge from, the SIU. Data were drawn 102 

from a larger project.18 However, not all persons with SCI from the larger project completed 103 

the survey component (Supplemental 1). 104 

 105 

INSERT TABLE 1 HERE 106 

 107 

Recruitment to the study occurred at the point of discharge from the SIU between 108 

March 2017 and March 2018. Eligibility criteria were: (1) a new SCI diagnosis; (2) capacity 109 

to provide informed consent, or consent by a substitute decision maker; and (3) 110 

communication skills to participate in a telephone survey interview or availability of a 111 

substitute decision maker to assist with completion of the survey interview. Participants were 112 

aged >18 years; however, ethical clearance was also granted for three individuals who were 113 

recruited in the year that they turned 18. Eligible inpatients were approached by a researcher 114 

who was an experienced clinical nurse in SCI rehabilitation. All patients, or substitute 115 

decision makers or guardians, provided written consent to participate. Ethical approval was 116 

granted by the respective Hospital (HREC/16/QPAH/684; SSA/16/QPAH/685) and 117 

University Human Research Ethics Committees (2016/915). 118 

 119 

Data collection 120 

Participants were contacted via telephone at 6- and 12-months after discharge from 121 

the SIU. Contact was made by a researcher who administered several surveys, which 122 

consisted of the following questionnaire measures:  123 

 124 



Service Usage Scale (SUS) 125 

The SUS captured participants health and rehabilitation service use in the last 6-126 

months via two items: (1) ‘Who were the health care/rehabilitation providers you visited or 127 

who visited you’; and (2) ‘How many times were you a patient in hospital, rehabilitation 128 

facility or another care facility for at least one night’. Responses for item one were recorded 129 

for use of general practitioner (GP), medical specialist, nursing, allied health and other, or ‘I 130 

did not visit any health care provider’. The also SUS captured unmet need in the previous 6-131 

months: ‘Have you needed health care but did not get it’. Participants provided a reason that 132 

explained why they did not get the services needed. Rehospitalisation responses were 133 

categorised as no/yes for the analysis. 134 

 135 

Service Obstacles Scale (SOS)  136 

The SOS was used to capture obstacles to accessing health services in relation to 137 

transport (‘transportation is a major obstacle toward getting enough help’) and/or finances 138 

(‘ lack of money to pay for medical, rehabilitation, and injury related services is a major 139 

problem’).14 The treatment subscale was not used because item five on the subscale is 140 

specific to brain injury.14 Participants provided ratings to the transportation and finances 141 

items on a scale ranging from ‘strongly disagree’ to ‘strongly agree’.14 Responses were re-142 

categorised to ‘disagree’ and ‘agree’ for the analysis (Table 2). 143 

 144 

EuroQol-5D 145 

Health-related QoL was documented using the EuroQol-5D (EQ-5D).19 The EQ-5D 146 

comprises five domains, namely: mobility, self-care, usual activity, pain/discomfort and 147 

anxiety/depression. Domains are rated on the scale: 1 ‘no’, 2 ‘slight’, 3 ‘moderate’, 4 ‘severe’ 148 

and 5 ‘extreme problems or unable’ (Supplemental 2).19 EQ-5D health states were converted 149 



to a single ‘utility’ value, which ranged from -0.285 ‘worst health state’ (corresponding to 150 

ratings of 55555) to 1 ‘best health state’ (i.e., 11111).20 Perceived health status was also 151 

recorded on a 0 ‘worst health imaginable’ to 100 ‘best health imaginable’ visual analogue 152 

scale (EQ-VAS).19 153 

 154 

Depression, Anxiety and Stress Scale short-form (DASS-21) 155 

Psychological wellbeing was captured using the DASS-21, which comprises subscales 156 

of depression, anxiety and stress.21,22 Each subscale consists of 7-items, with each item rated 157 

on a 4-point scale: 0 ‘never’, 1 ‘sometimes’, 2 ‘often’, and 3 ‘almost always’.22 Item 158 

responses for each subscale were summed, then doubled, with higher scores indicating 159 

greater symptoms of emotional distress. Depression scores were interpreted as: ≤9 normal, 160 

10–13 mild, 14–20 moderate, 21–28 severe, and ≥29 extremely severe symptoms; anxiety 161 

scores as: ≤7 normal, 8–9 mild, 10–14 moderate, 15–20 severe, and ≥21 extremely severe 162 

symptoms; and stress scores as: ≤14 normal, 15–18 mild, 19–25 moderate, 26–34 severe, and 163 

≥35 extremely severe symptoms. The internal consistency of depression (Cronbach’s alpha 164 

[α] = .90), anxiety (α= .70) and stress (α= .83) ratings in this study was excellent, acceptable 165 

and good, respectively.  166 

 167 

Data analysis 168 

All analyses were performed in R (Version 3.5.3) using the RStudio environment 169 

(Version 1.1.447). The analysis comprised three parts. First, we determined whether service 170 

usage, unmet need and service obstacles changed between 6- and 12-months. Second, 171 

potentially important predictors of EQ utility, EQ-VAS, depression, anxiety and stress were 172 

identified using penalised regression. In total, eight predictors were considered: five service 173 

use variables (i.e., use of GP, medical specialist, nursing, allied health, and rehospitalisation), 174 



one unmet need for services variable (i.e., unmet need) and two service obstacle variables 175 

(i.e., finances and transportation). Third, a final model was fit for EQ utility, EQ-VAS, 176 

depression, anxiety and stress. Exploratory plots are shown in Supplemental 3. 177 

Bayesian hypothesis tests were used to determine whether service use (R), unmet need 178 

for services (R) and service obstacles (R) changed as a function of time (C). Bayes factors 179 

(BF) determined R x C independence in contingency tables23,24 using the ‘BayesFactor’25 180 

package. BF values were interpreted according to Jeffreys.26 Least absolute shrinkage and 181 

selection operator (Lasso) models were used to identify possibly important predictors of EQ 182 

utility, EQ-VAS, depression, anxiety and stress by shrinking the coefficients of redundant 183 

predictors to exactly zero.27,28 All Lasso models included time (categorical variable), trauma 184 

type, age and LOS, in addition to the eight predictors. Age and LOS were standardised. Lasso 185 

models were fit using the ‘glmnet’27 package. 186 

EQ-5D utility and EQ-VAS were modelled using linear regression, and zero-inflated 187 

Poisson (ZIP) regression was used to model depression, anxiety and stress. The ZIP model 188 

accounts for probability mass at exactly y = 0 (Pr(y = 0)) and assumes that observations 189 

greater than zero follow a Poisson distribution.29 Models were fit in a Bayesian framework 190 

using the ‘brms’30 package, and included time (categorical variable), trauma type, age and 191 

LOS as fixed factors, and a random intercept for each participant. Age and LOS were 192 

standardised. The zero-inflated component of ZIP models included only time as a fixed 193 

factor. Candidate models considered predictors identified via Lasso as fixed effects, with the 194 

final model chosen based on a model fit index. Vague prior distributions were used for the 195 

regression coefficients and variance parameters of all models. Further details of the data 196 

analysis methods are provided in Supplemental 4. 197 

Posterior estimates are reported as the mean, mean difference (MD) or odds ratio 198 

(OR) and 95% credible interval (CI). Regression coefficients of ZIP models are reported on 199 



the logit scale. For Bayesian models, evidence of a statistical effect or difference was 200 

accepted when the 95% CI of a regression coefficient or MD did not include zero. 201 

 202 

RESULTS 203 

One participant had missing data for the DASS-21 at 6-months and another individual 204 

at 12-months. No values were input for these missing observations. 205 

 206 

Health service usage, unmet need, service obstacles and EQ-5D utility, EQ-VAS and 207 

EuroDASS-21 subscale scores 208 

Table 2 shows service use, unmet need for services and service obstacle responses at 209 

6- and 12-months. There was strong evidence that use of allied health services was 210 

statistically lower at 12-months compared to 6-months, and weak evidence that use of nursing 211 

and unmet need for services were statistically different between 6- and 12-months (Table 2). 212 

Commonly recorded reasons for unmet need included not being able to afford the cost of a 213 

visit or transportation, and a lack of available transport (Supplemental 5). EQ-5D utility, EQ-214 

VAS and DASS-21 subscale scores are shown in Table 2. Mean depression, anxiety and 215 

stress scores were in the normal range at 6- and 12-months. 216 

 217 

INSERT TABLE 2 HERE 218 

 219 

Penalised regression outcomes 220 

Lasso models identified the following predictors as being potentially important: EQ-221 

5D utility: trauma type (β= -0.023), age (β= -0.002), LOS (β= -0.054), use of GP (β= 0.035), 222 

medical specialist (β= 0.062), nursing (β= -0.137), allied health (β= -0.043), rehospitalisation 223 

(β= -0.111), unmet need (β= -0.059) and financial (β= -0.134) and transport (β= -0.073) 224 



obstacles; EQ-VAS: trauma type (β= 6.4), age (β= -0.4), LOS (β= 1.9), and use of GP (β= 225 

1.3) and nursing (β= -5.5), rehospitalisation (β= -8.2) and unmet need (β= 1.0); Depression: 226 

trauma type (β= 1.7), use of medical specialist (β= 2.5) and nursing (β= 1.5); Anxiety: LOS 227 

(β= -0.4), use of allied health (β= 3.0), rehospitalisation (β= -1.7), unmet need (β= 0.3) and 228 

financial obstacles (β= 2.4); and Stress: no predictors were identified as being potentially 229 

important. 230 

 231 

Health-related quality of life 232 

There were no effects for use of GP, medical specialist, nursing, allied health, or 233 

rehospitalisation or transport obstacles on EQ-5D utility. EQ-5D utility improved over time 234 

(Table 2; Table 3). A longer LOS and financial obstacles were associated with a poorer utility 235 

(Table 3). It was unclear whether unmet need was associated with a poorer utility (Table 3). 236 

There was no evidence of effects for use of GP or nursing, or unmet need on EQ-VAS. As 237 

expected, rehospitalisation was associated with a poorer EQ-VAS (Table 3). 238 

 239 

INSERT TABLE 3 HERE 240 

 241 

Psychological wellbeing 242 

There was no evidence of effects for use of medical specialist or nursing on 243 

depression. There was no effect for unmet need on anxiety. Use of allied health (OR [95% 244 

CI] = 2.48 [1.42, 4.44]) and financial obstacles (OR= 1.63 [1.16, 2.23]) were associated with 245 

higher anxiety. Rehospitalisation was associated with lower anxiety (OR= 0.73 [0.54, 0.98]). 246 

There was no evidence of an effect for any variable on stress scores (Table 3). The 247 

probability that depression, anxiety or stress were rated as zero was not statistically different 248 

between 6- and 12-months (Table 2). 249 



 250 

DISCUSSION 251 

This study examined the effects of service use, unmet need, and services obstacles on 252 

HR QoL and psychological wellbeing in a SCI population 6- and 12-months after discharge. 253 

As hypothesised, financial obstacles were associated with a poorer HR QoL and higher 254 

symptoms of anxiety; and rehospitalisation was associated with poorer perceived health. It 255 

was unclear whether unmet need for services was associated with a poorer HR QoL. In 256 

contrast to our hypothesis, use of allied health was associated with higher symptoms of 257 

anxiety; and rehospitalisation with lower anxiety. 258 

At 6- and 12-months, 29.8% and 51.3% of participants entitled to receive services 259 

under a government funded program agreed that finances were an obstacle to accessing 260 

services, respectively. Further, exploratory analysis showed strong evidence that being under 261 

a government funding program did not offset financial obstacles (BF10= 0.09). This is 262 

worrying, particularly given the negative effect of financial obstacles on HR QoL and 263 

anxiety. However, and notably, recruitment for this study occurred at a time when two new 264 

government funded, disability-related insurance schemes were being implemented. So while 265 

many participants in the current study were also participants in these new schemes, it is likely 266 

that the schemes benefits were not yet being fully realised. Costs associated with transport 267 

and incurred from service use may have been the primary contributors (Supplemental 5). It is 268 

possible that participants were accessing services from the private sector to meet their 269 

rehabilitation needs. Although public services incur no user cost, they typically have long 270 

waiting lists and limited availability (e.g., allied health).31,32 In contrast, the wide range of 271 

private services have shorter or no waiting lists32, but incur a fee.31 Despite incurring ‘out of 272 

pocket’ expenses, the use of private services could reflect an unwillingness to be placed on 273 

waiting lists31,33,34, or the need for immediate therapy, even if this means some degree of 274 



financial hardship. Either way, future research should endeavour to understand how financial 275 

hardship varies and what policy improvements might be required to avoid the perpetuation of 276 

inequities due to economic disadvantages.31 277 

Use of allied health was associated with higher anxiety. Higher symptoms of anxiety 278 

could result from a person having greater insight into their functional limitations due to 279 

regular assessments and goal-directed therapy when engaging with allied health services.35,36 280 

Equally, participants may have been utilising allied health for support and assurance for their 281 

anxiety. It is worth noting that anxiety scores were in the normal range at 6- and 12-months. 282 

Therefore, while use of allied health was associated with higher anxiety, mean scores would 283 

suggest little concern from a clinical therapy standpoint. Of note, the absence of a time effect 284 

for anxiety contrasts previous time-course changes after SCI.37 Interestingly, use of allied 285 

health declined at 12-months. Speculatively, the improvements in HR QoL scores at 12-286 

months may indicate a reduced need to engage with allied health. Equally, changes in these 287 

variables may be unrelated, as our HR QoL findings are consistent with previous work.38 288 

The high use of GP services in the current study was expected.39,40 Use of GP was not 289 

related to government funded program status (BF10= 0.01; substantial evidence of no 290 

relationship) or comorbidities (BF10= 0.02; as previous). Australian primary health care 291 

professionals (e.g., GPs and nurses) play a key role in promoting health for persons with 292 

SCI.41 As such, GPs can be seen as the gateway for accessing a range of specialist health and 293 

private allied health services.41 For community-based people with SCI, GPs are particularly 294 

important in provision of early intervention to minimise the risk of developing comorbidities 295 

and health complications.42,43 The need for ongoing support after SCI due to clinical needs 296 

(e.g., bowel and bladder dysfunction) requires frequent contact with primary care services. 297 

Therefore, these professionals must be equipped with the knowledge to handle the difficulties 298 

encountered when providing care for persons with SCI. Unfortunately, the nature and 299 



frequency of GP visits over the 12-month period cannot be determined from the current 300 

study. 301 

 302 

Study limitations 303 

The primary limitation of this study was the sample size. Health access profiles, like 304 

psychological wellbeing,44 are likely to fluctuate from time since injury,45 particularly 305 

through care transitions. As such, service usage may not be best documented through self-306 

report tools. Opt-in questionnaires may also not capture individuals most vulnerable to 307 

experiencing unmet need and service obstacles. Although incidence of rehospitalisation was 308 

recorded, the reasons for rehospitalisation were not collected. The analyses did not adjust for 309 

level of injury. Notably, sample size restrictions limited the number of parameters able to be 310 

included in the statistical models. Future research should consider time-series measures of 311 

realised access (e.g., through Medicare data) to identify persons most at risk of unmet need 312 

and service obstacles, after SCI and other injuries with complex rehabilitation needs. The 313 

frequency of specific comorbidities, their association among levels of injury and influence on 314 

outcomes—such as HR QoL and psychological wellbeing—also requires future investigation. 315 

 316 

CONCLUSION 317 

Financial obstacles to accessing services after SCI was associated with a poorer QoL 318 

and higher anxiety. Worryingly, financial obstacles were not offset by participants’ 319 

government funded program status. This raises doubts about the accessibility and adequacy 320 

of services and supports which people with SCI can realise in the community. The variations 321 

in financial obstacles experienced in rehabilitation populations like SCI requires exploration. 322 

Future work should examine the hardships that people with SCI are willing to endure so to 323 

meet their rehabilitation needs and whether these hardships are further ameliorated when the 324 



recently introduced disability-related insurance schemes are fully implemented and 325 

functioning optimally. The quality of, and interpersonal interaction with, services also 326 

requires investigation. Perceptions of service quality are likely to impact ongoing 327 

engagement, and therefore, rehabilitation and recovery. Findings from the current study are a 328 

timely reminder of the complexity of access for people who live with lifelong disabling 329 

conditions and the importance of realised access as an indicator of system performance. 330 

 331 
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Table 1. Participant (n = 55) demographic, injury and discharge characteristics. 
Variable Spinal cord injury 
Age in years, mean ± SD (range) † 51 ± 18 (17–87) 
Gender, n (%)  
 Male 42 (76.4) 
 Female 13 (23.6) 
Marital Status, n (%)  
 Married/defacto 32 (58.2) 
 Divorced/separated/widowed 12 (21.9) 
 Never married 10 (18.2) 
 Not stated 1 (1.8) 
Indigenous status, n (%)  
 Aboriginal or Torres Strait Islander origin 2 (3.6) 
 Neither Aboriginal nor Torres Strait Islander origin 53 (96.4) 
Employment status at the time of injury, n (%)  
 Employed (part- or full-time) 31 (56.4) 
 Unemployed 7 (12.7) 
 Not in labour force (home duties/child at home) 1 (1.8) 
 Retired (due to age) 13 (23.6) 
 Retired (due to disability) 3 (5.5) 
Length of stay in days, mean ± SD (range) ‡ 137 ± 92 (6–409) 
Injury type, n (%)  
 Non-traumatic 21 (38.2) 
 Traumatic 34 (61.8) 
Level of injury, n (%)  
 Paraplegia 34 (61.8) 
 Tetraplegia 21 (38.2) 
Government funded program §  
 6-months  
  No 2/39 (5.1) 
  Yes 37/39 (94.9) 
 12-months  
  No 1/47 (2.1) 
  Yes 44/47 (93.6) 
  Not known 2/47 (4.3) 
Final destination at discharge, n (%)  
 Private residence (including retirement village) 40 (72.7) 
 High-level care nursing home 1 (1.8) 
 Interim destination || 10 (18.2) 
 Discharge/transfer to other hospital 3 (5.5) 
 Other 1 (1.8) 
Comorbidities, n (%)  
 None 9 (16.4) 
 One or more 46 (83.6) 
Note. SD = Standard deviation. 
† Age calculated at the date of admission to the Spinal Injuries Unit. 
‡ Length of stay calculated from admission to discharge from the Spinal Injuries Unit. 
§ Participants entitled to receive health and rehabilitation services under a government funded program. 
|| Interim destination includes discharged/transferred to another hospital or transitional rehabilitation service. 
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Table 2. Health and rehabilitation service use, unmet need for services, service obstacles, and 
health-related quality of life and psychological wellbeing responses at 6- and 12-months after 
discharge from spinal cord injury rehabilitation. 
 6-months 

(n = 39) 
12-months 
(n = 47) 

BF10 † 

Service usage, n (%)    
 General practitioner 37 (94.9) 46 (97.9) 0.26 
 Specialist medical doctor 29 (74.4) 36 (76.6) 0.46 
 Nursing services 22 (56.4) 17 (36.2) 2.89 
 Allied health ‡ 38 (97.4) 37 (78.7) 10.65* 
 Other § 8 (20.5) 14 (29.8) 0.71 
 Rehospitalisation 21 (53.8) 29 (61.7) 0.66 
Unmet need for services, n (%)    
 Needed health care but did not receive it 7 (17.9) 17 (36.2) 2.59 
Service obstacles, n (%)    
 Transportation was an obstacle   0.16 
  Disagree 25 (64.1) 28/46 (60.9)  
  Agree 14 (35.9) 18/46 (39.1)  
 Finances were an obstacle ||   0.11 
  Disagree 25 (64.1) 25/46 (54.3)  
  Agree 14 (35.9) 21/46 (45.7)  
Health-related quality of life (EuroQol-5D) ¶    
 EQ-5D utility (-0.285 to 1) 0.445 [0.373, 0.517] 0.514 [0.449, 0.581]*  
 EQ-VAS (0–100) 57 [50, 64] 62 [56, 69]  
Psychological wellbeing (DASS-21) ¶    
 Depression (1–42) 9 [7, 11] 8 [6, 10]  
  Probability depression rated 0 .11 [.00, .26] .11 [.03, .23]  
 Anxiety (1–42) 4 [3, 6] 4 [3, 5]  
  Probability anxiety rated 0 .14 [.05, .28] .20 [.10, .34]  
 Stress (1–42) 8 [6, 10] 9 [7, 11]  
  Probability stress rated 0 .10 [.02, 0.22] .09 [.02, .21]  
Note. BF = Bayes factor; DASS-21 = Depression, anxiety and stress scale short-form. 
* BF10 >3, or evidence of a statistical difference compared to 6-months for the same outcome measure. 
† Bayes factor hypothesis test for a 2 x 2 contingency table. Bayes factor is a ratio that contrasts the likelihood 
of the null hypothesis relative to the alternate hypothesis, given the data. BF’s can be interpreted as follows: 1–3 
‘weak’ evidence for the alternate hypothesis and 0.33–1 ‘weak’ evidence for the null hypothesis; between 3 
(0.33) and 10 (0.10) ‘substantial’ evidence; between 10 (0.10) and 30 (0.03) ‘strong’ evidence; and BF >100 
(<0.01) ‘decisive’ evidence.26 Under the null hypothesis, rows x columns are independent. Under the alternate, 
rows x columns are not independent. 
‡ Allied health service providers include: Alternative medicine (e.g., naturopath), Chiropractor, Dentist, 
Dietitian, Exercise Physiologist, Occupational therapist, Pharmacist, Physiotherapist, Psychologist, Social 
worker and Speech pathologist. 
§ Other not listed included carer (n = 22) and cleaning (n = 3) assistance. 
|| One ‘neutral’ response was recorded at 6-months––this was combined with the ‘disagree’ category. 
¶ BF not applicable for outcome measures. 
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Table 3. Parameter estimates from the final Bayesian models for EQ-5D utility, EQ-VAS, 1 
and DASS-21 depression, anxiety and stress.  2 
Response variable Parameter β SD 95% CI [lower, upper] 
EQ-5D utility     
 Intercept 0.565 0.056 [0.454, 0.674] * 
 Time 0.069 0.024 [0.023, 0.117] * 
 Trauma type -0.068 0.066 [-0.194, 0.064] 
 Age -0.024 0.032 [-0.086, 0.041] 
 Length of stay -0.112 0.032 [-0.176, -0.051] * 
 Unmet need for services -0.076 0.040 [-0.156, 0.003] * 
 Financial obstacles -0.095 0.036 [-0.166, -0.027] * 
 Sigma 0.089 0.013 [0.068, 0.118] * 
 SD(intercept) † 0.206 0.025 [0.162, 0.257] * 
EQ-VAS     
 Intercept 59.1 5.4 [48.4, 69.5] * 
 Time 4.9 3.5 [-1.7, 11.8] 
 Trauma type 7.9 5.8 [-3.5, 19.4] 
 Age -2.6 3.0 [-8.7, 3.2] 
 Length of stay 3.6 2.9 [-2.2, 9.2] 
 Rehospitalisation -11.2 4.4 [-19.7, -2.5] * 
 Sigma 14.5 2.1 [11.1, 19.4] * 
 SD(intercept) † 15.7 3.2 [9.0, 21.8] * 
DASS-21 depression     
 Intercept 2.02 0.21 [1.58, 2.42] * 
 Time -0.08 0.09 [-0.26, 0.10] 
 Trauma type 0.33 0.27 [-0.21, 0.86] 
 Age 0.08 0.13 [-0.19, 0.33] 
 Length of stay -0.05 0.13 [-0.30, 0.20] 
 SD(intercept) † 0.76 0.12 [0.56, 1.02] * 
 Pr(y = 0) Intercept -3.78 1.61 [-7.63, -1.54] * 
 Pr(y = 0) Time 0.18 1.17 [-1.91, 2.78] 
 SD(Pr(y = 0) intercept) † 2.72 1.41 [0.39, 5.96] * 
DASS-21 anxiety     
 Intercept 0.84 0.32 [0.19, 1.46] * 
 Time -0.09 0.12 [-0.32, 0.15] 
 Trauma type 0.08 0.18 [-0.28, 0.43] 
 Age 0.11 0.10 [-0.08, 0.31] 
 Length of stay -0.18 0.10 [-0.37, 0.02] 
 Use of allied health 0.91 0.29 [0.35. 1.49] * 
 Rehospitalisation -0.32 0.15 [-0.62, -0.02] * 
 Financial obstacles 0.49 0.16 [0.15, 0.80] * 
 SD(intercept) † 0.40 0.09 [0.23, 0.60] * 
 Pr(y = 0) Intercept -2.41 0.88 [-4.64, -1.12] * 
 Pr(y = 0) Time 0.60 0.78 [-0.78, 2.25] 
 SD(Pr(y = 0) intercept) † 1.35 0.98 [0.06, 3.68] * 
DASS-21 stress     
 Intercept 2.11 0.19 [1.72, 2.48] * 
 Time 0.03 0.10 [-0.16, 0.22] 
 Trauma type 0.02 0.24 [-0.44, 0.48] 
 Age -0.19 0.12 [-0.42, 0.04] 
 Length of stay 0.05 0.11 [-0.16, 0.28] 
 SD(intercept) † 0.66 0.09 [0.50, 0.86] * 
 Pr(y = 0) Intercept -3.33 1.30 [-6.48, -1.57] * 
 Pr(y = 0) Time -0.05 1.06 [-2.08, 2.03] 
 SD(Pr(y = 0) intercept) † 1.91 1.28 [0.10, 4.94] * 
Note. Parameter estimates are reported as the posterior mean, standard deviation (SD) and 95% credible interval 3 
(CI). DASS-21 = Depression Anxiety and Stress Scale short-form; EQ-5D = EuroQol-5D; EQ-VAS = EuroQol 4 
Visual Analogue Scale (0–100). 5 
* Indicates a statistically important effect, i.e., the 95% CI does not include zero. 6 
† SD of the random intercept term for each participant. 7 



Supplemental 4. Data analysis methods. 

This section provides further details of the data analysis methods. Bayesian 

hypothesis tests were used to determine whether health service use (R), unmet need for 

services (R) and service obstacles (R) changed as a function of time (C). Bayes factors (BF) 

were calculated based on a Poisson sampling scheme to determine R x C independence in 

contingency tables.23,24 Under the null hypothesis, R x C are independent. An informative 

prior distribution (a = 1) was used for the gamma shape parameters of the Poisson rates for 

the cell counts.24 BF’s were computed using ‘BayesFactor’25 and were interpreted according 

to Jeffreys criteria.26 

Least absolute shrinkage and selection operator (Lasso) models were used to identify 

redundant predictors of EQ-5D utility, EQ-VAS and DASS-21 depression, anxiety and stress 

by shrinking their coefficients to exactly zero.27,28 In the Lasso model, the amount of 

shrinkage is controlled by a tuning parameter, lambda (λ). The λ value that minimised the 

cross-validation prediction error rate was chosen for each model. All Lasso models included 

time (categorical variable), trauma type, age and length of stay (LOS), in addition to the eight 

predictors. Age and LOS were transformed using the equation: y’ = y – x�/s, where ‘y’  the 

observed value, ‘x�’ is the sample mean, and ‘s’ the sample standard deviation. EQ-5D utility 

and EQ-VAS were fit with a Normal response distribution, and depression, anxiety and stress 

with a Poisson response distribution. Lasso models were fit using the ‘glmnet’27 package. 

EQ-5D utility and EQ-VAS were modelled using linear regression, with a Normal 

response distribution. Zero-inflated Poisson (ZIP) regression was used to model DASS-21 

depression, anxiety and stress.29 Linear and ZIP regression models were fit in a Bayesian 

framework using the ‘brms’30 package. Zero-inflated Poisson regression is a mixture model 

that accounts for probability mass at exactly y = 0 (Pr(y = 0)), and assumes that observations 

greater than zero follow a Poisson distribution––making it highly suited for the analysis of 



boundary inflated questionnaire data with skewed errors.29 All models included time 

(categorical variable), trauma type, age and LOS as fixed factors, and a random intercept 

term for participant. Age and LOS were transformed using the equation: y’ = y – x�/s, where 

‘y’  the observed value, ‘x�’ is the sample mean, and ‘s’ the sample standard deviation. 

Candidate models considered predictors identified as being possible important via Lasso as 

fixed effects, with the final model chosen based on the smallest Widely Applicable 

Information Criterion value. The zero-inflated component of depression, anxiety and stress 

models included time as a fixed factor and a random intercept for each participant. 

Posterior estimates were based on 4,000 MCMC iterations (No-U-Turn sampler) from 

2-independent chains, each with 12,000 iterations, a 2000 iteration warmup and thinned by a 

factor of 5. A Normal (mean 0, standard deviation 20) prior distribution was used for the 

regression coefficients and a t-distribution (df 3, mean 0, standard deviation 10) prior for the 

standard deviation of the random effects. A Logit (0, 1) prior distribution was used for the 

zero-inflated component of ZIP models. 

 



Supplemental 1. Participant demographic, injury and discharge characteristics separated by 
survey involvement. 

Survey completion Yes (n = 55) No (n = 20) BF10 † 
Age in years, mean ± SD (range) ‡ 51 ± 18 

(21–87) 
50 ± 17 
(22–76) 

0.20 

Gender, % (n)   0.42 
 Male 42 (76.4) 15 (75)  
 Female 13 (23.6) 5 (25)  
Marital Status, % (n)   0.40 
 Married/defacto 32 (58.2) 9 (45)  
 Divorced/separated/widowed 12 (21.9) 3 (15)  
 Never married 10 (18.2) 8 (40)  
 Not stated 1 (1.8) 0  
Indigenous status, % (n)   0.11 
 Aboriginal or Torres Strait Islander origin 2 (3.6) 0  
 Neither Aboriginal nor Torres Strait Islander origin 53 (96.4) 19 (95)  
 Not stated 0 1 (5)  
Injury type, % (n)   1.92 
 Traumatic 34 (61.8) 8 (40)  
 Non-traumatic 21 (38.2) 12 (60)  
Length of hospital stay in days, mean ± SD (range) § 137 ± 92 

(6–409) 
130 ± 114 
(11–404) 

0.20 

Final destination at discharge, % (n)   0.21 
 Private residence (including retirement village) 40 (72.7) 12 (60)  
 High-level care nursing home 1 (1.8) 2 (10)  
 Interim destination || 10 (18.2) 3 (15)  
 Discharge/transfer to other hospital 3 (5.5) 2 (10)  
 Other 1 (1.8) 1 (5)  
Comorbidities, % (n)   0.41 
 None 9 (16.4) 4 (20)  
 One or more 46 (83.6) 16 (80)  
Note. BF = Bayes factor; SD = Standard deviation. 
† Bayes factor hypothesis test for a 2 x 2 contingency table (i.e., gender, marital status, Indigenous status, injury 
type, final destination at discharge and comorbidities) or unpaired t-test (i.e., age and length of stay). Bayes 
factors can be interpreted as: 1–3 ‘weak’ evidence for the alternate hypothesis and 0.33–1 ‘weak’ evidence for 
the null hypothesis; between 3 (0.33) and 10 (0.10) ‘substantial’ evidence; between 10 (0.10) and 30 (0.03) 
‘strong’ evidence; and BF >100 (<0.01) ‘decisive’ evidence. Under the null hypothesis, rows x columns are 
independent. Under the alternate, rows x columns are not independent. 
‡ Age calculated at the date of admission to the Spinal Injuries Unit. 
§ Length of stay calculated from admission to discharge from the Spinal Injuries Unit. 
|| Interim destination includes discharged/transferred to another hospital or transitional rehabilitation service. 
 



Supplemental 2. EuroQol-5D responses at 6- and 12-months after discharge from the spinal 
cord injury rehabilitation. 

EuroQol-5D 6-months (n = 39) 12-months (n = 47) BF10 † 
Mobility, n (%)    

No problems 3 (7.7) 2 (4.3) 0.31 
Slight problems 6 (15.4) 9 (19.1) 0.43 
Moderate problems 4 (10.3) 10 (21.3) 0.94 
Severe problems 7 (17.9) 6 (12.8) 0.46 
Unable to walk around 19 (48.7) 20 (42.6) 0.60 

Personal care, n (%)    
No problems 13 (33.3) 19 (40.4) 0.45 
Slight problems 10 (25.6) 9 (19.1) 0.55 
Moderate problems 5 (12.8) 6 (12.8) 0.35 
Severe problems 6 (15.4) 9 (19.1) 0.43 
Unable to wash or dress myself 5 (12.8) 4 (8.5) 0.39 

Usual activities, n (%)    
No problems 2 (5.1) 2 (4.3) 0.23 
Slight problems 11 (28.2) 13 (27.7) 0.46 
Moderate problems 11 (28.2) 21 (44.7) 1.67 
Severe problems 8 (20.5) 9 (19.1) 0.42 
Unable to do my usual activities 7 (17.9) 2 (4.3) 2.43 

Pain/discomfort, n (%)    
No pain or discomfort 6 (15.4) 3 (6.4) 0.76 
Slight pain or discomfort 13 (33.3) 17 (36.2) 0.51 
Moderate pain or discomfort 14 (35.9) 19 (40.4) 0.55 
Severe pain or discomfort 5 (12.8) 7 (14.9) 0.37 
I have extreme pain or discomfort 1 (2.6) 2 (2.1) 0.21 

Anxiety/depression, n (%)    
Not anxious or depressed 15 (38.5) 17 (36.2) 0.51 
Slightly anxious or depressed 13 (33.3) 14 (29.8) 0.51 
Moderately anxious or depressed 9 (23.1) 14 (29.8) 0.57 
Severely anxious or depressed  2 (5.4) 2 (4.3) 0.23 
Extremely anxious or depressed 0 0 0.09 

Note. Data are reported as count (percent). BF = Bayes factor. 
† Bayes factor hypothesis test for a 2 x 2 contingency table. Bayes factor values can be interpreted as: 1–3 
‘weak’ evidence for the alternate hypothesis and 0.33–1 ‘weak’ evidence for the null hypothesis; between 3 
(0.33) and 10 (0.10) ‘substantial’ evidence; between 10 (0.10) and 30 (0.03) ‘strong’ evidence; and BF >100 
(<0.01) ‘decisive’ evidence. Under the null hypothesis, rows x columns are independent. Under the alternate, 
rows x columns are not independent. 
 



Supplemental 3. Exploratory plots of EQ-5D utility (A), EQ-VAS (B), depression (C), 
anxiety (D) and stress (E) scores at 6-months and 12-months after discharge from spinal cord 
injury rehabilitation. 
 

 
 
 
 



Supplemental 5. Reasons for unmet need for services from the Service Usage Scale. Unmet 
need was defined as the perception of difficulties receiving a service in relation to health 
problem causing some level of distress.9,15 

Characteristic 6-months (n = 39) 12-months (n = 47) 
Needed health care but did not receive it in the past 6-months   
 Yes, n (%) 7 (17.9) 17 (36.2) 
Reasons   
 Could not afford the cost of visit 2 7 
 There was no service 0 1 
 No transport was available 4 2 
 Could not afford the cost of transportation 4 3 
 Health providers drugs/equipment were inadequate 0 1 
 Health care provider’s skills were inadequate 1 2 
 Did not know where to go 1 0 
 Tried but was denied health care 1 1 
 Other 6 10 
Note. Multiple responses allowed. 
 




