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Objective: To identify patient-level and clinical factors associated with multiple hospital readmissions in 
individuals with spinal cord injury (SCI). Design: Retrospective cohort analysis of the publicly available dataset 
from the SCI Rehabilitation (SCIRehab) study. Setting: Six rehabilitation centers in the U.S. that participated 
in the SCIRehab study. Participants: Individuals with traumatic SCI (N=1371) who were consecutively 
enrolled in the SCIRehab study. Outcome measures: The primary outcome was all-cause hospital readmission 
within 1 year of discharge from a rehabilitation center. The patient-level and clinical factors include employment 
status, depression, caregiver support, state-funded insurance, functional status, and rehabilitation services. Results: 
Of the 1170 participants included in the study, 228 were readmitted once and 120 were readmitted multiple times. 
In our study, 34.2% and 10.8% were readmitted more than once due to genitourinary and respiratory conditions, 
respectively. Lower utilization of rehabilitation services, lower functional status, unemployment, and depression were 
associated with higher odds of being readmitted multiple times within one year of discharge from inpatient 
rehabilitation facility. Conclusion: Psychosocial and clinical factors were associated with increased risk for multiple 
readmissions in individuals with SCI. In order to reduce recurrent readmissions in individuals with SCI, further 
research is necessary to maximize efficacy of risk factor modification and prevention strategies. 

 
 
Introduction 
 
Hospital readmissions are a pervasive manifestation throughout health care systems that can carry 
detrimental repercussions on patient recovery.1 Readmissions rates within 30 days of discharge from 
inpatient rehabilitation facility (IRF) has ranged from 5.8%-18.8%.2 Due to rising costs of health care 
associated with hospital readmissions in the United States, the Center for Medicare and Medicaid Services 
(CMS) has implemented the IRF quality reporting requirements and the Hospital Readmission Reduction 
Program (HRRP) to improve quality of care. The IRF quality reporting requirements necessitate that 
IRFs report changes in skin integrity (pressure ulcers/injury), catheter-associated urinary tract infections, 
and functional status of Medicare patients.3 As a part of the HRRP and IRF quality reporting program 
on “All-Cause Unplanned Readmissions,” hospitals and IRFs will receive penalties in reimbursement for 
their services if their readmission rates are above the national average rate.4,5 In order to avoid financial 
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consequence, hospitals and IRFs have established guidelines and procedures to prevent hospital 
readmissions, which have reduced readmission rates for targeted conditions from 21.5% to 17.8%.4, 6 As 
readmissions declined due to the HRRP, Medicare costs declined $2.28 billion compared to the cost of 
readmissions in 2010.7 The CMS stipulates that hospital readmissions are potentially preventable if they 
can be avoided by: adequate prophylaxis, provision of quality care during initial hospitalization, adequate 
discharge planning and post-discharge follow-up, or improved communication between health care teams 
with clearly mandated delineation of responsibilities.8-10 However, potentially preventable readmissions 
have not been defined specifically for individuals with spinal cord injury (SCI).  

 
Hospital readmissions are especially prevalent in individuals with SCI. Despite efforts to reduce hospital 
readmissions, previous studies on health care utilization have shown that rates for hospital readmission 
following traumatic SCI vary from 36.2% to as high as 57.3% in the first 12 months following the injury.11-

13 Furthermore, 12.5% of individuals who sustained new SCI were readmitted at least twice within one 
year following injury.13 DeJong et al. found that individuals with cervical level American Spinal Injury 
Association impairment scale (AIS) grade A-C injuries have the highest average number of readmissions 
and length of stay, followed by all individuals with AIS grade D, and paraplegia grades A-C have the 
lowest average number of readmissions and length of stay.13 The most prevalent causes for hospital 
readmission among patients with SCI are health conditions related to the genitourinary system, 
respiratory system, and skin and subcutaneous tissues.13, 14 Improved management of genitourinary and 
skin conditions for individuals with SCI could result in substantial reduction in morbidity and cost 
savings.15 Studies on health care utilization following SCI have shown that discharge functional status, 
comorbidities, previous hospitalizations, enrollment in Medicare or Medicaid as their primary insurance 
provider, and length of stay at IRF were independent contributors to readmission rates.14, 16-18  

 
Efforts to improve the continuum of care to reduce readmissions after SCI have been multidimensional. 
However, Stillman et al.19 identified barriers for patients with SCI in 76.9% of primary care offices that 
participated in their study. Caregiver support and caregiver availability for patients with SCI after 
discharge from IRF may influence readmission rates as well.15 DeJong et al.13 found that the number of 
readmissions varies across facilities, which is likely representing discrepancies in access to outpatient care 
depending on location. Therefore, inaccessibility of outpatient care may also contribute to increased rate 
of readmission. While factors that frequently lead to single hospital readmission after SCI have been 
recognized, risk factors of multiple hospital readmissions related to post-acute rehabilitation practice, 
discharge planning strategies and caregiver support, and psychosocial support remain unknown and 
create a crucial knowledge gap that this study hopes to fill. 

 
Previous research has discussed AIS impairment level, length of stay, and rehabilitation center in relation 
to multiple readmissions,13 but the contribution of psychosocial risk factors and rehabilitation intensity 
to multiple readmissions following discharge from IRF has not been explored in individuals with SCI. 
This is primarily due to a lack of data that portrays utilization of rehabilitation services, health outcomes, 
and social risk factors. This study aimed to provide new understanding of multiple hospital readmissions 
that may assist clinicians and health care institutions in delivering appropriate post-acute care for patients 
with SCI to minimize the reoccurrence of preventable hospitalizations. The primary objective of this 
study was to expand upon the work of DeJong et al13 surrounding multiple readmissions in individuals 
with SCI by examining psychosocial and clinical factors associated with multiple readmissions after 
discharge from an IRF. A secondary objective of this study was to evaluate the effect of genitourinary, 
respiratory, and skin conditions on multiple readmissions in this population, because these conditions are 
preventable and common contributors to single readmissions.13, 14 Based on prior research,6, 8, 10, 12-21 we 
hypothesized that psychosocial risk factors and lower utilization of rehabilitation services would be 
associated with multiple readmissions within one year of discharge from an IRF.  
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Methods 
 
Data Source 
 
We conducted a retrospective secondary analysis of the publicly available dataset from the SCIRehab 
project (https://www.icpsr.umich.edu/icpsrweb/ADDEP/studies/36724). The team conducting the 
SCIRehab project obtained informed consent prior to enrolling eligible participants, and each 
rehabilitation center that participated in the study obtained institutional review board (IRB) approval. 
The SCIRehab project collected data from 1,376 individuals with SCI who received treatment from six 
nonprofit, geographically dispersed rehabilitation facilities in the United States between 2007 and 2009, 
and patient interviews were conducted at six months and one year following IRF discharge.21 The 
SCIRehab project sought to develop specific guidelines for acute rehabilitation of SCI by collecting 
thorough patient history and detailed documentation of treatment sessions from seven disciplines. The 
SCIRehab project investigators then studied the content of these treatment sessions and accompanying 
patient outcomes.21, 22 Detailed information regarding the SCIRehab project is available at the Inter-
university Consortium for Political and Social Research (ICPSR) archive 
(https://www.icpsr.umich.edu/icpsrweb/ADDEP/studies/36724). For this study, we agreed to the 
ICPSR’s data use policies and accessed the publicly available data from the ICPSR archive. Our 
university’s IRB reviewed our protocol and indicated that because the data is de-identified and publicly 
available, the analysis of this data does not require an IRB approval. 
 
Cohort Selection 
 
The population of interest was individuals who were part of the SCIRehab project (n=1376). The 
SCIRehab project included individuals who were 12 years old or older, diagnosed with traumatic SCI, 
and participated in the study's 12-month post-injury follow-up survey. The final cohort of study 
participants (Figure 1) were subjects with information provided regarding occurrence of readmissions 
(N=1170). We have excluded 206 individuals from the denominator (study cohort) due to missing 
information on readmissions, as we were unable to determine their analysis group. 
 
Figure 1. Process of cohort selection from all data and number of participants with multiple readmissions for 
genitourinary, respiratory, and skin related health complications. Individuals are further subdivided by whether they 
were readmitted once or more than once in the course of the year for each condition. 
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Study Outcome 
 
The primary outcome was number of hospital readmissions (none, one, or multiple) between the time of 
discharge from an IRF and the one-year follow-up date. We identified causes of readmissions and 
analyzed how the patients’ demographic, clinical, and psychosocial factors were associated with hospital 
readmission stratified by three groups (no readmissions, one readmission, and multiple readmissions). All 
groups of readmissions were mutually exclusive. 
 
Study Covariates 
 
The study covariates were derived during the study design phase from previous literature and post-acute 
rehabilitation quality framework.23 We have included many patient-level and clinical variables to control 
for case-mix severity of injury, including the American Spinal Injury Association (ASIA) Motor Index 
Score, use of mechanical ventilation, mode of locomotion, and type of wheelchair. The motor component 
of Functional Independence Measure (FIM) is reliable and valid,24, 25 and was used to determine level of 
independence with functional mobility at admission to IRF, discharge from IRF, and one-year post 
discharge follow-up from IRF. We assessed tolerance and Variance Inflation Factor (VIF) and found no 
collinearity between the covariates with respect to readmissions. 
 
Demographic and Psychosocia l Factors 
 
The following demographic and psychosocial factors were assessed: age, sex, race, ethnicity, education, 
occupation, and marital status. Patient survey ratings from the SCI Model System Form I and Form II 
along with 6- and 12-month post-injury interviews21 were used to evaluate each of the following 
psychosocial factors: living arrangements, private place of residence, accessibility of residence, access to 
transportation, primary caregiver, whether primary caregiver received training during IRF stay, primary 
insurance type, number of hours of paid assistance per day, number of hours of unpaid assistance per 
day, and community participation. Depression was assessed using the Personal Health Questionnaire-9, 
which is a valid, 9-item measure of self-reported depressive symptoms.26 
 
Rehabili tation Services and Clinica l Factors 
 
Total hours in each of the following disciplines were analyzed: physical therapy, occupational therapy, 
speech-language pathology, therapeutic recreation, nursing, psychology, and social work. This 
information was originally obtained for the SCIRehab study by chart abstraction.21 Total hours of nursing 
only includes treatments. Care management and patient education were documented separately because 
information in the chart was deemed insufficient.21 The following clinical factors were also examined: 
traumatic etiology, spinal surgery, associated injuries, number of days in IRF, number of days from injury 
to initial IRF admission, total readmissions within one year of discharge from IRF, and hours of therapy 
per day at IRF.  
 
Statistica l Analyses 
 
We divided the participants into three groups, based on number of readmissions: individuals who were 
not readmitted, readmitted once, and readmitted multiple times (greater than or equal to two). Descriptive 
statistics were used to describe the study cohort by three groups of readmission. The Kolmogorov-
Smirnov normality test was completed, and since no data was normally distributed, we reported median 
(range) values in addition to mean (SD) values for all continuous variables presented in Table 1. In 
addition, chi-square and one-way analysis of variance (ANOVA) analyses were performed for categorical 
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and continuous variables, respectively. Multivariate logistic regression was conducted to determine the 
association of patient demographics, clinical, and psychosocial characteristics with number of 
readmissions. Odds Ratios (OR) with a 95% Confidence Interval (CI) were reported for the three 
different groups. Prevalence of hospital readmissions was cross examined with 38 demographic, 
psychosocial, and clinical factors to obtain the mean value and standard deviation (Table 1). Logistic 
regression OR was calculated for all variables, and adjusted OR was performed for significant variables 
which are presented in Table 2. All statistical analyses were performed using SAS 9.4 software (SAS 
Institute, Cary, NC). 
 
Table 1. Patient demographics, clinical information, and psychosocial factors by three groups of readmission. 
Values are reported as frequency (%) or mean ± standard deviation and median (minimum-maximum). 

Variable No 
Readmissions  
N=822 (70.2%) 

One 
Readmission 
N=228 (19.4%) 

Multiple 
Readmissions  
N=120 (10.2%) 

Demographics  
Age  
   12-19 
   20-29 
   30-39 
   40-49 
   50-59 
   60-69 
   70 and older 

 
131 (11.2%) 
240 (20.5%) 
124 (10.6%) 
130 (11.1%) 
111 (9.5%) 
62 (5.3%) 
24 (2.1%) 
n=822 

 
23 (2.0%) 
48 (4.1%) 
44 (3.8%) 
48 (4.1%) 
30 (2.6%) 
25 (2.1%) 
10 (0.9%) 
n=228 

 
24 (2.1%) 
30 (2.6%) 
16 (1.4%) 
14 (1.2%) 
19 (1.6%) 
12 (1.0%) 
5 (0.4%) 
n=120 

Sex 
   Male 
   Female 

 
667 (57.0%) 
155 (13.3%) 
n=822 

 
179 (15.3%) 
49 (4.2%) 
n=228 

 
100 (8.6%) 
20 (1.7%) 
n=120 

Race 
   Caucasian 
   African American 
   Asian/pacific islander 

 
604 (51.6%) 
157 (13.4%) 
17 (1.5%) 
n=778 

 
166 (14.2%) 
51 (4.4%) 
5 (0.4%) 
n=222 

 
75 (6.4%) 
34 (2.9%) 
3 (0.3%) 
n=112 

Ethnicity 
   Not Hispanic 
   Hispanic 

 
747 (63.9%) 
66 (5.6%) 
n=813 

 
209 (17.9%) 
19 (1.6%) 
n=228 

 
107 (9.2%) 
13 (1.1%) 
n=120 

Education* 
   11th grade or less 
   High school or advanced degree 

 
160 (13.7%) 
610 (52.1%) 
n=770 

 
34 (2.9%) 
174 (14.9%) 
n=208 

 
33 (2.8%) 
71 (6.1%) 
n=104 

Occupation* 
   Working/ home-maker 
   Unemployed/ retired 
   Student 

 
548 (46.8%) 
113 (9.7%) 
147 (12.6%) 
n=808 

 
164 (14.2%) 
40 (3.4%) 
20 (1.7%) 
n=224 

 
65 (5.6%) 
27 (2.3%) 
20 (1.7%) 
n=112 
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Variable No 
Readmissions  
N=822 (70.2%) 

One 
Readmission 
N=228 (19.4%) 

Multiple 
Readmissions  
N=120 (10.2%) 

Severity of Injury    
ASIA Motor Index Score* 
   C1–C4 ASIA A, B, C 
   C5–C8 ASIA A, B, C 
   T1–S5 ASIA A, B, C 
   All ASIA D 

 
75 (19.7%) 
91 (23.9%) 
134 (35.2%) 
81 (21.3%) 
n=381 

 
29 (31.2%) 
15 (16.1%) 
32 (34.3%) 
17 (18.3%) 
n=93 

 
20 (35.7%) 
10 (17.9%) 
21 (37.5%) 
5 (8.9%) 
n=56 

Mechanical ventilation at IRF* 
   Used 
   Not used 

 
101 (8.6%) 
717 (61.3%) 
n=818 

 
51 (4.4%) 
177 (15.1%) 
n=228 

 
20 (1.7%) 
99 (8.5%) 
n=119 

Mode of locomotion* 
   Walking 
   Wheelchair 

 
144 (12.3%) 
677 (57.9%) 
n=821 

 
20 (1.7%) 
207 (17.7%) 
n=227 

 
7 (0.6%) 
113 (9.7%) 
n=120 

Type of wheelchair* 
   Manual wheelchair 
   Power assist wheelchair/ scooter 
   Power wheelchair 
   N/A- no wheelchair use 

 
362 (30.9%) 
13 (1.1%) 
195 (16.7%) 
249 (21.3%) 
n=819 

 
83 (7.1%) 
2 (0.2%) 
99 (8.5%) 
42 (3.6%) 
n=226 

 
51 (4.4%) 
1 (0.1%) 
54 (4.6%) 
14 (1.2%) 
n=120 

Clinical Information 
FIM Motor at admission* 24.4 ± 11.3  

22.0 (13.0-82.0) 
n=822 

22.1 ± 10.9  
18.0 (13.0-62.0) 
n=228 

21.4 ± 10.0  
17.0 (13.0-56.0) 
n=120 

FIM Motor at discharge* 55.0 ± 21.6  
63.0 (13.0-89.0) 
n=822 

45.9 ± 22.8  
40.0 (13.0-88.0) 
n=228 

42.1 ± 21.8  
38.0 (13.0-80.0) 
n=120 

FIM Motor 1 year follow-up* 66.7 ± 25.2  
79.0 (13.0-91.0) 
n=782 

52.0 ± 27.2  
53.0 (13.0-91.0) 
n=217 

48.1 ± 26.7  
45.0 (13.0-91.0) 
n=111 

Traumatic etiology* 
   Vehicular 
   Sports 
   Violence 
   Fall 
   Medical/ other 

 
412 (35.2%) 
103 (8.8%) 
81 (6.9%) 
191 (16.3%) 
35 (2.1%) 
n=822 

 
117 (10.0%) 
22 (1.9%) 
19 (1.6%) 
62 (5.3%) 
8 (0.7%) 
n=228 

 
69 (5.9%) 
10 (0.6%) 
15 (1.3%) 
22 (1.9%) 
4 (0.3%) 
n=120 

Spinal surgery 
   Yes 
   No 

 
679 (58.2%) 
140 (12.0%) 
n=819 

 
190 (16.3%) 
38 (3.2%) 
n=228 

 
95 (8.1%) 
25 (2.1%) 
n=120 

Associated injuries 
   Yes 
   No 

 
333 (28.5%) 
487 (41.7%) 
n=820 

 
106 (9.1%) 
121 (10.4%) 
n=227 

 
63 (5.4%) 
57 (4.9%) 
n=120 

Number of days in IRF  56.2 ± 36.0  
46.0 (2.0-325.0) 
n=822 

58.7 ± 37.2  
49.0 (2.0-254.0) 
n=228 

60.5 ± 45.2  
45.0 (9.0-248.0) 
n=120 
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Variable No 
Readmissions  
N=822 (70.2%) 

One 
Readmission 
N=228 (19.4%) 

Multiple 
Readmissions  
N=120 (10.2%) 

Number of days from injury to initial IRF admission* 27.7 ± 25.4  
20.0 (2.0-275.0)  
n=822 

36.4 ± 31.5 
27.0 (3.0-219.0) 
n=227 

36.9 ± 31.8 
31.0 (5.0-128.0) 
n=120 

Total readmissions within 1 year of discharge 0.0 ± 0.0  
0.0 (0.0-0.0) 
n=822 

1.0 ± 0.0  
1.0 (1.0-1.0) 
n=228 

2.7 ± 1.3  
2.0 (2.0-9.0) 
n=120 

Physical therapy total hours* 59.0 ± 36.0  
48.1 (1.5-187.2) 
n=822 

54.3 ± 34.7  
44.5 (2.9-204.0) 
n=228 

50.0 ± 29.6  
44.4 (6.2-142.7) 
n=120 

Occupational therapy total hours  53.7 ± 36.8  
42.3 (1.8-246.5) 
n=822 

54.9 ± 35.5  
44.5 (6.0-197.9) 
n=228 

51.8 ± 32.9  
43.3 (7.5-190.7) 
n=120 

Speech language pathology total hours* 3.7 ± 9.1  
0.0 (0.0-94.7) 
n=822 

4.5 ± 9.2  
0.0 (0.0-59.2) 
n=228 

8.0 ± 20.5  
0.8 (0.0-137.8) 
n=120 

Therapeutic recreation total hours* 19.8 ± 17.5  
16.0 (0.0-124.9) 
n=822 

16.7 ± 13.2  
15.1 (0.0-82.9) 
n=228 

15.7 ± 11.9  
14.0 (0.0-54.4) 
n=120 

Nursing total hours* 33.8 ± 22.5  
29.7 (1.5-225.4) 
n=822 

38.7 ± 24.0  
35.8 (1.0-127.5) 
n=228 

38.7 ± 25.9  
33.2 (3.8-156.6) 
n=120 

Psychology total hours  11.0 ± 10.2  
8.0 (0.0-73.3) 
n=822 

10.9 ± 10.0  
7.8 (0.0-80.6) 
n=228 

11.3 ± 10.9  
8.0 (0.0-51.7) 
n=120 

Social work total hours  8.8 ± 9.6  
5.8 (0.04-73.8) 
n=822 

9.4 ± 10.2  
5.2 (0.27-51.4) 
n=228 

9.8 ± 13.7  
5.4 (0.0-78.4) 
n=120 

All disciplines total hours  189.7 ± 105.2  
166.0 (6.2-637.4) 
n=822 

189.4 ± 103.1  
171.7 (15.8-639.5) 
n=228 

185.3 ± 109.0  
157.2 (26.5-613.9) 
n=120 

Hours of therapy per day at IRF  3.6 ± 0.7  
3.5 (1.6-6.7) 
n=822 

3.5 ± 0.8  
3.4 (1.4-6.5) 
n=228 

3.5 ± 0.8  
3.4 (1.8-5.5) 
n=120 

Psychosocial Factors 
Depression*  
   Yes 
   No  

 
44 (4.1%) 
711 (66.3%) 
n=755 

 
25 (2.3%) 
188 (17.5%) 
n=213 

 
21 (2.0%) 
84 (7.8%) 
n=105 

Living arrangements 
   Lives alone 
   Lives with spouse/ significant other 
   Lives with unrelated roommate or attendant 

 
430 (36.8%) 
336 (28.7%) 
26 (2.2%) 
n=792 

 
109 (9.3%) 
107 (9.2%) 
7 (0.6%) 
n=223 

 
73 (6.2%) 
42 (3.6%) 
2 (0.2%) 
n=117 

Private place of residence 
   Yes 
   No 

 
758 (92.4%) 
62 (7.6%) 
n=820 

 
197 (86.4%) 
31 (13.6%) 
n=228 

 
105 (87.5%) 
15 (12.5%) 
n=120 

Accessible residence: within home 
   Yes 
   No  

 
760 (67.0%) 
41 (3.6%) 
n=801 

 
209 (18.4%) 
13 (1.2%) 
n=222 

 
105 (9.3%) 
7 (0.6%) 
n=112 
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Variable No 
Readmissions  
N=822 (70.2%) 

One 
Readmission 
N=228 (19.4%) 

Multiple 
Readmissions  
N=120 (10.2%) 

Accessible residence: enter/exit* 
   Yes 
   No 

 
778 (68.5%) 
23 (2.0%) 
n=801 

 
210 (18.5%) 
13 (1.1%) 
n=223 

 
106 (9.3%) 
6 (0.5%) 
n=112 

Access to transportation* 
   Yes 
   No 

 
701 (61.4%) 
102 (8.9%) 
n=803 

 
182 (16.0%) 
42 (3.7%) 
n=224 

 
89 (7.8%) 
25 (2.2%) 
n=114 

Primary caregiver*  
   No one 
   Family/ significant other 
   Hired caregiver – private pay or state funded 

 
255 (22.7%) 
415 (36.2%) 
121 (10.6%) 
n=791 

 
41 (3.6%) 
134 (11.7%) 
43 (3.8%) 
n=218 

 
14 (1.2%) 
70 (6.1%) 
28 (2.5%) 
n=112 

Caregiver trained at rehab* 
   Yes 
   No 

 
407 (48.1%) 
150 (17.7%) 
n=557 

 
121 (14.3%) 
66 (7.8%) 
n=187 

 
68 (8.0%) 
35 (4.1%) 
n=103 

Primary insurance type  
   Medicare 
   Medicaid 
   Worker’s compensation 
   Private 

 
49 (4.0%) 
136 (11.6%) 
83 (7.1%) 
554 (47.4%) 
n=822 

 
20 (1.7%) 
43 (3.7%) 
20 (1.7%) 
145 (12.4%) 
n=228 

 
12 (1.0%) 
25 (2.1%) 
14 (1.2%) 
69 (5.9%) 
n=120 

Number of hours paid assistance per day 2.9 ± 6.5  
0.0 (0.0-24.0) 
n=794 

4.6 ± 7.5  
0.0 (0.0-24.0) 
n=222 

6.4 ± 8.8  
2.0 (0.0-24.0) 
n=117 

Number of hours unpaid assistance per day  3.5 ± 6.6  
0.0 (0.0-24.0) 
n=794 

5.5 ± 8.2  
1.0 (0.0-24.0) 
n=222 

5.2 ± 7.4  
2.0 (0.0-24.0) 
n=117 

Community participation* 
   Yes 
   No 

 
725 (65.5%) 
56 (5.1%) 
n=781 

 
188 (17.0%) 
29 (2.6%) 
n=217 

 
94 (8.5%) 
15 (1.4%) 
n=109 

Chi square analysis was performed for categorical variables, and one-way ANOVA was performed for continuous 
variables. *p<0.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Canori, et al.   Factors Related with Multiple Readmissions in SCI 
________________________________________________________________________________ 

 55                        SEPTEMBER 2020 | Volume 1 | Issue 2 
  

 

Table 2. Odds ratio (OR) analysis of significant patient demographics, severity of injury, psychosocial factors, and 
clinical information for individuals with one and multiple readmissions. 

*Point Estimates with reference to no readmission. Significant values indicated in bold. The OR and CI are 
presented with two digits after the decimal point for precision. 
 
Results 
 
Out of 1170 participants, 228 participants (19.4%) were readmitted once and 120 (10.2%) were 
readmitted multiple times within one year following discharge from IRF. As presented in Table 1, Chi-
square analysis indicated that education (χ(16)=27.78, p=0.03), occupation (χ(12)=38.94, p<0.001), 
marital status (χ(12)=24.20, p=0.02), AIS motor index score (χ(8)=33.50, p<0.001), mechanical 
ventilation at IRF (χ(6)=16.21, p=0.13), mode of locomotion (χ(6)=22.55, p<0.001), type of wheelchair 
(χ(12)=60.58, p<0.001), traumatic etiology (χ(8)=27.56, p<0.001), depression (χ(6)=31.58, p<0.001), 
access to residence (χ(6)=14.22, p=0.02), access to transportation (χ(6)=19.86, p=0.01), primary 
caregiver (χ(10)=36.68, p<0.001), caregiver training at rehab (χ(4)=21.23, p<0.001), and community 
participation (χ(4)=14.91, p=0.01) were different for between-group analysis.  
 
In addition, ANOVA analysis indicated that FIM motor scores at admission (F(2,1167)=6.62, p<0.001), 
discharge (F(2,1167)=28.80, p<0.001), and one-year follow-up (F(2,1107)=45.27, p<0.001), number of 
days from injury to initial IRF admission (F(2,1167)=15.16, p<0.001), and total hours of physical therapy 
(F(2,1167)=4.33, p=0.01), speech-language pathology (F(2,1167)=8.18, p<0.001), therapeutic recreation 
(F(2,1167)=5.52, p=0.01), and nursing (F(2,1167)=5.37, p=0.01) during IRF stay were different for 
between-group analysis. Post-Hoc Bonferroni test revealed individuals with no readmissions had 
significantly higher FIM scores individuals with single (p=0.02 [admission], p<0.001 [discharge], p<0.001 

Variable 1 Readmission 
OR Point Estimate* (95% CI) 

Multiple Readmissions 
OR Point Estimate* (95% CI) 

Demographics 
Occupation:  Unemployed/ retired vs. Working 1.11 (0.66-1.84) 2.23 (1.18-4.22) 
Occupation: Student vs. Working 0.49 (0.23-1.07) 0.97 (0.42-2.27) 
Severity of Injury 
Type of wheelchair:  Manual wheelchair vs. No 
wheelchair use 

1.95 (1.26-3.01) 1.73 (1.00-2.99) 

Type of wheelchair: Power assist wheelchair vs. 
No wheelchair use 

0.83 (0.17-4.01) 0.63 (0.07-5.51) 

Type of wheelchair: Power wheelchair vs. No 
wheelchair use 

1.83 (0.43-1.59) 2.04 (1.11-3.72) 

Psychosocial Factors 
Depression: No vs. Yes 0.51 (0.27-0.98) 0.22 (0.11-0.44) 
Primary caregiver: No one vs. Hired caregiver 2.45 (0.67-8.94) 0.66 (0.07-6.03) 
Primary caregiver: Family/ significant other vs. 
Hired caregiver 

2.24 (1.14-4.41) 1.49 (0.63-2.55) 

Caregiver trained at rehab: No vs. Yes 0.48 (0.27-0.88) 0.51 (0.23-1.14) 
Primary payer: Medicare vs. Private insurance 1.40 (0.64-3.03) 1.44 (0.53-3.91) 
Primary payer: Medicaid vs. Private insurance 1.20 (0.75-1.91) 1.42 (0.79-2.58) 
Primary payer: Worker’s compensation vs. 
Private insurance 

0.80 (0.44-1.45) 2.25 (1.09-4.62) 

Clinical Information   
FIM Motor at admission 0.99 (0.98-1.02) 0.99 (0.97-1.03) 
FIM Motor at discharge 1.02 (1.00-1.03) 1.02 (0.99-1.04) 
FIM Motor 1 year follow-up 0.96 (0.95-0.98) 0.96 (0.94-0.98) 
Physical therapy total hours 0.99 (0.98-0.99) 0.98 (0.96-0.99) 
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[1-year follow-up]) and multiple (p=0.02 [admission], p<0.001 [discharge], p<0.001 [1-year follow-up]) 
readmissions. Individuals with no readmissions also had fewer days from initial injury to IRF admission 
than individuals with single (p<0.001) and multiple readmissions (p<0.001). Individuals with no 
readmission had more hours of physical therapy (p=0.02) and speech-language pathology (p<0.001) than 
individuals with multiple readmissions. Individuals with no readmissions had more hours of therapeutic 
recreation than individuals with single (p=0.04) and multiple (p=0.03) readmissions. Lastly, individuals 
with no readmissions had fewer hours of nursing than individuals with multiple readmissions (p=0.01).  
 
In addition to these findings, Table 2 shows significantly greater risk of single hospital readmission in 
individuals who: (1) had a primary caregiver who was not trained at the IRF compared to a caregiver who 
was trained at the IRF (OR=0.48 (0.27-0.88)), (2) had a family member or significant other as a primary 
caregiver compared to a hired caregiver (OR=2.24 (1.14-4.41)), and (3) had Medicaid as a primary 
insurance payer compared to a private insurance payer (OR=1.20 (0.75-1.91)). Multiple hospital 
readmissions were more likely in individuals who: (1) were unemployed compared to working (OR=2.23 
(1.18-4.22)), and (2) had worker’s compensation as a primary insurance payer compared to a private 
insurance payer (OR=2.25 (1.09-4.62)). Both single and multiple readmissions are less likely in individuals 
who: (1) had no depression (OR=0.51 (0.27-0.98) [single], OR=0.22 (0.11-0.44) [multiple])), (2) had 
higher FIM score at 1 year follow-up (OR=0.96 (0.95-0.98) [single], OR=0.96 (0.94-0.98) [multiple])), (3) 
received more total hours of physical therapy during IRF stay (OR=0.99 (0.98-0.99) [single], OR=0.98 
(0.96-0.99) [multiple])), and (4) used a manual or power wheelchair compared to those who walk 
OR=1.95 (1.26-3.01) [single], OR=1.73 (1.00-2.99) [multiple])). 
 
As displayed in Figure 1, of the 120 individuals with multiple readmissions, 41 (34.2%) were readmitted 
at least once due to a genitourinary condition. Thirteen of 120 (10.8%) were readmitted at least once due 
to a respiratory condition, and five of 120 (4.2%) were readmitted at least once due to a skin condition. 
Out of 41 participants readmitted at least once for a genitourinary condition, approximately half (51.3%) 
were readmitted more than once for a genitourinary related condition. Nine of the 13 participants (69.3%) 
who had multiple readmissions were readmitted more than once for a respiratory related condition. No 
participants were readmitted more than once due to a skin related condition.   
 
 
Discussion 
 
To our knowledge, this is the first study using longitudinal data to confirm the differences in clinical and 
psychosocial characteristics in individuals with SCI with multiple hospital readmissions. Hospital 
readmission rates within 30 days of discharge are higher in SCI (17.4%) than other conditions, including 
stroke (12.7%) and brain dysfunction (16.4%).2 We stratified readmissions to specifically examine factors 
related to multiple readmissions separately from single readmissions. Furthermore, we analyzed rich case-
mix variables not present in other studies of multiple readmissions such as information on occupation, 
caregivers, and type of wheelchair.  
 
Function and Injury Level 
 
Consistent with previous research, we found that lower FIM motor score was significantly associated 
with increased risk of hospital readmission.13, 14, 16, 17 Our findings suggest that individuals who primarily 
use a manual or power wheelchair (proxy measure of higher level of impairment) are more likely to be 
readmitted multiple times than individuals who do not use a wheelchair. This is likely due to the fact that 
the individuals who do not use a wheelchair are typically ambulatory, and therefore higher functioning. 
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Our study further deconstructs discipline specific information on rehabilitation services and the 
likelihood of hospital readmission. Total hours of treatment across all disciplines while at IRF was 
approximately the same in individuals with no readmissions, one readmission, and multiple readmissions 
(189.7, 189.4, 185.3 hours respectively). However, individuals receiving a lower amount of physical 
therapy have higher odds of multiple readmissions, which is consistent with previous findings that fewer 
hours of physical therapy is associated with increased odds of readmission.13 On average, individuals with 
multiple readmissions received less hours of physical therapy, but more hours of nursing, psychology, 
and social work than the group with no readmissions. This may indicate that other prevailing needs of 
rehabilitation services were addressed in place of physical therapy, or that the participants were unable to 
participate in the same amount of therapy.  
 
Psychosocia l Factors and Psycholog ica l Well-Being  
 
Our findings clearly establish an association between social determinants of health and long-term health 
outcomes over the year. Decreased caregiver support is significantly associated with increased risk for 
hospital readmission. Individuals with a family member as a primary caregiver opposed to a hired 
caregiver are more likely to be readmitted once. However, evidence supports that quality of care provided 
by caregivers who are family members tends to be equal to or exceed quality of care provided by hired 
caregivers.27 There was no significant difference between caregiver types in the group of multiple 
readmissions. Individuals whose caregiver was not trained at the IRF had higher odds of being readmitted 
once, which reinforces the findings of previous research that caregiver training has positive results.27 
Therefore, ensuring caregivers are skilled is a vital component to preventing readmissions. Caregivers are 
vital for individuals with SCI to transition from inpatient rehabilitation to independence at home to 
facilitate community reintegration.28 It may be inferred that individuals who do not have a caregiver are 
either sufficiently functionally independent and thus do not require caregiver assistance, or they would 
benefit from caregiver assistance but lack access to resources that would provide a caregiver. Participant’s 
lack of caregiver for each of these reasons would expectedly result in different risks of readmission. 
However, since the reason for lack of caregiver is not divulged, we are unable to separately evaluate the 
effect of each reason for lack of caregiver. Discharge planning should account for ensuring appropriate 
caregiver services, however additional follow-up with patients from social workers along with other 
members of the care team may assist to prevent consequential readmissions if caregiver support changes 
after discharge. 
 
Unemployment was linked to multiple readmissions, as well as having worker’s compensation as a 
primary insurance payer. Financial hardship may influence readmission for individuals who are unable to 
afford preventative care measures not covered by insurance, or who lack resources to seek ambulatory 
care for minor issues. If paying a copay is a deterrent to a physician visit for a persistent cough, perhaps 
patients may be susceptible to developing more serious respiratory infections requiring hospitalization. 
In similar circumstances, readmissions may be avoided by proper management and timely intervention 
of arising issues.  
 
Individuals with depression were more likely to be readmitted once and multiple times. DeJong et al.13 
found that depressive symptoms were more prevalent in individuals who were readmitted, but questioned 
whether depression increases risk of readmission or if readmission increases risk for depression. 
Depression is common in individuals following SCI, and often accompanied by behavioral problems, 
substance abuse, and other psychological disorders that necessitate educational interventions for patient 
management.29-31 The impact of depression on self-care abilities and cognition may contribute to the 
relationship between depression and recurrence of readmissions. Furthermore, memory and learning 
deficits due to depression may hinder retention of educational interventions to prevent health related 
complications that lead to readmissions. 
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Genitourinary, Respiratory, and Skin Conditions 

This study provided information on the impact of three common medical complications in individuals 
with SCI. DeJong et al.13 examined multiple readmissions but was unable to determine rates of 
readmission for these conditions due to missing data in 40.2% of the sample used. Our criteria excluded 
individuals with unknown causes of readmission, enabling our analysis of these conditions in our cohort. 
Genitourinary, respiratory, and skin conditions are leading medical diagnoses associated with readmission 
among individuals with SCI.11, 14, 20 These conditions are common and often recurrent, and readmissions 
for these diagnoses are considered preventable, which means community-based preventive management 
is crucial to avert ongoing repercussions. Timely assessment and effective preventative measures can 
reduce the risk of multiple readmissions. Our findings did not support that skin conditions were 
associated with multiple readmissions. We postulate that this is due to successful prophylaxis and 
outpatient wound care management, resulting in prevention of complications that require hospitalization. 
Preventative measures for genitourinary and respiratory complications may be less effective due to the 
aforementioned psychosocial factors, resulting in recurrent hospitalizations. It is also possible that these 
complications are inclined to be more complex and challenging to manage than pressure injuries, which 
would explain the higher frequency of hospital readmission. 
 
Implications for Future Research 

Socioeconomic and psychosocial patient factors that are not captured by Medicare claims and 
administrative intake should be considered in designing post-acute discharge planning and intervention 
to identify issues with patient compliance, cognitive deficits, and comorbidities that may influence 
readmission rates. Methods to prevent readmissions have been evolving, however we presume that 
preventing multiple readmissions requires a different approach than what has been proposed for all-cause 
readmissions in prior literature.13 Future studies should investigate how to address social determinants of 
health to prevent multiple readmissions, including the examination of educational strategies and caregiver 
training. Collaboration between health care systems to collect longitudinal information regarding 
readmissions and psychosocial factors, caregiver support, utilization of outpatient services and homecare 
services, and patient compliance would improve critical understanding. This insight could assist in the 
development of an all-encompassing approach that recognizes risk factors in individuals to better 
determine who is susceptible to multiple readmissions, and focus on risk factor modification. We hope 
that with additional perspective into the cause of multiple readmissions among individuals with SCI, 
efficacy of preventative methods will be maximized, thus reducing the economic burden on patients and 
health care systems. 
 
Limitations 

The primary limitation of this study was the small sample size of the multiple readmissions group, and 
some factors may have been underrepresented due to missing data. Nevertheless, this dataset has 
provided comprehensive patient information. Another limitation of this study was self-reported one-year 
follow-up data. Information regarding readmissions was collected through patient surveys, so inadequate 
patient recall may have resulted in underestimation of readmission rates. Lastly, we were unable to 
perform analyses based on clustering within the SCI centers and were unable to compare geographical 
impact due to the lack of this information in the publicly available dataset. Future studies are 
recommended to examine the impact of regional availability of post-acute rehab services and social 
determinants of health on patient outcomes. 
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Conclusions 
 
This study found that lower utilization of rehabilitation services, lower functional status, unemployment, 
and depression were associated with increased incidence of multiple readmissions within one year post-
discharge from IRF. In order to reduce recurrent readmissions in individuals with SCI, further research 
is necessary to improve risk factor modification. In order to modify risk factors effectively, efforts should 
focus on implementation of prevention strategies focused on coordination of follow-up care, caregiver 
training and education on post-discharge instructions, and ensuring appropriate transition of care. 
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