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Abstract

Study design Longitudinal community survey.

Objectives To determine subgroups in social participation of individuals living with spinal cord injury (SCI).

Setting Community.

Methods Data were collected in 2012 and 2017 as part of the community survey of the Swiss Spinal Cord Injury cohort.
Participation was assessed using the 33-item Utrecht Scale of Evaluation of Rehabilitation-Participation evaluating fre-
quency of, restrictions in and satisfaction with productive, leisure, and social activities. Linear mixed-effects model trees
were used to distinguish subgroups in participation associated with sociodemographic and lesion characteristics.

Results In all, 3079 observations were used for the analysis, of which 1549 originated from Survey 2012, 1530 from Survey
2017, and 761 from both surveys. Participants were mostly male (2012: 71.5%; 2017: 71.2%), aged on average 50 years
(2012: 52.3; 2017: 56.5), with an incomplete paraplegia (2012: 37.5%; 2017: 41.8%) of traumatic origin (2012: 84.7%;
2017: 79.3%). There was limited within-person variation in participation over the 5-year period. Participation varied with
age, SCI severity, education, financial strain, number of self-reported health conditions (SHCs), and disability pension level.
Among modifiable parameters, the number of SHCs and disability pension level emerged as the most frequent partitioning
variables, while education was most informative for participation in productive, leisure, and social activities.

Conclusions Long-term rehabilitation management and clinical practice should target people most prone to decreased
participation in major life domains. Our study indicates that the alleviation of SHCs, engagement in further education, or
adjusting disability pension level are promising areas to improve participation of persons living with SCIL

Introduction being has been repeatedly shown for different populations

including persons living with spinal cord injury (SCI) [3, 4].

Fulfilling participation in major life domains such as social
and cultural activities and work is a key indicator of successful
rehabilitation [1, 2], and its positive impact on health and well-
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Yet, variation in participation of persons with SCI is still
poorly understood. Most of the evidence is cross-sectional in
nature [1], while rehabilitation management is dependent on
prognostic or causal information, which can only be reliably
inferred from longitudinal data. This was demonstrated in a
study that analyzed both cross-sectional and longitudinal
effects of age and time since injury on, e.g., social integration
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[5]. Specifically, social integration showed a negative asso-
ciation with age group between individuals, while a positive
association with age was found within individuals.

Existing longitudinal studies in SCI showed a mixed pat-
tern of favorable and unfavorable changes in social partici-
pation over the life-span [5-11]. While daily activities inside
and outside the home, such as personal care, doing house-
work, or going out, and mobility tended to decrease over time
[6, 8, 9], there is conflicting evidence as to the frequency of
and satisfaction with social participation and integration, and
employment [5-8, 10]. These conflicting results may be
attributed to different participation measurement instruments
or analysis techniques. Moreover, it is often unclear to what
extent the population under study was representative of the
respective SCI community [6, 7, 11].

Sociodemographic (e.g., age, gender, financial restric-
tions, or education) and SCI characteristics (e.g., SCI
severity), as well as medical and environmental factors
(e.g., social support), have been repeatedly reported in
relation to participation outcomes [1, 5, 6, 10, 11]. How-
ever, hardly any of these prospective studies looked at the
interactive effects of multiple participant characteristics on
social participation while accounting for between- and
within-person differences. For example, only one study
tested participant characteristics (e.g., age at injury, AIS
categories, income, and domestic situation (i.e., living
alone)) in interaction with time since SCI on the outcomes
subjective community integration and autonomy in partici-
pation [11], and results of only two studies [5, 11] were
accounted for within-person (longitudinal effects) and
between-person variation (cross-sectional effects). Thus,
there is insufficient evidence for the identification of per-
sons in most urgent need of participation-oriented inter-
ventions in counseling, long-term follow-up, and individual
goal setting in rehabilitation.

The present study makes use of longitudinal, population-
based survey data to identify subgroups in major life
domains of participation among community-dwelling indi-
viduals with SCI in Switzerland. Specifically, we explored
determinants of within- and between-person variation in (1)
overall participation frequency, experienced restrictions in
participation due to a person’s health condition and satis-
faction with participation; and (2) within the frequency
domain of participation we further explored determinants of
productive, leisure, and social activities.

Methods
Study design

We used data from the first and second Swiss Spinal Cord
Injury (SwiSCI) community survey (subsequently referred
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to as Survey 2012 and Survey 2017). The design, recruit-
ment, and eligibility criteria of Survey 2012 and 2017 are
detailed elsewhere [12, 13]. In brief, Survey 2012 was
conducted between 9/2011 and 3/2013 and Survey 2017
between 3/2017 and 3/2018. Participants were recruited
through all four Swiss specialized SCI rehabilitation cen-
ters, the Swiss Paraplegic Association and ParaHelp, the
specialized home care institution for individuals with SCI in
Switzerland. In Survey 2012, the sampling frame covered
~50% of the total Swiss adult SCI population and 49.3% of
this sample responded to the survey [12], and in Survey
2017 the sampling frame covered ~65% of the total Swiss
adult SCI population and 38.6% of this sample responded to
the survey [13]. The questionnaires of Survey 2012 and
2017 included items on body functions and structures,
activities and participation, environmental and personal
factors, lesion characteristics as well as participants’
appraisal of health and well-being and are available online."

Ethical approval was sought for Survey 2012 and 2017,
and all participants gave their informed consent.

Participants

Inclusion and exclusion criteria were per study protocol.
SwiSCI included Swiss residents 16 or older years who had
a chronic traumatic or nontraumatic SCI. Excluded were
persons with SCI due to congenital conditions, neurode-
generative disorders, or Guillain—Barré syndrome [12, 13].

Measures

Participation was measured with the Utrecht Scale of Eva-
luation of Rehabilitation-Participation (USER-Participation)
that comprises 32 items in three scales: frequency, restric-
tions, and satisfaction [14]. The frequency scale (11 items)
assesses the hours or occasions spent on productive, leisure,
and social activities and ranges from none at all/never to 36
h or more/19 times or more. The restrictions scale (11
items) assesses experienced restrictions on vocational,
mobility, leisure, and social activities due to one’s health
condition and item scores range from O (not possible at all)
to 3 (no difficulty at all). The satisfaction scale (ten items)
measures satisfaction with vocational, mobility, leisure, and
social activities; item scores range from O (not satisfied at
all) to 5 (very satisfied). To assure linear metric properties
for use in regression tree analysis, Rasch transformed scores
were used for the restrictions and satisfaction scales of
Survey 2012 and 2017. The scores range from O to 100 with
higher scores representing better participation (higher fre-
quency, less restrictions, and higher satisfaction). A Rasch

! The Community Survey: https:/swisci.ch/en/research-projects-
home/study-design/community-survey.
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analysis of the frequency scale is not warranted [15]. As
different productive activities, such as pursuing paid work,
doing housework, and volunteering work, cannot be per-
formed simultaneously, this renders the scaling of asso-
ciated frequencies into a single dimension conceptually
meaningless. The frequency scale is further divided into
three subscales summing the items of the productive, lei-
sure, and social activities, which are converted to a
0-100 scale [16]. Currently, there is no consensus regarding
clinically important cut-off scores that can guide policy and
interventions with the goal of improving participation
across the life domains. With a pragmatic distribution-based
criterion of 0.5 standard deviation in the respective USER-
Participation scales, we consider a 9—10 points difference in
participation scale scores as clinically important. The
USER-Participation’s validity, test-retest reliability, and
responsiveness in rehabilitation settings were satisfactory
[14, 17, 18]. Supplementary File 1 contains all questions of
the USER-Participation.

Based on theoretical assumptions and literature [1], a set of
modifiable and non-modifiable determinants was included
into the models. Non-modifiable determinants were gender,
age in years, injury severity (incomplete paraplegia; complete
paraplegia; incomplete tetraplegia; complete tetraplegia),
years since injury, and SCI etiology (traumatic/nontraumatic).
Injury severity was either derived from patient records (if
available) or based on self-report. If derived from patient
records, AIS A was defined as complete lesion vs. AIS B CD
as incomplete. Modifiable determinants were marital status
(yes/mo married/in partnership), financial strain (yes/no), years
of education, and number of self-reported health conditions
(SHC:s) self-rated as chronic or significant. For the number of
SHCs, 14 items of the SCI secondary conditions scale [19]
and one item reflecting sleep problems were selected and
dichotomized (0 =no, mild/infrequent or moderate/occa-
sional problem; 1 = chronic/significant problem; a sum score
reflecting the number of SHCs of chronic/significant level
was computed). Supplementary File 1 contains all questions
of the SCI secondary conditions scale. Financial strain was
assessed by the question “Did you experience financial dif-
ficulties that restricted your everyday life (participation) over
the past four weeks?” A dichotomous variable was created out
of the four response categories (no=not applicable, no
influence, vs. yes = made my life a little harder, made my life
a lot harder). The participants’ disability pension level (i.e.,
full pension, 3/4 pension, 1/2 pension, 1/4 pension, no pen-
sion) was added as a policy level determinant.

Data analysis
To identify groups at risk of low social participation, linear

mixed-effects model (LMM) trees were calculated for the
frequency, restrictions, and satisfaction scales and the

frequency subscales of the USER-Participation [20]. A key
feature of the LMM tree algorithm is that it facilitates the
detection of subgroups that may be conditional on obser-
vations within a hierarchical, nested (i.e., repeated observa-
tions nested within individuals) data structure. This
hierarchical structuring may inform social and health policy
by accentuating possible intervention strategies that are
expected to have the greatest leverage in improving parti-
cipation in specific subgroups. We refrained from traditional
mixed effect models because these models assume a com-
mon parametric form for the population mean structure that
may not be appropriate within the heterogeneous SCI
population, i.e., the assumption of a common parametric
form will obscure meaningful subgroup differences and
hence may lead to erroneous inferences [21]. Moreover, by
partitioning the data set with respect to a number of deter-
minants, better-fitting models in each final subgroup (also
called terminal nodes) can be employed. The LMM tree
algorithm was described in detail by Fokkema et al. [20],
and a thorough description and evaluation of the algorithm
can be found in Supplementary File 2. In brief, LMM trees
use both model-based recursive partitioning and traditional
linear mixed models to “grow” a tree of which each detected
subgroup in the terminal node is associated with separate
locally fixed-effect regression coefficients of the resulting
partitioning, while keeping the random effects, which are
derived through a mixed-effects model, constant throughout
the tree [20, 22]. Survey year was the determinant for the
locally node-specific fixed-effect model and person ID was
specified as determinant of the global random effect, thus
deriving random intercepts across persons. Finally, the set of
potential partitioning variables (i.e., the determinants) for
growing the tree was used to assess within- and between-
person variation in evaluating the tree and generating sub-
groups. The size of the LMM trees is determined by the
model instability significance test during partitioning. To
avoid overfitting, we additionally set the maximum depth of
the tree to five nodes with a reasonable minimal size of n =
250 for any inner (i.e., where the branches of the tree split
into “inner or child nodes™) or terminal node (i.e., the final
identified subgroups in the tree). The result of the parti-
tioning can be presented as a regression tree with locally
fixed effects models in each of the terminal nodes. Inner
nodes indicating partitioning of the data set and corre-
sponding p values from the model instability tests (Bonfer-
roni corrected and with the significance level set to alpha =
0.05) are graphically displayed in the resulting trees. For
terminal nodes a boxplot of the observed values is provided
as well as mean-centered fitted values. Finally, correspond-
ing intraclass correlations (ICC) are reported. ICC is a
measure of the proportion of the total variance in the out-
come variables that is accounted for by between-person
variation. List-wise deletion was applied for cases with
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missing data in a determinant. All analyses were performed
with Stata 14.2 (StataCorp) and the glmertree package
(version 0.2-2) in R Studio (R Core Team 2020) [23].

Results

In total, 3079 observations (n= 1549 for Survey 2012;
n = 1530 for Survey 2017 of which n =761 of people who

participated in both surveys) were used in the analysis.
Table 1 details the sample characteristics. The majority of
the participants were male, with incomplete paraplegia of
traumatic origin. Participants were on average in their 50s,
had 14 years of education, and had been living for over 15
years with SCI. The number of SHCs of a chronic or severe
nature was on average two. The distribution of the values of
the USER-P scales and of the frequency subscales was
similar across surveys.

Table 1 Demographic and SCI characteristics of the study population (n =3079).

Determinants [missing values in % 2012; 2017]

Survey 2012 n = 1549

Survey 2017 n= 1530

n %  95% CI n %  95% CI
LL UL LL UL
Demographic characteristics
Male 1107 71.5 69.2 73.7 1090 71.2 68.9 73.5
In partnership [4.0; 0.3] 1004 67.5 65.1 69.9 893  58.6 56.1 61.0
Reported financial strain [4.5; 4.3] 448 303 28.0 32.7 373 255 233 27.8
Level of disability pension [0.8; 9.4]
None 817 532 50.7 55.6 712 514 487 54.0
1/4 42 27 20 3.7 67 48 38 6.1
172 153 10.0 8.6 11.6 150 10.8 9.3 12.6
3/4 81 53 43 6.5 85 6.1 50 7.5
Full 444 289 26.7 312 372 26.8 24.6 29.2
SCI characteristics
Type of SCI [0.8; 12.2]
Paraplegia/Incomplete 577 375 352 40.0 562  41.8 39.2 44.5
Paraplegia/Complete 486 31.6 293 34.0 370 27.6 25.2 30.0
Tetraplegia/Incomplete 314 204 185 22.5 296 22.0 199 243
Tetraplegia/Complete 160 104 9.0 12.0 115 86 72 10.2
Traumatic SCI [1.0; 1.2] 1299 84.7 82.8 86.4 1199 793 772 81.3
Mean SD Median IQR (25) IQR (75) Mean SD Median IQR (25) IQR (75)
Continuous variable [missing]
Age at time of questionnaire, years 52.3 148 52.0 42.0 63.0 56.5 147 57.0 46.0 67.0
Years of education [2.1; 5.7] 136 33 13.0 12.0 15.0 142 35 13.0 12.0 16.0
Years since injury [1.7; 6.8] 16.8 12.7 135 6.2 25.1 18.8 132 16.0 7.7 27.6
Number of health problems rated as severe or 2.1 21 20 0.0 3.0 2.1 21 20 0.0 3.0
chronic
USER-Participation scales
Frequency [4.8; 3.7] 342 122 343 26.1 425 334 128 333 25.0 425
Restrictions [3.7; 3.7] 70.0 21.7 727 54.5 87.9 729 212 758 60.0 90.0
Satisfaction [5.8; 7.7] 69.3 18.0 725 58.3 80.6 69.0 182 722 59.4 80.6
USER-Participation frequency subscale
Productive activities [3.8; 3.5] 222 16.0 20.0 10.0 30.0 21.2 163 20.0 10.0 30.0
Leisure activities [8.6; 32.6] 444 19.1 450 30.0 60.0 40.7 19.7 40.0 25.0 55.0
Social activities [7.6; 4.3] 49.6 18.6 533 40.0 60.0 48.7 184 46.7 333 60.0

Ninety-seven cases, which were coded as nontraumatic SCI due to surgery in SwiSCI 2012, were recoded to traumatic SCI based on updated

ISCoS recommendation.

IQR interquartile range, CI confidence interval, LL lower limit, UL upper limit, SD standard deviation.

SPRINGER NATURE
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Determinants of within- and between-person
variations in participation

Figure 1 shows the LMM tree for USER-Participation fre-
quency scale. Between survey years, frequency scores
showed small within-person variation (the fixed effects of
survey year ranged from —1.7 to 1.9 points, Table 2). For
the frequency of participation, the algorithm identified
seven subgroups. Age, pension level, education, and num-
ber of SHCs best explained between-person variation in
frequency of participation. A 12.0 points difference was
found between the subgroups with the lowest and highest
scores on the USER-Participation frequency scale (Table 2).
The lowest frequency scores (node 13, estimated score:
29.0) were reported by persons aged 65 years or more and
those with a full disability pension (node 12, estimated
score: 30.3; node 11, estimated score 32.7). The highest
scores were found for persons aged 41 years or less and
with more than 14 years of education and without a full
disability pension (node 8, estimated score: 41.0). The
corresponding ICC indicates that 51.9% of variance in

USER-Participation frequency scores was explained by
between-person differences.

Between survey years, estimates of perceived restric-
tions ranged from —1.4 to 4.2 points (Fig. 2). Between-
person variation in perceived participation restrictions
was associated with number of SHCs, injury severity,
financial strain, and age, resulting in six subgroups. The
most extensive restrictions were perceived by persons
with more than 1 SHCs and tetraplegia (node 11, esti-
mated score: 57.4, Table 2). That subgroup had a 17.6
points difference compared with persons with less or
equal than 1 SHC and with an incomplete lesion, i.e.,
those who reported the fewest restrictions (node 3, esti-
mated score: 75.0). Between-person differences explained
69.1% (ICC) of the variation in the USER-Participation
restriction scores.

Within-person variation was small with estimates of
satisfaction scores ranging from —0.6 to 3.9 points between
survey years (Fig. 1 of Supplementary File 3). Number of
SHCs, financial strain, injury severity, and disability pension
level explained between-person variation in satisfaction with

none, 1/4,1/2, 3/4

<14 >14
SHC Age
p <0.001 p < 0.001
<1 >1 <41 >41
/ \

Node 5 (n = 334)
1 101

Node 6 (n=306)  Node 8 (n=251)  Node 9 (n = 355)
101 101 101

-7

Node 11 (n=378)  Node 12 (n=252)  Node 13 (n = 585)
101 101

s | aop-

17

Fig. 1 LMM tree for the USER-Participation frequency scale.
SHCs number of self-reported health conditions, /12 year of the survey

o
o
o _ 8 3 8 8
b 8 8 T 2 T
T LoL N
-7 -7 . -7 |

(2012), 17 year of the survey (2017). Higher scores represent higher
participation frequency.
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Table 2 Fixed effects estimate from the LMM trees, indicating the estimated intercept and 95% CI for terminal nodes of the trees.

Terminal nodes Between person Within-person change ICC
Estimate 95% CI Estimate 95% CI %
Intercept LL UL Slope LL UL
Frequency scale 51.9
5 38.6 37.2 40.0 -1.7 -3.8 0.5
6 34.7 32.6 36.7 —-1.5 -3.7 0.7
8 41.0 38.8 43.2 1.9 -0.5 4.2
9 39.7 37.6 41.9 -1.0 -2.9 1.0
11 327 30.7 34.7 0.7 —-1.2 2.6
12 30.3 28.1 32.6 -13 -3.8 1.2
13 29.0 27.1 31.0 —0.8 24 0.8
Restriction scale 69.1
3 75.0 73.4 76.5 0.8 —-1.2 2.7
4 67.6 65.2 70.0 0.8 -1.5 3.1
8 69.7 67.2 72.2 32 0.6 5.7
9 63.9 60.7 67.0 23 -0.9 55
10 64.2 61.7 66.8 —14 —4.3 1.5
11 57.4 54.8 59.9 4.2 1.8 6.6
Satisfaction scale 514
4 61.5 59.0 64.0 39 0.6 7.2
5 58.9 55.7 62.1 —0.5 -33 23
6 55.3 525 58.0 —0.6 -2.5 1.2
9 52.0 48.6 55.4 2.9 -0.3 6.1
10 474 43.8 50.9 1.1 -23 4.5
11 45.3 42.0 48.6 0.9 —-2.2 4.0
USER-Participation frequency subscales
Productive activities 42.8
5 30.6 29.2 32.0 1.1 —1.0 3.1
6 274 24.8 30.0 -0.8 -39 2.2
7 24.1 21.8 26.4 1.7 -0.9 4.3
8 17.7 15.8 19.7 -0.7 2.7 1.3
9 14.1 11.9 16.2 -0.4 -25 1.7
Leisure activities 45.2
2 379 355 40.4 —5.1 —-8.9 -1.3
5 47.3 442 50.3 -7.1 -9.9 —4.2
6 47.9 449 50.9 —0.2 —-2.7 2.2
7 43.0 39.9 46.2 —5.1 -85 —-1.8
Social activities 53.2
3 50.3 48.7 52.0 —-0.4 -2.9 22
5 433 40.5 46.1 —0.6 -3.6 2.4
6 48.0 449 51.0 -3.5 —6.8 -0.2
8 56.5 53.5 59.5 1.8 -1.7 5.2
9 51.3 49.0 53.7 —0.7 —-2.8 1.3

95% CI 95% confidence interval, LL lower limit, UL upper limit, /CC intraclass correlations.

participation best. Persons with more than two SHCs and
with financial strain reported the lowest satisfaction (node
11, estimated score: 45.3, Table 2) and had a 16.2 and 13.6

SPRINGER NATURE

points difference compared with persons without SHCs and
with incomplete paraplegia, i.e., the subgroup with the
highest satisfaction scores (node 4, estimated score: 61.5)
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Fig. 2 LMM trees for the USER-Participation restrictions scale.
SHCs number of self-reported health conditions, pi incomplete para-
plegia, pc complete paraplegia, ti incomplete tetraplegia, tc complete

and those with complete paraplegia and incomplete or
complete tetraplegia (node 5, estimated score: 58.9).
Between-person differences explained 51.4% (ICC) of the
variation in the USER-Participation satisfaction scores.

Between survey years, within-person variation was
minimal with estimates of productive activities ranging
from —0.4 to 1.7 points (Table 2). Lower scores for pro-
ductive activities were found in individuals aged 65 or older
(node 9, estimated score: 14.1) and among younger indi-
viduals with a full disability pension (node 8, estimated
score: 17.7). These subgroups had a 12.9 and 16.5 points
difference compared with persons with the highest pro-
ductive activities scores, namely, those aged 64 or younger,
with at most two SHCs and with the lowest (none, 1/4)
disability pension levels (node 5, estimated score: 30.6,
Fig. 2 of Supplementary File 3). Between-person differ-
ences explained 42.8% (ICC) of the variation in the pro-
ductive activities scores.

Estimates of leisure activities ranged from —0.2 to —7.1
points between survey years (Fig. 3 of Supplementary File 3
and Table 2). Between-person variation in reported

tetraplegia, '12 year of the survey (2012), /17 year of the survey
(2017). Higher scores represent less restrictions, Rasch-converted
scores were used.

frequency of leisure activities was associated with education
and financial strain. Persons with <11 years of education
had 5.1 points less on the frequency of leisure activities
subscale (node 2, estimated score: 37.9) compared with
persons with more than 13 years of education and no
financial strain had higher participation in leisure activities
(node 6, estimated score: 47.9, node 6). Between-person
differences explained 45.2% (ICC) of variation in the lei-
sure activities scores.

Finally, estimates of social activities ranged from —3.5 to
1.8 points between survey years, and between-person var-
iation on that subscale was associated with education and
age (Fig. 4 of Supplementary File 3). Persons with <12
years of education and aged 54 years or older had the lowest
participation in social activities (node 5, estimated score:
43.3, Table 2) with a 13.3 points difference compared with
persons with more than 13 years of education and aged 40
years or younget, i.e., those with the highest participation in
social activities (node 8, estimated score: 56.5). Between-
person differences explained 53.2% of variation in the
social activities scores.
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Discussion

This study identified subgroups of individuals who have
low social participation. Participation showed limited
within-person variation over a period of 5 years. A minor
improvement was documented for perceived restrictions,
whereas the frequency of leisure activities tended to
decrease. Across participation domains, participation sys-
tematically varied with age, SCI severity, number of SHCs,
education, financial strain, and disability pension level.
Among modifiable parameters, the number of SHCs and the
level of disability pension emerged as the most important
modifiable partitioning variables, while education was most
predictive for participation in productive, leisure, and social
activities.

Participation frequency, restrictions, and satisfaction
seemed a rather stable phenomenon with only slight within-
person changes over 5 years. Scores of the frequency main
scale and its subscales are comparable with other SCI
populations [16]. The limited within-person variation is in
line with previous longitudinal studies on participation in
major life domains, for which most decrease was reported
for the frequency of leisure activities [9], while satisfaction
with social integration remained stable over time [10, 11].
In our sample, frequency of leisure activities also had the
most pronounced decrease across subgroups. An underlying
age effect as previously reported may be responsible for the
decrease in the frequency of leisure activities [9]. In the
general population, leisure activities have been linked to
psychological and physical well-being as well as to
increased survival [24]. Thus, in rehabilitation management
and counseling the focus should not only be on living and
vocational rehabilitation, but also on recreative leisure
activities and unpaid productive activities.

The number of SHCs had an effect in most domains of
participation, mostly conditioned on other characteristics,
such as education, disability pension status or injury
severity, and most pronounced for perceived restrictions
(maximally 17 points difference between those with more
than 1 SHC vs. less or equal than 1 SHC). The number of
SHCs after SCI has been reported to be high, with an impact
on life satisfaction, well-being and life expectancy [25].
This is also confirmed by a recent analysis of the Swiss SCI
population with chronic pain, bladder and bowel dysfunc-
tion, contractures, spasticity, and urinary tract infections as
rated most often as significant or chronic [26]. Because
participation in community and social life is closely linked
to health and well-being; optimizing the management of
SHCs in people with SCI is very likely beneficial for social
participation and well-being. The question on how to tackle
SHCs in different settings, including the community,
remains challenging. SwiSCI evidence showed that a pro-
portion of persons were not treated for their SHCs rated as
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significant or chronic [26], and the success of reducing
SHC:s is still being researched. A scoping review showed
ambiguous effects of health promotion interventions on
community participation that contained physical activity
and reduction and prevention of SHCs in a disability
population [27].

The identification of non-modifiable factors, such as age
and injury severity, has potential for guiding intervention by
pointing to specific target groups that may respond to an
intervention that is specifically tailored to their needs. For
instance, to alleviate participation restrictions target groups
may consist of persons with tetraplegia with more than one
SHC or persons with paraplegia and higher age and with
concurrent SHCs. Besides the management of SHCs in
these groups, elderly persons with paraplegia may particu-
larly benefit from programs aiming at fostering social net-
works and self-managing skills and an active engagement in
social activities [28], while in persons with tetraplegia,
besides the management of SHC, focus should be on the
built environment, targeting accessibility and transportation
as demonstrated in a recent analysis [29].

Policy interventions may also seek to adjust socio-
economic characteristics, and our study suggests the level of
disability pension, financial strain, and education as poten-
tial targets to improve participation. It is not surprising that
the combination of age and level of disability pension was
mainly associated with frequency of productive activities,
among which paid work is a key outcome. In Switzerland,
the eligibility for and the level of disability pension are
based on a work capacity assessment following initial
rehabilitation. At this time point, restrictions in the ability to
perform paid work may be a determinant of disability
pension level. Later, in the community setting, it is more
likely that the disability pension levels determine the fre-
quency of paid work [30]. Thus, adjusting disability pension
levels may appear a promising policy strategy to enhance
participation in paid work for persons with SCI. Moreover,
financial strain is a key indicator of profligate living and
may worsen the burden of everyday life by restricting
access to relevant resources and generating feelings of
deprivation [31]. The present study suggests that the inter-
action of adverse socioeconomic and health-related char-
acteristics such as financial strain, low education, and
concomitant SHCs reinforces the negative impact of these
determinants on people’s participation. The current findings
call for an interdisciplinary approach to best tailor inter-
vention strategies for persons with a multitude of adverse
socioeconomic and health-related circumstances.

Strengths and limitations

The novel tree algorithm approach allowed for the detection
of both within- and between-subject variation while taking
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into account higher-order interactions of the determinants of
participation. Therefore, it is optimally suited for the iden-
tification of different groups with similarly low participation
scores. Our findings indicate the importance of promoting
tailored rehabilitation and counseling interventions that aim
to enhance participation by considering the needs and lim-
itations of particular groups. More advantages and a com-
parison to traditional statistical procedures (e.g., regression
analysis) can be found in Supplementary File 2. Some
limitations of tree-based analysis need mentioning.
Instability is a known phenomenon in tree-based models,
caused by small changes in the data set and usually asso-
ciated with the heterogeneity of the study sample [20].
Small differences in the initial data can result in selection of
a different set of variables for the hierarchical nodes that
may produce a rather different tree. This is relevant insofar
as it adds uncertainty to inferences and conclusions that are
meant to inform policy to improve participation in the SCI
community. The LMM tree algorithm is a newly developed
algorithm in the abundance of tree building algorithms.
Research on further real data is needed to analyze its pre-
diction accuracy and stability. Moreover, trees are usually
employed for exploratory purposes rather than used in
hypothesis-driven research, and due to the various interac-
tion effects in the trees a single-factor effect may not be
assessed, which is useful for meta-analysis [32].

Given that there is still no registry of the entire adult
Swiss SCI population, it is difficult to derive conclusions
about the representativeness of the study population in
relation to the entire adult Swiss SCI population. It is esti-
mated that ~6000 adult persons (of roughly 6.7 million
inhabitants of Switzerland) lived with an SCI in 2012 [12].
No more recent prevalence estimates are available. Taking
into account all eligible persons on the sampling frame for
the Survey 2012 (n =3144) and 2017 (n =3959), ~50 and
65% coverage rates can be estimated for response to USER-
Participation in Survey 2012 and 2017, representing at least
25% of the Swiss SCI population [13]. Thus, general-
izability of our findings is limited.

Conclusion

This study profiled the within- and between-person varia-
tion in participation in major life domains of the Swiss SCI
population. Over a 5-year period, change in participation
was marginal. Different participation profiles were identi-
fied with respect to medical and social dimensions. Our
study suggests that improvements in participation fre-
quency, restrictions, and satisfaction may be achieved by
either personalized or group interventions that target mod-
ifiable factors, such as SHCs, disability pension level,
financial strain, and education.

Data availability

Owing to our commitment to SwiSCI study participants and
their privacy, data sets generated during the current study
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