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Objective: To investigate changes and predictors
of change in physical and mental function over a
3-year period after rehabilitation.

Design: Prospective cohort.

Participants: Patients, across diseases, living in
western Norway, accepted for somatic spesialized
interprofessional rehabilitation (n =984).

Methods: Physical and mental function were assessed
at admittance (baseline), and after 1 and 3 years using
the Medical Outcome Study Short Form 36 (SF-36).
Associations between changes in SF-36 component
summary scores and sense of coherence, pain, disease
group (musculoskeletal, neoplasm, cardiovascular,
neurological, other), exercise habits and demographic
variables were analysed using linear mixed modelling.
Results: In the total group, mean (standard devia-
tion) physical component summary scores improved
by 2.9 (8.4) and 3.4 (9.3) points at 1 and 3 years,
respectively. Mental component summary sco-
res improved by 2.1 (9.7) and 1.6 (10.8) points.
Improvement in physical component summary was
significantly greater for patients with higher sense of
coherence (b = 0.09, p=0.001) and for the neoplasm
disease group (b = 2.13, p=0.046). Improvement
in mental component summary was significantly
greater for patients with low sense of coherence
(b = -0.13, p=< 0.001) and higher level of edu-
cation (b = 3.02, p=0.0302). Interaction with age
(physical component summary: b=0.22, p=0.039/
mental component summary b=0.51, p=0.006)
indicated larger effect at 1 year than at 3 years.
Conclusion: Physical and mental function impro-
ved in the total study group over the 3-year period.
Sense of coherence at baseline was associated
with improved physical and mental function, sug-
gesting that coping resources are important in
rehabilitation.
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(LAY ABSTRACT A
Rehabilitation aims to improve function among people
with disabilities. This study investigated how physical and
mental function change in a 3-year period after rehabilita-
tion, and the factors related to these changes. In a cohort
of 984 rehabilitation patients, physical and mental fun-
ction were measured before rehabilitation (baseline) and
at 1 and 3 years after rehabilitation. Both physical and
mental function improved over a period of 3 years, with
the greatest improvement from baseline to 1 year. Impro-
ved function at 1 year remained relatively stable over
time. Participants with higher coping resources at base-
line, measured by sense of coherence, had the greatest
improvement in physical function, and less improvement
in mental function. Participants’ disease group influenced
change in physical function. Participants with a higher
level of education demonstrated greater improvement in
mental function. These results imply that coping resources

Qhould be addressed as an important part of rehabilitationj
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chabilitation is widely used to improve health
nd function among people with disabilities, regard-
less of age and disease (1, 2). It has been estimated that
one-third of the global population will need rehabilitation
at least once in the course of their disease or injury (3).
Among people in need of rehabilitation, the estimated
years of life living with disability is 310 million (3). This
highlights the importance of rehabilitation where the over-
all goal is optimizing functioning regardless of diagnoses
(4, 5). In the International Classification of Functioning,
Disability and Health (ICF) functioning is described as a
person’s lived experience of health. Functioning relates to
body functions, body structures, activities and participa-
tion, and its dynamic interaction with a health condition,
personal and environmental factors (6).
In non-rehabilitation settings, studies have found
that an increased number of diseases, older age, poor
mental health, and poor self-perceived health are risk
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indicators for future limitations in physical functio-
ning (7, 8). A number of studies on functional rehabi-
litation trajectories have examined changes over time
for specific diagnostic groups, including traumatic
brain injury (9, 10), sepsis (11) and musculoskeletal
conditions (12). Some studies have investigated fun-
ctional trajectories as part of health-related quality of
life (13, 14). Few studies have investigated predictors
of change in function over longer periods of time,
and across diagnoses after rehabilitation. However,
1 study evaluating activity-based rehabilitation in
a large heterogeneous group of patients, found that
changes in physical and mental functioning in a
1-year rehabilitation trajectory were positively asso-
ciated with time, younger age, personal assistance for
less than 2 h a week, lower level of pain, high chronic
disease-efficacy, and non-neurological diagnoses
(15). Another disease overarching 1-year follow-up
study, after activity-based rehabilitation, found that
patients with lower levels of perceived fatigue and
pain at discharge and those who had accepted their
disability were more likely to obtain a stable high
outcome up to 1 year after rehabilitation (16).

The ability to adapt and cope with disability or
illness may be important factors in rehabilitation. The
complex interaction between functioning, disability
and health, and contextual factors (such as coping) is
illustrated in the ICF (6). Antonovsky used sense of
coherence (SOC) to explain an individual’s capabi-
lity to mobilize their internal and external resources
to cope and promote health (17, 18). SOC implies
a global orientation and includes comprehensibility
(the sense that you can understand events), mana-
geability (the belief that you have the resources to
manage and stay in control), and meaningfulness (the
feeling that things are meaningful and worth your
time and effort) (17, 18). In earlier research among
rehabilitation patients, stronger SOC is associated
with better mental health and better health-related
quality of life (19).

To our knowledge, no study has included SOC as
a predictor of change in physical and mental fun-
ction over time following rehabilitation. In addition,
there is a knowledge gap in how and why patients
with different diagnoses show change in outcome
beyond 1 year after rehabilitation. This study used
a mixture of patient-reported and registry data to
build on previous research, and had a 2-fold pur-
pose. Firstly, the study aimed to describe changes in
physical and mental function over a 3-year period
after rehabilitation. Secondly, the study investigated
if and how changes in physical and mental function
over time were associated with patients’ initial health
problems, coping resources and sociodemographic
characteristics.
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METHODS

Study design

This multi-centre, prospective cohort study of rehabi-
litation patients was based on patient-reported survey
data and demographic data retrieved from Statistics
Norway (the producer of official statistics in Nor-
way). Survey data were collected at baseline (before
admittance to specialized rehabilitation) in 2015, with
follow-ups in 2016 and 2018.

Context and participants

This study was part of the Rehabilitation Cohort West
(REKOVE) study (19). Patients living in western Nor-
way aged > 18 years who were eligible for specialized
rehabilitation (secondary healthcare) between January
and June 2015 were invited to participate in REKOVE.
Of the 2,863 eligible participants, 984 responded to
the baseline survey, which included several validated
instruments. The survey was repeated at 1 and 3 years
after baseline, with responses received from 675 and
627 participants, respectively. All patients who com-
pleted the Medical Outcome Study Short Form 36,
version 1 (SF-36) at baseline and at 1 and/or 3 years
(n=666) were included in the current study (Fig. 1).
Between baseline and 1 year, all patients received up
to 4 weeks of interprofessional rehabilitation as an
inpatient or outpatient. According to the agreement bet-
ween the rehabilitation centres and the regional health
authorities rehabilitation across all centres should
be evidence-based, goal-orientated and individually
adapted. Interventions focused on physical activity,
cognitive approaches including coping strategies, and
pain management. However, the current study did not
collect specific information about the content of care.

Outcome variables

The SF-36 is a self-reported generic measure of health
and function. The instrument is widely used to assess
health outcomes affected by disease and treatment
(20). It offers a valid measure of health and function
across a range of diagnoses (21). Normative data for
the Norwegian population is available (22). The instru-
ment assesses 8 functional domains, summarized into 2
components: a physical component summary (PCS) that
measures general health, bodily pain, physical functio-
ning and role physical; and a mental component sum-
mary (MCS) that assesses vitality, social functioning,
mental health and role emotional. These component
summaries aim to reflect the physical and mental dimen-
sions of health and function in daily activities (23). The
PCS and MCS were calculated on a scale from 0 to 100
in accordance with the SF-36 scoring manual, with a
higher score representing better health/function (23, 24).
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Explanatory variables
Coping resources were measured at baseline using the 13-
item Sense of Coherence questionnaire (SOC-13). SOC
is widely used (25) and a relevant tool in rehabilitation
(19). Responses are given on a 7-point Likert-type scale
from “never” (1) to “very often” (7). Five negatively
formulated items were recoded. Scores are summarized
to a global score of 13-91, where 91 is the best score (17).
Pain intensity at baseline was measured using a
numerical rating scale, a recommended measure of pain
(26). Participants rated their level of pain by circling
an integer between 0 and 10, where 0 represented no
pain and 10 the worst pain possible. Data on weekly
exercise was also collected at baseline, and defined as
going for a walk, skiing, swimming, training or playing
sports, using a 5-point scale (never=0 to almost every
day=5) (27). Place of residence was categorized as
rural (0) or urban (1), with urban defined as >20.000
inhabitants in the municipality and rural as <20,000

Study Cohort n = 666

Fig. 1. Flowchart of the inclusion
process of the Rehabilitation Cohort
West study (REKOVE) recruited at
rehabilitation centres in western
Norway, January-June 2015, aged
18 years or above. B: baseline; 1
4 y: 1 year; 3 y: 3 years.

inhabitants (28). The highest level of education com-
pleted was categorized as elementary school (at most
10 years), high school (11-13 years) or university
(>14 years). Referral diagnoses (International Clas-
sification on Diseases-10 (29)) related to rehabilitation
were used to categorize patients into disease groups:
musculoskeletal diseases, neoplasms, diseases of the
circulatory system (cardiovascular, including stroke),
neurological diseases, and other. Sex was categorized
as female (0) or male (1). Age (obtained at baseline)
was used as a continuous variable divided by 10 (age
per 10 years).

Statistical methods

Descriptive statistics were used to report participants’
characteristics (e.g. mean and standard deviation (SD))
at baseline and changes in MCS and PCS scores.
Change scores were calculated for the PCS and MCS
by subtracting the score at baseline from the score at
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1 year and 3 years. Pearson’s correlation coefficient
(r) was used to examine the associations between
MCS/PCS scores, age, SOC and pain at baseline, and
changes in MCS/PCS scores from baseline to 1 and
3 years. The strength of correlation was defined as
weak (|r|=0.10 to 0.29), moderate (|r|=0.30 to 0.49)
or strong (|r|=0.50 to 1.0) (30).

Linear mixed models (LMMs) were used to examine
whether changes in physical and mental function (SF-
36, PCS/MCS) could be predicted by time, and sex,
place of residence, level of education, exercise habits,
SOC, pain, age and disease group, using data from
baseline. As recommended by Lydersen (31), this study
analysed change scores rather than using analysis of
covariance of follow-up measures adjusted for baseline
values. Thus, change scores of PCS and MCS from
baseline were used as outcome variables in the LMMs
and time as an explanatory variable with 2 categories
(t,=1 year; t,=3 years). First, LMMs were estimated
with time and 1 other explanatory variable at a time,
and interaction with time was tested. Secondly, a fully
adjusted model was estimated and interactions with
time added in a forward stepwise manner at inclusion
level 0.05. Results are reported with estimated regres-
sion coefficient (b) and p-value with a significance
level of 0.05.

Data were analysed using IBM SPSS statistical
software (Windows version 26), provided by IBM,
Chigago, Illinois, USA.

p. 4 of 11

Missing data

Missing values for the SF-36 items were treated ac-
cording to the SF-36 manual (24). To obtain a MCS
and PCS score, the participant had to answer at least
50% of the items (24). For the SOC-13, participants
with more than 3 missing values per subscale were ex-
cluded. For included participants, missing scores were
imputed based on the mean across each participant’s
available responses for each subscale.

Ethics approval

This study was performed in accordance with the
principles of the Declaration of Helsinki. The Regional
Committee for Medical Research Ethics in Western
Norway approved this study (REK-number 2014-
1636). All participants gave written informed consent.

RESULTS

Participants’ characteristics

Of the 984 patients participating in REKOVE, 750
participated in 1 or both of the follow-up surveys. Of
these, 666 patients answered the SF-36 questionnaire
at baseline and at 1 year and/or 3 years and were in-
cluded in this study cohort (Fig. 1). Their mean (SD)
age was 58 (13) years and 61% were female. The 4
most common disease groups were musculoskeletal
(47%), diseases of the circulatory system (20%),

Table I. Characteristics and explanatory variables of 984 participants, aged 18 years or above, included in the Rehabilitation Cohort West
Study (REKOVE) recruited at rehabilitation centres in western Norway, January-June 2015, aged 18 years or above

Baseline cohort

Study cohort Not included in study cohort

Variable (n=984) (n=666) (n=318)
Category n % n % n %
Age, years, mean (SD) 984 57.8 (14.1) 666 58.3 (13.1) 318 56.7 (15.9)
Median [IQR] 58 [18, 92] 59 [20, 92] 57 [18,91]
Sex
Male 360 36.6 261 39.2 99 31.1
Female 624 63.4 405 60.8 219 68.9
Referral disease group
Neoplasms 54 5.5 40 6.0 14 4.4
Neurology 87 8.8 54 8.1 33 10.4
Musculoskeletal 457 46.4 314 47.1 143 45.0
Circulatory system 187 19.0 134 20.1 53 16.7
Other 199 20.2 124 18.6 75 23.6
Level of education
Elementary school 204 20.7 109 16.4 95 29.9
High school 490 49.8 343 51.5 147 46.2
University/college 278 28.3 209 31.4 69 21.7
Place of residence
Rural 465 47.3 332 49.8 133 41.8
Urban 519 52.7 334 50.2 185 58.2
Exercise habits at baseline
Never 59 6.0 29 4.4 30 9.4
Less than once a week 145 14.7 90 13.5 55 17.3
Once a week 188 19.1 130 19.5 58 18.2
2-3 times a week 376 38.2 265 39.8 111 34.9
Almost every day 199 20.2 148 22.2 51 16.0
SOC-13 baseline, mean (SD) 933 62.9 (12.3) 651 63.7 (12.1) 282 61.3 (12.5)
Pain baseline (NRS), mean (SD) 905 4.7 (2.8) 624 4.6 (2.8) 281 4.9 (2.8)

SD: standard deviation; IQR: interquartile range; SOC: Sense of Coherence (scale 13-91); NRS: numerical rating scale (0-10).
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Fig. 2. Physical (PCS) and mental (MCS) function of the Medical Outcome Study Short Form 36 (SF-36) as reported by participants, aged 18 years
or above, included in the Rehabilitation Cohort West Study (REKOVE) in western Norway, January-June 2015. Scores at baseline, 1 year (1 y) and

3 years (3 y) for PCS (/eft) and MCS (right).

neurological diseases (8%) and neoplasms (6%)
(Table I). The mean age of participants who re-
sponded to either 1 or both follow-up surveys
(study cohort) was 1.6 years higher and they had a
higher mean SOC score (by 2.4 points) at baseline
compared with participants who were not included
in the study cohort. In addition, the study cohort had
a higher percentage of participants with a higher
level of education than those that were not included
(Table I).

Changes in the physical component summary

The mean (SD) PCS score improved by 2.9 (8.4)
points from baseline to 1 year and by 3.4 (9.3) points
from baseline to 3 years (Fig. 2, Table SI). The highest
change scores were found in those with higher level
of education, patients in the neoplasms group and in
those who exercised less than once a week at baseline
(Table SI).

Age had a weak negative correlation (r=—0.138) and
pain had a strong negative correlation (r=—0.553) with
PCS score at baseline, but neither age nor pain at base-
line correlated with change in PCS at either follow-up
(Table IT). SOC-13 scores were not correlated with PCS
scores at baseline, but demonstrated a weak positive
correlation with PCS change scores from baseline to
3 years (r=0.139) (Table II).

Changes in the mental component summary

The mean (SD) MCS score improved by 2.1 (9.7)
points from baseline to 1 year and by 1.6 (10.8) points
from baseline to 3 years (Fig. 2, Table SI). The highest
change scores were found in those with higher level
of education, patients in the neoplasms group, and
at lyear in those who exercised almost every day at
baseline (Table SII).

Age had a weak positive correlation with the
MCS score at baseline (r=0.197), and a weak nega-
tive correlation with change in MCS scores from
baseline to 3 years (r=—20.107) (Table II). SOC-13
scores demonstrated a strong positive correlation
with MCS scores at baseline (r=0.596), and a weak
negative correlation with change scores at 1 and
3 years (r=—0.118 and r=—0.143, respectively)
(Table II). Baseline pain scores showed a weak
negative correlation with baseline MCS scores
(r=—0.237), but no correlation between baseline
pain scores and MCS change scores at 1 and 3
years (Table II).

Predictors of change over time

The results of the LMM analyses are shown in Table 111
(PCS) and Table IV (MCS). Fig. 3 (PCS) and Fig. 4
(MCS) illustrate significant results

Table II. Correlations (Pearson’s r) between baseline scores of age, Sense of Coherence (SOC) and pain, and the Medical Outcome
Study Short Form 36 (SF-36) mental and physical component scores at baseline and change in scores from baseline to 1 and 3 years

after baseline among patients included in the study cohort (n=666)

PCS

MCs

Baseline variable Baseline score Change b to 1 year

Change b to 3 years

Baseline score Change b to 1 year Change b to 3 years

Age, years -0.138 0.057 -0.055 0.197 0.004 -0.107
(p<0.001) (p=0.168) (p=0.198) (p<0.001) (p=0.925) (p=0.013)

SOC-13 0.024 0.091 0.139 0.596 -0.118 -0.143
(p=0.495) (p=0.028) (p=0.001) (p<0.001) (p=0.004) (p=0.001)

Pain (NRS) -0.553 0.013 0.024 -0.237 0.007 0.032
(p<0.001) (p=0.758) (p=0.588) (p<0.001) (p=0.862) (p=0.474)

PCS: Physical Component Summary (scale 0-100); MCS: Mental Component Summary (0-100); SOC-13: Sense of Coherence (13-91); NRS: numerical rating

scale (0-10); b: baseline; Italic letters: statistically significant results.
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Table III. Association between changes in scores of the Medical Outcome Study Short Form 36 (SF-36) physical component summary
from baseline to follow-up at 1 and 3 years and characteristics of the rehabilitation patients included in the study cohort (n=666)

SF-36, Physical Component Summary (PCS)

Variable Unadjusted models® Final adjusted model (n=605)
Category n b 95% CI p-value b 95% CI p-value
Intercept 666 -1.41 (-7.18, 4.35) 0.175
Time 666 0.399 0.035
1 year 587 -0.30 (-1.01, 0.40) -4.80 (-8.33,-1.27)
3 years 543 0.00 (reference) 0.00 (reference)
Sex 666 0.017 0.920
Female 405 -1.74 (-3.17,0.31) -0.07 (-1.51, 1.36)
Male 261 0.00 (reference) 0.00 (reference)
Place of residence 666 0.136 0.063
Rural 332 0.93 (-0.29, 2.15) 1.22 (-0.07, 2.50)
Urban 334 0.00 (reference) 0.00 (reference)
Level of education 661 0.045 0.277
University 209 0.26 (-1.76, 2.28) 1.40 (-0.60, 3.40)
High school 343 -0.13 (-2.02,1.76) 0.41 (-1.49, 2.28)
Elementary school 109 0.00 (reference) 0.00 (reference)
Exercise habits baseline 662 0.997 0.995
Never 29 0.16 (-3.05, 3.36) -0.00 (-3.30, 3.30)
Less than once a week 90 0.22 (-1.89, 2.32) 0.40 (-1.78, 2.58)
Once a week 130 -0.06 (-1.96, 1.83) 0.34 (-1.63, 2.30)
2-3 times a week 265 0.21 (-1.40, 1.83) 0.29 (-1.38,1.97)
Almost every day 148 0.00 (reference) 0.00 (reference)
SOC Baseline 651 0.08 (0.03, 0.13) 0.002 0.09 (0.04, 0.15) 0.001
Pain Baseline (NRS) 624 0.05 (-0.18, 0.28) 0.657 0.15 (-0.13, 0.43) 0.297
Age per 10 years 666 0.09 (-0.38, 0.55) 0.718
Time x Variable®
Time x Age per 10 years 0.039
Age per 10 years at 1 year 587 0.22 (-0.34,0.77)
Age per 10 years at 3 year 543 -0.44 (-1.08, 0.21)
TimexDisease group 666 0.017 0.046
At 1 year
Neoplasms 40 1.90 (-1.06, 4.87) 2.13 (-1.12, 5.37)
Nervous system 54 -3.80 (-6.23, -1.36) -4.04 (-6.66, -1.43)
Other 124 -0.06 (-1.86,1.73) -0.24 (-1.71, 2.18)
Circulatory system 134 0.29 (-1.46, 2.04) 0.20 (-1.93, 2.32)
Musculoskeletal system 314 0.00 (reference) 0.00 (reference)
At 3 years
Neoplasms 40 0.23 (-3.06, 3.52) -0.04 (-3.59, 3.52)
Nervous system 54 -2.22 (-5.06, 0.61) -2.78 (-5.79, 0.22)
Other 124 -1.62 (-3.71,0.47) -1.56 (-3.82,0.70)
Circulatory system 134 -2.17 (-4.16, -0.18) -2.06 (-4.42, 0.30)
Musculoskeletal system 314 0.00 (reference) 0.00 (reference)

aMixed linear regression model only adjusted for time; °results with interaction (Time x Variable).

PCS: Physical Component Summary (scale 0-100); SOC-13: Sense of Coherence (13-91); NRS: numerical rating sale (0-10); b: estimated regression
coefficient; 95% CI: 95% confidence interval; Italic letters: statistically significant results.

Time. In both SF-36 components, time was associa-
ted with change. In the final adjusted model, there was
greater improvement from baseline to 1 year compa-
red with the change from baseline to 3 years (PCS:
b=—4.80, p = 0.035; MCS b = —5.20, p = 0.012).

Sense of coherence. SOC was associated with
change in both SF-36 components. In the final
adjusted model, patients with a higher SOC at
baseline showed greater improvement in PCS sco-
res (b=0.09, p=0.001) (Table 111, Fig. 3), whereas
patients with lower SOC scores at baseline had
greater improvement in MCS scores (b=—0.13;

p<0.001) (Table IV, Fig. 4).

Age. Changes in the PCS and MCS were associated
with age (PCS: b=0.22, p=0.039; MCS: b=0.51,

p=0.006). There were interactions with time both
for PCS (Table 111, Fig. 3) and MCS (Table IV, Fig.
4) (p=0.039 and 0.006 in the final adjusted models).
Age per 10 years was a larger predictor from baseline
to 1 year than from baseline to 3 years (b=0.22 vs
—0.44 for PCS, and 0.51 vs —0.46 for MCS) (Tables
III and 1V).

Level of education. A higher level of education was
associated with greater improvement in MCS scores
from baseline to 1 year (b=3.02, p=0.030) (Table IV,
Fig. 4).

Disease groups. In PCS scores, improvement
was associated with disease groups (p=0.046),
whereby participants in the neoplasm group had
the greatest improvement, and those with
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Table IV. Association between changes in scores of the Medical Outcome Study Short Form 36 (SF-36) mental component summary
from baseline to follow-up at 1 and 3 years and characteristics of the rehabilitation patients included in the study cohort (n=666)

SF-36, Mental Component Summary (MCS)

Variable Unadjusted models® Final adjusted model (n=605)
Category n b 95% CI p-value b 95% CI p-value
Intercept 666 12.05 (5.52, 18.58) <0.001
Time 666 0.443 0.012
1 year 587 0.34 (-0.51, 1.18) -5.20 (-9.27, -1.14)
3 years 543 0.00 (reference) 0.00 (reference)
Sex 666 0.084 0.316
Female 405 1.28 (-0.17, 2.27) 0.83 (-0.79, 2.44)
Male 261 0.00 (reference) 0.00 (reference)
Place of residence 666 0.804 0.979
Rural 332 -0.18 (-1.59, 1.24) -0.02 (-1.47,1.43)
Urban 334 0.00 (reference) 0.00 (reference)
Level of education 661 0.043 0.030
University 209 2.72 (0.57, 4.87) 3.02 (0.77, 5.27)
High school 343 1.56 (-0.45, 3.56) 1.81 (-0.31, 3.93)
Elementary school 109 0.00 (reference) 0.00 (reference)
Disease group 666 0.324 0.348
Neoplasms 40 2.35 (-0.75, 5.46) 1.97 (-1.31,5.24)
Nervous system 54 -1.30 (-3.94, 1.35) -1.43 (-4.18, 1.32)
Other 124 -0.89 (-2.82,1.05) -0.46 (-2.49, 1.58)
Circulatory system 134 0.17 (-1-7, 2.04) 1.03 (-1.23, 3.29)
Musculoskeletal system 314 0.00 (reference) 0.00 (reference)
Exercise habits baseline 662 0.074 0.060
Never 29 -0.45 (-4.14, 3.24) -0.93 (-4.64, 2.79)
Less than once a week 90 -0.78 (-3.21, 16.64) -0.70 (-3.16, 1.76)
Once a week 130 -2.02 (-4.20, 0.17) -2.15 (-4.36, 0.06)
2-3 times a week 265 -2.54 (-4.40, -0.68) -2.77 (-4.55, 0.78)
Almost every day 148 0.00 (reference) 0.00 (reference)
SOC-13 Baseline 651 -0.10 (-0.16, -0.05) <0.001 -0.13 (-0.19, -0.07) <0.001
Pain Baseline (NRS) 624 0.04 (-0.22, 0.30) 0.756 -0.08 (-0.39, 0.25) 0.638
Age per 10 years 666 -0.23 (-0.77, 0.31) 0.394
TimexVariable®
TimexAge per 10 years 0.006
Age per 10 years at 1 year 587 0.51 (-0.11, 1.14)
Age per 10 years at 3 years 543 -0.46 (-1.20, 0.28)

aMixed linear regression model only adjusted for time; bresults with interaction (Time x Variable).

MCS: Mental Component Summary (scale 0-100); SOC-13: Sense of Coherence (13-91); NRS: numerical rating scale (0-10); b:estimated regression
coefficient; 95% CI: 95% confidence interval; Italic letters: statistically significant results.

neurological diseases the least improvement
(Table III, Fig. 3).

Non-significant findings
Sex, place of residence, exercise habits and level
of pain were not significant as predictors of change

over time in either component of SF-36 (Tables III
and IV).
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DISCUSSION

This study followed 666 rehabilitation patients over a
period of 3 years. It was found that participants’ mental
and physical function, measured by SF-36 component
summary scores, improved in the total group, both from
baseline to 1 year and from baseline to 3 years. Most
of the improvement occurred within the first year when
the patients also underwent rehabilitation. Participants
with diseases in the neoplasm group had the greatest

Time
O 1year
3years
o D ~~_1year
. Fyears

PCS CHANGE SCORE

AGE (years)

Fig. 3. Mean Physical Component Summary (scale 0-100) (PSC) scores and mean PCS scores on disease group at baseline, 1 year and 3 years.
(left) Change scores of PCS on Sense of Coherence (scale 13-91) (SOC) (middle) and age (right) at 1 year and 3 years, (n=666).
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Fig. 4. Mean Mental Component Summary (scale 0-100) (MCS) scores and mean MCS scores on level of education at baseline, 1 year and 3 years.
(left) Change scores of MCS on Sense of Coherence (scale 13-91) (SOC) (middle) and age (right) at 1 year and 3 years, (n=666).

improvement in PCS, and those with neurological
diseases the least impovement in PCS. Lower coping
resources at baseline, measured by SOC, were asso-
ciated with the greatest improvement in MCS scores,
and the least improvement in PCS scores. Higher level
of' education was associated with greater improvement
in MCS scores.

Change in physical and mental function

Compared with normative data from the Norwegian
population, the current study participants had base-
line PCS and MCS scores that were 15 and 8 points
lower, respectively (22), which is reasonable since
this is a rehabilitation population. The SF-36 scores
improved at both follow-ups. Greater improvement
from baseline to 1 year may be expected, as this
year included a period of rehabilitation, but it was
encouraging to see that the improvement continued
over time. However, the mean SF-36 scores were
still lower at both follow-ups compared with the
normative population in Norway, suggesting that,
despite improvement, the study cohort still expe-
rienced some reduced function. This may imply
that they have reached their potential to recover
or indicate a need for repeated rehabilitation to
improve further.

The improvement at the group level was relatively
modest. The large variation in the literature concer-
ning clinically important change in PCS and MCS
scores (32—34), means that it is challenging to deter-
mine whether the changes were clinically important.
Nevertheless, the improvements in component scores
from baseline to 1 year are in line with changes seen
in a 1-year functional rehabilitation trajectory study
conducted in Norway (15), and similar to reported
improvements in the moderate outcome category
in a Dutch 1-year follow-up study (16). The current
study provides new knowledge that improvement
achieved at 1 year after rehabilitation seems to persist
over time.

Change related to the explanatory variables

The older participants underwent their greatest im-
provement from baseline to 1 year and that change
diminished over time. A previous study among reha-
bilitation patients aged >65 years found that patients
were more likely to report improvement in functional
outcomes 1 year after rehabilitation if they were follo-
wed up in outpatient rehabilitation after inpatient reha-
bilitation (35). Another study reported that increasing
age and comorbidities predicted functional difficulties
in functional trajectories from midlife to old age (7).
The finding of the current study, that change declined
with age, was therefore as expected. With increasing
age, the rehabilitation goal might not always be to
regain or improve function, as it could be to sustain
or limit further reduction.

The current study found a decrease in PCS scores
after 1 year in the neurological group, but an increase
after 3 years. This may illustrate the nature of neu-
rological diseases, and could suggest that this group
need more time to achieve stable improvement or to
stagnate further decline. The other disease groups
showed greater improvement at 1 year and their fun-
ctioning stayed relatively stable at 3 years except for
the musculoskeletal group, which showed even further
improvement in PCS at 3 years. This pattern was also
present when adjusting for patient characteristics in the
regression model. Differences in longitudinal change
between disease groups are reported in other studies.
Preede et al. (15) found that diseases not associated
with neurology had better rehabilitation outcomes. A
study of age-related functional trajectories found that
memory-related diseases, stroke, pulmonary diseases
and arthritis were associated with higher difficulties in
physical functioning over time compared with other
diseases (7). Differences between disease groups in the
current study confirm the heterogeneity in a rehabilita-
tion population.

The current study found that coping resources mea-
sured by SOC at baseline, were associated with future
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change in both PCS and MCS scores. Previous studies
summarized by Eriksson & Lindstrem (18) reported that
the relationship between SOC and MCS was stronger
than with PCS. This was also found in the current study
where SOC baseline correlated with both MCS scores
at baseline and MCS change scores. Thus, one might
regard the association with change in MCS as the most
relevant. Improvement in MCS in the current study was
greater in participants with lower SOC at baseline than
in those with higher SOC. This was consistent with the
results of a previous study among rehabilitation patients
with osteoarthritis (36). Studies have found that lower
SOC is associated with factors such as anxiety and hope-
lessness (18), and that participants who reported having
experienced negative life events had lower SOC than
those who did not report such negative events (37). In
addition, Antonovsky (17) stated that people with lower
SOC need support to manage stressors. Thus, the result
ofthe current study might suggest that participants with
lower SOC reported lower MCS scores, initially as a
reflection of their need of support, and then consequently
showed greater improvement after rehabilitation.

A Swedish study among patients with chronic pain
reported that better initial coping resources (not mea-
sured by SOC) was associated with improved PCS
scores 1 year after rehabilitation (38). Likewise, in the
current study, it appears it is difficult for participants
with low SOC scores at baseline to achieve PCS impro-
vement. This is in contrast with participants with high
SOC scores who improved their PCS scores, it might
suggest that coping resources and higher MCS scores
are relevant for further improvement in PCS scores.
The current study results indicate the importance of
including coping strategies in rehabilitation to promote
better physical and mental functioning. Given the right
tools, patients with lower coping resources may initi-
ally still achieve improved function over time.

The current study finding that lower level of educa-
tion was associated with less improvement in MCS
scores over time is consistent with previous findings
where associations between socioeconomic factors
and mental health were investigated (39). In addition,
previous studies report that patients with lower level of
education had poorer rehabilitation outcomes (35, 40).
This may confirm the relevance of contextual factors
described in the ICF (6) and suggest that patients with
a lower level of education may need extra attention.

Level of pain was not found to predict change over
time in the current study, in contrast with other stu-
dies (15, 16). This may be because the current study
measured level of pain at baseline, and other studies
measured pain at discharge (16). In addition, it may
be because of the characteristics of participants in the
current study who reported a moderate level of pain
at baseline.

Strengths and limitations

A strength of the current study was the longitudinal
design with a 3-year follow-up. The study cohort
represented patients with different diseases com-
monly encountered in rehabilitation. Few studies have
followed a large heterogeneous group of patients over
such a long time, making it possible to study disease-
overarching factors in rehabilitation. In addition, the
relatively large group allowed us to compare subgroups
within the study cohort.

The use of validated instruments increases the exter-
nal validity and possibility to compare the results with
other studies.

Although the current study-population consists of
nearly 1,000 patients, the main limitation interpreting
results was the low response rate at baseline (34% of
eligible participants responded). At the follow-ups, 69%
(1 year) and 64% (3 years) of the participants included
at baseline responded. However, using LMMs as a
statistical method and including all 3 surveys made
it possible to include 68% of the baseline population.
With only 3 measuring points, the current study might
not have been able to detect the nuanced picture of
change. Furthermore, since we have not measurement at
discharge the results cannot be interpreted as an effect of
specialized rehabilitation. In addition, we have limited
information on the content of rehabilitation within the
different disease groups, other interventions and follow-
ups after returning to rehabilitation in primary care.

The patients in the current study do not represent
the entire rehabilitation group; for example, patients
with severe functional limitations receive specialized
rehabilitation at hospital-based rehabilitation units.
The neoplasms group in the current study may have a
high representation of patients who responded well to
treatment before entering rehabilitation.

Furthermore, the study cohort were older, with a
higher mean SOC score and higher level of educa-
tion, compared with those who responded at baseline
but failed to respond to follow-ups. Unfortunately,
the current study has no information regarding non-
respondents within the eligible population. Hence, the
results should be interpreted with caution, especially
given the differences in baseline scores between the
study cohort and patients from the baseline cohort that
were not included in the study.

Implications and future directions

We regard SOC as a predictor for functional improve-
ment after rehabilitation as the most evident finding in
the current study. Previous research has found that SOC
is not as stable as first predicted (25). Thus, further
research to investigate change in SOC scores after
rehabilitation and its relevance to other rehabilitation
outcomes as return to work is needed.
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To summarize, this study, identified improvement in
both physical and mental function among rehabilitation
patients with different diseases over a 3-year period
after rehabilitation. For most diseases, improvement in
physical function was greater from baseline to 1 year
than from baseline to 3 years. However, patients with
neurological diseases showed most improvement from
baseline to 3 years. In addition, the current study found
that SOC at baseline was associated with changes in
both physical and mental function, suggesting that
patients’ coping resources should be addressed as
an important part of rehabilitation to achieve results
over time.

ACKNOWLEDGEMENTS

We would like to thank the patients for participating
in this study and the specialist rehabilitation centres
and the Centre of Habilitation and Rehabilitation in
Western Norway for assistance with recruitment. We
would also like to thank our collaborators (represen-
ting the rehabilitation centres, primary healthcare and
patient representatives) for their contributions: Inger
Johanne Osland, Siv Kristin Bee, Liv Mgen, Eli Sjo
and Hjerdis Dahle.

The Centre of Habilitation and Rehabilitation in
Western Norway, Haukeland University Hospital and
the Western Norway Regional Health Authority funded
this study.

The authors have no conflicts of interest to declare.

REFERENCES

1. Stucki G, Bickenbach J. 1.1 Basic concepts, definitions and
models. J Int Soc Phys Rehabil Med 2019; 2: S1 8-12.

2. Wade DT. What is rehabilitation? An empirical investiga-
tion leading to an evidence-based description. Clin Rehabil
2020; 34: 571-583.

3. Cieza A, Causey K, Kamenov K, Hanson SW, Chatterji S,
Vos T. Global estimates of the need for rehabilitation based
on the Global Burden of Disease study 2019: a systematic
analysis for the Global Burden of Disease Study 2019.
Lancet 2021; 396: 2006-2017.

4. Stucki G. Advancing the rehabilitation sciences. Front
Rehabil Sci 2021; 1: 1-4.

5. Bickenbach ], Sabariego C, Stucki G. Beneficiaries of reha-
bilitation. Arch Phys Med Rehabil 2021; 102: 543-548.

6. World Health Organization. Towards a common language
for functioning, disability and health ICF. 2002; Geneva:
World Health Organization; 2002.

7. Stenholm S, Westerlund H, Head J, Hyde M, Kawachi I,
Pentti J, et al. Comorbidity and functional trajectories from
midlife to old age: the Health and Retirement Study. J
Gerontol A Biol Sci Med Sci 2015; 70: 332-338.

8. Rooth V, van Oostrom SH, Deeg DJ, Verschuren WM, Pica-
vet HS. Common trajectories of physical functioning in the
Doetinchem Cohort Study. Age Ageing 2016; 45: 382-388.

9. Soberg HL, Finset A, Roise O, Bautz-Holter E. The trajec-
tory of physical and mental health from injury to 5 years

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

after multiple trauma: a prospective, longitudinal cohort
study. Arch Phys Med Rehabil 2012; 93: 765-774.
Howrey BT, Graham JE, Pappadis MR, Granger CV, Otten-
bacher KJ. Trajectories of functional change after inpatient
rehabilitation for traumatic brain injury. Arch Phys Med
Rehabil 2017; 98: 1606-1613.

Puthucheary ZA, Gensichen ]S, Cakiroglu AS, Cashmore
R, Edbrooke L, Heintze C, et al. Implications for post
critical illness trial design: sub-phenotyping trajectories
of functional recovery among sepsis survivors. Crit Care
2020; 24: 577.

Aasdahl L, Granviken F, Meisingset I, Woodhouse A, Even-
sen KAI, Vasseljen O. Recovery trajectories in common
musculoskeletal complaints by diagnosis contra prognostic
phenotypes. BMC Musculoskelet Disord 2021; 22: 455.
Forslund MV, Perrin PB, Sigurdardottir S, Howe EI, van
Walsem MR, Arango-Lasprilla JC, et al. Health-related
quality of life trajectories across 10 years after moderate
to severe traumatic brain injury in Norway. J Clin Med
2021; 10: 157.

Schindel D, Schneider A, Grittner U, Jobges M, Schenk
L. Quality of life after stroke rehabilitation discharge: a
12-month longitudinal study. Disabil Rehabil 2021; 43:
2332-2341.

Preede L, Saebu M, Perrin PB, Nyquist A, Dalen H, Bautz-
Holter E, et al. One-year trajectories of mental and phy-
sical functioning during and after rehabilitation among
individuals with disabilities. Health Qual Life Outcomes
2015; 13: 135.

Seves BL, Hoekstra F, Hettinga FJ], Dekker R, van der
Woude LHV, Hoekstra T. Trajectories of health-related
quality of life among people with a physical disability
and/or chronic disease during and after rehabilitation: a
longitudinal cohort study. Qual Life Res 2021; 30: 67-80.
Antonovsky A. Unraveling the mystery of health: how
people manage stress and stay well. San Fransisco, CA:
Jossey-Bass, 1987.

Eriksson M, Lindstrom B. Antonovsky’s sense of coherence
scale and the relation with health: a systematic review. J
Epidemiol Community Health 2006; 60: 376-381.

Moen VP, Eide GE, Drageset J, Gjesdal S. Sense of Cohe-
rence, disability, and health-related quality of life: a cross-
sectional study of rehabilitation patients in Norway. Arch
Phys Med Rehabil 2019; 100: 448-457.

Garratt AM, Schmidt L, Mackintosh A, Fitzpatrick R. Quality
of life measurement: bibliographic study of patient asses-
sed health outcome measures. BMJ 2002; 324: 1417.
Garratt AM, Ruta DA, Abdalla MI, Buckingham JK, Russell
IT. The SF36 health survey questionnaire: an outcome
measure suitable for routine use within the NHS? BMJ
1993; 306: 1440-1444.

Garratt AM, Stavem K. Measurement properties and
normative data for the Norwegian SF-36: results from
a general population survey. Health Qual Life Outcomes
2017; 15: 51.

Ware JE, Jr., Kosinski M, Keller SD. SF-36 Physical and
Mental Health Summary Scales: a user’s manual. Boston,
MA: Health Assessment Lab, 1994.

Ware JE, Jr., Kosinski M, Dewey JE. SF-36 health survey:
manual and interpretation guide. Lincoln, RI: Quality
Metric Inc, 2000.

Eriksson M, Lindstrom B. Validity of Antonovsky’s sense of
coherence scale: a systematic review. J Epidemiol Com-
munity Health 2005; 59: 460-466.

Jensen MP, Karoly P, Braver S. The measurement of clinical
pain intensity: a comparison of six methods. Pain 1986;
27:117-126.

Kurtze N, Rangul V, Hustvedt BE, Flanders WD. Reliability
and validity of self-reported physical activity in the Nord-
Trondelag Health Study: HUNT 1. Scand J Public Health
2008; 36: 52-61.

Moen VP, Drageset ], Eide GE, Gjesdal S. Dimensions
and predictors of disability - a baseline study of patients

J Rehabil Med 55, 2023


https://medicaljournalssweden.se/index.php/jrm/index

JRM

JRM

JRM

29.

30.

31.

32.

33.

34.

Long-term change and predictors of change in function after rehabilitation p. 11 of 11

entering somatic rehabilitation in secondary care. PLoS
One 2018; 13: e0193761.

World Health Organization (WHO). ICD-10: international
statistical classification of diseases and related health
problems: tenth revision. 2nd edn. Geneva: World Health
Organization, 2004.

Pallant J. Part 4: Statistical techniques to explore relation-
ships among variables. SPSS Survival Manual A step by
step guide to data analysis using IBM SPSS. Berkshire,
England Open University Press, 2016: p. 137.

Lydersen S. Statistical review: frequently given comments.
Ann Rheum Dis 2015; 74: 323-325.

Ogura K, Yakoub MA, Christ AB, Fujiwara T, Nikolic Z,
Boland PJ, et al. What are the minimum clinically important
differences in SF-36 scores in patients with orthopaedic
oncologic conditions? Clin Orthop Relat Res 2020; 478:
2148-2158.

Badhiwala JH, Witiw CD, Nassiri F, Akbar MA, Jaja B, Wilson
JR, et al. Minimum clinically important difference in SF-36
scores for use in degenerative cervical myelopathy. Spine
(Phila Pa 1976) 2018; 43: E1260-E1266.

Swigris 13, Brown KK, Behr J, du Bois RM, King TE, Raghu
G, et al. The SF-36 and SGRQ: validity and first look at
minimum important differences in IPF. Respir Med 2010;
104: 296-304.

35.

36.

37.

38.

39.

40.

Simning A, Caprio TV, Seplaki CL, Temkin-Greener H, Szan-
ton SL, Conwell Y. Patient-reported outcomes in functioning
following nursing home or inpatient rehabilitation. J Am
Med Dir Assoc 2018; 19: 864-870.

Benz T, Angst F, Lehmann S, Aeschlimann A. Association
of the sense of coherence with physical and psychosocial
health in the rehabilitation of osteoarthritis of the hip
and knee: a prospective cohort study. BMC Musculoskelet
Disord 2013; 14: 159.

Hochwalder J, Forsell Y. Is sense of coherence lowered by
negative life events? J Happiness Stud 2011; 12: 475-492.
Tseli E, Vixner L, LoMartire R, Grooten WJA, Gerdle B, Ang
BO. Prognostic factors for improved physical and emotional
functioning one year after interdisciplinary rehabilitation in
patients with chronic pain: results from a national quality
registry in Sweden. J Rehabil Med 2020; 52: jrm00019.
Tanaka A, Shipley MJ, Welch CA, Groce NE, Marmot MG,
Kivimaki M, et al. Socioeconomic inequality in recovery
from poor physical and mental health in mid-life and early
old age: prospective Whitehall II cohort study. J Epidemiol
Community Health 2018; 72: 309-313.

Gell NM, Mroz TM, Patel KV. Rehabilitation services use
and patient-reported outcomes among older adults in
the United States. Arch Phys Med Rehabil 2017; 98:
2221-2227 e2223.

J Rehabil Med 55, 2023


https://medicaljournalssweden.se/index.php/jrm/index

