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Abstract

Objective: This study aimed to examine same-day associations of pain, fatigue, depressed mood, anxiety, and perceived cognitive function with

social participation in the daily lives of adults with spinal cord injury (SCI).

Design: Observational study used a combination of baseline surveys and 7 end-of-day (EOD) diaries.

Setting: General community.

Participants: Individuals with SCI (N=168; mean age, 49.8y; 63% male, 37% female).

Main Outcome Measures: Patient-Reported Outcomes Measurement Information System short form measures (Ability to Participate in Social

Roles and Activities, Pain Intensity, Depression, Anxiety, Cognitive Function Abilities) were adapted for daily administrations as EOD diaries.

Result: Results of multivariable model showed that daily increases in fatigue (B=�0.10; P=.004) and depressive symptoms (B=�0.25; P=<.001)
and decreases in perceived cognitive function (B=0.11; P=<.001) were significantly related to worse same-day social participation. Daily fluctua-

tions in anxiety and pain were unrelated to same-day social participation.

Conclusions: This is the first study that shows within-person associations of common SCI symptoms with social participation in the daily lives of

adults with SCI. Results from the current study may help to develop more effective individualized treatments of symptoms and symptom effect

aimed at improving social participation.
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Spinal cord injury (SCI) is a condition associated with impair-

ments in sensory and motor function that can affect physical and

psychological health and health-related quality of life.1,2 In addi-

tion to primary physical impairments due to the injury, people
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with SCI may also experience co-occurring health conditions and

symptoms such as chronic pain,3 depression,4-6 anxiety,4,5,7

fatigue,8,9 and perceived and/or objective cognitive dysfunc-

tion,10-20 all of which contribute to reduced quality of life and

social participation.21-23 Consequently, efforts to improve the

health-related quality of life in people with SCI require manage-

ment of both physical impairment as well as the co-occurring

health conditions associated with disability.24

People with SCI frequently report social participation restric-

tions and difficulties,25 which are in turn related to lower health-

related quality of life.26 Prior research has found that individuals

with higher cognitive function,23 less pain intensity,25,27-30 and

less fatigue31 reported better social participation than those with a
erican Congress of Rehabilitation Medicine.

https://doi.org/10.1016/j.apmr.2021.07.809
http://www.archives-pmr.org
https://doi.org/


ARTICLE IN PRESS
2 D. Kuzu et al
higher symptom burden. Similarly, research has shown that indi-

viduals with SCI who have higher depression and anxiety tend to

limit their social participation.21 Increased social participation,

which is often a key treatment target of rehabilitation care,32 is

reflected in the World Health Organization’s International Classi-

fication of Functioning, Disability, and Health (ICF).33 Specifi-

cally, social participation indicates functioning in multiple

subdomains of the ICF Activities and Participation domain (eg,

Interpersonal Interactions and Relationships); in accord with this

model, we are examining how symptoms, captured in the ICF

Body Functions domain, relate to function in terms of social

participation.34

Although maximizing social participation is seen as a key goal

in SCI rehabilitation, very little is known about how specific SCI-

related symptoms may limit social participation or engagement. In

particular, we lack information about the association between

symptoms and social participation in the daily lives of people with

SCI. Previous cross-sectional research has provided initial insights

about the role of trait-like/stable levels of symptoms in predicting

social participation at the between-person level.23,25-30 However,

these studies do not provide information about the daily covaria-

tion of symptoms with social participation. Furthermore, with a

few exceptions,23 previous research has considered the association

between one or a limited number of symptoms and social partici-

pation. Additionally, previous studies that examine the association

of symptoms and social participation at the between-person level

place emphasis on people with extreme levels of symptoms. In

contrast, examining these associations within-person explores

how deviations from a person’s typical level of symptoms (eg, a

“bad pain day” for an individual), which can be relatively subtle

fluctuations, are related to social participation. Consequently, a

within-person approach to this question may result in findings that

are more meaningful to individuals with SCI, for whom compari-

sons of their experience to other people with SCI are not as salient

as how their own experience compares from one day to the next.

For these reasons, gaining insights about how a broader range of

symptoms contributes to day-to-day fluctuations in social partici-

pation in people with SCI is crucial. Identifying those symptoms

that have the strongest associations with social participation can

help to guide treatment planning and targeting of the most effect-

ful symptoms.

Based on findings from previous research, we hypothesized

that daily increases in fatigue, pain, depressive symptoms, and

anxiety and daily decreases in perceived cognitive function would

be associated with worse same-day social participation.21,23,29-

31,35 Furthermore, we expected to find that daily fluctuations in

these symptoms relate to same-day social participation above and

beyond the effects of average levels (between-person levels) of

the symptoms and relevant demographic variable (age, sex, injury

level). Findings from this study may help clinicians develop tar-

geted and effective interventions to maximize the social participa-

tion of people with SCI.
List of abbreviations:

EOD end-of-day

ICF International Classification of Functioning, Disability,

and Health

PROMIS Patient-Reported Outcomes Measurement Information

System

SCI spinal cord injury
Methods

Participants and procedures

This is a secondary data analysis of data from a study on sleep and

cognitive functioning in individuals with SCI (primary paper cur-

rently under review). Data for this study were collected between

September 2017 and June 2019 from 2 data collection sites, at the

University of Michigan and the University of Washington. A total

of 178 adults with SCI were enrolled. Inclusion criteria included

(1) aged 18 years or older, (2) ability to speak/read English at a

sixth-grade level, and (3) willingness to complete all study assess-

ments. Exclusion criteria were being currently in inpatient care or

intensive outpatient physical therapy. Participants were recruited

though several methods at each site, including site-specific

research participant registries, university-specific human partici-

pant recruitment websites, and electronic health record queries.

Institutional Review Board approval at both institutions was

granted prior to initiation of study activities. Participant written

informed consent was obtained prior to enrollment.

Participation in this study included a 60-90-minute baseline

visit followed by a 7-day home monitoring period. Each night of

the 7-day home monitoring period participants completed the end-

of-day (EOD) diary of validated survey measures via a web-based

survey tool (Qualtrics). Participants received compensation for

their participation.
Baseline measures

Demographic information included age, sex, marital status, race,

ethnicity, level of education, injury classification, and cause of

injury, collected by self-report. Patient-Reported Outcomes Mea-

surement Information System (PROMIS) measures of Ability to

Participate in Social Roles and Activities, Pain Intensity, Depres-

sion, Anxiety, and Cognitive Function Abilities were administered

at baseline via a computer adaptive test. These baseline computer

adaptive test scores were converted to a T score metric (mean,

50§10) and were reported with the purpose of describing the sam-

ple (table 1.).
EOD diary measures

PROMIS short form measures were adapted for daily administra-

tions as EOD dairies by removing recall time frames from meas-

ures where standard administration includes a time frame (eg, past

7 days). On the landing page for each EOD diary, the respondents

received this instruction: “When answering all questions in this

survey, think about how you feel today.”

The PROMIS Ability to Participate in Social Roles and Activi-

ties 4a Short Form has 4 items that assess difficult with leisure

activities, family activities, doing usual work (in and out of the

home), and doing desired activities with friends.36 Participants

rated items (eg, “I was able to socialize with my friends,” “I was

able to do my hobbies or leisure activities”) on a 5-point Likert

scale (1=never, 5=always). The PROMIS Pain Intensity Short

Form 3a assesses worst, average, and current pain on a 5-point

Likert scale (1=no pain, 5=very severe pain).37,38 The PROMIS

Fatigue 4a Short Form measures feelings of fatigue, trouble start-

ing things, feeling run down, and average fatigue on a 5-point Lik-

ert scale (1=not at all, 5=very much).39,40 PROMIS Depression 4a

Short Form measures worthlessness, helplessness, depressed
www.archives-pmr.org
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Table 1 Descriptive statistics for demographic and baseline study variables (N=169).

Variable Mean § SD Min-Max

Age (y) 49.8 § 14.83 19.0-86.0

Years since injury 20.3 § 19.49 0.3-83.3

PROMIS T scores at baseline

Social Participation 48.7 § 9.00 23.7-67.5

Pain Intensity 46.8 § 7.85 30.7-62.1

Fatigue 52.6 § 8.53 31.3-82.9

Depressed Mood 52.4 § 7.92 34.2-78.1

Anxiety 53.0 § 8.48 32.9-72.8

Perceived Cognitive Function 47.2 § 8.97 27.9-68.0

Sex, n (%)

Male 106 (63)

Female 62 (37)

Not provided 1 (1)

Race, n (%)

Asian 6 (4)

Black or African American 15 (9)

White 142 (84)

Other 2 (1)

More than 1 race 2 (1)

Not provided 2 (1)

Ethnicity, n (%)

Hispanic/Latino 3 (2)

Not Hispanic/Latino 157 (93)

Not provided 9 (5)

Relationship status, n (%)

Married 76 (45)

Not married but have a significant other, living together 14 (8)

Not married but have a significant other, living in separate homes 9 (5)

Single and divorced 25 (15)

Single and never married 40 (24)

Single and widowed 4 (2)

Unknown 1 (1)

Highest education, n (%)

Less than high school 3 (2)

High school graduate/GED 14 (8)

More than high school 151 (89)

Not provided 1 (1)

Injury classification, n (%)

Paraplegia 67 (40)

Tetraplegia 73 (43)

Unknown/not provided 29 (17)

Cause of injury, n (%)

Motor vehicle crash 66 (39)

Fall 24 (14)

Diving 13 (8)

Other sport(s) 17 (10)

Gunshot wound/violence 11 (7)

Medical/surgical accident 7 (4)

Other 7 (4)

Unknown/missing 2 (1)

Struck by/thrown against object 5 (3)

Nontraumatic medical condition 17 (10)

NOTE. PROMIS-SRA measure is on a T score metric, with a mean score equal to 50 § 10. Person-level daily max-min is the difference between the maxi-

mum daily score and the minimum daily score for each repeated measure for each person.

Abbreviations: GED, general education development certificate; Max, maximum; Min, minimum; SRA, ability to participate in social roles and activities.
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mood, and hopelessness on a 5-point Likert scale (1=never,

5=always).41 The PROMIS Anxiety 4a Short Form assesses

fearfulness, difficulty focusing on anything other than anxiety,

overwhelming worries, and feeling uneasy on a 5-point Likert

scale (1=never, 5=always).41 The PROMIS Cognitive Function

Abilities 4a Short Form measures perceived cognitive function

abilities in terms of sharpness, thinking speed, memory function-

ing, and keeping track of things on a 5-point Likert scale (1=not at

all, 5=very much).42 Following recommendations for adaptation

of PROMIS measures for daily administration, raw summed

scores (rather that T scores) were calculated and included in statis-

tical models.38,43 For all EOD measures higher scores indicated

greater levels of the construct being measured. The measure of

pain intensity possible scale range was 3-15; all other measures

had a possible range of 4-20.
Fig 1 Patient-level trajectories of daily PROM
Data analyses

The sample was described using mean, SD, and range for con-

tinuous variables and frequencies and percentages for categori-

cal variables. Data in this study were hierarchically structured,

with days nested within individuals. Linear mixed-effects mod-

els were used to model the association between EOD measures

of symptoms and social participation; this type of modeling is

ideal for dealing with hierarchically structured data because it

can account for autocorrelation of observations within and

individuals. Furthermore, this type of analysis allows for

examining within-person associations. We chose this statistical

approach to better understand same-day associations between a

range of symptoms—pain, fatigue, depressive symptoms, anxi-

ety, and perceived cognitive function—and self-reported social
IS scores (odd-numbered participant IDs).
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Table 2 Results of multivariable models examining same-day

bivariate associations between each symptom and daily SRA

Variable b SE P Value

D Pain �0.08 0.05 .12

D Fatigue �0.09 0.03 .001

D Depressed mood �0.23 0.05 <.001
D Anxiety �0.11 0.05 .03

D Perceived cognitive function 0.12 0.03 <.001

Abbreviations: B, unstandardized b. D, person-day-centered variable

representing daily deviation (change) from a person’s average

(between-person: df= 168; within-person: df= 807); SRA, ability to par-

ticipate in social roles and activities.

Table 3 Results of multivariable models examining same-day

associations between symptoms and daily SRA, controlling for age,

sex, education, injury classification, and time since injury
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participation. Using these data and a within-person analytical

approach allows us to ask questions about both who experien-

ces better social participation (eg, “Do people who have lower

symptom burden have better social participation compared

with those with higher symptom burden?”) as well as ques-

tions about when people experience better that usual social

participation (“Do people have better social participation when

they have a day of lower than usual symptom severity?”). Lin-

ear mixed-effects models allow analyzing data with repeated

measurements or simultaneously models in nested levels

(between-person, levels 3 and 4, and within-person levels 1

and 2). Models included all 7 days of data and used a

repeated, autoregressive-1 correlation structure. Both between-

and within-person effects were examined. Participant-specific

averages of symptom domains (ie, pain, fatigue, depressed

mood, anxiety, perceived cognitive function) were used to

control for between-person effects in examining the primary

within-person research questions; time-varying person-centered

variables were also calculated for each predictor by subtract-

ing the participant-specific mean from the value on that day

(ie, deviation scores). Between-participant terms for age, sex,

education, injury classification, and years since injury were

also included. Residual degrees of freedom were divided into

between and within portions: within-participant variables had

greater degrees of freedom because of multiple values per par-

ticipant. Analyses were performed in SAS v9.4.a
Variable Random Effects

SRA b SE P Value

AR (1) 0.77 0.02 <.001
Residual 9.14 0.68 <.001
Result
Fixed Effects

b SE P Value

Between-person variables

(time invariant), df=155

Intercept 21.63 — —
Age �0.06 0.01 <.001
Sex (female vs male) �0.19 0.38 .62

Education (>HS vs ≤HS) 1.22 1.42 .39

Injury classification

(tetraplegia vs paraplegia)

�0.45 0.42 .28

Injury classification

(unknown/missing vs paraplegia)

0.21 0.54 .70

Years since injury 0.00 0.01 .88

Pain �0.66 0.09 <.001
Fatigue �0.21 0.09 .02
Description of the sample

A total of 178 participants were enrolled, but 9 did not complete

any EOD diaries. Analyses were completed on the remaining 169

participants. Across the whole sample, missing data rates were

low, and 84% (989/1183) of the EOD diaries were completed.

Consistent with previous SCI studies, the sample was pre-

dominantly male (63%). Most of the sample identified as White

(84%) and married (45%), with a mean age of 49.8 years. Sam-

ple characteristics are summarized in table 1. Relative to gen-

eral population (mean score, 50§10), sample scores on

PROMIS measures indicate sample means that are within one-

half SD for social participation, pain intensity, fatigue,

depressed mood, anxiety, and perceived cognitive function (see

table 1). Figure 1 shows the patient-level trajectories of daily

PROMIS scores.
Depressed mood �0.19 0.10 .06

Anxiety �0.04 0.13 .75

Perceived cognitive function 0.20 0.08 .01

Within-person predictor

variables-symptoms (same day), df=795

D Pain �0.07 0.05 .18

D Fatigue �0.10 0.03 <.001
D Depressed mood �0.25 0.05 <.001
D Anxiety �0.10 0.05 .05

D Perceived cognitive function 0.11 0.03 <.001

Abbreviations: AR, autoregressive matrix used to model the error vari-

ance; B, unstandardized b; D, person-day-centered variable represent-

ing daily deviation (change) from a person’s average; HS, high school;

SRA, ability to participate in social roles and activities.
Bivariate within-person associations between
symptoms and social participation

Prior to conducting multivariable analyses, models considering the

prediction of social participation from 1 symptom at a time were

first conducted. According to these bivariate analyses, significant

associations between daily fluctuations in each symptom and

same-day social participation were found for all symptoms

(fatigue, depressed mood, anxiety, perceived cognitive function)

except for pain (table 2.). Associations were in expected direc-

tions, such that on days of higher fatigue, depressed mood, anxi-

ety, and lower perceived cognitive function were negatively

associated with social participation.
www.archives-pmr.org
Multivariable within- and between-person
associations between symptoms and social
participation

The between-person results for social participation indicated that

individuals with SCI who reported greater pain (unstandardized

b, B=�0.68; P=<.001) and fatigue (unstandardized b,
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B=�0.20; P=.02) reported lower daily social participation,

whereas greater perceived cognitive function (unstandardized b,

B=0.20; P=.01) was related to significantly higher social partici-

pation (table 3). In contrast, depressed mood and anxiety were

not significantly associated with social participation at the

between-person level.

According to within-person results (see table 3), days of higher

than usual fatigue (unstandardized b, B=�0.10; P=.004) and

depressed mood (unstandardized b, B=�0.25; P=<.001) were

related to lower social participation, whereas days of higher per-

ceived cognitive function (unstandardized b, B=0.11; P=<.001)
were related to higher social participation. In contrast, when all

symptoms are considered, daily fluctuations in pain intensity and

anxiety were not found to be related to same-day social participa-

tion. These effects were found after adjusting age, sex, education,

injury classification, and years since injury in the model. Figure 2

shows both between-person and within-person level associations

of social participation and symptoms.
Fig 2 Between- and within-participant correla
Discussion

The goal of the current study was to examine same-day associa-

tions of 5 common SCI symptoms—pain, fatigue, anxiety,

depressed mood, and perceived cognitive function—and social

participation among people with SCI. Findings from the current

study are consistent with previous between-person studies, which

have indicated that daily fatigue, depressed mood, and cognitive

functioning are highly related to social participation.21,23,29-31,35

Building on these previous findings (by using a within-person

data collection methodology), we were able to ask a clinically

important question, specifically, “Do people have better social

participation when they have a day of lower than usual

symptoms?” Indeed, we found that when people with SCI had

days with lower than usual fatigue and depressed mood and bet-

ter than usual perceived cognitive function, they reported better

same-day participation in social roles and activities. Interest-

ingly, and in contrast with our expectations, increased daily pain
tions of social participation and symptoms.

www.archives-pmr.org
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intensity and anxiety were not found to be related to same-day

social participation. However, pain did play a role in social par-

ticipation in as much as those who had higher pain in general

reported lower social participation than those with lower pain

(ie, pain was related to social participation at the between-person

level). Our mixed results are partially consistent with findings

from a cross-sectional study [23] showing that pain did not pre-

dict social participation in SCI. In contrast, members of this

study team have previously shown that daily fluctuations in pain

did relate to same-day social participation in another neurologic

condition, multiple sclerosis,44 which raises the possibility that

the effect of symptoms on social functioning may differ based on

medical condition.

The current study provides notable person-centered findings

for both clinicians and researchers with several clinical implica-

tions and future directions. From the perspective of the ICF,

person-centered results of the current study support the World

Health Organization’s biopsychosocial framework, which sug-

gests that biological and psychosocial factors affect social func-

tioning.45 Rehabilitation programs often focus on addressing

physical impairments and environmental barriers to participa-

tion; this study highlights the importance of examining and

addressing “unseen” somatic and psychological symptoms that

may also contribute to social functioning after SCI.26 Moreover,

rehabilitation efforts typically focus on symptoms or functional

limitations that meet clinical cut points based on standardized

measures or tests that are indicative of significant impairment

or distress. However, examining and addressing symptoms and

functional impairments that only exceed clinical thresholds

may lead researchers and clinicians to neglect the contribution

of subclinical levels of symptoms and functional difficulties

(eg, cognitive dysfunction that does not meet criteria for

“impairment”) to social participation. Individuals who do not

meet these “cutoff points” may be more likely to be under eval-

uated, resulting in inadequate treatment. Average scores on

PROMIS measures indicate that this study sample is very simi-

lar (ie, within one-half SD) to the normative population in

terms of self-reported social participation, pain intensity, anxi-

ety symptoms, depressed mood, fatigue, and perceived cogni-

tive function. However, even in this sample with low symptom

burden, perceptions of declines from a person’s typical symp-

tom level related to negative changes in social participation.

Such a person-centered approach may help people with subclin-

ical symptom burdens benefit from tailored interventions to

address the effect of daily changes in symptoms on functional

outcomes (eg, a plan for managing symptom flare-ups or fluctu-

ations to maximize social participation within that day).

Moreover, existing interventions such as cognitive behavioral

therapies46-48 and acceptance commitment therapies49-51 have a

beneficial effect on co-occurring conditions that have been

examined in the current study. However, specific interventions

targeting social functioning are needed. Along these lines, find-

ings from this study may guide currently existing clinical inter-

ventions.

Study limitations

This study adds novel findings about the daily covariation of

symptoms and social participation in SCI to the literature demon-

strating cross-sectional and between-person associations between

social outcomes and symptoms in SCI. The sample was relatively

large and collected across 2 sites. Despite reflecting the sex
www.archives-pmr.org
distribution of SCI in the population, overrepresentation of men in

the sample, as well as a mostly White sample potentially limit gen-

eralizability to women and racial minorities with SCI.23 Future

research should attempt to replicate current study findings with

samples of people that represent more diverse populations and

regions. Although we made an effort to consider a broad range of

co-occurring conditions, future work could further expand this

examination to look at how daily fluctuations in additional symp-

toms (such as problems in bladder and bowel function) affect

social participation.2,52 Another limitation of the study is the

cross-sectional nature of the data. Although EOD has high mea-

surement validity and reliability, 53 it is not possible to draw

causal interpretations regarding the effect of symptoms on patient

functioning. This microlongitudinal study collected data over 7

consecutive days and future studies that examine these relation-

ships using experimental/interventional and longitudinal designs

are warranted.
Conclusions

This study revealed that within-person fluctuations in pain,

depressed mood, and perceived cognitive function are associated

with same-day social participation in people with SCI. In contrast,

anxiety was not associated with social participation, and pain

intensity was only associated at the between-person level such

that people with higher pain reported lower social participation.

These findings highlight the importance of patient-centered

approach for both assessment and treatment of symptom burden to

optimize social participation in SCI.
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