Journal of Pain Research

Dove

ORIGINAL RESEARCH

Depression and Anxiety as Moderators of the
Pain-Social Functioning Relationship in Youth with
Sickle Cell Disease

Cecelia Valrie®'?

Alfonso Floyd'

India Sisler?

Rupa Redding-Lallinger
Beng Fuh®

'Department of Psychology, Virginia
Commonwealth University, Richmond,
VA, USA; ZInstitute for Inclusion, Inquiry,
and Innovation, Virginia Commonwealth
University, Richmond, VA, USA;
3Department of Pediatrics, Virginia
Commonwealth University, Richmond,
VA, USA; “Departments of Pediatrics and
Internal Medicine, University of North
Carolina at Chapel Hill, Chapel Hill, NC,
USA; *Department of Pediatrics, East
Carolina University, Greenville, NC, USA

Correspondence: Cecelia Valrie
Department of Psychology, Virginia
Commonwealth University, 806

W Franklin St, Richmond, VA 23284
Tel +1 804 827 1562

Fax +1 804 828 2237

Email cvalrie@vcu.edu

This article was published in the following Dove Press journal:
Journal of Pain Research

Purpose: Youth with sickle cell disease (SCD), a genetic disorder of red blood cells, may
experience acute pain episodes lasting 2 to 3 days on average. While existing research has
demonstrated associations between SCD pain and poor social functioning in youth with
SCD, there are no data on whether symptoms of depression and anxiety modify the relation-
ship between pain and functional outcomes in pediatric pain populations. It was hypothesized
that more symptoms of depression and anxiety would exacerbate the relationship between
high pain and poor social functioning in youth with SCD.

Patients and Methods: We conducted a cross-sectional study of 114 youth with SCD and
their guardians assessing the youth’s pain, social functioning, and symptoms of depression
and anxiety.

Results: Analyses indicated that elevated levels of depressive symptoms were related to
poorer self-reported interpersonal skills. More anxiety symptoms were related to better
guardian-reported social skills and weakened the relationship between high pain frequency
and poor self-reported interpersonal skills.

Conclusion: Findings build on previous work supporting the need for multidisciplinary
approaches to care for youth with SCD who experience pain, and provide rationale for future
studies to investigate the direct and possible moderating effects of depression and anxiety
symptoms on other functional outcomes in youth with SCD and other pediatric pain
populations.
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Introduction

Sickle cell disease (SCD) is a genetic disorder of red blood cells that affects
approximately 100,000 Americans and millions worldwide.' Pain due primarily to
vaso-occlusion is the hallmark complication of SCD. Youth with SCD may experi-
ence acute pain episodes lasting about 2 to 3 days on average that may transition to
chronic pain in late adolescence. Youth with SCD are also at risk of poor social
functioning, as evidenced by several studies that have indicated that having SCD is
linked to feelings of social isolation,” a lack of peer relationships,** and poor social
skills and social competence in youth.”® In addition, pain has been linked to poor
social functioning in youth with SCD.>'* A study of 327 children with the HBSS
genotype of SCD linked high pain frequency to more reported problems in school,
higher rates of shyness and loneliness, increased victimization by peers, and less
friendships.'" This relationship may be due to SCD pain resulting in increased
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school absences and reduced participation in afterschool
activities, which may limit opportunities for youth with
SCD to develop their social skills.'*"?

The biopsychosocial model of pediatric pain by Valrie
and colleagues14 proposes that pain interacts with other
factors, such as mood, to influence functional outcomes.
A systematic review found strong evidence for
a relationship between high pain frequency and more
symptoms of depression and anxiety in youth with SCD,
and findings also indicated that more symptoms of depres-
sion and anxiety were related to high pain-related
impairment.'> In addition, a study of adolescents with
SCD found that high levels of stress and negative mood
were associated with increased school absences and
decreased participation in everyday social and home
activities (Gil et al 2003), When youth who experience
more symptoms of depression and anxiety have a SCD
pain episode, it could make it harder for them to cope
effectively with the pain, leading to increased impairments
in social functioning. This is consistent with findings from
a study that indicated that youth with SCD who experi-
enced vaso-occlusive pain were at a greater risk for med-
ical complications during depressive periods, as they had
lower pain thresholds and impaired pain-coping abilities.'®

Adult pain studies have indicated that more depressive
symptoms increase the relationship between high pain and
poor functional outcomes.'”'® Findings from a study of 42
adolescents with SCD indicated that depression and anxi-
ety symptoms do not mediate the association between pain
frequency and functional outcomes (ie, physical function-
ing and self-esteem).'” However, there are no data on
whether symptoms of depression and anxiety modify the
relationship between pain and functional outcomes in
pediatric pain populations. The current study aims to
begin to address this gap by investigating whether symp-
toms of depression and anxiety moderate the relationship
between pain and social functioning in youth with SCD. It
was hypothesized that more symptoms of depression and
anxiety would exacerbate the relationship between high
pain and poor social functioning in youth with SCD.

Patients and Methods

We conducted a cross-sectional study assessing pain,
social functioning, and symptoms of depression and anxi-
ety. Youth with SCD and their guardians were recruited
from three regional pediatric SCD clinics in the south-
eastern United States during the youth’s scheduled
appointments. The dyads were recruited between 2011

and 2015. Of the 154 youth who were eligible for the
study, 123 (80%) completed interviews, 12 (8%) declined
to be interviewed, and 19 (12%) could not be reached to be
scheduled for an interview. In addition, data from 9 dyads
were not used: 2 dyads did not have complete social
functioning data, 4 youth meet criteria for chronic SCD
pain (eg, reporting pain episodes on at least 50% of days in
the last year),”® and 3 did not have complete pain data.
Youth with evidence of chronic SCD pain were deleted
because the relationships between the variables being stu-
died may be different if the pain is chronic.

The final sample size was 114 youth and their guardians.
Participants were included in the study if they were between
the ages of 8 to 17 years, diagnosed with SCD, experienced at
least one vaso-occlusive pain episode within the past year,
and were English speaking. Participants were excluded if
they had a comorbid pain diagnosis, neurological impairment
that could impede completion of the survey questionnaires,
were receiving blood transfusion therapy, or were experien-
cing an acute medical event at the time of recruitment. The
study procedure was approved and monitored by the institu-
tional review boards at Virginia Commonwealth University,
East Carolina University, and the University of North
Carolina at Chapel Hill. Prior to the study, guardians pro-
vided consent, and youth provided assent for participation in
the study. The guardian consent and youth assent forms were
written and informed by the Declaration of Helsinki, and the
study was conducted in accordance with the Declaration of
Helsinki. Following consent and assent, youth and guardian
participants completed the study measures, and each received
a $20.00 gift card as compensation.

Measures

Demographic and Medical Information

Guardians reported on their youth’s age in years and sex.
Information indicating whether youth participants were on
currently prescribed hydroxyurea and their SCD genotypes
were extracted from their electronic medical records.
Genotypes were used as an indicator of SCD severity,
with HbSS and HbS/B® indicating more severe disease,
while HbSC, HbS/B", and other genotypes indicating mod-
erate severity.

Pain

Guardians reported on the youth’s pain frequency, dura-
tion, and severity over the past year using the Structured
Pain Interview (SPI).?' Pain frequency was defined as the
number of SCD pain episodes (ie, pain due to SCD that
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lasted at least 20 min) the youth experienced in the
past year. Pain duration was defined as the average dura-
tion of these pain episodes, and pain severity was the
average rating of the pain episodes on a 11-point Likert
scale from “no pain” (0) to “pain as bad as it can be” (10).
The SPI has been validated for youth with SCD and has
been found to have acceptable interrater and test—retest
reliability over a 9- to 12-month period.*'

Social Functioning

Social functioning was assessed using the parent-report
social skills subscale and the self-report interpersonal rela-
tions subscale of the Behavior Assessment System for
Children, Second Edition (BASC-2).>> The BASC-2 is
widely used in mental health and educational settings,
and has been normed on a large representative sample.
The combined gender norms were used for the BASC-2
scoring. The social skills subscale measures the youth’s
ability to socially engage with others in comparison to his/
her peers. The interpersonal relations subscale measures
the youth’s ability to develop and sustain relationships
with peers, family members, and teachers. Higher scores
indicate better social adjustment. Scores between 31 and
40 were considered “at risk”, and those at 30 or below
were considered clinically significant for maladaptation.

Depression and Anxiety Symptoms

Internalizing symptoms were assessed using the youth self-
reported depression and anxiety subscales of the BASC-2.%
A T score of less than 60 is considered not clinically con-
cerning, while scores between 60 and 69 are considered “at
risk” for emotional maladjustment, and scores of 70 and
above are considered “clinically significant.”

Proposed Analysis

All data were analyzed using SAS 9.4 for Windows.
Descriptive statistics for all of the variables of interest
were calculated: means, SDs, and ranges for continuous
variables and percentages for categorical variables.
Correlations and #-tests were calculated to assess the rela-
tionships between possible covariates for the subsequent
analyses (ie, age, sex, SCD genotype severity, and hydro-
xyurea use) and social functioning. Possible covariates that
were moderately related to social functioning (p < 0.10)
were retained for subsequent regression analyses. To
examine whether depression and anxiety symptoms mod-
erate the relationship between pain and social functioning,

a series of regression models were calculated predicting

the two social functioning variables using the pain vari-
ables, symptoms of depression and anxiety, and the inter-
actions between the pain variables and symptoms of
depression and anxiety. To decrease collinearity between
the variables and interaction terms, the pain variables and
symptoms of depression and anxiety were centered prior to
calculating the interaction terms. We probed significant
interactions (p < 0.05) using moderation models run
using Hayes’ PROCESS macro in SAS.

For guardian-reported social skills, the skew of 0.08 and
kurtosis of —0.63 were in the acceptable ranges (skew between
—1 and +1 and kurtosis between —2 and +2). For self-reported
interpersonal skills, the scores appeared skewed (skew =
—1.86) and to have high kurtosis (kurtosis = 3.26), which
may have impacted residuals associated with the regression
model predicting self-reported interpersonal skills. As an
assumption of linear regressions is that their residuals are
normally distributed, we examined the skew and kurtosis for
the residuals as well as the QQ plots for each of the regression
models calculated. The skew and kurtosis of the residuals for
the models were found to be in the acceptable range, and the
QQ plots were found to be acceptable. Thus, the regression
results were presented without transformations.

Results

Table 1 provides demographic, clinical, pain, psychological
symptoms, and social functioning data. The average inter-
nalizing symptoms and social functioning scores were in the
not clinically concerning range. However, approximately
11% of the sample scored in the at-risk or clinically signifi-
cant range for depression symptoms, 22% for anxiety symp-
toms, 20% for guardian-reported social skills, and 9% for
self-reported interpersonal relations. Notably, pain fre-
quency, duration, and severity were not significantly corre-
lated (p > 0.05), with correlation coefficients ranging from
—0.09 to 0.02. Pain frequency (skew = 2.79) and pain dura-
tion (skew = 8.72) were highly skewed, while pain severity
(skew = —0.41) was not. Notably, there are no assumptions
in linear regression models about the distribution of inde-
pendent variables, and without clear theoretical reasons, it is
not recommended to remove observations as they may lead
to important findings. Also, we decided to not transform the
data as each of the pain variables has a clear meaning, which
aids in interpreting the data.

Correlations and #-tests were calculated examining the
relationships between possible covariates and social func-
tioning. Age was not correlated with guardian or self-
reported social functioning scores at the p < 0.10 level.
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Table | Demographic, Clinical, Pain, Psychological, and Social
Functioning Data

Table 2 Comparison of Social Functioning by Sex, SCD
Genotype, and Hydroxyurea Use

Note: N = | 14 for continuous variables.
Abbreviation: yr, year.

Table 2 provides #-test results investigating for differences
in social functioning based on sex, SCD genotype severity,
and whether hydroxyurea is prescribed. Notably, guardians
tended to rate females higher than males on social skills,
while female youth self-rated themselves significantly
lower than male youth on interpersonal skills. Based on
these analyses, the subsequent regression models predict-
ing guardian-reported social skills and self-reported inter-
personal skills controlled for sex and SCD genotype.
Multiple regression models were then run to predict
guardian-reported social skills and self-reported interper-
sonal skills (See Table 3). The model predicting guardian-
reported social skills was significant (F = 2.05, p = 0.02)
and accounted for 11% of the variance. Being male, hav-
ing a more severe SCD genotype, and reporting fewer
anxiety symptoms were uniquely related to poorer guar-
dian-reported social skills. The model predicting self-
reported interpersonal skills was significant (F = 4.98,
p <0.01) and accounted for 31% of the variance. Being
female, high pain severity, and more symptoms of depres-
sion were uniquely related to poorer self-reported

n % N Guardian-Reported Social Skills
Female 64 56.14% 114 M SD t p-value
Genotype Sex
HBSS 53 46.49% 114 Female 51.06 10.05 —-1.82 0.07
HBSC 42 36.84% 114 Male 47.60 10.18
HbSB* 12 10.53% 114 Genotype
HbSp° 4 3.51% 114 Severe 47.35 9.46 2.34 0.02
Other 3 2.63% 114 Moderate 51.74 10.53
Hydroxyurea
Prescribed Hydroxyurea 51 45.13% 113 Yes 4831 9.9 |14 026
M SD Range No 50.52 10.50
Age (years) 11.55 3.0l 817 Self-Reported Interpersonal Skills
Pain Characteristics M SD t p-value
Pain Frequency (Episodes/Yr) 19.45 32.17 I1-155 Sex
Pain Duration (Days) 3.71 8.74 0.01-90 Female 50.75 10.69 3.70 <00l
Pain Severity (0—10 scale) 7.27 2.08 2-10 Male 56.36 5.09
Psychological Symptoms Genotype
Depression 4923 8.77 40-81 Severe 51.75 10.17 1.72 0.09
Anxiety 51.44 10.37 35-77 Moderate 54.67 7.70
Hydroxyurea
Social Functioning Yes 52.90 883 027 079
Social Skills 53.21 9.10 23-63 No 5337 9.42
Interpersonal Skills 49.54 10.21 22-70
Notes: For genotype, severe = HBSS or HbSB%; moderate = HBSC or HbSB* or

other.
Abbreviation: SCD, sickle cell disease.

interpersonal skills. Also, the interaction between pain
frequency and anxiety symptoms was a significant predic-
tor. Simple slopes analyses to probe the interaction
between pain frequency and anxiety symptoms revealed
that high pain frequency was not significantly related to
poorer self-reported interpersonal skills at low levels anxi-
ety symptoms (p = 0.08), medium (p = 0.29), or high
levels of anxiety symptoms (p = 0.24). However, the
pattern of findings indicated that as anxiety symptoms
increase, the relationship between high pain frequency
and poor self-reported interpersonal skills weakens (see
Figure 1).

Discussion

This is the first study to examine whether symptoms of
depression and anxiety modify the relationship between
pain and functional outcomes in youth with SCD. The
average level of depressive and anxiety symptoms
observed in the sample was in the non-clinical range,
with about 11% to 22% of the youth scoring in the at-
risk or clinically significant ranges. These data are
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Table 3 Regression Models Predicting Social Functioning (N = | 14)

Guardian-Reported Social Skills Self-Reported Interpersonal Skills
F = 2.05% Adj R2=0.11 F = 4.98**; Adj R” = 0.31
B t Partial R? p t Partial R?
Main Effects
Female 3.92 2.07* 0.03 —4.35 —2.95%* 0.05
HBSS or HbSp° —5.64 —2.96%* 0.07 —2.56 -1.72 0.02
Pain Frequency —-1.35 —1.01 0.01 —-1.28 -1.23 0.0l
Pain Duration -1.78 —1.40 0.02 —-0.50 —0.50 0.00
Pain Severity —0.84 —0.90 0.0l —1.49 —2.03* 0.03
Depression -2.19 -1.71 0.02 -3.22 —3.23% 0.06
Anxiety 2.60 2.05* 0.03 0.39 0.39 0.00
Interactions
Pain Frequency x Dep 0.26 0.26 0.00 —0.85 -1.09 0.01
Pain Duration x Dep —4.17 —-1.16 0.0l —-0.07 0.03 0.00
Pain Severity x Dep 1.04 0.83 0.01 -1.59 —1.62 0.02
Pain Frequency x Anx 0.31 0.22 0.00 3.00 2.75%* 0.04
Pain Duration x Anx 0.14 0.05 0.00 1.55 0.65 0.00
Pain Severity x Anx —-0.90 —0.69 0.00 —0.11 —=0.11 0.00

Notes: **p < 0.01, *p < 0.05.
Abbreviations: Dep, Depression; Anx, Anxiety.

consistent with previous studies that indicated depression
rates in youth with SCD ranging from 4% to 75%, and
anxiety ranging from 8% to 41%.'> However, despite the
majority of our sample reporting subclinical levels of
depression and anxiety symptoms, results still indicated
that these symptoms influenced the relationship between
pain and social functioning.

Inconsistent with our hypothesis, depressive symptoms
did not modify the relationship between pain and social

e e e 0| ow Anxiety

functioning. Notably, more depressive symptoms were
related to poor self-reported interpersonal skills over and
above the influence of pain. Depressed youth may be more
likely to socially isolate themselves; thus, removing them-
selves from opportunities to develop their social skills and
gain valuable social support. This explanation is supported
by study findings that have associated high negative mood
to increased school absences and decreased participation
in social activities in adolescents with SCD.** Research
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Figure | Interaction between pain frequency and self-reported interpersonal skills at varying levels of anxiety symptoms.
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also indicates that symptoms of depression are associated
with disruptions in social skill development in healthy
children and adolescents, particularly in their ability to
establish and maintain satisfying relationships with their
peers.24 These findings are, however, inconsistent with
study findings indicating that more symptoms of depres-
sion appear to bolster the association between high pain
and poor functional outcomes, such as medical complica-
tions in youth with SCD,'® functional limitations in older
adults,'”” and non-medical use of opioids in adults.'®
Overall, these findings support the need for systematic
assessment and treatment of symptoms of depression as
part of clinical care for youth with SCD.

Also, inconsistent with our hypothesis, more anxiety
symptoms weakened the relationship between high pain
frequency and poor self-reported interpersonal skills. This
is the first study to examine whether anxiety symptoms
moderate the relationships between pain and functional
outcomes in pediatric pain patients. Findings also indi-
cated that more symptoms of anxiety were related to better
guardian-reported social skills. It may be that youth with
more symptoms of anxiety are more attuned to others’
perceptions and responses to them, which impacts their
social skill development. Youth with higher levels of anxi-
ety may also be more likely to seek social support in
response to their pain, and thus, seek out more social
interactions and develop stronger social skills to better
access support. It could also be that youth with less symp-
toms of anxiety may be less vigilant in attending to signs
of impending pain episodes, and thus, react more strongly
when pain episodes do occur. More research is needed to
elucidate how symptoms of anxiety are associated with
social functioning in youth with SCD. Notably, the mea-
sure used in the current study was focused on assessing
general anxiety symptoms, but youth may have interpreted
the questions as being focused on their SCD specific
symptoms. Future research should focus on specific wor-
ries that youth with SCD may experience, and examine
how different types of anxiety symptoms may be asso-
ciated with functional outcomes in this population.

Sex was related to guardian-reported and self-reported
social functioning; however, the findings conflicted based
upon reporter. Specifically, guardians reported that males
were at higher risk for poor social functioning than
females; however, males were more likely to self-report
better social functioning than females. The findings relat-
ing being female to poor social competence in youth with
SCD are consistent with prior studies that indicated

females are rated as less socially competent by their
peers and teachers when compared to their healthy
peers.”® However, there has been no prior research relat-
ing being male to poor social functioning in this popula-
tion. Overall, our findings are contradictory and suggest
a need for more research to explore the relationship
between sex and social functioning for youth with SCD.
Limitations of our study include that pain patterns were
assessed retrospectively and via guardian-report. Pain
reports may have been influenced by recall bias due to
deficits in memory or caregiver distress.”> Also, pain is
a subjective experience; thus, guardian-report may have
led to underestimates of youth pain as it would be reflec-
tive of guardian observed pain behaviors and pain as
reported to the guardian by the youth. However, parent-
proxy reports for pain experiences are commonly used and

26,27

have been validated for pediatric pain populations, and

the measure used in the current study has been validated
for youth with SCD and used across multiple studies,** '
allowing for comparison of findings. Still, future studies
should incorporate youth reports of their pain. Lastly, the
current study exclusively focused on negative emotions.
This is in contrast to a growing body of research indicating
positive affect is associated with reduced pain and better
functional outcomes in pain patients (eg, reduced sleep
disturbance and physical dysfunction).>® Positive affect
has also been found to buffer the effects of pain on general
functioning and well-being in patients with rheumatoid
arthritis and other persistent pain conditions. Future
research is needed to examine positive affect as
a moderator of the relationships between pediatric SCD
pain and functional outcomes.

Despite these limitations, the current study offers initial
evidence for the influence of symptoms of depression and
anxiety on the relationship between pediatric pain and
functional outcomes. It builds on previous work support-
ing the need for multidisciplinary approaches to care for
youth with SCD who experience pain.**-** It also provides
support for the applicability of Valrie’s biopsychosocial
model of pediatric pain'* for understanding the experi-
ences of youth with SCD, and rationale for future studies
to investigate the possible moderating role of depression
and anxiety symptoms on other functional outcomes in
youth with SCD and other pediatric pain populations.

Conclusion
More depressive symptoms were related to poor self-
reported interpersonal skills. In contrast, more anxiety
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symptoms were related to guardian-reported social skills
and weakened the relationship between high pain fre-
quency and poor self-reported interpersonal skills. Future
studies are needed to fully elucidate the direct or moderat-
ing effects of depression and anxiety symptoms on social
functioning and other functional outcomes in youth with
SCD, and how negative and positive affect may influence
associations between pain and functional outcomes in this
population and other pediatric pain populations.
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