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Abstract

Objective—Over a quarter million individuals in the US have Multiple Sclerosis (MS). Chronic
pain and depression are disproportionately high in this population. The purpose of this study was
to examine the relationship between chronic pain and depression in MS and to examine potentially
meditational effects of anxiety, fatigue and sleep.

Methods—Cross-sectional data from self-reported instruments measuring multiple symptoms
and quality of life indicators were used in this study. Structural equation modeling (SEM) was
utilized to model direct and indirect effects of pain on depression in a sample of 1245 community
dwelling individuals with MS. Pain interference, depression, fatigue and sleep disturbance were
modeled as latent variables with 2 to 3 indicators each. The model controlled for age, sex,
disability status (EDSS) and social support.

Results—A model with indirect effects of pain on depression had adequate fit and accounted for
nearly 80% of the variance in depression. The effects of chronic pain on depression were almost
completely mediated by fatigue, anxiety, and sleep disturbance. Higher pain was associated with
greater fatigue, anxiety, and sleep disturbance, which in turn were associated with higher levels of
depression. The largest mediating effect was through fatigue. Additional analyses excluded items
with common content and suggested that the meditational effects observed were not attributable to
content overlap across scales.

Conclusions—Individuals living with MS who report high levels of chronic pain and depressive
symptoms may benefit from treatment approaches that can address sleep, fatigue, and anxiety.
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Over a quarter million people in the US live with multiple sclerosis (MS), a disease
characterized by physical, cognitive, and emotional symptoms (Anderson et al., 1992; Hirtz
et al., 2007). The most common symptoms are fatigue, numbness, gait problems, bowel and
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bladder dysfunction, vision problems, dizziness and vertigo, sexual dysfunction, pain,
cognitive function, emotional changes, depression, and spasticity. Chronic pain is common
among persons living with MS; the prevalence has been estimated to be as high as 50%
(Archibald et al., 1994; Ehde et al., 2003; O'Connor, Schwid, Herrmann, Markman, &
Dworkin, 2008). Individuals who experience pain report poorer mental health, social
functioning, and participation in valued activities. Pain has also been reported to negatively
affect quality of life (Archibald et al., 1994) and be associated with increased psychological
distress, such as depression and anxiety. Reports of lifetime risk of major depressive
disorder (MDD) in MS range from 23 to 54%, and the 12-month prevalence of MDD is
thought to be more than twice that of the general population (15.7% versus 7.4%,
respectively) (Patten, Beck, Williams, Barbui, & Metz, 2003). Higher pain interference with
daily activities has been associated with greater depression severity, (Ehde et al., 2003)
however depression is also related to other symptoms in MS such as health distress (White,
White, & Russell, 2008). Anxiety in MS has been less studied than depression, but it has
been reported to be associated with pain severity (Kalia & O'Connor, 2005). Prevalence
estimates of anxiety in MS have been reported as high as 41% (Korostil & Feinstein, 2007).
These symptoms often co-occur leading to a particularly high symptom burden for some
patients (Alschuler, Ehde, & Jensen, 2013; Krupp, 2003). It is important to note that
depression exacerbates other MS symptoms, (Patten et al., 2003) and treatment of
depression improves adherence rates for disease modifying therapies (Mohr et al., 1997).

Fatigue occurs in over 80% of people living with MS (L. A. Chwastiak et al., 2005). MS-
related fatigue is qualitatively distinct from other forms of fatigue in that onset may occur
more quickly, frequently, and severely than it does for other populations (Krupp, 2003).
Several studies have found that a substantial portion of individuals living with MS consider
fatigue the worst or most disabling symptom (Fisk, Pontefract, Ritvo, Archibald, & Murray,
1994; Krupp, 2003; Krupp, Alvarez, LaRocca, & Scheinberg, 1988). Fatigue can compound
other related MS symptoms (Krupp et al., 1988), and it has also been reported to be
associated with affective disorders, including depression (Mills & Young, 2011). In addition
to fatigue, sleep is an independent predictor of health-related quality of life (Merlino et al.,
2009). Approximately 50% of individuals with MS report problems related to sleep (Bamer,
Johnson, Amtmann, & Kraft, 2008), and sleep difficulties can also exacerbate other MS-
related symptoms (Manocchia, Keller, & Ware, 2001).

MS symptoms such as pain, fatigue, and depression frequently co-occur and are often
referred to as symptom clusters. The symptom cluster of pain, fatigue and depression has
been linked to decreased physical activity, self-efficacy, and functional ability in MS (Motl
& McAuley, 2009). A symptom cluster of pain, depression, fatigue and perceived cognitive
decline was related to decreased quality of life (Motl, Suh, & Weikert, 2010) and a symptom
cluster of pain, depression, fatigue, sleep disturbance and perceived cognitive deficits was
associated with an increased likelihood of being unemployed (Newland, Fearing, Riley, &
Neath, 2012). The majority of the studies on symptom clusters in MS, however only
examine whether symptoms are related to each other and whether they predict a particular
outcome of interest (e.g. physical activity).
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While prevalence rates of symptom clusters are clinically informative, greater insight into
the mechanisms that drive these interrelationships could prove helpful in treatment planning
(Ehde, Osborne, & Jensen, 2005). For example, if increased depression in chronic pain
patients is partly attributable to inadequate sleep (i.e. increased pain leads to difficulties in
sleeping, which in turn lead to increased depression), then additional relief from depression
could be expected by adjunctive treatments specifically targeting sleep. Because of the high
symptom burden people with MS often experience, targeted treatments could impact
multiple related domains and may better explain the relationships observed between
symptom clusters, quality of life, and critical outcomes like employment status and
disability. To this end, this study aimed to explore potential mechanistic pathways between
chronic pain and depression. Because these symptoms commonly oc-occur with related
symtpoms of sleep disturbance, fatigue, and anxiety, we evaluated a model that could
explain the increased prevalence of depression observed in MS patients living with pain that
is theoretically plausible and statistically testable.

Directionality of effects between pain in depression (i.e., whether pain causes depression or
depression causes pain or both) remains an active area of investigation in the literature. It
has been thought that depression is a consequence of living with chronic pain (Fishbain,
Cutler, Rosomoff, & Rosomoff, 1997). However, a recent longitudinal study of chronic pain
in primary care patients suggested a bidirectional relationship between pain intensity and
depression over the course of one year (K. Kroenke et al., 2011). Tang and colleagues
provide evidence supporting directional effects from depressed mood to pain, with pain
being measured with a self-reported 0—100 numerical rating of “overall level of pain” and
pain-tolerance defined as length of time a participant could physically persist in holding a
heavy shopping bag. Their findings support a theoretically plausible and compelling case
that depressed mood may affect arousal leading to increased pain perception. However, the
degree to which pain inteferes with carrying out daily activities and responsibilities (i.e. pain
interference) is a qualitatively and quantitatively distinct construct from pain intensity, and
directionality of effects may vary depending on construct measured. Moreover, seemingly
contradictory evidence in this literature, (Brown, 1990; Davis, Reeves, Hastie, Graff-
Radford, & Naliboff, 2000; Gerrits et al., 2012; Tang et al., 2008) may also be attributable,
in part, to the variety of methodologies employed.

Compelling evidence supporting directionality from pain to depression comes from a study
using cross-lagged structural equation models, a statistical technique that capitalizes on
longitudinal assessment in statistical hypothesis testing (Brown, 1990). This technique
allows for simultaneous estimation of directional effects, and the study findings that a uni-
directional model from pain to depression fit the data better are persuasive. Moreover, a
substantial and targeted review from 1997 of the issue of directionality in pain and
depression concludes that there is greater evidence supporting depression as consequence of
chronic pain rather than as an antecedent (Fishbain et al., 1997). Lastly, a recent 12-year
longitudinal cohort study examining directionality using covariate-adjusted Cox regression
models similarly concluded that the risk of developing depressive symptoms was significant
in non-depressed participants with elevated pain at baseline, while the inverse effect of
depression at baseline in pain-free participants was not statistically predictive of higher pain
levels over time (Hilderink, Burger, Deeg, Beekman, & Oude Voshaar, 2012). Building on

Rehabil Psychol. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Amtmann et al.

Methods

Participants

Page 4

this evidence, we aimed to explore the mechanism through which chronic pain may exert its
effect on depressive symptoms.

In order to examine the impact of pain interference on depression, we examined three
theoretical mediators: anxiety, sleep problems, and fatigue. As outlined above, all of these
symptoms are higher in people with MS and are associated with other symptoms of MS. In
order to include these variables as mediators, a temporal relationship from the predictor to
the mediator and from the mediator to the outcome has to be suggested by previous
literature. Pain can lead to increased anxiety, fatigue and sleep problems supporting the use
of these three variables as mediators with pain as the predictor. In a sample of people with
fibromyalgia, pain predicted sleep quality the subsequent night and sleep quality mediated
the relationship between pain and fatigue the next day (Nicassio, Moxham, Schuman, &
Gevirtz, 2002). Although numerous studies have found that anxiety can affect pain
sensitivity (Rhudy & Meagher, 2000), research from animal studies suggests that pain also
increases anxiety (Narita et al., 2006; Roeska, Doods, Arndt, Treede, & Ceci, 2008). The
first set of relationships in our mediation model, from pain to the mediators, is therefore
supported by prior work.

Previous research from both the general population and other medical populations also
suggests that anxiety, sleep problems and fatigue are related to subsequent depression,
supporting the second half of the mediation model (from mediator to outcome). Studies from
the general population suggest that anxiety can precede depression, although in some cases
depression may precede anxiety (Moffitt et al., 2007). Problems with sleep including
insomnia and hypersomnia have long been known to precede the development of major
depressive episodes (Ford & Kamerow, 1989). Considering the literature on pain leading to
increased anxiety, sleep disturbance and fatigue and the literature linking these mediators
with subsequent depression, we utilized structural equation modeling (SEM) to test the
directional relationships of these symptoms that commonly cluster together.

SEM is particularly well suited to the aims of this study, as it facilitates testing of theoretical
models by simultaneously estimating effects between multiple related factors. SEM is an
advanced statistical technique employing both factor and path analyses that is increasingly
used to test empirically complex and sophisticated models that include multiple
biopsychosocial determinants of health. SEM also allows for inspection and testing of direct
and indirect pathways of effects and is appropriate for studies examining the structural inter-
relationships among multiple correlated symptoms and conditions such as the aim of the
current study. We proposed and tested a SEM that explains the commonly observed
relationship between Pl and depression that evaluates direct and indirect (mediated) effects
of anxiety, sleep disturbance and fatigue.

Data for this study were collected as part of an ongoing longitudinal study exploring the
impact of MS on symptoms and quality of life indicators. Letters of invitation were sent to
7,806 people from the Greater Northwest chapter of the National Multiple Sclerosis Society
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(NMSS). NMSS, and it’s local chapters, are non-profit charitable organization that provide
programs and services for people with MS and their families. The NMSS funds research,
conducts advocacy and education program and collaborates with MS organization around
the world with the aim of achieving a world free of MS. From this mailing by NMSS, 1,629
(20.9%) individuals returned a response card or contacted research staff directly to indicate
interest. Eligibility criteria included a definitive diagnosis of MS and being at least 18 years
of age. In total, 1,597 people who were eligible and interested in participating were either
mailed a self-report paper survey (n=1,368) or directed to an online version of the survey
(n=229), with reminder letters sent to non-responders 3—-6 weeks later. The goal was to
collect a completed survey from the first 1,350 consecutively-enrolled individuals who met
eligibility criteria. A total of 1,271 participants with MS returned surveys. The participation
rate of 79.6% of all individuals who responded to recruitment efforts is similar or higher
than reports by other large-scale MS studies (Anens, Emtner, Zetterberg, & Hellstrom, 2014;
Broadley, Deans, Sawcer, Clayton, & Compston, 2000; L. Chwastiak et al., 2002;
Ploughman et al., 2014). Any surveys with missing data were followed up by phone. We
were unable to collect missing data for approximately 2% (n=26) of participants, and these
were excluded from analysis. A short, anonymous demographics survey was sent one month
later to non-responders of the original NMSS mailing list to assess possible recruitment bias.
Responses received from 1,046 non-responders indicated that 13% did not have MS despite
being listed as persons with MS on the mailing list, and 34% did not recall receiving the
initial survey invitation. Overall, the 1,271 individuals who completed the study survey were
similar on demographic variables to the non-responders except they were more educated
(84% reported some college or more education compared to 72% of non-responders;
chi?=30.7, p<0.001), slightly younger (53% of responders were 51 or older compared to
71% of non-responders; chi?=70.3, p<0.001), and had shorter mean disease duration (M=13,
SD=10) than non-responders (M=17, SD=12) [t(2041)=8.00, p<0.0001]. The Human
Subjects Division of the University of Washington approved all study procedures, and all
participants provided informed consent.

Pain Interference (P1)—PI was measured by 2 scales. The Brief Pain Inventory (BPI)
includes a 7-item PI subscale that has been widely used in research on people with many
kinds of disabilities (Cleeland, 1989). Scores for the BPI range from 0 (pain does not
interfere) to 10 (completely interferes) and are calculated as the average of the 7 item
responses. The Pain Impact Questionnaire 6 (P1Q-6) is a 6-item scale designed to measure
the impact of pain on an individual’s well-being and ability to perform usual activities,
including work and leisure activities (Becker, Schwartz, Saris-Baglama, Kosinski, &
Bjorner, 2007). P1Q-6 was developed using item response theory (IRT) and has
demonstrated good internal consistency, reliability, and construct validity (Becker et al.,
2007). Weighted scores range from 40 to 78, with higher scores reflecting greater pain
impact.

Fatigue—Fatigue was measured by three scales. The Modified Fatigue Impact Scale
(MFIS) contains a subset of the 21-item Fatigue Impact Scale (Fisk et al., 1994) and is
recommended for measuring fatigue in people living with MS, because it measures the
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physical, cognitive and psychosocial aspects of fatigue. Participants completed the MFIS
using a five-point Likert scale ranging from 0 (never) to 4 (almost always), with higher
summary scores reflecting increased fatigue. The Fatigue Severity Scale (FSS) is comprised
of items selected for their ability to identify common features of fatigue in patients with
multiple sclerosis and systemic lupus erythematosus (Krupp, Larocca, Muirnash, &
Steinberg, 1989). The FSS includes nine items pertaining to fatigue in the last week, and
each is scored from 1 to 7 (1 = completely disagree, 7 = completely agree). The scores are
averaged to create a total score, with higher scores indicating greater fatigue severity. The
Multidimensional Assessment of Fatigue (MAF) measures fatigue severity, distress, degree
of interference in activities of daily living, and frequency (Tack, 1990). Scores for each
dimension contribute to a Global Fatigue Index that ranges from 0 (no fatigue) to 50 (severe
fatigue). While originally developed for patients with rheumatoid arthritis, the MAF has
been tested in populations with other chronic conditions such as HIV, multiple sclerosis, and
cancer.

Depression—Depression was measured using a 10-item short form of the Center for
Epidemiologic Studies Depression Scale (CES-D) and the 9-item Patient Health
Questionnaire (PHQ-9). The CES-D was developed to screen for depressive symptoms, and
sum scores have demonstrated adequate reliability and validity (Andresen, Malmgren,
Carter, & Patrick, 1994). Scores on the CES-D range from 0 to 30, and higher scores
indicate more depressive symptoms. The PHQ-9 has been used as a depression measure in a
variety of settings and clinical populations and has also been administered to assess
depressive symptoms and associated functional impairment.(K. Kroenke, Spitzer, R.L.,
Williams, J.B., 2001) Respondents rate how often over the last 2 weeks they had been
bothered by each of the 9 symptoms that comprise the DSM-IV major depression criteria;
summary scores range from 0 to 27, and higher scores indicate more depressive symptoms.

Anxiety—Anxiety was measured using the Hospital Anxiety and Depression Scale
(HADS). The HADS has been shown to be a reliable measure for screening clinically
significant anxiety in patients (Zigmond & Snaith, 1983). A total of 7 items from the HADS
pertain to anxiety, with higher sum scores reflecting greater anxiety.

Sleep—The 5-item Women’s Health Initiative Insomnia Rating Scale (WHIIRS) is a self-
report measure of sleep disturbance developed through a large sample survey of
postmenopausal women. In addition to completing an overall assessment of sleep quality,
respondents indicated how often they experienced each of four sleep problems during the
previous 4 weeks. Total scores range from 0 to 20, with higher scores indicating greater
sleep disturbance. The WHIIRS was found to have excellent short-term test-retest reliability
and is correlated with other measures of sleep quality (Levine et al., 2003). Study
participants were also administered the sleep adequacy items of the Medical Outcomes
Survey (MOS-SAD).(Hays, Martin, Sesti, & Spritzer, 2005) The MOS-SAD was developed
using item response theory (IRT) to evaluate perceived adequacy of sleep - that is, whether a
person gets the amount of sleep needed to feel rested. The IRT-derived scores are
transformed on to a 100-point scale with a mean of 50 and a standard deviation of 10.
Higher scores reflect greater sleep adequacy. The MOS sleep scale has been validated in
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multiple populations, including those with neuropathic pain (Hays et al., 2005; Manocchia et
al., 2001).

SEM was used to examine the direct and indirect effects of Pl on depression in this cross-
sectional study. Direct effects assess the effects of independent variables on a dependent
variable directly; indirect effects represent the effects of independent variables on a
dependent variable through other mediating variables. Potential mediators of the relationship
between PI and depression considered in this study included commonly co-occuring
symptoms of anxiety, fatigue, and sleep disturbance. SEM allows for multiple indicators
(i.e., measures) of the constructs of interest and reduces the overall effect of measurement
error on the accuracy of the estimates (Kline, 1998). Furthermore, SEM allows researchers
to estimate and test effects for complex models with many related variables simultaneously,
making estimation more efficient.

Except for anxiety, each variable had multiple indicators. Fatigue was modeled as a latent
factor with 3 indicators: the MFIS, FSS, and the MAF. The P1Q-6 and BPI represented Pl as
a latent factor, and the factor for depression was represented by the CES-D and PHQ-9.
Sleep disturbance was represented by the WHIIRS and the MOS-SAD, and anxiety was
measured as a manifest (i.e. directly measured) variable, because only one measure of
anxiety was available. Additional terms were added to model paths to control for the effects
of age, sex, disability status (EDSS), and level of social support. Model fit was evaluated
through examination of standard errors, residual correlations, and model-fit criteria.
Goodness of fit statistics included %2, but as x2 is known to be an increasingly conservative
measure of fit as sample sizes increase (Bentler, 1980), Comparative Fit Index (CFI)
(Bentler, 1990), Tucker-Lewis Index (TLI) (Tucker & Lewis, 1973), Root Mean Square
Error of Approximation (RMSEA), and Standardized Root Mean Square Residual (SRMR)
were also considered when evaluating model fit. CFl and TLI values above 0.95 are
preferable; RMSEA values near 0.06 indicate adequate fit; and SRMR above 0.08 indicate
poor fit (Browne & Ceduk, 1993; Hu & Bentler, 1999; Marsh, 2004). Data preparation and
descriptive statistics were calculated using STATA X1 (StataCorp, 1985-2009). SEM was
carried out using Mplus 6.1 (Muthén & Muthén, 1998-2010).

Three sets of analyses were carried out estimate the effect of Pl on depression and to
evaluate stability of model estimates. The first model (model one) included a direct path
from P1 to depression as well as mediating pathways through sleep disturbance, anxiety and
fatigue. Sleep disturbance was also expected to increase fatigue, and this expectation was
modeled as a direct effect. Essentially, the same model was run again with the same
mediation pathways but without the direct effect pathway from P1 to depression (model
two). Measures of fit and effect estimates were compared between models one and two. The
final set of analyses involved re-calculating scores of the CES-D and PHQ-9 without the
items that ask about fatigue, sleep, and anxiety (3 items from the PHQ-9 and 3 items from
the CES-D). While it would be difficult to support the clinical utility of a depression
measure without these important symptoms, we conducted this analysis to evaluate whether
the effects observed could be attributed to the content overlap among the measures. In other
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words, we wanted to examine whether removing items that ask about depression symptoms
that could actually be symptoms of MS and not necessarily of depression, results in
substantial changes in model parameters.

Table 1 summarizes the demographic characteristics of the sample (n=1245). Participants in
the study were predominantly women (80%), white (91%), employed (41%), and/or married
or living with a partner (70%). The percentages of women, caucasians, and those employed
are very similar to those of a large national MS registry (NARCOMS) with over 35,000
participants(Kobelt, Berg, Atherly, & Hadjimichael, 2006). A percentage of participants
with relapsing remitting type of MS in our sample (56%) was slightly higher than that
reported by NARCOMS (48%) suggesting perhaps lower participation by people with
progressive types of MS. Over half of study participants attended at least some college, and
income levels were relatively evenly distributed. The study sample reported mild to
moderate fatigue, pain intensity, sleep problems, anxiety, PI, and depression.

The goodness-of-fit criteria indicated that model one fit the data adequately (Table 2). While
the chi-square test statistic suggested inadequate model fit (X2 = 343, df = 48, p<0.01), other
fit indices indicated that the model adequately accounted for the covariance structure
observed in the data: CFl = .97 and SRMR =.03, TLI = .94 and RMSEA = .07. Factor
loadings for each indicator of Fatigue, P1, and Depression are presented in Table 3. All
standardized factor loadings were moderately high to high in magnitude and were
statistically significant. Table 4 outlines estimated direct and indirect effects of both models
controlling for age, sex, disability status, and social support, and all estimates were
statistically significant. Standardized direct effects of Pl on anxiety, fatigue, and problematic
sleep were comparatively strong (0.51 to 0.63), suggesting that as Pl increases, anxiety,
fatigue, and problems with sleep also increase. Direct effects of anxiety (0.39) and fatigue
(0.44) on depression were of moderate strength, suggesting that higher anxiety and fatigue
are associated with greater depression. Direct effect estimates were smaller for the effects of
problematic sleep on fatigue and depression (0.22 each). The standardized direct effect for
Pl on depression was 0.02 and was not statistically significant. The standardized indirect
effects of Pl on depression were 0.63, for a combined total effect of 0.65.

Because of the small direct effect of Pl on depression in model one, we fit model 2
eliminating the direct pathway between P1 and depression. All mediating pathways remained
in model two, including the pathway from sleep disturbance to fatigue. See Tables 3 and 4
for model fit statistics and direct and indirect effects. Standardized effects are presented
graphically in Figure 1 for model 2. While the chi-square test statistic suggested inadequate
model fit (X2 = 343.3, df = 49, p < 0.01), other fit indices indicated that the model
adequately accounted for the covariance structure observed in the data: CFI = .97 and
SRMR =.03, TLI =.94 and RMSEA = .07. Model 2 accounted for a large proportion of the
variance observed in depression (R? = 0.79), and over half the variance in fatigue (R? =
0.57) was explained by predictor variables. Approximately 33% and 40% of the variance
was accounted for in the remaining factors of anxiety and problematic sleep, respectively.
Model two resulted in a large standardized indirect effect of Pl on depression of 0.65.
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In comparing model one and model two, the model without a direct path from PI to
depression (model two) was preferred. The direct path from PI to depression only increased
the total effects by 0.005, and the measure of direct effect was very weak and statistically
non-significant. Estimates for indirect paths changed little in the presence of the direct path,
and the largest change (0.006) was observed for the indirect path through fatigue. The
difference in fit between model one and two was not statistically significant when assessed
by X2, (Table 3) and there was no difference between the models when examining the
estimates and confidence intervals of RMSEA.

Furthermore, there was little difference in fit when comparing CFI, TLI, or SRMR, and the
proportions of variance explained were nearly identical for all variables. As a result the more
parsimonious model (model two) is preferred.

When model two was re-evaluated using modified depression scores (i.e. scores on the CES-
D and PHQ-9 without items related to sleep, anxiety, and fatigue) in the third set of
analyses, the majority of the observed effects were maintained (R2: Anxiety = 0.33, Fatigue
= 0.57, Problematic sleep = 0.40, Depression = 0.71). Indirect effects totaled 0.56 (vs. 0.63
using full CES-D and PHQ-9 scores). Likewise, model fit did not degrade substantially (X2
= 346.05, df = 49, p<0.01; CFI =0.96; TLI = 0.94; RMSEA = 0.07, SRMR = 0.03).

Discussion

Results of the study suggest that the primary impact of Pl on depression in MS is indirect.
Higher PI appears to increase fatigue, anxiety, and problematic sleep, and these in turn
appear to increase depression. The relationships among the constructs remain similar when
depression is scored without the items that measure fatigue, anxiety and sleep, suggesting
that the model effects cannot be attributed to content overlap across different measures.

The findings of this study have important implications for clinical research and practice in
the treatment of chronic pain. Patients who present with problematic sleep and/or fatigue
(with or without anxiety) may be more likely to experience higher depressive symptoms.
The results are also consistent with previously published research that suggested that a
transdiagnostic approach to symptoms may be more effective than targeting each symptom
separately, such as depression treatment or pain treatment alone. Transdiagnostic models
explain how multiple comorbid symptoms or disorders develop rather than creating disorder
or symptom specific models (Nolen-Hoeksema & Watkins, 2011). A trans-diagnostic
treatment is an intervention that targets a range of diagnoses or problems through the use of
treatment strategies that target psychological processes that are common across disorders
(Clark, 2009). This is consistent with the literature on symptom clusters (Motl & McAuley,
2009; Motl, Suh, et al., 2010; Motl, Weikert, Suh, & Dlugonski, 2010) that suggests
common factors in the development and maintenance of pain, depression and fatigue. In the
psychotherapy literature, trans-diagnostic treatments have been used to treat vulnerabilities
or behaviors hypothesized to be central to the etiology of a variety of disorders such as
anxiety and depression. When feasible and applicable, it may be useful to consider all five
factors-pain, depression, anxiety, sleep, and fatigue-in developing a treatment plan. While it
may be premature to test any specific trans-diagnostic interventions in MS, the results do
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suggest further exploration and development of trans-diagnostic theories of and treatments
for the constellation of biopsychosocial concerns affecting many people living with MS. In
particular, these results suggest that targeting chronic pain with an intervention that can be
applied to the other symptoms (anxiety, sleep disturbance, depression and fatigue) such as
cognitive behavioral therapy (CBT) may be particularly useful. Preliminary evidence
regarding beneficial effects on depression of CBT targeting insomnia, further support this
transdiagnostic approach (Manber et al., 2008). At a minimum, the findings highlight a need
for comprehensive assessment of multiple concerns such as depression, anxiety, sleep
problems, or fatigue when treating people with MS who report higher levels of pain.

Limitations and future directions

There are multiple limitations to this study. While the directionality of effects from PI to
depression tested in this study are plausible and supported by evidence from the literature, it
is important to note that discussions on the issues of directionality in the broader literature
are still ongoing. Experimentation or longitudinal models are more appropriate than cross-
sectional models (used in this study) for testing reciprocal relations between variables
because causes should precede effects (Cook & Campbell, 1979, p.43) Additional studies
will need to be carried out to better understand directionality of the effects. Cross-lagged
longitudinal study designs that simultaneously estimate directional effects in the same model
may be a good way to further examine the issue. Also, while model fit was adequate, it was
not optimal, and the authors recognize the potential that alternative explanatory models
could fit the data better. Nevertheless, fit assessment must be balanced against competing
concerns related to theory, adequacy and interpretability of parameter estimates, model
complexity, and validity-related concerns (Hu & Bentler, 1999; Marsh, 2004) and these
issues informed decisions regarding model re-specification. Replication in a different sample
of individuals with MS is warranted before generalizing to the population of people with
MS. Overall, the results of the study support assessment of depression, anxiety, sleep
problems, and fatigue in people with MS who report elevated levels of pain and utilizing
treatments that affect multiple symptoms or a combination of treatments.
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Standardized direct effect estimates from structural equation model controlled for age,
gender, disability status and social support

All effect estimates were statistically significant at p < 0.05.

PAIN-INT, Pain Interference; BPI, Brief Pain Inventory; P1Q-6, Pain Impact
Questionnaire-6; HADS, Hospital Anxiety and Depression Scale; MAF, Multidimensional
Assessment of Fatigue; MFIS, Modified Fatigue Impact Scale; FSS, Fatigue Severity Scale;
WHIIRS, Women's Health Initiative Insomnia Rating Scale; MOS-SAD, Medical Outcomes
Survey Sleep Adequacy; PHQ-9, Patient Health Questionnaire-9; CES-D, Center for
Epidemiological Studies Depression Scale
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Table 1

Demographic and clinical profile of study participants

Mean SD n=1245

Age 50.7 11.6
Years since MS diagnosis 132 101
MS Subtype
Relapsing Remitting 700
Other 497
Missing 48
Gender
Male 245
Female 991
Missing 9
Ethnicity
White 1138
Non-white 107
Marriage Status
Never-married 110
Married / Living with partner in committed relationship 867
Separated/Divorced/Widowed 257
Missing 11
Education
Less than high school 19
High school graduate/GED 155
Vocational or technical school 98
Some college/technical degree/AA 366
College degree (BA/BS) 374
Advanced degree (MA, PHD, MD) 224
Missing 9
Employment
Employed 508
Unemployed 728
Missing 9
Household Income
Less than $25,000 218
$25,000-$40,000 179
$41,000-$55,000 173
$56,000-$70,000 145
$71,000-$85,000 122
$86,000-$100,000 115
Greater than $100,000 216
Missing 77
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%

56.2
40.0
3.9

19.7
79.6
0.7

91.4
8.6

8.8
69.6
20.7

0.9

15
125
7.9
29.4
30.0
18.0
0.7

40.8
58.5
0.7

175
14.4
13.9
117
9.8
9.2
17.3
6.2
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Mean SD n=1245 %
Self-reported EDSS score

Mild (< 4) 401 322
Moderate (4.5 - 6.5) 592 476
Severe (= 7) 243 195
Missing 9 0.7
Fatigue
FSS 51 15
MFIS 442 18.2
MAF 258 93
Pain Intensity (NPS) 4.8 2.2
Pain-Interference
PIQ-6 59.1 7.6
BPI-PI 3.7 2.5
Depression
CES-D 10.0 6.7
PHQ-9 8.3 6.1
Problematic sleep
WHIIRS 9.8 53
MOS-SAD 48.6 26.6
Anxiety (HADS) 5.9 4.2
Social Support (MSPSS) 55 1.4

SD, Standard deviation; FSS, Fatigue Severity Scale; MFIS, Modified Fatigue Impact Scale; MAF, Multidimensional Assessment of Fatigue; NPS,
Numerical Pain Scale; PIQ-6, Pain Impact Questionnaire-6; BPI-PI, Brief Pain Inventory; CES-D, Center for Epidemiological Studies Depression
Scale; PHQ-9, Patient Health Questionnaire-9; WHIIRS, Women's Health Initiative Insomnia Rating Scale; MOS-SAD, Medical Outcomes Survey
Sleep Adequacy; HADS, Hospital Anxiety and Depression Scale; MSPSS, Multidimensional Scale of Perceived Social Support
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Table 2

Model fit criteria and estimates of variance explained for both models

Model one Model two

Estimate R? Estimate R?
X2 (df) 343.04 (48) 343.26 (49)
RMSEA (90%Cl)  0.07 (0.06 — 0.08) 0.07 (0.06 — 0.08)
CFI 0.97 0.97
TLI 0.94 0.94
SRMR 0.03 0.03
Anxiety 0.33 0.33
Fatigue 0.57 0.57
Problematic sleep 0.40 0.40
Depression 0.79 0.79

*

Page 18

RMSEA, Root mean square error of approximation; CI, Confidence interval; CFl, Comparative fit index; TLI, Tucker Lewis index; SRMR,

Standardized root mean square residual
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Table 3

Standardized factor loadings and standard errors for latent constructs

Model one Model two

Factor A ASE A ASE
Fatigue

FSS 083 0.01 0.83 0.01

MFIS 090 0.01 090 0.01

MAF 086 0.01 086 0.01
Problematic sleep

WHIIRS 066 0.03 066 0.03

MOS-SAD -0.73 003 -0.73 0.02
Pain interference

P1Q-6 0.88 0.01 088 0.01

BPI 092 0.01 092 0.01
Depression

CESD 094 001 094 0.01

PHQ-9 091 001 091 0.01

*
SE, Standard error; FSS, Fatigue Severity Scale; MFIS, Modified Fatigue Impact Scale; MAF, Multidimensional Assessment of Fatigue;
WHIIRS, Women's Health Initiative Insomnia Rating Scale; MOS-SAD, Medical Outcomes Survey Sleep Adequacy; PIQ-6, Pain Impact
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Questionnaire-6; BPI, Brief Pain Inventory; CES-D, Center for Epidemiological Studies Depression Scale; PHQ-9, Patient Health Questionnaire-9
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Standardized effects controlling for age, sex, disability status, and social support for both models

Table 4

Predictor Outcome
Pain Interference
Anxiety
Fatigue
Problematic sleep
Depression
Anxiety
Depression
Problematic sleep
Fatigue
Depression
Fatigue

Depression

Model one

Model two

Direct effects

Direct effects

B
051
0.55
0.63
0.02

0.39

0.22
0.22

0.44

BSE

0.03
0.04
0.04
0.04

0.04
0.03

0.03

Indirect effects

B

0.51

0.56

0.63

0.39

0.21
0.22

0.45

BSE

0.03

0.04

0.04

0.02

0.04
0.03

0.03

Indirect effects

Mediators Pain -> Depression B

Anxiety
Fatigue

Problematic sleep

0.20
0.24
0.14

Problematic sleep / Fatigue 0.06

Total Indirect Effect

0.63

BSE
0.02
0.03
0.02
0.01
0.03

B
0.20

0.25
0.14
0.06
0.65

B SE
0.01
0.03
0.02
0.01
0.02

*
SE, Standard error
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