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Using a longitudinal design, the authors examined coping and cogritive functioning in the development
4 T. 8. of d.epression in individoals with mul_{iple sclerosis (MS). Coping style was evaluated in 2 concepruaily
'ﬂone[m-; e‘:hstlmct rule?s: as moderator and mediator of the impact of cognitive dysfuncticn on depression. Using
spsveliol. indices derfved t’mrp 1hf: COPE (C. 8. Carver, M. F. Scheter, & I. K. Weintraub, 1989), the authors
piyeho operationalized coping in 3 ways—as active, avoidant, and an index accounting for relative levels of
. both. Coping both moderated and partially medinted the relationship between cognitive dysfunction and
decision- depressiot. Moderation results suggest that the relationship between cogaitive dysfunction and depres-
sion is dependent o coping style—adaptive coping protects individuals from experiencing depression
1 dorso- related to their cogritive deficits; however, when individuals use maladaptive coping, cognitive dys-
a reward function puts them at risk for depression. Mediational results suggest that cogaitive dysfunetion leads to
192081, depression partially due to cognitive dysfunction's effects on coping. That is, cognitive defieiis may
Selective impair individuals’ ability to use adaptive coping strategies, leaving them more likely to use maladaptive
edictions strategies, Clinical and theoretical implications of these findings are discussed.
iological
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1 impair-
function.
Depression is a common symptom in mukiple sclerosis (MS; {Brassington & Marsh, 1998) and are related to difficulties in
Psycho- Anderson et al., 1992; Schapiro, 1994; Thompson, 1996), with daily functioning {(Higginson, Amett, & Voss, 2000; Rao, Leo,
tyde, T, li.fetime‘prevalence (_)f major depressive disprder (MDD) after MS Ellington, et a., 1991). Coping style has been related to psyche-
sphrenia: diagnosis at appromma‘t{ely 50% (Joffe. Lippert, Grzty, Sawa, & social outcomes, such as depression, in MS patient samples
al input, Horvath, 1987), and point prevalence rates between 15% and 20% (Aikens, Fischer, Namey, & Rudick, 1997, Arnett, Higginson,
{Patten, Beck, Williams, Barbui, & Metz, 2003). Furthermore, Voss, & Randolph, 2002; Foley, Bedell, LaRocea, Scheinberg, &
quisition research suggests that emotional disorders are more common in Reznikoff, 1987; Jean, Paul, & Beatty, 1999; Pakenham, 1999,
& Mem- MS patients than in chronic illness patients with compasable levels Pakenham, Stewart, & Rogers, 1997; Schwartz, 1999; Warren,
of physical disz'lbility (Daios, Rabins, Brooks, & O'Donnel}, 1983; Warren, & Cockerill, 1991;_ In the present study, cognitive dys-
>pharma- Ron & Logsdail, 1989; Schubert, 1993). The present study usesa o .o lized ¢ " both ieee of st
tey, 1. T. * stress and coping framework t0 examine the role of cognitive uRclion 1§ conceptualized to ways— oot &3 & souree of SHess
= = i bie deficit in coping rescurces. In this framework
The fifl functioning in the development of depression in individuals d:‘ldvas 2 poss! ping . ’
oty Wil . © . . coping style was evaluated as both a moderator and mediator of the
with MS. Cognitive deficits are a commeon sympiom of MS impact of cognitive dysfunction on depression.
. Mattay, Cognitive dysfunction may contribute to the development of
wnetics of depression in patients with MS. Approximatety 50% of MS pa-
tients display significant cognitive impairment (Brassington &
Amanda R, Rabinowitz and Peter A. Amett, Depaciment of Psychology,  Marsh, 1998; Rao, Leo, Bernardin, & Unverzagt, 1991). Cog-
2008 Th;P ennsylvania Staie Univessity. i nitive dysfunction may be a source of stress that increases risk
hese data, in part, were presemied at the 27th annual meeting of the L . b Andings re-
2009 Nasional Academy of Neuropsychology, Scottsdale, AZ. This project was of depression in MS patients. How-e.ver,_ rese.arc H 1ng
2009 = also completed in partial fulfiliment of the requirements for & master of Iz?ted io the role of 'MS—reiated cognitive impairment in depres-
science degree at the Pennsylvania State University granted to Amanda R. sion have been mixed (Armett, Barwick, & Beeney, 2008).
Rabinowitz, Arsett et al, (2002) have suggested that the inconsistent rela-
Special thanks to the many newrofogists in the Inland Northwest, par- tionship between cognitive functioning and depression may be
tiewlarly William Bender, Jon Tippin, and John Wurst, who conzributed explained by the presence of moderating variables such as
their time 1o verifying multiple scierosis (MS) diagnoses and ratings of coping. In support of this, one cross-sectional investigation
course for the MS participants in the project. We also thank Doreen Evans.  found that patients with cognitive difficulties were most likely
Diane Wicks, Lorri Bays, Cheistopher Higginson, William Voss, John o exnerience depression when they used either low levels of
Ran'dolph. ?amela Fre'ske, Dnlwn .Polen. Stephanie analone.- N.Soﬂy. Riley, adaptive coping or high levels of maladaptive avoidant coping
Luciano Tristan, Martin Pankiewicz, Alfred Bagamasbad, Kristin King, La (Arnett et al H'A’O{) 7}‘*’ Other researchers have also evaluated
Riena Ralph, and Maya Ramirez for their heip with various aspects of the . o . . .
project. @pmg as an intervening variable that may exp!an} anenS}sten—
Correspondence concering this article should be addressed to Amanda cies between MS-reiated disability and depression. This re-
R. Rabinowitz, Department of Psychology, The Pennsylvania State Uni- search suggests that emotion-focused and escape-avoidant cop-
versity, 420 Moore Building, University Park. PA 16802-3106. E-maik: ing are associated with negative psychosocial outcomes,
#1200 @psiedu whereas active preblem-focused coping may be related to better
381
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adjustment (Aikens et al,, 1997, Beatty et al, 1998; Jean,
Besaity, Paul, & Muilins, 1997; Pakenham, 1999; Pakenham et
al., 1997; Warren et al., 1991).

Coping is the set of cognitive processes and behaviors that
peopie use in response io stress to reduce or manage distressing
emotional states (Menninger, 1963; Valliant, 1977). Decades of
coping literature suggest that coping is a major factor in the
relation between stressful events and psychological and behavioral
outcomes (Coyne, Aldwin, & Lazarus, 1981; Felton, Revenson, &
Hinrichsen, 1984; Lazarus & Folkman, 1984). Lazarus and Folk-
man (1984) have proposed a stress and coping theory that identi-
fies a two-stage process—cognitive appraisal of the stressor fol-
lowed by the enactment of coping behavior—that is thought to
mediate the relationship between a stressor and its immediate and
long-range outcomes. The Lazarus and Folkman (1584) theory has
been applied to MS and other chronic iileesses. Within this frame-
work, adjustment to illness is thought to be determined by iliness
parameters (conceptualized as stressors) and mediated by the cop-
ing process (Maes, Leventhal, & De Ridder, 1996). llness param-
eters typically researched in MS include illness duration, disabil-
ity, and disease severity (Pakenham, 1999).

Traditionally, coping straiegies have been conceptualized as
belonging to one of two general domains: problem-focused coping
and emotion-focused coping. Problem-focused coping refers to
active coping bebaviors aimed at altering the source of stress,
whereas emotion-focused coping is intended to regulate emotional
responses to a stressor (Folkman & Lazarus, 1980). Studies in the
chronic illness literature have demonstrated that high levels of
depression are associated with emotion-focused coping, whereas
problem-focused coping is associated with better adjustment and
[ower levels of distress (Arnets et al., 2002; Revenson & Felton,
1989; Thompson, Gif, Abrams, & Phillips, 1992). Although much
of the coping research has relied on the problem-focused versus
emotion-focused distinction, this conceptualization of coping has
been criticized for being too simplistic (Carver et al., 1989}, and
evidence suggesis that these two coping subtypes may not be
unitary constructs { Aldwin, Folkman, Schaefer, Coyne, & Lazarus,
1980; Aldwin & Revenscn, 1987; Coyne et al., 1981; Folkman &
Lazarus, 1985; Folkman, Lazarus, Dunkel-Schetter, Delongis, &
Gruen, 1986; Parkes, 1934; Scheier, Weintraub, & Carver, 1986).
Carver and colieagues {1989) have developed a measure, the
COPE, designed to assess more theoretically distinct coping strat-
egies. Thirteen concepiually distinet scales can be derived from
this measure. However, two coping factors are of particular inter-
est: an active coping factor comprising items such as, “1 concen-
trate my efforts to do something abowt my problem,” and an
avojdant coping factor containing items such as, “I say to myself
‘this isn't real.’” Researchers have considered the active and
avoidant coping factors as operationalizations of adaptive and
maladaptive coping respectively (Armett et al,, 2002), and this
distinction has been supported theoretically and empirically
{Arnets et al., 2002; Carver et al., 1989).

Despite the fact that that cognitive dysfunction is present in
about 30% of MS patients (Brassington & Marsh, 1998) and thmt
cognitive problems have been shown to be highly associated with
deficits in everyday functioning (Higginson et al., 2000; Rao, Leo,
Bernardin et al., 1991), little research has been conducted exam-
ining how cognitive dysfunction may be related 10 coping. Cog-
nitive dysfunction in MS can be conceptualized as a stressor, as it

has been in some previous work (Arsett et al., 2002). Because
coping involves cognitive processes, in addition to acting as g
stressor, it may aiso have a direct effect on an individual's re-
sources for enacting the cognitive and behavioral strategies that
comprise coping, especially more adaptive types of coping.

Cognisive skilis are invoked both during the appraisal stage and
the coping stage of the Folkman and Lazarus stress and coping
model (Lazarus & Folkman, 1984). This hypothesis is supported
by one study thai examined the relationship between executive
functioning and coping behavior in patients with traumatic brain
injury (Krpan, Levine, Stuss, & Dawson, 2607). The investigators
found that better scores on executive functioning tasks were re-
lated to the use pianful problem-solving coping, whereas worse
executive performance was predictive of escape avoidant coping,
Caoping resources have been included in stress-buffering models of
adiustment in chronic illness; however, traditionally secial support
has been the only coping resource examined (Pakenham, 1999).

Although previous research has begun to explore how cognitive
deficits, coping, and depression in MS are related, this complex
relationship remains poorly undesstood. The only previous study to
directly address the relationship between these three varizbles
assessed ecogpitive functioning, self-reported coping style, and
depression symptoms cross-sectionally (Arnett et al., 2002), pre-
cluding conclusions related to temporal relationships. Bolger has
criticized cross-sectional studies of coping on the grounds that the
proposed cutcome {in this case, depression) may be affecting
coping behavior (Bolger, 1990). To address this unresolved ques-
tion, a longitudinal analysis of cognitive functioning, coping style,
and depression in MS patients over time must be conducted.
Furihermore, previous work has failed te acknowledge the possi-
bility that cognitive functioning may play a dual role in a stress and
coping modei-—as both a stressor and a coping resource, If cog-
nitive funictioning is a significant coping resource, coping would be
expected to partially or compleiely mediate the relationship be-
tween cognitive dysfunction and depression longitudinally.

Finally, coping studies have typically operationalized coping
style by considering only a subset of the individual's coping
behaviors. Popular coping scales consist of 2 series of independent
subscales with a specific factor structure (Carver et al., 1989;
Folkman & Lazarus, 1985}. Including only one of these factors in
a given analysis may not provide a complete picture of the indi-
viduai's approach to coping with stress. For example, it is possible
for an individual to receive high factor scores for both active and
avoidant coping. It is reasonable to assume that analyses including
only one of these factors would not adequately represent such an
individual's coping style. For this reason, operationalizing coping
style in a way that accounts for levels of both adaptive and
maladaptive siralegies in one index may be more meaningful in
relation to psychological cutcomes like depression.

The present study aims to address some of these unresolved
issues by examining the relationship among cognitive functioning,
coping, and depression in MS patients at two time points 3 years
apart. The longitudinal narre of this design allows for the repli-
cation of previous cross-sectional work (Arnett et al., 2002), with
the additional possibility of establishing temporal precedence of
coping behavior relative 10 the outcome of interest— depression.
Another strength of a longitudinal design is that it allows for
evaluation of the hypothesis that coping mediates the relationship
between cognitive dysfunction and depression in patients with MS.
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favestigating the possibility of this relationship acknowledges the
possibie dual role of cognitive skills in a stress and coping model.
In the present study, in addition to considering the independent
effects of active and avoidant coping, a third coping variable is
evaluated in a stress-buffering and mediational model that 1akes
into account the individual's use of adaptive refative to maladap-
tive coping.

We hypothesize that (a) cognitive function at Time 1 will
predict depression a¢ Time 2, (b) coping at Time 1 will predict
depression at Time 2, (c) coping will modesate the relationship
between cogritive dysfuaction and depression in 2 stress-buffering
fashion, and (d} coping will mediate the relationship between
cognitive functioning and depression. There are several plausible
models that one could construct relating these three constructs. For
example, it is likely that depression causes changes in cognitive
dysfunction and coping. We have chosen depression as ithe out-
come of interest in the present study to coatribute 10 a broader
theoretical mode! of depression in MS {Arnett et al., 2008). This
model need not be incompatible with other relationships between
cognitive functioning, coping, and depression.

Method
Participants and Procedure

This is a secondary analysis of a longitudinal study of cognitive
and emotional functioning in MS (Amett, Higginson, Voss,
Bender, et al.,, 1999; Amet et al., 2002; Randolph et al., 2000).
Fifty-three participants in a longitudinal study of cogaitive and
emotional change in MS were examined. Participants were re-
cruited from neurologists and & loca} MS society in the northwest-
emn United States. Individuals contacting the study team were
assessed for cligibility. MS diagroses were confirmed by a board-
certified neurotogist who also assessed disease course on the basis
of Lublin and Reingold (1996) criteria. All but 3 patients met
McDonald et al. (2001) criteria for MS, with these 3 patients
having possible MS. Eligibility was based on responses to a phone
interview. Exclusionary criteria inciuded (2) a history of alcohol or
drug abuse, {b) a mervous sysiem disorder other than MS, (¢)
severe motor or visual impairment that might interfere with cog-
nitive testing, (d) premorbid history of a jearning disability, and {¢)
severe physical or neurological impairment that would interfere
with evaiuation at the university. Motor, visual, and neurological
impairment was assessed by the following gquestions: “Do you
require adaptive equipment to aid with reading, writing, hearing,
walking, or working with your hands? Are you able to read a
newspaper? Are you able to move and manipulate things with
your hands?” Adequate hearing and auditory processing was
assessed by observation during the phone interview. Partici-
pants were assessed at two timepoints, 3 years apart. Testing
sessions consisted of administration of measures assessing cog-
nitive, physical, and emotional functioning conducted by grad-
uate students trained by a licensed clinical psychologist and
neuropsychologist. In rewrn for participating, participants were
provided with feedback on their cognitive and emotional func-
tioning and given a writien clinical report of the test results. The
study was approved by the Institutional Review Board at Wash-
ington State University.

Measures
Depression

Chicago Multiscale Depression Inventory (CMDI; Nyenhuis et
al, 1995). The CMDI is a depression guestionnaire that was
specifically designed for use in patients with MS and other medical
patient groups. The CMDI is a 42-item seif-report measure that
includes three subscales representing different types of depression
symptoms: vegetative, mood, and evaluative.

Because of the potential confound invoived in including vege-
fative symptoms of depeession when evaluating depression in
individuals with MS, Nyenhuis et al. {1995) have suggested that
the mood subscale of the CMDI may be the most valid measure of
depression in this population (Nyenhuis et al., 1998). Other studies
have combined the mood and evaluative subscales to conceptual-
ize depression (Amett, Higginson, & Randolph, 200%; Armets,
Higginson, Voss, Bender, et al,, 1999; Amett et al., 2002; Amett,
Higginson, Voss, Wright, et al., 1999). On the basis of these
precedents in the literature, a combination of the CMDI mood and
evaluative subscales was used to measuse depression in the present
study.

Beck Depression Inventory (BDI; Beck, Ward, Mendelsohn,
Mock, & Erbaugh, 1961). Although the CMDI was used as our
primary measure of depression, we also included the BDI because
it has been widely used in MS studies. Patients” BDI scores thus
provided a reference point of comparison with previous samples
published in the literature. Values reported in Table 1 for both time
points are comparable with other samples reported on i the MS
tterature (Arnett et al., 2008).

Coping

The COPE (Carver et al., 1989). The COPE is a 52-item
seif-report guestionnaire designed to measure a variety of coping
styles used in response to stressful events. The COPE consists
of 13 conceptually distinct scales made up of four-item clusiers. It
has traditionally been divided into two indices, each including 12
items—an active coping index made up of the Active Coping,

Table 1
Means (and Standard Deviations) for Cognitive, Coping, and
Depression Variables

Variable Ti T2

SOMT total correct in 90 s 52.8(11.3}) 40,7 (12.8)
PASAT 1otal correct 46.6(13.3) 49.7(11.1)
VE time per correct switch £3(L3) 4.2 (1.4
BDI wotal score i1.0(5.6) 8.5 (8.0)
CMDI total raw score 3.2 (19.0) 76.7 (19.9)
Active coping raw scuore 33.8(5.3) 33.6 (6.3}
Avoidaat coping raw score 21.3(4.9; 213 (44
% of Sumple depressed 13 19
5 Receiving tx for depressiosn

between T1 & T2 36

Note. T = Time:; SDMT = Symbot Digit Modalities Test (oral versiony
PASAT = Paced Auditory Serial Addition Task; VE = Visual Elevator
subtest of the Test of Everyday Atenmtion; BDI = Beck Depression
Inventory; CMDI = Chicago Multiscale Depression Inventory: tx = real-
ment.
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Pianning, and Suppression of Competing Activities subscales; and
an avoidance coping index made up of the Mental Disengagement,
Behavioral Disengagement, and Denial subscales. Because each of
these COPE factors is relatively independent of the other, it is
possible for an individual to receive high index scores for both
active and avoidant coping. To obtain a more comprehensive index
of an individual's use of adaptive coping, coping was operation-
alized as the difference between an individual’s active coping
index score and their avoidant coping index score after first con-
verting both index scores to £ scores. This is subsequently referred
to as the composite coping index.

The COPE can be used to assess situational or dispositional
coping tendencies. In the present siudy, we hoped to elicit dispo-
sitional coping style by having participants rate what they gener-
ally do ard feel in response 1o stress.

Cognitive Functioning

We used the cognitive functioning index (combined speeded at-
tentional, working memory, and planning task indices) 1o assess a
battery of neuropsychological tests shown to be most associated with
depression in MS from previous work (Arnett, 2005; Amett et al,,
2001; Landro, Celius, & Sletvoid, 2004; Thomtos & Raz, 1997).

Reading Span Test (RST). The RST (Daneman & Carpenter,
1980) is a measure of working memory capacity (Amet, Higginson,
Voss, Wright, et al., 1999). Participants are asked 10 read a set of
sentences while maintaining a target word in memory, with one target
ward after each sentence. Sets consist of three trials each, and set sizes
range from two to six sentences. Scores are derived by determining
the largest set in which the examinee recalied all the words for at least
two of the three trials. Alternatively, scores can be calcuinted as the
total words correctly recalled across all trials, The latter RST scoring
index was included in the cognitive functioning index,

Paced Auditory Serial Addition Task (PASAT). The PASAT is
a frequently used test of attention, concentration, working memory,
and speed of processing. In this task, participants are to respond with
the comect sum of the two most recently presented digits. We used a
version of the PASAT recommended for use in MS that has 3 s
between digit presentations (Rao & the Cognitive Funclion Study
Group of the National Muitiple Sclerosis Society, 1990).

Cral Symbol Digit Modalities Test (SDMT).  The SDMT is a
test of attention, specifically complex scanning and visual tracking
(Shum, McFarland, & Bain, 1990). Like the Wechsler Digit Sym-
bol test, this task involves substitution of numbers with novel
symbols. The SDMT reverses the presentation of the Digit Symbol
test so that the examinee is provided with novel symbols and
instructed to answer with the corresponding number according to
a key. The dependent variable was the total number of correct
items completed in 90 5.

Visual Elevator subtest from the Test of Everyday Astention
(TEA). The Visual Elevator (Robertson, Ward, Ridgeway, &
Nimmo-Smith, 1994) is a timed test of attentional switching or
cognitive Aexibility. Examinees are insiructed to determine the
floor on which a visuailly presented elevator is located. The eleva-
tor starts on the first floor and moves one floor each presentation,
with arrows indicating changes in direction. All fioors and arrows are
presented on a single page for each of 10 wials. Two scores may be
derived for performance on this subtest: a raw total accuracy score and
a timing score. The dependent variable in our study was average time

per switch for correct items. The Visual Elevator test has been shown
to be highly comelated with performance on the Wisconsin Card
Soning Test {Robertson et al., 1994).

Tower of London (TOL). The TOL task (Davis, Bajszar, &
Squire, 1994} was included to measure planning ability, The TOL
requires participants to plan ahead to determire the order of moves
necessary 1o rearrange five colored beads from an initial position to
a goal position. In our study, the task was presented on a computer
monitor. Participants used a mouse to move the beads in a window
on the left of the screen (working area) until they achieved the
arrangement on the right of the screen {goal position). Each of six
task trials begins with a different goal position. There is no time
fimit for the task, but examinees are encouraged to achieve a
solution as guickly as possible. The number of moves per trial and
the total time per trial were vsed as dependent variables.

Disability

Expanded Disability Starus Scale {EDSS; Kuritke, 1983). The
EDSS is the most widely used rating scale for assessing
MS-related disability. Possible scores range from 0 to 10, with
higher ratings indicating more severe impairment. The scale pre-
dominately relies or ambulation as an indication of physical dis-
ability.

Results

Fifty-three M3 patients were included in the study (31 relaps-
ing—remitting, 13 secondary progressive, 6 primary progressive,
and 1 progressive relapsing}. Thirty-rine of the participants were
female. At Time 1, the mean (plus or minus the standard deviation)
for participant age was 46.6 = 7.6 years, with 14.9 = 2.3 years of
education and an EDSS score of 4.5 £ 9.4, Symptom duration at
Time 1 was 14.0 & 9.4 years, and diagnosis duration was 7.6 = 3.9
years. At Time 2, participant age was 494 £ 7.7 years,
with 134 *= 25 years of education and an EDSS score
of 4.7 & 1.6. Symptom duration at Time 2 was 16,9 = 9.2 years,
and diagnosis duration was 10.4 = 6.0 years. Means and standard
deviations for depression, coping, and cognitive functioning scores
can be fourd in Table 1. The COPE and its indices ir our sample
were demonstrated to be reliabie (the Cronbach’s alpha for the
COPE :otal score andd for the active and avoidant indices
were 0.88, 0.79, and 0.73, respectively}).

Relationships among demographic (age and gender) and disease-
related (course, duration, symptom duration, and EDSS score) vari-
ables and depression were assessed, and no variables were signifi-
cantly correlated with CMDI mood and evaluative depression scores,
Hence, no demographic and disease-related variables were included
as covariates in subsequent analyses, For all cognitive tasks, z scores
were calculated. An index of cognitive functioning was created by
taking the mean of these z scores. All zero-order correlations berween
the variables constituting the cognitive index were significant at an o
of 0.05 or lower and ranged in magnitude from 0.34 o 0.69. A
reliability analysis of the cognitive index was conducted, and the
Cronbach’s alpha for this index is 0.82, suggesting adequate reliabil-
ity. The z scores were also calculated for the avoidant and active
coping scales; an adaptive coping index that takes both of the laster
indices into account was calculated by submracting the avoidant scale
z score value from the value for the active coping scale {this will be
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subsequently referred to 2s the composite coping index). We calcu-
Jated abl z scores using the MS sample a3 the referepce group. The M3
sample was chosen as a reference group so that the z scores for each
component of the cognitive index, as weli as the coping indices,
would reference the same sample. This facilitates the interpretation of
these index scores and the relationships between them. Such an
approach is also appealing because it provides a reference point based
on participants tested in the context of the present study rather than a
mix of different samples tested under different circumstances. Corre-
lations among the coping and cognitive indices, as well as CMDI
mood and evaluative depression scores at both time points, are re-
ported in Table 2. Thirty percent of the sample (16 participants)
sought treatment for depression between evalation time points
(see Table 2). Of these 16 patients, all 16 of them began an
antidepressant medication (these included tricyclic antidepressants
and selective serotonin reuptake inhibitors), and 7 of them pastic-
ipated in psychotherapy.

Hypothesis 1: Cognitive Function at Time 1 Will Predict
Depression at Time 2

This hypothesis was tested by regressing the CMDI mood and
evaluative score at Time 2 on the cognitive index at Time §, The
effect of the cognitive index on depression was significant (R* =
16, p < .005).

Hypothesis 2: Coping at Time 1 Will Predict Depression
ar Time 2

This hypothesis was tested by regressing the CMDI mood and
evalzative score at Time 2 on the coping indices (all at Time 1) in
three separate regression models—one model for each coping vari-
able of interest, Regression analyses revealed that neither the active
nor avoidant coping indices at Time 1 significantly predicted depres-

Table 2
Correlations Between Time I and Time 2 Cognitive, Coping,
and Depression Indices

Cognitive
Depression Coping functicning
Variable Ti T2 Ti T2 Tl T2
Depression T1 — 590 —54™ ~367 -~ 48T — 41T
Depression T2 59% — =287 -4 40T =325
Coping T1 —54 28" — 57 33 38"
Coping T2 —.36" -d457 3T —_ 347 a2
Cognitive
fenctioning T1  —49™ —407 .33 a8 — .88~
Cognitive
functioning T2 ~41"" —25 age 32 88 —
EDSS T 06 L0 =-06 0 -03 33 -aF
cc 38 37 .87

Note. Correlations are Pearsen’s. ustess othenwise specified. T = Time;
Coping = aclive coping I score minus avoidant coping 1 score derived
from the COPE measure; Depression = Chicage Multiscale Depression
Inventory mood and evaluative subscales; Cognitive functicning = mean ¢
score from the Symbol Digit Modalities Test (oral version), Paced Audi-
tory Serial Addition Task, Visual Elevator subtest of the Test.of Everyday
Attention, Tower of London, and Reading Span Test; EDSS = Expanded
Disability Status Scale; ICC = intraclass corretation coefficient.

sion at Time 2 (for the zctive coping index: R* = .03, p < .50; for the
avoidant coping index; R® = .07, p < .10). However, the composite
coping index at Time | significantly predicted CMDI mood and
evaluative score at Time 2 (R* = 08, p < .03).

Hypothesis 3: Coping Will Moderate the Relationship
Benveen Cognitive Dysfunction and Depression in a
Stress-Buffering Fashion

This hypothesis was tested using interaction variables created by
multiplying the cogaitive index score {from Time 1} with each of
the coping variables of interest (alse at Time 1; active coping,
avoidant coping, and the composite coping index). Using multiple
hierarchical regression to predict CMDI combined mood and eval-
uative score at Time 2, the cognitive index was entered in the first
step, the coping variable was entered in the second step, and the
interaction term was entered in the third step. Regression analyses
revealed support for all three moderation predictions. As Table 3
illustrates, for the active coping anaiyses, the interaction term
entered into the regression model after the main effects for the
cognitive task and active coping indices stili accounted for 14% of
the variance in depression at Time 2, AF = 8.90, p < .003. For the
avoidant coping acalyses, the interaction term entered into the
model after the main effects for the cognitive task and avoidant
coping indices still accounted for 7% of the variance in depression,
AF = 4.60, p < .035. Finally, for the domposite coping anaiysis,
after accounting for the main effects for the cogaitive task and
composite coping index, the interaction term accounted for 15% of
the variance in depression, AF = 1040, p < .005,

The nature of these interactions is illustrated in Figure 1. Sep-
arate regression lines were calculated for first and third quartile
scores on the cognitive task index for each of the coping regression
models. Muiticollinearity statistics were examined for all above
models, and these sugzested that multicollinearity was not prob-
lematic.!

! Maruzyama (1997) suggested a number of indications of multicollinear-
ity. These indications reviewed by Muruyama are derived from 2 variety of
sources. We outline some of these now and note how our data came out in
relation 10 them: (2) when simple correlations between predictor variables
are greater than .80 or 90 {The absoiute [ie, independent of siga]
zero-order correlations between our predictors ranged from .33 to .57, with
a mean comelation of 42.%; (b) when a factor analysis of the predictor
variables yields a very large condition number (Values greater than 100 are
considered indicative of muisicollingarity. The condition numbers in our
analysis ranged from 1.0 to 1.8.); (¢} when the variance inflation factors
(VIFs) get high (None should be greater than 6 or 7. The VIFs for our
predictor variables ranged from 1.0 to L2} ¢d) when regression weights
change radically due to the inclusion of siagle variables {Changes in
regression weights from between steps in our analysis ranged from to 1.5
to ~0.5.); and (e) when signs on beta weights are inappropriate. in our
analysis, the signs for the zero-order correlations between the predictor
variables and the dependemt variable were the same as the signs of the
regression weights for all variables. Another measure of multicollinearity
commonly used is tolerance. A low tolerance value (i.e., near 0) indicates
extreme collinearity, and a high value (near 1) indicates that the variable is
relatively independent of other variables. In our dat, tolerance values
ranged from .78 to .97, Taken together, these data suggest that, although
our predictor variables were not completely independent, the six indicators
of mulicollinearity we examined were all negative, suggesting that multi-
collinearity was not a major preblem in these data,
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Table 3
Moderation Tests: Hierarchical Regression Analyses for Cognitive Task and Coping Indices Predicting Depression

Varjable B SERB B R AR? AF P

Cognitive task index and active coping index
predict depression

Step i: Cognitive task index 627 1.84 —-0.42 .16 Q.16 .64 <005
Step 2: Active coping index —-2.9% 148 —-0.26 0.18 0.01 0.78 ns
Step 3: Interaction term 8.37 2.66 0.41 .32 0.14 9.90 <.005
Cognitive task index and avoidant coping index
predict depression
Step 1: Cognitive task index -3.87 2,14 -0.26 016 0.16 9.64 <003
Step 2: Avoidant coping index 0.96 1.61 0.08 G138 0.02 0.91 ns
Step 3: Interaction term —4.40 2.0 -0.30 G.25 0.07 4.58 <.03
Cogunitive task index and composite coping index
predict depression
Step 1: Cognitive sask index —3.89% 1.94 -0.26 0.16 0.16 9.64 <.003
Step 2: Composite coping index ~1.26 (.94 -0.17 0.19 0.02 1.46 ns
Step 3: Interaction term 444 1.38 0.39 0.33 0.15 1042 <.003

Hypothesis 4. Coping Will Mediate the Relationship
Between Cognitive Functioning and Depression

In the tests of mediation, the cognitive index from Time 1 is the
independent variable, coping at Time 2 is the mediator, and CMDI
combined mood and evaluative score at Time 2 is the dependent
variable.

Baron and Kenny (1986) recommended using the Sobel test to
evaluate the significance of the indirect effect of the independent
variable on the dependent variable through the mediator (Sobel,
1982). However, the Sobel test assumes that the indirect effect is
normally distributed, and this assumption may not always hold,
particularly when sample size is small (Bollen & Stine, 1990;
Preacher & Hayes, 2004}. A bootstrapping approach may be more
appropriate for estimating the size and the significance of mediaton
effects (Bollen & Stine, 1990; Preacher & Hayes, 2004). The SPS§
macro published by Preacher and Hayes (2004) was thus used to
calcuiate the Sobel’'s Z and to generate estimates and confidence
mtervals for the indirect effects using a bootstrapping method
with 5,000 resamplings from the data set (sample size = 50),

For the composite coping analysis, the Sabel statistic suggested
a trend toward significance (Z = ~1.78, p < .10). According to
the bootstrap estimates, the indirect effect of cognitive functioning
on depression through coping is different from zero with 95%
confidence (—2.16; lower level 95% confidence interval {CI}:
—4,90; apper ievel 95% CL —0.12). Hence, the bootstrap esii-
mates suggest that the mediation effect for composite coping is
significant at o = 0.03. Figure 2 illustrates the nature of the
mediation relationship. The active and avoidant coping variables
were examined separately. Neither the Sobel statistics nor the
estimates based on the bootstrapping method supporzed the hy-
potheses that these coping indices mediated the relationship be-
tween cognitive functioning and depression,

The Composite Coping Index

The rationale behind using the composite coping index follows
from the idea that individuals would arrive at similar composite
coping scores in different ways—that is, with ineaningfully dif-
ferent combinations of avoldant and active coping index scores.

Similarly, individuals reporting the same levels of active coping
may be using very different levels of avoidant coping, and vice
versa. The composite coping index was hypothesized to be supe-
rior to the active and avoidant indices used separately on the basis
of the assumption that relative levels of active and avoidant coping
should be more related to depression than either factor in isolation.
Table 4 illustrates a selection of individual cases that demenstrate
that participants did exhibit meaningfully different coping profiles
and that these differences were related to their depression scores.

BDiscussion

In the present study, we used a longitudinal design to address
some unresolved issues regarding the relationship among cognitive
functioning, coping, and depression in MS patients. Coping was
evaluated in two conceptually distinct roles: as a moderator of the
refationship between cognitive dysfunction and depression and as
a mediator of the relationship between cognitive dysfunction and
depression. The moderator and mediator roles are not mutuaily
exclusive, and a priori hypotheses speculated that analyses would
reveal support for coping in both moderation and mediation roles,

Coping as a moderator suggests that the relationship between
cognitive dysfunction and depression may be different under dif-
ferent coping conditions {e.g., when active coping is high, vs.
when active coping is low). We hypothesized that when an indi-
vidual uses high levels of adaptive coping, or low levels of
maladaptive coping, cognitive dysfunction will have little effect on
depression: An adaptive coping profile will protect individuals
from experiencing depression that is due to their cognitive deficits.
However, when individuals use low levels of adaptive coping, or
high leveis of maladaptive coping, cognitive dysfunction will put
them at risk for depression. Coping as a mediator suggests that
cognitive dysfunction may affect depression indirectly through its
effect on coping. That is, it 1§ cognitive functioning’s effect on
coping style that is responsible for increased likelihood of depression.
In other words, cognitive functioning is a coping resource. Further-
more, it may be that cognitive deficits impair individuals' ability to
use adaptive coping strategies and leave them more likely to use
maladaptive coping strategies. Such a suggestion is consistent with
“Tennen et al.’s (2000) report that emotion-focused strategies (e.g.,
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Active Coping

CiVID} Mood & Eval t-score

low active cope high aetive cope

Composite Coping

CMEB Mood & Eval t-score

low compeosite cope  high composite cope

Avoidant Coping

58
56
54

52
50 .

a8
46

CMDE Mood & Eval t-score

44

low avoidant cope  high avoidant cope

O——emt> 0w Cognitive Functioning

it High Cognitive Functioning

Figure 1. Active coping moderation model: simple slopes for low and high cogaitive functioning. For the
active, avoidant, and composite coping models, respectively, the unstandardized simple slopes for participants
scoring high on the cognitive index are 0.78, —1.02, and 0.73; the uastandardized simple slopes for participaats
scoring low on (he cognitive index are —35.67, 2.37. and —2.63.

avoidant coping) end to be relied upon more once problem-focused
strategies (e.g., active coping) have been tried and failed.

To operationalize coping, we used three different indices of
coping behavior derived from the COPE (Carver et al., 1989): the
Active Coping subscale, the Avoidan: Coping subscale, and an
index of adaptive coping obtained by taking the difference of the
two subscales. The results of the study support that coping is a
significant moderator and mediator of the relationship between
cognitive dysfunction and depression.

Cognitive Function -4 {-.33%) Depression
{Iv) {DV)
3g*= -.28*
\ Coping

(Medintor}

Figure 2. Standardized regression cosfficients for the - relationship

- besween cognitive dysfunction and depression mediated by composite

coping. The coefficient in parenthesis is the effect of cognitive task
index on depression controlling for the composite coping index. " p < .03,
< 0L 7T p < 005,

These findings help to clarify the relationship among cognitive
dysfunction, coping, and depression in MS patients. First, these
results are consistent with previous work demonstrating that cop-
ing moderaies the relationship between cognitive dysfunction and
depression cross-sectionally (Amett et al., 2002). Additionaly, the
present study extends these findings in several important ways.
The longitudinal nature of the study design has allowed for estab-
lishing temporal precedence of coping refative to the outcome of
interest— depression. Furthermore, the longitudinal design enables
the rigorous evaluation of the hypothesis that coping mediates the
relationship between cognitive dysfunction: and depression in MS.
Considering coping as & mediatar, for the first time, acknowledges
the possible dual role of cognitive capacity in a stress and coping
model—as both a possible stress-causing symptom of the illness
and a coping resource. Highlighting that cognitive deficits may
deplete coping resources has important implications for how cop-
ing should be understood and addressed in M3 patients who may
have significant cognitive impairment.

The Composite Coping Index

Another contribution of the present study is the unique way in
which coping style was operationalized. In addition to examining
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Table 4
Coping and Depression Scores for a Selection of Six Individual Cases
Active 2 Avoidant 2 Composite
Case score score coping Depression

Cases 1 & 2 matched on active coping

1 0.5 i.1 611

2 -0.3 1.0 50.6
Cases 3 & 4 matched on avoidant coping

3 ~1.5 0.9 —-14 G3.7

4 0.9 -0.3 41.8
Cases 3 & & matched on compaosile coping

5 3.8 32 62.1

6 ~2.5 6.7 32 64.4

Note. Pairs of cases matched on one of the three coping variables: active coping z score and avoidant coping
2 score {both derived from the COPE) and composite coping (active coping £ score minus avoidant coping ¢
score); Depression = Chicago Multiscale Depression Inventory moed and evaluative scales.

active coping as an index of adaptive coping strategies and
avoidant coping 4s an index of maladaptive coping strategies, we
inciuded a composite index that took into account the relative
contributions of both active and avoidant coping. Many previous
studies that have examined the impact of coping style on psycho-
social outcomes have operationalized coping by using only one of
the independent coping subscales or higher order factors from
either the Ways of Coping Scale (Folkman & Lazarus, 1988) or the
COPE (Carver et al., 1989). There are obvious strengths of this
approach. Carver and colleagues provided both theoretical and
empirical support that the COPE’s four higher order coping factors
are conceptually distinet (Carver et al., 1989). It follows that these
independent factors should be evaluated separately 1o ascertain the
impact of each coping style on ar outcome of interest.

There are also Hmitations to Carver et al.’s (198%) approach.
Specifically, it fails to provide a complete functional portrait of the
individual’s coping style. There is a precedent in the literature of
using the COPE’s active coping factor as an index of adapiive
coping strategies and using the avoidant coping factor as an index
of maladaptive coping (Arnett et al., 2002; Carver et al., 1989).
This previous work has broadened our understanding of what these
coping factors measure and how they are related to important
psychosocial outcomes. A logical next step is to begin to consider
how these subtypes of coping behavior co-occur in an individual—
both within and across stressful situations—-and how these distinct
styles interact to influence outcomes. The present study begins io
address this isste by combining the active and aveidant factor
scores to obtain an index of adaptive relative to maladaptive
coping. The utility of this approach is supported by the finding that
this composite index was a better predictor of depression than
either of the independent factor scores. Additionally, of the three
coping variables examined, only the composite coping variable
was a significant mediator of the relationship between cognitive
dysfunction and depression.

Further support for utifity of the composite coping index comes
from the examination of individual cases (see Table 4}. As Table 4
illustrates, individuals matched on the active or avoidant coping
index did have very different scores for the remaining coping
index {Cases 1 through 4), and these differences may be related to
differences in reported depression, Furthermore, Cases 5 and 6
achieved the same composite coping score in very different ways

(i.e., with different combinations of active and avoidant coping}.
Despite their dissimilar coping profiles, these twe individuals
reported similar levels of depression.

Clinical Implications

There are distinct clinical implications of the demonstrated
importance of coping in both its moderator and its mediator roles.
The finding that coping is a significant moderator of the relation-
ship between cognitive dysfunction and depression suggests that
interventions targeting coping behaviors may be successful in
preventing or alleviating depression in MS patients. Although
several research studies have examined the role of coping in
adjustment to chronic illness (Aikens et al,, 1997; Amett et al,
2002; Foley et al, 1987, Jean et al, 199%; Pakenham, 1599,
Pakenham et al, 1997; Schwartz, 1999; Warren et al., 1991),
coping scales are seldom used clinically. The COPE is easily and
quickly administered and scored. The present findings offer guide-
lines for interpreting self-reported coping in a clinically relevant
way in MS patients. This work, along with other research (Aikens
etal., 1997; Amett et al., 2002; Foley et al., 1987; Jean et al., 1999;
Pakenham, 1999; Pakenham et al., 1997; Schwartz, 1999; Warren
et al., 1991), suggests that when chronic iliness patients use high
levels of avoidant coping, or low jevels of active coping, they are
at high risk for developing depression, particularly under condi-
tions of disease-related stress. The results of the present study
support that this relationship holds longitudinally-—that is, mal-
adaptive coping style precedes depression. It is possibie that ad-
ministering the COPE in clinical settings could help identify
individuals who are at risk for developing depression and that talk
therapy interventions designed to teach more adaptive coping
strategies may be an effective preventative treatment for these
individuals. Research has supported the efficacy of cognitive—
behavieral therapy (CBT) for depression in depressed MS patients
{(Mohr, 1999; Mohr, Boudewyn, Goodkin, Bostrom, & Epstein,
2001; Mohr, Hart, & Goldberg, 2003; Mohr et al,, 2000). Given
that CBT focuses on adaptive coping and skill building, CBT's
efficacy for treating depression in MS may be due to direct effects
on coping behaviors. It shoutd be noted that 7 of the MS patients
in this sample participated in psychotherapy for depression be-
tween time points, which may have, in part, contributed to the
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results reported. However, this subgroup is o small for any
rigorous examination of a relationship between depression treat-
ment and coping or depression.

The finding that coping was a significant mediator of the rela-
tionship between cognitive dysfunction and depression suggests
that individuals with high levels of cognitive dysfurction may
have difficulty using active coping strategies as a result of their
disability. There are important clinical implications of this finding.
As a result of cognitive dysfunction, depressed patients with neu-
ropsychologicai deficits may be different from depressed patients
without neuropsychological dysfunction in their ability to integrate
and apply skilis leamed in therapy. Clinicians who serve these
clients must be aware that cognitive limitations may interfere with
therapeutic change in this way. To increase treatment efficacy,
therapists may need to augment traditional CBT interventions for
depression to make them more accessible to cognitively compro-
mised clients.

Limitations

There are Hmitations of the present study that should be high-
lighted. The sample size is relatively small, with 33 participants.
Hence, the study may have been underpowered to identify small-
to-moderate effects. This may explain why the active and avoidant
coping indices were not statistically significant mediators of the
relationship between cognitive dysfunction and depression. How-
ever, the fact that significant moderation and mediation effects
were demonstrated for the composite coping index, and that sig-
nificant moderation effects were demonstrated for all three coping
indices (composite, active, and avoidant}, suggests that these ef-
fects are robust.

Another possible limitation of the present study is that depres-
sion was operationalized on a continuous scale using the CMDI, as
opposed to using a diagnostic interview to distinguish between
subthreshoid depression symptoms and MDD diagnosis. Because
depression was not diagnosed, conclusions based on these results
shouid be extended to individuals with a diagnosis of MDD with
great caution. One advantage, however, to having operationalized
depression continuously is that it has aliowed for the examination
of clinically relevant depression symptoms in individuals who may
be subthreshold for an MDD diagnosis. Because these symptoms
have a significant impact on quality of life, understanding the
possible causal and preventative correlates of sub-MDD depres-
sive symptoms may have significant implications for improving
patients’ weifare.

The cognitive index used 1o operationalize cognitive functioning
includes measures of speeded attention, working memory, and
planning, These domains of cognitive functioning were selected
for the present study based on previous work demonstrating that
these cognitive functions are most associated with depression in
MS patients (Arnett, 2003; Arnett et al., 2001; Landre et al., 2004;
Thornton & Raz, 1997). Additionally, this coliection of cognitive
skills is consistent with conceptualizations of executive function-
ing {Baddeley, Sata, Robbins, & Baddeley, 1996; Miyake & Shah,
1999), and previous work supports the role of executive function-
ing in adaptive coping (Krpan et al, 2007). However, ceriain
cognitive domains were not included in the operationalization of
cognitive functioning. Notably, no measure of long-terin memory
was included in the cognitive index. Future work on the relation-

ship between cognitive dysfunction and coping should evaluate
which cognitive domains are most relevant to coping and depres-
sion in MS patients.

In the present study, coping was operationalized from a dispo-
sitional perspective. Coping has also been conceptualized from 2
process perspective, which higblights that coping changes over
time in response to the dynamic situational context in which it
ocecurs (Lazarus, 1993). This perspective acknowledges the impor-
tant infiuence of context on an individual's choice of coping
strategy. Research on coping as a process has offered an important
contribution to the understanding of emotional and cognitive re-
sponses to stress, and application of this perspective is yet to be
applied to an understanding of cognitive dysfunction and depres-
sion in MS patients.

The most significant limitation of the present study is its corre-
lational design, which precludes causal statements regarding the
roles of cognitive dysfunction and coping in depression. In this
sample, both coping style and depression were relatively stable
(see Table 2). A maladaptive coping style may lead to depression
in individuals with MS; however, on the basis of these data, one
could just as easily infer that depression is driving coping style.
Future work should aim to extend these findings by examining the
efficacy of coping-based interventions for the treatment of depres-
sion in MS. Although there are studies that have evalvated CBT
therapy in depressed individuals with MS (Mohr, 1999; Mohr et
al., 2001, 2003; Mohr et al., 2000), this work has not explicitiy
measured or evaluated coping as a mediator or moderator of
therapeutic change. Furthermore, coping style may influence an
individual's approach to the testing situation. Therefore, it is quite
plausible that coping is causally related to performance on cogni-
tive tests. Very little in the current literature has addressed the
relationship between cognitive functioning and coping. The
present findings suggest that this relationship may be clinicaily
meaningful in neurological populations. Much could be done in
future work to illuminate the nature of this relationship.

1t is important 10 note that the best fitting moderation model
accounted for 33% of the vardance in predicting depression n this
population. Depression in M$ is complex and influenced by mul-
tiple factors at the neurobiological, psychological, behavioral, and
environmental levels. Furthermore, the extent to which these fac-
tors lead to depression may be idiosyncratic across individuals.
Qur group’s recent model of depression in MS highlights this
complexity (Armett et al., 2008). The models presented here sug-
gest that interactive and mediational relationships between cogni-
tive functioning and coping explain a significant, perhaps clinically
relevant, proportion of the variance in depression. It is likely that
other factors (brain pathology, fatigue, social support, elc.) also
play an important role in depression risk for MS patients.

Summary and Conclusions

The results of the present study support that coping is bath a
moderator and partial mediasor of the relationship between cogni-
tive dysfunction and depression in MS patients. These findings
have important clinical implications that shouid be evaluated in
future rescarch. This work, along with other research that has
contribused to 2 model of depression in MS (Asmet: et al., 2008},
has led to an improved understanding of the factors that affect
quality of life for MS patients. This understanding comes with the
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promise that clinicians can effectively intervene to improve quality
of life for this patient group. The extent to which the present
findings may extend to other populations is an empirical guestion
that could be addressed by fusure research.
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