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sclerosis
Direct and indirect effects of comorbidity

ABSTRACT

Objective: To evaluate the direct and indirect influences of physical comorbidity, symptoms of
depression and anxiety, fatigue, and disability on health-related quality of life (HRQoL) in persons
with multiple sclerosis (MS).

Methods: A large (n 5 949) sample of adults with MS was recruited from 4 Canadian MS clinics.
HRQoL was assessed using the patient-reported Health Utilities Index Mark 3. Expanded Disa-
bility Status Scale scores, physical comorbidity, depression, anxiety, and fatigue were evaluated
as predictors of HRQoL in a cross-sectional path analysis.

Results: All predictors were significantly associated with HRQoL and together accounted for a
large proportion of variance (63%). Overall, disability status most strongly affected HRQoL
(b 5 20.52) but it was closely followed by depressive symptoms (b 5 20.50). The direct asso-
ciations of physical comorbidity and anxiety with HRQoL were small (b 5 20.08 and 20.10,
respectively), but these associations were stronger when indirect effects through other variables
(depression, fatigue) were also considered (physical comorbidity: b520.20; anxiety: b520.34).

Conclusions: Increased disability, depression and anxiety symptoms, fatigue, and physical comor-
bidity are associated with decreased HRQoL in MS. Disability most strongly diminishes HRQoL
and, thus, interventions that reduce disability are expected to yield the most substantial improve-
ment in HRQoL. Yet, interventions targeting other factors amenable to change, particularly
depression but also anxiety, fatigue, and physical comorbidities, may all result in meaningful im-
provements in HRQoL, as well. Our findings point to the importance of further research confirming
the efficacy of such interventions. Neurology® 2016;86:1417–1424

GLOSSARY
CFI5Comparative Fit Index; CI5 confidence interval;DSM-IV5Diagnostic and Statistical Manual of Mental Disorders, 4th
edition; EDSS 5 Expanded Disability Status Scale; HADS 5 Hospital Anxiety and Depression Scale; HADS-A 5 Hospital
Anxiety and Depression Scale anxiety subscale; HADS-D 5 Hospital Anxiety and Depression Scale depression subscale;
HRQoL 5 health-related quality of life; HUI3 5 Health Utilities Index Mark 3; MS 5 multiple sclerosis; NARCOMS 5 North
American Research Committee on Multiple Sclerosis; RMSEA 5 root mean square error of approximation.

Persons with multiple sclerosis (MS) report lower health-related quality of life (HRQoL) as com-
pared to general and other chronic disease populations.1–3 Factors such as age, sex, socioeco-
nomic status, disability status, depression, and fatigue have been associated with HRQoL in
MS.4 Comorbidity is high in MS and the most prevalent comorbidities include mental health
conditions, such as depression and anxiety, and physical conditions, such as hypertension,
hyperlipidemia, and chronic lung disease.5 While comorbidity is associated with reduced
HRQoL for other chronic diseases,6 little is known about its influence in MS.

Our objective was to evaluate the extent to which physical comorbidity, depression, anxiety,
and other factors previously associated with HRQoL in MS (disability, fatigue)7,8 exert both
direct and indirect influences on HRQoL. For example, if increasing physical comorbidity
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worsens fatigue and the increase in fatigue, in
turn, reduces quality of life, this would repre-
sent an indirect effect of physical comorbidity
on HRQoL. Previous research identifying fac-
tors that contribute to HRQoL in MS has
primarily considered predictors indepen-
dently. However, relations exist among them
and their overlap may also represent mecha-
nisms by which individual predictors further
diminish HRQoL. Thus, we evaluated
whether the predictors considered in the pre-
sent study also affected HRQoL indirectly, by
modifying one another, in addition to affect-
ing HRQoL directly. We hypothesized that
disability, physical comorbidity, and symp-
toms of anxiety and depression would have
direct and indirect effects on HRQoL and that
fatigue would have a direct influence on
HRQoL.

METHODS Study population. From July 2010 through

March 2011, 949 adults with definite MS were recruited through

consecutive visits at 4 MS clinics across Canada: Alberta, British

Columbia, Manitoba, and Nova Scotia. See appendix e-1 on the

Neurology® Web site at Neurology.org for sample size

justification. Inclusion criteria were a confirmed diagnosis of

definite MS according to the prevailing diagnostic criteria at the

time,9,10 aged 18 years or older, fluent in English, residence in the

province where data collection was occurring, and ability to

provide informed consent.

Clinical information. We captured demographic and clinical

information from medical records using a standardized data

abstraction form including sex, date of birth, race, age at MS

symptom onset, clinical course, and Expanded Disability Status

Scale (EDSS)11 as recorded on the day of recruitment.

Self-report measures. HRQoL was operationalized as the func-

tional effect of a health condition on physical and mental well-

being from the perspective of the affected individual using

continuous global utility scores from the Health Utilities Index

Mark 3 (HUI3). The HUI3 is a 15-item generic utility

measure that assesses patient-reported health states with respect

to vision, hearing, speech, mobility, dexterity, emotion,

cognition, and pain. Attribute scores are aggregated into a

single measure (global utility score) ranging from 0 (death) to

1 (perfect health) but allow for negative states considered worse

than death.12 The multi-attribute scoring function used was

derived from community preferences obtained for a random

sample of Canadians.12 The HUI3 is valid and reliable in the

MS population.13

Physical comorbidity was operationalized as the total number

of physical illnesses other than MS ever diagnosed as reported on

a validated comorbidity questionnaire.14 Although the question-

naire also asked about several psychiatric illnesses, these were not

included in the physical comorbidity count. Instead, depression

and anxiety, specifically, were represented in the analysis as sever-

ity of symptoms experienced in the past week based on continu-

ous scores from the Hospital Anxiety and Depression Scale

(HADS). The current level of symptoms was considered more

relevant to perceived HRQoL than having ever been diagnosed

with anxiety or depression. The HADS is a 14-item self-

administered questionnaire for assessing symptoms of anxiety

and depression in the medical outpatient clinic setting.15 In the

MS population, a score of $8 on the depression subscale

(HADS-D) has a sensitivity of 90% and a specificity of 87.3%

as compared to major depression defined by the Structured Clin-

ical Interview for DSM-IV.16 A score of $8 on the anxiety sub-

scale (HADS-A) has a sensitivity of 88.5% and a specificity of

80.7% for generalized anxiety disorder.16

Fatigue was operationalized as the continuous total score on

the Fatigue Impact Scale for Daily Use, a validated 8-item instru-

ment.17 Each item is scored from 0 (no) to 4 (extreme problem),

and the items are summed to achieve a total score.

Standard protocol approvals and patient consents. Institu-
tional ethics approval was obtained at all sites and participants

provided informed consent.

Statistical analysis. The relation between each of EDSS, phys-

ical comorbidity, depression, anxiety, fatigue, and HRQoL was

evaluated using path analysis. Missing values were imputed using

regression imputation and the models were estimated using max-

imum likelihood in Amos 20.18 Missing data were minimal: 5.0%

of EDSS, 2.0% of HADS-D, 1.8% of HADS-A, and 0.9% of

HUI3 data were missing. Imputation was necessary because the

technique used to test the significance of indirect effects (bias-

corrected bootstrap confidence intervals [CIs]) requires complete

data. However, similar parameter estimates were obtained when

either the original dataset or dataset with imputed values was

analyzed.

Several indices were used to evaluate model fit. The x2 test

assesses the difference between the observed covariance matrix

and the estimated covariance matrix under the restrictions

imposed by the hypothesized model.19 Because trivial differences

between sample and estimated covariance matrices are often sig-

nificant with large samples such as ours, other fit indices were also

considered.20 The Comparative Fit Index (CFI) assesses the pro-

portionate improvement in fit by comparing the hypothesized

model with the independence model (i.e., model with no corre-

lations among observed variables). The root mean square error of

approximation (RMSEA) estimates the discrepancy or lack of fit

in the hypothesized model compared to the saturated model (i.e.,

model with correlations among all observed variables). A nonsig-

nificant (a 5 0.05) x2 value, CFI $0.95, and RMSEA #0.05

indicate satisfactory model fit.19

Bias-corrected bootstrap CIs were used to estimate 95% CIs

for all model parameters. Parameters with CIs not including 0

were considered statistically significant at the 0.05 level. Tests

of significance were based on unstandardized coefficients; how-

ever, standardized coefficients are presented and discussed to fully

describe the results of the model. Please see the note below table

1 for direction on interpretation of path coefficients.

Figure 1 provides a simplified illustration of the model that

was tested. The model included direct associations of the hypoth-

esized predictors (EDSS, physical comorbidity, depression, anxi-

ety, fatigue) and HRQoL. A correlation between physical

comorbidity and EDSS was included, as were direct associations

of both EDSS and physical comorbidity with depression, anxiety,

and fatigue and both depression and anxiety with fatigue so that

indirect effects through the latter variables could be examined.

Because depression and anxiety frequently co-occur with no clear

indication of temporal/causal priority, feedback effects were mod-

eled between these 2 variables.21 The unstandardized coefficients

of the bidirectional effects were restrained to be equal to allow for

identification of the model.22 Finally, direct associations of
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important demographic/disease variables (sex, age, disease course,

disease duration, disease-modifying therapy use) and HRQoL were

included in the model so that the hypothesized predictors could be

examined while accounting for these variables. Correlations between

the hypothesized predictors and the demographic/disease variables

were included where appropriate (all demographic/disease variables

were correlated with one another as well as with the hypothesized

predictors except for sex with age, sex with disease duration, and sex

with fatigue). The demographic/disease variables and their associa-

tions are not shown in figure 1 to simplify interpretation.

Table 1 Path coefficients for the predictors of health-related quality of life (HRQoL) in the multiple sclerosis sample

Effects on HRQoL

Direct Indirect Total

B SE 95% CI b B SE 95% CI b B SE 95% CI b

Disability status
(EDSS)

20.06 0.004 20.068 to 20.053 20.40 20.02 0.003 20.025 to 20.013 20.12 20.08 0.004 20.087 to 20.070 20.52

Depression (HADS-D) 20.03 0.003 20.031 to 20.019 20.28 20.02 0.002 20.023 to 20.016 20.22 20.04 0.003 20.049 to 20.039 20.50

Anxiety (HADS-A) 20.01 0.002 20.012 to 20.004 20.10 20.02 0.001 20.021 to 20.016 20.24 20.03 0.002 20.031 to 20.022 20.34

Fatigue (DFIS) 20.01 0.001 20.013 to 20.008 20.27 — — — — 20.01 0.001 20.013 to 20.008 20.27

Physical comorbidities 20.02 0.006 20.032 to 20.009 20.08 20.03 0.005 20.043 to 20.023 20.13 20.05 0.007 20.067 to 20.038 20.20

Abbreviations: b 5 standardized coefficient; B 5 unstandardized coefficient; CI 5 confidence interval; DFIS 5 Daily Fatigue Impact Scale; EDSS 5

Expanded Disability Status Scale; HADS-A 5 Hospital Anxiety and Depression Scale–anxiety; HADS-D 5 Hospital Anxiety and Depression Scale–
depression.
Larger values on the Health Utilities Index Mark 3 represent better HRQoL; therefore, negative coefficients should be interpreted as indicating worsening
HRQoL. Standardized direct coefficients can be interpreted as the number of SD change in HRQoL that is associated with a 1-SD change in the predictor
when all other predictors are held constant. Standardized indirect coefficients can be interpreted as the number of SD change in HRQoL when the predictor
is held constant and the intermediate variable(s) changes by the amount it would have changed had the predictor increased by 1 SD unit. Total coefficients
are the sum of direct and indirect coefficients. For example: HRQoL is expected to worsen by 0.40 SDs for each 1-SD increase in disability status; HRQoL is
expected to worsen by 0.12 SDs when depression, anxiety, and fatigue change by the amount associated with a 1-SD increase in disability status; via all
direct and indirect influences presumed, HRQoL is expected to worsen by 0.52 SDs for each 1-SD increase in disability status.

Figure 1 Path analysis model of predictors of health-related quality of life (HRQoL) in multiple sclerosis (MS)

The value on the double-headed arrow is a correlation coefficient; values on single-headed arrows are standardized regres-
sion coefficients; the value to the upper right of the dependent variable is the squared multiple correlation. CFI 5 Compar-
ative Fit Index; CI 5 confidence interval; DFIS 5 Daily Fatigue Impact Scale; EDSS 5 Expanded Disability Status Scale;
HADS-A 5 Hospital Anxiety and Depression Scale anxiety subscale; HADS-D 5 Hospital Anxiety and Depression Scale
depression subscale; HUI 5 Health Utilities Index; RMSEA 5 root mean square error of approximation.
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RESULTS See figure 2 for the number of individu-
als at each stage of study. Participant characteristics
and mean scores on the measures of interest are
reported in table 2. Of note, 63% of the sample
had HRQoL scores that are considered to reflect
severe disability (i.e., HUI3 global utility score
,0.7023). Thirty-nine percent of the sample
reported clinically meaningful symptoms of anxiety
and 21% reported clinically meaningful symptoms
of depression (i.e., a score $8).16 The number and
percentage of participants reporting physical or
psychiatric comorbidities is shown in table 3. The
most frequently reported comorbidities were
depression (29.0%), hypertension (17.8%),
migraine (17.3%), hypercholesterolemia (12.4%),
and anxiety disorder (11.5%).

Figure 1 presents the model fit results as well as
standardized regression coefficients. All of the direct
associations shown in figure 1 were statistically signif-
icant. EDSS and physical comorbidity were more
strongly associated with depression (b 5 0.27, b 5

0.14, respectively) than with anxiety (b 5 20.15,
b 5 0.08, respectively). Depression was most
strongly associated with fatigue (b 5 0.45), followed
by anxiety (b 5 0.18), and then EDSS and physical
comorbidity, which had similar magnitudes of associ-
ation with fatigue (b 5 0.13, b 5 0.12, respectively).
EDSS, physical comorbidity, depression, and anxiety
all exhibited statistically significant indirect effects, in
addition to statistically significant direct effects, on
HRQoL (table 1).With both direct and indirect effects
considered, EDSS had the strongest adverse effect on
HRQoL (b 5 20.52), closely followed by depression

symptoms (b520.50), then anxiety symptoms (b5

20.34), fatigue (b520.27), and physical comorbid-
ity (b 5 20.20). The influence of EDSS on HRQoL
was primarily direct while the influence of depression
symptoms on HRQoL was more equally split between
direct and indirect paths. For anxiety symptoms and
physical comorbidity, the proportion of the overall
association with HRQoL arising from indirect effects
was larger than that from direct effects. The predictors
together accounted for 63% of the variance in the
HRQoL variable.

DISCUSSION We investigated direct and indirect ef-
fects of disability, depression, anxiety, fatigue, and
physical comorbidity on HRQoL in MS. The effect
of physical comorbidity on HRQoL in MS has rarely
been considered. One study restricted to relapsing-
remitting MS (n 5 262) that used the Short Form-
36 health survey reported poorer physical HRQoL
in patients with comorbid musculoskeletal and
respiratory conditions compared to patients without
those disorders. This study also found poorer mental
HRQoL in patients with headaches and urinary and
digestive tract problems.24 Of 335 people with MS
who responded to the Canadian Community Health
Survey, those with one or more comorbid illnesses
had a lower mean HRQoL as measured by the
HUI3 than those without a comorbidity (0.52 vs
0.64).25 Using the Short Form-12, the association
of comorbidity and HRQoL was investigated with
8,983 participants in the North American Research
Committee on Multiple Sclerosis (NARCOMS)
registry.26 After adjustment for sociodemographic
and clinical factors, physical HRQOL decreased as
the number of comorbidities increased. In addition,
participants with any mental comorbidity had worse
mental HRQoL than those without a mental
comorbidity. By contrast, one study that examined
only comorbid migraine reported no effect on
physical or mental HRQoL composite scores from
the MSQoL-54.27 However, the sample size of this
study was small (44 patients with and 44 without
comorbid migraine) and the analyses may have been
underpowered. Furthermore, while the MSQoL-54
composite scores were unaffected, patients with
comorbid migraine had worse scores on subscales
for role limitations due to physical problems, bodily
pain, and health perceptions.27

Our results are consistent with this limited avail-
able research in demonstrating that physical comor-
bidity diminishes HRQoL in MS. The relation of
physical comorbidity to HRQoL was weaker in com-
parison to other predictors examined and modifica-
tion of factors such as disability and depression
would clearly be expected to result in greater improve-
ments in HRQoL. Nonetheless, the unstandardized

Figure 2 Recruitment process and flow of participants in multiple sclerosis (MS)
clinics

*Patients seen multiple times (e.g., for relapse visits or clinical trials) within the recruitment
period were only counted once. **Recruiter missed participants in the clinic. Thus, partici-
pation rate 5 949/(1,144–5) 5 82.6%.
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regression coefficient corresponding to the total effect
of physical comorbidity on HUI3 was 20.05, indicat-
ing that an increase of one physical comorbidity corre-
sponded to a decrease of 0.05 points on the HUI3
global utility score. As differences of 0.03 or greater
in HUI3 global utility scores are considered clinically
important,28 our findings suggest that screening and
treatment for physical comorbidities could lead to
meaningful improvement in HRQoL for patients with
MS and demonstrate the importance of an awareness of
the potential effects of physical comorbidity in MS
clinical practice. However, because our study did not
evaluate interventions for comorbidities, future research
is necessary to determine if such interventions can
improve HRQoL for those with MS.

In addition to contributing to the emerging evi-
dence that HRQoL is worse for patients with MS with
physical comorbidities, the present findings also offer
new information about the mechanisms of the effect.
Our results suggest that, although the direct influence
on HRQoL is modest, physical comorbidity worsens
symptoms of depression, anxiety, and fatigue, all of
which are themselves important determinants of
HRQoL for persons with MS. Past research reporting
associations of physical comorbidity with depression
and fatigue provides support for the intermediate rela-
tions we observed. For depression, in 8,983 partici-
pants from the NARCOMS registry, those reporting
the presence of any physical comorbidity had an
increased risk of a diagnosis of depression after MS
onset and were more likely to self-report current
depressive symptoms that suggested probable major
depression.29 For fatigue, in a study of the effectiveness
of fatigue self-management education in 181 patients
with MS, those reporting arthritis, diabetes, heart con-
ditions, and respiratory conditions had worse fatigue at
baseline, while comorbid diabetes and arthritis moder-
ated fatigue improvement over the course of the trial.30

Thus, although few studies have explored the impor-
tant intermediate relations that we observed, support
for such relations does exist.

The effect of comorbid psychiatric conditions on
HRQoL in MS has received more attention than
the effect of physical comorbidities. Specifically,
worse HRQoL has been observed for patients with
MS with clinical diagnoses of depression and self-
reported depression symptoms in both cross-
sectional and longitudinal studies.1,26,31–33 As in the
present study, when multiple determinants of
HRQoL in MS have been examined concurrently,
depression has frequently emerged as one of the most,
if not the most, important predictors.1 While disabil-
ity status was most strongly associated with HRQoL
in our study, the magnitude of the overall relation
between depressive symptoms and HRQoL was sim-
ilar (b 520.52 for EDSS vs b5 20.50 for depres-
sion). Importantly, however, our results suggest that
the relation of depression to HRQoL is almost
equally split between a direct association and an indi-
rect association through its influence on anxiety or
fatigue. Fatigue is one of the most frequent and dis-
abling symptoms of MS34 and it often emerges as an
important predictor of HRQoL.1 An association
between depression and fatigue is well-established34

and it is not surprising that overlap between these
factors in their relation to HRQoL exists. Thus, our
results indicate the influence of depression on
HRQoL in MS may be partly mediated by its effects
on fatigue, although it could be argued that the dis-
abling nature of fatigue may contribute to depression,
as opposed to depression influencing fatigue in MS.

Table 2 Characteristics of themultiple sclerosis
sample

Variables Values

Sex, n (%)

Female 714 (75.2)

Male 235 (24.8)

Age, y, mean (SD) 48.62 (11.42)

Disease duration, y, mean (SD) 15.43 (10.21)

EDSS, median (IQR) 2.50 (3.50)

Clinical course, n (%)

RR 687 (72.4)

SP 193 (20.3)

PP 60 (6.3)

CIS 5 (0.5)

Unknown 3 (0.3)

Physical comorbidities, n (%)

0 405 (42.7)

1 279 (29.4)

2 149 (15.7)

3 76 (8.0)

‡4 40 (4.2)

Current DMT use, n (%)

No 477 (50.3)

Yes 466 (49.1)

DFIS, mean (SD) 12.55 (8.25)

HADS-D, mean (SD) 4.72 (3.58)

HADS-A, mean (SD) 6.56 (4.06)

HUI3 global index, mean (SD) 0.54 (0.32)

Abbreviations: CIS 5 clinically isolated syndrome; DFIS 5

Daily Fatigue Impact Scale; DMT 5 disease-modifying ther-
apy; EDSS 5 Expanded Disability Status Scale; Hospital
Anxiety and Depression Scale–anxiety; HADS-D 5 Hospital
Anxiety and Depression Scale–depression; HUI3 5 Health
Utilities Index Mark 3; IQR5 interquartile range; PP5 primary
progressive; RR 5 relapsing-remitting; SP 5 secondary
progressive.
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The current cross-sectional analysis does not allow us
to investigate the directionality of the relation; this
will require future longitudinal analyses.

In contrast to depression, the relation between
anxiety and HRQoL in MS has been examined far
less often.8,35,36 While prior studies generally report
reduced HRQoL when anxiety is evaluated inde-
pendently,8,37,38 this association tends to be weaker
than that for depression,37,38 and anxiety has not
always been a predictor of HRQoL once EDSS
and depression were controlled for.8 In the current
study, increased symptoms of anxiety were directly
associated with reduced HRQoL and, as was the
case for physical comorbidity, the relation between
anxiety and HRQoL was stronger when its indirect
influence via depression and fatigue was considered.
Anxiety did not affect HRQoL as strongly as EDSS
and depression, however. Of note, the HADS does
not distinguish subtypes of anxiety disorders
and likely identifies generalized anxiety and panic
symptoms rather than symptoms of more
situation-specific disorders such as social anxiety.
Social anxiety was found to be prevalent and asso-
ciated with lower HRQoL in MS.38 Thus, the

association of anxiety with HRQoL may still be
underestimated and future research is necessary to
better understand the contribution of anxiety in its
various forms to HRQoL in MS.

Limitations of the present study include its cross-
sectional nature and our inability to establish causal
relations among the constructs examined. Physical
comorbidity was measured using only self-reported
data although the questionnaire used has been vali-
dated against medical record review in patients with
MS14 and self-reported comorbidity has been associ-
ated with HRQoL at least as well as comorbidity data
from medical records.39,40 The present analysis did
not differentiate the relative importance of individual
physical comorbidities and instead investigated the
total burden of common physical comorbidities in
MS. Individual physical comorbidities likely vary in
their influence on HRQoL26 and further investigation
is necessary to identify those contributing most to
HRQoL, as well as the effects of the duration, sever-
ity, and treatment of the comorbidities. We recruited
participants through MS clinics and included a high
proportion of relapsing-onset cases. Thus, the ability
to generalize findings to those with progressive-onset
disease may be limited. The model did not include all
possible contributors to HRQoL in MS; future inves-
tigations should attempt to evaluate others, such as
cognition. Finally, the x2 value for the model was
significant, suggesting inadequate model fit. How-
ever, as noted previously, small departures from the
sample covariances may reach statistical significance
when large samples such as ours are examined. In
contrast, CFI and RMSEA values were within the
range indicating satisfactory fit.

The strengths of our study include the large sam-
ple and the focus on a clinically relevant and impor-
tant knowledge gap in MS. Importantly, both the
independent and overlapping contributions of disa-
bility, symptoms of depression and anxiety, fatigue,
and physical comorbidity to HRQoL were exam-
ined, with demographic and disease-related variables
accounted for. Neurologic disability, symptoms of
depression and anxiety, fatigue, and physical comor-
bidity were all associated with HRQoL and,
together, accounted for a large proportion of vari-
ance in HRQoL. While the direct associations of
physical comorbidity and anxiety with HRQoL
were relatively modest, their associations increased
when their effects on depression and fatigue were
considered. Interventions that reduce neurologic
disability are expected to yield the most substantial
improvement in HRQoL for those with MS. None-
theless, as a complement to treatments aimed at
reducing neurologic disability, interventions target-
ing other factors amenable to change, particularly
depression but also anxiety, fatigue, and physical

Table 3 Frequency of comorbid conditions in the
multiple sclerosis sample

Condition No. (%)

Depression 274 (29.0)

Hypertension 168 (17.8)

Migraine 164 (17.3)

Hypercholesterolemia 118 (12.4)

Anxiety disorder 109 (11.5)

Lung disease (COPD) 93 (9.8)

Irritable bowel syndrome 75 (7.9)

Thyroid disease (not cancer) 74 (7.8)

Osteoporosis 57 (6.0)

Cataracts 42 (4.4)

Diabetes mellitus 38 (4.0)

Rheumatoid arthritis 35 (3.7)

Fibromyalgia 34 (3.6)

Heart disease 28 (3.0)

Inflammatory bowel disease 18 (1.9)

Glaucoma 14 (1.5)

Peripheral vascular disease 14 (1.5)

Bipolar disorder 13 (1.4)

Epilepsy 11 (1.2)

Lupus 9 (1.0)

Schizophrenia 1 (0.1)

Abbreviation: COPD 5 chronic obstructive pulmonary
disease.
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comorbidities, may all result in meaningful im-
provements in HRQoL, as well. Our findings point
to the importance of further research confirming the
efficacy of such interventions.
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