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Abstract

Background: Though many people with multiple sclerosis (MS) have comorbidities, the use of generic and
disease-specific health related quality of life (HRQOL) scales to discriminate the effects of comorbidity has
not been established. The utility of these scales to discriminate differences between persons with varying
levels of disability is also unknown.

Methods: Using online questionnaires, a convenience sample of Albertans with MS was recruited between July 2011
and March 2013. Participants completed demographic questions, a validated comorbidity questionnaire, a self-reported
disability scale, and the following HRQOL scales: the Short Form (SF)-36, SF-6D, Health Utilities Index-Mark III (HUI-III),
and Multiple Sclerosis Quality of Life-54 (MSQOL-54). The ability of each HRQOL scale to distinguish between
comorbidity groups was assessed using a one-way analysis of covariance, adjusting for age, sex, disease course, and
disability level.

Results: Five hundred sixty three participants completed all relevant questionnaires. All HRQOL measures distinguished
between persons with or without depression, while none were able to distinguish between participants with or
without hypertension, thyroid disease, irritable bowel syndrome, or osteoporosis. The SF-36 physical scale, SF-6D, HUI-III,
and MSQOL-54 physical scales were able to distinguish between all disability groups, though the HUI-III was better able
to distinguish between individuals with moderate versus severe disability.

Conclusions: Disease-specific measures would discriminate better between those with and without comorbidities
than generic-specific measures and the HUI-III would discriminate best between persons with differing severities of
disability. Generic or disease-specific measures may be useful in future studies examining the effects of comorbidity in
MS and the effects of treatment of comorbidities in MS.
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Background
Comorbidity is increasingly recognized to be common in
multiple sclerosis (MS), including physical and psychiatric
comorbidity [1]; over 40% of the MS population may
suffer from comorbidities depending on the age and sex of
the population [2]. Some studies suggest that the presence
of certain comorbidities is associated with delayed diagno-
sis, accelerated disability progression, and an increased
risk of gadolinium-enhancing lesions on MRI [3, 4].

Several studies also report that physical and psychiatric
comorbidity adversely affect health-related quality of life
(HRQOL), suggesting that improved treatment of
comorbidity may be one means of improving HRQOL in
MS [5–7]. However, prior studies of the association
between comorbidity and HRQOL differ with respect to
the instruments used to assess HRQOL [8–11]. Instru-
ments used in prior comorbidity studies in MS include
the Short Form (SF)-12 [12], SF-36 [9], the Multiple Scler-
osis Quality of Life-54 (MSQOL-54) [8] and the Health
Utilities Index (HUI) [13], among others.
Previous research suggests that the HUI-III performs

better than other health utility measures in discriminat-
ing between persons with MS with differing degrees of
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disability, being able to distinguish mild, moderate,
severe, and very severely disabled persons [14]. It is un-
known which instrument is most sensitive to the effect
of comorbidity on HRQOL. This is relevant to future
studies evaluating the impact of interventions directed at
mitigating the effects of comorbidity on MS, and to
studies aimed at evaluating the effects of comorbidity on
MS. We aimed to compare the discriminative ability of
HRQOL instruments, including the MSQOL-54, SF-36,
SF-6D, and the HUI-III, in a prevalent MS population
with and without comorbidity. We also examined
whether the included measures performed similarly in
persons with and without disability. Specifically, we
hypothesized that: (1) generic measures would discrim-
inate better between those with and without comorbidi-
ties than disease-specific measures; and (2) the HUI-III
would discriminate best between persons with differing
severities of disability.

Methods
Study population
The Alberta Multiple Sclerosis Initiative (TAMSI) was a
longitudinal (July 2011–December 2013) observational
study that used online questionnaires to collect patient-
reported information about the safety, experiences, and
outcomes following chronic cerebrospinal venous insuf-
ficiency (CCSVI) treatment. TAMSI had multiple
modules and patients were able to select, based on their
own schedules, which modules to complete. TAMSI was
also designed to provide information about the health
status and living conditions of all Albertans with MS, re-
gardless of CCSVI treatment status.
For the current study, we included participants who

completed all of the HRQOL measures (see below) and
baseline surveys (demographics, MS characteristics, co-
morbidity status). To ensure the time period referred to
in the questionnaires was consistent, the HRQOL
surveys had to be completed within a two-week window.
In addition, all baseline surveys had to be completed
within 30 days of the HRQOL surveys. If participants
filled out questionnaires at multiple time-points, the
baseline information was used.

Measures
Demographic information was collected, including age,
sex, race, marital status, employment status, and level of
education. Participants also reported characteristics of
their MS including the date of onset of MS symptoms,
use of disease modifying therapy, and disease course.

Disability
Disability status was reported by participants using the
Patient-Determined Disease Steps (PDDS) [15], a vali-
dated self-report measure that strongly correlates with

physician-assessed Expanded Disability Status Scale
(EDSS) scores [16]. Based on the PDSS score [range 0
(no disability)-8 (bedbound)], disability was categorized
into four groups: normal = 0; mild = 1–2; moderate = 3–
5; and severe = 6–8.

HRQOL measures
Many measures have been used to quantify HRQOL in
MS, including disease-specific and generic measures.
Generic measures usually assess physical and mental
health, are intended to be applied to any adult popula-
tion, and are useful for making comparisons across
diseases. Disease-specific measures are developed for a
specific disease and may be more responsive to change
in that specific disease than generic measures [17], but
do not support comparisons across diseases, and may
not capture the effects of comorbidities. Generic
measures can be classified as health profiles or
preference-based measures based on an individual pref-
erence or value for certain health states (utility mea-
sures). Health profile measures produce scores
representing different domains of HRQOL, while utility
measures result in a single weighted value that repre-
sents a person’s health state according to their prefer-
ence. For this study we employed two HRQOL
measures: a generic health utility measure, the HUI-III
[18] and an MS-specific health profile measure, the
MSQOL-54 [19]. From the MSQOL-54, we derived both
the SF-36 [20], a generic health profile measure, and
the SF-6D [21], a generic health utility measure. See
Additional file 1: Table S1 for a comparison of the
characteristics of all included HRQOL measures.
Short Form-36
The SF-36 is a 36-item generic measure of HRQOL

that assesses eight domains: vitality, physical functioning,
bodily pain, general health perceptions, physical role
functioning, emotional role functioning, social role func-
tioning, and mental health. The SF-36 generates two
aggregate scores summarizing physical HRQOL (Phys-
ical Component Score, PCS-36) and mental HRQOL
(Mental Component Score, MCS-36). Scores on the
PCS-36 and MCS-36 range from 0 to 100, and are stan-
dardized to reflect a general population mean of 50 and
standard deviation of 10. Higher scores indicate better
HRQOL. The SF-36 has been extensively validated in
MS, and has good reliability and validity [22, 23].
SF-6D
A health utility measure, the SF-6D is a subset of 11

questions from the SF-36, restructured into six dimen-
sions: social functioning, physical functioning, mental
health, pain, role limitations, and vitality. A single sum-
mary score is obtained, with possible scores ranging from
0.301 to 1.00, where 1.00 is perfect health. The validity
and reliability of the SF-6D have been established in MS
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[24], and it has shown to distinguish between different
levels of disability as measured by the EDSS [14].
HUI-mark III
The HUI-Mark III (HUI-III) is a 16-item generic

multi-attribute utility-weighted measure of HRQOL that
assesses eight domains, including hearing, speech, vision,
ambulation, emotion, pain, cognition, and dexterity. An
overall score of 1.00 on the HUI-III indicates perfect
health, while a score of 0.00 is death, and negative scores
(up to −0.36) represent health states worse than death.
Previous research suggests the HUI-III outperforms
other utility measures in MS [14, 24].
MSQOL-54
The MSQOL-54 is an MS-specific HRQOL measure

that supplements the SF-36 with 18 disease-specific
questions, measuring cognitive functioning, energy, pain,
social functioning, sexual functioning, health anxiety,
and overall quality of life. Similarly to the SF-36, two ag-
gregate scores are generated, one for physical HRQOL
(PCS-54) and one for mental HRQOL (MCS-54). The
standardized scores range from 0 to 100, with higher
scores indicating better HRQOL. The MSQOL-54 has
been extensively validated, though the additional benefit
of MS-specific items (over the SF-36) has been ques-
tioned [25, 26]. In this study, the sexual functioning
subscale was optional, and participants were able to skip
those questions if they felt they did not apply. For the
present analyses, an alternate scoring system was used
to account for the amount of missing items on the
sexual functioning subscale (11.4% in this sample). A
modified scoring algorithm was employed where the
weight applied to the sexual functioning subscale was
evenly distributed among the remaining seven subscales.
This modified algorithm was applied to all participants,
regardless if they had missing items on the sexual func-
tioning subscale.

Comorbidity
Participants reported the presence or absence of comor-
bidities using a modified version of a validated question-
naire, with inclusion of additional comorbidities [27].
The comorbidities examined were: depression, anxiety
disorders, bipolar disorder, alcoholism, hyperlipidemia,
hypertension, migraine, lung trouble, thyroid disease,
irritable bowel syndrome (IBS), osteoporosis, cataracts,
diabetes, heart trouble, inflammatory bowel disease
(IBD), rheumatoid arthritis, fibromyalgia, epilepsy, glau-
coma, diseases of the arteries, lupus, and Parkinson’s
disease. We analyzed comorbidities in four ways: (1)
number of comorbidities (grouped as none, one, two,
three or more); (2) presence/absence of each comorbid-
ity; (3) any physical comorbidity (hyperlipidemia, hyper-
tension, migraine, lung trouble, thyroid disease, IBS,
osteoporosis, cataracts, diabetes, heart trouble, IBD,

rheumatoid arthritis, fibromyalgia, epilepsy, glaucoma,
diseases of the arteries, lupus, Parkinson’s disease); and
(4) any psychiatric comorbidity (depression, anxiety
disorders, bipolar disorder).

Data analysis
Proportions and means (SD) were calculated for categor-
ical and continuous data, respectively. Comorbidities
were retained in the multivariate analyses if they had a
prevalence of at least 5% in our sample (depression,
hyperlipidemia, hypertension, migraine, lung trouble,
thyroid disease, IBS, osteoporosis, anxiety disorders), to
ensure enough individuals to provide a stable estimate.

HRQOL measure concordance
First, we examined the relationships between the
HRQOL measures. We produced Spearman correlation
matrices to compare correlations between each HRQOL
measure. We considered correlations of 0.39 and below
to be low, those between 0.40 and 0.59 as moderate, and
those 0.60 and above as high [28].

HRQOL discriminant ability
Second, we examined the ability of each HRQOL meas-
ure to distinguish between groups. We did this for
persons with different numbers of comorbidities (none,
one, two, three or more), the absence/presence of each
comorbidity, any physical comorbidity, any psychiatric
comorbidity, and disability level (PDDS: normal, mild,
moderate, severe). Comorbidity status or disability level
were used as the intergroup factor in a one-way analysis
of covariance (ANCOVA), with age, sex, disease course,
and disability level (when not the intergroup factor) used
as covariates. For all analyses the dependent variable was
one of the HRQOL measures. Relative efficiency (RE) is
a method of assessing the discriminative ability of differ-
ent instruments to distinguish between groups; in this
study we focused on groups according to comorbidity
status or disability status. The RE of the instruments was
calculated as the ratio of the between group ANCOVA
F-statistics; Tukey statistics were used for the pairwise
comparisons. [29] The instrument with the largest F-
value/Tukey-value would have the greatest discrimina-
tive ability and was selected as the reference category
(RE = 1) to determine the RE of all other instruments.
Values of RE range from 0 to 1, where 1 indicates no dif-
ference in the instrument’s discriminative ability com-
pared to the reference instrument. All reported p-values
from the ANCOVA were corrected for multiple compar-
isons using Tukey’s procedure.
All data were analyzed using STATA version 11.0.
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Results
Ultimately, 868 participants enrolled in this study, of
whom 563 (64.9%) provided complete data for the
HRQOL measures, disability, and comorbidity (Fig. 1) and
were the subject of further analyses (Table 1). Their char-
acteristics were similar to those expected for a prevalent
MS population [30]. The distribution of comorbidities was
as follows: none (n = 197, 35.0%); one (n = 163, 29.0%);
two (n = 107, 19.0%), and three or more (n = 96, 17.1%)
comorbidities. Physical comorbidities were present in
54.4% (n = 306) while psychiatric comorbidities were
present in 29.1% (n = 164). The most common comorbidi-
ties were depression, hypertension, and hyperlipidemia
(Table 2).
The mean (SD) score was 38.4 (12.3) for the PCS-36,

48.5 (11.9) for the MCS-36, 0.56 (0.32) for the HUI-III,
0.68 (0.13) for the SF-6D, 57.4 (22.2) for the PCS-54 and
63.2 (19.1) for the MCS-54.

Comorbidity
Mean HRQOL scores for all scales were highest in those
without comorbidities, and decreased with an increasing
number of comorbidities (Additional file 2: Figure S1).
The ANCOVA revealed statistically significant overall ef-
fects of the number of comorbidities for all HRQOL
measures (PCS-36 F = 10.70, p < 0.0001; MCS-36 F =
9.28, p < 0.0001; SF-6D F = 11.56, p < 0.0001, HUI-III F
= 9.68, p < 0.0001; PCS-54 F = 19.05, p < 0.0001; MCS-
54 F = 13.47, p < 0.0001; Additional file 3: Table S2),
indicating that each measure was able to distinguish
between people with differing numbers of comorbidities

(none, one, two, three or more). Further pairwise com-
parisons showed that no measure was able to distinguish
between persons without comorbidities and persons with
one comorbidity or persons with two comorbidities ver-
sus three or more. The PCS-36, SF-6D, HUI-III, and
PCS-54 were able to distinguish between all other com-
binations of the number of comorbidities (all p < 0.05),
while the MCS-54 was able to distinguish between per-
sons with none or two, none or three or more, and one
or three or more comorbidities; and the MCS-36 was
only able to distinguish between persons with none or
three or more comorbidities. The RE of each instrument
by comorbidity status is displayed in Fig. 2.
All HRQOL measures were able to distinguish be-

tween those with and without psychiatric comorbidities
(all p < 0.005). Neither the MCS measures, nor the HUI-
III, were able to distinguish between those with and
without physical comorbidities. When each comorbidity
was examined individually, all HRQOL measures were
able to distinguish between those persons with or without
depression (all p < 0.001) (Additional file 3: Table S2).
Hyperlipidemia was distinguishable by the PCS-36,
PCS-54, and MCS-54; migraine by the PCS-36, SF-6D,
and PCS-54; lung trouble by the PCS-36; and anxiety
disorders by all except the PCS-36. None of the HRQOL
measures were able to distinguish participants with or
without hypertension, thyroid disease, IBS, or osteopor-
osis. Based on the F-test, the PCS-54 performed the best
for number of comorbidities, while the PCS-36 performed
best for any physical comorbidity and the MCS-54
performed best for any psychiatric comorbidity.

Fig. 1 Participant flow diagram
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Disability
Scores on the HRQOL measures decreased with increas-
ing disability on the PDDS, except for the MCS-36,
where mean scores were similar across the disability
levels (data not shown).
All HRQOL measures were able to distinguish between

disability groups (PCS-36 F = 132.53, p < 0.0001; MCS-
36 F = 3.84, p = 0.01; SF-6D F = 45.18, p < 0.0001; HUI-III
F = 72.27, p < 0.0001; PCS-54 F = 83.58, p < 0.0001; MCS-
54 F = 32.12, p < 0.0001). Pairwise comparisons indicated
that the PCS-36, SF-6D, HUI-III, and PCS-54 were able to
distinguish between all disability groups (Table 3). The
MCS-54 was able to distinguish between all groups except

Table 1 Demographic and MS characteristics of TAMSI sample

Variable Sample (N = 563)

Age (years), mean (SD) 47.6 (11.1)

Age of MS symptom onset (years), mean (SD) 33.5 (10.3)

Time since symptom onset (years), mean (SD) 14.3 (9.9)

Sex, N (%)

Female 438 (77.8)

Male 125 (22.2)

Race, N (%)

White 523 (96.1)

Non-White 21 (3.9)

Education, N (%)

High School or Lower 149 (27.1)

College or Trade 212 (38.6)

University or Higher 188 (34.2)

Marital Status, N (%)

Single 71 (12.8)

Married/Common Law 415 (75.0)

Widowed/Divorced/Separated 67 (12.1)

Employment Status, N (%)

Employed 266 (48.2)

Unemployed 286 (51.8)

Geographic Area, N (%)

Calgary 237 (42.1)

Edmonton 176 (31.3)

Central Alberta 83 (14.7)

Northern Alberta 39 (6.9)

Southern Alberta 28 (5.0)

Family History of MS, N (%)

Yes 160 (30.0)

No 373 (70.0)

Definite MS, N (%)

Yes 525 (93.3)

No 8 (6.7)

Disease Course, N (%)a

RRMS 363 (69.1)

SPMS 91 (17.3)

PPMS 50 (9.5)

Uncertain 21 (4.0)

Disability Status (PDDS)

Normal 143 (25.4)

Mild 127 (22.6)

Moderate 182 (32.3)

Severe 111 (19.7)

Table 1 Demographic and MS characteristics of TAMSI sample
(Continued)

Variable Sample (N = 563)

DMT Use, N (%)

Never 178 (32.1)

Past 95 (17.1)

Current 281 (50.7)

PDDS Patient Determined Disease Steps
DMT Disease-modifying therapy
aNote this category represents the 525 persons who indicated having
definite MS

Table 2 Comorbidities in TAMSI sample

Comorbidity N (%)

Depression 150 (26.6)

Hypertension 86 (15.3)

Hyperlipidemia 85 (15.1)

Migraine 84 (14.9)

Lung Trouble 49 (8.7)

Thyroid Disease 44 (7.8)

Irritable Bowel Syndrome (IBS) 42 (7.5)

Osteoporosis 42 (7.5)

Anxiety Disorders 38 (6.7)

Cataracts 24 (4.3)

Diabetes 20 (3.6)

Heart Trouble 14 (2.5)

Inflammatory Bowel Disease (IBD) 11 (2.0)

Rheumatoid Arthritis 11 (2.0)

Fibromyalgia 9 (1.6)

Epilepsy 7 (1.2)

Bipolar Disorder 6 (1.1)

Glaucoma 5 (0.9)

Diseases of the Arteries 4 (0.7)

Lupus 4 (0.7)

Alcoholism 3 (0.5)

Parkinson’s Disease 0 (0.0)
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persons with mild versus moderate disability. The MCS-
36 was only able to distinguish between persons with nor-
mal versus mild disability, and persons with mild versus
moderate disability. Based on F-tests, the PCS-36 per-
formed best overall; however the HUI-III was better able
to distinguish between individuals with moderate versus
severe disability. The RE of each instrument by disability
level is displayed in Fig. 3.

Discussion
In this study, we evaluated the discriminative ability
of multiple HRQOL measures to distinguish between
persons with and without comorbidities in MS. We
also examined the ability of these HRQOL scales to
discriminate between varying levels of patient self-re-
ported disability. The examined scales were only able to
distinguish between persons with and without some
comorbidities, particularly depression, and differed in
their ability to distinguish individuals at higher levels of
disability. The MCS-36 was not a good tool to distinguish
between disability levels or number of comorbidities. The
PCS-54 was slightly better than the generic tools at distin-
guishing between differing numbers of comorbidities, but

it was comparable to the generic tools for levels of
disability. In general, the MCS measures performed
worse than the PCS measures for both the SF-36 and
MSQOL-54, with the MCS-54 outperforming the
MCS-36 for both comorbidity and disability discrim-
ination. Of the utility measures, the SF-6D and HUI-
III performed comparably for discriminating comor-
bidity and disability statuses.
In our study no measure was able to distinguish be-

tween those with no comorbidities and those with
only one comorbidity, but the PCS-54 was very good
at distinguishing between persons with different num-
bers of comorbidities, and the PCS-36, MCS-36, SF-
6D, HUI-III, and MCS-54 were also adequate. All
HRQOL scales were very good at distinguishing per-
sons with depression. Some HRQOL scales were also
good at distinguishing those with hyperlipidemia and
anxiety disorders. Overall the PCS-54 was slightly bet-
ter at distinguishing between differing numbers of
comorbidities than the generic tools. Of the utility
measures, the SF-6D and HUI-III performed compar-
ably for discriminating comorbidity statuses, although
the SF-6D distinguished between persons with and

Fig. 2 Relative efficiency of HRQOL measures to discriminate absence/presence of comorbidities

Table 3 Analysis of covariance for HRQOL measures by disability level*

Dependent Variable PCS-36 MCS-36 SF-6D HUI-III PCS-54 MCS-54

Independent Factor Variable F-test p-value F-test p-value F-test p-value F-test p-value F-test p-value F-test p-value

Disability Status 132.53 <0.0001 3.84 0.01 45.18 <0.0001 72.27 <0.0001 83.58 <0.0001 32.12 <0.0001

Normal vs. Mild 12.68 <0.05 4.03 <0.05 9.94 <0.05 8.80 <0.05 11.98 <0.05 8.15 <0.05

Normal vs. Moderate 26.72 <0.05 0.30 NS 13.69 <0.05 15.68 <0.05 19.71 <0.05 10.82 <0.05

Normal vs. Severe 34.65 <0.05 0.67 NS 20.58 <0.05 26.93 <0.05 26.47 <0.05 16.98 <0.05

Mild vs. Moderate 14.04 <0.05 4.33 <0.05 3.75 <0.05 6.88 <0.05 7.73 <0.05 2.67 NS

Mild vs. Severe 21.96 <0.05 3.36 NS 10.64 <0.05 18.13 <0.05 14.48 <0.05 8.83 <0.05

Moderate vs. Severe 7.93 <0.05 0.97 NS 6.90 <0.05 11.25 <0.05 6.75 <0.05 6.16 <0.05

*Adjusted for age (continuous), sex, and disease course; BOLD type indicates p < 0.05; NS not significant
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without any psychiatric comorbidity and between per-
sons with and without migraine; whereas the HUI-III
did not. It is possible to achieve more precision with
the PCS-54 compared with the PCS-36, SF-6D or the
HUI-III but this comes at the cost of additional ques-
tions (54 vs. 36, 11, 16). However, the length of the
HRQOL tool does not appear to affect a subject’s per-
ception of the tool’s utility [26]. Prior work has not
identified clear differences in reliability and validity
between disease-specific and general instruments
when used cross-sectionally [26].
HRQOL scores were generally lowest in those persons

with severe disability in the present study consistent
with previous work [14]. There was a dose-response re-
lationship between disability level and scores on all
HRQOL measures, except the MSC-36. A prior study
examining the utility of generic HRQOL measures
across varying levels of MS-disability found that the
HUI-III performed best to discriminate between all
levels of disability [14]. As correlations between the
MCS-54 and MCS-36 were very high, there may not be
additional value in the extra 18 items on the MS-specific
questionnaire (especially considering the amount of
missing items on the optional sexual functioning sub-
scale). We used a modified MSQOL-54 scoring algo-
rithm to account for a large amount of missing data on
the sexual function subscale. Missing data on this sub-
scale is not uncommon in MS research [26], and other
studies have employed modified algorithms to account
for this issue [31]. We found the HUI-III was best able
to discriminate between higher levels of disability (mod-
erate and severe) as compared to the other generic and
disease-specific measures. This is especially relevant in
the context of progressive MS research and trials,
where appropriate patient reported outcome measures
must be carefully selected to ensure adequate sensitiv-
ity to change [32].

We examined generic and disease-specific health pro-
file and utility measures of HRQOL in a large, well-
described sample of persons with MS [33]. We explored
the use of these tools across disability levels and comor-
bidity status, which has not been previously reported in
the MS population. All tools except the SF-36 and
MSQOL-54 are utility scales designed to put the effects
of diverse illnesses onto a single scale; this is valuable
when assessing patients with comorbidities. Limitations
of the present study include the online nature of the
survey, which may bias toward the inclusion of partici-
pants who are more educated, and with a higher income
[33]. As noted previously, participants in this study were
more likely to have a university education and to live in
a neighborhood with a higher median income, compared
to a reference MS population. The administration of the
scales was not entirely independent, though the SF-36
was designed to be administered in this manner. This
study was cross-sectional and therefore we did not
examine the use of these tools over time; future studies
should explore the responsiveness of these tools to
change and individual response shift. Due to the online
nature of the survey it was not possible for respondents
to skip questions; as such scales were completed in their
entirety or not at all, which may have resulted in more
non-response on the HRQOL questionnaires. Whereas
this study provided a broad-based comparison of two
types of instruments, future studies seeking to compare
specific instruments should consider adopting a priori
criteria for assessing instrument performance.

Conclusions
Our findings suggest that future studies aimed at evalu-
ating the effects of comorbidity or of comorbidity treat-
ment on HRQOL in MS, may reasonably choose to
employ generic or disease-specific measures depending
on the MS population of interest. Disease-specific

Fig. 3 Relative efficiency of HRQOL measures to discriminate number of comorbidities

Fiest et al. Health and Quality of Life Outcomes  (2017) 15:246 Page 7 of 9



measures would discriminate better between those with
and without comorbidities, and between those with dif-
fering numbers of comorbidities than generic measures.
In contrast, the HUI-III would discriminate best between
persons with moderate and severe disability. In studies
in which the participants enrolled may have high levels
of disability, the HUI-III appears best able to discrimin-
ate differences between participants, suggesting this may
be a good measure for trials in progressive MS, although
further evaluation is needed.
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