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ABSTRACT

Objective: To address the need for brief, reliable, valid, and standardized quality of life (QOL)
assessment applicable across neurologic conditions.

Methods: Drawing from larger calibrated item banks, we developed short measures (8–9 items
each) of 13 different QOL domains across physical, mental, and social health and evaluated their
validity and reliability. Three samples were utilized during short form development: general popu-
lation (Internet-based, n � 2,113); clinical panel (Internet-based, n � 553); and clinical outpatient
(clinic-based, n � 581). All short forms are expressed as T scores with a mean of 50 and SD of 10.

Results: Internal consistency (Cronbach �) of the 13 short forms ranged from 0.85 to 0.97. Cor-
relations between short form and full-length item bank scores ranged from 0.88 to 0.99 (0.82–
0.96 after removing common items from banks). Online respondents were asked whether they
had any of 19 different chronic health conditions, and whether or not those reported conditions
interfered with ability to function normally. All short forms, across physical, mental, and social
health, were able to separate people who reported no health condition from those who reported
1–2 or 3 or more. In addition, scores on all 13 domains were worse for people who acknowledged
being limited by the health conditions they reported, compared to those who reported conditions
but were not limited by them.

Conclusion: These 13 brief measures of self-reported QOL are reliable and show preliminary
evidence of concurrent validity inasmuch as they differentiate people based upon number of re-
ported health conditions and whether those reported conditions impede normal function. Neurology®

2012;78:1860–1867

GLOSSARY
ALS � amyotrophic lateral sclerosis; CAT � computerized adaptive test; IRT � item response theory; MS � multiple sclerosis;
NINDS � National Institute of Neurologic Disorders and Stroke; PD � Parkinson disease; QOL � quality of life.

In neurology clinical research, traditional outcome measures of disease status often fail to
represent the full impact of disease and treatment. The patient’s experience of disease symp-
toms, treatment side effects, functioning, and well-being—commonly referred to as health-
related quality of life (QOL)—is often not included in a systematic evaluation of clinical
benefit. Yet, the patient’s experience of disease and treatment can be the key driver of treatment
impact, acceptability, or value.1 While many QOL scales are available to the neurology clinical
researcher, some have questionable validity or may be difficult to interpret. In addition, differ-
ent instruments tend to be used in different neurologic conditions, rendering cross-disease
evaluations of QOL burden or benefit impossible.2–6 Even within a given condition, there is
seldom consensus on common measures, which impedes cross-study comparisons of relative
disease burden, benefits of different treatments, or other factors.
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In an effort to address these limitations, the
National Institute of Neurologic Disorders
and Stroke (NINDS) sponsored a multisite
project to develop a clinically relevant and
psychometrically robust QOL assessment tool
for adults and children with neurologic disor-
ders.7,8 This effort, Neuro-QOL, enables clin-
ical researchers to compare the QOL impact
of different interventions within and across
various conditions. In this article, we summa-
rize the development and validation of the
first generation of 13 brief adult Neuro-QOL
short forms for use in clinical neurology
research.

METHODS Constructing item banks. To build Neuro-

QOL item banks, we followed a series of steps designed to ensure

clinical and psychometric validity. These steps included identify-

ing the needs of the clinical research community,8,9 ensuring

clinical and patient-driven evidence of importance and relevance

of the selected QOL domains, and an expert consensus-based

selection of priority conditions.10 We combined input from pa-

tient and caregiver focus groups11,12 with expert input and a liter-

ature review, to determine the QOL domains to include in

Neuro-QOL.8 We then conducted large-scale testing to calibrate

item response theory (IRT)–based13 item banks across physical,

mental, and social domains of QOL.14,15 Each Neuro-QOL bank

includes a large collection of items (questions and their response

options) that have been evaluated and tested to ensure their rele-

vance, clarity, fit with the concept being measured, and informa-

tiveness.15 This produced 13 adult QOL item banks (anxiety;

depression; fatigue; upper extremity function–fine motor, activi-

ties of daily living; lower extremity function–mobility; applied

cognition–general concerns; applied cognition–executive func-

tion; emotional and behavioral dyscontrol; positive affect and

well-being; sleep disturbance; ability to participate in social roles

and activities; satisfaction with social roles and activities; stigma).

Neuro-QOL item banks enable researchers to select or de-

sign static short form measures or to administer a dynamic com-

puterized adaptive test (CAT).16,17 The Neuro-QOL CAT can be

tailored to each respondent, selecting the most informative next

question based on previous responses. In general, CATs provide

the most precise estimate of patients’ health status with the few-

est number of questions as only the most informative items are

selected iteratively.18 A second option is the use of short forms, or

subsets of questions from the bank. Short forms can be of any

length, ranging from 1 question to 20 or more. In each case, the

score generated for the respondent is expressed on a common

metric or scale. For Neuro-QOL, we report scores using a T

distribution, with the mean of the reference population set to 50

and the SD set to 10 units. Based upon the samples required to

obtain stable item statistics, Neuro-QOL T scores are anchored

either to the general US population (designated as “GPT”) or to

a clinical population (designated as “CT” scores).

Standard protocol approvals, registrations, and patient
consents. All research activities reported here received Institu-

tional Review Board approval and all participants provided in-

formed consent.

Samples and assessment procedure. The samples studied
for this work are described in detail elsewhere.14,15 Briefly, we
engaged 3 adult samples for item pool testing. The US general
population sample included a total of 3,123 English-speaking
and Spanish-speaking respondents recruited through an online
panel company; data from the subset of 2,113 English speakers
were used for calibrating item parameters and setting the central
(average) location for each T score (mean � 50; SD � 10). This
subset was 50% male (mean age � 52.7 years; SD � 15.5 years).
These 2,113 participants were divided into 4 blocks of at least
500, with each block given 1 of 4 item pools: physical function,
emotional health, social function, and cognitive function. A sec-
ond clinical panel sample of 553 people with a physician-
confirmed diagnosis of epilepsy, stroke, amyotrophic lateral
sclerosis (ALS), multiple sclerosis (MS), or Parkinson disease
(PD) was also recruited, by a different online panel company, to
calibrate the stigma bank and disease-targeted scales (because
such scales cannot be answered by people without a medical
diagnosis). The clinical panel sample was 53% male with mean
age of 56.2 years (SD � 12.8).15 Finally, a third sample of 581
outpatient neurology patients was drawn from collaborating
neurologists around the United States and Puerto Rico, and in-
cluded patients with physician-diagnosed epilepsy, stroke, ALS,
MS, or PD. Comorbidity was not an exclusionary criterion. This
sample, the clinical outpatient sample, was 46% male (mean
age � 55.21; SD � 14.3). They were included in the initial item
calibration study11 to obtain reliable calibrations for the physical
function, applied cognition, and sleep item banks. Demographic
details on each sample are provided in table 1.

We asked respondents in both online samples the following
“yes/no” question: “Have you ever been told by a doctor or
health professional that you have �condition/disease�?” We
queried for 19 conditions: hypertension; chest pain; coronary
artery disease; heart failure or congestive heart failure; heart at-
tack; stroke; migraines or severe headaches; diabetes, high blood
sugar, or sugar in urine; cancer (other than nonmelanoma skin
cancer); depression; anxiety; alcohol or drug problem; sleep dis-
order; HIV or AIDS; spinal cord injury; MS; PD; epilepsy; and
ALS. For each condition endorsed, we then asked: “Are any of
your current activities limited by your �condition/disease�?
(Yes or No). ” Respondents were then sorted into 3 groups by
number of reported conditions (0; 1–2 conditions; 3 or more
conditions), and all respondents who reported at least 1 condi-
tion were sorted again within the above categories into “yes” or
“no” activity limitation.

We hypothesized that respondents who reported more con-
ditions, and those who reported activity limitation, would have
worse QOL.

Constructing and evaluating the short forms. Each short
form was constructed using the same approach. Starting with
item statistics generated from the IRT item calibrations (re-
sponse category threshold and slope parameters),15 we ranked
items by the amount of information they provided across the
range of what was being measured (e.g., applied cognition). We
also ran CAT simulations to identify items selected early in the
procedure. Because the CAT algorithm weights information
heavily in item selection, there was overlap between information
ranks and CAT ranks, although some items were ranked highly
in one but not the other criterion. Ten doctoral level clinical and
measurement experts (3 neurologists; 4 clinical psychologists; 1
occupational therapist; 1 social worker; 1 neuropsychologist)
then reviewed each candidate item for relevance and appeal
based on item content only. Item performance (information and
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CAT rank order) was not shared with experts prior to their rat-
ings. Experts identified their 5 most-preferred and 5 least-
preferred items in the calibrated bank. Individual preferences
of each rater were then presented along with item perfor-
mance statistics.

With the above information tabulated, we (D.C., D.V.,
S.C., J.-S.L., C.N., D.M., N.R.) identified items with strong
psychometric characteristic (IRT model fit; highly informative;
selected early by CAT) and high appeal to clinical raters. We
discussed marginal item choices (e.g., high clinical appeal but
relatively weak psychometric performance) until we reached con-
sensus regarding item inclusion in the short form. We also con-

sidered 2 other goals: 1 was respondent burden, so that if 1 of 2
nearly equal items had the same response options as the other
selected items, it was selected. The other was inclusion of items
from the Patient-Reported Outcomes Measurement Informa-
tion System (PROMIS; www.nihpromis.org), if they were cali-
brated with other items in the Neuro-QOL bank and were not
ranked very low by either of the sources of input. This extra step
was taken to maximize the probability that Neuro-QOL can be
linked (cross-walked) to the PROMIS item banks.

Using the samples described above, we produced T scores for
each of the 13 short forms (note that sleep disturbance is an
8-item bank so no short version was developed). We computed
Cronbach � coefficient to evaluate internal consistency, and cor-
related each short form score with the score derived from the full
item bank (correcting for item overlap by removing short form
items from the full bank prior to correlating scores). We evalu-
ated the ability of each short form to 1) differentiate people who
reported no health condition from those who reported 1–2 con-
ditions or 3 or more conditions, and 2) differentiate people who
reported activity limitation due to a health condition from those
who reported no limitation. Finally, we compared the results of
these 2 comparisons to results of the same comparisons using the
corresponding full item banks.

RESULTS We began with 13 item banks (table 2).
Applying the approach described above, we devel-
oped 8- or 9-item short forms for banks that in-
cluded more than 10 items. We then calculated
internal consistency of each short form using Cron-
bach � coefficient, and evaluated correlations be-
tween each short form and its respective bank, using
Spearman rank order correlation for ordinal data.
However, because this association can be inflated by
redundancy of items in both scales, especially with
smaller banks, we also report Spearman correlations
between short forms and banks after excluding items
that comprised the actual short forms. These results
can be found in table 2.

After establishing their internal consistency reli-
ability and strong association with full bank scores,
we examined the association of each short form with
all other short forms. Our purpose was to ensure rel-
atively higher correlations with related concepts (e.g.,
depression and anxiety, lower extremity and upper
extremity physical function), and relatively lower
correlations with unrelated concepts (e.g., depression
and lower extremity function). These results are
available in table 3.

To evaluate the validity of the 13 developed short
forms, we tested their ability to differentiate sub-
groups of participants hypothesized to have poorer
QOL. Using 13 separate one-way analyses of vari-
ance, we compared participants who reported 0, vs
1–2, vs 3 or more comorbid conditions. In 3 of the
13 comparisons (fatigue, emotional and behavioral
dyscontrol, stigma) there were no respondents with
“0” diagnoses reported, because this sample (the
“clinical panel sample”) was selected on the basis of

Table 1 Sample demographics

Clinical panel
sample

General population
(English-speaking)

Clinical outpatient
sample

No. 553 2,113 581

Age average (SD) 56.2 (12.8) 52.67 (15.5) 55.21 (14.3)

Gender, %

Male 53 50 46

Female 47 50 54

Race, %

White 95 91 87

African American 3 5.5 12

American Indian/Alaskan Native 4 1.5 2

Asian 1 3.3 2

Hawaiian/Pacific Islander 6 1.0 0

Occupation, %

Homemaker 11.5 12 8

Unemployed 8 8 9

Retired 37 31 30

Disability/leave 32 11 35

Full-time employed 25 31 21

Part-time employed 10 12 10

Full-time student 2 3 1

Marital status, %

Married 60 52 62

Separated/divorced 16 17 13

Widowed 7 7 5

Living with someone 6.5 7 5

Never married 11 17 16

Income, %

>$20,000 17 18 16

$20–$49,000 35 45 35

$50–$99,000 30.5 31 28

<$100,000 14.5 11 21

Education, %

Some high school or less 3.5 2 3

High school or equivalent 14.5 22 19

Some college 40 40 29

College degree 21 24 29

Advanced degree 22 11 20
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having a neurologic disorder (PD, MS, epilepsy,
stroke, or ALS). In every analysis, a significant F
value was obtained with mean differences between
groups in the hypothesized direction (more condi-
tions associated with worse QOL). Usually, the dif-
ference in mean score was greater between the 1–2 vs
the 3 or more group than between the 0 and the 1–2
group (table 4).

Within each comorbidity group (1–2 and 3 or
more), we next divided participants into those who re-
ported activity limitation from their health condition vs
those who did not. If a patient with multiple conditions
reported activity limitation on only a subset of those
reported conditions, he or she was counted as “yes”
with regard to activity limitation from disease. The re-
sults of these comparisons, including t tests and effect
sizes for group differences, are also reported in table 4.
For each of the 2 comorbidity groups (1–2 and 3 or
more), across all 13 short forms (i.e., 26 comparisons),
the t test was significant. Effect sizes for the difference in
score between those with vs without activity limitation
from their health condition was moderate to very large
(effect size range � 0.43–1.58). As a final check on the
performance of the short forms relative to the full item
banks, we plotted short form scores against full bank
scores for every subgroup represented in table 4, and for
the overall group. Correlations between short form and
full bank scores ranged from 0.97 to 1.00 for each
subgroup, and was 0.91 overall. This is plotted in the
figure.

DISCUSSION We report on the development and
initial validation of 13 brief measures of QOL for

adults with neurologic disorders. Each Neuro-QOL
short form comprises a set of items that have been
carefully selected from item banks to enhance estima-
tion of a patient’s health status. The length of each
short form ranges from 8 to 9 items; each can be
completed in less than 2 minutes by the typical pa-
tient.19 A profile of 6 selected domains, for example,
would require approximately 10 minutes to com-
plete. This compares favorably to other QOL instru-
ments in common use, which can take as many as 20
minutes or more. Scoring look-up tables are available
in appendix e-1 on the Neurology® Web site at
www.neurology.org. Researchers also may design
their own short forms by selecting items from the
item banks. In that case, scoring and converting to
the T-score metric can be done with direction also
provided in appendix e-1. The short forms reported
here provide a practical opportunity for multidimen-
sional assessment in neurologic clinical research or
practice. Over time and with accumulating publica-
tions, their use can be enhanced by increased inter-
pretability with regard to the meaning of specific
scores and score changes. For now, the interpretabil-
ity of these scales surrounds the reference point pro-
vided by the T score. Specifically, the following 4
banks were referenced against a clinical neurology
population: sleep disturbance, fatigue, emotional and
behavioral dyscontrol, and stigma. T scores from the
other 9 item banks are referenced against the US gen-
eral population. Therefore, when interpreting sleep
disturbance, fatigue, emotional and behavioral dys-
control, or stigma scores, one should consider a score

Table 2 Number of items and associations between Neuro-QOL adult item banks and short forms

Item bank
No. items
in bank

No. items in
short form Sample n

Cronbach �
for short form

Correlation between
SF and bank (xx/yya)

Anxiety 21 8 513 0.95 0.96/0.92

Depression 24 8 513 0.96 0.96/0.94

Fatigue 19 8 511 0.97 0.98/0.95

Upper extremity function: fine motor, ADL 20 8 1,094 0.93 0.88/0.83

Lower extremity function: mobility 19 8 1,043 0.93 0.95/0.89

Applied cognition: executive function 13 8 1,109 0.92 0.95/0.82

Applied cognition: general concerns 18 8 1,109 0.94 0.97/0.91

Emotional and behavioral dyscontrol 18 8 511 0.93 0.97/0.90

Positive affect and well-being 23 9 513 0.97 0.99/0.96

Sleep disturbance 8 8 1,087 0.85 NAb

Ability to participate in social roles and
activities

45 8 549 0.96 0.95/0.94

Satisfaction with social roles and activities 45 8 549 0.96 0.96/0.94

Stigma 24 8 511 0.93 0.96/0.93

Abbreviations: ADL � activities of daily living; NA � not applicable; QOL � quality of life; SF � short form.
a xx � before removal of SF items from bank; yy � after removal of SF items from bank.
b Sleep disturbance is a small calibrated item bank of only 8 items so we did not develop a short form.
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of 60, for example, to be 1 SD higher (worse) than
the average of the clinical neurology sample de-
scribed here and elsewhere.11 When interpreting
scores on the other 9 item banks or short forms, one
should consider the reference group to be the US
general population. That same score of 60 would be
1 SD higher (worse) than the average US resident
(rather than neurology patient) on anxiety or depres-
sion, and 1 SD higher (better) than the average US
resident on upper and lower extremity function, ap-
plied cognition, positive affect and well-being, ability
to participate in social roles and activities, and satis-
faction with social roles and activities.

The Neuro-QOL measurement system is in-
tended to be brief, reliable, valid, responsive, and
consistent enough across the selected conditions to
allow for cross-disease comparison, and yet flexible
enough to capture condition-specific HRQOL is-
sues. However, there are limitations in the current

work which can be addressed in future research.
First, the calibration samples were essentially samples
of convenience, with most respondents recruited
through Internet panel companies. The impact of
this sampling strategy is likely negligible with regard
to the integrity of the item statistics (“calibrations”),
because what is most important for calibration is ob-
taining a full range of responses to items adminis-
tered. When the general population sample did not
provide sufficient responses in the most impaired re-
sponse option (i.e., physical function, applied cogni-
tion, and sleep), we supplemented cases from the
clinical outpatient sample to obtain stable item pa-
rameter statistics. However, the predominant use of
an Internet panel sample raises questions about the
generalizability of the results and the interpretation
of T scores. Further research with populations that
are not regular Internet users and those with limited
reading ability will be important. In addition, it will

Table 4 Neuro-QOL short form scores on calibration sample and subgroup comparisons by number of health conditions and activity
limitation (4 of 13 short forms shown; see table e-1 for complete table)a

Short form No. Mean (SD)

No. of reported diagnoses Activity limitation within each group

Group (n) Mean (SD) F statisticb Limitation (n) Mean (SD) t Testc Effect size

Lower extremity
function: Mobility

518 48.5 (7.9) 0 (189) 52.7 (5.6) F2,515 � 56.9

1–2 (190) 47.5 (7.8) Yes (48) 44.5 (8.0) 3.15d �0.53

No (142) 48.5 (7.5)

3� (139) 44.3 (8.1) Yes (106) 43.2 (8.2) 2.86d �0.57

No (33) 47.8 (7.0)

Applied cognition:
Executive function

533 49.9 (8.4) 0 (144) 53.0 (6.3) F2,530 � 36.0

1–2 (218) 51.2 (7.5) Yes (46) 48.2 (7.8) 3.12d �0.52

No (172) 52.0 (7.2)

3� (171) 45.8 (9.5) Yes (117) 44.0 (9.4) 3.92d �0.65

No (54) 49.9 (8.4)

Ability to participate in
social roles and activities

549 48.6 (7.4) 0 (189) 51.7 (6.1) F2,546 � 68.8

1–2 (224) 49.2 (6.6) Yes (56) 44.1 (6.2) 7.44d �1.15

No (168) 50.9 (5.8)

3� (136) 43.2 (7.3) Yes (102) 40.9 (6.1) 7.39d �1.47

No (34) 49.9 (6.3)

Depression 513 47.8 (8.7) 0 (138) 44.2 (7.2) F2,510 � 38.4

1–2 (193) 46.6 (8.0) Yes (62) 50.5 (8.5) �4.91d 0.76

No (131) 44.8 (7.1)

3� (182) 51.9 (8.8) Yes (122) 54.4 (7.8) �6.18d 0.98

No (60) 46.7 (8.3)

Abbreviation: QOL � quality of life.
a Neuro-QOL uses a T score which has a mean of 50 and SD of 10, based on the norming sample used. All Neuro-QOL banks and scales are scored such that
a high score reflects more of what is being measured. Therefore, a high score is good for the first 3 of the 4 domains above, whereas a high score is bad for
the last domain above (depression). A complete table 4 with all 13 short forms can be found as table e-1 on the Neurology® Web site at www.neurology.org
and at www.neuroqol.org.
b Analysis of variance between number of diagnoses reported by samples; p � 0.001 for all comparisons.
c t Test between samples who reported yes vs no activity limitation: d p � 0.01.
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be very important to evaluate use of these short forms
with patients who have limited functional or expres-
sive ability and with proxies. Finally, although we
developed Spanish language equivalent assessments
for all of these 13 QOL domains, they have not been
formally tested or evaluated.

Standardized QOL evaluations such as Neuro-
QOL can inform health care accountability, from
patient care to health care policy. It does so by im-
proving assessment of patient-reported outcomes

and disease burden in neurologic diseases, increasing
measurement consistency across neurologic clinical
research, and offering a common metric to express
burdens of disease and benefits of treatment. Over
time, accumulated experience and published results
with Neuro-QOL measures will support their use in
a variety of applications, from clinical trial research
to broader comparative effectiveness research, cross-
sectional and longitudinal observational cohort studies,
health care delivery observational and intervention
studies, and population-based research.
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Thank you, Dr. John F. Kurtzke!
The Neurology® online archive has recently been updated to include the following issues:

• June 1968; 18 (6 Part 2):1–10

• May 1970; 20 (5 Part 2):1–59

• February 1988; 38 (2):309–316

The Editorial Office acknowledges Dr. John F. Kurtzke for his assistance in filling these gaps.
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