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ABSTRACT

Purpose: The purpose of this study was to validate an item
bank of questions associated with activities of daily living
(ADL), using graded item response theory (G-IRT), in a sample
of community-dwelling survivors of a stroke. Methods: The
study sample consisted of 364 community-dwelling individu-
als who reported a recent history of stroke. Sixteen line items
from the 1999-2000 National Health and Nutrition Examination
Surveys (NHANES) survey were analyzed using factor analysis,
internal analyses of consistency, and G-IRT. Results: The 16
line items demonstrated unidimensionality and were internally
reliable. Thirteen line items demonstrated good discrimina-
tion and suitable thresholds. The majority of items exhibited
appropriate sensitivity across the entire spectrum of functional
severity indicating that these items closely reflected the rela-
tionship of decreased function with increased severity of ill-
ness. Conclusion: Each of the 13 items is scale independent,
is valid for measurement of functional impairment, and may
be applicable for use in a scale for assessment of functional
change in community-dwelling stroke survivors.

Key Words: stroke, item response theory, activities of daily liv-
ing, NHANES

INTRODUCTION

Annually, there are an estimated 700,000 recent or recur-
rent reported strokes that contribute or are an underlying
cause of death in an estimated 273,000 individuals.’ Stroke is a
pathology that primarily affects the elderly with risk of occur-
rence nearly doubling after the age of 55.2 The condition is
a leading cause of serious long-term disability in the United
States,> which results in residual physical impairments and
related dysfunction.*

As stroke survival improves, appropriate tests and mea-
sures of treatment for stroke-related disabilities are para-
mount.> Recent advances in the care of stroke have allowed
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a greater rate of survivors of stroke who return to the commu-
nity; although functional outcomes in these individuals often
remain limited.®> Up to 3 months following the onset of stroke,
17% of survivors remain dependent in personal care.’> Up to 6
months following a stroke 50% of survivors are dependent in
instrumental activities of daily living (eg, self-administration of
medication, meal preparation) and only 33% are independent
in community mobility.® Individuals with high levels of recovery
continue to have disability related to hand function, perfor-
mance of basic and instrumental activities of daily living, and
physical functioning.®®

Individuals who survive stroke and receive rehabilitation
services generally experience improved short- and long-term
survival, higher function, return home more quickly, and may
experience an improved quality of life.'2 The use of outpatient
rehabilitation, including physical and occupational therapy has
been shown to increase the likelihood of further functional
improvement.>'2 Because survivors of a stroke are living longer
and are more commonly integrated into a community-dwell-
ing there has been a trend by rehabilitation specialists, toward
the use of patient-report, quantifiable scales that approximate
general health and quality of life.”

Health related quality of life scales have often explored the
relative importance of a range of items on a patient popula-
tion. Incorporated within these items is physical functioning
and/or role activities which are items associated with the ability
to perform activities of daily living (ADL)."*'> Principal to each
patient response scale are validated line items or ‘item banks’
which represent quantitative changes in ADLs.'® An item bank
is a collection of items for which the measurement properties
of each item are known."”-8 Therefore, the use of adaptive test-
ing algorithms selects the ‘best’ items for individual patients
for a particular pathology.’® Item banks have been designed
to measure ADL function in mixed neurological patient popu-
lations,'® while indirectly, several ADL function scales have
been validated using item response theory, specifically, Rasch
analysis.'*?

Item response theory (IRT) methods are particularly power-
ful for reducing the problems associated with range and detail,
which occur in fixed length scales.>* Current methods using
IRT link a person’s ability to item difficulty and have solved the
problems of ‘ceiling’ and ‘floor’ effects of traditional scales.”
Item response theory differs from classical response theory in
that it focuses on the validation of individual items, rather than
validation of the instrument as a whole.® Although several
forms of IRT exist, graded response IRT (G-IRT) is most appropri-
ate for questions with a Likert type response versus Rasch IRT,



which dichotomizes responses and is most appropriate for use
in nominal responses.® Additionally, the line item properties
from G-IRT are population independent, thus are less affected
by the severity of conditions among different population char-
acteristics.”’ Researchers are able to calculate the measure-
ment error of each patient, a method not possible using classic
validity methods, which assumes all scores are error free.?’ The
G-IRT assumes the probability that a respondent will choose an
option for the item that is a function of the respondent’s under-
lying trait, illness, or disability,”® and can transform measures of
a single latent trait in an associative metric, that is usable in a
number of questionnaires.?”

The purpose of this study was to create and validate an item
bank of questions associated with ADLs, for community-dwell-
ing, survivors of a stroke, using data obtained from the National
Health and Nutrition Examination Surveys (NHANES).?® The
NHANES are an ongoing series of cross-sectional surveys on
health and nutrition designed to be nationally representative
of the non-institutionalized, US civilian population.?® Each year,
nearly 5,000 participants complete the health examination
component of NHANES, by answering questions specifically
designed to (1) estimate the number and percent of persons
in the U.S. with selected diseases and risk factors; (2) monitor
trends in the prevalence, awareness, treatment, and control
of selected diseases; (3) monitor trends in risk behaviors and
environment exposures; (4) analyze risk factors for selected
diseases; (5) study the relationship between diet, nutrition,
and health; and (6) explore the emerging public health issues
and new technologies.”® Using the data within the database,
the study endeavors to evaluate the internal reliability, line
item validity, and dimensionality of the selected items within
the item bank. Because most clinicians do not use ADL scales
when treating patients,” the development of an item bank of
questions using IRT allows clinicians to use specific items versus
questionnaires during assessment of ADL dysfunction.

METHODS
Subjects

This study used data from the 1999-2000 NHANES.2The data
within NHANES include a household interview and a health
examination component.?® The health examination component
was performed in a mobile examination center and included an
interview, physical examination, and laboratory examination.”®
It was during the health examination interview that patients
were queried about their history of stroke. Additional informa-
tion about the weighting and validity of the NHANES survey is
available free to the public at the NHANES website.?®

Design

Sixteen items (Appendix A) within the NHANES survey
that measure activity constructs associated with locomotion
and transfers, household productivity, social integration, and
manipulation of surroundings, were used to develop an item
bank. The items were originally developed by the NHANES

administrators to measure ADLs and were administered to all
respondents, regardless of pathology. Because many of par-
ticipants in the NHANES survey have less than a high school
degree, the questions were worded carefully and clearly and
were easy to understand.?® Item scores ranged from‘1'to‘4’and
the total score is the summation of all item scores. A Likert-type
selection of 1 = no difficulty, 2 = some difficulty, 3 = much dif-
ficulty, and 4 = unable to do, was provided for each question.

Procedure for Evaluation of Psychometric Properties

Since validating an item bank of questions requires appro-
priate psychometric measures, we evaluated the dimensional-
ity using factor analysis, reliability using Cronbach’s alpha, and
internal validity using G-IRT. Since the questions are designed
to demonstrate the single dimension of activities of daily living,
we deemed a single factor dimension as suitable. For the reli-
ability analysis, alpha values greater than 0.70 were considered
acceptable.

Statistical Methods

All statistical analyses were performed using Stata version
8.0 for Linux (Stata Corporation, College Station, Tex) and
Multilog for Windows (SSI Scientific Software International,
Lincolnwood, Ill). Initially, descriptive analyses using means
and percentages with 95% confidence intervals were used
to establish the demographic and clinical characteristics of
the sample. Two questions independent of the item bank (1)
limitations that keep you from working and (2) average level
of physical activity each day, within the NHANES survey were
descriptively investigated to determine the severity of func-
tional limitations associated with a stroke. Factor structure was
analyzed using factor analysis with promax rotation. Promax
rotation was selected because it provides conceptually simple
results, is a calculated element of varimax rotation, and forces
structures toward bipolar results.3® Correlation analyses exam-
ined Cronbach alpha reliability coefficients. A G-IRT model IRT
analysis was performed identifying slope parameters, thresh-
old levels, and item characteristic curves.

RESULTS

The study group consisted of 364 community-dwelling
individuals who reported a history of stroke (Table 1). These
survivors of a stroke (191 male, 173 female) had an average age
of 71.8 + 12.3 years (range 22-88 years). The majority of respon-
dents were White (54.7%), but also included Blacks (21.9%), and
Hispanics (21.1%). Slightly less than a fourth (24.4%) of the par-
ticipants reported less than a high school education and only
12.9% indicated an education beyond a high school diploma.
Nearly 52% failed to report their educational level.

Both questions used as internal measures of severity (which
were independent of the item back) demonstrated that the
sample did include subjects that demonstrated ADL losses.
Slightly over 43.1% of respondents indicated the effects of
the stroke prevented them from working while almost 55.5%
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indicated they sat during the day and did not walk about very
much. Each of the 16 line items of the item bank also demon-
strated wide variations in patient severity. Depending on the
activity performed, 10% to 50% of respondents indicated they
were ‘unable to do’ or ‘have much difficulty’ performing selected
activities of daily living.

Factor analysis, with promax rotation (Table 2) of the 16
items yielded a one-factor solution indicating unidimensional-
ity. The single construct, ‘activities, accounted for the majority
(86%) of the data variance. The Cronbach alpha reliability index
for the single construct was 0.95, well above the predetermined
acceptance of 0.70.

Figure 1 outlines the item characteristic curves of the 16
line items of the targeted item bank questions. For each panel
shown in the figure, the horizontal axis represents the latent
underlying continuum of ADL impact associated with impair-
ments associated with a stroke. This continuum is expressed
in z-score units ranging from -3 to 3. Negative z-scores, or
scores to the left of 0, represent lower levels of ADL impair-
ment associated with stroke and positive z-scores (to the right
of 0) represent higher levels of ADL impairment associated
with stroke. The curves on each horizontal axis of each graph
in Figure 1 represent variation between the Likert responses
within the item. The responses are shown from left to right,
with the first line curve representing the response ‘1 = no diffi-
culty, the second representing the response ‘2 = some difficulty,
the third representing the response ‘3 = much difficulty, and the
fourth representing the response of ‘4 = unable to do! Six of the
16 items (Items, 1 (walking for a quarter of a mile), 2 (walking up
10 steps without resting), 3 (stooping, crouching, or kneeling), 4

(lifting or carrying something as heavy as 10 pounds), 5 (doing
chores around the house like vacuuming, sweeping, dusting, or
straightening up), and 11 (standing or being on your feet for
about 2 hours) yielded negative values for the scores of 1 = no
difficulty or 2= some difficulty. This suggests that lower Likert
values (ie, 1 = no difficulty or 2 = some difficulty) for these items
may not accurately reflect minimal difficulties associated with
ADL dysfunction. Respondents only minimally affected by a
stroke appeared less challenged by these activities versus oth-
ers. Furthermore, the responses to item 14 (going out to things
like shopping, movies, or sporting events) were tightly oriented
suggesting very little difference in response values between 1
= no difficulty, 2 = some difficulty, 3 = much difficulty, and 4 =
unable to do.

Table 3 outlines the estimated item parameters for each
question in the item bank. The vertical axis of each curve
height represents the probability from 0 to 1 that the answer
to the Likert type question is associated with the degree of ADL
dysfunction. Slopes that rise and fall sharply are indicative of
high discrimination.?® An‘ideal’item characteristic curve would
demonstrate equally measured peak for the outer 2 curves
and symmetrically oriented middle 2 curves with equidistance
measures between curve intersections.3' Of the 16 items, the
ideal shape is best represented by item 10 (dressing yourself,
including tying shoes, working zippers, and doing buttons).

Although no specific cut-off point for probability exists,
higher values are considered more compelling versus lower
values.® Three of the 16 items did not exhibit high discrimina-
tion. Item 12 (sitting for about 2 hours), 13 (reaching up over
your head), and 16 (doing things to relax at home or for leisure

Table 1. Respondent Characteristics of the (NHANES) Sample of Patients with Report of Stroke

Variable Category N %
Gender Male 191 525
Female 173 47.5
Race White 199 54.7
Black 80 219
Hispanic 77 211
Other 5 14
Missing 3 0.8
Education < High School 89 244
High School or (GED) 42 11.5
> High School 44 12.9
Missing 189 51.9%
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Table 2. Factor Analysis with Promax Rotation

NHANES Survey Items Factor Loadings (Factor 1)
1. Walking for a quarter of a mile; that is about 2 or 3 blocks? 0.799
2. Walking up 10 steps without resting? 0.789
3. Stooping, crouching, or kneeling? 0.756
4. Lifting or carrying something as heavy as 10 pounds; like a sack of potatoes or rice? 0.741
5. Doing chores around the house like vacuuming, sweeping, dusting or straightening up? 0.825
6. Preparing your own meals? 0.721
7. Walking from one room to another on the same level (same floor)? 0.788
8. Standing up from an armless straight chair? 0.785
9. Getting in or out of bed? 0.788
10. Dressing yourself, including tying shoes, working zippers, and doing buttons? 0.721
11. Standing or being on your feet for about 2 hours? 0.765
12. Sitting for about 2 hours? 0.449
13. Reaching up over your head? 0.543
14. Going out to things like shopping, movies, or sporting events? 0.894
15. Participating in social activities such as visiting friends, attending clubs or meetings, or 0.855
going to parties?
16. Doing things to relax at home or for leisure such as reading, watching TV, sewing, or lis- 0.555
tening to music?

such as reading, watching TV, sewing, or listening to music) dem-
onstrated low slopes indicating lower levels of probability
that the responses are associated with ADL dysfunction from
stroke.

DISCUSSION

The majority of 16 items demonstrated strong psychomet-
ric properties including internal consistency, unidimensional-
ity, and mostly well estimated discriminative properties. This
suggests that selected items analyzed in this study accurately
represent the latent variables of ADLs in a community-dwell-
ing population of survivors of a stroke and are appropriate for
item bank collection. Selecting only questions that have been
validated from an item bank can reduce the burden of testing
for the patients and the clinicians.® Furthermore, because most
clinicians do not use scales during clinical practice,? validation
of each specific item allows clinicians to use selected preferred
items within the patient history without risk of invalidating the
construct of ADLs.?

There are both advantages and disadvantages to using
the NHANES database for analysis. One advantage is that
the NHANES database has been a free source for hundreds
of research studies associated with the health profile of
Americans.”® Because the questions within this item bank are
a product of the questionnaire, low cost comparisons with
past studies is possible and yields transition to additional
databases. Additionally, direct item to item comparisons are
possible because each item is independent from the func-
tion of a scale.® Subsequently each item is comparable within
the NHANES database and external to the database, among
similar populations of community-dwelling stroke survivors.?
Disadvantages include accuracy of patient report of current
condition, co-morbidities, and lack of control over the quality
and type of data selected. In a database such as the NHANES,
which contains several questions, survey fatigue may affect
responses as can poor understanding of an item. In addition,
the availability of the items within the dataset dictates the item
bank versus novel identification by the investigator.
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Figure 1. Item characteristic curve analysis for symptom and activity-related subscales. The vertical axis of each curve
height pictorially represents the probability from 0 to 1 that the answer to the Likert type question is associated with the
degree of ADL dysfunction. Flattened curves or curves that are clustered together suggest a poorly discriminant ques-

tion.

Three of the 16 items did not exhibit high discrimination
and should not be included within the item bank. Item 12
(sitting for about 2 hours), 13 (reaching up over your head), and
16 (doing things to relax at home or for leisure such as reading,
watching TV, sewing, or listening to music), do not appear to be
associated with ADL dysfunction in community-dwelling stroke
survivors and are not considered valid questions for scale inclu-
sion or measurement of progress. Lower Likert type selections
from 6 of the items (items 1, 2, 3, 4, 5, and 11) may represent a
ceiling affect and would fail to measure change in patients with
low degrees of severity.

It is common for items within stroke scales to demonstrate
ceiling effects.?? Line item validation through G-IRT allows the
detection and adjustment of ceiling and floor effects that limit
the applicability of a scale.”’ In some of the items analyzed
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in this study, nearly 60% to 75% of respondents indicated
‘no difficulty’ performing activities of daily living within the
constructs of the item provided. Nonetheless, these items are
valuable measurement functions by rehabilitation providers
and should still be considered as appropriate stroke-related
questions for an item bank. It is likely these findings represent
the higher level of function of the NHANES sample of commu-
nity-dwelling stroke survivors and may include respondents
who have completely resolved stroke related symptoms. Since
the NHANES survey does not place a time limit when querying
the history of a stroke, respondents may have had a long-term,
chronic condition and accommodated.

Two internal measures of severity were used to identify the
level of severity of the respondent group. Slightly over 43.1%
of respondents indicated the effects of the stroke prevented



Table 3. Estimated Item Parameters for the Graded Response Model and the Observed Minus Expected Proportion of

Responses in Each Category

Item a (SE) R' (SE) 32 (SE) 133 (SE)

1 3.61 (0.50) -0.38 (0.08) 0.27 (0.08) 0.62 (0.10)
2 2.85(0.39) -0.15 (0.08) 0.53(0.12) 0.94 (0.13)
3 2.55(0.33) -0.63 (0.10) 0.36 (0.10) 0.96 (0.14)
4 2.77 (0.36) -0.11 (0.10) 0.58(0.11) 0.89 (0.13)
5 3.46 (0.50) -0.02 (0.08) 0.62 (0.09) 1.07 (0.12)
6 2.75(0.45) 0.46 (0.10) 0.83(0.12) 1.14(0.17)
7 4.45 (0.89) 0.77 (0.08) 1.32(0.12) 1.63(0.17)
8 2.80 (0.36) 0.16 (0.09) 1.16 (0.15) 1.72(0.22)
9 3.27 (0.55) 0.54 (0.08) 1.47 (0.19) 1.95 (0.28)
10 2.36 (0.39) 0.59 (0.11) 1.32(0.18) 1.98 (0.30)
11 3.15(0.39) -0.54 (0.09) 0.15 (0.09) 0.56 (0.11)
12 1.14(0.23) 0.87 (0.21) 2.06 (0.39) 3.34 (0.70)
13 1.45 (0.26) 0.68 (0.16) 1.72(0.31) 2.44 (0.42)
14 5.43 (0.95) 0.13 (0.06) 0.57 (0.08) 0.96 (0.09)
15 4.06 (0.61) 0.20 (0.07) 0.75(0.10) 1.04 (0.11)
16 1.83 (0.40) 1.27 (0.20) 2.10(0.36) 2.33(0.42)

Each BB column represents the transition between adjacent Likert values. Subsequently, the selections of 1 = no difficulty to 2 =
some difficulty are represented by 3", to 2 = some difficulty to 3 = much difficulty are represented by 8% and 3 = much difficulty to

4 = unable to do are represented by 33.

them from working while almost 55.5% indicated they sat dur-
ing the day and did not walk about very much. This suggests
that nearly half of the respondent pool did not have severe
symptoms. Although an IRT analysis is less affected by severity
of patient population than validity measures associated with
classical test theory, biases toward one direction could flat-
ten the item characteristic curves yielding less discriminatory
values.®

The item bank from the NHANES survey provides validated
patient-based individual questions along with a number of
stroke-specific scales described within the literature. Two of
the most common ADL scales reported in the literature are
the Barthel Index, a therapist observation-based scale, and the
Frenchay Activities Index, which is based on patient interview.
The Barthel Index spans 2 domains of basic ADLs (basic mobil-
ity and self-care). However it includes 2 non-ADL questions
related to impairment or function.?® The Frenchay Activities
Index spans 4 domains of extended ADLs (household, com-
munity, social/recreational, and cognitive) including 1 non-ADL
question.* The NHANES item bank provides a collection of

questions, which can be used independently of one another,
and spans the entire range of ADLs in community dwelling
stroke patients throughout their continuum of care. This allows
clinicians to pick validated questions from the survey best
suited for each patient in order to quantify their level of ADL
dysfunction. Furthermore, the NHANES item bank is patient
report, similar to the Frenchay Activities Index.

There are limitations to this study. Development of an item
bank provides the clinician with individually validated ques-
tions for use within a given population. What is unknown from
this finding is the responsiveness of each individual item and
comparisons of criterion validity with other ADL scales. One
limitation associated with use of secondary data is the inability
to manipulate selected variables. Three of the 16 items did not
accurately represent ADL dysfunction and may require manip-
ulation. Furthermore, although participants reported a recent
history of stroke, concomitant conditions were not controlled.
Concomitant condition could have influenced the report of
ADL dysfunction for the individual line items.
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CONCLUSION

Thirteen items associated with activities of daily living chal-
lenges were validated individually in a sample of community
dwelling stroke survivors. Clinicians can be confident that each
of these items are scale independent, are valid for measure-
ment of functional activities, and may be applicable for use in
another scale for assessment of functional change in commu-
nity-dwelling stroke survivors.

Further studies should prospectively explore the respon-
siveness of the item bank in a sample of community dwelling
stroke survivors. In addition, this item bank should be validated
in other pathologies such as cancer, low back pain, cervical
pain, and arthritis, all populations well represented within the
NHANES database.
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Appendix A. The Items within the Item Bank Analysis

The following questions ask about difficulties you may have doing certain activities because of a health problem. A “health prob-
lem”is any long-term physical, mental, or emotional problem or illness (not including pregnancy). Please circle the number that
most closely represents your difficulty. By yourself and without using any special equipment, how much difficulty do you have?

ltem No Some Much Unable to
Difficulty | Difficulty | Difficulty Do
1. Walking for a quarter of a mile; that is about 2 or 3 blocks? 1 2 3 4
2. Walking up 10 steps without resting? 1 2 3 4
3. Stooping, crouching, or kneeling? 1 2 3 4
4. Lifting or carrying something as heavy as 10 pounds; like a sack of pota- 1 5 3 4
toes or rice?
5. Doing chores around the house like vacuuming, sweeping, dusting or 1 5 3 4
straightening up?
6. Preparing your own meals? 1 2 3 4
7. Walking from one room to another on the same level (same floor)? 1 P 3 4
8. Standing up from an armless straight chair? 1 2 3 4
9. Getting in or out of bed? 1 2 3 4
10. Dressing yourself, including tying shoes, working zippers, and doing
1 2 3 4
buttons?
11. Standing or being on your feet for about 2 hours? 1 2 3 4
12. Sitting for about 2 hours? 1 2 3 4
13. Reaching up over your head? 1 2 3 4
14. Going out to things like shopping, movies, or sporting events? 1 2 3 4
15. Participating in social activities such as visiting friends, attending clubs 1 5 3 4
or meetings, or going to parties?
16. Doing things to relax at home or for leisure such as reading, watching
- - - . 1 2 3 4
TV, sewing, or listening to music?

114

Journal of Geriatric Physical Therapy Vol. 29;3:06





