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While measurement of quality of life is a vital part
of assessing the effect of treatment in many clinical
trials, a measure that is responsive to clinically
important change is often unavailable. Investiga-
tors are therefore faced with the challenge of
constructing an index for a specific condition or
even for a single trial. There are several stages in
the development and testing of a quality-of-life
measure: selecting an initial item pool, choosing the
“best” items from that pool, deciding on question-
naire format, pretesting the instrument, and dem-
onstrating the responsiveness and validity of the
instrument. At each stage the investigator must
choose between a rigorous, time-consuming ap-
proach to questionnaire construction that will es-
tablish the clinical relevance, responsiveness and
validity of the instrument and a more efficient, less
costly strategy that leaves reproducibility, respon-
siveness and validity untested. This article de-
scribes these options and outlines a pragmatic
approach that yields consistently satisfactory dis-
ease-specific measures of quality of life.

Si on reconnait I'importance, dans beaucoup d’es-
sais cliniques, de déterminer la qualité de la vie en
rapport avec le traitement, on manque souvent
d’un instrument de mesure capable de refléter des
modifications importantes de l'état clinique. Dés
lors le chercheur s’attache a établir un indice
valable pour une maladie donnée, voire pour tel
essai. La conception et la mise a I'épreuve d’un
instrument de mesure de la qualité de la vie
comportent plusieurs stades: réunir des critéres, en
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choisir les meilleurs, concevoir un questionnaire, le
soumettre d un essai préliminaire, et en déterminer
la sensibilité et la validité. A chacun de ces stades le
chercheur doit choisir entre une démarche rigou-
reuse et de longue haleine permettant de bien
déterminer la pertinence clinique de l'instrument,
sa sensibilité et sa validité d’'une part, et de l'autre
une démarche moins coiiteuse qui ne permet pas de
juger de ces qualités. On décrit ici les choix qui
sont a faire et des moyens pratiques de créer pour
une maladie donnée un instrument capable de
mesurer de fagon constamment fidéle la qualité de
la vie.

any medical interventions are designed to
M improve the quality rather than extend
the duration of the patient’s life. A direct
measure of quality of life is required to assess the
benefit of such interventions. While a number of
quality-of-life instruments have been developed
for the general population,s they are unlikely to
detect small, clinically important changes. There-
fore, investigators have developed disease-specific
instruments for patients with cancer 52 joint disea-
ses,> 12 heart disease® and chronic lung disease.
While these instruments, once validated, are likely
to be useful to other investigators, they may have a
narrow range of applicability. Different illnesses
may affect different bodily functions and lead to
different physical and emotional problems. For
example, one recently developed instrument tests
the relative toxicity of two regimens for managing
stage II carcinoma of the breast,® but it is only
applicable to chemotherapeutic regimens with si-
milar toxicity. Also, some instruments may have a
narrow range of applicability because different
treatments are designed to ameliorate impairment
of different aspects of quality of life. In planning a
clinical trial of an occupational therapy program
for patients with rheumatoid arthritis, for example,
we found existing questionnaires for assessing the
effects of anti-inflammatory therapy were inappro-
priate, so a special questionnaire was required.
These examples illustrate that a new instru-
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ment will often be required to measure the effect of
a specific treatment on quality of life. Clinical
investigators who are inexperienced in question-
naire development have responded to this dilemma
by creating ad-hoc measures.’#” The results of
their studies are difficult to interpret because of
failure to attend appropriately to what patients
consider important and to issues such as clinical
credibility, reproducibility, responsiveness and va-
lidity.

In this review we present a strategy for
developing questionnaires to measure disease-
specific quality of life. It is based on previous work
that identified the principles for constructing in-
struments to measure within-subject change over
time, -2 and it assumes that such instruments
must be based on what patients feel is important.
We provide two models: a Volkswagen model, for
investigators with limited time and money who
regard quality of life as a secondary outcome in
their study, and a Rolls-Royce model, for those
with substantial resources, an interest in question-
naire development and the belief that the treat-
ment under investigation stands or falls on its
effect on quality of life. We have used one or the
other of these approaches in constructing ques-
tionnaires for clinical trials in patients with rheu-
matoid arthritis,®?2 chronic airflow limitation,
chronic heart failure?® and breast cancer.’s We shall

not attempt to discuss comprehensively the many
associated methodologic controversies, but we will
present a pragmatic approach to instrument devel-
opment.

Steps in instrument development

The development of an evaluative instrument
can be divided into six stages:® item selection,
reduction of number of items, questionnaire for-
mat, pretesting, reproducibility and responsive-
ness, and validity (Table I).

Item selection

Items on the questionnaire must reflect areas
that are important to patients suffering from the
disease and therefore should be derived from what
patients say about how the illness affects their
lives. One can ask patients about areas of physical
and emotional dysfunction and about the inconve-
nience and limitation that, from their point of
view, arise from their illness. One problem with
such direct questioning is that patients recall
spontaneously only a small portion of all their
areas of dysfunction, and not necessarily the most
important ones. There are probably many reasons

Table I—Stages in development of two models for measuring quality of life

Stage Rolls-Royce Model

Item selection Literature review

care workers

patients

Reduction of no. of items

Questionnaire format
Time specification
patients

Pretesting

Sampling for above four stages

Reproducibility and
responsiveness
subsequent trial(s)

Validity

Consultation (comprehensive) with health

Use of existing instruments

Use of second item-selection
questionnaire identifying item
frequency and importance

Choice of items with highest frequency—
importance product or principal
component analysis

Choice of response-options scale: 7- to
10-point Likert or visual analogue scale

Use of about 20 subjects

Analysis of results to ensure that full
range of response options is used

Use of random sample of patients eligible
for subsequent trials to ensure
representation of entire range of
disease severity, age lifestyle etc.

Questionnaire administration to stable
patients, duplicating conditions of

Use of construct validity

Volkswagen Model

Use of existing instruments
Consultation with health care workers

Semistructured interview with 50 to 100

Only items needed in item-selection
process selected

As for Rolls-Royce model

Availability of previous responses to

Use of two or three subjects

Use of sample of convenience

No testing before trial(s)

Administration before and after
intervention of known efficacy

Use of face validity
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for this, but one contributing factor may be
patients’ impression that health care professionals
will not really be interested in the mundane effects
of an illness on the patients’ lives.

To determine the true frequency and impor-
tance of all items, one must provide a comprehen-
sive series of probes that cover all possible areas of
dysfunction. The nature of these probes will de-
pend on the amount of detail the research study
requires: questions may be general (e.g., on self-
care), probe more specific functions (e.g., dressing)
or even consider components of specific functions
(e.g., doing up buttons).

The Rolls-Royce model dictates detailed
semistructured interviews with 50 to 100 patients
to determine all areas of dysfunction. We have
found that few new items are volunteered or
elicited when more than 100 patients are included.
To determine the frequency and importance of
each item, another sample of approximately 100
patients is questioned. In the second questionnaire
patients are asked whether any of the items is a
problem for them and the importance of each item.
There are several approaches to determining item
importance, each with its own theoretical and
practical advantages and disadvantages. The easiest
is to ask patients to rate the importance of each
item that is a problem for them on a Likert scale
(i.e., each item is rated from very important to not
at all important). An alternative is to place item
descriptions on cards and ask each patient to sort
the cards into piles according to their importance.

Are two patient samples necessary? An alter-
native approach is to collect a comprehensive set of
items before selecting a patient sample. One can
poll content-area experts (physicians, nurses, phy-
siotherapists etc.), use a small number of patients
who are articulate or severely affected or both, and
their spouses, review the relevant literature and
examine questionnaires designed for the general
population or for patients with related conditions.
We have successfully used this approach in con-
structing our questionnaires for patients with heart
and lung disease, women undergoing chemothera-
py for breast cancer and patients with rheumatoid
arthritis in a trial of occupational therapy.1s23

How should one choose patients for the item-
selection questionnaire? With the Rolls-Royce
model the patients should be a random sample of
the group from which subjects for the controlled
trial will subsequently be selected. This implies
sampling of the complete spectrum of disease
severity under consideration, and inclusion of
patients from all subclasses (e.g., those of age, sex
and duration of disease). The eligibility criteria for
the trial should also be applied in selecting pa-
tients for the second questionnaire, which deals
with item frequency and importance.

How many patients should be interviewed?
The second item-selection questionnaire is de-
signed to obtain a reasonable estimate of the
frequency and importance of each area of dysfunc-
" tion in the target population. With 100 patients the

confidence interval for a frequency of 50% is about
10% (in other words, the true frequency would be
between 40% and 60% in 95% of situations in
which a frequency of 50% was obtained); with 50
patients the confidence interval is about 15%, and
with 25 patients it rises to about 20%. The specifi-
cations of the Rolls-Royce model dictate the use of
more than 50 patients.

The item-selection questionnaire is bypassed
in the Volkswagen model. Here one reviews a
couple of existing instruments, consults with one
or two content-area experts and chooses items that
one thinks appropriate.

How much does one lose in adopting the
Volkswagen model for item selection? Our experi-
ence with the item-selection questionnaire is that
one gets a few surprises but not many. We found,
for example, that frustration and embarrassment
because of coughing and the need to use medica-
tion in public were among the primary emotional
problems of patients with chronic lung disease.
Those with arthritis identified cosmetic effects,
such as walking with a limp or having to use
modified clothing, as important issues. Women
with breast cancer felt that of the many unpleasant
side effects of chemotherapy loss of hair was far
more important than the others. They also felt that
chemotherapy had very positive effects, because it
gave them a sense of control over their lives. In
retrospect, these findings may seem obvious, but
we would not have predicted them either from our
own experience or from published reports.

Reduction of number of items

Frequently the item-selection questionnaire
will yield many more items than can be included
in the final questionnaire. Important criteria for
retaining items include the number of patients
who listed the item as a problem (item frequency),
the importance attached to the items and the
potential responsiveness of the items (i.e., the
item’s ability to detect change if it is present). The
main issue with the frequency and importance
criteria is how they should be combined. Although
a number of more sophisticated alternatives (such
as factor analysis or principal-component analy-
sis?) are favoured by some investigators, a simple
and reasonable approach is to multiply the fre-
quency of each item by its mean importance.
Having done this one can then retain the items
with the greatest frequency-importance product
for the final questionnaire. However, there are
other considerations.

Since the questionnaire is being designed for
evaluative purposes (i.e., to measure within-subject
change over time) there is no point in including
items that are unlikely to demonstrate change with
available intervention; doing so would compromise
the instrument’s responsiveness.® For example,
while inability to continue at work may be a
frequent and important problem for patients with
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severe chronic lung disease, the available interven-
tions are unlikely to permit a return to active
employment; therefore, a question about work
would be wasted in an evaluative questionnaire.
Similarly, a question about difficulty in eating
would not be appropriate if a quality-of-life mea-
sure were to be used in a trial in which most of the
arthritic patients had fused upper limbs.

On the other hand, if one is intending to
assess an intervention with specific goals, one
would want to ensure that items related to those
goals appear in the final questionnaire. For exam-
ple, we wanted to use our questionnaire for pa-
tients with chronic lung disease to assess the
results of a respiratory rehabilitation program.?
Among the program’s major goals were to decrease
patients’ fear and panic about dyspnea and to
increase their sense of control over their lives.
Therefore, we were inclined to choose items relat-
ing to these areas for the final questionnaire.
Another example occurred in an ongoing study of
the benefit of home occupational therapy in pa-
tients with rheumatoid arthritis. Here, substituting
less painful activities or having some activities
taken over by willing family members is an
objective of therapy and so should contribute to a
positive result. This contrasts with a trial of a
disease-remitting agent, in which one would hope
that patients would be able to undertake painful
activities with less discomfort and to take on tasks
formerly left to other family members.12

A final consideration in reducing the number
of items is the way the items will be aggregated —
that is, how their scores will be added to yield a
final score, or scores, for each patient. Each dimen-
sion that one wishes to measure requires adequate
representation on the questionnaire for two rea-
sons: to decrease the variability in response found
even in stable patients and to minimize the impact
of idiosyncratic responses to individual questions.
Therefore, it would not be appropriate to include
only one question relating to emotional function;
at least the three or four items with the highest
frequency-importance product on the item-selec-
tion questionnaire should be included. The ques-
tion of whether one should average across dis-
parate dimensions such as emotional and physical
function is a difficult one and will not be covered
in this paper.

What if, after surveying the results of the
item-selection questionnaire, one finds that re-
stricting the number of items in the final instru-
ment omits items that are very important to a
substantial number of patients? We faced this
problem in assessing activities associated with
dyspnea in patients with chronic heart and lung
disease®® and disability in those with rheumatoid
arthritis.’? The activities were highly dependent on
age, sex, disease severity and lifestyle, so that it
was impossible to select a few core activities that
would apply to most patients. In this situation one
can use individualized questions. The strategy was
developed by Scott and Huskisson® and is similar
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to that used in goal attainment scaling.# Patients
are asked to choose their own items, which are
retained for subsequent questionnaire administra-
tion. For example, we ask patients with chronic
heart and lung disease to select five activities that
are both important and frequent in their day-to-
day lives but that cause exertional dyspnea. Then,
on each subsequent visit they are asked about the
severity of the dyspnea during the five activities.
Asking patients to choose the five most important
activities during which their joint disease limits
them has also proved feasible in patients with
rheumatoid arthritis.!?

The number of questions remaining after the
number of items has been reduced depends on how
many other tests and questionnaires the patients
will have to complete during the study. Generally
we have aimed at keeping our questionnaire ad-
ministration to less than 20 minutes and have
found that 1 minute per question is a conservative
estimate of the time required for all but the initial
administration.

Reducing the number of items is not an issue
with the Volkswagen model. During the initial
item-selection process one simply selects the num-
ber of items one wishes to use.

Questionnaire format

If the content of the questionnaire overlaps
with that of established instruments, wording can
be borrowed from the latter. Guides for construct-
ing questions are also available.?22 The questions
must be specific about time: one cannot simply ask
how the joint pain has been; one must ask how it
has been during the last week, 2 weeks and so
forth.

Response options refer to the categories or
range that patients have in responding to question-
naire items. For example, if one wants to determine
simply whether the patient has difficulty climbing
stairs, only two response options — Yes and No —
are necessary. However, when one wants to deter-
mine the degree of difficulty a wide variety of
options must be available.

To ensure responsiveness to the questionnaire
one must be able to detect small changes, if these
changes occur, for each item. To ask about the
presence or absence of difficulty climbing stairs
inappropriately limits the patient to two response
options; one could therefore not detect the effect of
an intervention that reduced but did not eliminate
difficulty climbing stairs. More suitable response
options include a visual analogue scale (VAS)
(which consists of lines, usually 100 mm in length,
anchored by the extremes of the item being mea-
sured, on which patients mark their status for that
item) and a Likert scale with multiple options (e.g.,
excellent, good, moderate, poor, very poor). Both
options have their proponents,®?! but there is no
evidence to support one over the other. Similarly,
the optimal number of response options for a




Likert scale is unclear. On the basis of available
data, selection of a VAS or a Likert scale with 7 to
10 response options is reasonable.

In the traditional approach to questionnaire
administration patients have not been permitted to
see their responses on previous occasions, so as to
avoid bias — that is, a tendency to the same score
even if change has occurred.’> However, this view
has recently been challenged.?* We have found that
showing patients their previous responses de-
creases the variability of responses from stable
patients without attenuating changes in the ques-
tionnaire scores associated with responses to
treatment.* We therefore recommend that the pre-
vious responses be made available to patients
when evaluative questionnaires are being admin-
istered.

Pretesting

When questionnaires are first administered
there are inevitably questions that some patients
do not understand or that they find silly, inappro-
priate, embarrassing or confusing. Poor wording of
questions or choice of response options may lead
to patients’ using only some of the response
options (people hesitate to say they’re feeling very
depressed, for example). Pretesting is required to
correct these problems. The Rolls-Royce model
requires random selection and testing of another
group of subjects eligible for the planned trial
(once again ensuring representation of disease
severity, age, lifestyle etc). About 20 patients
should be sufficient to identify major problems.
Obvious problems are noted, and the interviewer
reviews each question and asks subjects to explain
what the question meant to them and why they
chose a particular response option. Discrepancies
between what was intended and what was under-
stood are noted. Subjects are also asked to identify
any questions that made them feel uncomfortable
or embarrassed and to suggest how the question-
naire might be modified.

When the patients have been tested a statisti-
cal analysis is conducted. Responses to each ques-
tion are examined to ensure that the full range of
response options has been used. The questionnaire
is then modified to eliminate ambiguities, delete
questions that are offensive or beyond correction
and ensure that the full range of response options
is used for each question. When the modifications
have been made the pretesting procedure is repeat-
ed.

With the Volkswagen model, pretesting in-
volves choosing two or three subjects, administer-
ing the questionnaire and changing it only if
obvious problems arise. In the construction and
pretesting phases we have described, as well as in
the instrument-testing phases that follow, most
investigators will choose a strategy that falls some-
where between the Rolls-Royce and the Volkswa-
gen models.

Reproducibility and responsiveness

Reproducibility has a number of synonyms,
including reliability and precision, the point being
that repeated administration of a questionnaire to
stable patients should produce more or less the
same results. The most commonly used approach
to assessing reliability involves looking at the ratio
of the variability between subjects to the total
variability in responses (which includes variability
attributable to both between-subject and within-
subject differences). The resulting statistic is the
Pearson’s correlation coefficient, or a more sophis-
ticated version; an intraclass correlation coefficient
that takes into account systematic change in score
over time. These correlations tell us how good an
instrument is at differentiating between subjects.
However, with a questionnaire about quality of life
we are interested in detecting change within sub-
jects over time; thus, the magnitude of the variabil-
ity between subjects is irrelevant, and the correla-
tion coefficients may give misleading results.

The usefulness of an evaluative questionnaire
depends on its responsiveness — that is, its ability
to detect clinically important changes even if the
changes are small. Responsiveness is proportional
to the change in score that constitutes a clinically
important difference (the “signal” that the instru-
ment is trying to detect) and inversely proportional
to the variability in score in stable patients (the
“noise”’, which makes the signal difficult to detect).
The ratio of the minimal clinically important
difference (or, if that is unavailable, the change
produced by a treatment of known benefit) to the
within-subject variability in stable patients is di-
rectly related to sample size requirements and can
be used as an index of a questionnaire’s respon-
siveness.*

Two studies are required to generate the data
needed to determine questionnaire responsiveness:
one to examine the variability in stable patients
and the other to demonstrate that questionnaire
scores change when real change has taken place. In
the study designed to examine variability in stable
patients the questionnaire is repeatedly adminis-
tered to a group of patients who meet the eligibili-
ty criteria for the planned clinical trial and who are
deemed stable by other criteria. The interval be-
tween administrations of the questionnaire, the
number of times the questionnaire is given and the
interval between first and final administration
should duplicate what is planned in the clinical
trial. The data from this study will yield an
estimate of the variability in stable patients.

In the second study, designed to demonstrate
that changes in the questionnaire score occur when
real change has taken place, the questionnaire is
administered to patients before and after applica-
tion of an intervention of known efficacy. One
may use either the same sample or a new group of
patients, but once again the patients should meet
the eligibility criteria for the subsequent trial.
Ideally, the questionnaire score will demonstrate
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not only improvement in quality of life but also
sufficiently large improvement relative to the vari-
ability shown by stable patients. If there is no
convenient therapy of known benefit, the situation
becomes more difficult; one solution is to adminis-
ter the questionnaire serially to patients in whom
spontaneous improvement or spontaneous deterio-
ration is expected.

The ratio between the change seen in patients
in the second study to the variability in stable
patients seen in the first study provides an esti-
mate of questionnaire responsiveness. The larger
the difference in questionnaire score in patients in
whom there is a real change (the signal) the greater
the responsiveness; the larger the difference in
questionnaire score in patients who are really
stable (the noise) the lower the responsiveness.

The Volkswagen model for assessing
reproducibility and responsiveness is simple:
begin the trial with the assumption that the index
will prove equal to the task. One can then assess
responsiveness in retrospect: variability in stable
patients can be examined by reviewing results in a
placebo group, and this variability can be com-
pared with the treatment effect. This method will
be satisfactory if the trial has a positive result.
However, if the result is negative one cannot be
sure that the treatment was ineffective or that the
questionnaire was unresponsive. This is an impor-
tant reason why an untested index should not be
used as a primary measure of outcome.

Validity

An index is valid if it is measuring what it is
supposed to measure. The simplest way of validat-
ing a questionnaire is to demonstrate that its
results match a gold standard; however, a gold
standard for quality of life is unavailable. There-
fore, one must rely on “construct validity”: Does
the questionnaire behave in relation to other mea-
sures as one would expect if it was really measur-
ing quality of life? Construct validity requires
several predictions about how the results of the
questionnaire should correlate with other related
measures and then testing of these hypotheses.
Because evaluative questionnaires are primarily
concerned with measuring change, one must exam-
ine the correlations between change in the quality-
of-life measure and change in other variables.1®

For example, the questionnaire we have devel-
oped to measure the effects of quality of life in
patients with chronic heart and lung disease exam-
ines both physical and emotional function.?? At the
time of questionnaire administration we ask the
patient, a relative and the physician to make global
ratings of the patient’s physical and emotional
function. If the questionnaire is really measuring
quality of life we would expect the changes in
ratings of physical function to bear a close relation
to changes in the patient’s global rating of physical
function, a somewhat weaker relation to changes
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in the relative’s rating of physical function and
little, if any, relation to changes in the physician’s
rating of emotional function. Important additional
validation comes from examining the results of
physiologic measures. One would expect a strong
correlation between changes in physical function
and changes in exercise capacity and, to a lesser
extent, changes in cardiac function or spirometric
readings. These predictions can be tested by apply-
ing both the questionnaire and other measures of
function in an open study before and after an
intervention of known benefit.

The Volkswagen model relies on “face validi-
ty”. If the questions in the index appear to be
measuring quality of life, that is sufficient.

Conclusions

The importance of direct measurement of
quality of life in establishing the benefit of treat-
ment is increasingly becoming recognized.?2 To be
confident that small but clinically important dif-
ferences will not be missed requires a responsive
measure. We have outlined an approach to the
construction of disease-specific measures that can
be applied to specific conditions or even specific
trials once it has been determined that an adequate
quality-of-life index is not already available. At
each stage of instrument development the investi-
gator can choose a pragmatic strategy that requires
few resources or a sophisticated approach designed
both to maximize the chances of constructing a
useful instrument and to rigorously test its respon-
siveness and validity. If an investigator chooses
the pragmatic route, efficiency is maximized, but
the decreased confidence in the responsiveness and
validity of the resulting index precludes use of the
index as the primary measure of outcome in
subsequent studies. While quality of life can be
difficult to measure accurately, investigators
should no longer shy away from including it as an
outcome in studies designed to determine treat-
ment benefit. The approaches we have outlined
should make construction of a quality-of-life in-
strument for a specific trial less intimidating and
improve the responsiveness and validity of the
resulting measure.

This work was supported in part by the Ontario
Ministry of Health and the St. Joseph’s Hospital Foun-
dation, Hamilton, Ont.
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