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Abstract
Background—Health related quality of
life (HRQoL) measurement is important
in determining the impact of disease on
daily functioning and subsequently in-
forming interventions. In cystic fibrosis
(CF) generic HRQoL measures have been
employed but these may not be suYciently
specific. The aim of the current work was
to develop and validate a disease specific
HRQoL measure for adults and adoles-
cents with cystic fibrosis.
Methods—Areas of concern to adults and
adolescents with CF were identified by
unstructured interviews, self-
administered questionnaires, consultation
with multidisciplinary specialist staV, a
review of the relevant literature, and
examination of other HRQoL measures.
Items for the questionnaire were gener-
ated on the basis of this process. Contin-
ued evaluation and development of the
Cystic Fibrosis Quality of Life (CFQoL)
questionnaire was undertaken by a proc-
ess of statistical analysis and continued
feedback from patients. The full testing
and validation of the CFQoL question-
naire took place over four phases: (1)
initial item generation and testing of a
preliminary questionnaire, (2) testing and
validation of the second version of the
questionnaire, (3) test-retest reliability of
a third and final version of the question-
naire, and (4) sensitivity testing of the
final version of the questionnaire.
Results—Nine domains of functioning
were identified using principal compo-
nents analysis with varimax rotation.
Internal reliability of the identified do-
mains was demonstrated using Cronbach
alpha coeYcients (range 0.72–0.92) and
item to total domain score correlations.
Concurrent validity (range r = 0.64–0.74),
discriminatory ability between diVerent
levels of disease severity, sensitivity across
transient changes in health (eVect size
range, moderate d = 0.56 to large d = 1.95),
and test-retest reliability (r = 0.74–0.96)
were also found to be robust.
Conclusions—The CFQoL questionnaire
is a fully validated disease specific meas-
ure consisting of 52 items across nine
domains of functioning which have been
identified by, and are of importance to,
adolescents and adults with cystic fibrosis.
This measure will be useful in clinical
trials and longitudinal studies.
(Thorax 2000;55:946–954)
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Advances in the care and treatment of cystic
fibrosis (CF) have resulted in most patients
surviving into adulthood.1 Despite these im-
provements, CF remains a progressive and
ultimately fatal multisystem disease that has a
heavy treatment regimen.2 Given this, a new
goal for intervention in CF should be to meas-
ure and improve health related quality of life
(HRQoL) in relation to medical and psycho-
social interventions. The measurement of
HRQoL complements clinical measures of dis-
ease status such as respiratory function tests.
Once developed a questionnaire would be use-
ful as (a) an outcome measure in clinical trials,
(b) for the assessment of disease progression,
and (c) for the monitoring of individual
patients.

To date, HRQoL in adults with CF has been
measured using either generic scales3–5 or
disease specific respiratory measures.6–9 These
measures were not developed for the CF
population and are limited since they do not
reflect areas of functioning that are particu-
larly salient to the adult with CF. Because of
this the data are likely to lack sensitivity and be
problematic in their interpretation. This work
aims to develop, test, and validate a disease
specific measure of HRQoL for adults and
adolescents with CF. The measure should
include areas of functioning that are meaning-
ful to adults with CF, be brief enough to be
applied in a clinical setting (that is, completion
time of about 10 minutes), be simple to
administer and score (for use in clinical
settings and postal surveys), and be sensitive
enough to detect both changes in health within
the individual and diVerences between levels
of disease severity.

The development, testing, and validation of
the Cystic Fibrosis Quality of Life (CFQoL)
questionnaire took place over four phases: (1)
initial item generation and testing of a prelimi-
nary questionnaire; (2) testing and validation
of a second version of the questionnaire
including concurrent and discriminative valid-
ity; (3) test-retest reliability of a third and final
version of the questionnaire; and (4) sensitivity
testing of the final version of the questionnaire.
The step by step development and validation of
the CFQoL is reflected in the structure of this
paper with the various methods and results
sections reported in sequential order for each
stage of development and testing.
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Phase 1: Initial item generation and
testing of a preliminary questionnaire
METHODS

Generation of an initial list of items likely to be
important to adults with CF was informed by
the following processes: (1) consideration of
the general literature exploring HRQoL, (2)
literature dealing with the psychosocial and
physiological aspects of CF, (3) examination of
existing generic and respiratory specific ques-
tionnaires, (4) the outcome of interviews with
60 CF adults conducted during the course of
previous research10 which outlined areas of
concern to them, (5) examination of the litera-
ture exploring HRQoL in CF, and (6)
discussions with multidisciplinary staV from
two specialist CF centres. These suggested
several areas for inclusion in the questionnaire
including physical functioning, social function-
ing, CF specific issues (chest symptoms, treat-
ment, and body image), interpersonal relation-
ships, career/college issues, and concerns for
the future. Fifty items were constructed to rep-
resent these areas. Responses to the question-
naire were measured by a six point Likert scale
ranging from 1 = very strongly agree to 6 = very
strongly disagree. The response scale was arbi-
trary in a bid to encourage patients to suggest
the most appropriate method of responding. A
final screening item asked patients to report
what they found most troublesome about their
CF. This was included to ascertain whether any
salient issues had been omitted. This initial
questionnaire was designed as a framework
from which items could be removed or added
to in subsequent versions.

PATIENTS AND PROCEDURE

One hundred and five patients were recruited
via the outpatient clinic of a specialist adult CF
unit. Patients were randomly approached dur-
ing routine visits and asked for consent to par-
ticipate in the development of the question-
naire. The researcher had no prior knowledge
of the patients or of their medical status. There
was no ‘a priori’ exclusion of any patient
attending the clinic on any grounds. To
encourage genuine and meaningful responses
no demographic or clinical details were taken
for this initial and important phase of
development.11 Patients self-completed the
questionnaire which took approximately 10
minutes. Following completion, each patient
was asked to comment on and criticise the

structure and content of the measure. Re-
sponses to this were noted in order to include
any refinements in a subsequent draft.

RESULTS

Of the 105 questionnaires completed, four
were discarded because of incomplete data.
Principal components analysis (PCA) with
varimax rotation was conducted on items 1–50.
PCA with varimax rotation is a statistical tech-
nique based on correlational principles which
is applied to a single set of variables (question-
naire items) in order to highlight coherent sub-
sets within the overall data set. In questionnaire
design this technique is applied to identify the
presence of domains (subscales reflecting
diVerent aspects of functioning) within a larger
battery of items. The solution emerging from
the PCA highlighted 10 principal factors with
eigen values above 1.0 which accounted for
71.1% of the overall variance within the data
set. An additional method of determining the
relative importance of factors is the scree plot
described by Cattell.12 This technique involves
the graphical display of the descending vari-
ance accounted for by all the factors extracted
by the analysis. The cut oV point for this
method is determined by the gradient of the
slope. A scree plot confirmed the factors high-
lighted by the eigen values.

The factors identified were (1) physical
functioning, mild to moderate impairment; (2)
physical functioning, severe impairment; (3)
social functioning; (4) treatment issues; (5)
chest symptoms; (6) body image; (7) interper-
sonal relationships; (8) career concerns; (9)
relationships at work; and (10) concerns for the
future. The two physical functioning compo-
nents were merged in order to create an overall
domain of physical functioning which con-
tained mild, moderate, and severe elements.
The decision to do this was supported statisti-
cally by applying Cronbach alpha analysis to
the merged physical functioning domain, the
outcome of which indicated very good internal
reliability (table 1). A single physical function-
ing domain is also clinically sensible and easily
interpretable. With physical functioning
merged into a single domain a total of nine
domains of functioning remained.

Internal reliability of each domain was
initially assessed using Cronbach alpha coeY-
cients (table 1). Internal reliability is generally
acceptable for factors with a Cronbach alpha
coeYcient of 0.7 or above.13 The exceptions to
this were relationships at work, social function-
ing, and body image. These factors all
contained items that were reworded slightly for
subsequent versions, thereby eliminating ambi-
guities and leading to better reliability values.
Because Cronbach alpha is influenced by the
number of items in a domain, additional analy-
ses using Pearson product moment correlation
coeYcients were conducted for all domains
that contained only two items. Moderate to
strong correlation coeYcients emerged for
treatment issues (r = 0.68), chest symptoms (r
= 0.73), body image (r = 0.52), and relation-
ships at work (r = 0.55). Overall, items loaded
cohesively onto the emergent factors. However,

Table 1 Cronbach alpha coeYcients of domains 1 to 9 of the CFQoL1 and comparative
domains of the CFQoL2

CFQoL1 CFQoL2

Domain No of items
Alpha
coeYcient No of items

Alpha
coeYcient

Physical functioning 10 0.90 10 0.92
Social functioning 3 0.69† 4 0.89
Treatment issues 2 0.81 3 0.89
Chest symptoms 2 0.84 2 0.83
Emotional responses Not applicable 8 0.91
Concerns for the future 6 0.82 6 0.83
Interpersonal relationships 8 0.90 10 0.90
Body image 2 0.68 3 0.72
Career concerns 3 0.90 4 0.84
Relationships at work 2 0.46† Excluded from this version

†Factors that have failed to achieve alpha coeYcients of 0.7 or above.
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there were several ambiguities and, in order to
maintain the integrity of the domains that the
factors represented, 10 items were omitted
from the next draft of the questionnaire.

The acceptability and face validity of the
questionnaire was confirmed by (a) the pa-
tient’s willingness to complete it, (b) positive
comments regarding its content, (c) indication
by the patients that they would be happy to
complete and comment on subsequent ver-
sions of the measure, (d) failure of the screen-
ing item to reveal additional issues, and (e)
positive reaction by all members of the
multidisciplinary CF team about the content
and its relationship to the overall measurement
aims. The feedback provided by both patients
and all members of the CF team raised an
additional 15 items for inclusion in the
subsequent CFQoL. This included a new sec-
tion covering emotional responses to CF.
Patient feedback also led to the development of
new response scales. For domains related to
physical functioning, social functioning, chest
symptoms, treatment issues and emotional
responses, a six point Likert scale was applied
with a range of 1 = all of the time to 6 = never,
reflecting the fluctuating nature of CF. A two
week time scale was applied across these
domains. For the remaining domains a modifi-
cation of the original scale was applied with 1 =
strongly agree to 6 = strongly disagree.

Phase 2: Testing and validation of a
second version of the CFQoL
questionnaire
METHODS

Thirty eight CF specific items were retained
from the CFQoL1, either in their original form
or in the reworded version, and the 15 new
items were added to the second version of the
questionnaire (CFQoL2). This generated a
questionnaire with 53 items across nine
domains of functioning.

PATIENTS AND PROCEDURE

The CFQoL2 questionnaire was completed by
223 adults with CF. The sample comprised
103 men and 120 women with a mean age of
25.2 years (range 14–52). Percentage of
predicted forced expiratory volume in one sec-
ond (FEV1) was also calculated (mean FEV1 =
55%, range 12–118%). The CFQoL2 ques-
tionnaire was distributed to coincide with
attendance at the outpatient clinic. Patients
self-completed the measure and returned com-
pleted questionnaires by post. For purposes of
assessing the concurrent validity of the
CFQoL2, the Short Form 36 item (SF-36)
Health Status questionnaire was distributed in
parallel. The SF-36 is a generic health status
measure that has been well tested and validated
across a number of populations.14–17 It is one of
the briefest measures currently in use, but is
still one of the most comprehensive.14

RESULTS

Testing the structure of the CFQoL2 question-
naire was conducted by applying PCA with
varimax rotation, Cronbach alpha coeYcients,
and item to domain correlations. The PCA

indicated a solution consisting of eight factors
on the basis of eigen values of 1.0 and above
and the examination of the data from a scree
plot. These were (1) chest symptoms, physical
functioning (mild to moderate impairment)
and social functioning; (2) emotional function-
ing; (3) interpersonal relationships; (4) con-
cerns for the future; (5) career concerns; (6)
treatment issues; (7) physical functioning
(severe impairment); and (8) body image.

For those factors with an eigen value below
2.0 (career concerns, treatment issues, and
body image) an additional screening measure
was used. The percentage of adults with CF
who responded negatively across domains pro-
vided a measure of “importance to patients”. A
negative response to domains is indicated by a
raw score of 3 or less and is indicative of the
diYculties patients are experiencing; 43% of
patients responded negatively with regard to
career concerns, 19% regarding treatment
issues, and 29% concerning body image, so the
retention of these domains was also warranted.

Physical functioning emerged as two factors
that were again merged into a single domain.
The rationale for this was that physical
functioning is more easily interpreted and
clinically sensible as a continuum of severity.
Additionally, treating mild and moderate
physical functioning separately from severe
physical functioning may serve to generate
floor and ceiling eVects across each of these
domains. For example, more severely aVected
individuals are likely to generate floor eVects in
the mild to moderate range whereas healthier
individuals would generate ceiling eVects
across the severe range of items. Merging of the
items serves to buVer this eVect while still
being sensitive to a range of disability across
individuals. Statistical review supported this
decision given that the Cronbach alpha coeY-
cients (table 1) and the item to domain corre-
lations (table 2) indicated that the domain was
structurally robust. Item to domain correla-
tions test whether items display a stronger cor-
relation with the total domain score from their
related domain compared with unrelated do-
mains. To prevent overfitting of the item with
related domain scores, the score from the item
being considered was removed from the total
domain score.

Also loading on to factor 1 were items that
had previously emerged as separate factors
(chest symptoms and social functioning).
Treating these factors as a single domain may
serve to confuse interpretability. Amalgama-
tion of these items would lead to a loss of this
specificity and the ability to respond in a clini-
cal context. Cronbach alpha values (table 1)
and item to domain correlations (table 2) dem-
onstrated the integrity of the chest symptoms
and social functioning domains as independent
constructs. Because only two items were
included in the chest symptoms domain a cor-
relation analysis was conducted, the outcome
of which revealed a strong relationship (r =
0.72).

On the basis of the statistical and clinical
interpretation of the data, the following nine
final domains of functioning were identified:
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physical functioning, social functioning, treat-
ment issues, chest symptoms, emotional func-
tioning, concerns for the future, interpersonal
relationships, body image, and career issues.
Both Cronbach alpha testing and item to
domain correlation coeYcients confirmed that
the internal structure of the final nine domains
were robust (tables 1 and 2).

CONCURRENT VALIDITY

Method: patients and procedure
It is customary to assess the concurrent validity
of a new questionnaire by comparing it with an
established and well validated measure. The
SF-36 questionnaire was completed by the 223
patients alongside the CFQoL2 questionnaire.

Results
Correlations between the two questionnaires
were only made across similar domains: physi-
cal functioning (r = 0.73), social functioning (r
= 0.67), mental health/emotional functioning
(r = 0.64), and total questionnaire scores (r =
0.74). All of the correlations were moderate to
strong and very highly significant (p<0.001),

indicating that the CFQoL2 questionnaire had
good concurrent validity with the appropriate
domains of the SF-36 questionnaire.

DISCRIMINATION OF THE CFQOL2 QUESTIONNAIRE

Method: patients and procedure
A method of assessing whether the measure
can diVerentiate between patients with varying
degrees of disease severity is to divide the
population on the basis of percentage predicted
FEV1.

18 The overall group of 223 patients given
the CFQoL2 questionnaire were divided into
three disease severity groups: mild disease
(FEV1 >71% predicted), moderate disease
(FEV1 41–70% predicted), and severe disease
(FEV1 <40% predicted). Domain comparisons
between the groups were made using one way
analysis of variance (ANOVA) with Tukey’s
honestly significant diVerence as a post hoc
analysis for significant diVerences between
groups.

Results
Significant main eVects were observed for all
domains: physical functioning (F = 15.82,
p<0.000), social functioning (F = 4.56,
p<0.01), treatment issues (F = 4.44, p<0.01),
chest symptoms (F = 11.68, p<0.000), emo-
tional responses (F = 4.64, p<0.01), concerns
for the future (F = 3.52, p<0.03), interpersonal
relationships (F = 5.76, p<0.003), body image
(F = 10.96, p<0.000), career concerns (F =
5.33, p<0.005), and total scores (F = 13.28,
p<0.000). Post hoc analysis demonstrated that
the CFQoL2 discriminated between levels of
disease severity in the following ways: (1)
between mild and moderate disease for the
domains of body image, interpersonal relation-
ships, concerns for the future, and total
CFQoL scores; (2) between moderate and
severe disease for physical functioning, social
functioning, and chest symptoms; and (3)
between mild and severe disease for all
domains except concerns for the future.

To compare the discriminatory validity of
the SF-36 a series of ANOVAs were also
applied to comparative domains as with the
assessment of concurrent validity. Significant
main eVects occurred for total SF-36 scores (F
= 5.04, p<0.007) and for physical functioning
(F = 17.43, p<0.000), with specific group dif-
ferences between mild and severe groups for
both domains and also between severe and
moderate groups for the physical functioning
domain. No group diVerences emerged for
social functioning or mental health. These data
indicated that the CFQoL had good discrimi-
natory ability, particularly in comparison with
the SF-36.

Phase 3: Test-retest reliability of the third
version of the questionnaire
METHOD

On the basis of the analyses described in phase
2, further minor amendments were made to the
CFQoL resulting in a third and final version of
the questionnaire consisting of 52 items across
nine domains of functioning (appendix 1). The
test-retest procedure measured the stability of
scores on the CFQoL over time. If the

Table 2 Item to domain correlations for the CFQoL2 data

Item no PF SF TI CS ER BI IR CI FC

PF1 0.78 0.59 0.43 0.61 0.50 0.21 0.40 0.42 0.15
PF2 0.82 0.67 0.53 0.58 0.56 0.18 0.39 0.39 0.15
PF3 0.77 0.59 0.43 0.55 0.49 0.11 0.30 0.35 0.11
PF4 0.72 0.56 0.40 0.49 0.48 0.11 0.31 0.33 0.16
PF5 0.54 0.44 0.34 0.42 0.37 0.11 0.22 0.19 0.13
PF6 0.72 0.59 0.44 0.48 0.48 0.16 0.37 0.33 0.15
PF7 0.71 0.75* 0.51 0.50 0.57 0.14 0.44 0.37 0.16
PF8 0.72 0.54 0.42 0.57 0.47 0.26 0.36 0.36 0.11
PF9 0.76 0.62 0.55 0.71* 0.61 0.22 0.39 0.40 0.18
PF10 0.83 0.72 0.56 0.69 0.68 0.22 0.45 0.44 0.22
SF1 0.61 0.72 0.56 0.47 0.56 0.16 0.43 0.30 0.20
SF2 0.72* 0.79 0.49 0.53 0.59 0.12 0.39 0.33 0.20
SF3 0.70 0.86 0.51 0.55 0.63 0.18 0.49 0.33 0.23
SF4 0.67 0.75 0.64 0.62 0.69 0.24 0.55 0.40 0.30
TI1 0.49 0.53 0.79 0.52 0.48 0.26 0.32 0.28 0.20
TI2 0.58 0.61 0.81 0.52 0.58 0.20 0.43 0.28 0.23
TI3 0.52 0.59 0.76 0.60 0.60 0.22 0.43 0.36 0.27
CS1 0.72* 0.57 0.56 0.72 0.60 0.25 0.36 0.37 0.18
CS2 0.61 0.57 0.55 0.72 0.65 0.35 0.47 0.42 0.35
ER1 0.49 0.53 0.52 0.52 0.74 0.14 0.44 0.33 0.28
ER2 0.50 0.51 0.49 0.54 0.75 0.20 0.48 0.34 0.27
ER3 0.47 0.49 0.45 0.48 0.52 0.18 0.40 0.29 0.21
ER4 0.58 0.59 0.47 0.61 0.79 0.19 0.49 0.42 0.27
ER5 0.47 0.46 0.38 0.47 0.73 0.14 0.42 0.33 0.27
ER6 0.51 0.61 0.40 0.45 0.69 0.08 0.48 0.38 0.41
ER7 0.58 0.62 0.57 0.60 0.77 0.21 0.47 0.33 0.27
ER8 0.56 0.60 0.52 0.56 0.75 0.21 0.54 0.43 0.30
FC1 0.02 0.09 0.09 0.08 0.13 0.17 0.19 0.21 0.34
FC2 0.18 0.21 0.20 0.22 0.25 0.28 0.19 0.30 0.63
FC3 0.10 0.14 0.17 0.16 0.19 0.21 0.14 0.19 0.64
FC4 0.11 0.15 0.13 0.23 0.24 0.21 0.27 0.23 0.70
FC5 0.14 0.21 0.19 0.23 0.30 0.22 0.35 0.35 0.74
FC6 0.30 0.38 0.35 0.37 0.47 0.19 0.43 0.40 0.57
IR1 0.31 0.32 0.28 0.29 0.40 0.30 0.77 0.49 0.18
IR2 0.38 0.40 0.39 0.38 0.41 0.28 0.59 0.41 0.28
IR3 0.20 0.26 0.18 0.21 0.29 0.31 0.70 0.37 0.13
IR4 0.30 0.34 0.26 0.36 0.36 0.25 0.73 0.36 0.15
IR5 0.40 0.40 0.27 0.26 0.36 0.25 0.67 0.33 0.16
IR6 0.31 0.36 0.29 0.31 0.45 0.38 0.63 0.46 0.32
IR7 0.37 0.47 0.34 0.34 0.52 0.23 0.74 0.39 0.27
IR8 0.31 0.30 0.33 0.37 0.38 0.17 0.42 0.36 0.27
IR9 0.38 0.49 0.41 0.39 0.51* 0.26 0.58 0.43 0.37
IR10 0.46 0.55 0.43 0.41 0.60 0.32 0.71 0.44 0.39
BI1 0.10 0.06 0.19 0.18 0.15 0.51 0.26 0.24 0.20
BI2 0.18 0.15 0.16 0.23 0.11 0.55 0.27 0.22 0.26
BI3 0.29 0.31 0.28 0.30 0.29 0.57 0.39 0.30 0.26
CI1 0.27 0.22 0.22 0.26 0.31 0.26 0.45 0.64 0.23
CI2 0.37 0.31 0.30 0.36 0.36 0.29 0.48 0.79 0.29
CI3 0.47 0.36 0.26 0.38 0.35 0.19 0.35 0.64 0.31
CI4 0.41 0.38 0.34 0.43 0.50 0.30 0.58 0.67 0.43

Correlations with own domain are highlighted in bold.
*Correlations with unrelated domains that are similar to or greater than intra domain correlations.
PF = physical functioning; SF = social functioning; TI = treatment issues; CS = chest symptoms;
ER = emotional responses; FC = future concerns; IR = interpersonal relationships; BI = body
image; CI = career issues.
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questionnaire is administered at time point 1
and then again 7–10 days later, the scores
should remain relatively unchanged for pa-
tients who report no change in health status.
This is important in determining whether
changes measured by a questionnaire are
genuine or an artefact of chance fluctuations.

PROCEDURE AND PATIENTS

To test the external reliability of the measure,
the third version of the CFQoL questionnaire
was posted to 200 adults with CF. A second
questionnaire was sent to be completed within
7–10 days of the first. This time period was
chosen to be long enough not to introduce
memory confounds while being short enough
to prevent fluctuations in disease status.
Patients were also sent a further questionnaire
alongside the second distribution of the
CFQoL questionnaire which asked them to
what extent they felt their health had changed
since the first completion of the measure. Only
patients who stated no change in health status
and who completed both questionnaires within
7–10 days were included in the analysis.

RESULTS

One hundred patients completed and returned
the questionnaire. Of these only 32 (17 men)
fitted the inclusion criteria. The mean age of
responders was 27 years (men 28 years, women
26 years). The overall age range was 16–53
years (men 18–40, women 16–53). Correlation
analysis was applied to assess the degree of
relationship between data completed at the two
designated time points (table 3). The analysis
indicated strong correlations (r >0.8) and
explained 72.9–92.2% of overall variance
between pairs (r2 × 100). The only exception to
this was for treatment issues (r = 0.74),
explaining 55.2% of the variance. This indi-
cated that the test-retest reliability for the
CFQoL was robust.

Phase 4: Sensitivity testing of the third
version of the CFQoL
METHOD

Sensitivity testing examines whether a measure
is able to detect either deterioration in health
status or improvements brought about by an
intervention. HRQoL using the third and final
version of the CFQoL questionnaire was
assessed in patients presenting with a pulmo-
nary exacerbation. It was anticipated that
improvements in pulmonary function as deter-
mined by percentage predicted FEV1, and pos-

sibly small changes in body mass index (BMI),
would have occurred by the end of the
treatment period.

PATIENTS AND PROCEDURE

Patients presenting at the clinic over a four
month period who were diagnosed by the
attending physician as presenting with an exac-
erbation of chest symptoms consented to
participate in the study. Data were collected
from 24 patients (nine men) of mean age 23
years (range 16–48). Participants completed
the CFQoL questionnaire on diagnosis (time
point 1) and again at the end of a two week
period of intravenous antibiotic treatment
(time point 2). Also collected at each time
point were FEV1 and height and weight in
order to calculate percentage predicted FEV1

and BMI.

RESULTS

Each domain was analysed separately by
applying a series of related t tests and calculat-
ing the eVect size of the change between time
point 1 and time point 2. The analyses revealed
a range of significant diVerences with large
eVect sizes for clinical status across the major-
ity of domains (table 4). Higher values were
attained at the second time point indicating an
improvement in function.

Scoring and interpretation of scores
The scoring scales were designed to reflect
positive and negative scoring. All items were
scored 1 to 6, with the exception of item 6
(“Despite CF, over the last two weeks I have
got around and done what I like”) which is
reverse scored 6 to 1. Raw scores of 3 or under
indicate a negative response. Transformed
domain scores of 50 or less also indicate nega-
tive responses and suggest that the individual
may be experiencing diYculties within that
particular domain. Transformed scores trans-
late to values between 0 and 100 and are
achieved by following the equations outlined in
appendix 2. A transformed score indicates the
value that has been achieved out of a maximum
of 100 with 100 indicating the most positive
QoL levels possible.

Discussion
The CFQoL questionnaire is a valid and
reliable measure of HRQoL for adults and
adolescents with CF. It is a patient derived
measure which includes domains and response

Table 3 Pearson correlation analysis of the test-retest data
of the third version of the CFQoL

r r2 × 100

Physical functioning 0.93 87.8%
Social functioning 0.85 72.9%
Treatment issues 0.74 55.2%
Chest symptoms 0.93 86.3%
Emotional responses 0.90 81.5%
Future concerns 0.92 84.5%
Interpersonal relationships 0.91 83.0%
Body image 0.88 77.5%
Career issues 0.95 91.0%
Total CFQoL score 0.96 92.2%

Table 4 Displaying the results of the pre and post
treatment analyses

t value p value EVect size

FEV1 (% predicted) 4.90 0.000*** 1.39
BMI 2.78 0.01** 0.78
Physical functioning 3.48 0.002** 0.98
Social functioning 2.88 0.009** 0.81
Treatment issues 1.99 0.059† 0.56
Chest symptoms 5.98 0.000*** 1.69
Emotional responses 3.91 0.001*** 1.10
Concerns for the future 2.83 0.009** 0.80
Interpersonal relationships 3.40 0.002** 0.96
Body image 3.23 0.004** 0.91
Career 2.10 0.047* 0.59
Total CFQoL scores 6.90 0.000*** 1.95

†p<0.10; *p<0.05; **p<0.01; ***p<0.001.
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scales that have been determined by the
patients and are therefore meaningful to them.
Within each domain are sets of items, each of
which tap into specific areas of HRQoL issues
of importance to adults with CF. The outcome
of this is that these can be assessed on a domain
by domain basis or, more specifically, on an
item by item basis if individual issues are to be
evaluated in a therapeutic context. Response
rates of 98% for face to face completion and
54% for postal means suggests a good compli-
ance rate for the CFQoL.

Given that no attempt was made to eliminate
sex biased questions from the measure, the
CFQoL questionnaire will be able to identify
disparities in HRQoL between men and
women, should they exist. If items had been
eliminated on the basis of sex diVerences
important issues based on group membership
may have been missed. It is important that sex
is considered separately in health issues, as
there is a wealth of literature that suggests that
men and women respond very diVerently to
poor health.19–23 Women generally report higher
levels of physical disease, more pain, and more
subjective or emotional symptoms than men. It
is recommended that an initial analysis on the
basis of sex should always be conducted,
although where sex diVerences are not ob-
served it is reasonable to proceed with a global
analysis of the data.

The analysis of the CFQoL questionnaire
has suggested that it may be appropriate for
several diVerent applications. Firstly, the data
relating to the sensitivity of the CFQoL
questionnaire have indicated that the measure
is able to detect transient changes in health sta-
tus. This is relevant for use in clinical trials
(both medical or psychosocial in nature).
Secondly, it is suitable for cross sectional com-
parison of groups given that it detected diVer-
ences based on group membership which
reflected varying levels of disease severity in
adults with CF. Thirdly, the questionnaire
would be useful in describing the longitudinal
changes that take place in adults with CF as a
function of progression and deterioration in
disease status. The measure would be usefully
applied at annual reviews, or even more
frequently as the health of the patient begins to
decline more rapidly. This would provide
useful natural data for assessing the outcomes
of various interventions including heart-lung
transplantation, for which few baseline data
have been collected in the existing studies,24–26

and also for end point stages in the terminal
phase of the disease. Finally, the CFQoL ques-
tionnaire will also be useful on an individual
basis to identify and intervene where problems
are evidenced. This would provide a valuable

adjunct to the diagnostic approaches already
available, highlighting poor functioning on a
wider level than merely physiological and serv-
ing to highlight areas that would be open to
intervention on a more psychosocial level
alongside the traditional medical interventions.
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Appendix 1: Final version of the CFQoL

The Cystic Fibrosis Quality of Life Questionnaire.
The following questionnaire is designed to find out how CF aVects your life. Read each statement, and then indicate which response is closest to how you feel, by
ticking (✓) one of the boxes after each statement. Please try to answer ALL the questions, as honestly as you can.
SECTION ONE:
How often, over the last two weeks, do you feel that your CF has aVected the following aspects of your physical functioning/mobility?
1. Because of my CF, During the last two weeks, I have had diYculty doing heavy physical jobs. For example, digging, moving furniture, washing the car,

vacuuming etc.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

2. During the last two weeks, my CF has prevented me from getting out of the house to run errands. For example, paying bills, posting a letter, doing light
shopping etc.

3. Because of my CF, over the last two weeks, it has been diYcult for me to do light tasks around the house. For example, preparing a light snack, washing up,
picking up the mail etc.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

4. Over the last two weeks, getting around the house has been diYcult because of my CF.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

5. For the last two weeks, CF has made it diYcult to move from my bed or my chair.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

6. Despite CF, over the last two weeks I have got around and done what I like.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

7. During the last two weeks, there are places that I would like to have gone but didn’t because of my CF.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

8. My CF has limited the type of sports and exercise I have been able to do over the last two weeks.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

9. During the last two weeks, my CF has made me feel lacking in energy.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

10. Over the last two weeks, I have found that my physical functioning and mobility have aVected my quality of life by making life less enjoyable.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

SECTION TWO:
Over the past two weeks, has CF aVected your social life in any of the following ways?
11. When I have been out socialising, over the last two weeks, I have behaved more cautiously than I would like to because of my CF.

ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

12. Because of my CF, during the last two weeks, I have tended to avoid visiting friends.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

13. For the last two weeks, I have avoided going out and socialising because of my CF.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

14. I find that the way in which CF aVects my socialising interferes with my overall enjoyment of life.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

SECTION THREE:
The following questions ask you about symptom and treatment aspects of your CF. How have the following factors aVected you over the last two weeks?
15. Over the last two weeks, I have found my treatments (ie physio, enzymes etc) very time consuming.

ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

16. During the last two weeks, my treatments have interfered with other things that I have wanted to do.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

17. Over the last two weeks, I have found that my treatments have interfered with my enjoyment of life.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

18. I have found my breathlessness troublesome, during the last two weeks.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

19. Over the last two weeks, I have found my coughing troublesome.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

20. I have found my coughing embarrassing over the last two weeks.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

21. For me, over the past two weeks, breathlessness / coughing have made life less enjoyable.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

SECTION FOUR:
Over the past two weeks, I have found that my CF has made me feel:
22. Resentful:

ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

23. Angry:
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

24. Embarrassed:
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

25. Irritable:
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

26. So fed up that nothing can cheer me up:
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never
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27. Anxious:
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

28. Frustrated:
ß ß ß ß ß ß
All of the time. most of the time good bit of the time sometimes occasionally never

29. The way that my CF makes me feel emotionally interferes with my quality of life.
ß ß ß ß ß ß
All of the time most of the time good bit of the time sometimes occasionally never

PLEASE NOTE, the remaining sections have a slightly diVerent response scale, which asks you to indicate to what extent you either agree or disagree with each
statement. Again, indicate which response is the closest to how you feel by ticking (u) one of the boxes after each statement. Please try to answer ALL questions
as honestly as possible.

SECTION FIVE:
The next section asks you about any concerns that you may have for the future because of your CF:
30. It concerns me that I may not be able to have any/have more children.

ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

31. I have concerns about being assessed for a heart-lung transplant.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

32. The possibility of needing a heart-lung transplant worries me.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

33. I worry about CF shortening my life.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

34. In general thinking about the future makes me feel concerned / worried.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

35. The worries that I have about the future make life less enjoyable.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

SECTION SIX:
In general , do you agree or disagree that your CF has aVected your relationships with other people in any of the following ways?
36. Establishing new relationships / friendships is diYcult because of my CF.

ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

37. I find that my friends don’t always understand the limits that my CF places on me.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

38. My CF makes it diYcult for me to establish intimate relationships.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

39. My CF makes it diYcult for me to maintain intimate relationships.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

40. I find that my CF interferes with me having a satisfactory sex life.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

41. I find that CF makes me feel diVerent from other people my own age.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

42. My CF makes me feel isolated from other people.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

43. I am concerned that my CF is stressful for those who are close to me.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

44. I worry that, because of my CF, I will never be able to lead an independent life.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

45. The way in which CF aVects my relationships with other people interferes with my quality of life by making life less enjoyable.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

SECTION SEVEN:
CF can aVect your height/weight, in general how has this made you feel?
46. I believe that my CF has made me too small.

ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

47. I feel that because of my CF I am too thin.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

48. The way that my CF has made me look because of my height / weight makes life less enjoyable.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

SECTION EIGHT:
The next section asks you about problems you may experience at college, work OR school as a result of your CF. If you are no longer working or at college, please

answer the questions in relation to your past experiences.
49. CF makes/has made, finding a suitable college course/job diYcult.

ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

50. Holding down a job / college course is / has been diYcult because of my CF.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

51. I am now unable to work / go to college because of my CF.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

52. I find that CF interferes with my career / college OR school life to such an extent that it makes life less enjoyable.
ß ß ß ß ß ß
Strongly agree Agree Slightly agree Slightly disagree Disagree Strongly disagree

Thank you for completing the questionnaire
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Appendix 2: Scoring equations
SECTION 1: PHYSICAL FUNCTIONING

Please note that item 6 in this section is reverse
scored. All other items throughout the questionnaire
are scored 1 to 6 with the exception of this item
which is scored 6 to 1.

Physical functioning has 10 items, therefore a
score of between 0 and 100 will be derived by adding
all 10 items (10/50 × 100).

SECTION 2: SOCIAL FUNCTIONING

Social functioning has 4 items therefore a score of
between 0 and 100 will be derived by adding all 4
items (4/20 × 100).

SECTION 3: TREATMENT ISSUES AND CHEST

SYMPTOMS

Treatments issues has 3 items therefore a score of
between 0 and 100 will be derived by adding all 3
items (3/15 × 100).

Chest symptoms has 4 items therefore a score of
between 0 and 100 will be derived by adding all 4
items (4/20 × 100).

SECTION 4: EMOTIONAL FUNCTIONING

Emotional functioning has 8 items therefore a score
of between 0 and 100 will be derived by adding all 8
items (8/40 × 100).

SECTION 5: CONCERNS FOR THE FUTURE

Concerns for the future has 6 items therefore a score
of between 0 and 100 will be derived by adding all 6
items (6/30 × 100).

SECTION 6: INTERPERSONAL RELATIONSHIPS

Interpersonal relationships has 10 items therefore a
score of between 0 and 100 will be derived by adding
all 10 items (10/50 × 100).

SECTION 7: BODY IMAGE

Body image has 3 items therefore a score of between
0 and 100 will be derived by adding all 3 items (3/15
× 100).

SECTION 8: CAREER CONCERNS

Career concerns has 4 items therefore a score of
between 0 and 100 will be derived by adding all four
items (4/20 × 100).
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