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BACKGROUND/OBJECTIVE: Traditional survival outcomes do not
reflect the effects on the health-related quality of life (HRQL) of patients.
HRQL following lung transplantation has not been studied systematically.
The Health Utilities Index (HUI) is a family (HUI2 and HUI3) of mea-
sures of HRQL that has not been previously used to assess HRQL in lung
transplantation. The objective of the present study was to assess the impact
of lung transplantation on patient’s HRQL using the HUI.

METHODS: A total of 43 patients completed a battery of questionnaires
before lung transplantation, and at three months and six months after lung
transplantation. The 15-item questionnaire (HUI2 and HUI3) was used.
Overall scores were based on a conventional scale (0.00 = dead, 1.00 = per-
fect health). Mental health was assessed by the Hospital Anxiety and
Depression Scale. Adherence to medication and exercise were assessed by
Morisky’s and Godin’s questionnaires, respectively.

RESULTS: Sixty-five per cent of the patients were men, with a mean age
of 53 years (range 18 to 67 years). The mean overall HUI3 score for the
lung transplant candidates (0.57) was much lower than for the lung trans-
plant recipients (0.82) at six months post-transplantation. This difference
was clinically important and statistically significant (P<0.05 [paired ¢ test,
degrees of freedom (df) = 35]). Differences in mean Hospital Anxiety and
Depression Scale scores after transplantation were statistically significant
(P<0.05 [paired t test, df=35]). After six months, transplant recipients
were more adherent to medication (P<0.05 [x2 test, df=1]). Recipients
were able to increase the duration of exercise at all levels of intensity.
CONCLUSION: Lung transplantation improved the patients’ HRQL and
adherence to medication. Anxiety levels persisted six months after trans-
plantation but depression levels had decreased significantly.
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L’amélioration de la qualité de vie liée a la
santé apres une greffe de poumon

HISTORIQUE ET OBJECTIF : Les issues de survie classiques ne
tiennent pas compte des effets sur la qualité de vie liée a la santé (QVLS)
des patients. La QVLS apres une greffe de poumon n’a fait I'objet d’aucune
étude systématique. Le Health Utility Index (HUI) est une famille (HUI2 et
HUI3) de mesures de la QVLS qui n’a jamais été utilisé auparavant pour
évaluer la QVLS chez les greffés du poumon. La présente étude visait a
évaluer les répercussions de la greffe de poumon sur la QVLS des patients
au moyen de 'HUL

METHODOLOGIE : Au total, 43 patients ont rempli une série de
questionnaires avant leur greffe du poumon, puis trois mois et six mois
aprés la greffe. On a utilisé le questionnaire a 15 questions (HUI2 et
HUI3). Les résultats globaux se fondaient sur une échelle classique
(O=mort, 1=parfaite santé). L'échelle d’anxiété et de dépression en milieu
hospitalier a permis d’évaluer la santé mentale. Enfin, les questionnaires de
Monsky et de Godin, respectivement, ont servi a évaluer le respect de la
médication et du plan d’exercice.

RESULTATS : Soixante-cing pour cent des patients étaient des hommes,
d’un 4ge moyen de 53 ans (plage de 18 4 67 ans). Lindice moyen global de
I'HUI chez les candidats a la greffe de poumon (0,57) était beaucoup plus
bas que chez les greffés du poumon (0,82) six mois apres la greffe. Cette
différence était importante d’'un point de vue clinique et statistiquement
significative (P<0,05 [test ¢ pour échantillons appariés, degrés de liberté
(d1)=35]). Les différences dans les indices moyens de 'échelle d’anxiété et
de dépression en milieu hospitalier étaient statistiquement significatives
(P<0,05 [test %2, dI=1]). Les greffés étaient en mesure d’accroitre leur durée
d’exercice a tous les degrés d’intensité.

CONCLUSION : La greffe du poumon améliorait la QVLS des patients
et le respect de la médication. Les taux d’anxiété persistaient six mois apres
la greffe, mais les taux de dépression avaient diminué de maniére
significative.

In 2007, a total of 2169 lung transplantations were performed
worldwide (1). The one-year survival rate is reported to be
82% and slightly more than 48% after five years (2).

Traditionally, survival has been used as the main outcome
measure after lung transplantation. However, lung transplantation
may also have substantial effects on the health-related quality of
life (HRQL) of patients. HRQL is a patient-reported outcome
that assesses the patient’s perceptions of the impact of disease and
its treatment. To date, HRQL following lung transplantation has
not been studied systematically, particularly in the early stages
after transplantation, in which the effects on HRQL may be very
dramatic.

Our study is one of the few that describes patients’ HRQL
during the first six months post-transplantation. Most of the
lung transplant literature has focused on long-term HRQL
outcomes. It is crucial to explore recipients’ HRQL during the
first six months post-transplantation because it is an important
period of patient adaptation that it is often neglected.

The primary objective of the present study was to assess the
impact of lung transplantation on a patient’s HRQL. Secondary
objectives included assessments of adherence to medication,
exercise and mental health. To assist in interpreting scores, we
also compared HRQL scores for the pretransplant and six-month
post-transplant patients with Canadian norms.

METHODS

Patients and procedures

The study was conducted at the lung transplant outpatient clinic
at the University of Alberta Hospital, Edmonton, Alberta.
Patients were excluded if they were younger than 18 years of age,
diagnosed as being cognitively impaired or unable to complete
questionnaires in English. Written information about the study
was provided to patients before obtaining informed consent.
Ethics approval was obtained from the University of Alberta
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Measures

After enlisting (baseline), patients completed a battery of ques-
tionnaires described below. The time period before lung trans-
plantation varied between one and 26 weeks.

Health Utilities Index

The Health Utilities Index Mark 3 (HUI3) is a generic, multi-
attribute, preference-based measure of HRQL. Generic HRQL
measures are intended to provide information on general func-
tion and well-being. HUI3, however, assesses the full range of
health among diverse groups of patients and reflects the impact
of comorbidities. HUI3 has been widely used and included in
every major population health survey performed in Canada
since 1990 (3).

HUI3 includes eight attributes (vision, hearing, speech,
ambulation, dexterity, cognition, emotion and pain), with five
or six levels for each attribute (3,4). HUI3 describes a total of
972,000 unique health states and provides overall scores on a
conventional scale (0.00 = dead to 1.00 = perfect health) so that
morbidity and mortality can be integrated and quality-adjusted
survival can be estimated. HUI3 single-attribute utility scores
are based on a scale in which the score for the most highly
impaired level is 0.00 and the score for normal is 1.00.

Differences of 0.03 or more in overall HUI3 scores are
clearly clinically important, and differences as small as 0.01 may
be meaningful and important in some contexts (3,5,0).
Differences of 0.05 or more in the single-attribute utility scores
are clearly clinically important (3).

To assist in the interpretation of overall HUI3 utility scores,
ranges of overall scores are classified in the following disability
categories: no disability, mild disability, moderate disability and
severe disability (7). Similarly, each level in each attribute of
the HUI3 corresponds to one of the categories: no disability,
mild disability, moderate disability or severe disability.

Given the burden associated with lung disease, specifically
diseases severe enough to warrant consideration for transplant-
ation, particular attributes in the HUI3 are likely to be espe-
cially relevant and include HUI3 ambulation, which assesses
physical functioning, HUI3 pain and discomfort, and HUI3
emotion. HUI3 was assessed at baseline, at the first clinic visit
after transplantation, and at three and six months post-
transplantation.

Canadian National Population Health Survey

Data from the Canadian National Population Health Survey
1996/1997 (cycle 2) conducted by Statistics Canada (data spe-
cifically from the survey of community-dwelling residents) was
used to establish normative comparisons for pretransplant and
six-month post-transplant HRQL scores (8).

The Hospital Anxiety and Depression Scale

Mental health issues may be important as patients wait for a
suitable organ donor, undergo transplantation and adjust to
immunosuppressive medications. Both anxiety and depression
are potentially relevant. The Hospital Anxiety and Depression
Scale (HADS [9]) is a self-completed mental health measure
that takes 2 min to 5 min to complete and has been shown to
be a valid and reliable measure. The HADS uses a one-week
recall period. The scale consists of 14 items: seven that assess
anxiety and seven that assess depression. Each item is based on
a 4-point scale in which scores are added to give a total ranging
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from O to 21 for anxiety and O to 21 for depression. Higher
scores indicate higher severity of anxiety or depression. Scores
of between 8 and 10 identify mild cases, 11 to 15 identify mod-
erate cases, and scores of 16 or higher represent a severe case
(10). A difference of two units between current and previous
assessments is clinically important. The patients completed the
HADS at baseline and at six months post-transplantation.

Measures of adherence

Adherence to medication and exercise is an importasnt con-
tributor to the success of transplantation. Two measures of
adherence were included in the present study:

1. Godin and Shephard’s (11) survey measures daily physical
activities and exercise. This measure is valid, reliable and
easy to complete.

2. The Morisky et al (12) measure of medication adherence is
widely used. It contains four questions regarding medication
use patterns. It is valid, reliable and easy to complete.

The adherence measures were obtained at baseline and at six
months post-transplantation.

Statistical analysis

Descriptive statistics are provided for single-attribute scores
and overall HUI utility scores at pre- and postlung transplant
assessments for the cohort of patients who underwent lung
transplantation. Mean single-attribute scores and overall util-
ity scores at six months and at baseline were compared using
the paired ¢t test. Imputation of the last value carried forward
was the method used to account for missing data.

Mean overall HUI utility scores for pretransplant and six
months post-transplant were compared with Canadian norma-
tive data. The population norm for Canada with which to
compare the lung transplant cohort was calculated by imposing
the age-sex distribution of the patients onto the normal popula-
tion data.

Mean HADS anxiety and depression scores were compared
before and after transplantation using the paired t test. For
categorical variables, the %2 test was used to compare the
Morisky et al (12) (adherence to medication) scores at baseline
and six months after transplantation. Adherence to exercise
between baseline and six-month post-transplant measures was
analyzed using the paired ¢ test.

All tests of significance were two-sided and results were
considered to be statistically significant at P<0.05. Analyses
were performed using SPSS 15.0 software, version 13 (SPSS
Inc, USA).

RESULTS

Longitudinal data covering both pre- and post-transplant
experience were available for 43 patients. Consecutive patients
were recruited and measured at baseline (pretransplant), at the
first post-transplant visit to the outpatient clinic, and at three
and six months after lung transplantation. Seven male (no
female) patients died before completing follow-up. Two patients
withdrew from the study after the three-month visit (one man
and one woman, who gave no specific reason for withdrawl).

Patient characteristics
The demographic and clinical characteristics of the 43 patients
are summarized in Table 1. Thirty-six patients had a double
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lung transplant, three patients a left lung transplant, two
patients underwent a heart and double lung transplant, one
had a right lung and one had a living-related lobar lung trans-
plant. Of the seven male patients who died, six had been diag-
nosed with idiopathic pulmonary fibrosis and one with chronic
obstructive pulmonary disease.

Significant differences in the 6 min walk test (P=0.02) were
detected between pretransplant (353 m) and post-transplant
(428 m) subjects. Similarly, the difference between the forced
expiratory volume in 1's (FEV,) per cent predicted at pretrans-
plant (33% predicted) and post-transplantation (64% pre-
dicted) was statistically significant (P=0.001).

Descriptive statistics

Outcomes for all survivors are presented in Table 2. Results
from Table 2 reveal clinically important and statistically signifi-
cant gains in HRQL. The baseline mean overall HUI3 scores
before transplantation (0.57) indicate severe disability. The
baseline HUI3 ambulation and pain scores indicate moderate
disability, while the baseline HUI3 emotion score indicates
mild disability.

The mean overall HUI3 score was 0.82 at the six-month
assessment, a very substantial improvement of 0.25 in the over-
all HUI3 score relative to pretransplantation (Table 2). At the
six-month assessment, little disability was evident in the mean
HUI3 ambulation and emotion scores, with the mean HUI3
pain score indicating mild disability. The overall score indi-
cated moderate disability.

Clinically important (and statistically significant) improve-
ments were observed in single-attribute utility scores for ambu-
lation, emotion, pain and in the overall HUI3 score at six
months post-transplant.

Examining HUI3 results, lung transplantation was associ-
ated with very substantial reductions in ambulation disability
and pain, and modest improvements in mental health. Lung
transplantation is also associated with a very substantial
increase in overall HRQL.

Comparing overall HUI3 scores with Canadian norms with
respect to age and sex

Table 3 displays overall pretransplant and post-transplant
HUI3 scores for men and women, and Canadian norms. The
population norm for Canada with which to compare the lung
transplant cohort was calculated by imposing the age-sex distri-
bution of the cohort onto the population norm data. Men in

TABLE 2

Health-related quality of life after lung transplantation

TABLE 1
Demographic and clinical characteristics (n=43)

53 (18 to 67)
Male sex 65

Age, years (mean [range])

Respiratory diagnosis

Chronic obstructive pulmonary disease 44.2
Idiopathic pulmonary fibrosis 30.2
Primary pulmonary hypertension 7.0
Cystic fibrosis 16.3
Other 23
Marital status

Married 72
Single 14
Divorced

Common law

Education level

No schooling
Elementary
Junior high school 14
High school 40
College certificate 21
University degree
Undergraduate 12
Graduate

Employment status

Disabled 42
Retired 23
Unemployed 12
Part-time 16
Full-time 7

Data presented as %, unless otherwise indicated

the cohort were, on average, nearly 10 years older than women.
The Canadian HUI3 norm for men is 0.89 and 0.90 for women,
both basically indicative of mild disability. At pretransplant,
the gap between patients and the population norm was very
substantial. At six months post-transplant, the gap was much
smaller.

Mental health
Following transplantation, the mean HADS scores for anxiety
and depression were lower (Table 4). After transplantation,

Survivor single-attribute utility scores and overall utility scores for the Health Utilities Index Mark 3 (HUI3) (n=36)

Post-transplant score

Six-month post-transplant score

Pretransplant First visit Three months Six months minus pretransplant score
Attribute Mean = SD Mean = SD Mean * SD Mean * SD Change
HUI3 vision 0.93+0.16 0.94+0.08 0.96+0.05 0.95+0.08 0.02
HUI3 hearing 0.94+0.19 0.96+0.11 0.98+0.08 0.97+0.09 0.03
HUI3 speech 0.99+0.04 0.98+0.06 0.98+0.07 0.99+0.02 0.00
HUI3 ambulation 0.66+0.26 0.75+0.22 0.90+0.15 0.95+0.10 0.29*t
HUI3 dexterity 1.00+0.00 0.96+0.13 0.98+0.09 0.97+0.10 -0.03
HUI3 emotion 0.93+0.08 0.98+0.04 0.96+0.08 0.98+0.04 0.05*t
HUI3 cognition 0.94+0.11 0.97+0.07 0.96+0.09 0.95+0.10 0.01
HUI3 pain 0.75+0.31 0.79+0.16 0.86+0.16 0.90+0.12 0.15*t
Overall HUI3 0.57+0.27 0.65+0.21 0.77+0.20 0.82+0.17 0.25*t

*Statistically significant (P<0.05). TClinically important difference
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TABLE 3
Comparison of pre- and post-lung transplant overall

Health Utilities Index Mark 3 (HUI3) scores with Canadian
norms

Overall HUI3 scores

Sex Pretransplant Post-transplant Canadian norm
Male 0.57+0.27 0.82+0.16 0.89
Female 0.53£0.27 0.84+0.17 0.90

Data presented as mean + SD

TABLE 4
Comparison of pre- and post-lung transplant mental health
Hospital Anxiety and Depression Scale scores

Six months

Six months post-transplant minus
Pretransplant post-transplant pretransplant score
Mean + SD Mean * SD Change
Anxiety 6.65+3.49 5.81+3.67 0.84
Depression 5.7242.71 3.5843.03 2.14*t

*Statistically significant (P<0.05). TClinically important difference

29.4% of patients had borderline or clinical anxiety, and only 9%
of the patients had signs of depression. There was a statistically
significant and clinically important difference in mean HADS
depression scores before and after transplantation (P<0.05 [paired
t test]). The difference in mean HADS anxiety scores was neither
statistically significant nor clinically important.

Adherence
At six months, transplant recipients were able to increase the
duration (min) of exercise in all three levels of intensity (mild,
moderate and strenuous) (Table 5). The most substantial
increase was at the moderate level. However, the statistical test
showed no statistically significant differences between baseline
and the six-month post-transplant scores.

Following lung transplantation, patients were more adher-
ent to medication (Table 6). There was a statistically signifi-

cant difference after transplantation (P<0.05 [y? test, df=1,
a=0.025]).

DISCUSSION

The present study provided comprehensive evidence that
lung transplantation improved patients’ HRQL during the
first six months post-transplantation. The pretransplant
HUI3 scores confirmed the considerable impairment experi-
enced by the patients. Substantial improvements at six
months post-transplantation are evident in emotion, ambula-
tion, pain and overall HRQL.

The overall gain in HRQL observed among survivors
(0.25) compares favourably with the 0.23 gain observed in a

TABLE 5

cohort of patients undergoing elective total hip arthroplasty
(13). These findings are consistent with previous studies.
Several studies (14-17) have reported improvements in the
HRQL of post-transplant patients within four months and that
this improvement was maintained in the long term. The stud-
ies cited used different HRQL measures. Three studies (14-16)
used health profile measures, The Nottingham Health Profile,
RAND-36 item health survey and the Sickness Impact Profile,
respectively. One study (17) used a preference-based measure,
the EuroQol-5D. The present study used a preference-based
measure — the HUI. It is the first time that the HUI has been
used in lung transplantation. One of the advantages of using
the HUI is the ability to compare data with Canadian popula-
tion norms. Before transplantation, the cohort of patients was
well below Canadian population HUI norms. At six months
after transplantation, patient scores remained below popula-
tion norms but the gap was much smaller. HRQL scores for
patients post-transplant indicate a moderate burden of illness,
whereas at pretransplant the burden was severe.

Psychological problems are related to poor post-transplant
outcomes, such as nonadherence, increased risk of acute rejec-
tion and increased duration of hospitalization (18). Previous
studies (19) confirm that the prevalence of anxiety is high in
patients with lung disease.

Our results indicate reductions in depression while anxiety
persisted (perhaps recipients worry about the possible conse-
quences of transplantation). Similarly, two studies (14,20)
found no significant differences in anxiety levels between pre-
and post-transplant patients. Limbos et al (15) and Rodrigue
et al (21) also found no significant improvements in psycho-
logical function scores over time.

Exercise improved after transplantation, although the differ-
ence was not statistically significant. Improvements in ambula-
tion and pain were noted, and the 6 min walk test showed a
clinically important and statistically significant improvement at
six months post-transplant.

Adherence to medication is not easy to assess and has not
been routinely studied in lung transplantation. Desmyttere et al
(22) estimated that 20% to 25% of adult heart, liver and renal
transplant patients were nonadherent to their immunosuppres-
sive therapy. Nonadherent patients have a greater risk of acute
rejections and lower HRQL (23).

In the present study, the Morisky et al (12) scale was used to
assess adherence to medication. It has been widely used and
shown to be responsive and reliable. Following lung transplant-
ation, patients were more adherent to medication. There was a
statistically significant difference in the proportion of patients
who never forgot to take their medications after transplantation
(P<0.05 [%2 test, df=1, a=0.025]). This increase in adherence
could be the result of the intense, continuous education and

Exercise frequency per week (T) and duration (D) for three different levels of exercise intensity at baseline (pretransplant)

and at six months post-transplant

Pretransplant exercise intensity

Six-month post-transplant exercise intensity

Mild Moderate Strenuous Mild Moderate Strenuous
T D T D D T D T D T D

Mean 1.89 17.25 269 2444 10.04 2.06 25.83 325 3375 122 15
SD 269 304 452 315 2.24 2.68 45.8 279 407 224 422

There was no statistically significant difference between pretransplant and six-month post-transplant measures. Exercise duration presented in minutes. Data

adapted from reference 11
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training provided to patients by the transplant coordinators and
transplant respirologists during the transplant process.

There are several potential limitations in the present study.
The sample size of 36 patients for whom longitudinal data
were available is moderate and limits the statistical power of
the analyses. However, due to death and loss to follow-up, it is
difficult to conduct longitudinal studies in lung transplanta-
tion. Some of the longitudinal studies (21) excluded the first
six-month period. Furthermore, most of the studies are cross-
sectional, comparing different patients at different stages of
transplantation. We believe that the first six-month period
post-transplantation may have an important impact on a
patient’s HRQL and it is important to document the experi-
ence in this interval.

Follow-up was conducted to six months post-transplant and
may not reflect the subsequent onset of additional complications,
declines in adherence or the cumulative effects of immunosuppres-
sants. The improvement detected in patients’ HRQL six months
post-transplantation in our study is consistent with results reported
by Littlefield et al (24). They reported that any improvements
post-transplantation were evident within the first six months.
Furthermore, Stavern et al (25) confirmed that there were no dif-
ferences between groups of recipients assessed later than six
months, indicating that the HRQL does not deteriorate much over
time. It seems that the major improvement in HRQL occurs within
six to 12 months after transplantation; HRQL then reaches a pla-
teau. The most common cause of decrease in HRQL is due to
broncholitis obliterans syndrome, which commonly develops two
years after transplantation (21,20).

Results of the present study were obtained from patients
seen at a highly specialized, multiprovince, tertiary care clinic
and may not be generalizable to other clinical settings.
Furthermore, the study was an observational one. We have
documented the gains in HRQL associated with lung trans-
plantation using a before-after design. Although there was no
control group, patients were followed throughout transplanta-
tion; consequently, each patient acted as their own control.
Patients were not randomly assigned to receive or not receive
lung transplantation. However, within the cohort of patients
deemed eligible for lung transplantation, those who received a
lung were individuals for whom a suitable size and blood group
match was available — this availability may be regarded as a
quasirandom process.

CONCLUSION
The first six months post-transplantation is associated with
significant improvements in HRQL. We were able to docu-
ment very substantial gains in physical health (ambulation),
reductions in pain and discomfort, reductions in depression
and significant improvements in the overall HRQL of surviv-
ing patients. We were also able to observe improvements in
adherence to both exercise and medication. Although at six
months post-transplant, patients’ HRQL did not reach the
levels seen in the general Canadian population, the improve-
ment from pretransplant to post-transplant is substantial. The
present study was the first to use the HUI3 in lung transplanta-
tion and to establish comparisons with Canadian population
norms. Results indicate that the HUI3 was able to capture both
the burden of lung disease before transplantation and meaning-
ful improvements after transplantation.
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TABLE 6
Results for the Morisky measure of adherence to

medication

Six months
Pre- post-
transplant  transplant
Question Yes No Yes No
Q1. Do you ever forget to take your 29 71 9* 91
medication?
Q2. Are you careless about taking your 3 97 0 100
medications?
Q3. When you feel better, do you sometimes 6 94 0 100
stop taking your medications?
Q4. Sometimes if you feel worse when you 11 89 3 97
take your medication, do you stop taking
them?

Data presented as frequencies (%). Q1, Q2, Q3 and Q4 are the four questions
in the Morisky et al (12) questionnaire. *Statistically significant (P<0.05)
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