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Summary Background: The EuroQol EQ-5D-5L instrument is the most widely used quality 
of life (QoL) measure in health economic evaluations. It is unclear whether such a generic 
instrument is valid enough to estimate the benefits of breast reconstruction (BR), given the 
specific changes observed in QoL after BR. Hence, we aimed to evaluate the validity of the 
EQ-5D-5L in patients who had undergone postmastectomy BR. 
Methods: In a 10-year cross-sectional cohort study, 463 mastectomy patients completed an 
online survey: 202 patients with autologous-BR (A-BR), 103 with implant-based-BR (I-BR), and 
158 without BR (MAS). The results were used to evaluate the psychometric performance of the 
EQ-5D-5L with respect to the ceiling effect and to known-group, convergent, and discriminant 
validity, by comparing it with the Breast-Q, the cancer-specific (EORTC-QLQ-C30), and breast 
cancer-specific (EORTC-QLQ-BR23) questionnaires. 
Results: The EQ-5D-5L was able to discriminate between patients with and without compli- 
cations, MAS with or without BR and MAS versus the general population. It was, however, not 
able to discriminate between A-BR vs . I-BR as well as BR vs . general population . It is not 
clear whether this was due to the insensitivity of the instrument, insufficient sample sizes, 
or because there were no actual differences in QoL between these groups. Good convergent 
and discriminant validity of both the EQ-5D-5L and its individual dimensions were demon- 
strated. Additional support for the instrument’s validity was revealed by moderate correla- 
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tions between the generic EQ-5D-5L and specific QoL aspects of BR such as sexuality and body 
image. 
Conclusions: The results of this study support the validity of the EQ-5D-5L as an outcome 
measure in health economic evaluations of BR. 
© 2018 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El- 
sevier Ltd. All rights reserved. 
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ealth-care budgets are under substantial strain because of 
ncreasing health care costs. Society and insurance com- 
anies are progressively confronted with difficult choices 
bout which medical interventions are to be reimbursed. 
ecause elective procedures such as breast reconstruction 
BR) are not life saving but primarily aimed at improving
uality of life (QoL), they may be among the first med-
cal interventions to be critically reviewed. Difficult de- 
isions about which interventions should be reimbursed 
an be made only when it is possible to reliably com-
are different medical interventions. The formal way to 
o this is to perform a cost-effectiveness evaluation that 
akes use of appropriate measures such as the EQ-5D- 
L. 
The EQ-5D-5L is a widely used generic health-related QoL 

nstrument, designed to measure the most important as- 
ects of health over a broad spectrum of health conditions 
nd diseases 1 . The instrument is especially used in health
conomic appraisals where comparisons are made between 
ifferent therapeutic areas when deciding on the allocation 
f resources. In such comparisons, the core value of an in-
ervention for the patients needs to be evaluated, that is, 
he effect of an intervention both on survival and QoL. In
conomic appraisals, survival and QoL are combined in the 
uality-adjusted life year (QALY). QALYs allow, for example, 
R to be compared to an intervention under a condition such
s diabetes. The QALY is the preferred outcome measure 
ccording to various guidelines for health economic evalu- 
tions from national reimbursement agencies such as NICE 
n the U.K. 2,3 The EQ-5D-5L is specifically designed to mea-
ure the Q in QALY and is notably different from other ques-
ionnaires used to measure QoL as it provides “preference- 
eighted quality of life scores” (utilities), on the basis of 
alues of the general public. These utilities are needed for
he calculation of QALYs. The EQ-5D is the most widely used
uestionnaire in health economic evaluations and is the pre- 
erred questionnaire of many national reimbursement agen- 
ies. 2,4 It is therefore important to evaluate whether the 
Q-5D-5L is a valid instrument for the evaluation of QoL of
R patients. 
Given the requirement to use appropriate and valid QALY 

stimates and the increased importance of health economic 
valuations that provide comparable outcome measures, it 
s relevant for the field of BR surgery to know whether the
eneric EQ-5D-5L is a valid instrument to measure the spe- 
ific benefits of BR. The present study aimed to evaluate
he validity of the EQ-5D-5L for BR following mastectomy 
or breast cancer in a large cohort of patients with a long
ollow-up. 
t
ethods 

atient recruitment 

ata were gathered using a cross-sectional online survey 
ent to patients who in the last 10 years had been treated
or breast cancer at Erasmus MC Cancer Institute in Rot-
erdam, the Netherlands. There were three cohorts of pa-
ients who had undergone mastectomy for breast cancer: 
utologous BR (A-BR), implant-based BR (I-BR), and women 
ho had not undergone BR (MAS). Patients were identified
sing the hospital’s reimbursement administrative system 

ith specific codes for the respective procedures. Patients 
ere sent an invitation letter through mail requesting par-
icipation in an online survey. Patients who were not pro-
cient in Dutch or who had developed a distant metastasis
ere excluded. We considered including patients with a dis-
ant metastasis, but a large proportion of this patient group
ommunicated that they did not wish to participate in re-
earch on this specific topic. Because the inclusion of this
ub-population was not necessary with respect to the aim of
he study, these patients were excluded on ethical grounds.
espondents filled out an online informed consent form and
 series of self-administered questionnaires. Nonresponders 
ere contacted 3 weeks later by telephone and asked to
onsider participating. The Medical Ethics Committee of the 
rasmus MC approved the study (MEC-2015-273). 8 

easures 

uroQol-5D-5L 

he EQ-5D-5L is a standardized measure of health status de-
igned to be a simple and generic measure of health-related
oL that can be used in clinical trials and economic evalua-
ions of health care interventions. 9 It has a 5-dimension, 5-
evel descriptive system, covering the following dimensions: 
obility, self-care, usual activities, pain/discomfort, and 
nxiety/depression. It describes 5 5 = 3125 unique health 
tates, which all have a utility value known from previ-
us valuation studies. This utility value is anchored at two
oints, a value of 1 indicates “perfect health” and 0 in-
icates “death.” In accordance with economic theory and 
ealth economic appraisal guidelines, we used the EQ-5D- 
L societal utility (value) set specific to the study country,
n this case the Netherlands, to score the questionnaire and
btain utility values for our sample. 2,10 , 11 

reast-Q 

he Breast-Q is a validated patient-reported outcome ques- 
ionnaire that is widely used in the field of breast surgery. 12 
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SPSS Statistics version 24 for Mac OSX. 
The modules specifically developed for BR and mastectomy
were used if applicable. The following five domains of the
Breast-Q were used in the current study: (1) physical well-
being, (2) psychosocial well-being, (3) sexual well-being,
(4) satisfaction with breasts, and (5) satisfaction with the
overall outcome. The Breast-Q comes with an official score
algorithm in the form of the “Q-score application.” This
application was used to transform the questionnaire re-
sponses to the respective modules on a 0–100-point scale
where a higher score indicates a better outcome on the
scales. 

EORTC QLQ-C30 and QLQ-BR23 

The EORTC questionnaires are measures for evaluating
health-related QoL of patients with cancer which were de-
signed for use in clinical trials. 13 In the present study,
the cancer-specific QLQ-C30 and the breast cancer-specific
QLQ-BR23 questionnaires were used. Both have been vali-
dated and are widely used in oncology and oncologic surgery
patients. 13–15 The EORTC questionnaires consist of various
scales where higher scale scores represent higher response
levels. This means that a high score on one of the functional
or QoL scales represents a high level of functioning or QoL,
respectively. In contrast, a high score on one of the symp-
tom scales indicates a high level of problems. 13,15 

Statistical methods 

Characteristics of the study population were analyzed using
descriptive statistics. The construct validity of the EQ-5D-
5L in women who had undergone postmastectomy BR for
breast cancer was evaluated. Construct validity is defined
as the degree to which an instrument measures what it was
intended to measure. 16 The construct validity of the EQ-5D-
5L was tested by its correlation with other QoL instruments
with known validity for BR and the ability of the EQ-5D-5L to
discriminate between various relevant patient groups and
outcomes. Three specific forms of construct validity were
evaluated. 

Distribution of the EQ-5D-5L health profiles 
The distribution of the responses to the different EQ-5D-
5L dimensions and the combination of these responses (the
health profiles) within individual patients were assessed.
This provides insight into the sensitivity of the instrument
in terms of variance in scores on the dimensions and of the
number of profiles. It also provides insight about a poten-
tial ceiling effect. This ceiling effect refers to the com-
mon observation that a large number of patients report “no
problems” on any of the EQ-5D dimensions. This is often
considered a psychometric problem, because it may imply
an insufficiently sensitive questionnaire. 16 Hence, we inves-
tigated whether BR patients with a perfect health score
on EQ-5D-5L also showed very good health scores on the
Breast-Q well-being dimensions. To do this, an aggregated
mean score of the Breast-Q “psychosocial”, “chest and
upper body,” and “abdomen” well-being scores was calcu-
lated for each BR patient. 

Known-group validity 
The evaluation of known-group validity is based on the idea
that distinctively different groups should score differently
on the measure(s) or instrument(s) under evaluation, in
this case the EQ-5D-5L. Known-group comparisons and hy-
potheses about the expected effects were formulated be-
forehand and were based on the literature and clinical ex-
perience. Patients who had not received BR after mastec-
tomy, had experienced a complication, had received ra-
diotherapy, or were of an older age were hypothesized to
have a (relatively) lower QoL and therefore a lower EQ-5D-
5L score. Patients with A-BR were hypothesized to have a
higher QoL and higher EQ-5D-5L scores/values than I-BR pa-
tients. 17,18 The EQ-5D-5L outcomes for BR patients were not
expected to significantly differ from the Dutch general pop-
ulation reference data. To test this hypothesis, we used the
raw data from the official Dutch EQ-5D-5L valuation study.
This is a large representative study with 1000 respondents
(505 females) from the general public, which is now used
as the mandatory reference study for EQ-5D-5L in health
economic evaluations in the Netherlands. 2,10 A skewed EQ-
5D-5L distribution score was expected, as the EQ-5D-5L is
a generic QoL questionnaire, and most patients were ex-
pected to have few side effects by comparison with the im-
pact of BR. Given the expected skewed distribution of out-
comes, group comparisons were performed using the non-
parametric Wilcoxon rank-sum (for two-group comparisons)
and Kruskal–Wallis equality-of-populations rank tests ( > 2
groups). 

We performed propensity score matching to control for
differences in pretreatment patient characteristics in group
comparisons directly related to the treatment modality by
using the PSMATCH3 module of SPSS. 19,20 Three consecutive
matching procedures were performed. First, the A-BR and
I-BR cohorts were matched on pretreatment clinical and
sociodemographic characteristics ( Table 1 ). Subsequently,
MAS was matched with the combined matched BR cohort
on clinical characteristics, because sociodemographic char-
acteristics were not available for all patients in this cohort.
Finally, the Dutch general population reference sample was
age and sex matched to the combined matched BR and MAS
cohorts. 

Convergent and discriminant validity 
Convergent validity is based on the idea that items or scales
that measure a similar concept should be strongly corre-
lated to each other, whereas other items or scales that
measure concepts that are unrelated should have a weak
correlation to one another, which indicates discriminant va-
lidity. The convergent and discriminant associations were
hypothesized beforehand and were assessed using nonpara-
metric Spearman rank correlation coefficients. The follow-
ing criteria for correlation strength, as formulated by Co-
hen, were utilized: weak for 0.1 ≤ rs < 0.3, moderate for
0.3 ≤ rs < 0.5, and strong for rs ≥ 0.5. 21 For statistical test-
ing, two-sided p-values ≤ 0.05 were considered statistically
significant. Statistical analyses were performed using IBM®
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Table 1. Sociodemographic and clinical characteristics of patient samples. 

Unmatched cohort Matched cohorts 

A-BR I-BR MAS D-GP A-BR I-BR MAS D-GP 
N 202 103 158 505 67 67 134 268 

Age, median (SD) 55a (9.28) 53a,c (12.22) 63b (11.94) 47a,b (17) 55a (9.49) 55a (11.63) 61b (10.97) 58a,b (11) 
Year of BC diagnosis, 

median (SD) 
2008a (5.23) 2007a (6.64) 2003b (7.95) N/A 2007a (6.27) 2006a,b (7.26) 2003b (7.85) N/A 

Year of mastectomy, median 
(SD) 

2008a (4.84) 2007a (6.31) 2006b (6.35) N/A 2008a (6.19) 2007a (6.87) 2007a (5.74) N/A 

Year of first BR, median (SD) 2011a (4.29) 2009a (7.18) 2010a,b 
(11.38) 

N/A 2010a (5.77) 2009a (6.66) 2014a (2.13) N/A 

Year of last BR, median (SD) 2013a (2.89) 2012a (3.51) 2015a (1.15) N/A 2013a (2.78) 2012a (4.21) 2015a (1.15) N/A 
Laterality mastectomy 

Unilateral 179a (88.6%) 48b (46.6%) 71a (83.5%) N/A 46a (68.7%) 47a (70.1%) 64a (85.3%) N/A 
Bilateral 23a (11.4%) 55b (53.4%) 14a (16.5%) N/A 21a (31.3%) 20a (29.9%) 64a (85.3%) N/A 

Reconstruction status 
Unilateral BR 175a (86.6%) 46b (44.7%) 1c (1.2%) N/A 44a (65.7%) 45a (67.2%) 0 (0.0%) N/A 
Bilateral BR 26a (12.9%) 56b (54.4%) 0 (0.0%) N/A 22a (32.8%) 22a (32.8%) 0 (0.0%) N/A 
Previously had a BR 1a (0.5%) 1a (1.0%) 9b (10.6%) N/A 1a (1.5%) 0 (0.0%) 8b (10.7%) N/A 
Never had BR and does 
not want BR 

0 (0.0%) 0 (0.0%) 70a (82.4%) N/A 0 (0.0%) 0 (0.0%) 61a (81.3%) N/A 

Never had BR but wants 
BR 

0 (0.0%) 0 (0.0%) 5a (5.9%) N/A 0 (0.0%) 0 (0.0%) 5a (6.7%) N/A 

Patient-reported 
complications 
None 106a (52.5%) 46a (44.7%) 6b (3.8%) N/A 37a (55.2%) 34a (50.7%) 4b (3.0%) N/A 
Yes 80a (39.6%) 47a (45.6%) 7b (4.5%) N/A 24a (35.8%) 26a (38.8%) 7b (5.3%) N/A 
N/A 16a (7.9%) 10a (9.7%) 144b (91.7%) N/A 6a (9%) 7a (10.4%) 122b (91.7%) N/A 

Breast Cancer Recurrence 
No recurrence 183a (90.6%) 82b (79.6%) 122b (77.2%) N/A 57a (85.1%) 55a (82.1%) 101a (75.4%) N/A 
Local recurrence 10a (5.0%) 13b (12.6%) 21b (13.3%) N/A 7a (10.4%) 8a (11.9%) 19a (14.2%) N/A 
Distant recurrence 9a (4.5%) 8a (7.8%) 15a (9.5%) N/A 3a (4.5%) 4a (6.0%) 14a (10.4%) N/A 

Chemotherapy 
Yes 139a (68.8%) 52b (50.5%) 98a,b (62.0%) N/A 40a (59.7%) 33a (49.3%) 82a (61.2%) N/A 
No 63a (31.2%) 51b (49.5%) 60a,b (38.0%) N/A 27a (40.3%) 34a (50.7%) 52a (38.8%) N/A 

Radiotherapy 
Yes 74a (36.6%) 27a (26.2%) 84b (53.2%) N/A 16a (23.9%) 19a (28.4%) 64b (47.8%) N/A 
No 128a (63.4%) 76a (73.8%) 74b (46.8%) N/A 51a (76.1%) 48a (71.6%) 70b (52.2%) N/A 

( continued on next page ) 
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Table 1. ( continued ) 

Unmatched cohort Matched cohorts 

A-BR I-BR MAS D-GP A-BR I-BR MAS D-GP 
N 202 103 158 505 67 67 134 268 

Hormone therapy 
Currently undergoing 
treatment 

49a (24.3%) 18a (17.5%) 58b (36.7%) N/A 13a (19.4%) 11a (16.4%) 40a (29.9%) N/A 

Treated 66a (32.7%) 21a,b (20.4%) 22b (13.9%) N/A 20a (29.9%) 14a (20.9%) 21a (15.7%) N/A 
Not treated 87a (43.1%) 64b (62.1%) 78a,b (49.4%) N/A 34a (50.7%) 42a (62.7%) 73a (54.5%) N/A 

Employment status 
Yes, outdoor 117a (60.3%) 61a (64.2%) N/A N/A 43a (68.3%) 41a (67.2%) N/A N/A 
Yes, inhome 19a (9.8%) 8a (8.4%) N/A N/A 3a (4.8%) 6a (9.8%) N/A N/A 
No 58a (29.9%) 26a (27.4%) N/A N/A 17a (27%) 14a (23.0%) N/A N/A 

Participation in social 
activities 
Rarely 16a (8.2%) 8a (8.2%) N/A N/A 5a (7.8%) 4a (6.5%) N/A N/A 
Average 112a (57.1%) 49a (50.0%) N/A N/A 35a (54.7%) 28a (45.2%) N/A N/A 
Often 68a (34.7%) 41a (41.8%) N/A N/A 24a (37.5%) 30a (48.4%) N/A N/A 

Living arrangement 
1 person household 30a (15.5%) 19a (19.2%) N/A N/A 14a (22.2%) 14a (22.2%) N/A N/A 
Multiperson household 164a (84.5%) 80a (80.8%) N/A N/A 49a (77.8%) 49a (77.8%) N/A N/A 

Children in household 
Yes 103a (52.8%) 50a (51.0%) N/A N/A 36a (56.3%) 27a (42.9%) N/A N/A 
No 92a (47.2%) 48a (49.0%) N/A N/A 28a (43.8%) 36a (57.1%) N/A N/A 

Education 
Elementary school 0 (0.0%) 2a (2.1%) N/A N/A 0 (0.0%) 2a (3.2%) N/A N/A 
Lower-level professional 
schooling 

31a (16.3%) 10a (10.3%) N/A N/A 4a (6.5%) 6a (9.5%) N/A N/A 

Mid-level high school 44a (23.2%) 19a (19.6%) N/A N/A 15a (24.2%) 13a (20.6%) N/A N/A 
Mid-level professional 
schooling 

41a (21.6%) 21a (21.6%) N/A N/A 14a (22.6%) 12a (19.0%) N/A N/A 

Upper-level high school 23a (12.1%) 16a (16.5%) N/A N/A 6a (9.7%) 9a (14.3%) N/A N/A 
Higher-level professional 
schooling 

35a (18.4%) 22a (22.7%) N/A N/A 15a (24.2%) 15a (23.8%) N/A N/A 

Academic schooling 16a (8.4%) 7a (7.2%) N/A N/A 8a (12.9%) 6a (9.5%) N/A N/A 

Values in the same row and sub-table not sharing the same subscript are significantly different at p < .05 in the two-sided test of equality for column proportions. Cells with no subscript 
are not included in the test. BR, breast reconstruction; A-BR, autologous BR; I-BR, implant BR; MAS, mastectomy not followed by BR; and D-GP, Dutch age- and sex-matched reference 
population. A-BR, I-BR, and MAS cohorts were propensity score matched. D-GP cohort was age and sex matched (Versteegh, 2016). 
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Figure 1. EQ-5D-5L responses in matched samples of A-BR ( n = 67), I-BR ( n = 67), and MAS patients ( n = 134) and Dutch general 
population ( n = 268). All comparisons were tested by the Kruskal–Wallis equality-of-populations rank test. A-BR, autologous breast 
reconstruction; I-BR, implant breast reconstruction; MAS, mastectomy not followed by breast reconstruction; and D-GP, Dutch age- 
and sex-matched reference general population. A-BR, I-BR, and MAS cohorts were propensity score matched. D-GP cohort was age 
and sex matched (Versteegh, 2016). 
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Table 2. Most frequently occurring EQ-5D-5L health pro- 
files in unmatched BR cohorts. 

Health 
profile 

A-BR I-BR MAS D-GP 

11111 63 (31.2%) 36 (35%) 39 (24.7%) 179 (35.4%) 
11121 25 (12.4%) 9 (8.7%) 10 (6.3%) 63 (12.5%) 
11112 12 (5.9%) 8 (7.8%) 9 (5.7%) 19 (3.8%) 
11221 12 (5.9%) 5 (4.4%) 6 (3.8%) 21 (4.2%) 
11122 11 (5.4%) 8 (7.8%) 5 (3.2%) 15 (3%) 
11131 7 (3.5%) 3 (2.9%) 3 (1.9%) 7 (1.4%) 
11222 3 (1.5%) 3 (2.9%) 4 (2.5%) 5 (1%) 
21121 3 (1.5%) 2 (1.9%) 2 (1.3%) 5 (1.6%) 

Health profile denoting the respective level of the following 
dimensions in the order: Mobility, Self-Care, Usual Activities, 
Pain/Discomfort, and Anxiety/Depression. 1 "no problems" up to 
5 "severe problems/unable to." All health profiles that occurred 
five or more times in the unmatched BR cohort are listed. BR, 
breast reconstruction; A-BR, autologous BR; I-BR, implant BR; 
MAS, mastectomy not followed by BR; and D-GP, Dutch age- and 
sex-matched reference population. 
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ociodemographic and clinical characteristics 

he original unmatched cohorts consisted of 202 A-BR, 103 
-BR, and 158 MAS patients and showed a relatively large
mbalance in age (with a disproportionate proportion older 
han 70 years in the MAS cohort) and laterality of the mas-
ectomy, reconstruction status, breast cancer recurrence, 
hemotherapy, and hormone therapy. Table 1 shows the so- 
iodemographic and clinical characteristics of both the un- 
atched and matched cohorts of A-BR and I-BR patients in 
ddition to two reference cohorts that were used, a MAS 
ohort and an age- and sex-matched sample of the general
opulation. The matching procedures resulted in a largely 
alanced cohort, with no statistically significant differences 
etween the A-BR and I-BR cohort on the matched pretreat-
ent patient characteristics. 

istribution of the EQ-5D-5L health profiles 

igure 1 illustrates the distribution of responses to the in-
ividual dimensions for all samples. One-to-one compar- 
sons between the matched BR cohorts (i.e., A-BR and I-
R) did not show statistically significant differences on any 
f the EQ-5D-5L dimensions. Comparisons between the BR 
nd Dutch general population (D-GP) cohorts on the individ- 
al dimensions also showed no statistically significant differ- 
nces. Finally, comparisons between the BR and MAS cohorts 
howed substantial differences, which were statistically sig- 
ificant for the “mobility” and “usual activities” dimensions 
both p < .001). 
Table 2 depicts the most frequently occurring EQ-5D-5L 

ealth profiles in the different cohorts and allows the eval- 
ation of a potential ceiling effect. The unmatched cohorts 
re presented in this table because comparisons are made 
ithin and not between patient groups. In total, 69 unique 
ealth profiles were reported in the BR cohort. Thirty-one
ercent of A-BR patients and 35% of I-BR patients reported
o problems on any of the five dimensions (health profile,
1111), making it the most frequent health profile in these
ohorts, similar to that of the D-GP. This ceiling effect was
ess pronounced among MAS patients where 24.7% reported 
erfect health in the unmatched cohort. To further explore
his ceiling effect, an aggregated mean score of the Breast-
 “psychosocial”, “chest and upper body,” and “abdomen”
ell-being scores was calculated for each BR patient. We
ound that over three quarters of BR patients with an EQ-
D-5L score of 1 had an aggregated Breast-Q score of 80
r higher compared to only 22% of BR patients who had an
Q-5D-5L score lower than 1. This suggests that the ceil-
ng effect on the EQ-5D-5L score represented patients who
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Table 3. Known-group comparisons. 

EQ-5D-5L 

Age ∗ Count Mean Standard deviation p -value 

< 50 387 0.867 0.17 0.87 
50–60 244 0.8390 0.18 
60–70 222 0.831 0.18 
> 70 115 0.786 0.20 

Cohorts 
BR 305 0.844 0.18 
BR (matched) 134 0.863 0.16 

A-BR 202 0.840 0.18 
A-BR (matched) 67 0.872 0.14 
I-BR 103 0.851 0.17 
I-BR (matched) 67 0.853 0.18 

MAS 158 0.792 0.20 
MAS (matched) 134 0.798 0.20 
D-GP 268 0.841 0.16 

A-BR vs. I-BR 0.89 (matched 0.70) 
BR vs. MAS 0.00 (matched 0.00) 

BR vs. GP 0.49 (matched 0.15) 
MAS vs. GP 0.01 (matched 0.03) 

All groups 0.00 (matched 0.00) 
Patient-reported complications ∗ 0.00 

None 152 0.872 0.16 
Yes 127 0.806 0.19 

Reconstruction status ∗ 0.56 
Unilateral BR 222 0.836 0.19 
Bilateral BR 82 0.859 0.15 

Radiotherapy ∗ 0.06 
Yes 101 0.857 0.19 
No 204 0.837 0.17 

All comparisons were tested using the Kruskal–Wallis equality-of-populations rank test. Matched, propensity score matched; BR, breast 
reconstruction; A-BR, autologous BR; I-BR, implant BR; MAS, mastectomy not followed by BR; and D-GP, Dutch age- and sex-matched 
reference population (Versteegh, 2016). The group comparisons marked with ∗ were performed on the unmatched BR cohort. The outcome 
values in this table are based on a sample from an academic hospital, may not be representative for the BR population as a whole, and 
are solely illustrative of the ability of the EQ-5D-5L to detect differences between relevant groups. Hence, these outcomes should not be 
used as the EQ-5D-5L reference values in scientific studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

indeed experienced very few or no problems with regard to
their BR-related well-being and consequently did not neces-
sarily represent insensitivity of EQ-5D-5L to BR-related QoL
problems. 

Known-group validity 

The above findings were based on the dimensions and pro-
files of the EQ-5D-5L, attributes common to QoL question-
naires. A key feature of the EQ-5D-5L is the utility score,
which can be used in economic evaluations. The results
based on this utility score are presented in an overview of
the known-group comparisons in Table 3 . Contrary to our hy-
pothesis, no statistically significant differences were found
between the A-BR and I-BR patient groups using the EQ-
5D-5L utility scores. As hypothesized, BR yielded a statis-
tically significant better QoL than MAS. Patients with breast
cancer who had undergone BR did not show a statistically
significant different QoL compared to those who had un-
dergone D-GP. Patients who had experienced a complica-
tion following BR reported a statistically significant lower
mean QoL than those who had not experienced a complica-
tion. 

Convergent and discriminant validity 

Table 4 shows the correlations of moderate strength or
higher between the QoL of EQ-5D-5L and its individual di-
mensions on the one hand and the Breast-Q scales and
EORTC scales for the unmatched BR cohorts on the other.
Predefined hypotheses about the convergence and diver-
gence of correlations were used to assess validity and are
presented in Table 4 . 

Most scales relevant to BR surgery showed at least mod-
erate correlation with the EQ-5D-5L. A notable exception
to this finding was the Breast-Q dimensions that measured
patient satisfaction with either the breast or outcome, be-
cause they showed weak correlations with the EQ-5D-5 L
( r = 0.345 and r = 0.327, respectively). 
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Table 4. Convergent and discriminant validity between EQ-5D-5L dimensions, EQ-5D-5L, and other quality of life measures. 

Only scales with at least one correlation of moderate strength (0.35–0.50) or higher are shown. Correlations that were hypothesized to 
show a convergent correlation are highlighted in dark gray with a fine border. Correlations that were hypothesized to show a discriminant 
correlation are highlighted in light gray with a thick border. Correlations of moderate strength (0.35–0.50) are shown in italics, and strong 
correlations ( > 0.50) are in bold. ∗∗ Correlation is significant at the 0.01 level (two-tailed). ∗ Correlation is significant at the 0.05 level 
(two-tailed). 
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Discussion 

This is the first study to evaluate the validity of the EQ-
5D-5L in patients who received BR after having undergone
mastectomy for the treatment of breast cancer. Evaluation
of the validity of this outcome measure is important as the
EQ-5D-5L is currently the preferred QoL outcome measure in
cost-effectiveness evaluations that inform healthcare poli-
cymakers and reimbursement agencies. The EQ-5D-5L was
able to discriminate between several, but not all, patient
groups and outcomes. Good convergent and discriminant va-
lidity of both EQ-5D-5L and its individual dimensions were
demonstrated. Furthermore, additional support for validity
was revealed by moderate correlations between the generic
EQ-5D-5L and specific QoL aspects of BR such as sexuality
and body image. 

Distribution and ceiling effect of the EQ-5D-5L 

health profiles 

One aspect on which the discriminative ability of a mea-
sure is frequently judged is its ability to detect differences
between a given sample/cohort and the general popula-
tion. 16 However, there was a large resemblance in the dis-
tribution of the EQ-5D-5L responses to the EQ-5D-5L of pa-
tients who had received BR and that of the age- and sex-
matched cohort of the Dutch general population, with no
statistically significant differences. In general, these find-
ings would limit the validity of the outcome measure. How-
ever, in the case of BR, this may not necessarily be the
case. Given that the overall aim of BR is to restore the QoL
of patients with breast cancer to a level comparable with
that before they were afflicted by breast cancer and that
women eligible for BR may represent a relatively healthy
patient group, outcomes comparable to the general popula-
tion could be expected and were, indeed, hypothesized in
this study. Further analysis of the distribution of responses
( Figure 1 and Table 3 ) showed that the EQ-5D-5L can detect
statistically significant differences between BR and MAS pa-
tients on both the “mobility” and “usual activities” EQ-5D-
5L dimensions, thus indicating the sensitivity of the instru-
ment. In our BR cohort, a considerable ceiling effect was
found, which can be considered a psychometric problem in
terms of sensitivity. 16 The EQ-5D dimensions might not tap
into the relevant dimensions of QoL following BR, benefits
of BR might be undetected, and the (cost-) effectiveness
of BR would thus be underestimated. However, a ceiling ef-
fect may only represent a problem if it meant that the in-
strument is insensitive to problems actually present in the
sample at hand. We found that the EQ-5D-5L ceiling effect
represented patients who did indeed experience very few
or no problems with respect to their BR-related well-being.
Hence, we believe that the ceiling effect does not present a
major problem in calculating a valid cost-effectiveness ratio
in economic evaluations of BR. 

Known-group validity 

A-BR vs. I-BR 

Currently, the only utilities available that differentiate be-
tween different BR techniques were obtained through ex-
pert opinion interviews with plastic surgeons, generally
considered an inappropriate method for eliciting such val-
ues. 5–7 In these studies, surgeons estimated that A-BR re-
sulted in the highest utility (0.83) followed by I-BR (0.66)
and mastectomy not followed by BR (0.63). 17,18 However,
in the known-group comparison, no significant differences
were found on the EQ-5D-5L between A-BR or I-BR in ei-
ther the matched or unmatched cohort. Because previous
utility studies used controversial methods, it is difficult to
determine whether the EQ-5D-5L was unable to detect dif-
ferences between A-BR and I-BR because there were no
substantial differences in QoL or because of the lack of
sensitivity of the measure. As the EQ-5D-5L also showed
convergent associations with the reference measures on
four out of five dimensions, we consider the former more
likely. 

BR vs. MAS 
The EQ-5D-5L was able to discriminate between BR and MAS
patients both in an uncorrected and a matched cohort. Pa-
tients who had received BR after their mastectomy had sig-
nificantly better EQ-5D-5L scores than those who had not
received BR. This result corresponds with the findings of
previous studies, which also reported a better QoL of BR
patients than that of MAS patients, but conflicts with other
studies that show little to no difference. 22–27 It appears that
more recent studies have been more successful in finding
significant differences between both patient groups, espe-
cially when making use of the Breast-Q questionnaire. This
may be due to improved surgical techniques, improved sen-
sitivity of QoL instruments, or a significant difference be-
tween groups may after all not exist. A systematic review
or a meta-analysis comparing the QoL of MAS vs. BR could
help inform us of the true effect on the QoL of BR. 

Complications vs. no complications after BR 

As hypothesized, patients who had experienced complica-
tions following their BR had a poorer mean QoL assessed
with the EQ-5D-5L. 

Convergent and discriminant validity 

The EQ-5D-5L dimensions “mobility,” “usual activities,”
“pain/discomfort,” and “anxiety/depression” showed
strong correlations with the domains and scales of a similar
concepts on both the BR-specific Breast-Q and EORTC
cancer- and breast cancer-specific measures, which implies
good convergent validity of the EQ-5D-5L for BR. These
correlations were considerably higher than those with
dissimilar dimensions, which indicates good discriminant
validity of the EQ-5D-5L for BR. The EQ-5D-5L dimension
“self-care” showed only weak correlations with the other
measures, which is probably explained by a lack of vari-
ance: the vast majority of BR patients (94.3%) reported no
problems on this dimension. This result was also seen in the
age- and sex-matched Dutch general population ( Figure 1 ). 

There are two important aspects of QoL in relation to
BR, assessed by the Breast-Q and EORTC-BR23, that are
worth highlighting because the EQ-5D-5L is potentially in-
sensitive to these features, namely “sexuality” and “body
image.”28 , 29 Both had correlations of moderate strength
with the “anxiety/depression” scale. 
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onclusions 

he EQ-5D-5L was able to discriminate between various rel- 
vant patient groups and outcomes. It was not able, how- 
ver, to discriminate between A-BR vs. I-BR and BR vs. 
eneral population. Convergent and discriminant validity 
f both the individual EQ-5D-5L dimensions and of the EQ- 
D-5L were demonstrated by strong correlations with mea- 
ures employing similar concepts. Furthermore, the EQ-5D- 
L showed correlations of moderate strength with QoL as- 
ects important to BR patients: sexuality and body image. 
n conclusion, the EQ-5D-5L showed sufficient validity to be 
sed as one of the primary outcome measures in the evalua-
ion of QoL outcomes in patients who have undergone post-
astectomy BR for breast cancer treatment. The next step 
ill be to obtain representative EQ-5D-5L reference values 
or this patient population. 
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