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ABSTRACT

ARTICLE HISTORY

Purpose: To assess the measurement properties of EQ-5D-3L and EQ-5D-5L in patients with a major
lower limb amputation (LLA).
Methods: This was a retrospective register-based study using data from the Swedish Amputation and
Prosthetics Registry (SwedeAmp). Patients with a six-months follow-up (including either EQ-5D-3L or EQ5D-5L) after a major unilateral LLA were included. The measurement properties of EQ-5D-3L and EQ-5D5L were compared in terms of feasibility, response patterns, informativity, and convergent and knowngroup validity.
Results: The sample included 700 patients with below-knee amputation (76%), above-knee amputation
(18%), or knee disarticulation (7%). Responses to EQ-5D-3L and 5L were similar regarding feasibility
(98% completion rate) and the proportion reporting no problems (7% and 6%). Compared to EQ-5D-3L,
EQ-5D-5L showed higher absolute and relative informativity in all dimensions, with the largest improve
ment in the mobility dimension. In the analyses of convergent validity, the EQ-5D-5L generally showed
stronger correlations with disease-specific measures. Only EQ-5D-5L was able to discriminate between
subgroups with different amputation levels.
Conclusion: The findings support the use of EQ-5D-5L over EQ-5D-3L in patients with an LLA, mainly due
to improved informativity and improved convergent and known-group validity.
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� IMPLICATIONS FOR REHABILITATION

� The measurement properties of two EQ-5D versions, EQ-5D-3L and EQ-5D-5L, has so far not been
evaluated in patients with a lower limb amputation (LLA)
� The results support the use of EQ-5D-5L over the use of EQ-5D-3L, mainly due to improved informa
tivity and stronger correlations with disease-specific patient-reported outcome measures
� The five-level version of EQ-5D is recommended for future applications of EQ-5D in clinical outcome
studies, health economic evaluations, and in the routine follow-up of patients with a major LLA
� In the early rehabilitation process six months after an LLA, the majority of patients reported problems
with mobility, pain/discomfort, and usual activities

Introduction
A lower limb amputation (LLA) is most commonly conducted due
to peripheral vascular diseases including diabetes and atheroscler
osis [1,2]. Other underlying diagnoses include e.g., trauma, tumor,
or infection [3]. The incidence of major LLA (i.e., amputation
above the ankle) varies globally, with estimates ranging from 3.6
to 68.4 per 100 000 individuals in the general population [4].
Rehabilitation is focused on restoring mobility with a prosthesis,
which has been identified as the primary factor influencing the

quality of life after LLA [1,2,5]. A higher amputation level has
been associated with worse outcomes, both in terms of postoperative mortality [6] and mobility [7,8]. Furthermore, health out
comes after an LLA have also been observed to vary by sex, age,
underlying diagnosis, and comorbidity [1,9,10].
Patient-reported outcome measures (PROMs) are used to meas
ure outcomes such as self-reported health status, symptoms, or
health-related quality of life (HRQoL), from the patient perspective
[11]. An example of a commonly used PROM is EQ-5D [12,13]. The
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EQ-5D can be used to assess HRQoL in different populations, to
evaluate interventions in terms of health effects and cost-effect
iveness, and, more recently, to compare health care performance
[14,15]. Previous literature reviews found that a variety of PROMs
have been used to assess HRQoL in patients with LLAs, but only a
limited number of studies included EQ-5D [1,2]. Although studies
presenting the distribution of responses by EQ-5D health dimen
sions are rare, results from two studies indicate that problems
after LLA mainly concern mobility, pain/discomfort, and usual
activities [10,16]. Other studies exploring the relationship between
different clinical events and the EQ-5D index have included
patients with amputations only as a subgroup of 14–80 patients
and provided limited information about the characteristics of the
population [17–22].
Currently, there are two EQ-5D versions for adults. With an
extended number of severity levels on each dimension (five
instead of three), the EQ-5D-5L was developed to increase the
sensitivity of the health classification system [13,15]. In addition to
the increased number of severity levels, minor changes were
made to the descriptive system. For example, the level describing
extreme problems with mobility was changed from “confined to
bed” in EQ-5D-3L to “unable to walk about” in EQ-5D-5L [13].
The original EQ-5D-3L is still commonly used in research and
in clinical registries with continuous data collection [15,23], and it
could be argued that a change from EQ-5D-3L to EQ-5D-5L could
impede comparability of results over time. Further, even though
the extended number of severity levels in EQ-5D-5L was expected
to contribute to improved sensitivity, the added response levels
could also, at least in theory, be left unused by the respondents
or lead to misclassifications if not interpreted as intended.
Therefore, any recommendation for using either version should
be motivated by studies showing its benefits in terms of better
measurement properties in a specified patient population.
Comparative studies of the measurement properties have gen
erally presented favorable results for the 5-level version [24,25].
For example, studies have shown improved results for EQ-5D-5L
in terms of distributional characteristics, such as reduced ceilings
(i.e., the proportion reporting no problems in all dimensions)
[26–33], and the informativity captured by the descriptive system
[30–34]. However, to our knowledge, no study has yet evaluated
the measurement properties of the two EQ-5D versions in
patients with an LLA. The mobility dimension in EQ-5D is of par
ticular interest, both due to the fact that mobility is an important
outcome after LLA and due to the changes made to the EQ-5D
descriptive system.
The objective of the current study was to assess the measure
ment properties of EQ-5D-3L and EQ-5D-5L in patients with a
major LLA by comparatively examining the instruments in terms
of feasibility, distributional characteristics, and validity.

Methods
Study design and data
This study was a retrospective register-based study. Data were
extracted from the Amputation and Prosthetics Registry
(SwedeAmp), a Swedish national registry for amputation of the
lower extremities [3]. In SwedeAmp, individual-level data is col
lected to enable objective assessment of LLAs and the conse
quences in the complete health care pathway up to 24 months
after surgery. As of the end of 2018, the registry contained 5762
patients and approximately 2000 follow-up registrations (at 6, 12,
or 24 months) [3]. Data are voluntarily collected in routine health
care settings, including surgical units, prosthetic workshops, and

rehabilitation units. The PROMs included in the registry are pri
marily administered and registered at the rehabilitation units,
implying that patients involved in prosthetic rehabilitation are the
predominant population for whom self-reported health outcome
data are available. The EQ-5D-3L (descriptive system) was adminis
tered from 2011 to 2016. In 2017, the registry changed the EQ-5D
version and started collecting data on the EQ-5D-5L (descriptive
system and EQ VAS). As data on EQ-5D-3L and EQ-5D-5L were col
lected during two separate time periods, the study population
consisted of two subsamples, i.e., subsample EQ-5D-3L and sub
sample EQ-5D-5L.
Study population
The criteria for being included in the study sample were to have
had: a unilateral major amputation including transtibial amputa
tion (TTA), transfemoral amputation (TFA), or knee disarticulation
(KD); primary amputation or re-amputation as surgical procedure;
a follow-up assessment at six months after surgery including an
EQ-5D-3L or EQ-5D-5L registration. The exclusion criteria were to
have had a bilateral major amputation, or amputation at the hip
or pelvic level. Patients who met the eligibility criteria but had
missing information regarding sex and/or age (n ¼ 15) were
excluded as this information was used to compare the
two subsamples.
PROMs
EQ-5D
EQ-5D consists of a descriptive system and a visual analogue scale
(EQ VAS) [12,13]. The descriptive system contains five items that
each represent a health dimension, including mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression. In each
dimension, the EQ-5D-3L has three severity levels (no, some,
extreme problems/unable), and the EQ-5D-5L has five severity lev
els (no, slight, moderate, severe, extreme problems/unable). The
EQ VAS ranges from 0 (worst health you can imagine) to 100
(best health you can imagine). In this study, Swedish versions of
the EQ-5D questionnaires were used. The Swedish version of EQ5D-3L was constructed during the multilingual development of
the original questionnaire, and more recent language versions
(e.g., for EQ-5D-5L) have been developed through a formal trans
lation process [15].
Responses to EQ-5D can be presented in several ways. The EQ5D health profile is a 5-digit number that describes the severity
levels on each item (e.g., 11 111 represents no problem in all five
dimensions). The EQ-5D level sum score is the unweighted sum
of the five digits in each profile and has a possible range of 5–15
for EQ-5D-3L and 5–25 for EQ-5D-5L. Each health profile can be
converted into an EQ-5D index value with the use of a countryspecific value set. In the development of value sets, stated prefer
ences regarding different dimensions and severity levels are eli
cited through different health-state valuation methods and are
typically obtained from a general population sample [35]. The EQ5D-3L index values were derived from a value set from the UK
[36] and the EQ-5D-5L index values from a cross-walk value set
for the UK [37]. The EQ-5D index values range from 0.594 to 1
(“full health”) in both value sets.
Other patient-reported outcomes
The Locomotor Capabilities Index (LCI-5) measures the selfreported capability to perform locomotor activities when wearing
a prosthesis [38] and is widely used in patients with LLA. The LCI-
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5 consists of 14 items that are graded on a 5-point ordinal scale
from 0 (not able to) to 4 (yes, alone, without ambulation aids).
The two subscales represent basic capabilities (7 items) and
advanced capabilities (7 items), and both range from 0 (worst) to
28 (best). Thus, the total score ranges from 0 (worst) to 56 (best).
Examples of basic abilities include getting up from a chair and
walking indoors. Examples of advanced abilities include going up
a few steps (stairs) without a handrail and walking while carrying
an object.
The Prosthetic Use Score assesses the extent of normal pros
thetic wear per week [39] and is calculated by multiplying the
number of days/week (0–7) by the number of hours/day the pros
thesis is worn (categorized into six response options). The score
takes a value between 0 (no use) and 100 (each day more
than 15 hours).
Other patient-reported outcomes included a single question
addressing the patient’s overall situation as an amputee (very
good; good; neither good nor bad; bad; very bad) and two ques
tions addressing the occurrence of phantom limb pain and
residual limb pain during the last three months.
Data analysis
Statistical comparison between subsamples
The comparability of the subsamples was assessed by comparing
the respondent characteristics in terms of sex, age at amputation,
underlying diagnosis leading to the amputation, and amputation
level. Potential statistically significant differences were tested
using the chi-square test (nominal categorical variables), MannWhitney U test (ordinal categorical variables), and independent ttest (continuous variables), at a significance level of 0.05. In a
second step, the other health outcomes were presented for the
two subsamples separately, and any differences between the sub
samples were analyzed using the Mann-Whitney U test.
Feasibility
The feasibility of EQ-5D-3L and EQ-5D-5L was assessed by com
paring the proportions of missing data overall (using a registry
variable for those who were asked, but did not respond, to EQ5D) and internal missing by dimension. We hypothesized to
observe a smaller proportion of missing data in the EQ-5D-5L
responses compared to EQ-5D-3L.
Distributional characteristics
All patients with complete responses on the EQ-5D descriptive
system were included in the description of HRQoL. Responses to
the EQ-5D descriptive system were presented using frequencies
(n) and percentages (%). EQ-5D index values and EQ VAS scores
were presented using mean and standard deviation (SD) or
median and interquartile range (IQR).
Analysis of the distributional characteristics included assess
ments of response patterns and informativity. Response patterns
were compared by examining responses on each health dimen
sion, the proportion of patients reporting no problems, and the
number of unique health profiles on EQ-5D-3L and EQ-5D-5L. We
hypothesized that a relatively smaller proportion would report no
problems on EQ-5D-5L. Additionally, the distribution of index val
ues was compared between EQ-5D-3L and EQ-5D-5L responses,
where a distribution with no or few clusters was preferred.
Informativity was assessed by calculating Shannon’s indices
(using log base 2) for each EQ-5D dimension [40]. The informativ
ity of an instrument assesses its ability to capture all possible
health profiles and to discriminate between persons with different
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health statuses [40]. Shannon’s index (H΄ ) describes the extent to
which information is evenly distributed across all possible
response options, and Shannon’s Evenness Index (J΄ ) corrects for
the number of possible response options [24]. A higher index
indicates that more information is captured by an instrument,
with the underlying assumption that an item is most efficiently
used when responses are evenly distributed. Absolute informativ
ity (H΄ ) ranges between 0 and 1.58 for EQ-5D-3L, and between 0
and 2.32 for EQ-5D-5L. Relative informativity (J΄ ) takes a number
between 0 and 1. We hypothesized that higher absolute informa
tivity (H΄ ) and equal or higher relative informativity (J΄ ) would be
observed for EQ-5D-5L compared to EQ-5D-3L.

Construct validity
The assessment of construct validity included convergent and
known-group validity. Convergent validity is an assessment of
whether responses to one instrument are associated with
responses to other instruments that, in theory, measure the same
or a similar construct [11]. Convergent validity was assessed by
separately examining the strength of association of each of the
two EQ-5D versions with other measures using Spearman’s rankorder correlation. The correlation coefficients (rho) were inter
preted using the following thresholds: absent (rho < 0.2), weak
(0.2� rho <0.35), moderate (0.35� rho <0.5), and strong (rho �
0.5) [41]. We hypothesized that correlations would be observed
between: EQ-5D mobility and LCI-5, EQ-5D self-care and LCI-5, EQ5D usual activities and LCI-5, EQ-5D mobility and the prosthetic
use score, EQ-5D pain/discomfort and phantom limb pain, EQ-5D
pain/discomfort and residual limb pain, EQ-5D sum score and
overall situation as an amputee, and (for EQ-5D-5L) the EQ VAS
and overall situation as an amputee. For all correlation analyses
concerning the EQ-5D, we hypothesized that there would be
equal or stronger correlations between EQ-5D-5L and other meas
ures compared to the correlations between EQ-5D-3L and
other measures.
Known-group validity reflects what extent an instrument is
able to discriminate between groups with anticipated differences
in the construct covered by the instrument [11]. We hypothesized
that those with a higher amputation level (TFA/KD) and those
with amputation due to diabetes and/or vascular disease would
have worse HRQoL. Relative efficiency (RE) was calculated to
determine which version was most sensitive in detecting differen
ces between known groups [11]. For each subsample, independ
ent t-tests were conducted to compare mean index values
between groups defined by amputation level (TTA; TFA/KD) and
by underlying diagnosis (diabetes and/or vascular disease; other).
The RE ratio between EQ-5D-3L and EQ-5D-5L was calculated
based on the squared t-statistics, using the largest t-statistic as
the denominator. The RE was expressed as a ratio between 0 and
1 (strongest). Data analyses were conducted in IBM SPSS
Statistics 25.

Ethical considerations
The study was approved by the regional ethical review board in
Stockholm, Sweden (Reg. no. 2018/1137-31/2). Before obtaining
data from the SwedeAmp registry, an application concerning data
extraction for research purposes was approved and the data
pseudonymized.
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Results
Study population
The total sample included 700 patients with a major unilateral
LLA, including subsamples of EQ-5D-3L respondents (n ¼ 435) and
EQ-5D-5L respondents (n ¼ 265). After excluding patients with
incomplete responses on the EQ-5D descriptive system (n ¼ 15),
425 EQ-5D-3L respondents and 260 EQ-5D-5L respondents were
included (Table 1). The amputations were performed between

2010 and 2018 and the six-month follow-ups between 2011 and
February 2019. More than two-thirds (68%) of the respondents
were men, and the mean age at amputation was 72 years (range
20–100). In the total sample, 76% had a TTA, 18% had a TFA, and
7% had a KD. More than 80% had diabetes and/or vascular dis
ease as the underlying diagnosis.
At the six-month follow-up, approximately 60% reported
their overall situation as an amputee as “good” or “very good”
(61% subsample EQ-5D-3L; 59% subsample EQ-5D-5L), and

Table 1. Background characteristics for patients with complete responses on the EQ-5D descriptive system at the six-month follow-up
after unilateral lower limb amputation, by subsample.
Subsamples

Total sample
All respondents
n ¼ 685

EQ-5D-3L
n ¼ 425

EQ-5D-5L
n ¼ 260

464 (67.7)
221 (32.3)
72.0 (13.5)

285 (67.1)
140 (32.9)
71.3 (14.4)

179 (68.8)
81 (31.2)
73.2 (11.9)

41
66
153
213
156
56

29
43
104
117
96
36

Sex, n (%)
Men
Women
Age at amputation (years), mean (SD)
Age at amputation (years), n (%)
<50
50–59
60–69
70–79
80–89
90–100
Amputation procedure, n (%)
Primary amputation
Re-amputation
Level of amputation, n (%)
TTA
TFA/KD
Underlying diagnosisd, n (%)
Diabetes and/or vascular disease
Other

(6.0)
(9.6)
(22.3)
(31.1)
(22.8)
(8.2)

(6.8)
(10.1)
(24.5)
(27.5)
(22.6)
(8.5)

12
23
49
96
60
20

(4.6)
(8.8)
(18.8)
(36.9)
(23.1)
(7.7)

661 (96.5)
24 (3.5)

407 (95.8)
18 (4.2)

254 (97.7)
6 (2.3)

519 (75.8)
166 (24.2)

327 (76.9)
98 (23.1)

192 (73.8)
68 (26.2)

551 (82.9)
114 (17.1)

338 (82.2)
73 (17.8)

213 (83.9)
14 (16.1)

p-value
0.627a
0.070b
0.180c

0.182a
0.359a
0.590a

a

Chi-square test.
Independent sample t-test.
c
Mann-Whitney U test.
d
The number of patients with unknown underlying diagnosis was 14 (3%) EQ-5D-3L respondents and 6 (2%) EQ-5D-5L respondents.
b

Note: SD: Standard Deviation; TTA: transtibial amputation; TFA: transfemoral amputation; KD: knee disarticulation. Diabetes/vascular
disease includes “diabetes with or without vascular disease,” “atherosclerosis without diabetes,” “other peripheral vascular diseases.”
Other includes “trauma,” “tumor,” “infection unrelated to diabetes or vascular disease,” “acquired deformity,” “congenital deformity,”
“other,” and “unknown.”

Table 2. Self-reported health outcomes at six-month follow-up after unilateral lower limb amputation, by subsample.
Subsamples
Total sample
Overall situation as amputee, n (%)
Very good
Good
Neither good nor bad
Bad
Very bad
Residual limb pain, n (%)
None
Yes, a little
Yes, moderate
Yes, a lot
Phantom limb pain, n (%)
None
Yes, a little
Yes, moderate
Yes, a lot
LCI-5, median (IQR)
LCI-5 basic
LCI-5 advanced
LCI-5 total
Prosthetic use score, median (IQR)

EQ-5D-3L

EQ-5D-5L

p-value
0.348a

78
314
165
64
29

(12.0)
(48.3)
(25.4)
(9.8)
(4.5)

52
188
101
38
15

(13.2)
(47.7)
(25.6)
(9.6)
(3.8)

26
126
64
26
14

(10.2)
(49.2)
(25.0)
(10.2)
(5.5)

334
157
126
51

(50.0)
(23.5)
(18.9)
(7.6)

213
100
73
23

(52.1)
(24.4)
(17.8)
(5.6)

121
57
53
28

(46.7)
(22.0)
(20.5)
(10.8)

218
209
164
76

(32.7)
(31.3)
(24.6)
(11.4)

159
121
87
40

(39.1)
(29.7)
(21.4)
(9.8)

59
88
77
36

(22.7)
(33.8)
(29.6)
(13.8)

(24–9)
(19–2)
(43–12)
(51–6)

21
9
28.5
32

(23–10)
(20–2)
(43.75–12)
(51–8)

19
9
27
32

(24–9)
(18–1)
(42–11)
(52–4)

20
9
28
32

a
Mann-Whitney U test.
Note: IQR: interquartile range; LCI-5: Locomotor Capabilities Index-5.

0.049a

<0.0001a

0.835a
0.387a
0.642a
0.395a
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about 14% reported their overall situation as “bad” or “very
bad” (Table 2). Fifty percent experienced some degree
of residual limb pain, and 67% experienced some degree of
phantom limb pain. The median LCI-5 total score was 28
(range 0–56), and the median prosthetic use score was 32
(range 0–100).

Comparison of subsamples
There were no statistically significant differences between the two
subsamples regarding sex, age, amputation procedure, amputa
tion level, or underlying diagnosis (p > 0.05) (Table 1). In addition,
no statistically significant differences were found regarding the
overall situation as an amputee, the LCI-5 scores, or the prosthetic
use score (p > 0.05) at the six-month follow-up (Table 2).
However, the subsamples differed regarding phantom limb pain
(p < 0.001) and residual limb pain (p < 0.05), with a larger propor
tion reporting any level of pain in the EQ-5D-5L subsample.

Feasibility
Of all patients with a registered six-month follow-up assessment
including EQ-5D, fifteen patients had incomplete EQ-5D responses
(73% male, mean age 73.9 years). The number of patients who did
not respond to any of the dimensions was eight in the EQ-5D-3L
sample and four in the EQ-5D-5L sample. Missing response on the
mobility dimension only was observed for two patients in the EQ5D-3L sample and one patient in the EQ-5D-5L sample. Thus, the
feasibility of EQ-5D-3L and EQ-5D-5L was comparable (97.7% ver
sus 98.1% complete responses).
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Distributional characteristics
The EQ-5D-3L and EQ-5D-5L dimensions with the most frequent
reporting of problems were mobility (78% and 75%), pain/discom
fort (70% and 75%), and usual activities (61% and 74%) (Figure 1).
The mean level sum score was 8.30 (SD 1.87) for EQ-5D-3L and
11.46 (SD 4.16) for EQ-5D-5L. The median EQ VAS (available only
for the EQ-5D-5L subsample, n ¼ 229) was 70 (supplementary
material 1). The EQ-5D index ranged between 0.35 and 1 (mean
0.55, SD 0.31) for EQ-5D-3L respondents, and between 0.40 and
1 (mean 0.53, SD 0.31) for EQ-5D-5L respondents.
The proportion reporting no problems in all five dimensions
(i.e., 11111) was 6.6% among EQ-5D-3L respondents and 5.8%
among EQ-5D-5L respondents. None of the respondents reported
extreme problems in all dimensions (i.e., 33333 or 55555). The
number of observed health profiles in the EQ-5D-3L and EQ-5D-5L
samples were 94 and 184, respectively. In the mobility dimension,
more than 20% of the EQ-5D-5L respondents reported severe or
extreme problems, while less than 7% of the EQ-5D-3L respond
ents reported extreme problems (Figure 1). The distributions of
EQ-5D-5L index values were slightly less clustered than those of
EQ-5D-3L index values (supplementary material 2).
Table 3. Informativity, as assessed by Shannon’s indices, by EQ-5D version.
Shannon’s index (H΄ )
Mobility
Self-care
Usual activities
Pain/discomfort
Anxiety/depression

Shannon’s Evenness index (J΄ )

EQ-5D-3L

EQ-5D-5L

EQ-5D-3L

EQ-5D-5L

1.09
1.15
1.45
1.30
1.22

2.21
1.83
2.23
1.96
1.80

0.69
0.73
0.91
0.82
0.77

0.95
0.79
0.96
0.85
0.78

Note: The range for Shannon’s index (H΄ ) depends on the number of possible
response options per dimension, i.e., min–max is 0–1.58 (0–2.32) for the EQ-5D3L (EQ-5D-5L). The range for Shannon’s Evenness index (J΄ ) is 0–1.

Figure 1. Distribution of responses on the EQ-5D dimensions at six-month follow-up after a unilateral amputation, among EQ-5D-3L (3L) respondents (n ¼ 425) and
EQ-5D-5L (5L) respondents (n ¼ 260).
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Table 4. Spearman’s rank correlation coefficients (rho) between responses to the EQ-5D versions (sum score, dimensions, and EQ VAS [5L]), and LCI-5, prosthetic
use score, residual limb pain, phantom limb pain, and overall situation as an amputee.
EQ-5D-3L
Sum
score
0.426��
0.408��
0.429��
0.420��
0.156��
0.158��
0.482**

Mo
0.467**
0.424**
0.456**
0.449**
0.063
0.085
0.327��

Sc
0.468**
0.459**
0.477**
0.289��
0.103�
0.044
0.186��

Ua
0.306**
0.321**
0.317**
0.253��
0.015
0.014
0.320��

EQ-5D-5L
Pd
0.028
0.031
0.036
0.134��
0.386**
0.391**
0.224��

Ad
0.099�
0.078
0.093
0.206��
0.096
0.093
0.398��

Sum
score
0.484��
0.479��
0.492��
0.504��
0.353��
0.249��
0.522**

Mo
0.530**
0.462**
0.511**
0.488**
0.143�
0.072
0.349��

Sc
0.490**
0.501**
0.516**
0.384��
0.196��
0.005
0.286��

Ua
0.362**
0.344**
0.358**
0.323��
0.259��
0.194��
0.463��

Pd
0.050
0.118
0.080
0.246��
0.438**
0.445**
0.339��

Ad
0.102
0.091
0.095
0.148�
0.319��
0.219��
0.415��

EQ
VAS
0.215��
0.275��
0.240��
0.334��
0.307��
0.114
0.462**

LCI-5 basic
LCI-5 advanced
LCI-5 total
Prosthetic use score
Residual limb paina
Phantom limb paina
Overall situation as amputeea
�p < 0.05 (2-tailed), ��p < 0.01 (2-tailed). Note: Mo: Mobility; Sc: Self-care; Ua: Usual activities; Pd: Pain/discomfort; Ad: Anxiety/depression. Bold numbers indicate
variables between which a correlation was hypothesized. The thresholds used for interpreting the correlation coefficients (rho) were: absent (rho < 0.2), weak
(0.2 � rho < 0.35), moderate (0.35 � rho < 0.5), and strong (rho � 0.5) correlation.
a
Similar to EQ-5D dimensions and sum score, high values indicate more problems or worse health.

EQ-5D-5L had higher absolute informativity (H΄ ) and relative
informativity (J΄ ) compared to EQ-5D-3L across all dimensions
(Table 3). For both versions, the highest informativity was
observed in the usual activities dimension. The largest difference
in relative informativity (J΄ ) was observed in the mobility dimen
sion. The lowest absolute (H΄ ) and relative informativity (J΄ ) for
EQ-5D-3L were observed in the mobility dimension in which the
majority (71%) indicated having moderate problems (level 2)
(Figure 1).

Construct validity
Overall, correlations between EQ-5D dimensions and other meas
ures were in line with the hypotheses, and weak to strong corre
lations were observed (Table 4). As hypothesized, LCI-5 correlated
with the EQ-5D dimensions for usual activities, self-care, and
mobility in both versions (p < 0.01). Both versions also showed a
moderate correlation between the mobility dimension and the
prosthetic use score as well as between the pain/discomfort
dimension and the measures of phantom limb pain and residual
limb pain. Further, the EQ-5D sum score correlated moderately
(EQ-5D-3L) or strongly (EQ-5D-5L) with the overall situation as an
amputee. Moderate to strong correlations were also observed
between the EQ-5D sum score and the LCI-5 and the prosthetic
use score, respectively. The EQ VAS, which was available only for
EQ-5D-5L, correlated moderately with the overall situation as an
amputee. As expected, the correlations were generally stronger
between EQ-5D-5L and the other measures compared to those
between EQ-5D-3L and the other measures. Strong correlations
(rho � 0.5) with other measures were observed for EQ-5D-5L only.
In line with the hypotheses regarding known-group validity,
HRQoL was on average worse among those with a higher ampu
tation level (TFA/KD) (Table 5, supplementary material 1). Only
EQ-5D-5L was able to discriminate between groups defined by
amputation level (p < 0.05), which was also indicated by a RE ratio
of 0.538 (Table 5). Neither the index values for EQ-5D-3L nor EQ5D-5L indicated differences in HRQoL depending on the underly
ing diagnosis. Worse HRQoL was observed among women, among
patients in older age groups, and with a higher amputation level
(TFA/KD) (supplementary material 1,3,4). Considering both ampu
tation level and underlying diagnosis, the lowest capability to per
form locomotor activities (LCI-5 scores) was found in patients with
TFA/KD due to diabetes and/or vascular disease (supplementary
material 5).

Discussion
This study comprised an extensive analysis of real-world health
outcomes data, including both generic and disease-specific meas
ures, for a large sample of patients with an LLA. The study find
ings showed that both EQ-5D versions have satisfactory results
regarding feasibility and validity in patients with LLA. The vast
majority of respondents (>97.7%) provided complete responses
on the EQ-5D descriptive system, and the proportion of respond
ents reporting no problems in all dimensions (“ceiling”) was less
than 7%. In addition, the EQ-5D dimensions of both versions cor
related
with
disease-specific
measures
according
to
the hypotheses.
In the comparison of the two versions, EQ-5D-5L showed simi
lar or improved measurement properties, as indicated by the
more evenly distributed responses and index values and superior
informativity across all dimensions. Further, the results regarding
construct validity were favorable for EQ-5D-5L. These findings are
in line with previous studies demonstrating improved measure
ment properties of EQ-5D-5L in other patient populations [24,25].
Interestingly, the improvement in informativity was most evident
in the mobility dimension, which is in line with the findings of
previous studies including patients awaiting hip and knee replace
ment [33,34]. On both EQ-5D versions, reported problems were
most commonly related to mobility, pain/discomfort, or usual
activities. These findings are in line with previous studies in which
patients have responded to EQ-5D after an LLA, using EQ-5D-3L
[16] or EQ-5D-5L [10]. The findings can also be related to the
broader literature on HRQoL in patients with an LLA. Two litera
ture reviews identified studies based on a variety of outcome
measures (e.g., the SF-36, RAND-36, Nottingham Health Profile,
and disease-specific scales) and found factors such as limitations
in physical functioning, activities of daily living, and phantom
limb pain and residual limb pain to be predictors of impaired
quality of life [1,2].
Further, the results indicate that HRQoL is worse among
women, among older patients, and among patients with a higher
amputation level, which is consistent with previous research [1,9].
Also, differences in HRQoL have been previously identified
between groups of patients with dysvascular disease or trauma as
the underlying condition [10]. However, the current study did not
demonstrate any distinct differences in HRQoL between sub
groups defined by an underlying diagnosis. The lack of differences
between the groups should be interpreted with caution, as the
subgroup including patients with “other” underlying conditions
represents a relatively heterogeneous group that also included
conditions registered as “unknown.”
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Table 5. Mean EQ-5D index values, t-statistics, and relative efficiency of EQ-5D-3L and EQ-5D-5L, by known groups (amputation level and underly
ing diagnosis).
EQ-5D version
EQ-5D-3L
EQ-5D-5L
EQ-5D-3L
EQ-5D-5L

Classification
Amputation level
TTA
TFA/KD
TTA
TFA/KD
Underlying diagnosis
Diabetes and/or vascular disease
Other
Diabetes and/or vascular disease
Other

n

EQ-5D index, mean (SD)

t-statistics

p-value

RE

327
98
192
68

0.564
0.512
0.550
0.462

(0.31)
(0.31)
(0.31)
(0.33)

1.469

0.134

0.538

2.003

0.046

1

338
73
213
41

0.549
0.558
0.531
0.524

(0.31)
(0.30)
(0.32)
(0.28)

0.210

0.834

–

0.143

0.886

–

Note: TTA: transtibial amputation; TFA: transfemoral amputation; KD: knee disarticulation; SD: standard deviation; RE: relative efficiency; 95% CI: con
fidence interval at the 0.05 level of significance. Relative efficiency was not calculated by groups of underlying diagnoses since the t-statistics were
non-significant (p > 0.05) for both EQ-5D-3L and EQ-5D-5L.

Implications for policy, practice, and future research
In addition to contributing to the existing knowledge on the psy
chometric properties of EQ-5D-3L and EQ-5D-5L, the study find
ings provide valuable information about patients’ HRQoL in the
early rehabilitation process after a unilateral major LLA. Since the
results are based on registry data collected in health care and
rehabilitation settings, the results reflect real-world PROMs data
for a relatively large sample of patients with a major LLA. The
study findings may be used to inform the choice of outcome
measures in clinical studies, health economics evaluation, and rou
tine follow-up in health care. Furthermore, the results regarding
the EQ-5D index in this patient population may constitute valu
able input for health economic modelling. Nonetheless, previous
studies have emphasized the need for prospective longitudinal
studies to better understand the progress of patients’ HRQoL after
an LLA [2] and to further evaluate the responsiveness and reliabil
ity of the two EQ-5D versions [24]. Thus, further research is
needed to explore the development of HRQoL over time, prefer
ably by examining both generic and disease-specific outcomes in
this patient population.
Strengths and limitations
A strength of this register-based study was the large study popu
lation, which is considerably larger than those in previous studies.
In addition, the use of data from a national quality registry, which
has been collected in routine health care settings, enabled the
inclusion of patients with a broad range of characteristics and
analysis of real-world outcomes after LLA. Further, data on several
patient-reported measures enabled an extensive analysis of con
struct validity in which the associations between two EQ-5D ver
sions and several disease-specific instruments were analyzed.
However, the study has certain limitations that should be con
sidered. First, data on EQ-5D-3L and EQ-5D-5L were collected dur
ing different time periods, resulting in two separate subsamples.
As there may have been changes in medical practice, patient
characteristics, or other factors that may influence health out
comes over time, individual reporting on both versions would
have been preferred for the comparative assessment. The reason
why a larger proportion of the EQ-5D-5L respondents reported
phantom limb pain and residual limb pain at follow-up is cur
rently unclear and call for future analysis. Nevertheless, the two
subsamples did not differ in terms of background characteristics,
and the use of multiple methods to analyze the measurement
properties reduced the risk that any differences between subsam
ples would have a large impact on the study conclusions.

Second, the use of retrospective national registry data impli
cates limited control over the registration of data. The risk of ran
dom error during registration is difficult to assess yet may have
consequences for the assessment of feasibility. For example, the
proportion of complete EQ-5D responses may be overestimated if
the EQ-5D variables are not recorded for patients who receive but
do not respond to the questionnaire. Related to this, there are
restrictions to the data typically available from national registers.
Various other patient and clinical characteristics may influence
patients’ interpretation and response to PROMs [1,42]. For
example, in this study, there is limited information about the
patient’s language skills and any assistance received when
responding to the questionnaires in health care settings (e.g., by
interpreter or other), comorbidities, level of support, and previous
experience of disease.
Third, it should be noted that the known-group validity analy
ses are based on two different value sets for calculating the EQ5D-3L and EQ-5D-5L index values, which introduce additional
methodological variation into the comparison. Nevertheless, since
the EQ-5D-5L crosswalk value set was developed based on the
EQ-5D-3L value set, the comparison between the two eliminates
any distorting effect of valuation protocol or preferences of the
respondents, attributing more weight to the descriptive systems
in the comparison.
Regarding the generalizability of results, it should be noted
that the study sample predominantly comprised of patients with
a unilateral amputation due to peripheral vascular disease and
who had started prosthetic rehabilitation. Thus, the findings
regarding HRQoL may not be generalizable to patients with bilat
eral amputations or other groups that differ considerably from
our study population. In addition, not all patients registered in
SwedeAmp had a follow-up that included EQ-5D, which can be
explained by the fact that patients need to be in relatively good
health to participate in prosthetic rehabilitation and by the rela
tively high mortality (19%) within the first six months after ampu
tation [3].
Conclusion
This study showed satisfactory measurement properties for both
EQ-5D-3L and EQ-5D-5L in patients who have undergone a major
unilateral LLA. The comparative assessment of the two versions
indicates that the 5-level version is a superior measure among
this group of patients, with favorable results in particular for infor
mativity and validity. Patients commonly report problems related
to mobility, pain or discomfort, and usual activities in the early
rehabilitation after a major LLA. With a relatively large sample size
and use of real-world data from health care settings, this study
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contributes to increased knowledge on health outcomes from the
patient perspective six months after amputation and provides a
better understanding of the performance of different outcome
measures among patients with a unilateral major LLA.
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