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Aim: To compare health-related quality of life (HRQoL) descriptions and utility scores in newly diagnosed
peripheral arterial disease (PAD) patients, using two most widely used instruments, EuroQol 5D (EQ-5D)
and Medical Outcome Study 36-item Short-Form Health Status Survey (SF-36). Methods: Patients’ self-
assessment of HRQoL was measured by the Dutch versions of the EQ-5D and SF-36 in the 204 patients.
Results: Mean utility scores ranged from 0.675 for Short-Form Six-Dimension, 0.648 for the EQ-5D UK tariff
and 0.715 for the Dutch EQ-5D tariff. A moderate correlation between the utility scores was found due
to different valuation techniques of these instruments. Conclusion: Both instruments have clinical validity
for use in the PAD and can be used alongside each other to provide a holistic assessment of the HRQoL.
Before using these two instruments interchangeably for utility score calculations and healthcare resource
allocation, a thorough sensitivity analysis is necessary to explore the robustness of the value argument
based on these utility scores.
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Peripheral arterial disease (PAD) with its most classical manifestation of intermittent claudication (IC) is a sign of
widespread atherosclerosis affecting multiple vascular beds simultaneously including coronary, cerebral and renal
arteries. It is a relatively common disorder with a prevalence estimated at 16% in those aged over 55 years and up
to 29% in high-risk groups [1]. PAD patients have a significant reduction in health-related quality of life (HRQoL)
caused by impaired mobility and by cardiovascular morbidity [2]. There is increasing acknowledgement of the clinical
and economic benefits of (early) identification of PAD and its treatment. The Prevention of Athero-thrombotic
Disease Network, an international, multidisciplinary network, has recommended a multipronged strategy to increase
awareness, detection and treatment rates of PAD and have emphasized the need for greater resource allocation for
PAD [3].

In order to make recommendations for public funding of treatments across different technologies and disease
areas, comparability of the HRQoL measure across indications is important [4]. The quality-adjusted life year
(QALY) is a common measure to compare interventions across disease areas. The QALY integrates life expectancy
and a utility value, representing the HRQoL adjusted expectancy [5]. The cost per QALY of competing treatments
can be a useful input into medical decision making and priority setting [6]. For instance, the National Health Care
Institute (Zorginstituut Nederland) in the Netherlands and NICE in the UK recommend the use of QALYs as a
measure of health benefit to enable a standardized approach for comparing economic evaluations across different
healthcare areas [4,7].
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Several instruments exist to determine utility values for health states and two most widely used instruments are
EuroQol 5D (EQ-5D) and Medical Outcome Study 36-item Short-Form Health Status Survey (SF-36)-derived
Short-Form Six-Dimension (SF-6D) [8,9]. These instruments differ in their conceptualization of HRQoL, the detail
of their descriptive systems, their valuation techniques and the degree to which they invoke the assumptions of
multi-attribute utility theory. Utility scores obtained from these instruments may vary due to these differences [10].
Moreover, the acceptability of the cost-utility ratios based on utility scores from these two instruments differs as
well [11].

Both the EQ-5D and the SF-36 have been used to assess QoL in patients with PAD [12–15]. A large nationwide
American study used SF-36 and was conducted in 25 cities at 350 primary care practices demonstrated that patients
with PAD had a similarly low HRQoL as patients with other cardio vascular diseases [16]. Other QoL studies in
PAD patients using SF-36 have drawn similar conclusions [17,18]. Despite cost utility evaluations being required
by different authorities, data on health state preferences or utilities of IC patients are scarce in the Netherlands.
There are two Dutch HRQoL studies in PAD patients that were conducted alongside the Dutch Bypass Oral
Anticoagulant trial and Dutch Iliac Stent trial [19,20]. These studies have a patient population with severe functional
impairment requiring immediate revascularization. The Dutch Bypass Oral Anticoagulant trial used both EQ-5D
and SF-36 but did not compare the results. Therefore to the best of our knowledge, the utility scores for newly
diagnosed PAD patients in the Dutch population are not reported in the literature. Our study was motivated by a
need to compare HRQoL descriptions and utility scores in newly diagnosed and untreated PAD patients with leg
symptoms of IC obtained by the EQ-5D and SF-6D. Additional research questions for this research were:

• What are the differences between health states descriptions obtained with the EQ-5D and the SF-6D?
• What are the differences and relation between utility scores obtained with the EQ-5D and the SF-6D?
• Do utility scores obtained with EQ-5D and SF-6D reflect functional and clinical severity of PAD (clinical

validity)?

Materials & methods
Patients
Study subjects were consecutive patients with newly diagnosed PAD from three hospitals (Atrium Medical Center
Heerlen, Orbis Medical Centre Sittard and the Maastricht University Medical Centre) in Limburg, the Netherlands.
Patients were included between January 2009 and November 2013 after written informed consent of the patients
was obtained. Medical Ethics Committee approval was granted for the study. The diagnosis of PAD was based on an
in-hospital performed ankle brachial index of ≤0.9. After initial clinical assessment with history taking, a physical
examination was performed by the treating physician. Exclusion criteria for participation were the use of medication
known to affect coagulation (e.g., cumarins, direct factor Xa-inhibitors and factor II-inhibitors, heparin), known
coagulation disorders, age under 18 years and the presence of active malignancy or chronic inflammatory diseases.
The patients who underwent a cardiovascular intervention/arterial (peripheral) surgery within the past 6 months
and patients with an episode of (unstable) angina pectoris, myocardial infarction, stroke or heart failure within the
past 3 months were excluded as well.

Data collection
Patients were asked to participate in the study and subsequently included within 3 months after the initial diagnosis
of PAD. On entry of the study, patients were seen by a study physician or research nurse and were questioned about
their personal and medical history. In order to assess the patients’ clinical and functional status, they were asked
about rest pain, night pain and pain-free walking distance.

Patients were classified using Fontaine classification reflecting the clinical and functional severity of the disease
covering the entire spectrum of symptoms in PAD. There are five Fontaine stages: Stage I – Asymptomatic, Stage
II – IC (patients usually have a very constant distance at which they have pain and this stage is subdivided into
Stage IIa and IIb) Stage IIa – IC after more than 200 meters of pain free walking and Stage IIb – IC after less than
200 meters of walking, Stage III – Rest pain and Stage IV – Ischemic ulcers or gangrene [21].

Quality of life assessment
Patients’ self-assessment of HRQoL was measured by the Dutch versions of the EQ-5D and SF-36.
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The EQ-5D is a five-dimensional instrument, the dimensions being mobility, self-care, usual activities,
pain/discomfort and depression/anxiety. Each of these dimensions can be rated as 1 (no problem), 2 (some
problem) or 3 (severe problem). There are 243 distinct health states described by the EQ-5D, and a sample of these
has been valued by community samples from different countries using the time trade-off method. Country-specific
algorithms have been developed based on societal preferences for health states. We have used the UK and the Dutch
population-specific scoring functions to derive the utility values based on the EQ-5D questions [9,22–24]. Utility
scores calculated by the UK scoring function range from -0.59 (health state worse than death, severe problems
in all dimensions, through 0 (health state equal to death) to 1 (full health, no problems in all dimensions). For
the Dutch scoring function this range was -0.329–1. The EQ-5D instrument also includes a visual analog scale
(VAS), which records the respondent’s self-rated health status on a graduated (0–100) scale ranging from best to
worst imaginable health. The EQ-5D-3L was used to determine the utility values, because the newer EQ-5D-5L
was unavailable at the time of patient enrollment. The 3-level version includes three answer possibilities for each
dimension (no problem, some or moderate problems, severe problems).

The SF-36 includes 36 items that can be classified into the following eight health-status subscales: physical
functioning, physical role limitations, bodily pain, general health perception, vitality, social functioning, emotional
role limitations and mental health [25,26]. The SF-36 is a generic multidimensional instrument, which was reduced
to six items by Brazier et al. to develop the SF-6D. The six items (each with 4–6 levels) in the SF-6D are physical
functioning, role limitations, social functioning, pain, mental health and vitality [8]. The SF-6D algorithm reduces
the eight dimensions of the SF-36 to six by combining role limitations due to physical and emotional problems and
omitting general health perceptions. The SF-6D describes 18,000 health states in all and 249 states were valued
by a sample from the UK general public using the standard gamble method. The SF-6D utility scores range from
0.29 to 1.00. Regression models were used to estimate utility scores for all health states [8].

Statistical methods
Open Clinica software was used to store the data. This is an open source clinical trial software for electronic data
capture and clinical data management. All statistical analyses were performed with IBM SPSS statistics version 20.0
software (SPSS Inc., IL, USA). As recommended to handle missing HRQoL data, missing data on the EQ-5D
and SF-6D were replaced using multiple imputation [27] to improve the validity of medical research results and to
reduce the waste of resources caused by missing data [28].

For this purpose, five data were created using the ‘Markov Chain Monte Carlo’ algorithm. This method assumes
normality and linearity. Variables were transformed before the imputation process and then back-transformed to
create imputed values [29]. Demographic, risk factors, family history, medicine history and PAD-related functional
limitation data were summarized as number and percentage in each category.

Utility scores from SF-36 (UK) and EQ-5D (UK and the Netherlands [NL]) were derived using the published
algorithms [8,22,27]. Summary of basic descriptive statistics including means, medians and ranges of utility scores
were computed. Utility score distribution across instruments was charted. The differences between the mean and
median utility scores obtained with the EQ-5D and SF-6D were tested using the paired samples t-tests and Wilcoxon
signed rank test. The association between the EQ-5D and SF-6D utility scores was examined by Spearman rank
correlation for nonparametric measures. The degree of agreement between the SF-6D and the EQ-5D UK utility
scores was assessed by the Bland–Altman plot.

The empirical validity of the EQ-5D and SF-6D utility scores was assessed by hypothetically constructed
preference rule that utility scores should differ significantly between self-reported functional status groups and
should decrease monotonically with severity of symptoms [30]. Mean values and 95% confidence intervals of the
utility scores from the EQ-5D (UK and Dutch tariffs) and SF-6D were compared for functional (rest pain, night
pain, limitation of activities of daily life, pain-free walking distance) and clinical (Fontaine classification) subgroups
of patients.

Results
Out of 250 patients included, 204 (81.6%) returned the survey instrument containing the SF-36 and EQ-5D. The
participants who responded to the survey ranged in age from 46 to 86 years old, with an average age of 66.5 years.
More than half of them were males, current alcohol and tobacco users and had limitations in the activities of daily
life. Demographic and functional characteristics of 204 patients included in the study are shown in Table 1.

future science group 10.2217/cer-2017-0029
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Table 1. Demographic and functional characteristics of 204 peripheral arterial disease diagnosed patients.
Characteristic(s) Value %

Age (years) – –

Mean 66.5 –

SD 7.99 –

Min 46 –

Max 86 –

Percentiles:

– 25 61 –

– 50 (Median) 66 –

– 75 71.75 –

Male 134 65.7

Current smokers 111 54.4

Current alcohol users 153 75

Diabetes mellitus 199 97.5

Hypercholestrolemia 100 49

Hypertension 111 54.4

Family history of CV diseases 87 42.6

On anti-platelet medication 172 84.3

On cholesterol-lowering medicines 163 79.9

Fontaine stage:

– Fontaine I 8 3.9

– Fontaine IIa 127 62.2

– Fontaine IIb 63 30.8

– Fontaine III 4 1.9

– Fontaine IV 2 0.9

Rest pain 35 17.1

Night pain 55 27

Limitations in ADL 116 56.8

Pain free walking distance � 100 meters 55 27

ADL: Activities of daily life; CV: Cardiovascular disease; SD: Standard deviation.

From the instruments received, 75% SF-36 and 94% EQ-5D descriptive parts were completely filled in order
to calculate the utility values, whereas 91% EQ VAS instruments were completely filled to obtain the VAS score.
Using multiple imputation, utility scores and VAS scores could be obtained for all 204 patients. All results below
are based on the imputed datasets. To follow the research questions posed in this article, the results are shown below
in the following order: differences between health states descriptions obtained with the EQ-5D and the SF-6D,
differences and relation between utility scores obtained with the EQ-5D and the SF-6D and clinical validity of
EQ-5D and SF-6D in PAD patients.

Mean utility scores ranged from 0.675 for SF-6D, 0.648 for the EQ-5D UK tariff and 0.715 for the Dutch
EQ-5D tariff. The mean EQ VAS score was 66. Detailed descriptive statistics of these values is presented in Table 2.

Patients’ response distribution across severity levels of the EQ-5D and SF-6D dimensions are shown in the
Figure 1A & B.

The relationship between the SF-6D, EQ-5D and EQ VAS scores is shown in Figure 4. SF-6D and EQ-5D
UK showed the highest level of association. This was confirmed by Spearman coefficient, which was 0.63 for the
association between SF-6D and EQ-5D (UK and NL), 0.45 for SF-6D and VAS and 0.44 for EQ-5D and VAS.

Agreement between the measures was investigated using Bland–Altman plots [31]. These charts plot the mean of
a pair of scores on the x-axis, and the difference between the pair of scores on the y-axis. This allows agreement
in terms of the difference between the scores to be assessed across the full severity range, which is done by adding
upper and lower boundaries plus or minus two standard deviations (SDs) away from the mean difference in score
on the y-axis. Outliers are defined as points outside of these boundaries. Bland–Altman analysis indicated that

10.2217/cer-2017-0029 J. Comp. Eff. Res. (Epub ahead of print) future science group
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Table 2. Descriptive statistics of EQ-5D, and SF-6D utility scores and the EQ VAS score, n = 204.
Measure SF-6D EQ-5D UK EQ-5D NL VAS

Mean 0.675 0.648 0.715 66

SD 0.11 0.22 0.21 19

Median 0.662 0.691 0.775 70

Minimum 0.33 -0.24 -0.13 0

Maximum 0.91 1 1 99

Percentile:

– 25 0.601 0.620 0.651 55

– 50 0.672 0.691 0.775 70

– 75 0.753 0.727 0.807 80

EQ-5D: EuroQol 5D; NL: Netherlands; SF-6D: Short-Form Six-Dimension; UK: United Kingdom; VAS: Visual analog score.

Mobility Self-care Usual activities Pain/discomfort Anxiety/depression

20
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Figure 1. Distribution across severity levels of the EuroQol 5D dimensions.

the 95% limits of agreement between EQ-5D and SF-6D ranged from -0.365 to 0.412, and over 95% points lies
within limits with a mean difference in scale scores (SD) of 0.023 (0.019) (Figure 5).

Mean utility scores were related to symptom, demographic characteristics and clinical classification (Fontaine).
These subgroup analyses showed that the impact of PAD could be captured by SF-6D, EQ-5D and VAS (Figure 2).
Both utility instruments differentiated between functional and clinical severity levels; the mean utility values
from SF-6D, EQ-5D and VAS decreased with increased symptom severity. Utility distribution as per the measuring
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Figure 2. Distribution across severity levels of the SF-6D dimensions graded between 1 and 6; with 1 being the least active and 6 being
most severe.
RE: Role emotional; RP: Role phiscal; SF-6D: Short-Form Six-Dimension.

instrument is shown in Figure 3. Severity of symptoms and increasing difficulty with activities impacted on HRQoL
scores. Figure 6A–D shows pain, pain-related functioning and QoL. Pain symptoms and decreased mobility were
associated with utility scores getting worse. Older age and female gender were associated with lower HRQoL
(Figure 6E–F).

Discussion
Generic HRQoL instruments currently have an important role in healthcare technology decision making in the
Netherlands and in most of the developed world. However, HRQoL utility value measurement methodologies can
make a substantial difference to the results of decision analytic modeling and the differences in the methodologies
will lead to inconsistent policy decision making. This study assessed the equivalency of the SF-36 and the EQ-5D
cross-sectionally, in domain content and in scoring distribution in the PAD patients. In this study, we made a
detailed analysis of the relation between HRQoL, assessed with the generic preference-based HRQoL instruments
EQ-5D and SF-36, the severity of PAD and objective functional variables. Our results highlighted the negative
impact that PAD has on HRQoL, which is consistent with the findings of other studies [16,32]. In our comparative
study, we found a moderate correlation between the utility scores obtained from these instruments. The wide
95% limits of agreement in Bland–Altman plot signify this level of agreement between the instruments [12,29].
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EQ-5D: EuroQol 5D; NL: Netherlands; SF-6D: Short-Form Six-Dimension; UK: United Kingdom; VAS: Visual analog score.

The moderate agreement between the two instruments, mirroring the widely reported finding that differences exist
between the conventional EQ-5D and SF-36 index scores that are based on Time Trade Off and standard gamble
techniques, respectively [30].

Although EQ-5D and SF-36 intend to measure similar constructs, these instruments are quite different from each
other in the assessment of HRQoL. Our research explored the likely association between the utility values generated
by the SF-36 using algorithms developed by Brazier etal. and the utility value that would have been obtained from
the EQ-5D. To the best of our knowledge, this is the first comparison of preference-based instruments in PAD
population. Other studies have reported health state values derived from these HRQoL instruments [16,32–34];
however, ours included both of these instruments in diagnosed and symptomatic PAD patients. The ability to
make reliable comparisons of health state utilities values measured by two most frequently used instruments would
be of interest to health economists, researchers working in the field of PAD and decision makers, given the increasing
importance of the quality-adjusted life year as the standard metric of outcome in economic evaluation.

Utility scores were calculated and measurement properties were compared for two widely used HRQoL instru-
ments, EQ-5D and SF-6D in PAD patients with complaints of IC. These two instruments show different utility
score ranges and distributions. With vitality domain, SF-6D has six domains against five in EQ-5D; however,
other domains of both instruments represent similar dimensions of health. The reference time frame used in the
descriptive system varies for both the instruments. While answering EQ-5D patients describe their health status
at that point of time while SF-6D has information on health status in last 4 weeks. The emphasis of EQ-5D is
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on physical functioning while social functioning has more weightage in SF-6D. However, the results of this study
generally reinforced the construct validity of the EQ-5D and the SF-6D.

In summary, EQ-5D and SF-36 are demonstrated to be valid and sensitive preference-based HRQoL measures in
the Dutch PAD patients. Both instruments measure HRQoL in PAD patients but selection of one instrument over
other is a difficult task as both instrument address physical limitation in PAD patients. It is important to consider
the relative merits of each instrument when choosing measures of QoL as there are advantages and disadvantages
to both. EQ-5D is short and easy to complete, and is accepted by NICE for use in the economic evaluation of
interventions. The SF-6D is derived from the SF-SF-36 provides detailed information about the HRQL of patient
samples. This research and published literature [35,36] has shown the relationship between the EQ-5D and SF-36,
suggesting that the measures can be used alongside each other to provide a holistic assessment of the HRQoL.

Keeping in view the limited patient contact time available, collection of HRQoL information imposes an
opportunity cost of reduction of time for other information. SF-36 is claimed to be completed in 5–10 min by
the developers [37]. However, in elderly PAD patients it may take on average 15 min to administer [38]. On the
other hand, EQ-5D could have an administration time less than 5 min with greater chances of completing the
instrument [39]. We received a significantly higher number of responses for EQ-5D (94%) than for SF-36 (75%)
minimizing the need of imputation for missing data.
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SF-6D has been reported to have a theoretical advantage over EQ-5D due to its larger SF-36-based descriptive
system. However, SF-6D development team have suggested that future research should assess whether item selection
for SF-6D caused limitations to its descriptive ability and indicates that SF-6D may not benefit from the descriptive
richness of the original SF-36 [8]. The EQ-5D presents health status as a simple five-dimensional structure. This
simplicity is one of its strengths, but would also be a limitation if it were used as a single measure of health status.
Profile measures such as the SF-36-derived SF-6D may be better suited than the EQ-5D to capture certain facets of
health status. With the use of algorithm developed by Brazier and colleagues, this instrument does provide an overall
index score for respondents’ health, which can subsequently be incorporated into QALYs and cost-utility analysis [8].
However, revision of both these instruments is recommended to overcome their weaknesses, particularly in their
descriptive systems [33]. Convergent validity of EQ-5D and SF-6D could be measured by correlation but there
is no consensus on the interpretation of various levels of correlations for this application. Since each instrument
measures somewhat different concepts of health, modest correlation between them is not surprising. None of the
instruments excelled uniformly, and the authors concluded that selection of the most suitable instrument for health
status assessment should be guided by careful consideration of the special features of every study. In our study, the
relationship and agreement between the SF-6D and EQ-5D utilities was not perfect. An observation in this study
that the SF-6D scores were generally higher than the EQ-5D was also consistent with published literature and may
reflect floor effects associated with SF-36 [30].

The differences in utility measures need further confirmation by future research in patients with different levels
of PAD severity and more research is needed to determine the relationship between the SF-36 and EQ-5D.

The EQ-5D-5L was not available at the time of data collection for this research. Due to better measurement
properties, with lower ceiling effect and better discriminatory power than the 3L version, it would be prudent to use
the 5L version for all future research. Results of this research are not expected to be change much using EQ-5D-5L
as the association between overall morbidity and index scores is reported to be comparable using both versions of
the EQ-5D [40].

Since QALY (derived from utility score) provide the means to compare different types of interventions for
allocation of resources in healthcare systems. The implications of this study are potentially profound. The utilities
were higher for SF-6D utilities than for EQ-5D UK utilities. Thus, using SF-6D utilities in cost–effectiveness
analyses would result in lower cost–effectiveness ratios than using EQ-5D utilities. It has been demonstrated
that the choice of one of these instruments could significantly change the results of economic evaluations [41].
We recommend use of composite endpoint outcome measures, incorporating clinical indicators along with QoL
indices for estimation of health benefit gain in these situations. There is also a need of raising awareness among
policy makers of these methodological challenges when interpreting economic evaluations.

The comparison of both instruments to inform an important debate on the choice of instrument is strength of
this study. This allow us to investigate agreement between instruments without the potential confounding effects of
intersubjective variations such as cultural differences in tendencies to report health problems [42]. The present study
has some methodological considerations that should be considered in interpreting the results. First, we have used
cross-sectional data to assess the difference between instruments. As differences in change scores are likely to have
a greater impact on pharmacoeconomic evaluations than changes in absolute scores, longitudinal studies should
be conducted to quantify the magnitude of differences in change scores. Second, the study population consists of
a convenience sample of patients diagnosed at hospital with PAD. Thus, it remains unknown whether these data
are applicable for patients with all other asymptomatic or symptomatic PAD patients. Third, we delivered both
instruments to each of our patients in the same order. It is unclear that if random order delivery would influence the
results. Fourth, although patients’ responses were collected over almost 5-year period at a tertiary care institution in
the Netherlands, authors recognize the impact of relatively smaller sample size and its impact on the generalizability
of results. In this case, physical limitation is a prominent feature and was well represented in both instruments,
EQ-5D and SF-6D. However, generalizability of the included instruments (EQ-5D and SF-36) to other diseases
is unclear where a health dimension is not directly reflected by one of these instruments.

Conclusion
The impact of PAD on HRQoL can be evaluated using generic standardized instruments SF-36 and EQ-5D.
The clinical validity of both instruments in the Dutch PAD patient sample was supported by the results of this
investigation. Measurements by both instruments behaved in consistent manner. However, EQ5D and SF-6D
measure different aspects of HRQoL. The difference in psychometric properties between them are significant.

future science group 10.2217/cer-2017-0029



Research Article Vaidya, Kleinegris, Severens et al.

Before using these two instruments interchangeably for utility score calculations and healthcare resource allocation,
a thorough sensitivity analysis is necessary to explore the robustness of the value argument based on these utility
scores. Whenever possible, combination of these instruments could provide a broad coverage of health dimensions
and QoL scores for a variety of applications.

Summary points

• Peripheral arterial disease (PAD) patients have a significant reduction in health-related quality of life (HRQoL)
caused by impaired mobility and by cardiovascular morbidity.

• HRQoL assessments using generic instruments provide unique information about the impact of the disease as
perceived by the patients and they can be used for evaluating QoL for many types of diseases and for calculating
utility values in cost–effectiveness analysis.

• This study demonstrated good clinical validity of the two most widely used generic HRQoL instruments, EuroQol
5D and Medical Outcome Study 36-item Short-Form Health Status Survey, with traditional clinical indices of PAD
severity.

• Both instruments measure HRQoL in PAD patients but selection of one instrument over other is a difficult task as
both instrument address physical limitation in PAD patients as a moderate correlation between the utility scores
obtained from these instruments was found.

• Before using these two instruments interchangeably for quality-adjusted life year calculations and for healthcare
resource allocation, a thorough sensitivity analysis is necessary to explore the robustness of the value argument
based on these utility scores. Combining the two instruments would provide a broad holistic coverage of health
dimensions for a variety of applications.
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