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ABSTRACT 
 

Background: Distributions of EQ-5D index values in patient and general populations 
typically have a non-normal distribution, divided into two distinct groups. It is important 
to understand to what extent this is determined by the way that the EQ-5D index is 
constructed rather than by the true distribution of ill-health. 

Aims: This paper examines the determinants of the ‘two groups’ distribution typical of 
EQ-5D index data. We examine the extent to which the distribution is attributable to 
properties of the EQ-5D classification system used to create health state profiles or to 
the properties of the weights applied to profiles. 

Methods: We analyse data from the English NHS PROMs programme (hip and knee 
replacements and varicose vein and hernia repairs) and from a study of two chronic 
conditions (asthma and angina). The distributions of EQ-5D index values are compared 
with distributions from which weights have been stripped, and profile data decomposed 
into their constituent dimensions and levels. They are also compared with condition-
specific indexes and the distributions of EQ-5D indexes using different country weights, 
both Time Trade-Off and Visual Analogue Scale based. 

Results: The EQ-5D picks out differences between patients in respect of dimensions that 
are mainly observed at level 2 or 3. The weights commonly used to calculate the index 
exacerbate this grouping by placing a larger weight on level 3 observations, and 
generate a noticeable gap in index values between the groups. 

Conclusions: It is both important and informative to undertake exploratory data 
analysis on EQ-5D data. The analytical methods used for this may be simple. 
Concentrating on the EQ-5D index in effect obscures useful information about health 
states and may even produce misleading information.
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1. INTRODUCTION 
 

The EQ-5D is internationally one of the most widely-used health-related quality of life 
instruments (Brooks, 1996). It is therefore very important that we obtain a good 
understanding of the characteristics of EQ-5D data. Distributions of EQ-5D index values 
in patient and general populations typically have a non-normal distribution divided into 
two distinct groups. (This is often described as ‘bi-modal’, but we will argue that this is a 
misleading label.) In examining the distribution of health states within a particular 
population, it is useful to know to what extent its shape is determined by the way that 
the EQ-5D index is constructed rather than by the true distribution of ill-health. In 
addition, the EQ-5D index is constructed from two separate elements – a classification 
system used to create health state profiles and a set of weights applied to profiles – and 
it is useful to know the relative importance of these factors in shaping health state 
distributions. 

 

This paper examines the determinants of the shape of EQ-5D distributions, and in 
particular the origins of the ‘two groups’ distribution. We analyse data from patients 
undergoing elective surgery (hip and knee replacements and varicose vein and hernia 
repairs) in the English NHS and from primary care patients in a study of two chronic 
conditions (asthma and angina). The distributions of EQ-5D index values are compared 
with distributions from which weights have been stripped, and the profile data are 
decomposed into their constituent dimensions and levels to see how they influence each 
of those distributions. The distributions that arise from applying different sources of 
weights (‘value sets’) are demonstrated. The distributions of EQ-5D index values are also 
compared with the distributions of condition-specific indexes assessed for the same 
patients. We conclude by suggesting practical ways in which researchers should analyse 
EQ-5D index data to obtain richer results than are conventionally reported.
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2. ANALYSING EQ-5D DATA 
 

The EQ-5D is used widely in economic analyses, population health surveys and, more 
recently, for routine assessment of patients’ health, for example the NHS Patient 
Reported Outcome Measures (PROMs) programme (Devlin, Parkin and Browne, 2010). 
The EQ-5D instrument comprises two self-report elements: the EQ-5D self-classifier, 
where respondents tick boxes to indicate which of three levels of problems (no, some, 
extreme) they have on each of five dimensions (Mobility (MO), Self-care (SC), Usual 
activities (UA), Pain & discomfort (PD), and Anxiety & depression (AD)) to create a 
health ‘profile’; and a visual analogue scale, the EQ-VAS, on which respondents rate 
their overall health from 0 (worst health imaginable) to 100 (best health imaginable). 

 

The profile data and the EQ-VAS both provide valuable information about the patient’s 
view of their own health and can, themselves, be the focus of analysis. For example, 
Devlin, Parkin and Browne (2010) demonstrate a number of ways in which profile data 
can be analysed, including a Health Profile Grid and a Paretian Classification of Health 
Change. However, by far the most common way of analysing data from the EQ-5D is to 
use index values to summarise the profile data. These index values provide, for each of 
the 243 (=35) possible states described by the EQ-5D, a value on a scale anchored at 1 
(full health) and 0 (a state as bad as being dead), with values < 0 indicating states 
worse than being dead. Typically, these values are obtained for a sub-set of states from 
surveys of the general public, using stated preference methods to find out their views 
about how good or bad the states are in their opinion. The resulting sample data are 
then used to model the values for all states. The resulting value sets, often called 
‘tariffs’, result from and are influenced by choices about whose values are relevant, for 
example the general public or patient populations, what methods are used to elicit 
preferences, for example Time Trade Off, Visual Analogue Scale or Standard Gamble, 
and how the data are modelled. 

 

There are clear normative grounds for using index values to summarise EQ-5D profile 
data where the purpose is to estimate Quality Adjusted Life Years in economic 
evaluation. For example, it is often argued that it is the views of the general public that 
are relevant in this context, as taxpayers and potential users of the NHS. However, index 
values are also widely used in other sorts of applications, where that rationale may not 
be relevant. For example, the Health Survey for England (Craig and Mindell, 2013) 
reports all EQ-5D data in terms of index values, even though the data are intended as 
descriptive rather than evaluative. This is probably because converting profile data into a 
single index number is convenient: single numbers are easier to analyse than profiles 
comprising multiple dimensions. It may also be that it results from a misunderstanding 
about what the index values represent; for example, that they are like the ‘scoring 
systems’ used in condition specific instruments, which are developed as an integral part 
of the instrument. 

 

There are some important concerns about the use of index values. Parkin, Devlin and 
Rice (2010) and Willke et al (2010) show that the use of value sets to summarise EQ-5D 
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profiles introduces an exogenous source of variance, which can bias statistical inference. 
For example, conclusions about whether there are statistically significant differences in 
the health of two regions, or over time, or between two arms of a clinical trial, will be 
influenced by which value set is used, and what its particular properties are. More 
generally, there is no such thing as a ‘neutral’ value set; any way of weighting EQ-5D 
profile data will exert an influence on results1. 

 

Given that EQ-5D is such a widely used instrument and that its data are so often 
summarised using the index, obtaining a good understanding of the characteristics of 
index-weighted EQ-5D data is very important. One particular issue, which has been 
widely identified as problematic for the use of the EQ-5D, is that the distribution of 
values is non-normal and has what is often described as a ‘bi-modal’ shape. The main 
concern has been about estimation rather than hypothesis testing, with the suggestion 
that the unusual shape might result in a non-normal distribution of residuals when the 
EQ-5D is the dependent variable in regression analyses. 

 

A further problem is that a ‘bi-modal’ distribution could imply that there are in fact two 
separable patient populations that should be analysed separately. It might be that many 
patient populations comprise distinct groups, and the EQ-5D is capable of picking out 
two from many of them. Alternatively, it might be that the EQ-5D profile tends to divide 
patients into groups, even though they are from a common distribution, or that this 
arises from the weighting of EQ-5D profiles. Knowing which of these possibilities is the 
source of the observed distributions in patient data is crucial to their proper analysis and 
interpretation.

1 This point applies equally to the scoring systems of other health measures, both generic and condition 
specific, and includes measures that simply sum responses with equal weight.  
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3. THE DISTRIBUTION OF EQ-5D INDEX VALUES 
 

Studies that have identified this issue – which we review below – often suggest that the 
distribution of EQ-5D index values is bi-modal or tri-modal, but those labels are 
misleading. A better description is that EQ-5D data appear to fall into two groups with an 
identifiable gap in index values between them. We will refer to these as the ‘high cluster’ 
and the ‘low cluster’. The ‘tri-modal’ label has been used where there are many 
observations of people who have no problems according to the EQ-5D classification. 
These form a third group, again with an identifiable gap in values from the high cluster. 
The size of the gap in value terms between no problems (11111 = 1) and the next best 
health state, (11211 = 0.883 using the weights most widely used in the UK (Dolan, 
1997)) is important, but the reason for the existence of a single value ‘group’ at 1 is 
obvious, and its mode is trivially determined. The interesting questions concern the other 
two groups and the gap between them, which has been identified as being around 0.5 
(Versteegh et al, 2010) or 0.45 (Brazier et al, 2004; Hernández Alava, Wailoo and Ara, 
2012). The reason why ‘bi-modal’ is a misleading description for this phenomenon is that 
the modes of the two groups are not their most interesting feature; the groups do not 
always have a single local mode; and in practice these modes are never actually 
identified, reported or analysed. 

 

This feature of the distribution of EQ-5D values has been reported in studies of a diverse 
range of conditions. There have been many in arthritis (Weijnen, de Wit and de Charro, 
1998; Fransen and Edmonds, 1999, Conner-Spady and Suarez-Almazor, 2003; Russell 
et al, 2003; Marra et al, 2004; Scott et al, 2007; Harrison et al, 2008; Harrison et al, 
2009; Lillegraven, Kristiansen and Kvien, 2010; Versteegh et al, 2010 Gaujoux-Viala et 
al, 2011; Gaujoux-Viala et al, 2012), rheumatic disease (Wolfe and Hawley, 1997; 
Conner-Spady and Suarez-Almazor, 2001) and in orthopaedic conditions and treatments 
including herniated lumbar disc (Jansson et al, 2005), common spinal conditions for 
which surgery is indicated (McDonough and Grove, 2005), total knee replacement (Xie et 
al, 2007; Dakin, Gray and Murray, 2012), lumbar spinal stenosis (Jansson et al, 2009), 
all elective orthopaedic operations (Jansson and Granath, 2010; Rolfson et al, 2011) and 
hip arthroplasty (Paulsen et al, 2012). Studies of other conditions include accident 
victims with life-threatening injuries (Weijnen, de Wit and de Charro, 1998), breast 
cancer (Conner-Spady et al, 2001), chronically ill patients undergoing haemodialysis 
(Gerard et al, 2004), lower back pain, chronic obstructive pulmonary disease, end-stage 
renal disease (Weijnen, de Wit and de Charro, 1998), irritable bowel syndrome, leg ulcer 
and osteoporosis (Brazier et al, 2004; Hernández Alava, Wailoo and Ara, 2012), 
menopausal women and healthy older women (Brazier et al, 2004), pregnant women 
with chronic energy deficiency (Shaheen and Lindholm, 2006), HIV (Huang et al, 2008), 
postmenopausal women (Langdahl et al, 2009) multiple myeloma and non-Hodgkin’s 
lymphoma (Versteegh et al, 2010), asthma, chest pain, Clodronate, hormone 
replacement therapy, leg reconstruction and varicose veins (Hernández Alava, Wailoo 
and Ara, 2012) and multiple sclerosis (Hawton et al, 2012). 

 

The reason for the gap has often been alleged to be that the decrement in the EQ-5D 
index between levels 2 and 3 is relatively large compared with that between levels 1 and 
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2 (Fransen and Edmonds, 1999). More specifically, the so-called ‘N3’ term (Dolan, 1997) 
used to calculate the EQ-5D index in the UK and elsewhere has been implicated (Wolfe 
and Hawley, 1997; Conner-Spady et al, 2001; Brazier et al, 2004; Hernández Alava, 
Wailoo and Ara, 2012). This gives a large decrement to the index score if there is a level 
3 state in any dimension. 

 

The presence or absence of a level 3 observation does, in practice, place the UK index 
score above or below 0.5. If there is any level 3 in a profile, the index score value is at 
most (1-[0.081+ 0.269]) = 0.650. The maximum that any profile can take with a level 3 
in a particular dimension is therefore 0.336 (Mobility), 0.436 (Self-care), 0.556 (Usual 
activities), 0.264 (Pain & discomfort) or 0.414 (Anxiety & depression). The smallest level 
2 increment for dimensions other than Usual activities is 0.069 (Mobility). Therefore only 
one of the 211 (= 3^5 – 2^5) profiles that include a level 3 observation also has an 
index value above 0.5, namely 11311. This is an unusual profile that is very rarely 
encountered in practice. Conversely, all of the 32 profiles that do not include a level 3 
observation take a value above 0.5. 

 

Related to this is evidence that in mapping between the EQ-5D and other health indexes, 
the EQ-5D may ‘overestimate’ the scores for more severe EQ-5D health states. Rowen, 
Brazier and Roberts (2009) hypothesized that predictions are poor for more severe 
states, defined as EQ-5D index <0.5, because they all have at least one dimension at 
the most severe level and the EQ-5D model uses an N3 term. They tested the 
importance of the N3 term by re-estimating the EQ-5D model without it using the same 
data and methods as the Dolan (1997) original. Although the predictions for more severe 
health states were better, they still appeared to be overestimated. 

 

Versteegh et al (2010) tested the hypothesis that N3 in itself does not generate a ‘bi-
modal’ distribution, by generating a random set of EQ-5D cases with an equal 
distribution of answers across the dimensions. They claimed that the resulting index 
scores were normally distributed (though it would be more accurate simply to say that 
the distribution did not have the two-groups-and-gap shape) suggesting that N3 is not 
the sole cause of that shape. They concluded that although N3 is a factor in the ‘bi-
modal’ distribution and ‘overestimation’ in mapping states whose values are <0.5, these 
are also due to the fact that there are fewer observed responses at level 3 than at level 
1 or 2 and only a few states are observed. 

 

Some studies have examined the issue of whether the existence of two groups is an 
artefact, or in some cases or in some way do identify different patient groups. Jansson 
and Granath (2010) repeat an earlier assertion in Jansson et al (2009) that “We strongly 
believe that it is the structure of the instrument that causes this phenomenon rather 
than the fact that it appears to highlight 2 sub-groups of patients.” One way to examine 
this is to seek external validation of the groups identified by the EQ-5D distribution. 
Hawton et al (2012) mapped a condition specific measure, the MSWS-12, with the EQ-
5D. To test the specifications of their mapping models they calculated median MSWS-12 
scores for two groups defined by a cut-point, which was the EQ-5D score closest to 0.5.
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4. EXPLORING EQ-5D DISTRIBUTIONS 
 

4.1 Identifying high and low clusters 

 

The effect of index weighting can readily be shown by contrasting the shape of 
distributions of health states with and without index weighting. As an illustrative 
exercise, an artificial data set was created, comprising one observation of each possible 
health state described by the EQ-5D, from 11111 (no problems in any dimension) to 
33333 (severe problems on all dimensions). (This is equivalent to a data set consisting 
of random health states, each of which has an equal probability of occurring.) Each 
health state was assigned two index values, one using the UK weights and the other 
using an ‘equally weighted’ scoring system, calculated by summing the level numbers (1, 
2 or 3) over all dimensions, producing a number from 5 for the best health state to 15 
for the worst health state. The equal weighting index was then converted so that it has 
the same range (-0.594 to 1) as the UK value set, using a simple linear transformation. 
The two resulting distributions were smoothed using identical kernel density estimation 
functions. Figure 1 shows the smoothed frequency distributions of the resulting index 
values. 

 
Figure 1: The distribution of equally and UK weighted scores for all 243 EQ-5D 
profiles in the EQ-5D descriptive system 
  

 
 
Equal weight: 
Mean 0.203 Median 0.203 Mode 0.203 
Std. Dev. 0.292 Skewness 0.000 Kurtosis 2.700 
Normality confirmed by skewness/kurtosis tests 
UK weights: 
Mean 0.137 Median 0.109 Mode 0.107 
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Std. Dev. 0.311 Skewness 0.437 Kurtosis 2.95 
Local minimum 0.559 Local mode 0.700 
Non-normality confirmed by skewness/kurtosis tests. 
 
On the face of it, this might suggest that equally weighted data are ‘naturally’ normally 
distributed, whereas UK weighted data are ‘naturally’ skewed and bi-modal. But is this 
purely a product of index weighting or are there other factors involved? 

 

We explored this issue using data on four elective surgical procedures (hip and knee 
replacements and varicose vein and groin hernia repairs), collected by the NHS PROMs 
programme (Devlin, Parkin and Browne, 2010) from April 2009 to February 2011, and 
old trial data on angina and asthma patients from a trial in primary care (Eccles et al, 
2002). Some of our analyses focus on hip replacement data, as an example. Figure 2 
shows the distribution of UK-weighted EQ-5D index scores for patients prior to hip 
replacement surgery, which clearly shows a two-groups-with-gaps distribution. As 
suggested, the upper ‘group’, consisting of all patients who reported no problems on any 
EQ-5D dimension, is of less importance for our purposes. 

 
Figure 2: Distribution of pre-surgery EQ-5D index scores for hip replacement 
patients, using UK weighted index  
 

 
  
Those undergoing varicose veins surgery have very different underlying health 
characteristics to those of hip replacement patients. However, as Figure 3 demonstrates, 
a three-group-and gap distribution is apparent for varicose vein patients. 
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Figure 3: Distribution of pre-surgery EQ-5D index scores for varicose vein 
patients, using UK weighted index  
 

 
  
Our first task was to identify more rigorously the two groups suggested by the 
histograms. Simple inspection of the hip replacement histogram suggests that the two 
could be defined as being above or below the EQ-5D index value 0.5. An alternative way 
of defining the groups is to use a clustering technique. Using a simple kmeans clustering 
procedure with two groups identifies a different dividing line, lying between the values 
0.313 and 0.329. However, only 1,180 out of 99,447 observations are affected by this, 
as may be seen from Figure 4, which divides the observations according to the kmeans-
derived clusters. 
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Figure 4: High and low clusters of EQ-5D scores for hip replacement patients, 
using UK weighted index  
 

  
 
4.2 Is clustering a result of the EQ-5D classification system? 

 

The index scores shown in these distributions result from applying a specific set of 
weights to profiles. We next examine the possibility that a source of the observed 
clustering is in the profiles themselves. Looking first at the different dimensions 
separately, Table 1 shows the percentage of responses in each level of each dimension. 

 
Table 1: Percentage of responses in different dimensions and levels of the EQ-
5D for pre-surgery hip replacement patients 
 

Level Mobility Self-care Usual 
activities Pain & discomfort Anxiety & depression 

1 6.24% 66.17% 8.69% 1.08% 60.15% 
2 93.34% 32.84% 76.12% 58.32% 35.23% 
3 0.42% 0.98% 15.19% 40.61% 4.62% 

 
These data suggest that in none of the dimensions is there a distribution across all three 
levels. There is very little difference between NHS patients about to receive hip surgery 
with respect to Mobility (MO); they almost always record level 2 and very rarely record 
level 32. In each of the other dimensions, there are two levels that dominate. For Self-

2 As noted by Oppe et al (2011), one reason for this is that level 3 on the EQ-5D is labelled as ‘confined to 
bed’, so even patients with very severe limitations on their mobility as a result of their hip problems, if not 
confined to bed, will not record mobility as a level 3. 
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care (SC) and Anxiety & depression (AD) these are levels 1 and 2, and for Usual 
activities (UA) and Pain & discomfort (PD) they are levels 2 and 3. In each case, the less 
severe of the two levels has the largest numbers. 

 

We can therefore rule out differences in mobility as a cause of the two groups observed 
in these data from hip surgery patients. To see whether the other dimensions are 
individually or in combination the cause, we can examine the distribution of profiles, as 
follows. 

 
Table 2: Distributions of the EQ5D profile between high cluster and low cluster 
 

Profile Index Number 
Within cluster Overall 

% Cumulative 
% % Cumulative 

% 
High cluster 

21221 0.691 27,412 43.14 43.14 23.95 23.95 
21222 0.620 10,040 15.80 58.94 8.77 42.22 
22221 0.587 6,613 10.41 69.35 5.78 54.55 
22222 0.516 5,525 8.70 78.05 4.83 64.98 

Low cluster 
21231 0.159 10,867 21.34 21.34 9.49 33.44 
22232 -0.016 7,502 14.73 36.08 6.55 48.77 
21232 0.088 6,413 12.59 59.51 5.60 60.15 
22231 0.055 5,518 10.84 59.51 4.82 69.80 
22332 -0.074 4,177 8.20 67.71 3.65 77.23 
22331 -0.003 2,135 4.19 71.90 1.87 83.27 
21331 0.101 1,921 3.77 75.68 1.68 84.95 
21332 0.030 1,551 3.05 78.72 1.36 86.31 

 
This table shows only the most frequently observed profiles. Between them, these 12 
profiles account for 86% of all profiles in this data set. The four within the high cluster 
account for 78% of profiles in that cluster, and the eight within the low cluster account 
for 79% of profiles in that cluster. 

 

All twelve profiles have, as suggested by the earlier figures, MO = 2. The four main 
profiles in the high cluster all have UA = 2 and PD = 2. They are only distinguished by 
whether they have SC = 1 or 2 and AD = 1 or 2. The eight profiles in the low cluster also 
appear in the four high cluster profiles, but with PD = 3 and UA = 3. 

 

4.3 Is clustering a result of weighting? 

 

The implication of the analysis in 4.2 is that the difference between the two groups is 
simply in the dimensions of PD and UA – the low score cluster has people who 
experience more pain and discomfort and have more restrictions on their usual activities 
than those in the high score cluster. However, there is a complicating factor, because the 
difference within these dimensions is between levels 2 and 3 rather than 1 and 2, and 
the presence of one or more level 3 gives additional decrements in scores within the UK 
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value set. This is because the differences between levels 2 and 3 in each dimension are 
greater than those between levels 1 and 2 and also because of the N3 term. The 
question remains whether it is the difference between the dimensions alone that 
generates the clusters or the fact that the low score cluster has more level 3 
observations. 

 

For varicose veins patients, the difference between the two groups is as clear. Almost all 
in both groups report SC=1. Almost all patients in the high cluster report PD=2 and do 
not have a level 3 in any dimension. Almost all of those in the low cluster report PD=3 
and a few report a level 3 in dimensions other than SC. Again, the fact that the 
difference is in level 3 is a complication. 

 

One way to examine this is to change the weights used in calculating the EQ-5D scores 
from a profile and see if the grouping remains. There is of course no such thing as a 
truly ‘unweighted’ score and, as noted earlier, there is no ‘neutral’ set of weights that 
can be used for this purpose. As with the early analysis, it is possible to give equal 
weighting to levels and dimensions, but this over-smooths the data into 15 categories, 
giving a very weak test of the effect of more specific weights. A better alternative is to 
convert the set of weights into ranks. This retains the level of detail, in that every profile 
has an individual score, but removes the impact of size differences in the relative 
weighting of levels and dimensions, including the level 3 factor. The result of this is 
shown in Figure 5 for hip replacement patients. 
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Figure 5: Distribution of pre-surgery EQ-5D rank scores for hip replacement 
patients by cluster, using transformed ranking  
 

 
 
In this figure, the ranks have been transformed into a variable with the same scale as 
the UK EQ-5D index – this is simply to make direct visual comparisons easier and has no 
impact on the results. Although the division into two groups is less obvious, because of 
the wider spread of the data in the low cluster, it is nevertheless there. 

 

A possible conclusion is therefore: 

(a) The division into two groups is a result of differences between groups of patients 
that are identified by the EQ-5D classification system in key dimensions of health. 

(b) This distribution is reinforced by the weighting system, which generates the large 
gap between the two groups in index values. 

 

4.4 Does clustering reflect differences in health within patient 
populations? 

 

A final question is whether the two-group distribution is reflecting true differences in the 
underlying health of patient populations or is an artefact of the EQ-5D classification 
system. It is not possible to answer that question directly, but it is possible in this case 
to explore it using additional data. The NHS PROMs programme data also include 
condition specific health state instruments, in this case the Oxford Hip Score (OHS). Is 
the two-group distribution apparent in those data? Figure 6 suggests not. 
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Figure 6: Pre-surgery Oxford Hip Score distribution for hip replacement patients 
 

 
  
This might suggest that the EQ-5D clusters are indeed an artefact. However, if we apply 
the EQ-5D clusters to the OHS data, in the same way as Hawton et al (2012), a different 
picture emerges, as shown in Figure 7. 
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Figure 7: Pre-surgery Oxford Hip Score distribution for hip replacement 
patients, divided by EQ-5D clusters 
 

 
  
This is consistent with an overall OHS distribution that is actually made up of the 
overlapping distributions of two groups, one of which has worse health than the other. If 
so, it suggests that the OHS is not sensitive enough to discriminate between these 
different groups of patients. It is possible that a proper weighting system, rather than 
simply adding up ranks within each dimension, might enable the OHS to have more 
discriminatory power. But it also suggests that the EQ-5D as currently constituted has 
more discriminatory power. 

 

A conclusion from these analyses is that better descriptions of EQ-5D index distributions 
are required, which take account of what appears to be a natural tendency for EQ-5D 
index data to generate a two-groups-and-gap distribution. Table 3 shows descriptive 
statistics for all four of the PROMs procedures and the two chronic conditions that we 
analysed. 
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Table 3: Distributions for six conditions according to high and low clusters 
 
 Low cluster High cluster 

 Mean Median Mode 
(Profile) 

Std. 
Dev. 

Range 
 Mean Median Mode 

(Profile) 
Std. 
Dev. 

Range 
 

Hip 0.019 -0.003 -0.160 
(22232) 0.128 

-0.594 
to 

0.313 
0.631 0.620 0.691 

(21221) 0.087 
0.329  

to 
0.883 

Knee 0.052 0.055 0.159 
(21231) 0.122 

-0.594 
to 

0.345 
0.655 0.691 0.691 

(21221) 0.084 
0.362  

to 
0.883 

Vein 0.130 0.159 0.088 
(21232) 0.140 

-0.594 
to 

0.436 
0.755 0.796 0.796 

(11121) 0.064 
0.487  

to 
0.883 

Hernia 0.183 0.189 0.159 
(21231) 0.147 

-0.594 
to 

0.452 
0.755 0.796 0.796 

(11121) 0.065 
0.485  

to 
0.883 

Angina 0.088 0.088 -0.016 
(22232) 0.144 

-0.594 
to 

0.383 
0.692 0.691 0.620 

(21222) 0.095 
0.414  

to 
0.883 

Asthma 0.086 0.088 0.088 
(21232) 0.159 

-0.484 
to 

0.383 
0.722 0.725 0.796 

(11121) 0.093 
0.414  

to 
0.883 

 
These kind of simple descriptive statistics give a far clearer picture of the distribution of 
EQ-5D index scores than are usually reported. This table also serves further to 
emphasise that the mode is not the key feature of the groups or the best descriptor of 
their distributions, suggesting that the label ‘bi-modal’ should not be used to describe 
the typical shape of an EQ-5D index distribution.
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5. EXPLORING THE EFFECT OF USING DIFFERENT VALUE 
SETS. 
 

Our analyses suggest that the two-group characteristic of distributions of EQ-5D index 
data are explained by both the nature of the EQ-5D profiles reported by patients and the 
system of weights used to transform profile data into a single score. In order to further 
highlight the contribution of the weights, we re-analysed the NHS PROMs data, applying 
the weights (‘value sets’) from each of a range of different countries (Szende, Oppe and 
Devlin, 2007) using a standard algorithm (Ramos-Goñi and Rivero-Arias, 2011). These 
value sets differ in a number of important respects: for example, some are based on 
preferences elicited using Time Trade Off (TTO) methods, and others by use of visual 
analogue scale (VAS) rating; and the way in which data were collected and modelled 
differed. However, each is intended to capture the preferences of the general public with 
respect to health as described on the EQ-5D.  

 

Figure 8 shows the distributions of EQ index data generated from applying each of 12 
TTO value sets to the EQ-5D profile data from NHS patients prior to hip replacement 
surgery. Figure 8a shows the distribution arising from application of the UK value set 
(Figure 2), and for comparison, from the application of value sets for Canada, Denmark, 
France, Germany, Italy, Japan, Netherlands, South Korea, Spain, Thailand and USA. 
Corresponding descriptive statistics for the low and high cluster groups are reported in 
Table 4.  
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Figure 8: Distributions of pre-surgical EQ-5D data resulting from application of 
different value sets, using country specific weighted index 
 

 

a. United Kingdom 

 

b. Canada 

 

c. Denmark 

 

d. France 

 

e. Germany 
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g. Japan 

 

h. Netherlands 

 

i. South Korea 

 

j. Spain 

 

k. Thailand 

 

l. USA 
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Table 4: Distributions of pre-surgery hip condition patients, according to 12 
country TTO index weights 

 
Low cluster High cluster 

Mean Median Mode 
(Profile) 

Std. 
Dev. 

Range 
 Mean Median Mode 

(Profile) 
Std. 
Dev. 

Range 
 

Canada 0.341 0.369 0.339 
(22232) 0.113 

-0.340 
to 

0.511 
0.681 0.663 0.726 

(21221) 0.067 
0.514  

to 
0.844 

Denmark 0.231 0.258 0.258 
(22232) 0.150 

-0.624  
to 

0.442 
0.674 0.660 0.723 

(21221) 0.071 
0.457  

to 
0.838 

France 0.056 0.038 -0.052 
(22232) 0.155 

-0.530 
to 

0.282 
0.530 0.577 0.577 

(21221) 0.140 
0.296  

to 
0.910 

Germany 0.212 0.175 0.175 
(22331) 0.091 

-0.205 
to 

0.477 
0.763 0.788 0.788 

(21221) 0.061 
0.490  

to 
0.999 

Italy  0.459 0.482 0.482 
(22232) 0.125 

-0.380 
to 

0.614 
0.786 0.775 0.827 

(21221) 0.058 
0.623  

to 
0.924 

Japan 0.401 0.418 0.418 
(22232) 0.082 

-0.111 
to 

0.498 
0.608 0.595 0.649 

(21221) 0.062 
0.506  

to 
0.804 

Netherlands 0.143 0.174 0.092 
(22232) 0.125 

-0.329 
to 

0.396 
0.698 0.693 0.775 

(21221) 0.096 
0.421  

to 
0.897 

South 
Korea 0.454 0.513 0.513 

(22232) 0.111 
-0.171 

to 
0.591 

0.734 0.723 0.766 
(21221) 0.068 

0.595  
to 

0.913 

Spain 0.064 0.051 0.051 
(22232) 0.137 

-0.654  
to 

0.356 
0.653 0.648 0.71 

(21221) 0.100 
0.362  

to 
0.914 

Thailand  0.133 0.117 0.117 
(22232) 0.099 

-0.452 
to 

0.316 
0.500 0.514 0.546 

(21221) 0.091 
0.329  

to 
0.766 

UK 0.019 -0.003 -0.016 
(22232) 0.128 

-0.594 
to 

0.313 
0.631 0.620 0.691 

(21221) 0.087 
0.329  

to 
0.883 

USA 0.334 0.314 0.307 
(22232) 0.091 

-0.102 
to 

0.525 
0.716 0.706 0.777 

(21221) 0.077 
0.527  

to 
0.860 

 
As they use the same underlying EQ-5D profile data, the differences in the distributions 
illustrated in Figures 8a - 8l are purely driven by the properties of the weights embodied 
in each country’s value set. Groupings are apparent in all but one of these distributions, 
although with different characteristics. The exception is the Japanese value set, which 
yields an almost normal distribution. One explanation for this is that the Japanese value 
set does not have an ‘N3’ term and, compared to the UK value set, has much lower 
utility decrements associated with problems with pain and discomfort. 

 

These analyses show that the ‘two-groups’ characteristic of EQ-5D index distributions is 
not uniquely associated with the use of the UK value set. It also serves as a reminder 
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that, for any given set of patients’ EQ-5D data, which value set is used to summarise 
them will have an important bearing on the results.  

 

Table 5 contrasts the results for each country from two ways of defining high and low 
clusters. One is where the EQ Index is lower or higher than 0.5 and the other uses 
kmeans clusters, as described earlier for the UK. In some countries the kmeans clusters 
divide close to 0.5, for example the division in German weights lies between 0.477 and 
0.49, with correspondingly few observations affected, and for Japanese weights no 
observations are affected. By contrast, the kmeans clustering procedure using South 
Korean weights identifies a division lying between 0.595 and 0.596, with 24% of 
observations affected. 

 

Table 5:  Results from alternative ways to define high and low clusters  
 
Country Number less 

than 0.5 
Number in low 
kmeans cluster 

Number 
affected 

Max value of 
low cluster 

Min value of 
High cluster 

Canada 43,792 43,869 77 0.511 0.514 
Denmark 46,036 44,223 1,813 0.442 0.457 
France 75,279 55,517 19,762 0.282 0.296 
Germany 49,288 49,222 66 0.477 0.490 
Italy  27,325 45,223 17,898 0.623 0.624 
Japan 40,620 40,620 0 0.498 0.506 
Netherland 48,292 46,729 1,563 0.421 0.425 
South Korea 19,820 43,585 23,765 0.595 0.596 
Spain 49,419 49,184 235 0.356 0.362 
Thailand  69,458 47,572 21,866 0.316 0.329 
UK 49,416 48,236 1,180 0.313 0.329 
USA 46,096 47,647 1,551 0.525 0.527 
 
Finally, all of these value sets are derived from studies using Time Trade-Off to derive 
weights. Table 6 shows the results using value sets from studies that have reported 
Visual Analogue Scale weights. These also demonstrate clustering, suggesting that the 
technique used in the population surveys is not a causal factor. 
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Table 6: Distributions for hip condition according to 9 regional VAS index 
weights 
 

 
Low cluster High cluster 

Mean Median Mode 
(Profile) 

Std. 
Dev. 

Range 
 Mean Median Mode 

(Profile) 
Std. 
Dev. 

Range 
 

Belgium  0.180 0.186 0.133 
(22232) 0.095 

-0.158  
to 

0.386 
0.603 0.576 0.659 

(21221) 0.081 
0.393  

to 
0.817 

Denmark 0.243 0.253 0.226 
(22232) 0.082 

-0.167  
to 

0.352 
0.473 0.443 0.507 

(21221) 0.080 
0.361  

to 
0.711 

Europe  0.225 0.210 0.181 
(22232) 0.093 

-0.074  
to 

0.422 
0.620 0.598 0.687 

(21221) 0.087 
0.440  

to 
0.846 

Finland  0.327 0.326 0.326 
(22232) 0.074 

-0.011  
to 

0.446 
0.568 0.542 0.626 

(21221) 0.074 
0.457  

to 
0.795 

Germany 0.241 0.237 0.237 
(22232) 0.086 

0.021  
to 

0.433 
0.662 0.613 0.750 

(21221) 0.114 
0.472  

to 
0.902 

New 
Zealand  0.211 0.234 0.167 

(22232) 0.079 
-0.086  

to 
0.392 

0.574 0.556 0.627 
(21221) 0.075 

0.395  
to 

0.782 

Slovenia 0.287 0.297 0.408 
(22221) 0.107 

-0.242  
to 

0.410 
0.545 0.501 0.501 

(21221) 0.089 
0.426  

to 
0.818 

Spain 0.243 0.222 0.222 
(22232) 0.079 

-0.074  
to 

0.421 
0.601 0.594 0.645 

(21221) 0.079 
0.427  

to 
0.799 

UK 0.232 0.214 0.201 
(22232) 0.080 

-0.073  
to 

0.415 
0.611 0.596 0.659 

(21221) 0.072 
0.422  

to 
0.814 
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6. CONCLUSIONS 
 

Non-normal distributions of index weighted EQ-5D data featuring two distinct groups of 
patients are commonly observed in patient populations. This has implications for 
statistical analysis and modelling of those data. Our analysis suggests the reasons for 
this shape are that the EQ-5D classification system picks out differences between 
patients with the same condition in respect of dimensions that are mainly observed at 
level 2 or 3. The weights commonly used to calculate the index exacerbate this grouping 
by placing a larger weight on level 3 observations, and generates a noticeable gap in 
index values between the groups. 

 

A further factor involved in this is that, in general, only a few of the 243 potential EQ-5D 
states are observed with any great frequency. Devlin, Parkin and Browne (2010) 
reported that in a large and diverse data set just 22 of the 243 EQ-5D profiles covered 
90% of all health states observed and 161 profiles were not found at all. One reason for 
this is that profiles that contain very great differences in levels between dimensions are 
rarely observed, for example profiles having four level 1 dimensions and one level 3. It is 
therefore reasonable that patients’ health states form groupings for particular conditions, 
since we are unlikely to observe extreme variations from a typical EQ-5D profile for a 
particular condition. 

 

The analysis that we have carried out is on the original 3 level version of the EQ-5D. It 
will be interesting to see whether similar issues apply to the five-level EQ-5D-5L 
(Herdman et al, 2011).  We suggest that it will be important to examine EQ-5D-5L data 
using methods similar to those used here. 

 

One recommendation from this analysis is that it is very important and informative to 
undertake exploratory data analysis on EQ-5D data, and that the analytical methods 
used for this may be simple. As we have argued elsewhere (Devlin, Parkin and Browne, 
2010; Parkin, Devlin and Rice, 2010), concentrating on the EQ-5D index in effect 
obscures useful information about health states and may even produce misleading 
information. We suggest that this exploratory approach will enable us better to analyse 
EQ-5D data for comparison and inference purposes, and help in developing more 
accurate mapping between different health measures. 

 

Although we have concentrated on the EQ-5D, our analytical approach also applies to 
any health status index that uses the weighted profile approach. This includes both 
generic and condition-specific measures, and also indexes that are calculated without 
explicit weights, such as the Oxford Hip Score. Indeed, it is arguable that a measure 
such as the Oxford Hip Score is far more wasteful of useful information than the EQ-5D 
index and that it positively obscures important differences between patients. There are 
potentially 244,150,625 (512) different Oxford Hip Score profiles. Its simple scoring 
system reduces this to 49 categories, involving a huge loss of information. Of course, the 
vast majority of those profiles would never be observed, but it is likely that far more 
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would be observed than 49 and that the differences between those profiles will be of 
relevance in measuring patient health. 
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