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Background: Previous studies have summarized evidence on health-related quality of life for older people, identifying a range
of measures that have been validated, but have not sought to present results by degree of frailty. Furthermore, previous
studies did not typically use quality-of-life measures that generate an overall health utility score. Health utility scores are
a necessary component of quality-adjusted life-year calculations used to estimate the cost-effectiveness of interventions.

Methods: We calculated normative estimates in mean and standard deviation for EQ-5D-5L, short-form 36-item health
questionnaire in frailty (SF-36), and short-form 6-dimension (SF-6D) for a range of established frailty models. We
compared response distributions across dimensions of the measures and investigated agreement using Bland-Altman and
interclass correlation techniques.

Results: The EQ-5D-5L, SF-36, and SF-6D scores decrease and their variability increases with advancing frailty. There is strong
agreement between the EQ-5D-5L and SF-6D across the spectrum of frailty. Agreement is lower for people who are most frail,
indicating that different components of the 2 instruments may have greater relevance for people with advancing frailty in
later life. There is a greater risk of ceiling effects using the EQ-5D-5L rather than the SF-6D.

Conclusions: We recommend the SF-36/SF-6D as an appropriate measure of health-related quality of life for clinical trials if fit
older people are the planned target. In trials of interventions involving older people with increasing frailty, we recommend
that both the EQ-5D-5L and SF36/SF6D are included, and are used in sensitivity analyses as part of cost-effectiveness

evaluation.
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The World Health Organization defines quality of life (QOL) as
an “An individual’s perceptions of their position in life, in the
context of the culture and value systems in which they live, and in
relation to their goals, expectations, standards and concerns.”!
International guidelines identify development, evaluation, and
implementation of new interventions and services to improve
QOL for older people with frailty as a key priority.>®> A 2012
consensus report by the US Institute of Medicine has recom-
mended a focus on QOL outcome measures for research and
program evaluation of interventions for people living with long-
term health conditions.”

Previous reviews have summarized evidence on health-related
quality of life (HRQOL) measures for older people, identifying a
wide range of measures that have been validated, but have not

sought to present results stratified by degree of frailty.” More
recently, reviews have focused on QOL for people living with frailty,
but have identified limitations in the evidence base.® For example,
although frailty is best understood as a graded condition, with ev-
idence for the existence of mild frailty, or prefrailty, that typically
precedes development of more advanced frailty studies typically
dichotomized frailty into “not frail” and “frail” categories.®
Furthermore, included studies did not typically use QOL measures
that enable generation of an overall health utility score, whereby
individual health profiles are converted into single utility scores by
applying preexisting weights based on preferences of the general
population. Health utility scores are a necessary component of
quality-adjusted life-year calculations used in health economic
evaluations to estimate value for money of interventions.

Notably, no studies have evaluated the EuroQol 5-dimension
health questionnaire (EQ-5D) in frailty as a well-established
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measure of HRQOL that enables generation of a health utility
score. The EQ-5D is the preferred UK National Institute for Health
and Care Excellence (NICE) measure of HRQOL in adults’ and is
also the most evaluated HRQOL measure internationally.®®
Furthermore, although previous studies have evaluated the short-
form 36-item health questionnaire in frailty (SF-36),° none eval-
uated the short-form 6 dimension (SF-6D) health utility score that
can be derived from the SF-36 for health economic modeling.
Although the EQ-5D and SF-6D both enable derivation of a health
utility score, and have been demonstrated to converge at the
aggregate level, there is ongoing uncertainty regarding differences
across patient groups and illness severity.'” The 2 measures differ
in their dimensions, items, and preference weights and therefore
can potentially assign different utility scores to the same indi-
vidual.'®"" Furthermore, the SF-6D has the potential to tap into
broader aspects of HRQOL through its role and social functioning
dimensions. These are particularly salient for the population of
older people living with frailty because they often have complex
health and social care needs and thus the social value of an
intervention may be more important than health improvement.

The absence of evidence on health utility scores for older
people living with frailty is problematic, because normative esti-
mates are needed for design of clinical trials to evaluate new in-
terventions. Furthermore, HRQOL estimates for people living with
different grades of frailty inform development of robust economic
models, for example, decision analytic cost-effectiveness models
that incorporate transition between frailty categories. Also,
investigation of agreement between different HRQOL measures
across different frailty categories would help inform selection of
instruments for both observational research studies and clinical
trials.

To report normative estimates for the EQ-5D and SF-6D for a
range of established frailty measures, compare response distri-
bution across dimensions of the 2 HRQOL measures, and
investigate agreement between the EQ-5D and SF-6D using Bland-
Altman (BA) and intraclass correlation techniques.

Secondary analysis of prospective cohort data from the Com-
munity Ageing Research 75+ study, collected between December
2014 and November 2018.

Multisite, community-based cohort study, recruiting from UK
general practices across a range of urban and rural areas, with
wide sociodemographic representation.'?

People aged 75 years and older and living at home were
eligible. Care home residents, people living at home and bed-
bound, and people in the terminal stage of life were excluded.

The phenotype model of frailty, based
on the 5 physical characteristics as reported in the original Car-
diovascular Health Study (slow walking speed, weight loss,
exhaustion, weak grip strength, low energy expenditure), uses
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standardized cut points."® Those with no characteristics were
identified as fit, 1 or 2 characteristics as pre-frail, and 3 to 5
characteristics as frail.

The research-standard 60-item
frailty index (FI) is based on the cumulative deficit model of frailty
and previously validated as part of the English Longitudinal Study
of Ageing.!* The FI score is calculated as an equally weighted
proportion of the number of deficits present in an individual
relative to the total possible. The FI groups individuals into 4
categories: very fit (FI score of 0-0.10), well (>0.10-0.14),
vulnerable (>0.14-0.24), and frail (>0.24)."°

The eFl score is based on the
cumulative deficit model of frailty, including 36 variables recorded
in the primary care electronic health record as part of routine care.
The score is calculated as an equally weighted proportion of the
number of deficits present in an individual relative to the total
possible. The eFlI enables identification of frailty categories: fit (0-
0.12), mild frailty (0.12-0.24), moderate frailty (0.24-0.36), and
severe frailty (>0.36).'°

The EQ-5D-5L 5 dimensions are
mobility, self-care, usual activities, pain/discomfort, and anxiety/
depression. Each dimension has 5 levels of severity: no
problems, slight problems, moderate problems, severe problems,
and extreme problems. The scores for each of the 5 dimensions
are combined in a 5-digit number representing 3125 different
health states that can be converted into a utility index ranging
from -0.29 to 1 (0 for dead, 1 for perfect health, and negative
values for states worse than death) for use in economic
evaluation."”

The RAND SF-36 questionnaire includes 36 questions
spanning 8 health domains: physical functioning, bodily pain, role
limitations due to physical health problems, role limitations due to
personal or emotional problems, general mental health, social
functioning, energy/fatigue, and general health perceptions. It
also includes a single item that provides an indication of
perceived change in health. The SF-36 enables calculation of
Physical Component Summary (PCS) and Mental Component
Summary (MCS) scores. The SF-36 domain scores PCS and MCS
are on a 0-100 scale with higher scores indicating better health.

The SF-6D is a health utility score derived from 11
items of the SF-36 questionnaire. The items are converted into a
6-dimension health state classification system, the SF-6D, with 4
to 6 levels, allowing for a total of 18 000 unique health states.
Dimensions of the SF-6D include physical functioning, role
limitations, social functioning, pain, mental health, and vitality.
The SF-6D index score has values ranging from 0.29 to 1, with
lower values representing worse HRQOL.!®

All measures, except eFl scores, were obtained during face-to-
face assessments in the participant’s own home. The eFI scores
were obtained directly from primary care electronic health
records.

All measures were collected using an electronic data capture
system, and researchers were unable to review previous scores at
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follow-up points for the same individual, limiting potential for
assessment bias.

We analyzed the 2 HRQOL measures (EQ-5D-5L and SF-6D),
the 8 individual dimensions of the SF-36, and the SF-36 PCS and
MCS scores. We generated summary statistics for the entire
sample and for frailty subsamples. We used qualitative, BA, and
quantitative, intraclass correlation coefficient (ICC), techniques to
examine agreement between the 2 HRQOL measures.

The ICC method formally tests significance of agreement in the
sample under study. We used consistency of agreement intraclass
correlation coefficient (CA-ICC) to account for the fact that the 2
utility scores are measured on different scales using a 2-way mixed-
effect ICC whereby the 2 HRQOL measures were modeled as fixed
effects. The ICC method is dependent on the range of the mea-
surement rather than the actual scale of measurement. Further, a
high ICC is based on the assumption that discrepancies in measuring
health utility are the same across the possible range of outcomes.
This might be considered too restrictive when we compare 2 health
utility measures that, under an ordinality assumption, only need to
preserve ranking to be equivalent and thus allow for non-constant
biases across the different values of the indices. We therefore used
an additional, qualitative measure of agreement, the BA plot,'>*°
which shows variation in agreement over the entire range of values.
We performed 2 data transformations for the BA analysis. First, to
omit individual-specific clustering, we excluded all but the last
observation for each individual. Second, we collapsed the data to
averages of the EQ-5D for each value of the SF-6D and averages of
the SF-6D for each value of the EQ-5D and retained 1 observation per
individual for the analysis.

We analyzed the distributions of self-reported responses for in-
dividual dimensions of the EQ-5D-5L and SF-6D questionnaires for
the whole sample and for subsamples based on frailty categories. We
also examined correlation between dimensions of these 2 ques-
tionnaires using Spearman’s rank correlation coefficient.

Data are assumed missing at random throughout the analysis.

Data from 2472 assessments of 1038 individual Community
Ageing Research 75+ participants are included, with 75% of the
study population aged 75 to 84 and slightly more women (52.7%).
Based on the phenotype model, 20.2% of the sample was classified
as fit, 51.4% pre-frail, and 28.4% frail. According to the cumulative
deficit model, 28.3% were classified as fit, 15.5% well, 30%
vulnerable, and 26.2% frail. The eFI distribution of frailty suggests
that 22.4% were fit, 32.8% had mild frailty, 32.3% moderate frailty,
and 12.5% severe frailty (Table 1).

Table 2 presents normative data, in the form of means and
standard deviations, for the EQ-5D-5L, SF-6D, PCS, MCS, and 8
dimensions of the SF-36 for the sample as a whole and by frailty
categories.

The EQ-5D-5L and SF-6D utility scores consistently decrease
with frailty. The EQ-5D-5L mean exceeds the SF-6D mean for all
frailty categories. In general, the utility score mean difference
decreases with advancing frailty across all 3 indices.

AUGUST 2020

Summary statistics for the sample of older people with

frailty.
Age 75-84 75
85+ 25
Female 52.7
Frailty
Phenotype model Fit 20.2
Pre-frail 51.4
Frail 28.4
Cumulative deficit model Fit 28.3
Well 15.5
Vulnerable 30
Frail 26.2
Electronic frailty index Fit 22.4
Mild 32.8
Moderate 323
Severe 12.5

Mean SF-36 scores decrease across all 8 dimensions with
increasing frailty. Similarly, SF-36 PCS scores decrease with
increasing frailty. Although SF-36 MCS scores decrease with frailty,
the differences between 2 consecutive groups for the phenotype
and eFI model are small (less than 2 points, or 4%) and somewhat
larger (within 4.76 points, or 9.2%) for the Frailty Index.

Variance estimates increase with frailty for most indices. This
pattern is different on dimensions related to physical functioning.
In particular, standard deviation is lower for the most frail cate-
gory on the PCS and 2 of its components (physical function and
role limitations due to physical problems).

Normative estimates were further stratified by age group and
sex (see Appendix Tables 4-7 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2020.04.1830). Quality-of-life scores
consistently decrease with age. Although men, in general, report
higher quality of life, women with advancing frailty and aged 85
and older report higher or similar EQ-5D, SF-6D, composite MCS,
and mental health and emotional role SF-36 dimensions.

Variance estimates increase with age and are higher for
women. For individuals with advancing frailty aged 85 and older,
the standard deviation is consistently lower on the composite PCS
and physical functioning and physical role SF-36 dimensions
across all frailty models.

The CA-ICC results indicate stronger agreement between the
individual EQ-5D-5L and SF-6D across the entire sample (CA-ICC
0.61) compared with the generally lower CA-ICC estimates for
individual frailty subgroups. (Table 3). The CA-ICC estimates are
lower for the fit and frail categories of the phenotype model, but
close in magnitude to the CA-ICC estimate for the entire sample
for the pre-frail category. The FI CA-ICC estimates for different
frailty subgroups are low in magnitude. In the case of eFl, the CA-
ICC is of similar magnitude across different frailty categories and
closer in magnitude to the estimate for the entire sample. Preci-
sion of CA-ICC estimates (confidence interval width 0.05) is higher
for the entire sample compared with frailty subsamples.

The BA plot (Fig. 1) constructed using averages of one utility
measure given the value of the other shows that there is sys-
tematic variation in the EQ-5D-5L and SF-6D scores. Frailer in-
dividuals have a lower average value of the 2 utility
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Means and standard deviations for EQ-5D, SF-6D, PCS, MCS, and 8 dimensions of SF-36 for the whole sample and by frailty

categories.

EQ-5D 082 092 0.85 0.71 0.95
0.19  0.10 0.17 0.21 0.09
SF-6D 075 084 0.77 0.65 0.85
0.13  0.08 0.12 0.11 0.07
PCS 40.79 50.57 43.00 30.80 51.76
12.01 5.87 10.95 9.40 5.29
MCS 55.57 57.17 56.01 53.81 57.52
824 554 7.60 10.21 5.06
Physical functioning 61.08 88.64 67.17 33.42 90.30
30.72 8091 27.78 22.04 9.17
Role—physical 63.42 88.03 69.63 37.30 91.13
4142  26.87 39.21 39.05 23.97
Role—emotional 84.99 95.02 87.10 75.10 96.57
31.52  19.19 29.43 37.91 14.86
Energy/fatigue 5891 72.88 61.76 45.26 75.32
2221 15.91 20.70 20.94 14.67
Mental health 8232 88.14 83.88 75.96 88.70
15.07 11.49 13.26 17.69 10.44
Social functioning 83.12 95.11 86.48 69.77 96.40
2523 12.76 22.80 29.16 10.71
Bodily pain 72.66 84.61 75.17 60.86 87.47
26.15 18.58 24.81 27.89 16.67
General health 62.24 75.70 65.34 48.46 77.63

perceptions
2139 1354 19.57 21.05 12.60

0.91 0.83 0.65 091 0.85 0.79 0.69

0.12 0.14 0.21 0.13  0.16 0.20 0.23

0.81 0.74 0.62 082 0.76 0.70 0.64

0.08 0.10 0.10  0.09 0.1 0.12 0.12
47.28 39.24 27.97 4925 42.63 36.20 30.04

7.10 9.27 838 7.92 10.90 11.23 11.06
57.27 56.41 51.65 56.76 56.51 54.71 52.95

5.94 7.47 11.05 638 7.57 8.76 10.41
79.57 58.89 24.64 8222 67.40 49.77 29.89
14.99 21.61 19.39 1949 26.47 29.21 26.60
82.54 58.16 31.41 84.27 68.44 51.03 38.20
29.91 40.04 37.69 30.71 39.80 41.63 41.19
94.20 85.63 67.48 9247 89.35 80.27 73.16
19.28 30.48 4133 23.03 27.65 34.79 38.67
67.67 56.98 40.09 71.02 61.91 52.26 43.31
16.97 18.24 20.03 17.80 20.56 21.47 22.40
86.98 83.37 7221 86.46 83.97 79.67 75.26
11.01 12.01 1852 1191 13.59 15.64 18.56
93.34 84.94 62.11 93.50 87.48 77.45 64.00
14.35 20.56 3111 17.10 20.40 27.53 31.93
81.28 70.82 55.49 84.63 74.51 66.71 60.05
19.95 24.39 2811 1933 24.89 27.15 28.82
70.54 61.63 43.21 74.80 65.28 55.14 46.53
14.42 17.65 20.67 14.47 1835 21.79 22.98

eFl indicates electronic frailty index; EQ-5D, Euro-Qol 5-dimension health questionnaire; MCS, Mental Component Summary; PCS, Physical Component Summary; SF-6D,

short-form 6 dimension; SF-36, short-form 36-item health questionnaire in frailty.

measurements, compared to fit individuals. Within the frail group,
SF-6D scores are typically higher, compared to the EQ-5D-5L.
Conversely, within the fitter group, EQ-5D-5L scores are typically
higher. Results indicate increased greater variation in estimates
with advancing frailty.

Given the differences in range and valuation of the EQ-5D and
SF-6D utility measures, we checked whether ranks of utility scores
are better suited for the BA analysis. The plot for ranks (in Sup-
plemental Materials found at https://doi.org/10.1016/j.jval.2020.
04.1830) shows higher variability in scores at better levels of
health. This, at least partially, can be explained by the fact that the
number of individuals with similar EQ-5D and SF-6D scores is
significantly higher at the healthier end of the utility spectrum. As
a result, the same error in measurement between the EQ-5D and
SF-6D will lead to a larger discrepancy in rank. The BA plot for
ranks is also symmetric around 0, suggesting there is no bias in
predicting rank of one utility score using the rank of the other.

The correlations between similar dimensions®' of the EQ-5D-
5L and SF-6D utility indices are either high or moderate. The
lowest correlations are observed among 3 pairs: (1) EQ-5D-5L
pain/discomfort dimension and SF-6D mental health (p =

0.189); (2) EQ-5D-5L anxiety/depression and SF-6D pain (p =
0.190); and (3) EQ-5D-5L anxiety/depression and SF-6D vitality
(p=0.190) (For Spearman’s correlation estimates see Appendix in
Supplemental Materials found at https://doi.org/10.1016/j.jval.202
0.04.1830.)

For each dimension of the EQ-5D-5L, a large proportion of the
responses is concentrated in the top level. Thirty-seven percent of
the overall study population reported scoring optimal HRQOL (EQ-
5D score of 11111), but this was not observed with the SF-6D with
only 1% scoring the highest possible score. The predominant
response for SF-6D physical functioning is level 2, while responses
on pain and vitality have 2 equally probable levels (levels 1 and 2
for pain and 2 and 3 for vitality). (For more details on distributions
of self-responses see Appendix in Supplemental Materials found
at https://doi.org/10.1016/j.jval.2020.04.1830).

Our results indicate that mean EQ-5D-5L and SF-6D scores
decrease but overall variability of scores increases with advancing
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CA-ICC between EQ-5D-5L and SF-6D for the whole sample and by frailty categories of phenotype, Frailty Index, and eFl
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models.
CA-ICC 0.61 033 0.6 0.44 0.27
CA-ICC average 0.67 n/a n/a n/a 0.37

0.34
0.37

0.42
0.49

0.38
0.40

0.50  0.56
0.60  0.61

0.56
0.58

0.53
0.58

CA-ICC indicates consistency of agreement intraclass correlation coefficient; eFl, electronic frailty index; EQ-5D-5L, Euro-Qol 5-dimension 5-level health questionnaire; SF-

6D, short-form 6-dimension.

frailty. Compared with the EQ-5D-5L, the SF-6D utility index value
is higher for people with advancing frailty, consistent with pre-
vious research that has compared the 2 measures in more severe
illness states.!*!!

Mean scores for the 8 dimensions of the SF-36 decrease with
frailty. The decrease in mean scores is more notable for physical
components of the SF-36 and the overall physical component
summary score, compared with the mental component summary
score. Differences between means for the MCS are small with
larger differences between groups of the FI model. As opposed to
the EQ-5D-5L and SF-6D scores, variability estimates for the 8 SF-
36 dimensions typically decrease with advancing frailty. Notable
exceptions are the PCS and its physical function and physical role
components, where variability increases with advancing frailty.
The variability of physical characteristics appears to decrease as
individuals become very old, potentially reflecting greater simi-
larity in physical capabilities in very advanced old age.

The CA-ICC for the entire sample is larger than the frailty
subgroup estimates, because it is affected by the variability across

a population. We found that variability within eFI categories and
pre-frail category of the phenotype index is similar to the vari-
ability in the entire sample as indicated by CA-ICC estimates. The
CA-ICC precision for the entire sample is larger, because the
confidence interval width is directly related to sample size.

We also observed stronger agreement between utility values
at higher health levels on the BA plot. Owing to a higher con-
centration of individuals at this end of the utility spectrum, the
BA plot based on ranks demonstrates higher variability. We
conclude that value, not rank, is the appropriate measure of
analysis.

The EQ-5D-5L has been shown to reduce the ceiling effects of
the earlier 3-level version (EQ-5D-3L).?? This study, however, has
identified that more than 1 in 3 older individuals (37%) scored in
the top level on all 5 dimensions, indicating optimal HRQOL,**
even though they had frailty classed as advanced by frailty models
(8% by the Frailty Index and 15% by the phenotype and eFl
models), raising ongoing concern for ceiling effects with the 5-
level version in some groups of older people.”*

Bland-Altman limits of agreement between EQ-5D and SF-6D values. The relationship between EQ-5D and SF-6D sample
means difference for different values of the average of the 2 variables.
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The findings in this study are based on a sample of individuals
who are older than 75 and live at home, with a relatively low
prevalence of dementia. As a result, normative estimates and
additional findings from this study cannot necessarily be extrap-
olated to older people living with dementia or care home
residents.”

In this study, we assessed agreement between the EQ-5D-5L
and SF-6D. The EQ-5D and SF-6D measures are used in health-
care decision making by NICE in the UK and health technology
assessment agencies in other countries including Brazil, China,
Norway, South Korea, and Spain,° with the EQ-5D being the
preferred measure of HRQOL in adults. NICE currently does not
recommend using the 5L valuation set.?® Existing evidence,?’
however, suggests that the 5L has superior measurement prop-
erties than the 3L and is preferable in a population with multi-
morbidities likely to have some similar characteristics to the
population of older people living with frailty. As the cost-
effectiveness results obtained from the 2 measures will likely
differ, a sensitivity analysis using the SF-6D to explore uncertainty
in estimates for the population of individuals with increasing
frailty is thus needed.

This study provides important information on normative es-
timates and agreement for different measures of HRQOL across the
spectrum of frailty. These normative estimates can be used for
robust sample size calculations by trialists investigating novel
interventions for older people with frailty where HRQOL is the
primary outcome of interest.

Our findings indicate that HRQOL decreases with advancing
frailty when either the EQ-5D-5L or SF-6D is used as the measure.
There appears to be greater impact on physical health-related
quality of life than mental health-related quality of life, which
may in part be explained by the greater emphasis on physical
characteristics within frailty models.

Overall health utility scores are more consistent for people
who are fit, with greater variability in scores for people with
increasing frailty, whereas physical components of the SF-36
and composite PCS demonstrate consistent decline with
frailty. Findings are consistent across different frailty measures
and constructs. We have identified the possibility of a greater
risk of ceiling effects using the EQ-5D-5L compared with the
SF-6D.

Findings indicate good agreement between the EQ-5D-5L
and SF-6D across the spectrum of frailty, lending support for
the 2 measures identifying a common construct of HRQOL in
frailty. Agreement is lower for those who are most frail, indi-
cating that different components of the 2 instruments may
have greater relevance for people with advancing frailty in
later life.

We recommend that researchers consider using the SF-36/SF-
6D as an appropriate measure of HRQOL for clinical trials involving
older people if there are concerns about the impact of ceiling ef-
fects for outcome measurement, for example, if fit older people
are the planned target. In trials involving older people with
increasing frailty, where the social value of an intervention may be
more relevant and ceiling effects less of a concern, we recommend
that both the EQ-5D-5L and SF-36/SF-6D are included as measures
of HRQOL, and are used in sensitivity analysis as part of planned
cost-effectiveness evaluation. Further research to clarify individual
priorities for older people living with different degrees of frailty
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will help guide the future selection of appropriate tools for mea-
surement of HRQOL in this population.

Supplementary data associated with this article can be found in the
online version at https://doi.org/10.1016/j.jval.2020.04.1830.
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