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In tro duc tion

Car di ac tri als com mon ly in clude the col-

lec tion of car di ac-spe cif ic out come mea-

sures. How ev er, these mea sures do not re-

flect how in di vid u als per ceive the im pact 

of an gi na-symp toms upon their health-re-

lat ed qual i ty of life (HRQL). For pur pos-

es of re source al lo ca tion the im pact of in-

ter ven tions on HRQL is ide al ly mea sured 

in ge ner ic terms in or der to fa cil i tate com-

par i son across dif fer ent con di tions and 

pa tient groups. Fur ther more, eco nom ic 

eval u a tion re quires these HRQL ef fects 

to be val ued on a sin gle scale, an chored at 

death and good health, based on the pref-

er ences of an ap pro pri ate group of in di vid-

u als (e.g. a sam ple of pa tients or the gen-

er al pub lic). Fur ther more, the use of pref-

er ence-based mea sures of health out come 

en ables HRQL and length of sur vival to be 

in te grat ed into a sin gle mea sure, most com-

mon ly qual i ty ad just ed life years (QALYs). 

The EQ-5D is one of a group of out come 

mea sures which cat e gorise pa tients into a 

se ries of ge ner ic health states for which a 

set of so cial pref er ences or ‘util i ties’ have 

been pre vi ous ly gen er at ed [1]. Oth er ex am-

ples of this group of in stru ments in clude 

the Qual i ty of Well be ing Scale [2], and the 

Health Util i ties In dex [3]. An al go rithm 

that may be used to ob tain sin gle in dex util-

i ty scores from the Short-Form 36 (SF-36)

has also re cent ly been pub lished [4].

Eco nom ic eval u a tions of health care 

tech nolo gies are be com ing in creas ing ly 

used in a pol i cy-mak ing con text. With in 

the Unit ed King dom the Na tion al In sti tute 

for Health and Clin i cal Ex cel lence (NICE) 

pro vides guid ance on cur rent ‘best prac-

tice’ to the NHS for Eng land and Wales. 

NICE rec om mends that ev i dence pro vid-

ed to it should in clude a cost-util i ty anal-

y sis which re lates the dif fer en tial cost of 

in ter ven tions with dif fer en tial QALYs [5]. 

Fur ther more, it rec om mends that health 

states should be mea sured in pa tients us-

ing a ge ner ic clas si fi ca tion sys tem for 

which UK pop u la tion pref er ence val ues 

ex ist, such as the EQ-5D [6]. State ments 

of good prac tice in the Unit ed States have 

also sup port ed the use of QALYs based on 

so cial pref er ences [7].

Many clin i cal tri als with in the car di ac 

area have not col lect ed pref er ence-based 

out come in for ma tion to fa cil i tate es ti-

mates of QALYs. As a re sult re lat ed eco-

nom ic eval u a tions have fo cused upon 

more lim it ed clin i cal mea sures of out come, 

such as the num ber of pa tients free from 

an gi na [8], cost per life year saved [9], and 

cost per pa tient free from ma jor ad verse 

car di ac events [10]. A range of clin i cal in-

di ca tors has been de vel oped to mea sure 

the sever i ty of an gi na, in clud ing the Cana-

di an Car dio vas cu lar So ci ety (CCS) score, 

and mea sures of breath less ness. How ev er, 

these mea sures do not ac count for how an-

gi na symp toms are per ceived by pa tients 

and do not place the ef fects of an gi na with-

in the wider con text of HRQL nec es sary 

for eco nom ic eval u a tion.

Util i ty data may not have been col lect-

ed with in clin i cal tri als for a va ri ety of rea-

sons. For ex am ple, tri als may have been de-

signed pri or to the avail abil i ty of re li able 

in stru ments de signed to pro duce mea-

sures of util i ty; there may be a con cern of 

over-bur den ing pa tients with the com ple-

tion of ques tion naires; eco nom ic eval u a-

tions of the tech nolo gies of in ter est may 

have been con sid ered af ter the tri al de sign 

has been com plet ed, and there may be con-

straints upon time and re sources that pre-

vent util i ty data be ing col lect ed with in clin-

i cal tri als. One car di ac tri al that has in clud-

ed a util i ty-based as sess ment of qual i ty of 

life is the By pass An gi og ra phy Revas cu lar-

i sa tion In ves ti ga tion which com pared by-

pass sur gery and an gio plas ty for the treat-
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con va lesc ing af ter an in va sive ther a peu tic 

pro ce dure, pa tients known to have sig nif-

i cant left main stem dis ease or haemo dy-

nam i cal ly sig nif i cant valve dis ease, and pa-

tients known to have life-threat en ing non-

car di ac dis ease that would lim it sur vival 

to 5 years. Pa tients un able to com plete the 

ques tion naire unas sist ed were also ex clud-

ed.

Mea sures used

For pa tients who agreed to take part in the 

study re search nurs es at the clin ics col lect-

ed de mo graph ic and clin i cal data through 

pa tient in ter views. Clin i cal data in clud ed 

pre vi ous revas cu lar i sa tion pro ce dures, 

cur rent med i ca tion (ni trates, cal ci um an-

tag o nists, or beta-block ers), and two mea-

sures of dis ease sever i ty. The first, the CCS 

score, is a cat e gor i cal mea sure of an gi na 

pain rang ing from lev el one (least se vere) 

to lev el four (very se vere) [17]. Lev el zero 

was added to in di cate that the pa tient suf-

fered no an gi na pain. The sec ond mea sure, 

the breath less ness grade, ranges from zero 

(mild breath less ness) to five (breath less at 

rest) [12]: grade 1, the pa tient be comes 

breath less when climb ing hills, com pared 

with oth er peo ple of the same age; grade 2, 

the pa tient be comes breath less when hur-

ry ing on the lev el, com pared with oth er 

peo ple of the same age; grade 3, the pa tient 

be comes breath less when walk ing at own 

pace on lev el; grade 4, the pa tient be comes 

breath less when wash ing or dress ing; and 

grade 5, the pa tient be comes breath less 

when at rest.

Pa tients were also re quest ed to com-

plete health sta tus ques tion naires, con tain-

ing the Eu ro Qol EQ-5D. The EQ-5D is 

a non-dis ease spe cif ic in stru ment for de-

scrib ing and valu ing HRQL [18]. Re spon-

dents cat e gorise their health sta tus on five 

di men sions (mo bil i ty, self-care, usu al ac-

tiv i ties, pain, and anx i ety/de pres sion), 

where each di men sion has three pos si ble 

lev els of re sponse. An in dex of val ues was 

ap plied to the EQ-5D clas si fi ca tion sys-

tem to gen er ate sin gle-in dex util i ty scores, 

where full health is equal to one and death 

equals zero. This in dex of val ues was de-

rived from a ran dom sam ple of ap prox. 

3,000 mem bers of the UK gen er al pop u la-

tion us ing the time trade-off tech nique to 

ob tain their pref er ences to wards a set of 

Heart Ques tion naire us ing dis ease-spe cif-

ic data and self-re port ed util i ties in a sam-

ple of 201 car dio vas cu lar pa tients [15]. A 

pre vi ous study has ex plored the re la tion-

ship be tween util i ties, CCS scores and the 

Duke Ac tiv i ty Spe cif ic In dex [16]. Util i ties 

were es ti mat ed us ing the stan dard gam ble 

ap proach in a sam ple of 41 pa tients with 

chest pain about to un der go elec tive car-

di ac catheri sa tion. The au thors re port ed 

that the cor re la tion be tween the util i ties 

and the dis ease-spe cif ic mea sures were 

low.

This study ex plored the re la tion ship 

be tween util i ty data, based on an gi na pa-

tients’ health states and pub lic val u a tions, 

and clin i cal, de mo graph ic and an gi na-spe-

cif ic out come data col lect ed in a tri al of an-

gi na. The main aim of this con tri bu tion is 

to pro vide a meth od to es ti mate util i ties 

when only an gi na-spe cif ic out come mea-

sures have been in clud ed with in a tri al. 

The data re port ed here are from a sam ple 

of pa tients with sta ble an gi na who were 

cho sen to be rep re sen ta tive of pa tients 

from the RITA-2 tri al [12].

Meth ods

Study sam ple

Eth ics com mit tee ap proval was ob tained 

to re cruit pa tients from four UK car di ac 

out-pa tient clin ics. Sub jects were aged be-

tween 40 and 75 years and ei ther had cor o-

nary ar tery dis ease with symp toms of an gi-

na or had un der gone pre vi ous revas cu lar i-

sa tion pro ce dures. Ex clu sion cri te ria from 

the RITA-2 tri al [12] were ap plied: pa tients 

ment of mul ti ves sel cor o nary ar tery dis-

ease. A sub-group of pa tients com plet ed a 

bat tery of qual i ty of life scales and a time-

trade off ques tion naire [11]. How ev er, the 

ma jor i ty of pa tients in this study did not 

have an gi na, and the num ber of re spons es 

for each of the CCS cat e gories was small 

(n<30).

The sec ond Ran dom is ed In ter ven tion 

Treat ments for An gi na (RITA-2) tri al was 

a ma jor UK tri al that com pared per cu ta-

ne ous trans lu mi nal cor o nary an gio plas ty 

(PTCA) and med i cal man age ment for the 

treat ment of sta ble an gi na [12]. Al though 

util i ty data were not di rect ly col lect ed with-

in the tri al, non-util i ty based HRQL data 

were col lect ed. The RITA-2 tri al in di cat ed 

that pa tients’ HRQL (as mea sured by the 

Not ting ham Health Pro file and the SF-36) 

is strong ly cor re lat ed with car di ac-spe cif ic 

mea sures of an gi na symp toms and breath-

less ness [13].

In the ab sence of di rect ly col lect ed pref-

er ence-based out come data col lect ed in a 

clin i cal tri al it may be pos si ble to gen er ate 

util i ty val ues by map ping data col lect ed 

with in a non-tri al sur vey of pa tients with 

sim i lar char ac ter is tics to the tri al pa tients 

us ing dis ease-spe cif ic out come mea sures 

which are col lect ed both in the tri al and 

in the sep a rate sur vey.

Pre vi ous ly pub lished ap proach es to 

map ping to util i ty mea sures have in clud-

ed the elic i ta tion of time trade-off val u a-

tions of the four New York Heart Clas si fi-

ca tions of heart fail ure in a sam ple of 64 

per sons [14] and us ing re gres sion anal y-

sis to de rive a util i ty-based scor ing mech a-

nism for the Util i ty-based Qual i ty of Life – 

Fig. 1 9 De tails of med i ca tion 
tak en by re spon dents*
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pre-de fined health states [19]. Thus each 

pa tient in the sam ple de scribes his or her 

own health, and the util i ty score cor re-

spond ing to that de scrip tion of health is 

de rived from a pop u la tion sam ple.

The ob jec tive of this study was to de vel-

op an al go rithm that can be used to map 

EQ-5D scores to the clin i cal and de mo-

graph ic data col lect ed in RITA-2. A cost 

anal y sis has been un der tak en for this tri al 

[20], and syn the sis ing these cost data with 

the out come data from the orig i nal tri al 

and the util i ty data re port ed here will en-

able a full cost util i ty anal y sis of RITA-2 to 

be pre sent ed in fu ture.

Sam ple size

On the ba sis of data col lect ed from sim i-

lar pa tients in a pre vi ous study [13] the ex-

pect ed stan dard de vi a tion in util i ty scores 

per CCS lev el was ap prox. 0.25. In or der 

to achieve a lev el of pre ci sion (in terms 

of a 95 con fi dence in ter val) for a mean 

util i ty score per CCS lev el of 0.08 on the 

0–1 scale (i.e. 0.04 on ei ther side of the 

mean util i ty), ap prox. 150 re spons es were 

re quired per CCS lev el. Thus for the five 

CCS lev els (in clud ing lev el zero) we es ti-

mat ed that at least 750 pa tients were re-

quired.

Sta tis ti cal meth ods

Sta tis ti cal sig nif i cance is as sumed where 

the p val ue is less than or equal to 0.05. 

Cor re la tion was mea sured us ing Spear-

man’s cor re la tion co ef fi cient for or di nal 

data. Or di nary least squares re gres sion 

tech niques were used to pre dict util i ty 

scores from the clin i cal and de mo graph ic 

data. Dum my vari ables were used where 

ap pro pri ate, in clud ing for the rep re sen ta-

tion of CCS and breath less ness grades. A 

for ward step wise ap proach was used in 

the re gres sion anal y sis. Trans for ma tions of 

the de pen dent vari able, the EQ-5D in dex 

val ues, were con sid ered and the Box-Cox 

meth od was used to de ter mine the most 

ap pro pri ate trans for ma tion [21]. Vari ables 

con sid ered for in clu sion in the pre dic tive 

mod el in clud ed CCS score, breath less ness 

score, gen der, age, cen tre where treat ed, 

type and num ber of pre vi ous revas cu lar i-

sa tion ex pe ri ences, and type and num ber 

of cur rent med i ca tions. In ter ac tion terms 
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Ab stract

This study es ti mat ed a mod el from which 

data rou tine ly col lect ed in clin i cal tri als of 

an gi na pa tients can be mapped to a util i ty 

scale and used to es ti mate qual i ty-ad just ed 

life years (QALYs). Pa tients with sta ble an gi-

na at tend ing four car di ac out-pa tient clin ics 

in the UK were in clud ed in the study. Data 

col lect ed in clud ed in for ma tion on pa tients’ 

health-re lat ed qual i ty of life (HRQL) us ing 

the EQ-5D, and sever i ty of an gi na symp-

toms us ing two car di ac-spe cif ic mea sures 

[Breath less ness Grade and Cana di an Car dio-

vas cu lar So ci ety (CCS) clas si fi ca tion of an-

gi na]. Re gres sion anal y sis was used to pre-

dict EQ-5D in dex val ues from the data. Data 

were ob tained from 510 pa tients. For CCS 

grades, mean EQ-5D scores ranged from 

0.36 (95% con fi dence in ter val 0.25–0.48) 

for grade 4 to 0.81 (0.77–0.85) for grade 0, 

and for breath less ness grades, EQ-5D scores 

ranged from 0.31 (0.06–0.55) for grade 0 to 

0.84 (0.79–0.88) for grade 5. The fi nal mod-

el used data on CCS grades, breath less ness 

grades, and pa tients’ cur rent med i ca tions 

to pre dict EQ-5D scores. The mod el had an 

R2 val ue of 0.37, and pre dic tions for less se-

vere an gi na were con sid ered more re li able 

than the es ti mates for se vere an gi na. In the 

ab sence of util i ty data col lect ed as part of a 

clin i cal tri al it is pos si ble to map HRQL util i-

ty data from sam ples of pa tients with sim i lar 

char ac ter is tics to those in the orig i nal tri al. 

The un cer tain ty sur round ing the es ti mates 

should be con sid ered when us ing the re-

sults to es ti mate QALYs for pur pos es of eco-

nom ic eval u a tion.

Key words
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were in clud ed if they were found to be sta-

tis ti cal ly sig nif i cant on the F test. The Ram-

sey RE SET test was used to test for omit-

ted vari able prob lems. The Cook-Weisen-

berg test was used to de tect het ere oscedas-

tic i ty in the re sult ing mod el. Trans for ma-

tions of the de pen dent vari able were con-

sid ered where het ere oscedas tic i ty was de-

tect ed, and White’s cor rect ed stan dard er-

rors were used where this could not be 

rec ti fied. Us ing re gres sion anal y sis for es ti-

ma tion pur pos es leads to ar ti fi cial ly small 

lev els of un cer tain ty in the pre dict ed data. 

The vari ance-co va ri ance ma trix is also pre-

sent ed to en able those wish ing to ap ply 

the re gres sion mod el to in cor po rate the 

vari ance of the pre dic tion er ror ob tained 

from the ma trix, which will re flect that the 

co ef fi cients from the mod el are es ti mat ed 

rather than known (. Ta ble 4).

Re sults

In ter views were com plet ed by 533 pa-

tients. Ten of these re spon dents were ex-

clud ed from the anal y sis based on the ex-

clu sion cri te ria. Of the re main ing re spons-

es 510 had com plete EQ-5D data, and it is 

these re spons es that form the ba sis of the 

anal y sis (417 men; me di an age 61 years, in-

ter-quar tile range 55–66). The sam ple size 

achieved there fore fell short of the tar get 

by 240 pa tients. The four cen tres con tribut-

ed be tween 64 and 190 pa tients each to the 

us able to tal of re spons es. Pa tients had re-

ceived up to four PTCA pro ce dures and 

up to three by pass grafts; 44 (9) pa tients 

had re ceived both a PTCA and a by pass 

graft. In to tal 228 (45) pa tients had not 

un der gone any revas cu lar i sa tion pro ce-

dure, 217 (43) had un der gone at least 

one PTCA, and 109 (21) had un der done 

at least one by pass graft. . Fig ure 1 de-

scribes re spon dents’ cur rent med i ca tion at 

time of in ter view. Forty-three (9) re spon-

dents were not cur rent ly tak ing any of the 

three types of med i ca tion. Com plete in for-

ma tion on cur rent med i ca tion was mis-

sing for the re main ing 7 pa tients.

De scrip tive anal y sis

. Ta ble 1 shows the num ber of re spon-

dents clas si fied in each of the CCS and 

breath less ness clas si fi ca tions. On both 

scales the num bers of pa tients in the sam-
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ple de clined at high er lev els of sever i ty. 

The largest pro por tion of re spon dents was 

clas si fied as hav ing CCS 1 (29), close ly 

fol lowed by CCS 2 (26). Not sur pris ing-

ly, CCS 4 had the low est pro por tion of re-

spon dents (8). . Ta ble 2 pro vides sum-

ma ry sta tis tics of the EQ-5D in dex scores 

for each CCS grade where 0 is equiv a lent 

to dead and 1 to good health. As ex pect ed, 

mean EQ-5D scores de crease as the sever-

i ty of an gi na in creas es and the dif fer ences 

in EQ-5D scores be tween CCS grades are 

sta tis ti cal ly sig nif i cant (χ2
4=149, p<0.001). 

The dif fer ence in util i ty score be tween 

each an gi na grade is not con stant; the dif-

fer ence in EQ-5D scores is greater be tween 

grades 1 and 2, and be tween 2 and 3, than 

the dif fer ence in scores be tween grades 0 

and 1, and be tween 3 and 4. The cor re la-

tion co ef fi cient be tween CCS and breath-

less ness grades is 0.54, be tween CCS and 

EQ-5D is −0.54 and be tween breath less-

ness and EQ-5D is −0.52. All cor re la tion 

co ef fi cients are sta tis ti cal ly sig nif i cant 

(p<0.001).

Mul ti var i ate anal y sis

. Ta ble 3 de tails the re sults of the fi nal 

mod el for pre dict ing EQ-5D scores. CCS 

scores, breath less ness scores (breath), and 

a vari able rep re sent ing whether pa tients 

were cur rent ly tak ing 0, 1, 2, or all 3 of the 

spec i fied class es of drugs (nodrugs) were 

in clud ed in the fi nal mod el. The con stant 

val ue is not equal to zero, in di cat ing that 

re gard less of an gi na sever i ty this sam ple 

of pa tients has less than full health, which 

is ex pect ed giv en the age range of the sam-

ple. The ad just ed R2 val ue of the mod el is 

0.370, and the mean squared er ror is 0.227. 

Trans for ma tions of the de pen dent vari able, 

in clud ing tak ing nat u ral log a rithms, squar-

ing, and square roots, were re ject ed as they 

did not im prove the dis tri bu tion of the 

resid u als. The re sults of the Box-Cox anal-

y sis did not iden ti fy an ap pro pri ate trans-

for ma tion. The Ram sey RE SET test in di-

cates that there is not an omit ted vari able 

prob lem in the mod el (p=0.75). The vari-

ance-co va ri ance ma trix from the mod el is 

shown in . Ta ble 4. The pa ram e ter co ef fi-

cients in the mod el are con sis tent with the 

or di nal na ture of the two clin i cal scales. 

The re sults show that util i ty is de pen dent 

Ta ble 1

Num ber of re spon dents by Cana di an Car dio vas cu lar So ci ety score (CCS) 

and Breath less ness grade (Breath)

CCS 0 CCS 1 CCS 2 CCS 3 CCS 4 Total

Breath 0  38 (7.5%)  19 (3.7%)   7 (1.4%)  2 (0.4%)  4 (0.8%)  70 (13.7%)

Breath 1  57 (11.2%)a  81 (15.9%)a  46 (9.0%)  1 (0.2%)  2 (0.4%) 187 (36.7%)

Breath 2  12 (2.4%)  37 (7.3%)  60 (11.8%)a 29 (5.7%)  5 (1.0%) 143 (28.0%)

Breath 3   7 (1.4%)  10 (2.0%)  14 (2.7%) 30 (5.9%)a 10 (2.0%)  71 (13.9%)

Breath 4   4 (0.8%)   2 (0.4%)   4 (0.8%)  8 (1.6%) 12 (2.4%)a  30 (5.9%)

Breath 5   1 (0.2%)   0   1 (0.2%)  1 (0.2%)  6 (1.2%)   9 (1.8%)

Total 119 (23.3%) 149 (29.2%) 132 (25.9%) 71 (13.9%) 39 (7.6%) 510 (100%)

a The breath less ness grades with the largest pro por tion of re spon dents in each CCS

Ta ble 2

Sum ma ry sta tis tics for EQ-5D in dex scores by Cana di an Car dio vas cu lar 

So ci ety score (CCS) and Breath less ness grade (Breath) (IQR in ter-quar tile 

range)

n Mean Me di an IQR

CCS

  0

  1

  2

  3

  4

119

149

132

 71

 39

0.81

0.75

0.60

0.41

0.36

0.85

0.73

0.62

0.52

0.52

 0.69 to 1

 0.69 to 1

 0.62 to 0.69

 0.14 to 0.69

−0.02 to 0.69

Breath

0

1

2

3

4

5

 70

187

143

 71

 30

  9

0.84

0.75

0.63

0.41

0.36

0.31

0.88

0.73

0.69

0.52

0.52

0.36

 0.73 to 1

 0.66 to 0.88

 0.62 to 0.73

 0.09 to 0.69

 0.06 to 0.62

 0.02 to 0.59

Ta ble 3

Re gres sion mod el to pre dict EQ-5D scores (CCS Cana di an Car dio vas cu lar 

So ci ety score, Breath Breath less ness grade, No. drugs num ber of med i ca tions 

from beta-block ers, cal ci um an tag o nists, and ni trates)

Co ef fi cient Ro bust stan dard er ror p val ue 95% Con fi dence in ter val

CCS

  1

  2

  3

  4

−0.028

−0.147

−0.252

−0.263

0.026

0.031

0.044

0.058

 0.30

<0.001

<0.001

<0.001

−0.079 to 0.024

−0.208 to −0.085

−0.337 to −0.166

−0.376 to −0.150

Breath

  1

  2

  3

  4

  5

−0.071

−0.102

−0.268

−0.310

−0.338

0.027

0.030

0.045

0.053

0.096

 0.01

 0.001

<0.001

<0.001

<0.001

−0.123 to −0.019

−0.161 to −0.044

−0.357 to −0.179

−0.414 to −0.207

−0.527 to −0.149

No. drugs −0.028 0.012  0.02 −0.052 to −0.004

Con stant  0.911 0.024 <0.001  0.864 to 0.958
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on clin i cal scores and med i ca tion, but not 

on pre vi ous revas cu lar i sa tion sur gery.

A scat ter-plot of the pre dict ed val ues 

from the re gres sion mod el on the ob-

served val ues is shown in . Fig. 2. Each 

point on the fig ure il lus trates a sin gle 

ob ser va tion. The fig ure demon strates a 

large amount of vari abil i ty be tween the 

pre dict ed and ob served scores. How ev er, 

there are a large num ber of ob ser va tions 

oc cur ring around the 45° line, where the 

ob served and pre dict ed scores are equiv-

a lent, par tic u lar ly in the top end of the 

scale. There is less con sen sus around the 

low er end of the scale of ob served scores, 

be low 0.4. Pre dict ed val ues be low this val-

ue are sys tem at i cal ly high er than ob served 

val ues. The low est val ue pre dict ed by the 

mod el is 0.23 where as the low est ob served 

val ue is −0.18 (in di cat ing that the health 

state is con sid ered worse than death).

The re sults from this study demon-

strate a re la tion ship be tween the EQ-5D 

and the CCS and breath less ness clin i cal 

in di ca tors. Both the CCS and breath less 

mea sures are or di nal scales, and there fore 

when map ping be tween the mea sures dif-

fer ences in terms of util i ty val ues be tween 

in cre ments on the car di ac-spe cif ic mea-

sures are not equal. The dif fer ence be-

tween lev els 3 and 4 on the CCS scale is 

small, but dif fer ences in the co ef fi cients 

are much larg er be tween lev els 1 and 2, 

and 2 and 3. The largest dif fer ence in the 

co ef fi cients on the breath less ness scale is 

be tween lev els 2 and 3. The mod el re port-

ed here to pre dict EQ-5D scores from the 

car di ac-spe cif ic mea sures and the in for ma-

tion on cur rent med i ca tion demon strates 

greater con sen sus be tween ob served and 

pre dict ed scores at the high er end of the 

util i ty scale than the low er end, which may 

re duce the abil i ty of the mod el to pre dict 

EQ-5D scores for pa tients with se vere an-

gi na.

The greater vari abil i ty at the low er end 

of the scale may stem from the rel a tive ly 

few er ob ser va tions in these more se vere 

states. This sam ple was drawn from pa-

tients at tend ing car di ac out-pa tient clin-

ics; pre dict ing scores at the more se vere 

end of the scale with less vari a tion would 

re quire in clud ing pa tients too ill to be treat-

ed as out pa tients. To over come this prob-

lem of rel a tive ly few ob ser va tions in the 

more se vere car di ac grades we con sid ered 

a mod el in clud ing the two high est CCS 

grades as a sin gle dum my vari able and 

the three high est breath less ness grades as 

an oth er dum my vari able. This did not im-

prove the mod el, and the vari a tion at the 

low er end of the scale be tween pre dict ed 

and ob served scores re mained. The R2 val-

ue of the mod el showed mod er ate cor re la-

tion with EQ-5D sin gle-in dex scores and 

is sim i lar to oth er mod els of this type [11].

When ev er us ing data of this type in 

cost-util i ty anal y ses it is nec es sary to con-

sid er the sur round ing el e ments of un cer-

tain ty. One el e ment of un cer tain ty cor re-

sponds to the util i ty score for the health 

state, us ing a pre de fined in dex of val ues. 

The in dex ap plied here is based upon val-

u a tions from a sam ple of over 3,000 mem-

bers of the UK pop u la tion. How ev er, de-

spite the large num ber of ob ser va tions 

the mea sures of dis per sion in these val u a-

tions were much high er than the au thors 

of the study an tic i pat ed [22]. This vari a-

tion should not be ig nored when us ing 

the re sults to map to data from oth er stud-

ies. An oth er el e ment of un cer tain ty stems 

from the car di ac mea sures them selves. 

These are com plet ed in in ter view sce nar-

ios, and it is pos si ble that mis clas si fi ca tion 

may ex ist with in the CCS and breath less-

ness mea sures.

One is sue re gard ing un cer tain ty more 

spe cif ic to this anal y sis is that the use of 

re gres sion ap proach es to es ti mate util i ties 

may lead to ar ti fi cial ly small vari ance es-

ti ma tions. If ap ply ing the re sults of this 

mod el to ex ter nal data, two forms of vari a-

tion should be added back into the mod el 

pre dic tions: vari ance to re flect that pa ram-

e ter co ef fi cients are es ti mat ed from a sam-

Fig. 2 9 Plot of ob served 
val ues on OLS mod el 
pre dict ed val ues
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ple rather than known from a pop u la tion; 

and vari ance to re flect that the util i ties of 

pa tients with the same ob served char ac ter-

is tics will dif fer. The first el e ment of vari-

ance should be added in from the vari ance-

co va ri ance ma trix (. Ta ble 4) and the sec-

ond type of vari ance is de scribed by the 

mean squared er ror. Ap proach es to in cor-

po rat ing un cer tain ty sur round ing im put-

ed val ues are dis cussed in a re cent pa per 

by Brig gs et al. [23].

Oth er non-tri al based stud ies have re-

port ed util i ty data for pa tients with sta ble 

an gi na [16, 24]. The cor re la tions be tween 

CCS scores and es ti mates of util i ty us ing 

the EQ-5D re port ed here are stronger 

than those pre vi ous ly re port ed be tween 

CCS scores and es ti mates of util i ty us ing 

the stan dard gam ble ap proach [16]. This 

may be due to the larg er num ber of pa-

tient in clud ed in this study or to dif fer ent 

ap proach es used to de rive util i ty val ues. 

The me di an EQ-5D val ues pre sent ed here 

are some what low er than those re port ed 

in a study of 220 pa tients which elicit ed 

util i ty val ues us ing stan dard gam ble and 

time-trade off meth ods [24].

This con tri bu tion de scribes an in ves ti-

ga tion to map data from car di ac-spe cif ic 

mea sures and med i ca tion data to a util i ty 

scale us ing or di nary least squares re gres-

sion tech niques. The re sults demon strate 

the pos si bil i ty of es ti mat ing util i ty data 

based on so cial pref er ences for stud ies 

where such data have not been col lect ed 

di rect ly. For ex am ple, the char ac ter is tics 

of the sam ple of pa tients pre sent ed here 

are sim i lar to the pa tients in the RITA-2 

tri al. Thus it should be pos si ble to re vis it 

these tri als to pro duce es ti mates of cost-

ef fec tive ness in terms of cost per QALY 

gained.

Re searchers should strive to col lect util-

i ty data with in clin i cal tri als that in clude 

an eco nom ic com po nent. Where this is 

not pos si ble, it is pos si ble to map util i ty 

data from sim i lar pa tient sam ples to the 

orig i nal study data in or der to pro duce es ti-

mates of cost per QALY gained. How ev er, 

the un cer tain ty sur round ing the es ti mates 

should also be con sid ered with in the map-

ping pro cess.
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