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Interpretation of health related quality of life (HRQOL) results in cancer patients is facilitated by

knowledge of the levels of HRQOL in the general population. However, direct comparisons can be

misleading unless age and gender are considered. We demonstrate the derivation of age- and gender-

speci®c `expected' values from population reference values by means of simple calculations. This

survey included 3000 randomly selected Norwegians above 18 years of age who received the European

Organization for Research and Treatment of Cancer Core Quality of Life Questionnaire (EORTC

QLQ-C30 (+ 3)) by mail. 1965 responses from 2,892 eligible persons (68%) were received. The popu-

lation was divided into six disease groups based on self-reported health problems. The observed mean

scale scores of the diVerent groups deviated greatly from those obtained in the general population. The

score for physical function, for example, was 72 for cancer patients and ranged from 73.3 to 82.5 in

other disease groups, as opposed to 89.9 in the general population and 98.9 in those with no health

problems. The range for one of the quality of life (QOL) scales was 57.7 to 84.7 compared with 73.7 in

the general population. Expected mean scores for the patient groups were computed from the refer-

ence values, based on the concept of equivalence of age and gender. The diVerences between the

observed mean scores and the reference values were strongly mediated by this method. The expected

scores for physical function then ranged from 83.3 to 93.1 and from 70.3 to 75 for the QOL scale. The

impact of age and gender on the reference data from the EORTC QLQ-C30 (+ 3) obtained in a general

population shows that these variables must be considered when interpreting data on HRQOL for

cancer patients. The demonstration of how to generate mean values which are adjusted according to

the age and gender distribution of a population should increase the usefulness of this questionnaire

among clinicians. # 1998 Elsevier Science Ltd. All rights reserved.

Key words: health related quality of life, reference data, clinical importance, EORTC QLQ-C30

Eur J Cancer, Vol. 34, No. 9, pp. 1381±1389, 1998

INTRODUCTION

Cancer-specific questionnaires, like the European Organi-

zation for Research and Treatment of Cancer Core Quality of

Life Questionnaire (EORTC QLQ-C30) [1], the Rotterdam

Symptom Checklist (RSCL) [2], the Functional Living Index

Cancer (FLIC) [3], the Functional Assessment of Cancer

Therapy Scale (FACT) [4] and the Cancer Rehabilitation

Evaluation System (CARES) [5], have been developed for

assessment of health related quality of life (HRQOL) in vari-

ous cancer populations and for comparisons across diagnoses

and stages of disease.

Reference data from the general population on generic

HRQOL questionnaires like the Sickness Impact Pro®le

(SIP) [6] and the SF-36 in particular [7], have been derived
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in multiple studies [6±10]. Hardly any such data are available

for cancer-speci®c questionnaires. The RSCL reports data

from healthy controls when measuring HRQOL in diVerent

groups of patients [2], while the EORTC QLQ-C30 was

employed in a Danish study in order to obtain population

values among women [11]. The authors of CARES have

developed a database constructed from data obtained in can-

cer patients free of disease [12]. We have reported reference

data for the EORTC QLQ-C30 (+ 3) in a Norwegian popu-

lation sample [13]. In this study, men reported better func-

tioning than women, as well as superior scores on the quality

of life (QOL) scales, with a gradual decrease in function with

increasing age for both genders. Women reported more

symptoms than men, also increasing with older age. Females

across all ages indicated more problems compared with

males. These trends were similar to those observed in studies

employing generic questionnaires, like SIP and SF-36 [6±

10, 14]. Our results regarding the impact of age and socio-

demographic variables on HRQOL, such as education and

living situation, were consistent with those in Denmark [11].

We now demonstrate how to interpret scores from the

EORTC QLQ-C30 obtained with diVerent patient groups

and how to compare these with our previously reported

reference data (Appendix 1). Clinicians should take into

consideration that impairments not attributable to cancer

may be common among cancer patients as well as in the

general population of similar age. Age and gender itself also

have a profound impact on HRQOL. By means of simple

calculations, age and gender adjusted values can be derived.

This paper illustrates a general technique in which clinicians

may apply our approach to compare our previously published

general population data [13] against their own sets of data for

diseased patients. This method should be considered an

important tool for clinicians when interpreting scores from

patients.

PATIENTS AND METHODS

The EORTC QLQ-C30 (+ 3) questionnaire

The EORTC QLQ-C30 (version 1.0) is a 30 item core

questionnaire intended for assessment of HRQOL among

cancer patients, developed by the EORTC Quality of Life

Study Group. The ®rst version of this questionnaire has been

validated in cancer patients and cross culturally tested in

more than 24 countries [1, 15±20]. In order to assess symp-

toms related to particular concerns, it is recommended that

the core questionnaire is supplemented by disease-speci®c

modules of which there now exist ®ve oYcial ones for use

with colorectal, head and neck, breast, lung and oesophageal

cancers [21±25]. We used an interim version of the QLQ-

C30 containing three additional test items, the EORTC

QLQ-C30 (+ 3). These three items are now implemented in

the next version of the questionnaire, the EORTC QLQ-C30

(version 2.0), replacing the original role function scale and

one of two items in the global QOL scale.

Population sample and methods

The sample was obtained by a random draw from the adult

Norwegian population according to standard procedures of

The OYce of the National Register. It consisted of 3000

people and re¯ected the age and gender distribution of the

adult Norwegian population. The EORTC QLQ-C30 (+ 3),

a questionnaire about sociodemographic data and 14 ques-

tions about past or present illness and health were sent out by

mail. The dichotomous health questions (`yes' or `no') were

identical to those recommended when using the SF-36 [7].

They address prevalent health problems in the population:

hypertension, congestive heart failure, myocardial infarction,

diabetes, cancer, chronic allergies, arthritis, sciatica or

chronic back problems, visual impairment, hearing impair-

ment, chronic obstructive lung problems, chronic skin pro-

blems, paralysed/weak limb and other unspeci®ed, chronic

medical conditions.

The population was divided into six groups, depending on

their health problems. Many subjects had several concurrent

health problems. When examining one problem at a time in

order to make mutually exclusive groups, it was evident that

some of the groups became very small (n ranging from 2 to

116 people). Consequently, six groups were constructed

based on conceptually similar diseases which are often seen as

concomitant problems. Group I (n = 277) consisted of people

suVering from congestive heart failure, myocardial infarction

and chronic obstructive lung problems, while group II

(n = 694) included arthritis, sciatica and paralysed/weak limb.

Group III (n = 339) encompassed people with visual or hear-

ing impairments. The chronic disease group, group IV

(n = 779), included those who had answered `yes' on unspe-

ci®ed chronic medical conditions in addition to people suf-

fering from diabetes, hypertension, chronic allergies and

chronic skin problems. Group V (n = 91) consisted of people

suVering from cancer. Approximately one third of the

respondents, group VI (n = 631), had indicated that they did

not have any health problems.

Statistical analyses

People with health problems may have a tendency to be

older than healthy people. Because HRQOL varies according

to age and gender [7±9, 13, 14], it is not appropriate to com-

pare directly the HRQOL of people with health problems

against the reference values for the normal population.

Instead, an adjustment for age and gender diVerences should

be made. There are two principal approaches to this problem.

First, it is possible to regard the age distribution of the refer-

ence population as being the standard to which all other data

sets should be adjusted. This leads to standardised, or adjus-

ted, mean scores for each of the disease groups. This is simi-

lar to the standardised rates which are commonly employed

by epidemiologists when comparing incidence or prevalence

rates among diVerent subgroups. The second approach,

which we illustrate in Appendix 2, is based upon the concept

of obtaining `expected' mean scores by using the population

reference values and calculating the expected scores that

would be observed for subjects of the same age and gender

distribution as in the disease group. Since each disease group

will have a diVerent age and gender distribution, separate

expected values are calculated for each group. The calcula-

tions make use of the basic reference data (Appendix 1) and

are straightforward. We provide a detailed work example in

Appendix 2. An alternative approach for obtaining expected

scores is to use regression models to obtain individual patient

expected values (Appendix 3).

Signi®cance tests of the diVerences between observed and

expected values (OBSÿEXP) used `bootstrap' methods to

compensate for the non-normality of the data [26]. In this

particular data set, allowance had to be made for overlap,

since the people used for estimating HRQOL in patients were

also included in the total sample and used to derive the
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population expected values; such correction will not be

necessary when our reference data are used by others to

compare against their own data sets.

The computation of the adjusted mean scores, calculation

of P values and standard errors and the regression approach

were carried out with STATA Statistical Software, release 5.0

[27], while version 6.1 of SPSS PC for Windows [28] was

used for the rest of the statistical analyses. All calculations

were performed after linearly transforming the mean scores of

the EORTC QLQ-C30 to a 0±100 scale where high scores

mean a high level of function (functional and QOL scales) or

a high level of symptoms or problems (symptom scales and

single items). So far, no general agreement exists of the de®-

nition of clinical signi®cance. Nevertheless, diVerences of 10

or more on the 100 point scale might be regarded as such

[13, 19, 29], as we use in this study.

RESULTS

Response rate

Of the 3000 packets mailed, 220 unanswered ques-

tionnaires were returned by the respondents themselves, their

relatives or the postal authorities. The reasons for not

answering were: incorrect address, 69; death, 2; disease, 17;

incapability of completing, 20 (total 108). The remaining 112

persons had marked on the statement coupons that they did

not want to participate. A total of 1965 people completed the

questionnaires, yielding a response rate of 68% (1965/2892).

Seventy-two per cent of the respondents returned the ques-

tionnaire before the reminder was sent.

The response rates were higher among women in four of

six age groups (Table 1). The total response rate for men was

67.3% and for women 68.7%, varying from 58.5 to 75.9%

for females and 63.9 to 73.2% for males by age.

Sample characteristics

The mean age of the sample was 47.4 years (range 19±93),

consisting of 1016 men (52%) and 949 (48%) women.

Sociodemographic characteristics are listed in Table 2. Peo-

ple suVering from cancer (n = 91), were older than the rest,

with a mean age of 65.9 years, while those who reported to be

free of disease (n = 631), were much younger (39.0 years).

The 277 people with heart problems had a mean age of 55.6

years, while the mean ages in the other three groups (physical

problems n = 694, visual or hearing impairment n = 339,

chronic disease n = 779) were 52.9, 55.6 and 52.4 years,

respectively.

Mean scale and item scores

Sixty-eight per cent (1334) of the respondents answered

`yes' to one or more of the health questions. The most com-

monly reported health problems were: sciatica or chronic

back problems (n = 523), other chronic medical conditions

(n = 330), hypertension (n = 311), paralysed/weak limb

(n = 264), chronic allergies (n = 202), chronic obstructive lung

problems (n = 154) and congestive heart failure (n = 139).

The scores on the diVerent scales and items regarding

HRQOL from these people are also included when estimat-

ing the reference values for the general population. Many

health problems reported have a high prevalence in the gen-

eral population and many people suVer from more than one

of these conditions.

Table 3 shows the diVerences between the observed mean

scores for each of the disease groups and the expected mean

scores one would get, if the age and gender distributions were

the same in the disease groups as in the total sample. Fur-

thermore, the diVerences between observed and expected

Table 1. Response rate % (n/N) by age and gender

Age group (years) Male Female Total

18±29 63.9 (205/321) 70.9 (185/261) 67.0 (390/582)

30±39 66.1 (228/345) 73.3 (159/217) 68.9 (387/562)

40±49 65.7 (182/277) 67.4 (147/218) 66.5 (329/495)

50±59 73.2 (153/209) 70.0 (145/207) 71.6 (298/416)

60±69 73.0 (114/156) 75.9 (142/187) 74.6 (256/343)

�70 66.3 (134/202) 58.6 (171/292) 61.7 (305/494)

Total 67.3 (1016/1510) 68.7 (949/1382) 67.9 (1965/2892)

Table 2. Sociodemographic variables

Total population

n (%)

Number of responding participants 1965

Mean age (years, range) 47.4 (19±93)

Gender

Male 1016 (52)

Female 949 (48)

Social status

Single, separated, divorced, widowed 920 (47)

Married/living with partner 1045 (53)

Living situation

Living alone 329 (17)

Living with others (spouse/partner,

parents/parents-in-law, children,

other adults)

1626 (82)

Unknown 10

Education

Elementary school up to 10 years 577 (29)

High school, A levels, vocational

education, commercial

college/general college

845 (43)

University/college 508 (26)

Unknown 35 (2)

Work

Working in a paying job/self-employed 1120 (57)

Working at home, retired 418 (21)

Studying, military service, unemployed,

receiving social welfare

376 (19)

Unknown 51 (3)

Type of work

Worker, ®sherman, farmer, driver 716 (36)

Subordinate staV, lower professional 639 (33)

Management position 333 (17)

Self-employed 98 (5)

Unknown 179 (9)
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Table 3. Observed (OBS), age/gender equivalent expected (EXP) mean scores and deviations (OBSÿEXP) for people reporting various past or present health problems

Total sample Cancer

People reporting

no health problems

Cardiac problems

(angina, myocardial

infarction, chronic

obstructive lung disease)

Physical diseases

(arthritis, sciatica,

weak/paralysed limb)

Visual or hearing

impairment

Chronic disease

(hypertension, chronic

skin problems, diabetes,

allergies, other chronic

medical problems)

Male: 1016 Male: 34 Male: 353 Male: 145 Male: 329 Male: 169 Male: 380

Female: 949 Female: 57 Female: 278 Female: 132 Female: 365 Female: 170 Female: 399

n* 1965 91 631 277 694 339 779

Mean age (years, range) 47.7 (19±93) 65.9 (30±92) 39.0 (19±86) 55.6 (19±93) 52.9 (19±92) 55.6 (19±93) 52.4 (19±93)

OBS EXP OBSÿ
EXP

OBS EXP OBSÿ
EXP

OBS EXP OBSÿ
EXP

OBS EXP OBSÿ
EXP

OBS EXP OBSÿ
EXP

OBS EXP OBSÿ
EXP

Functioning scalesy
Cognitive 86.5 76.8 82.5 ÿ5.7 94.0 88.1 5.9 75.9 83.5 ÿ 7.6 79.1 85.4 ÿ 6.3 75.4 83.7 ÿ8.3 81.2 85.5 ÿ4.3

Emotional 82.8 77.9 83.4 ÿ5.5 89.6 82.5 7.1 74.0 83.7 ÿ 9.7 76.8 82.8 ÿ 6.0 77.0 83.7 ÿ6.7 77.1 82.9 ÿ5.8

Physical 89.9 72.0 79.8 ÿ7.8 98.9 93.1 5.8 73.3 83.9 ÿ10.6 79.6 86.9 ÿ 7.3 78.6 83.3 ÿ4.7 82.5 87.3 ÿ4.8

Role 92.8 77.6 86.0 ÿ8.4 99.3 95.1 4.2 79.7 88.6 ÿ 8.9 85.0 91.1 ÿ 6.1 83.4 88.5 ÿ5.1 87.3 91.3 ÿ4.0

Role new 83.3 61.7 76.3 ÿ 14.6 96.2 86.3 9.9 63.7 78.9 ÿ15.2 70.0 81.2 ÿ11.2 69.7 78.6 ÿ8.9 73.4 81.6 ÿ8.2

Social 85.8 70.4 82.4 ÿ 12.0 95.8 87.4 8.4 68.7 83.8 ÿ15.1 76.1 84.7 ÿ 8.6 76.4 83.9 ÿ7.5 76.4 84.8 ÿ8.4

Global QOLy 73.7 59.7 70.3 ÿ 10.6 84.7 75.0 9.7 57.7 71.7 ÿ14.0 62.7 72.7 ÿ10.0 63.7 71.6 ÿ7.9 65.0 72.8 ÿ7.8

Global health/QOLy 75.3 59.9 71.6 ÿ 11.7 86.6 76.8 9.8 58.0 73.2 ÿ15.2 64.2 74.3 ÿ10.1 65.4 73.2 ÿ7.8 66.1 74.4 ÿ8.3

Symptom scalesz
Fatigue 28.8 42.6 31.3 11.3 18.4 28.0 ÿ 9.6 45.8 29.8 16.0 39.0 29.4 9.6 39.1 30.1 9.0 37.9 29.3 8.6

Nausea/vomiting 4.0 10.4 4.7 5.7 2.0 3.8 ÿ 1.8 9.4 4.4 5.0 6.2 4.2 2.0 8.1 4.5 3.6 6.2 4.1 2.1

Pain 20.5 33.9 25.5 8.4 5.2 18.2 ÿ13 37.3 22.8 14.5 39.2 22.3 16.9 28.8 23.1 5.7 31.7 21.8 9.9

Single itemsz
Appetite loss 7.5 12.7 8.8 3.9 2.9 7.4 ÿ 4.5 18.1 8.3 9.8 11.6 7.5 4.1 13.5 8.5 5.0 11.2 7.6 3.6

Constipation 10.7 20.0 16.0 4.0 4.8 8.7 ÿ 3.9 21.7 13.8 7.9 15.9 12.1 3.8 19.8 13.9 5.9 15.7 11.9 3.8

Diarrhoea 9.4 13.7 9.6 4.1 6.1 9.2 ÿ 3.1 14.8 9.4 5.4 12.9 9.6 3.3 14.2 9.5 4.7 12.2 9.5 2.7

Dyspnoea 14.3 29.8 19.6 10.2 4.6 12.0 ÿ 7.4 43.1 18.2 24.9 20.8 15.6 5.2 25.7 18.2 7.5 22.8 15.6 7.2

Financial impact 9.0 14.7 10.4 4.3 1.3 8.3 ÿ 7.0 20.1 9.1 11.0 17.4 9.6 7.8 17.4 9.3 8.1 16.1 9.4 6.7

Sleep disturbance 20.4 36.4 26.3 10.1 10.0 18.2 ÿ 8.2 34.0 22.7 11.3 29.9 22.3 7.6 30.4 23.6 6.8 28.6 21.8 6.8

*n adds up to more than 1965 due to the overlap between groups. yHigher score indicates better function. zHigher score indicates more symptoms. QOL, quality of life; OBS, mean observed score for

each disease group; EXP, expected mean scores one would get if the age and gender distributions were the same in the disease groups as in the total sample, all with standard errors between 0.4 and

0.6; OBSÿEXP, diVerence between observed and expected mean scores (the diVerences in the disease groups had P values < 0.005 or better, except in the cancer group with cognitive function,

P = 0.008; emotional function, P = 0.02; appetite, P = 0.07; constipation, P = 0.11; diarrhoea, P = 0.08 and ®nancial diYculties, P = 0.09).
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(OBS±EXP) values are listed. The expected values are based

upon the sample of 1965 and have standard errors of between

0.4 and 0.6 (the exact values depend upon both the scale or

item and the age/gender distribution of the target group). All

groups, except the cancer group, were so large that their OBS±

EXP diVerences were signi®cant with P < 0.005 or better. For

cancer, most diVerences had P values < 0.005, the exceptions

being: cognitive function, P = 0.008; emotional function,

P = 0.02; appetite, P = 0.07; constipation, P = 0.11; diarrhoea,

P = 0.08; and ®nancial diYculties, P = 0.09.

The cancer patients showed great discrepancies (10 or

more in diVerence) compared with the general population for

all the functioning scales (but emotional), both QOL scales,

fatigue and pain as well as constipation, dyspnoea and sleep

disturbance. The observed mean values for the other disease

groups also showed great deviations from the overall scores

obtained in the total sample (®rst column) in the direction of

lower HRQOL scores, more problems and symptoms as well

as impaired functional levels. The cardiac patients was the

group with the greatest deviations compared with the total

sample, with a diVerence of 10 or more for 8 of 11 scales and

5 of 6 single items. For people suVering from visual and/or

hearing impairments, values on the physical, cognitive, new

role function and both QOL scales diVered by 10 or more, as

did fatigue sleep disturbance and dyspnoea. For people with

physical impairments, the observed mean score for pain was

most aVected (39.2 versus 20.5) compared with the total

population, with the new role function also demonstrating a

considerable diVerence (70.0 versus 83.3). The same two

scales also deviated most from the norm in the chronic

disease group, 31.7 versus 20.5 and 73.4 versus 83.3,

respectively.

For those who had reported no health problems, mean

scores were higher on the functional and QOL scales and

lower on the symptoms and single items when compared with

the overall mean scores from the total sample. The diVerence

was 10 or more for the social and the new role functioning

scale, and for both QOL scales. Regarding the symptom

scales, the greatest diVerence was found with pain, with 5.2

as the mean score in the `healthy' group versus 20.5 in the

total sample. Sleep disturbance and dyspnoea yielded a dif-

ference of 10 among the single items.

When comparing against the age and gender adjusted

expected values, calculated as in Appendix 2, the major

trends were still the same with lower mean scores on the

functional and QOL scales, and higher scores on the single

items and symptom scales for the disease groups. Emotional

function was the only scale which was not aVected for any of

the disease groups, being equal or slightly better for all groups

compared with the mean value from the total sample. The

discrepancies between the observed values and the overall

mean scores were strongly aVected by the age and gender

distribution of each disease group (Table 3).

DISCUSSION

This paper demonstrates that observed values on HRQOL

in patient samples can be very misleading if age and gender

are not taken into consideration. When allowance was made

for these factors, the reduction in HRQOL scores in the dis-

ease groups compared with the values from the general

population was smaller. We have presented how expected

values for a given age- and gender-speci®c population can be

computed by means of simple calculations or a regressional

approach. Although this methodology is known from clinical

trials, it is seldom used in research on HRQOL. The dis-

crepancies between observed and expected values provide

additional, clinically important information of the direct

impact of age and gender on the scores from a HRQOL

questionnaire, because comorbidities are taken into account.

For some purposes, it might be interesting to compare

cancer patients against those reporting no health problems.

However, cancer patients, like members of the general popu-

lation, may suVer from other chronic diseases. Therefore, the

most appropriate reference group will usually be the general

population and that is the group that we selected for this

comparison. The group of cancer patients in this study might

have consisted of mainly cancer survivors. Although there

were few subjects in this group (n = 91), they provide yet

another reference group against which patients with newly

diagnosed cancer, for example, might be compared.

Although we illustrate the calculations using the age-

grouped data presented previously [13], a variation on this

approach is to use the individual patient raw data and apply

regression modelling to ®t an equation which includes age

and sex. This can be used to generate expected (predicted)

values for each individual. In principle, this would be a

slightly more accurate method, since it makes full use of the

individual values and involves ®tting a smooth curve. In

practice, however, it usually makes negligible diVerence to

the estimates and has two disadvantages: it requires access to

the individual patient data and the regression models will

often involve non-linear functions of age which are possibly

diVerent for each gender.

Even though the 14 questions on past or present illness are

recommended when reporting QOL data from the SF-36 [7],

few publications report results regarding this information.

The SF-36 manual [7] has tabulated reference data for ®ve

diagnoses determined by physicians (hypertension, con-

gestive heart failure, diabetes type II, acute myocardial

infarction, clinical depression). All disease groups showed

reduced functional status, except on the mental health scale.

The greatest diVerences were found in people suVering from

congestive heart failure. However, no adjustments were made

for sociodemographic data or comorbidities. The Swedish

study using the SF-36 [14], reported great reduced function-

ing on all scales for those who had stated that they were

handicapped or suVering from long-standing chronic illness.

Compared with population data for the same age groups,

physical function was mostly impaired. Reduced functioning

on all scales of the SF-36 (except mental health and emo-

tional) was also found in the U.K. for patients suVering from

chronic physical disease compared with population scores

[8]. In this study, disease status was veri®ed by a general

practitioner. The observed values for each of the disease

groups in our study were lower on the functional and QOL

scales, meaning impaired function and reduced HRQOL,

and higher on the symptom scales and single items, indicating

more problems than those found in the general population

[13]. The diVerences between the observed values and the

calculated expected values based on the mean scores in the

corresponding age and gender brackets in the general popu-

lation, were large. This was especially true for cardiac

patients, maybe attributable to the fact that the health prob-

lems included in this group are also frequent in the general

population. Regarding the group of cancer patients in the

sample, the expected values calculated were close to those of
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the reference population, strongly deviating from the

observed mean scores. The age composition of the cancer

patients was, therefore, important to consider. Another pos-

sible explanation is that the group might have consisted of

mainly cancer survivors, for example, people who had termi-

nated treatment in the past and who were probably free of

disease. This is supported by the fact that the expected values

in the group were closer than the observed to the scores

obtained from the EORTC QLQ-C30 in a group of cancer

out-patients clinically free of disease [18].

Although we used `bootstrap' methods, because of the

severe non-normality of much of the data, the results are

extremely close to those obtained by carrying out t-tests. For

most applications, a t-test will be adequate. Also, although

the standard errors of the expected values vary, we suggest

that in practice a standard error of 0.5 will be an adequate

approximation. Investigators would need access to our full

data set in order to calculate the exact standard error for the

age/gender adjusted expected values.

One has to be cautious, however, when interpreting scores

from people suVering from diVerent diseases. First, the health

problems were not veri®ed by any clinical assessment and

based on self-report only. Second, the respondents were col-

lapsed into six categories according to health problems and

third, many people suVer from more than one problem.

Nevertheless, common health problems as asked for here are

always prevalent in any Western population and might con-

tribute to more accurate values from a general population in

the construction of reference values.

What should be kept in mind is that the EORTC QLQ-

C30 is a questionnaire which was developed and recom-

mended for use among cancer patients and not intended for

HRQOL assessments in the general population. It is impor-

tant to notice that the intention with the reference values

from the general population is to serve as comparison values

with results from cancer patients, not to assess HRQOL in

the general population per se. This is probably better assessed

with generic HRQOL questionnaires. One might also ques-

tion the relevance of the questions to the general population.

However, the data give an estimate of the level of problems

for the issues raised by the questionnaire. The simplicity of

the layout and the uniformity of the answer categories

enhance the ease of completing and it seemed acceptable to

people in general, underlined by the high response rate of

68%. The ability of the questionnaire to discriminate

between groups of people at a given time point and its clinical

usefulness were supported by the distinct diVerences being

demonstrated between subgroups of people with respect to

gender, age and disease status.

We do not imply, however, that the EORTC QLQ-C30

should be used in non-cancer patients in general. Nor do we

advocate that age and gender are the only two background

factors regardless of comorbidities to consider when inter-

preting data on HRQOL. We think it is important for clin-

icians to get reference data on the EORTC QLQ-C30 and

guidelines on how to use these. This has long been requested

as an aid regarding counselling and treatment. Disease-

speci®c modules [21±25] added to the core questionnaire will

yield additional information about speci®c problems pertain-

ing to certain cancer diagnoses. In non-randomised studies,

the impact of age and gender on the scores observed has to be

examined carefully and if necessary our approach can be used

to compute adjusted values.

In conclusion, cancer patients often experience reduced

HRQOL and report more problems than the general popula-

tion. Nevertheless, not all of this is necessarily attributable to

the cancer diagnosis or its treatment, but might, for example,

be due to increasing comorbidities with increasing age. Data

on HRQOL have to be interpreted with caution, due to the

many confounding factors which might have a profound

impact on HRQOL. As demonstrated in this paper, age and

gender should always be taken into consideration, as well as

concomitant diseases which are prevalent both in the general

population and among cancer patients. Two simple and fea-

sible methods are suggested on how to obtain more reliable

estimates of the mean scores observed in patient studies.
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APPENDIX 1

MEAN SCORES ON SCALES AND ITEMS FOR ALL RESPONDENTS BY GENDER AND AGE GROUPS

The following table was reproduced with permission from Hjermstad MJ, Fayers PM, Bjordal K, et al. J Clin Oncol 1998, 16, 1188±1196.

Male (age range, years) Female (age range, years)

All

(n = 1016)

18±29

(n = 205)

30±39

(n = 228)

40±49

(n = 182)

50±59

(n = 153)

60±69

(n = 114)

� 70

(n = 134)

All

(n = 949)

18±29

(n = 185)

30±39

(n = 159)

40±49

(n = 147)

50±59

(n = 145)

60±69

(n = 142)

� 70

(n = 171)

Total

(n = 1965)

Functioning scales*

Cognitive 87.1 91.6 88.9 89.5 86.5 82.7 77.6 85.8 89.5 87.3 86.9 86.1 86.4 77.9 86.5

Emotional 85.4 87.8 83.7 84.6 83.9 84.8 87.7 79.9 78.7 77.2 76.8 83.2 79.4 84.4 82.8

Physical 93.2 98.0 97.3 91.1 92.9 89.1 77.7 86.4 97.6 93.6 89.9 87.6 78.2 67.7 89.9

Role 94.4 98.3 97.8 97.2 93.0 89.8 82.8 91.0 97.8 94.9 92.5 92.0 89.4 77.8 92.8

Role, new 85.7 92.4 91.0 85.5 84.4 79.0 73.3 80.6 88.4 85.9 82.6 81.3 75.5 68.1 83.3

Social 87.7 94.5 89.4 89.0 84.4 80.9 81.6 83.6 88.9 84.0 80.0 83.9 83.4 80.1 85.8

Global QOL* 75.4 78.5 77.5 76.0 73.5 73.6 70.2 71.7 76.1 73.4 71.2 72.7 69.4 66.4 73.7

Global health/QOL* new 77.3 80.1 78.8 79.0 75.9 75.2 71.4 73.2 77.9 75.7 72.7 74.1 70.2 67.6 75.3

Symptom scalesy
Fatigue 25.0 23.7 25.9 23.3 25.8 23.6 28.5 32.8 32.7 32.6 30.9 30.3 32.5 37.6 28.8

Nausea/vomiting 2.9 2.8 3.2 2.5 3.1 2.3 3.3 5.2 6.5 3.5 5.3 3.8 3.5 8.4 4.0

Pain 16.9 10.6 14.5 17.0 20.6 21.3 22.5 24.4 15.9 19.6 26.4 25.8 32.1 29.0 20.5

Single itemsy
Appetite loss 5.7 8.4 5.4 3.9 3.2 4.2 8.6 9.4 11.9 10.2 8.5 3.7 5.9 15.3 7.5

Constipation 7.1 4.7 3.5 4.6 8.3 9.2 17.7 14.6 10.3 12.7 12.0 14.1 16.3 23.2 10.7

Diarrhoea 9.3 7.5 7.8 11.6 11.8 7.8 9.9 9.4 7.6 9.2 10.4 11.2 9.2 9.5 9.4

Dyspnoea 13.4 9.4 9.5 11.7 14.2 16.1 26.0 15.2 11.7 10.4 12.8 11.4 19.5 25.5 14.3

Financial impact 7.3 3.8 7.3 7.9 9.2 13.3 4.7 10.8 5.9 11.0 13.9 12.3 11.9 11.3 9.0

Sleep disturbance 15.5 11.7 14.5 15.2 18.7 18.6 17.3 25.6 16.6 21.2 24.8 24.8 33.1 35.4 20.4

*Higher score indicates better function. yHigher score indicates more symptoms.
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APPENDIX 2

REFERENCE VALUES [13] FOR THE COGNITIVE

FUNCTIONING SUBSCALE, BROKEN DOWN BY

AGE GROUP AND GENDER

Age group (years) Female Male Total

18±29 89.5 91.6 90.6
30±39 87.3 88.9 88.2
40±49 86.9 89.5 88.3
50±59 86.1 86.5 86.3
60±69 86.4 82.7 84.8
� 70 77.9 77.6 77.8

Total 85.8 87.1 86.5

AGE AND GENDER DISTRIBUTION OF THE

SUBJECTS WITH CARDIAC PROBLEMSÐ

NUMBER OF SUBJECTS IN EACH CATEGORY

WHO COMPLETED THE COGNITIVE FUNC-

TIONING SUBSCALE

Age group (years) Female Male Total

18±29 17 9 26
30±39 8 21 29
40±49 14 15 29
50±59 14 16 30
60±69 23 26 49
� 70 48 54 102

Total 124 141 265

From the reference values, we see that the `expected' mean score
for each of the 17 females aged 18±29 years is 89.5. Therefore, for
124 females with the same age distribution as the subjects with car-
diac problems, we would expect a total sum score of:

17�89.5 + 8�87.3 + 14�86.9 + 14�86.1
+ 23�86.4 + 48�77.9 = 10 368.3

Therefore, the expected mean value for females is

10 368.3/124 = 83.6

Similarly the expected sum score for the males is:

9�91.6 + 21�88.9 + 15�89.5 +
16�86.5 + 26�82.7 + 54�77.6 = 11 758.4

Therefore, the expected mean value for males is

11 758.4/141 = 83.4

Consequently the expected mean value for the 265 subjects is

22 126.7/265 = 83.5

Since the observed mean score for cognitive function in patients
with cardiac problems was 75.9, they have a mean score which is
75.9ÿ83.5 = 7.6 below the expected value for people of similar age
and gender.

Note that the overall mean score in the population was 86.5, and
that if we used that number without making adjustment for age and
gender distributions we would have estimated the subjects with car-
diac problems to be 10.6 below the reference value.

APPENDIX 3

Using the regression approach with the individual subject reference
data, we start by ®tting a suitable function of age and gender. Since
inspection of the plotted data suggests a non-linear age relationship, a
`dummy variable' is created for a quadratic age2 term. An age/gender
interaction term was also put into the model, allowing diVerent age
trends for the two genders.

agegen=age*(gender-1)
agesq=age*age/100

We regress xcf (cognitive function, mean score) against age, agesq,
agegen, gender
Using the statistical package STATA [26], we obtain:

This regression equation, which allows for age and gender, can
then be used to predict the most likely values for each person with
cardiac problems.

With STATA [26], this is done by the simple command

predict expCF

The mean value of the expected cognitive function scores for the 265
subjects with cardiac problems was 83.3. This is almost the same as
the estimate using the grouped data presented in Ref. 13.
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