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Abstract

Background: Limited information exists regarding the natural progression of health-related quality of
life (HRQOL) in the general population, as most research has been cross-sectional or has followed
populations with specific medical conditions. Such norms are important to establish, because the effect
of any intervention may be confounded by changes due to the natural progression of HRQOL over
time. Methods: Participants were randomly selected from 9 Canadian cities and surrounding rural areas.
Changes in the eight domains and 2 summary component scores of the Medical Outcomes Study
36-item short form (SF-36) were examined over a 5 year period (1996/1997–2001/2002). Mean changes
were calculated for men and women within 10 year age categories. Multiple imputation was used to
adjust for potential selection bias due to missing data. Results: The baseline sample included 6539
women and 2884 men. Loss to follow-up was 17% for women and 23% for men. Mean changes tended
to be small, but there was an overall trend towards decreasing HRQOL over time. Changes were more
pronounced in the older age groups and in the physically oriented domains. Younger age groups tended
towards small mean improvements, particularly in the mentally oriented domains. Large standard errors
suggest that on an individual level, large improvements in some participants are balanced by large
declines in others. Conclusion: In general, the HRQOL of Canadians appears relatively stable over a
5 year period. However, care should be taken when assessing HRQOL longitudinally in certain age or
gender groups, as changes associated with an intervention can potentially be confounded by the natural
progression of HRQOL.
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Introduction

The widespread use of the Medical Outcomes
Study 36-item short form (SF-36) [1, 2] for the
assessment of health-related quality of life
(HRQOL) has resulted in a large body of literature
estimating the burden of a variety of diseases and
assessing the benefits of a wide range of treatments
and interventions [1–6]. The content of the SF-36
is based on earlier work of the Health Insurance
Experiment (HIE), which had aimed to construct
the best possible scales for measuring a broad ar-
ray of functional status and well being concepts.
The HIE clearly demonstrated that such tools were
valid and reliable for assessing changes in health
status in the general population [1]. However, little
information is available regarding the natural
progression of HRQOL in the general population,
as most research using the SF-36 has been cross-
sectional or has followed populations with specific
medical conditions [3, 7, 8].

One longitudinal, population-based study
examined British residents between 35 and
55 years of age at baseline, with a mean follow-up
of 36 months [7]. They noted that cross-sectional
data underestimated the within-person declines
associated with increasing age, and emphasized the
need for repeated measures of the SF-36 in pop-
ulation-based studies. A secondary analysis of a
subset of civil servants between the ages of 54 and
59 at baseline noted small declines in physical
functioning in both men and women, although
mental functioning remained stable [9].

A second population-based study assessed par-
ticipants in the Canadian Multicentre Osteoporo-
sis Study (CaMos) [8] who were between the ages
of 40 and 59 years at baseline, also over a 3 year
period. In general, it appeared that while the mean
HRQOL of the participants remained fairly stable
over 3 years, declines were more evident in the
physical than the mental domains, as in the British
study. Although mean HRQOL changes were
small, the standard deviations of the observations
were generally high, suggesting that a number of
participants had large improvements while others
had large declines, essentially canceling each other
out. This suggests that changes in HRQOL fol-
lowing an intervention are probably not con-
founded by declines due to population aging, as
long as the follow-up period is of relatively short

duration, but whether this holds over longer
periods of time is unknown. Moreover, little is
known about the stability of SF-36 scores in
younger (under 35 years) and older (over 60 years)
men and women.

The initiation of CaMos in 1996 provided the
opportunity to develop age- and sex-standardized
norms for Canadians [10], assess regional differ-
ences [11], and more recently, examine changes
over a 3 year follow-up for a subset of participants
[8]. A follow-up of the full cohort took place
5 years after the baseline assessment, providing the
opportunity to lengthen the follow-up period
compared to the 3 year assessment, and expand
the age range to include all adults ages 25 years
and over. This information will provide the re-
search community and health care professionals
with some guidance as to how much change in
HRQOL over time can be attributed to a natural
evolution of HRQOL, and what can be attributed
to an intervention or the progression of a chronic
illness.

Methods

CaMos is an on-going, prospective cohort study of
9423 non-institutionalized, randomly selected men
and women 25 years of age and older at baseline,
drawn from a 50 km radius of nine Canadian cities
(St John’s, Halifax, Quebec City, Toronto,
Hamilton, Kingston, Saskatoon, Calgary and
Vancouver). A detailed description of the purpose,
methodology and sampling framework for CaMos
is available elsewhere [10, 12]. In brief, households
within each region were selected by random draws
of listed telephone numbers, and one randomly
selected household member 25 years of age or
older was asked to participate. Ethics approval
was obtained through the Review Boards of each
participating centre.

Baseline assessments took place between
February 1996 and September 1997, and the
5 year follow-up took place between February
2001 and September 2002. The interviews were
conducted in person at both time points, and in-
cluded sociodemographic, family history, risk
factors and lifestyle questions, as well as the
Medical Outcomes Trust 36-item short form
(SF-36) [1, 2]. The SF-36 yields 8 domain scores
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including physical functioning (PF), role physical
(RP), role emotional (RE), bodily pain (BP), gen-
eral health perceptions (GH), vitality (VT), social
function (SF) and mental health (MH) [1], as well
as a Physical Component Summary (PCS) and a
Mental Component Summary (MCS) [2]. Al-
though a more recent SF-36 version is now avail-
able [3], version 1.0 was used to increase the
validity of comparisons between the two time
points. In order to assess change over time, base-
line scores were subtracted from the year 5 scores,
so that positive values indicate improvement in
HRQOL.

Multiple imputation [13] was used to adjust for
possible selection bias, as not all subjects who
provided baseline data also participated at year 5.
Participants who had died were omitted from the
analysis, because change scores are not defined for
this population. Imputed values were derived from
regression models predicting SF-36 changes over
5 years, using data from respondents with com-
plete data at both time points. We developed
separate models for each age and gender category.
Variables considered for the models are presented
in Appendix A, and were selected on the basis of
empirical evidence and/or demonstrated associa-
tion with HRQOL in other CaMos analyses.
Variables entered into each of the models differed,
depending on the age and gender category.

The BIC model selection criterion [14] was used
to select the best predictive model for each domain
and summary score. We then entered baseline data
from those missing year 5 data into the models to
impute the changes in scores. Simultaneous
regression parameter estimations and multiple
imputations for all missing data were carried out
via a Gibbs sampler algorithm as implemented in

Bugs software (version 0.603, Cambridge, Institute
of Public Health, MRC Biostatistics Unit, 1995).
We ran up to 20,000 iterations of the Gibbs sam-
pler to ensure accurate estimation. Multiple values
were imputed for each missing item, and final re-
sults were averaged across all imputations. The
multiple values account for the fact that the
missing data predicted from the regression models
are not known with certainty.

Results

Table 1 outlines the loss to follow-up over the
5-year period. More women were lost to follow-
up, but the percentage of men was greater (1109 or
17.0% women; 662 or 23.0% men). However, a
substantial number of these preferred to do a short
questionnaire over the telephone (282 women; 147
men), and as a result they did not have SF-36 data
at the time of the 5-year follow-up. The other
reasons for loss to follow-up include death (401
women; 243 men); unable to contact (149 women,
128 men), not interested (92 women, 25 men), too
sick (69 women, 29 men), moved away (64 women
and 59 men) and other (52 women, 31 men) which
included reasons such as cancelled, no time or no
reason given.

Comparison of those with and without 5-year data

The baseline scores of those with and without
5-year follow-up data differed for a number of age-
domain and age-component summary categories.
For the women, those with a 5-year follow-up had
higher scores in 40 of 48 (83.3%) age-domain cells
and 11 of 12 (91.7%) age-component summary

Table 1. Sample size and loss to follow-up at year 5, by age group and gender

Age group

(years)

Women Men

Baseline

total 1996/1997

5 year

total 2001/2002

Lost to

follow-up

Baseline total

1996/1997

5 year

total 2001/2002

Lost to

follow-up

25–34 200 170 30 (15.0%) 200 152 48 (24.0%)

35–44 286 261 25 (8.7%) 212 173 39 (18.4%)

45–54 1111 1024 87 (7.8%) 587 486 101 (17.2%)

55–64 1639 1461 178 (10.9%) 640 554 86 (13.4%)

65–74 2134 1771 363 (17.0%) 802 625 177 (22.1%)

P75 1169 743 426 (36.4%) 443 232 211 (47.6%)

Total 6539 5430 1109 (17.0%) 2884 2222 662 (23.0%)

529



cells. For the men, those with follow-up data had
higher scores in 41 of 47 (87.2%) age-domain cells
(the mean score for one cell was identical) and 11
of 12 (91.7%) age-component summary cells.
Higher scores represent better health status, so in
general, those with follow-up had a better mean
health status at baseline than those lost to follow-
up. Results from those who provided data at both
time points may be biased, and therefore the re-
sults in Tables 2–5 are based on the multiple
imputation adjusted mean differences in scores
from baseline to 5 years.

Variables selected for the best models for impu-
tation of missing data differed for men and women,
across the age strata and for each domain and
summary score, and therefore are not described in
detail. Appendix A contains the list of variables
that contributed to change in one or more domains
of the SF-36. In general, the baseline values of the
SF-36 domain scores or component summary

scores were included in the models, and these were
always the strongest predictors.

Mean changes

The estimated mean changes for women and men
are presented in Tables 2 and 3, respectively, along
with 95% credible intervals (CrIs). The CrI is the
Bayesian analogue to frequentist confidence
intervals, and provides an interval within which
the true parameter value lies with 95% probability,
given the data and any prior information included
in the model. As we used very low information
prior distributions for all analyses, the 95% CrIs
are essentially based on information from the data
alone. While the mean changes were not large, the
standard deviations (SDs) of the observations were
generally high, suggesting that large HRQOL
improvements in some participants were cancelled
out by large declines in others.

Table 2. Estimated mean SF-36 change for women

Age group at baseline SF-36 Domains/Summary scores

PF RP BP GH VT SF RE MH PCS MCS

25–34 (n = 198–200)*

Mean difference )0.6 2.8 0.8 1.3 2.0 2.9 5.0 2.5 )0.1 1.7

95% CrI of mean difference )1.3;0.1 1.1;4.5 )0.3;1.8 0.5;2.1 1.1;2.9 1.9;3.9 3.4;6.6 1.7;3.1 )0.4;0.3 1.3;2.2

35–44 (n = 268–285)

Mean difference )1.7 1.7 )1.9 )0.6 )0.4 2.9 2.8 0.9 )0.7 1.1

95% CrI of mean difference )2.2;)1.1 0.5;3.0 )2.7;)1.1 )1.1;)0.1 )1.0;0.2 2.1;3.6 1.6;4.0 0.4;1.4 )1.0;)0.4 0.7;1.4

45–54 (n = 766–1101)

Mean difference )3.0 0.0 )1.4 )0.5 0.7 1.5 2.4 1.6 1.4 1.3

95% CrI of mean difference )3.3;)2.8 )0.6;0.6 )1.8;)1.1 )0.7;)0.2 0.5;1.0 1.2;1.8 2.0;2.9 1.3;1.8 )1.5;)1.2 1.2;1.5

55–64 (n = 1221–1604)

Mean difference )3.7 )2.0 )2.0 )0.9 )0.3 0.9 2.1 1.6 )1.6 1.3

95% CrI of mean difference )3.9;)3.4 )2.5;)1.5 )2.3;)1.7 )1.2;)0.7 )0.5;)0.1 0.6;1.2 1.6;2.5 1.3;1.8 )1.7;)1.4 1.2;1.4

65–74 (n = 1865–2013)

Mean difference )7.1 )4.0 )3.2 )2.0 )4.1 )0.7 1.2 0.4 )2.5 0.7

95% CrI of mean difference )7.4;)6.8 )4.6;)3.4 )3.6;)2.9 )2.2;)1.8 )4.4;)3.8 )1.0;)0.4 0.6;1.7 0.2;0.6 )2.6;)2.4 0.6;0.8

75+ (n = 555–999)

Mean difference )11.8 )2.9 )2.7 )4.0 )5.8 )3.6 1.7 )0.5 )3.5 0.6

95% CrI of mean difference )12.5;)11.1 )4.7;)1.2 )3.4;)2.0 )4.5;)3.4 )6.4;)5.3 )4.5;)2.7 0.6;2.8 )1.0;0.1 )3.8;)3.1 0.3;0.9

* These values represent the range of the sample size for each age category. The sample size varies due to the differing amounts of

missing data available for the imputation models.

CrI = Credible Interval.

Bias adjusted through multiple imputation.

PF = Physical function, RP = Role physical, BP = Bodily pain, GH = General health perceptions, VT = Vitality, SF = Social

function, RE = Role emotional, MH = Mental health, PCS = Physical component summary, MCS = Mental component

summary.
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Overall, for the 48 age-domain cells, the number
of mean scores that declined outnumbered the
number of mean scores that improved, for both
men and women. Women reported HRQOL
improvements in 21 of 48 (43.8%) age-domain
cells; declines were noted in 27 of 48 (56.3%) age-
domain cells. Men reported improvements in 19 of
48 (39.6%) age-domain cells, and declines in 29 of
48 (60.4%) age-domain cells.

For the component summary scores, improve-
ments and declines were close to equal. Women
improved in 7 of 12 (58.3%) and declined in 5 of
12 (41.7%) of the age-component summary cells.
Men improved in 5 of 12 (41.7%), declined in 6 of
12 (50.0%) and stayed the same in 1 of 12 (8.3%)
of the age-component summary cells. Declines
were much more apparent in the physically ori-
ented domains of PF, RP, BP and GH and the
PCS, for both men and women. By contrast, the
mentally oriented domains of VT, SF, RE and

MH were more likely to improve, which was more
pronounced in women.

Size of mean changes

There is debate in the literature about whether five
or ten point changes are required for clinical
relevance. A minimum change of five points is
considered clinically and socially relevant by some
[1], while others consider a larger change of ten
points as important [15, 16]. For both men and
women, older age groupings showed much more
decline than the younger age groupings, particu-
larly in the physically oriented domains. For
women, the PF for those 65–74 and 75+ years had
a mean decline that exceeded five points. The mean
change in VT also exceeded five points for the age
group of 75+ years.

For men, mean changes greater than five points
were seen for the PF domain in those 65–74 and

Table 3. Estimated mean SF-36 change for men

Age group at baseline SF-36 Domains/Summary scores

PF RP BP GH VT SF RE MH PCS MCS

25–34 (n = 53–200)*

Mean difference )2.7 )1.0 2.4 )1.8 )3.7 1.3 0.7 0.4 )0.7 0.0

95% CrI of mean difference )5.0;)0.4 )3.3;1.1 0.9;3.9 )2.9;)0.6 )4.8;)2.5 )0.1;2.8 )1.5;3.0 )0.9;1.6 )1.2;)0.2 )0.6;0.7

35–44 (n = 117–212)

Mean difference )0.3 2.3 0.6 )0.3 )0.7 1.3 8.0 0.3 0.0 0.5

95% CrI of mean difference )1.2;0.5 0.6;4.0 )0.8;2.0 )1.2;0.6 )1.6;0.2 0.3;2.4 6.3;9.8 )0.6;1.2 )0.4;0.5 )0.0;1.0

45–54 (n = 544–575)

Mean difference )1.3 0.4 )1.0 )1.1 0.5 3.4 5.4 2.6 )1.1 2.0

95% CrI of mean difference )1.8;)0.8 )0.5;1.3 )1.6;)0.3 )1.5;)0.6 )0.0;1.0 2.9;4.0 4.7;6.2 2.1;3.0 )1.3;)0.9 1.8;2.2

55–64 (n = 454–627)

Mean difference )1.6 0.1 0.6 )1.0 )0.5 1.1 )0.2 1.5 )0.4 0.5

95% CrI of mean difference )2.0;)1.2 )0.7;1.0 0.1;1.2 )1.4;)0.6 )0.8;)0.1 0.7;1.6 )0.8;0.4 1.2;1.9 )0.6;)0.2 0.3;0.7

65–74 (n = 703–735)

Mean difference )7.8 )4.4 )2.4 )3.2 )4.4 )2.7 )1.6 )0.8 )2.6 )0.2
95% CrI of mean difference )8.4;)7.2 )5.4;)3.2 )3.1;)1.8 )3.7;)2.7 )4.8;)3.9 )3.3;)2.1 )2.5;)0.7 )1.2;)0.4 )2.9;)2.3 )0.4;0.1

75+ (n = 319–350)

Mean difference )12.5 )7.2 )2.8 )4.4 )8.6 )4.3 2.9 )0.5 )4.4 0.5

95% CrI of mean difference )14.3;)10.7 )10.2;)4.2 )4.5;)1.1 )5.6;)3.2 )9.9;)7.2 )6.0;)2.7 0.6;5.2 )1.6;0.6 )5.2;)3.7 )0.1;1.1

* These values represent the range of the sample size for each age category. The sample size varies due to the differing amounts of

missing data available for the imputation models.

CrI = Credible interval.

Bias adjusted through multiple imputation.

PF = Physical function, RP = Role physical, BP = Bodily pain, GH = General health perceptions, VT = Vitality, SF = Social

function, RE = Role emotional, MH = Mental health, PCS = Physical component summary, MCS = Mental Component sum-

mary.
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75+ years of age. For those 75+ years, the
domains of RP and VT also showed mean declines
of over five points. However, for the RE domain,
women 25–34 years had a mean improvement of
5.0 points, while men 35–44 and 45–54 years had a
mean improvement of 8.0 and 5.4 points, respec-
tively.

In addition, for women the credible intervals
were both negative for 24 of 27 (88.9%) age-
domain groups that had a mean decline, as well as
4 of 5 (80.0%) of the age-component summary
cells that showed a mean decline, suggesting real
decline. Likewise, the CrIs were both positive for
20 of 21 (95.2%) of the age-domain cells that im-
proved, and 6 of 7 (85.7) of the age-component
summary cells that improved, suggesting real
improvement. For men, the CrIs were both nega-
tive for 23 of 29 (79.3%) age-domain groups that
had a mean decline, as well as 5 of 6 (83.3%) of the
age-component summary cells that showed a mean
decline, and both positive for 11 of 19 (57.9%) of
the age-domain cells that improved, and 2 of 6
(33.3%) of the age-component summary cells that
improved.

Percent changing by 10 points or more

In order to attain a better understanding of the
distribution of moderate changes, Tables 4
(women) and 5 (men) contain the adjusted per-
centage of those who improved by P10 points,
those who stayed within 10 points of their baseline
score, and those who declined by P10 points.
However, a 5-point change was used for the PCS
and MCS, as the distribution of the summary
scores is narrower (8–72 for the PCS and 9–74 for
the MCS [2]).

Only one domain, BP for men 25–34 years, had
a larger percentage who improved by P 10 points
as compared to the percentage who declined by P
10 points or stayed within 10 points of their
baseline score. Fourteen age-domain cells (9 for
women, 5 for men) had more who declined by P
10 points than the percent who improved P 10
points or stayed within 10 points of their original
score. These 14 are bolded in the two tables. Seven
of these involved the BP domain (all but the
youngest age group for women, and the two oldest
age groups for men). The other 7 included PF for

Table 4. Percent of women who improved by P10 points, stayed within 10 points of their baseline score, or declined by P10 points

over the 5 year follow-up (5-point changes for the PCS and MCS)

Age group at baseline SF-36 Domains/Summary scores

PF RP BP GH VT SF RE MH PCS* MCS*

25–34 Improved by P10 points 13.3 20.5 31.6 23.3 31.9 32.3 24.7 28.1 9.1 19.4

Change of <10 points 66.5 60.1 35.6 56.4 40.8 45.2 59.1 52.6 80.8 68.3

Declined by P10 points 20.2 19.4 32.8 20.3 27.3 22.5 16.2 19.3 10.1 12.3

35–44 Improved by P10 points 16.9 22.6 32.7 25.8 31.5 34.2 21.4 20.9 11.1 14.2

Change of <10 points 59.6 58.1 29.8 49.6 38.5 45.7 64.1 61.6 77.9 74.4

Declined by P10 points 23.5 19.3 37.5 24.6 30.0 20.1 14.5 17.5 11.0 11.4

45–54 Improved by P10 points 19.2 18.0 31.1 24.0 30.6 29.8 18.1 23.0 8.5 13.7

Change of <10 points 52.4 63.1 31.3 51.0 42.2 46.6 67.5 60.0 78.4 77.0

Declined by P10 points 28.4 18.9 37.6 25.0 27.2 23.6 14.3 17.0 13.1 9.3

55–64 Improved by P10 points 18.8 20.8 31.1 22.2 27.8 26.7 17.3 23.8 8.5 12.0

Change of <10 points 49.3 56.7 32.1 51.6 43.8 49.4 68.4 59.0 76.9 79.7

Declined by P10 points 31.9 22.5 36.8 26.2 28.4 23.9 14.3 17.2 14.6 8.3

65–74 Improved by P10 points 16.6 21.8 29.1 21.9 20.6 23.7 19.2 21.7 7.4 11.7

Change of <10 points 40.6 49.0 31.8 47.4 40.9 48.8 63.0 58.4 74.6 79.4

Declined by P10 points 42.8 29.2 39.1 30.7 38.5 27.5 17.8 19.9 18.0 8.9

75+ Improved by P10 points 14.9 29.5 29.6 19.4 21.1 25.7 24.3 22.7 7.8 13.2

Change of <10 points 29.5 37.2 31.2 44.4 36.2 37.0 53.8 52.2 70.1 75.5

Declined by P10 points 55.6 33.3 39.2 36.2 42.7 37.3 21.9 25.1 22.1 11.4

PF = Physical function, RP = Role physical, BP = Bodily pain, GH = General health perceptions, VT = Vitality, SF = Social

function, RE = Role emotional, MH = Mental health, PCS = Physical component summary, MCS = Mental component sum-

mary.

* PCS and MCS changes are based on 5 points rather than 10 points,

Bold items are the 9 cells where percent that declined exceeds the percent stable and percent improved.
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women 65 – 74 years and 75+ years, as well as VT
and SF in women 75+ years. The remaining 3
involved the men 75+ years, and included the PF,
RP and VT domains.

For most of the cells, the largest percentage
demonstrated a change of <10 points (<5 for the
PCS and MCS). For women, this included 39 of 48
(81.3%) of the age-domain scores cells and all 12
of the age-component summary cells (5 points for
the PCS and MCS). For men, this included 42 of
48 (87.5%) of the age-domain scores cells and all
12 of the age-component summary cells.

Discussion

There is a consistent trend across all age groups and
in both men and women towards lower quality of
life for the physically oriented domains (PF, RP, BP
and GH) as age increases. However, most of the
mentally oriented domains (SF, MH and particu-
larlyRE) showed small mean improvements despite
increasing age. The Vitality domain was the excep-
tion; despite being considered one of the mentally

oriented domains [2], it showed more mean declines
than improvements with advanced age.

While the overall trend was one of decline, the
changes tended to be small. The majority of
respondents exhibited changes that were less than
10 points in magnitude (5 points for the PCS and
MCS), suggesting that in general, SF-36 scores
display reasonable stability over time.

This finding is consistent with previous work.
Hemingway et al. noted mean declines in all do-
main scores over a 3 year period, ranging from 0.3
(MH) to 3.0 (RP) in men and 0.3 (MH) to 2.4 (RP)
in women with no physical or psychiatric disease
[7]. Declines were larger for those with physical
disease, psychiatric disease or both [7]. Previous
work with a subset of the CaMos population
(40–59 years) identified declines in 68.8% of the
domain-age groups for women and 56.3% of the
domain-age groups for men over a 3 year period
[8]. Our results indicate that when examined over a
5 year period and including a wider age group
(25–75+ years), 56.2% of the age-domain groups
for women and 60.4% of the age-domain groups
for men exhibit decline.

Table 5. Percent of men who improved by P10 points, stayed within 10 points of their baseline score, or declined by P10

points over the 5 year follow-up (5-point changes for the PCS and MCS)

Age group at baseline SF-36 Domains/Summary scores

PF RP BP GH VT SF RE MH PCS*

25–34 Improved by P10 points 13.0 17.3 37.4 31.4 19.6 28.6 20.5 23.3 5.5

Change of <10 points 64.1 63.1 35.7 43.7 46.1 49.7 61.0 56.9 85.6

Declined by P10 points 22.9 19.6 26.9 24.9 34.3 21.7 18.5 19.8 8.9

35–44 Improved by P10 points 16.0 20.7 31.9 25.0 24.5 26.7 22.5 20.3 7.5

Change of <10 points 68.9 64.2 37.3 51.8 51.2 53.3 68.5 61.3 83.0

Declined by P10 points 15.1 15.1 30.8 23.2 24.3 20.0 9.0 18.4 9.5

45–54 Improved by P10 points 16.3 18.0 30.9 20.7 27.9 28.9 18.4 21.8 5.9

Change of <10 points 64.8 64.7 35.7 55.0 47.7 52.4 71.3 65.9 83.0

Declined by P10 points 18.9 17.3 33.4 24.3 24.4 18.7 10.3 12.3 11.1

55–64 Improved by P10 points 17.7 19.7 33.9 23.8 25.1 23.0 13.7 21.3 8.1

Change of <10 points 60.0 61.4 34.5 48.4 46.7 55.8 72.1 64.4 83.3

Declined by P10 points 22.3 18.9 31.6 27.8 28.2 21.2 14.2 14.3 8.6

65–74 Improved by P10 points 15.8 20.9 28.5 21.0 18.5 19.4 15.7 19.1 6.8

Change of <10 points 44.5 49.5 34.0 45.6 43.0 52.2 65.2 59.8 74.0

Declined by P10 points 39.7 29.6 37.5 33.4 38.5 28.4 19.1 21.1 19.2

75+ Improved by P10 points 16.1 25.3 29.8 18.1 16.7 21.7 25.0 23.2 5.8

Change of <10 points 29.4 36.2 33.1 46.8 35.7 42.5 52.8 53.1 69.8

Declined by P10 points 54.5 38.5 37.1 35.1 47.5 35.8 22.2 23.7 24.4

PF = Physical Function, RP = Role Physical, BP = Bodily Pain, GH = General Health Perceptions, VT = Vitality, SF = Social

Function, RE = Role Emotional, MH = Mental Health, PCS = Physical Component Summary, MCS = Mental Component

Summary.

* PCS and MCS changes are based on 5 points rather than 10 points.

Bolded items are the 5 cells where the percent that declined exceeds the percent stable and percent improved.
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The pattern of change remains similar. Previous
data identified the greatest variability in the BP,
VT and DF domains [8], which was replicated in
the current study. Direct comparison of the slopes
of the changes is difficult as the age groupings are
not the same. However, in general, domains that
exhibited declines or improvements over the 3 year
study exhibited similar declines or improvements
over the 5 year study. Our results, as well as those
of the two previous longitudinal studies [7, 8],
suggest that changes accumulated over time could
become quite large.

This study is the first to assess change in youn-
ger (<35 years) and older (>55 years) age
groups. HRQOL may improve quite substantially
over time, particularly in the mentally oriented
domains and in the younger age groups. For
women, the mean change remains positive across
all age groups for RE, and for MH, only those in
the 75+ year group show a mean decline. For
men, declines in the mentally oriented domains
only become apparent after age 65 years. For the
physically oriented domains, mean declines are
more common for both men and women, partic-
ularly in those over 65 years of age.

The assessment of SF-36 change over time
provides additional information for establishing
meaningful change over time [17]. In general,
changes in HRQOL following an intervention are
probably not confounded with changes due to
aging provided that the follow-up period is of
relatively short duration. However, in some
groups, and in particular the oldest age groups, it
is possible that the effects of a beneficial treatment
or intervention may not be evident, if the effect of
the intervention is of the same magnitude (but in
the opposite direction) as the HRQOL decline due
to aging. It should be noted, however, that these
results are based on a random sample of the
population, which may have different HRQOL
than patients selected for an intervention or a
clinical trial.

One limitation of the study is the loss to follow-
up, at 17% of the women and 23% of the men. In
addition, a small proportion of those lost to
follow-up indicated that they were too sick, which
is selected loss to follow-up and may lead to
a slight underestimation of the real natural
progression of HRQOL. While multiple imputa-
tion was used to adjust for bias due to missing

data, this technique also has assumptions and
limitations. For example, we assumed that the
baseline data were sufficiently detailed to predict
5 year changes, and that patterns of change were
similar in both respondents and non-respondents
after adjusting for baseline differences. Therefore,
despite adjusting for baseline characteristics, we
conclude that non-respondents at 5 years may still
differ from those with complete data.

A second limitation is that the SF-36 domains
have a pronounced ceiling effect in the general
population for certain domains, in particular RP
and RE. This is somewhat more pronounced in
men and in younger age groups. An evaluation of
change may therefore be underestimated by our
inability to detect changes in those at the ceiling of
the domain scores.

In conclusion, it appears that overall, the mean
HRQOL of Canadian residents remains fairly sta-
ble over 5 years, as the majority of the mean dif-
ferences were relatively small for most domain and
age categories. However, large standard errors
suggest that on an individual level, large improve-
ments in some participants are balanced by large
declines in others, resulting in small mean differ-
ences. Notable improvements are evident in the
younger age groups in the mentally oriented do-
mains, as are large declines in the older age groups
in the physically oriented domains.

Care should therefore be taken when assessing
HRQOL changes over time, as changes associated
with a treatment or intervention can potentially be
confounded by the natural progression of
HRQOL over time. Changes in HRQOL may need
to be examined within the context of the age,
gender and SF-36 domain or component summary
score under investigation.
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Appendix

Appendix A. Variables considered for entry into the imputa-

tion models

Baseline SF-36

All baseline SF-36 domain and component

summary scores

Administrative information centre

Age

Employment status

Education level

Appendix A. Continued

Physical characteristics

Height

Body mass index

Bone mineral density spine (L1–4)

Bone mineral density, femoral neck

Comorbid conditions (Self-reported)

Osteoporosis

Osteoarthritis

Rheumatoid arthritis

Chronic obstructive pulmonary disease

Thyroid disease

Scoliosis

Eating disorder

Liver disease

Breast cancer

Uterine cancer

Prostate cancer

Irritable bowel syndrome

Kidney stones

Kidney disease

Hypertension

Heart disease

Cerebrovascular accident or

transient ischemic attack

Neuromuscular disease

Diabetes type I

Diabetes type II

Phlebitis

Number of comorbid conditions

Previous surgery

Stomach

Intestine

Gall bladder

Thyroid

Fracture and immobility

Immobilized for more than one month

Deformity

History of fracture

Fracture of forearm or wrist, minimal trauma

Fracture of ribs, minimal trauma

Fracture of pelvis, minimal trauma

Fracture of back, minimal trauma

Lifestyle and activity

Smoked cigarettes for at least 6 months

Lifetime packs of cigarettes

Activity level at work

Time spent walking, typical week, past 6 months

Current participation in regular activity

Number of sedentary hours per day

Daily calcium intake, past 12 months

Caffeine intake, past 12 months

Number of alcoholic beverages

Weekly kilocalories spent in vigorous

or moderate activity

Reproductive history

Number of children fathered

Pregnant in the past 12 months
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Appendix A. Continued

Number of live births

Breastfeeding history

Menopausal status

Uterus removed

Ovaries removed

Medication use

Current hormone replacement therapy

Ever taken cortisone daily

Current corticosteroid use

Current bisphosphonate use
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