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ABSTRACT

Objectives: Global self-rated health (SRH) has
become extensively used as an outcome measure in
population health surveillance. The aim of this study
was to analyse the effects of age and secular trend
(year of investigation) on SRH.

Design: Prospective cohort study, using population-
based data from eight ongoing cohort studies, with
sampling performed between 1973 and 2003.
Setting: Sweden.

Participants: 11 880 women and men, aged

25-99 years, providing 14 470 observations.
Primary outcome measure: Global SRH.
Results: In multiple ordinal logistic regression
analyses, adjusted for the effects of covariates, there
were independent effects of age (p<0.0001) and of
year of investigation (p<0.0001) on SRH. In women
the association was linear, showing lower levels of
SRH with increased age, and more recent year of
investigation. In men the association was curvilinear,
and thus more complex. The final model explained
76.2% of the SRH variance in women and 74.5% of
the variance in men.

Conclusions: SRH was strongly and inversely
associated with age in both sexes, after adjustment for
other outcome-affecting variables. There was a strongly
significant effect of year of investigation indicating a
change in SRH, in women towards lower levels over
calendar time, in men with fluctuations across time.

INTRODUCTION

Global self-rated health (SRH), a one-item
simple question in which respondents are
asked to rate their overall health, has predic-
tive validity in relation to functional ability,'
healthcare utilisation,” morbidity> and morta-
lity.* ® Owing to the simplicity of use, and pre-
dictive validity held in relation to future health
SRH has increasingly become used as an
outcome measure in medical health research,
and in population health surveillance.

ARTICLE SUMMARY

Article focus

= To investigate the effects of age and secular
trends on self-rated health (SRH) adjusted for
the effects of a wide range of potential confoun-
ders in a large population-based study of adult
women and men.

Key messages

m SRH is affected by age but differently in men
and women.

= There is a secular trend regarding SRH, such
that SRH was poorer in more recent years of
investigation, after controlling for age and a large
number of potential confounders.

= The secular trends differed among women and
men.

Strengths and limitations of this study

m Strengths included a large sample size and
observation time which spanned three decades
in men and one decade in women.

= Limitations included that all age groups were not
represented on each measurement occasion, and
data were generally cross-sectional.

A number of factors are known to influ-
ence SRH. The relation to age is somewhat
controversial. Non-comparative SRH has
been found to decrease with agef’_11
although better SRH among the oldest
old " ' and no association between age and
SRH,'* has also been reported.

Age reflects effects of biological processes
of ageing internal to the individual, and
effects of contextually determined factors of
importance to health and well-being.'” '°
Although increased knowledge concerning
effects of contextually determined factors on
SRH may have important public health impli-
cations, studies investigating effects of cohort
or year of investigation on health are few,
and results inconclusive. Poorer SRH, as well
as better SRH, in more recent cohorts, and
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little change between cohorts in age-specific SRH, has
been reported.® ' 16719

The aim of this study was to investigate the effects of
age (individual) and secular trends, measured as year of
investigation (contextual), on SRH, adjusted for the
effects of a wide range of potential confounders, in a
large population-based study of adult women and men.

METHODS

Study population

Analyses were based on data from eight ongoing
Swedish cohort studies, with baseline investigations per-
formed between 1973 and 2003. The study population
has previously been described in detail.*® *' Briefly,
random samples based on predefined specifications con-
cerning age, sex and area of residence, were drawn from
the national population register. The men born in 1913
subsample consisted of a random third of the male

population aged 60 in the city of Gothenburg, Sweden,
in 1973, and the men born in 1923 subsample consisted
of a random 10th of the male population aged 50 in
Gothenburg (table 1). Survivors in the samples were
invited to re-examinations in 1980, 1988 and 1993.

The men born in 1943 subsample consisted of a
random third of 50-year-old men living in Gothenburg
in 1993, re-examined in 2003, and the women and men
born in 1953 subsamples consisted of a random third of
women and men living in Gothenburg in 2003. The
Eskil subsample consisted of a random sample of 625
men aged 30-54 and living in the city of Eskilstuna,
Sweden in 1986. The Uppsala Public Health Cohort was
based on random samples of 1000 men and women
25 years or older from each of the six municipalities of
Uppsala County in 1993. The BEDA II subsample was
based on a re-examination in 1997 of a random sample
drawn in 1979 of 1746 women born during 1915-1941
and living in Gothenburg. The Uppsala-Orebro Women

Table 1 Characteristics of the cohorts included in the study population

Investigation Age  Sample Response Investigation
Subpopulation Year Place Sex range size Responders rate (%) procedure
Men born in 1913 1973 Gothenburg Men 60 1009 830 82.3 Questionnaires
+medical examination
Men born in 1913 1980 Gothenburg Men 67 923 707 76.6 Questionnaires
+medical examination
Men born in 1913 1988 Gothenburg Men 75 702 463 66.1 Questionnaires
+medical examination
Men born in 1913 1993 Gothenburg Men 80 447 272 60.9 Questionnaires
+medical examination
Men born in 1923 1973 Gothenburg Men 50 292 226 77.4 Questionnaires
+medical examination
Men born in 1923 1980 Gothenburg Men 57 278 188 67.6 Questionnaires
+medical examination
Men born in 1923 1988 Gothenburg Men 65 265 162 61.1 Questionnaires
+medical examination
Men born in 1923 1993 Gothenburg Men 70 226 143 63.3 Questionnaires
+medical examination
ESKIL 1986 Eskilstuna Men 30-54 625 459 73.8 Postal questionnaire
Public Health Cohort 1993 Uppsala Women 25 2999 2249 75.0 Postal questionnaire
Uppsala
Public Health Cohort 1993 Uppsala Men 25 3001 2156 71.8 Postal questionnaire
Uppsala
BEDA Il 1997 Gothenburg Women 56—82 994 908 91.3 Questionnaires
+medical examination
Uppsala-Orebro 1995 Uppsala Women 35-64 4200 2991 71.2 Postal questionnaire
Women Study
Men born in 1943 1993 Gothenburg Men 50 1463 798 54.5 Questionnaires
+medical examination
Men born in 1943 2003 Gothenburg Men 60 749 655 87.4 Questionnaires
+medical examination
Women born in 1953 2003 Gothenburg Women 50 994 668 67.4 Questionnaires
+medical examination
Men born in 1953 2003 Gothenburg Men 50 993 595 59.9 Questionnaires
+medical examination
Total 20 160 14 470 71.8
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Study sample was based on random samples of 600
women aged 35-64 from each of the seven counties in
the Uppsala-Orebro Health Care Region, Sweden.

All samples were by definition representative of their
underlying general populations. No exclusions were
made. The combined samples consisted of 20 160 sub-
jects of whom 3590 were part of more than one sub-
sample. Overall, 14470 (71.8%) observations were
obtained, based on 12 000 unique individuals. Of these
10 451 (6808 women and 3644 men) participated once,
964 men twice, 254 men three times and 330 men on
four occasions. Additional information on the study
population is given in table 1.

Measurements

The data used in this report were obtained by question-
naire. For the variables used here the same question-
naires were used in all studies. Educational level was
classified on a four-point scale ranging from ‘compulsory
education only’ (=1), to ‘college or university education’
(=4). Occupational status was measured on a four-point
nominal scale as ‘gainfully employed’ (including stu-
dents), ‘unemployed’, ‘on sick leave or disability
pension’ or ‘old age retirement’. Marital status was classi-
fied as married/cohabiting or not (the latter including
response alternatives never married, divorced and
widowed).

SRH was measured using the well-being subscale of
The Gothenburg Quality of Life instrument (GQL).22
Respondents were asked to rate their health on a seven-
point Likert scale with response alternatives ranging
from ‘very poor’ (=1) to ‘excellent, could not be better’
(=7), with no verbal labels for the intervening steps.
Symptom reporting was assessed based on the
Complaint score subscale of GQL, in which subjects are
asked ‘Have you been troubled by any of the following
symptoms during the past 3 months?’, followed by a list
of 30 general symptoms with response alternatives ‘yes’
(=1) or ‘no’ (=0) for each symptom. The Complaint
score was obtained as the sum across the 30 symptoms.
Complaint score is not intended to measure specific dis-
eases, but rather the tendency to report symptoms, an
aspect of quality of life.

Leisure time physical activity was reported on a four-
point ordinal scale with response alternatives ‘seden-
tary’, ‘moderately active’, ‘active’ or ‘vigorously active’. %
Smoking habits were classified as ‘current smoker’ or
‘non-smoker’ (including never smoked and ex-smoker).
In addition, in some of the cohorts a five-point smoking
variable was available, where smoking habits were classi-
fied as ‘never smoked’ (=1), ‘ex-smoker’ (=2), ‘currently
smoking 1-14g of tobacco per day (=3), ‘smoking
15-24 g/day’ (=4), or ‘smoking 25 g or more per day’,
with one cigarette equalling 1 g, one cheroot 2 g, one
cigar 5 g and pipe tobacco 50 g, divided by the number
of days the pack lasted.*

Ethical considerations

Informed consent was obtained from all participants,
verbal in the earlier studies, and written later on, as
required first by the Research Ethics Committees at
Gothenburg and Uppsala Universities and later by the
National Research Ethics Board, that approved the study.

Statistical analyses

Data were analysed using the SAS software, V.9. Data
concerning age, sex and examination year were com-
plete, except for one individual where age was missing.
Not all variables were measured in all subpopulations.
The number of available observations for each variable
is shown in table 2. The overall proportion of missing
data in subpopulations where the variables were mea-
sured was less than 2%. Missing data were not replaced.
Simple differences between groups were assessed with
Student’s t test or the x* test.

To make full use of SRH as a seven-level ordinal vari-
able, multiple ordinal logistic regression was used, pro-
viding cumulative OR across the seven SRH levels for
each independent variable, CI and Wald’s x* estimates.
The latter is the test parameter and may thus be used to
rank the impact or importance of the independent vari-
ables on SRH.

The analyses were performed in two steps. In the first
step, screening bivariate ordinal logistic regression ana-
lyses were performed to identify candidate variables for
the final multiple regression model. There were no sig-
nificant differences in results depending on whether the
five-point ordinal smoking variable or the dichotomous
smoking variable was used. Since the dichotomous vari-
able was more complete, it was used throughout the
analyses.

In the second step, two models were used, one based
on age and year of investigation only and the other on
all significant variables from step one entered as inde-
pendent variables. The final full-scale model was based
on multiple ordinal logistic regression with backward
elimination of non-significant covariates. Possible non-
linearity of the effects of age and year of investigation
on SRH in the two models was tested by inclusion of the
variables age and year of investigation, respectively,
raised to the power of 2 and 3 (second-degree and third-
degree polynomial functions). Moreover, potential
effects of interaction between age and year of investiga-
tion were tested, but found to be non-significant.

Two measures of degree of explanation were provided
by the SAS logistic procedure, one based on concord-
ance between observed and model computed results,
the other based on the receiver operator characteristics
(ROC) method. The model fit between crude age and
the year of investigation on SRH results and those com-
puted in the final analytical model was assessed by scru-
tiny and found to be excellent.

The full-scale regression model was also tested with
linear regression analysis. The results were generally the

224
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Table 2 Characteristics of the study population

Women Men

N n mean (SD) or % n mean (SD) or % p Value

Number of observations 14470 6816 471 7654 52.9
Age 14469 6816 52.3 (12.6) 7653 56.5 (13.0) <0.0001
Educational level 14120 6722 7398 <0.0001

Compulsory school 2223 33.1 2773 37.5

Vocational school 1608 23.9 1905 25.8

Upper secondary school 1286 19.1 1166 15.8

University/college 1605 23.9 1554 21.0
Occupational status 14187 6575 7612 <0.0001

Employed 4444 67.6 4511 59.3

Unemployed 271 41 286 3.8

Sick-leave/disability pension 713 10.8 624 8.2

Old-age retirement 1147 17.4 2191 28.8
Married/cohabiting 14338 4990 74.0 5927 78.0 <0.0001
Smoking habits 14330 6735 7595 0.001

Never smoked or ex-smoker 5002 74.3 5455 71.8

Current smoker 1733 25.7 2140 28.2
Leisure time physical activity 13787 6678 7109 <0.0001

Sedentary 1076 16.1 1181 16.6

Moderately active 4663 69.8 4511 63.4

Active 890 13.3 1304 18.3

Vigorously active 49 0.7 113 1.6
Complaint score (range 0—30) 11365 3777 7.8(5.4) 7588 5.3(4.7) <0.0001
Self-rated health 14020 6568 7452 <0.0001

1 (‘very bad’) 132 2.0 136 1.8

2 253 3.9 204 2.7

3 387 5.9 423 5.7

4 1084 16.5 947 12.7

5 1486 22.6 1373 18.4

6 1805 27.5 2199 29.5

7 (‘Could not be better’) 1421 21.6 2170 29.1

same as with ordinal logistic regression, but with some-
what lower statistical power. However, the result from the
multiple linear regression model was used to compute
the regression surfaces in figure 1. All tests were two-
tailed. Significance levels were set at p<0.10 in the first,
screening analysis step, and p<0.05 in the second, final
analysis step.

RESULTS

Characteristics of the study population

Study population characteristics are presented in table 2.
The mean age was 54.5 years. Approximately one-quarter
of the study population reported college or university
education, the majority were employed and married or
cohabiting. One-quarter of the participants reported
current smoking, and approximately 80% were seden-
tary or moderately physically active during leisure time.
Mean level of SRH was 5.4 (range 1.0-7.0), and mean
complaint score 6.1 (range 1.0-30.0). Women were sig-
nificantly younger than men, had higher level of educa-
tion, were less often married/cohabiting, less often
current smokers, less physically active, reported more
symptoms and had lower SRH levels than men.

Effects of age and year of investigation on SRH

In table 3, the effects on SRH of age and year of investi-
gation are shown in women and men according to two
models. In model 1, age was significantly inversely asso-
ciated with SRH in both sexes (p<0.0001), as was year of
investigation in women according to a second-degree
and in men according to a third-degree polynomial
function (non-linear relationships).

In model 2, the linear association between age and
SRH among women remained significant (p<0.0001), as
did year of investigation, when the covariates were
entered into the final model. In men, age and year of
investigation, both according to a third-degree polyno-
mial function remained significant, when the covariates
were entered in the model.

Table 3 also shows Wald y* estimates, indicating the
rank order of variable impact on SRH. In both sexes
complaint score had the highest impact on SRH of all
variables, followed by sick leave or disability pension,
leisure time physical activity, marital status and, finally,
education among women and unemployment among
men. The final regression model explained 76.2% of the
SRH variance in women, and 74.5% of the SRH variance
in men.
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‘Women Men

Figure 1 Association between
age, year of investigation (proxy
for secular trend) and self-rated
health (SRH) in women and men,
adjusted for the influence on SRH
of education, physical exercise
during leisure time, marital status,
complaint score, on sick leave/
disability pension and being
unemployed. Dark bars=data
available, white bars=no data
available.

SelF-rated health

Effect of participating in more than one investigation

All women participated only once, but 1548 men partici-
pated in more than one examination. An analysis was
therefore made with all 1548 male observations from
more than one examination, and one with the 3644

Self-rated health

men who participated only once. The results were
almost identical, the only difference being that in ana-
lyses of those participating only once age was significant
but year of investigation was not (because of no intrain-
dividual variation?) and among those participating more

Table 3 Effects of age and year of investigation on self-rated health (SRH), based on ordinal logistic regression models

OR 95% ClI Wald p Value
Women
Model 1
Age 0.98 0.98 to 0.99 75.3 <0.0001
Year of investigation 0.73 0.58 to 0.92 7.4 <0.007
Year of investigation? 1.00 1.00 to 1.01 4.5 0.03
Model 2*
Age 0.98 0.98 to 0.98 67.3 <0.0001
Year of investigation 0.95 0.93 to 0.96 42.0 <0.0001
Complaint score 0.82 0.81 to 0.83 889.5 <0.0001
Sick-leave/disability pension 0.35 0.28 to 0.42 106.0 <0.0001
Leisure time physical activity 1.51 1.35t0 1.69 52.4 <0.0001
Married 1.19 1.04 to 1.37 6.5 0.01
Education 1.07 1.01t0 1.13 4.7 0.03
Men
Model 1
Age 0.70 0.63 to0 0.78 39.7 <0.0001
Age? 1.01 1.00 to 1.01 31.2 <0.0001
Age® 1.00 1.00 to 1.00 25.5 <0.0001
Year of investigation 0.94 0.90 to 0.98 7.7 <0.006
Year of investigation? 1.01 1.00 to 1.01 12.5 <0.0005
Year of investigation® 1.00 1.00 to 1.00 17.7 <0.0001
Model 2*
Age 0.70 0.61 t0 0.79 30.1 <0.0001
Age? 1.01 1.00 to 1.01 20.6 <0.0001
Age® 1.00 1.00 to 1.00 14.8 0.0001
Year of investigation 0.87 0.83 to 0.92 23.9 <0.0001
Year of investigation® 1.01 1.01 to 1.01 23.9 <0.0001
Year of investigation® 1.00 1.00 to 1.00 25.5 <0.0001
Complaint score 0.80 0.79 t0 0.80 1606.3 <0.0001
Sick-leave/disability pension 0.36 0.31t0 0.43 144.6 <0.0001
Leisure time physical activity 1.48 1.38 to 1.59 114.2 <0.0001
Married 1.33 1.20to 1.48 27.4 <0.0001
Unemployed 0.79 0.63 to 1.00 3.9 <0.05

*The following variables were removed in the backwards elimination procedure. Women: current smoking (p=0.49), unemployed (p=0.07).

Men: current smoking (p=0.54), education (p=0.20)
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than once age was non-significant, while year of investi-
gation was.

Effects of time differences

The observations on women covered a shorter time
period (1993-2003) than those on men (1973-2003). To
explore if this time difference could explain the differ-
ence in time trends between men and women an ana-
lysis was performed among men with data covering the
time period 1993-2003. The results showed the same
determinants for men as those shown in table 3 and
thus a curvilinear time trend, as opposed to the linear
trend in women.

Visualisation of the analysis model

In figure 1 the analysis model is visualised. In women
mean SRH levels fell gradually and linearly from 5.5
among the youngest to 4.6 among the oldest women.
Furthermore, mean SRH levels fell across year of investi-
gation, from 5.2 in 1993 to 4.9 in 2003. In men, the asso-
ciation between age and year of investigation on the one
hand, and SRH on the other followed a third-degree
polynomial function with peaks at 25 years of age and at
the age interval 50-70 along the age axis, as well as in
1973 and in the late 1990s along the year of investigation
axis.

DISCUSSION

In line with a majority of previous studies investigating
effects of age on SRH in adult population-based
studies,® ' '® in this population-based study of 12 000
adult women and men, there was a significant, inde-
pendent relationship between SRH and age in both
sexes, resulting in lower SRH with increasing age. The
association was independent of year of investigation and
remained when adjusted for socio-demographic vari-
ables, lifestyle variables and complaint score. In women
the association between SRH and age followed a linear
function. In men the association was more complex. In
a recent study, based on employees from the French
national gas and electricity company an overall pattern
of age-related gradual decline in SRH was observed,
with distinctly better SRH observed in women and
men during the year preceding and the year following
retirement from the work force.® In the present
population-based study, no distinct changes in SRH
around retirement age were observed, which suggests
that the suggested associations between retirement and
SRH may apply in specific populations and contexts, but
not necessarily in the population as a whole.

Moreover, there was a significant association between
year of investigation and SRH, which was independent
of age and covariates. In women, the association
between SRH and year of investigation followed a linear
function, with gradually decreasing SRH levels over
time, and in men the association followed a third-degree
polynomial function with fluctuations but no persistent

decrease over time. Results from previous studies con-
cerning associations between year of investigation and
SRH are controversial.® ' 16 17 However, these studies
differ in terms of whether or not medical health and
life-style-related variables are controlled in analyses, and
also in terms of study-population characteristics.
Contextually determined perceptions of health may, for
example, be expected to differ between countries.
Present results are in line with results from a recent
study,® in which poorer age-specific SRH in more recent
years of investigation was observed in a Danish study
population, but differ with regard to results from the
USA, British and German study populations where no
age-specific differences were observed during the same
time period.

The main strength of the study concerns sample size.
Data were based on eight ongoing population studies,
covering more than 14 000 observations scattered over a
30-year period. The sample size was thus larger than in
previous studies investigating effect of year of investiga-
tion on SRH, and observation time spanned up to three
decades in men and one decade in women. The deter-
minant variables were measured with the same instru-
ments in all cohorts.

A further strength concerns the use of ordinal regres-
sion modelling.?®> *® SRH is an ordered categorical vari-
able. The majority of previous studies investigating
predictors of multilevel SRH either used binary logistic
regression technique, despite the reduced efficiency and
the risk of bias related to choice of cut point this entails,
or analytical methods requiring normally distributed
SRH data, a requirement rarely satisfied.

The main limitation of the study is that all age groups
were not represented on each measurement occasion,
and that some model-based results were thus generated
for age groups where no actual measurements were
obtained, as shown in figure 1. However, this is a
problem common in multiple analysis modelling, and
not unique to this study.

Moreover, the data were generally cross-sectional. Even
so, some of the cohorts were investigated repeatedly and
thus form a truly longitudinal cohort. Results were
similar for subjects who participated only once and sub-
jects who participated on several occasions, indicating
that the results concerning age and secular trends were
stable, and that the design used here is equivalent to a
longitudinal one.

The attrition rate was a moderate 28%. To test the
potential effect of attrition on the secular trend slope,
results were re-analysed based on the assumption that
non-participants in the early and the late parts of the
study period reported considerably lower or higher levels
of SRH than participants. However, even the most
unfavourable alternative from the hypothesis point of
view (non-participants in the early study period reporting
5 SE units lower SRH than participants, and 5 SE units
higher SRH at the end of the study period) was associated
with a highly significant decrease in mean SRH over
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calendar time. We therefore have no reason to believe
that the results are afflicted by selection or other bias to
such an extent that the conclusions would be affected.

The results from this study regarding the age—SRH
relationship are in line with the majority of previous
studies,”™" reporting decreasing SRH levels with age.
Results concerning associations between SRH and year of
investigation suggested an inverse trend in self-ratings of
health over time in women, but less so in men. Previous
results are controversial, some studies showing increas-
ingly poorer SRH in more recent cohorts, others showing
better SRH.'*™'* %1% Changes in SRH over time, on the
one hand, may reflect changes in patterns of morbidity
or, on the other hand, contextually determined differ-
ences in norms and expectations in relation to
health,' 27 and furthermore, may or may not suggest
contextually determined changes in healthcare utilisa-
tion. Concepts of health and knowledge and expectations
concerning health and healthcare may change over time.
One important question from a public health perspective
concerns to what extent observed trends are associated
with changes in morbidity, mortality and healthcare util-
isation. Given that life expectancy has increased over the
period it is unlikely that the decrease in SRH reflects a
major deterioration in health in the population.

The relationship between age and SRH differed
between women and men, as did the observed association
between year of investigation and SRH. A linear decline
in SRH was observed among women, and a more
complex age—SRH relation observed among men. Few
studies have, to date, investigated potential non-linearity
of associations between age or year of investigation, and
SRH." ' 7 A non-inear association between age and
SRH in women and men,11 4 and a linear cohort effect
(measured as 10-year birth cohorts) on SRH,'* has been
reported, but whether women and men differ in func-
tional form of the observed association between age, or
cohort, and SRH, was not investigated. In a study of 618
randomly sampled middle-aged women, independent,
inverse, linear and quadratic age effects on SRH was
reported, with poorer SRH and a more rapid decline in
SRH per year in the later cohort."”

Although similar patterns of determinants of SRH
have been observed in women and men,”® gender-
related differences in the association between SRH and
subsequent mortality have repeatedly been observed,? *
and, accordingly, the relative importance of various con-
textually related factors of importance for health may be
different for women and men.'” The present results
thus underline the importance of investigating effects of
contextually related factors, such as age and year of
investigation on SRH separately for women and men.

The differing trends among women and men may, fur-
thermore, be explained by the analysis modelling, since
the women were less scattered over the years of investiga-
tion than men, as shown in figure 1. However, a great
deal of effort was devoted to the analysis modelling, with
a number of possible models tested. The model with the

best fit between the model data and crude data was
finally accepted. It is therefore unlikely that the differing
functional form for women and men is an analytical
artefact.

The results on SRH predictors were similar for women
and men, and in line with previous research on determi-
nants of SRH, in which illness, disease and disability were
the strongest predictors of SRH.” Variables included in
the final ordinal regression model in the present study
explained 76.2% of the variance in SRH in women, and
74.5% of the variance in SRH in men, which implies that
the model captures core determinants of global SRH. In
our analyses we were restricted to covariates that were
available in the datasets common to all subpopulations in
this study. The remaining unexplained 25% may be
attributable to predictors not included in our model,
perhaps different ones in women and men.
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