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ABSTRACT
Background
In the United Kingdom, overall stroke mortality has declined. A similar trend has been seen
in coronary heart disease, although recent reports suggest this decline might be levelling off
in middle-aged adults.
Aim
To investigate recent trends in stroke mortality amongst those aged 40–69 years in England.
Methods
We used routine annual aggregated stroke death and population data for England for the years
1979–2005 to investigate time trends in gender-specific mortality rates for adults aged 40 to
69 years. We applied log-linear modelling to isolate effects attributable to age, linear ‘drift’
over time, time period and birth cohort.
Results
Between 1979 and 2005, age-standardised stroke mortality aged 40 to 69 years dropped from
93 to 30 per 100,000 in men and from 62 to 18 per 100,000 in women. Mortality was higher
in older age groups, but the difference between the older and younger age groups appears to
have decreased over time for both sexes. Modelling of the data suggests an average annual
reduction in stroke deaths of 4·0% in men and 4·3% in women, although this decrease has
been particularly marked in the last few years. However, we also observed a relative rate
increase in mortality amongst those born since the mid-1940s compared with earlier cohorts;
this appears to have been sustained in men, which explains the levelling off in the rate of
mortality decline observed in recent years in the younger middle-aged.
Conclusions
If observed trends in middle-aged adults continue, overall stroke mortality rates may start to
increase again.

2

INTRODUCTION
Mortality from stroke has substantially declined in England and Wales (E&W) over the last
five decades.[1] Similar declines have been observed in many countries worldwide.[2, 3] In
the absence of robust national population data on stroke incidence or survival, it is unclear
how much of these reductions in mortality are due to prevention and how much to changes in
stroke management. The reports of carefully-assembled regional population-based cohorts
have produced inconsistent results. In the presence of declining mortality, some cohorts have
exhibited a reduction in incidence in the presence of stable case-fatality (eg, Oxfordshire: UK
[4]); others have shown stable incidence but improving survival (eg, Dijon: France [5]); while
improvements in both incidence and survival have also been observed, at least in men, in the
Framingham cohort.[6] Therefore, it is unclear whether the decline is due to improvements in
primary or secondary prevention of stroke or its management. In those countries which have
seen a decline in mortality, improved population risk factor profiles for stroke have been
observed. The reasons given for this improvement include better social conditions,[7]
declines in smoking prevalence [4, 6] and increased uptake of preventative medication such
as antihypertensives,[4, 6] lipid-lowering drugs [4] and antiplatelets.[4-6]
There is growing concern that recent increases in the prevalence of obesity and diabetes will
result in higher premature mortality rates.[8] However, to date there has been little evidence
from population-based surveillance data to support these concerns.[9] Recent analyses of
temporal trends in coronary heart disease (CHD) mortality, using national datasets from the
United States (US) and from E&W, have suggested that the decline in CHD mortality has
levelled off in middle-aged adults.[10,11] Those who suffer an ischaemic stroke share similar
risk factors to those who suffer from CHD. Differences between stroke mortality trends and
those observed for CHD mortality, which began to decline only in the 1980s, have been
explained by differing mortality trends between stroke subtypes: primary intracerebral
haemorrhage and ischaemic stroke.[1] It has been suggested that the early decline in stroke
mortality during the last 5 decades was mainly due to decreases in fatal primary intracerebral
haemorrhage while ischaemic stroke mortality trends have more closely followed those
observed in CHD.[1] There is a suggestion of an increasing risk of mortality for cohorts born
after 1940 from a study of stroke mortality trends in Spain.[12] However, the data in that
study were insufficiently mature to determine if these trends were any more than artefactual
or short-term. Therefore, we have investigated trends in stroke mortality in middle-aged
people in England using more recent data from 1979 to 2005.
METHODS
Stroke was defined using the following ICD codes: ICD-9 430 to 438 for data preceding 2001
and ICD-10 I60 to I69 for data from 2001 onwards. Codes for subarachnoid haemorrhage
were not included. These codes have been used by others investigating stroke trends [13,14]
and were chosen to overcome some of the problems of misclassification caused by changes in
coding of different subtypes of stroke over the study period.[15] The number of deaths from
stroke for each year from 1979 to 2005 in England were collated as one-year age-bands for
each sex for persons aged 40 to 69 from aggregate data supplied by the Office of National
Statistics (ONS), which also supplied population estimates for England for the same years by
one-year age-band and sex. Birth cohorts were identified by estimating the year of birth from
the age at death and the year of death.
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To examine general stroke mortality trends for each sex, data were initially grouped by threeyear age-bands (40–42, …, 67–69) and age-standardised mortality rates estimated for each
year, using 1979 as the reference population. Further aggregation of the data by three-year
periods was then undertaken to form nine periods (1979–81, …, 2003–5) and 18 birth cohorts
(1909–1914, …, 1960–1965) and trends in age-specific rates by period and birth cohort
examined for each sex.
Log-linear ‘Poisson’ modelling was then undertaken to determine the form of individual
one-year age, period and cohort effects on mortality rates using the Epi package within the
statistical software R. Data sets for men and women were modelled separately, each with
thirty age bands, 27 periods and 56 cohorts. Estimation was via maximum-likelihood. We
parameterised so that: age effects were relative to the first period (1979); period and cohort
effects were constrained to be equal to zero, on average, and with zero slope; the slope was
attributed to a ‘drift’ over time.[16] We produced smoothed trend plots of the estimated age,
period and birth cohort effects using natural cubic splines, using six, five and 11 internal
knots at which to join the piecewise-continuous cubic polynomials for age, period and cohort,
respectively[17]; this smoothing was done to reduce noise, and the number of knots chosen is
also consistent with the recommendation of Carstensen as we had a specific interest in birth
cohort and, hence, used more knots in this plot of this effect.[16] Approximate 95%
confidence intervals were also plotted for each estimated effect.
Sensitivity analyses were undertaken by varying the order of fitting cohort and period terms
and the number of knots. We also investigated the effect of allocating ‘drift’ entirely to cohort
as a relatively extreme-case scenario.
RESULTS
In adults aged 40 to 69 years, there were a total of 111,219 stroke deaths in men over the 27
year period (ranging from 19,066 in 1979-1981 to 7,444 in 2003-2005) and a total of 79,541
stroke deaths in women (ranging from 14,380 in 1979-1981 to 4,767 in 2003-2005). The
stroke mortality rate in both sexes declined over these three decades (Figure 1: left panel).
Mortality rates were higher in men compared to women but declined similarly (Figure 1:
right panel). In 1979, the age-standardised stroke mortality rate was 93·3 per 100,000 (6,756
deaths) and 62·1 per 100,000 (5,179 deaths) in men and women aged 40 to 69 years,
respectively. By 2005, this had reduced to 29·6 per 100,000 (2,348 deaths) and 17·6 per
100,000 (1,456 deaths) in men and women, respectively. During the study period, mortality
was consistently higher in older age groups, but the difference between the older and younger
age groups appears to have decreased over time for both sexes (Figures 2 and 3: top right).
Examination of birth cohorts indicates a continuing decline in the mortality rate in older
cohorts but an apparent decrease in the rate of decline in mortality with more recent cohorts.
(Figures 2 and 3: bottom right)
Modelling the mortality rate, we extracted the age and ‘drift’ to assess the non-linear changes
in mortality rate for the time periods and birth cohorts separately. The linear ‘drift’ showed an
average annual reduction in stroke deaths of 4·0% amongst men and 4·3% amongst women.
The residual period effect showed a peaking in the late 1980s and again around 2000, but a
marked decrease in mortality in the last few years relative to previous periods; this was again
observed for both men and women (Figure 4). Examination of the residual cohort effect
showed that for those born before the mid-1940s there was little non-linear change, but there
was subsequently a pronounced increase in residual mortality rate in those born after the mid-
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1940s in both sexes relative to earlier cohorts (Figure 4). There is some suggestion that this
increase is not sustained in women in the most recent cohorts but the number of deaths is
small as evinced by the wide confidence intervals. However, the trend is sustained in men, in
whom there are more deaths, and the confidence intervals are narrower.
We repeated the modelling by extracting the non-linear period effects before the non-linear
cohort effects, but the observed patterns remained very similar (data not presented). On
varying the number of knots for age, period and cohort, there was no substantive change to
the overall form of the effect plots (data not presented). Even in the extreme case, when we
allocated the ‘drift’ to cohort alone, the overall cohort effect confirms a recent plateau in
declining rates, sustained in men but not women (Figure 5).
DISCUSSION
This is the first age-period-cohort study of trends in stroke mortality undertaken in the
English population for two decades.[13] The marked decline in stroke mortality, which has
been observed in the whole population during this time,[1] is also apparent in middle-aged
adults in both sexes. This period has seen considerable changes in the population distribution
of some risk factors for stroke with a decline in the prevalence of smoking and mean blood
pressure.[18,19] It has also been a period of more effective management of stroke patients
with increased uptake of secondary prevention,[4] greater access to brain imaging,[20, 21]
and the widespread introduction of stroke units.[20] However, as with CHD mortality in
E&W, there is some evidence that the decline in stroke mortality is levelling off in younger
middle-aged groups included in our study in recent years. This appears to be a cohort or
generational effect, which begins in cohorts born in the mid-1940s (Figure 4). This effect
appears to have been sustained in men but not in women. However, care must be taken in
over-interpreting information from the small number of deaths among women in these age
groups (Figures 3 and 4).
This cohort effect is likely to be due primarily to exposure to risk factors for stroke rather
than changes in clinical management which would be expected to act across age groups at a
similar time and, hence, manifest as period effects. It is unlikely to be solely explained by
plateauing in the decline in smoking prevalence in UK populations as this was first observed
in cohorts born in the mid-1950s in men and late 1950s in women.[18] Concerns about
plateauing in the decline in population mean blood pressure have been restricted to children
and adolescents born in the last three decades and would not have affected the cohorts
included in this study.[22]
Obesity may be a more plausible candidate to explain the changing cohort trends in stroke
mortality. For England, there is some evidence that obesity rates started to increase in adults
in the early 1980s and the relative increase over the subsequent two decades was greater for
those under 45 at this time.[23-25] In Japan, levelling off of the declines in stroke mortality
has occurred in more recent cohorts than observed in our study, and in men a decade before
women.[14] This corresponds to increases in the prevalence of obesity and impaired glucose
tolerance observed in similar cohorts of Japanese men.[26] However, although there is strong
evidence that obesity is associated with an increased risk of stroke mortality,[27] the evidence
to support an independent association is conflicting.[28,29] Some suggest that this may be
due to the attenuating effect of other risk factors, such as diabetes and hypertension, which
are higher in obese populations, and that obesity is part of their early causal pathway.[27,28]
Others point out the limitations of measuring body mass index and report that central obesity
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is independently associated with stroke mortality.[29] The prevalence of diabetes has also
increased over the last couple of decades in England, although to a greater extent in older age
groups.[25] In a recent review of secular trends in cardiovascular risk factors using survey
data from the US, diabetes was the only stroke risk factor which has not decreased over time
among those who are obese.[30] Physical inactivity is also associated with higher stroke
mortality,[31] but there is no robust evidence that overall physical activity levels have
declined in the English population over that last two decades and some evidence that it may
have increased more recently, particularly in middle-aged adults.[32, 33] It is unclear what
the trends are among obese individuals.[23]
As well as cohort effects, there is also evidence of period effects. Some of these earlier
deviations from linear trend might be explained by changes in disease coding procedures. The
ONS altered coding practice in 1984, in 1993 and in 2001, which are consistent with
deviations in linear trend observed for time period in our model.[34] In each of these years,
there was a change in the attribution of the underlying cause of death. In 1984, this resulted in
an increase in stroke mortality rates, while the change which occurred in 1993 led to a
decrease. In 2001, ONS also introduced ICD-10, the main effect of which was a broadening
of some of the disease groups to reflect more recent concepts about the pathology and
aetiology of stroke: for example, deaths previously coded as arteriosclerotic dementia are
now coded as ischaemic stroke. There was a consequent increase in the stroke mortality
rate.[35] However, since 2001, there has been a further decline in mortality rates, which
cannot be explained by changes in coding practice, but which might be explained by better
stroke management. In the absence of additional information on trends in incidence of disease
and case-fatality, it is not possible to speculate further on its origin.
There are other limitations to age-period-cohort modelling of routine data. We used aggregate
mortality data in which the actual date of birth was not determinable, producing overlapping
cohorts by subtracting age at death from year of death. Mortality rates may be sensitive to
population estimates. Population estimates for the most recent time period for our study have
been revised since our initial analysis. However, re-analysis using these revised estimates did
not alter our findings. It has been estimated that routine statistics miss up to a quarter of
stroke-related deaths, because they are classified as deaths due to other causes.[13] This
would only be a problem in this study were misclassifications greater for some types of
strokes than others and if the distribution of these stroke types had changed over the period of
study. Both are possible.
Examination of disease trends is important to assess emerging health threats, monitor
prevention programmes and plan health services. One possible interpretation of our analysis
is that the mortality benefits from recent improvements in stroke management are not fully
realised in cohorts of adults, particularly men, born since the mid-1940s because, compared
to previous cohorts, they are at increased risk of stroke from risk factors such as obesity and
diabetes. This increased risk has not, as yet, manifest as an increase in overall stroke
mortality because the number of deaths in these cohorts is still relatively small compared to
the overall number of deaths from stroke. However, were the marked recent period decline in
rates not sustained, then a levelling off or increase in overall stroke mortality rates could
become evident as these cohorts grow older. Further research is needed to confirm the risk
factors responsible for cohort changes. Population-based approaches have been more
effective and efficient in reducing vascular mortality than targeted approaches which identify
and treat high risk populations.[36,37] Therefore, there needs to be a greater emphasis on
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identifying modifiable stroke risk factors and modifying lifestyle behaviour in entire
populations and, especially, in younger adults.
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WHAT THIS PAPER ADDS
What is already known on this subject?
There are concerns that the increasing prevalence of obesity and diabetes may lead to greater
premature mortality, but there has been limited population evidence of such an effect. It has
been reported that declines in coronary heart disease rates have levelled off in middle-aged
populations. This study examines if similar effects are seen in stroke mortality.
What does this study add?
There has been a levelling off in the decline in the rate of stroke mortality amongst younger
middle-aged adults, particularly in men, due to cohort changes in those born since the mid1940s. Increasing stroke risk factors in this age group is the most likely explanation. If these
trends continue, overall stroke mortality rates may start to increase again. There needs to be
a greater emphasis on identifying modifiable stroke risk factors, and promoting lifestyle
changes, in younger adults and in whole populations.
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FIGURE LEGENDS
Figure 1: Age-standardised stroke mortality rate (left panel) and log (base 10) rate (right
panel) in England: men and women aged 40 to 69 years
Figure 2: Stroke death rates in England 1979-2005: men aged 40-69 years (Top left panel:
age-specific rates by period of birth; top right panel: period-specific rates by age; bottom
right panel: cohort-specific rates by age; bottom left panel: age-specific rates by period of
death)
Figure 3: Stroke death rates in England 1979-2005: women aged 40-69 years (Top left panel:
age-specific rates by period of birth; top right panel: period-specific rates by age; bottom
right panel: cohort-specific rates by age; bottom left panel: age-specific rates by period of
death)
Figure 4: Estimated rates attributable to age (leftmost curve) and non-linear rate ratios for
and birth cohort (middle curve) and period of death (rightmost curve): men and women
Figure 5: Estimated rates attributable to age (leftmost curve), rate ratio (including linear
‘drift’) for birth cohort (middle curve) and non-linear rate ratio for period of death (rightmost
curve): men and women
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APPENDIX

Table 1: Mortality rates (per 100,000) in men aged 40-69 in England during 1979-2005, in
three-year bands
Age
group
40-42
43-45
46-48
59-51
52-54
55-57
58-60
61-63
64-66
67-69

1979198219851988199119941997200020031981
1984
1987
1990
1993
1996
1999
2002
2005
5.8
4.3
3.9
3.9
3.4
4.4
3.9
3.7
4.0
10.3
8.1
7.5
6.0
5.7
5.6
5.8
6.0
5.3
15.4
13.4
11.8
10.4
8.9
8.3
8.0
8.1
8.2
26.3
21.5
20.4
16.6
15.4
13.5
12.3
12.8
10.2
38.9
33.3
29.6
23.2
22.9
20.4
17.5
16.7
16.1
58.6
48.6
43.5
40.6
35.9
29.7
27.6
23.1
20.8
90.4
81.2
77.7
59.8
55.7
47.5
44.1
37.4
30.7
135.7
122.7
115.7
97.6
87.7
71.8
64.7
57.0
48.1
216.3
196.5
172.8
156.1
134.7
113.7
102.5
85.6
74.3
333.5
293.6
278.0
238.7
209.9
177.8
156.3
142.0
116.2

Table 2: Mortality rates (per 100,000) in women aged 40-69 in England during 1979-2005,
in three-year bands
Age
group
40-42
43-45
46-48
59-51
52-54
55-57
58-60
61-63
64-66
67-69

1979198219851988199119941997200020031981
1984
1987
1990
1993
1996
1999
2002
2005
4.2
3.5
3.2
3.1
2.9
2.8
2.6
2.8
1.9
5.9
4.9
6.1
4.4
3.8
3.7
4.5
3.7
3.0
11.3
8.4
8.1
6.1
5.0
5.6
5.7
6.0
5.1
17.1
13.4
12.2
9.9
8.1
7.2
8.5
7.8
6.3
25.7
21.4
18.8
14.3
13.2
12.3
10.4
9.4
9.5
36.7
32.6
25.7
24.8
19.9
17.0
15.7
13.7
12.0
56.8
51.3
47.1
36.9
36.0
28.1
27.8
21.6
17.4
88.8
78.4
73.7
62.5
53.1
44.6
40.5
31.5
27.6
142.8
126.3
114.1
99.0
88.9
75.9
65.4
54.4
46.9
222.5
198.9
192.6
164.0
144.8
119.1
103.0
89.5
75.7

Deaths: Men - Overall 111,219 (ranging from 19,066 in 1979-1981 to 7,444 in 2003-2005).
Women - Overall 79,541 (ranging from 14,380 in 1979-1981 to 4,767 in 2003-2005).

