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Asthma deaths in England and Wales 1931-85: evidence
for a true increase in asthma mortality
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SUMMARY A recent increase in asthma mortality has been reported in several countries. Such

increases can be brought about by changes in factors acting close to the time of death, but they may

also be caused by risk factors determined by the generation into which a person is born, as indicated
by the year of birth. Asthma mortality rates since 1931 are independently associated with birthdate as

well as date of death. In particular there has been an increase in asthma mortality in birth cohorts
born since the 1940s. Such changes are unlikely to be due to a change in reporting of asthma deaths,
and other evidence including the reported increase in the prevalence ofeczema in succeeding National
Birth cohorts supports the view that these changes may be due to an increased prevalence of atopy. In

the absence ofany further improvements in the management ofasthma, such an increased prevalence
of atopy implies that the mortality rate is unlikely to decline substantially for some years to come.

A recent increase has been reported in asthma
mortality in England and Walesl 3 though the
importance of this increase has also been
questioned.46 The official mortality statistics show a
50% increase in recorded mortality from asthma
among 5-34 year olds between 1974 and 1984,2 an
increase that is not due to the change in the ICD codes
in 1978-9.2 It has been argued that the previous high
death rate in the 1960s removed susceptible asthmatics
from the population, leading to an artificially low
death rate in the early 1970s and to an inevitable
increase in mortality as the susceptible population was
re-established. But as the increase was seen most
markedly in an age group unaffected by the previous
epidemic, this explanation is unconvincing. Similar
increases in mortality in France, Denmark, Germany,7
New Zealand,8 and the United States9 make it less
likely that these increases are due to local changes in
the way cause of death is assigned.

Because asthma seems so amenable to treatment,
death from asthma has been used as a sentinel event to

mark a failure in the health services.'0 Yet although
prescriptions of specific and effective drugs for asthma
have been increasing," and mortality from all other
causes of "avoidable" mortality has been declining
sharply in several countries,'2 deaths from asthma
seem to be a notable exception. It is almost inevitable
that either the prevalence or severity of the disease is
increasing, or that the management of asthma is
having a deleterious effect on mortality from the
disease.

Frost'3 was the first to describe a change in
mortality in terms of change in risk from one
generation (cohort) to another rather than in terms of
calendar time (period), finding this a useful way to
describe the decline in mortality from tuberculosis.
Since then a large literature has accrued on "age-
period-cohort" analysis.' 4 15

Variation in mortality over time can be attributed to
changes in the risk of death as subjects get older (age),
changes due to the circumstances prevailing at the time
ofdeath (period), and changes that are associated with
the generation to which subjects belong (cohort).
Period effects have their origin in factors operating
around the time of death and these may include
methods of classifying cause of death,'6 medication'7
where this has a short term effect, acute infectious
epidemics'8 or increased exposure to allergens.'9
Cohort effects on the other hand are more difficult to

interpret. Though they are clearly determined by the
year of birth they include a number of factors related
to environment and lifestyle to which individuals may
not be exposed until some years later. Examples
include cigarette smoking, where habits are related to

year of birth but where the habit is not generally
acquired until adolescence. Because of the close
association between these three elements there is no

entirely satisfactory method of ascribing a consistent
increase or decrease in mortality over time to an effect
of either period or cohort.20 In spite of this, analysis
can produce some useful evidence from which limited
but valid conclusions may be drawn.2'
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Methods

Age specific asthma deaths and population estimates
were taken from the report of the General Registrar's
Office (GRO)22 or Office ofPopulations Censuses and
Surveys (OPCS)23 for the years 1931-85. Rates were
estimated for the civil population for most years, but
the civil and military populations were combined for
males from 1940 to 1949 and for females from 1941 to
1949. The ICD codes used were ICD-4:112, ICD-
5:112-6, ICD-6:241, ICD-7:241, ICD-8:493 and
ICD-9:493. Deaths were analysed for six 5-year age
groups between 5-9 and 30-34 years and for eleven
5-year periods of calendar time from 1931-35 to
1981-85. These groups represented 16 cohorts of
subjects with mid-year of birth at 5-year intervals
beginning in 1901.

Logistic regression using the program GLIM24 was
used to estimate the age, cohort and period effects on
mortality. Because of evident overdispersion of the
residuals, extra-binomial variation was taken into
account using the method suggested by Pocock et al.25
The significance of effects was estimated from the
residual sums of squares of different models after first
subtracting the estimated sampling variance (Pocock
et al's T2).

There was no significant difference between the
effect of birthdate (cohort) on mortality for the two
sexes, and this effect was therefore assumed to be the
same for each sex. This reduction in the number of
parameters in the model did not however lead to a
unique solution to the regression analysis as has been
suggested.26 This was achieved by analysing the 16
cohort values as eight pairs of values representing
cohorts born in ten year bands starting in 1899-1908.
This is a greater reduction in parameters than is
required to produce a unique solution to the
regression, but combining pairs through the whole
range ofcohort values is less likely to produce extreme
estimates of the linear trends than if only one pair of
values is combined in the analysis. Broader definition
of the cohorts also reduces the effect of biases due to
misclassification which may be a serious source of
error in this type of analysis.27

Results

Figure 1 and table 1 show the age standardised and age
specific mortality rates from asthma for males and
females aged 5-34 for the years 1931-85. With the
exception of the increase in mortality in the 1960s,
mortality rates remained fairly constant throughout
this period, though the higher mortality among
females in the years before 1960 was replaced by a male
preponderance thereafter. The increase in mortality
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noted in the 1960s is otherwise the only remarkable
feature. There were no large changes in mortality
associated with the changes in ICD.
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Fig 1 Age standardised mortalityfrom asthma among 5-34
year olds in England and Wales 1931-1985.

Table 1 Asthma deaths/100 000 population in England and
Wales 1931-85

Age (years)

5-9 10-14 15-19 20-24 25-29 30-34

Male
1931-35 0 35 0-22 0-20 0-42 0-65 1 26
1936-40 031 023 0-22 040 079 1-39
1941-45 0-32 0-28 0-28 0-53 0-79 1 30
1946-50 021 028 0-55 0-69 091 1 20
1951-55 0-14 0-36 0-82 0-82 0-92 1-24
1956-60 0-31 0-37 044 1-04 0-84 0-91
1961-65 0-44 146 1-30 146 1 65 2-08
1966-70 0 58 1 71 1-66 1-26 1-52 1 66
1971-75 0-27 0-78 0 93 0-92 1-01 0-91
1976-80 0-22 061 076 0-67 086 097
1981-85 0-21 0-92 1-18 1-22 1-39 1.19

Female
1931-35 035 007 030 0-66 1 13 1-55
1936-40 0-45 0-28 0-33 0 74 1 26 1-65
1941-45 033 0-27 053 1 10 1-52 2-40
1946-50 0-32 0 31 0-83 1-05 1 33 1.91
1951-55 0-26 031 086 1-48 1 43 1 97
1956-60 0-24 0-38 0-94 1.19 1 20 1-43
1961-65 0-29 1 02 1-33 1-81 2-20 2 51
1966-70 0-28 1-21 144 160 1 71 196
1971-75 0-14 031 0-76 083 060 1.02
1976-80 0-20 044 0-67 074 072 078
1981-85 0-19 0-47 0-89 0-97 0-92 0-64

There was no significant linear increase or decrease
in mortality rates over this period as a whole. The
cohort effects for males and females were not
significantly different, though the effects ofperiod and
age were different in the two sexes. The residuals of the
final model which took the extra-binomial variation
into account25 were normally distributed. All the
effects reported here were significant (p < 0-01)
(table 2).
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Table 2 Estimates of significance of individually estimable
effects from the final analysis of asthma mortality

Non-sampling
residual Mean sum

Effect sum of squares dJ of squares F (nl,n2)

Due to complete
modela 62 892 38 1 655 17 59t (38,93)
Due to cohort
effect 2 732 7 0-39 4.14* (7,93)
Due to age-sex
interaction 1582 5 0-32 3 37* (5,93)
Due to period-sex
interaction 2 742 10 0-27 2.92* (10,93)
Residual 8 748 93 009

* p < 0.01; t p << 0-001; a Includes age, sex, period and cohort and age-sex and
period-sex interactions.

The independent estimates of age, cohort and
period effects for each sex are shown in figs 2-4. The
effects shown in each case are log odds of the mortality

Age

Fig 2 The effect of "age" on asthma mortality 1931-85 after
taking account of the effects of "period" and "cohort".
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Fig 3 The effect of "cohort" on asthma mortality 1931-85
qfter taking account of the effects of "age" and "period".
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Fig 4 The effect of "period" on asthma mortality 1931-85
after taking account of the effects of "age" and "cohort".

rate compared to a standard group where the value is
set arbitrarily at zero. The standard groups are males
aged 5-9 years, males dying in 1931-5, and males born
in 1919-28. Mortality rose sharply with age,
slowing down markedly among men at adolescence
but continuing to rise rapidly among the women and
showing a marked female preponderance from
adolescence onwards. Cohort values show declining
values for those born from the early part of the century
until the 1920s and then relatively constant values up
until the 1940s. From the 1950s to the early 1980s
however they show an increase. Period values, on the
other hand, show a steady increase in the period from
1931 to the 1960s followed by a sharp increase in the
1 960s and a sharp decline in the 1 970s. This is followed
by a further increase among the males and a further
slight fall among the females. The small female
preponderance of deaths in the 1930s, '40s and '50s is
replaced by an increasing male preponderance
thereafter. Period effects are equivalent to changes in
death rate by calendar time (fig 1) after standardising
for age effects and cohort effects.

Discussion

What at first appears to be an unremarkable
distribution of asthma mortality over time, with the
exception of a sudden but short lived increase in the
1 960s, turns out to be more complex when analysed to
take account of age, period and cohort effects. In the
early part of the period succeeding generations have
lower mortality while the period effect is increasing. In
the latter part of the period successive cohorts have
increased mortality while the period effect is declining.
The principal difficulty with the interpretation of

"age-period-cohort" analysis is that a linear change in
mortality over time cannot be attributed to either a

13 Male
40 Female
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"period" or "cohort" effect with any certainty. As can
be seen from fig I there is no such linear trend in these
data, but this does not exclude the possibility of two
linear trends for period and cohort effects going in
opposite directions. For this reason, although a
number of solutions have been proposed for the
problem of orienting the cohort, period and age
trends,28 29 none of these are satisfactory in the sense
of providing an orientation that is valid and that does
not rely on some outside criterion. However, the
shapes of the curves are estimable and fixed once the
model parameters have been reduced. Some useful and
valid conclusions can be drawn from this information
alone. To start with it is clear that there are both
cohort and period effects of major importance. The
sharpest changes in the cohort effect came between the
subjects born in the 1920s and 1940s when a relative
downward trend in mortality in succeeding cohorts
changed to a relative upward trend. The major change
in the period effect occurred as would have been
expected in the 1960s, though formen there is a further
sharp change in direction in the 1970s. It is perhaps
surprising that the increasing trend in the effect of
period from the 1930s to the 1960s is as uniform as it
appears. This has not been remarked on before,
perhaps because it has been obscured by the fall in
mortality between succeeding cohorts born between
1901 and 1930 (fig 3).

It is not possible from the data given here to
determine the reasons for the changes in mortality
rates, but the analysis does show that the changes that
have occurred are more complex than have been
shown previously. The increasing mortality in cohorts
born since the 1940s strongly suggeFts an increasing
prevalence of the condition and is unlikely to be due to
any change in the method of reporting asthma deaths.
Some support for this view comes from other sources
suggesting an increase in the prevalence of atopic
disease.

Local studies in both England30 and New Zealand3'
have shown increases in asthmatic symptoms among
school children in the years since the Second World
War. Local changes in population between the surveys
make these studies hard to interpret, but in the United
States, where there has also been an increase in
recorded mortality from asthma and where there are
national data on prevalence, the proportion of
subjects aged 6-1 1 years old who were reported to
have a diagnosis of asthma rose from 48/1000 in
1971-4 to 76/1000 in 1976-80 (p < 0.01).32 The
interpretation of these figures is again not
straightforward as all studies relying on the reported
prevalence of a diagnosed condition are vulnerable to
changes in diagnostic fashion. Furthermore the
precise formulation of the questions changed between
the surveys, and there was no comparable increase in
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asthma mortality among 12-17 year olds, with the
possible exception of an increase among black youths.
The age-standardised proportion of the population

receiving treatment for asthma in selected general
practices in England and Wales also increased between
1970/1 and 1981/2 from 116/1000 to 20 5/1000 in men
and from 8 8/1000 to 15 9/1000 in women.33 The first
born offspring of a cohort of children studied in the
National Perinatal Survey of 1946 were three times
more likely than their parents to receive treatment for
asthma before their fifth birthday.34 However, all
these increases may have been due to changes in
treatment as much as to changes in the prevalence of
disease.

Other atopic conditions have also apparently
increased in prevalence over the same period. The
period prevalence of patients consulting GPs for
hay-fever in selected practices in England and Wales
increased between 1970/1 and 1981/2 from 10 8 to 19 8
per thousand in men and from 10 3 to 19 7 per
thousand in women.33 Eczema was also increasingly
common as a diagnosis in the three national cohorts of
children born in 1946, 1958 and 1970, as well as in
other prevalence surveys done over the same period.35

Finally the distribution of skin sensitivity to
common allergens by age is compatible with the
presence of a cohort effect, showing an initial increase
with age followed by a decline.36 37 This pattern of
morbidity is compatible with an evolving increase in
morbidity in subsequent cohorts which produces
higher rates in the younger age groups who also belong
to the later cohorts. Barbee et al in Arizona37 have
recently reported on a longitudinal study showing that
the prevalence of skin sensitivity increases with age at
all ages, though the increase is much more marked in
the younger age groups. This suggests that the
secondary decline in prevalence with age seen in cross
sectional data may indeed be an artefact caused by a
cohort effect.
The analysis reported in this paper implies that the

recent increase in asthma mortality is not principally
an artefact due to increased reporting, a change that
would appear as an increase in the period rather than
the cohort effect. It is also unlikely to be due to any
adverse effects of treatment for the same reason. The
systematic increase in mortality in subsequent cohorts,
at least up until those born in the early 1960s, implies
that changing mortality rates are probably due to an
increase in the prevalence of the condition, and
evidence from other studies, though not compelling.
would support this conclusion.
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