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Social inequalities in male mortality, and in male mortality
from smoking: indirect estimation from national death rates
in England and Wales, Poland, and North America
Prabhat Jha, Richard Peto, Witold Zatonski, Jillian Boreham, Martin J Jarvis, Alan D Lopez

Summary
Background There are substantial social inequalities in adult male mortality in many countries. Smoking is often more
prevalent among men of lower social class, education, or income. The contribution of smoking to these social inequalities
in mortality remains uncertain.
Methods The contribution of smoking to adult mortality in a population can be estimated indirectly from disease-speciﬁc
death rates in that population (using absolute lung cancer rates to indicate proportions due to smoking of mortality
from certain other diseases). We applied these methods to 1996 death rates at ages 35–69 years in men in three diﬀerent
social strata in four countries, based on a total of 0·6 million deaths. The highest and lowest social strata were based on
social class (professional vs unskilled manual) in England and Wales, neighbourhood income (top vs bottom quintile) in
urban Canada, and completed years of education (more than vs less than 12 years) in the USA and Poland.
Results In each country, there was about a two-fold diﬀerence between the highest and the lowest social strata in overall
risks of dying among men aged 35–69 years (England and Wales 21% vs 43%, USA 20% vs 37%, Canada 21% vs 34%,
Poland 26% vs 50%: four-country mean 22% vs 41%, four-country mean absolute diﬀerence 19%). More than half of this
diﬀerence in mortality between the top and bottom social strata involved diﬀerences in risks of being killed at age
35–69 years by smoking (England and Wales 4% vs 19%, USA 4% vs 15%, Canada 6% vs 13%, Poland 5% vs 22%:
four-country mean 5% vs 17%, four-country mean absolute diﬀerence 12%). Smoking-attributed mortality accounted for
nearly half of total male mortality in the lowest social stratum of each country.
Conclusion In these populations, most, but not all, of the substantial social inequalities in adult male mortality during
the 1990s were due to the eﬀects of smoking. Widespread cessation of smoking could eventually halve the absolute
diﬀerences between these social strata in the risk of premature death.

Introduction
There are still substantial social inequalities in adult male
mortality in many countries.1–3 Although male mortality
from smoking has recently started to decrease in Europe
and North America, in the 1990s smoking still accounted
for about one-third of all male deaths in middle age, here
deﬁned as ages 35–69 years.4–6 In many countries, male
smoking is far more common in lower than in higher
social strata, whether these strata are deﬁned by education,
income, or occupation.7 In this report we quantify the
approximate contribution of smoking to the social
inequalities in adult male mortality in England and Wales,
the USA, Canada, and Poland in 1996.

Methods
The approximate contribution of smoking to adult
mortality in a European or North American population
can be estimated indirectly from the disease-speciﬁc
death rates in that population, using the absolute lung
cancer rates to indicate the proportions due to smoking
of the mortality from certain other diseases.4–6

Mortality data for three social strata in each country
We obtained 5-year age, sex, and disease-speciﬁc 1996
mortality data for three diﬀerent social strata in England
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and Wales, urban Canada (the metropolitan areas, which
include 60% of the Canadian population), the USA, and
Poland. Causes of death were based on the routine oﬃcial
coding of death certiﬁcates, which in 1996 was based on
the ninth revision of the International Classiﬁcation of
Diseases.8 The deﬁnitions of the three social strata
diﬀered by country. In England and Wales, the strata
were based on the National Statistics Socio-Economic
Classiﬁcation of occupations,9 grouped into social
classes I or II (professional, managerial, and technical),
III or IV (other non-manual and skilled or semi-skilled
manual), and V (unskilled manual). In Canada, the strata
were based on area of residence, sub-divided by quintiles
of neighbourhood income10 into the top 20%, middle 60%,
and bottom 20%. For the USA11 and Poland,12 the strata
were based on completed years of education (more than
12, 12, and less than 12). The analyses in this report are
for ages 35–69 years only, as causes of death are better
classiﬁed in middle age than in old age.13
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Indirect estimation of smoking-attributable deaths
Even in countries where no direct evidence is available
about the eﬀects of smoking on mortality, indirect
methods can be used that are based just on the national
age-speciﬁc death rates for lung cancer and for various
367
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Social stratum*

Low

Ratio of
rates
(low/
high)

Middle

Diﬀerence in
rates
(low–
high)

Proportion of
total
diﬀerence in
rates
attributed to
smoking

High

England and Wales, stratiﬁed by social class
Yes

6·98

3·58

1·24

5·6

5·74

No

9·25

6·93

5·34

1·7

3·91

2·5

9·65

Total

16·23

10·51

6·58

(7346)

(48 619)

(18 391)

59%

USA, stratiﬁed by years of education
Yes

5·34

4·81

1·37

3·9

3·97

No

7·83

7·88

4·90

1·6

2·93

2·1

6·90

Total

13·17

12·69

6·27

(102 497)

(155 008)

(109 938)

58%

requirements are the age-speciﬁc mortality rates in each
stratum for lung cancer and for a few groups of causes
other than lung cancer.

Rates and risks at ages 35–69 years
The tabulated death rates at ages 35–69 years are
standardised to a uniform age distribution (by averaging
the age-speciﬁc death rates for the seven 5-year age
groups within this 35-year age range). If the average
annual death rate in this age range is R per 1000, then at
these age-speciﬁc death rates the probability that a
35-year-old man will die within the next 35 years (ie, at
age 35–69 years) can be shown to be 1–exp(–35R/1000).4,5
For example, if the average annual death rate in this age
range is three per 1000, then the probability of a
35-year-old dying at ages 35–69 years would be 0·10 (ie,
10%).

Canada (urban), stratiﬁed by neighbourhood income
Yes

4·39

2·51

1·89

2·3

2·50

No

7·28

5·37

4·91

1·5

2·37

Total

11·67

7·88

6·80

1·7

4·87

(5867)

(11 977)

(3097)

51%

Role of the funding source

65%

The sponsors of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and had ﬁnal
responsibility for the decision to submit for publication.

Poland, stratiﬁed by years of education
Yes

8·81

3·51

1·81

4·9

7·00

No

10·81

7·57

6·96

1·6

3·85

2·2

10·85

Total

19·62

11·08

8·77

(82 334)

(14 884)

(4668)

*Annual death rates per 1000 men aged 35–69 years (standardised to uniform age distribution, so 3/1000 yields a
35-year risk of 10%), together with the stratum-speciﬁc numbers of such deaths in 1996 (in parentheses).

Table: Male death rates attributed to smoking (Yes) and not attributed to smoking (No), by social class,
education, or neighbourhood income

other diseases. These methods have been described
previously in detail4 and have been widely utilised.5–6,14–16
Brieﬂy, the absolute age-speciﬁc lung cancer rates at ages
35–69 years for each social stratum were calculated ﬁrst.
Second, the above lung cancer rates were matched to the
lung cancer rates in a mixture of smokers and
non-smokers in a large prospective study conducted in
the 1980s of 1 million Americans.3,17,18 Third, for the
mortality in such a mixture of smokers and non-smokers
from various other causes of death (upper aerodigestive
cancer, other cancer, chronic obstructive lung disease,
other respiratory disease, vascular disease, and certain
other diseases; no deaths from cirrhosis or from
non-medical causes are attributed to smoking), the
proportion attributed to smoking was used as a guide
(with adjustments as described earlier4) to estimate the
smoking-attributed proportion of the mortality from
those other diseases in that stratum.
These methods were originally devised to estimate
death rates from smoking in entire countries.4 We are
now using them to estimate social-stratum-speciﬁc death
rates from smoking. These indirect methods have the
advantage of not requiring any knowledge of current or
past smoking patterns in the target population. The only
368

Results
A total of 564 626 male deaths at age 35–69 years were
analysed in the four countries (table). The table gives, for
the three social strata (low, middle, high) in each country,
the estimated male death rates attributed to smoking and
the estimated male death rates not attributed to smoking,
which together add up to the total annual death rate per
1000 men aged 35–69 years. There was about a two-fold
diﬀerence in the total death rate between the lowest and
the highest social strata (with the death rate ratios for the
lowest vs the highest social strata ranging from 1·7 in
Canada to 2·5 in England and Wales). The proportional
diﬀerences between social strata in smoking-attributed
mortality were, however, considerably more extreme than
this (with the death rate ratios ranging from 2·3 in
Canada to 5·6 in England and Wales). This was because
the proportion of total mortality attributed to smoking
was substantially greater in the lower than in the higher
social strata. Indeed, in the lowest social stratum in each
country, smoking-attributed mortality accounted for
about 40% of total male mortality in middle age (with the
proportion of the death rates in the lowest stratum
attributed to smoking ranging from 38% [4·39/11·67] in
Canada to 45% [8·81/19·62] in Poland).
In contrast, the proportional diﬀerences between these
social strata in non-smoking-attributed mortality were
much less extreme (with the death rate ratios ranging
from 1·5 in Canada to 1·7 in England and Wales). Hence,
smoking-attributed mortality accounted for more than
half (range 51–65%) of the absolute diﬀerence between
these social strata in the total male mortality rates at ages
35–69 years.
www.thelancet.com Vol 368 July 29, 2006
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Discussion
Although the methods of estimation that we have used
are indirect, the uncertainties inherent in them aﬀect all
social strata similarly and cannot, therefore, account for
the great diﬀerences between the social strata in
smoking-attributed mortality in these four diverse
countries in 1996. These diﬀerences are due partly to
substantial absolute diﬀerences in smoking-attributed
lung cancer mortality19 and partly to even greater absolute
diﬀerences in smoking-attributed mortality from other
diseases.20,21 In each of these countries smoking is a cause
of the large majority of all lung cancer deaths, and the
lung cancer death rates (and hence the lung cancer death
rates from smoking) diﬀer greatly between diﬀerent
social strata. In prospective studies that relate the
smoking patterns of individuals to the causes of death of
those same individuals, however, smoking causes
substantially more deaths from other diseases than from
lung cancer.4–6,13,17,18 Thus, it is reasonable to expect that it
would do likewise in each of the diﬀerent social strata,
and hence that the absolute diﬀerence between strata in
overall smoking-attributable mortality would be much
greater than the absolute diﬀerence between strata in
lung cancer mortality. Similarly, a recent analysis of
diﬀerences in mortality by years of education among
www.thelancet.com Vol 368 July 29, 2006
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Because the death rates in the table are standardised to
a uniform age distribution, they can be used directly to
calculate the probabilities, at 1996 rates, of death in
middle age from smoking, and the probabilities of death
in middle age from any cause (see Methods). The
inequalities between these social strata in mortality from
any cause were clearly apparent in these risks (ﬁgure) as
they were for the age-standardised death rates (table). In
each country, there was about a two-fold diﬀerence
between the highest and the lowest social strata in the
risks of dying at age 35–69 years (England and Wales 21%
vs 43%, USA 20% vs 37%, Canada 21% vs 34%, Poland
26% vs 50%). When these probabilities were averaged
across the four countries, the four-country mean was
22% for the highest versus 41% for the lowest. This
corresponds to an absolute diﬀerence of 19% between
the highest and the lowest social strata in the all-cause
probability of death at ages 35–69 years. Most, but not all,
of this diﬀerence in stratum-speciﬁc mortality involves
diﬀerences in the risks of being killed at these ages by
smoking (England and Wales 4% vs 19%, USA 4% vs 15%,
Canada 6% vs 13%, Poland 5% vs 22%). On average across
these four countries, the probabilities of being killed at
ages 35–69 years by smoking were 5% for the highest
versus 17% for the lowest social strata. This corresponds
to an absolute diﬀerence of 12% between the highest and
the lowest social strata in smoking-attributed mortality.
Most of those killed at these ages by smoking would
otherwise have survived to beyond age 70 years, but a
minority (shaded areas above the dotted lines in the
ﬁgure) would have died before age 70 years anyway.

Education

Figure: Social inequalities in male mortality in 1996 from smoking (shaded) and from any cause
Percentages of 35-year-old men dying at ages 35–69 years from smoking (shaded) or from any cause (shaded and
white), if the population death rates of 1996 were to remain unchanged. Most of those killed at these ages by
smoking would otherwise have survived to beyond age 70 years, but a minority (shaded areas above dotted lines)
would have died before age 70 years anyway.

eight western European countries also found that the
absolute mortality diﬀerences between strata were greater
for causes other than lung cancer than for lung cancer.1
There are many factors other than smoking that diﬀer
between diﬀerent social strata in these four countries,
perhaps involving both the causes and the diagnosis and
treatment of some of the chronic diseases of middle age.22
Indeed, our results suggest that even among non-smokers,
male death rates in middle age would be about 1·6 times
as great in the lowest as in the highest social strata in this
study. As smoking interacts with other risk factors
(generally increasing their eﬀects),13 the hazard for the
individual smoker must also be expected to be greater in
the lower than in the higher strata. In addition, the
prevalence7 and the intensity23,24 of smoking is generally
greater in lower than in higher social strata.
Our indirect methods are obviously crude, and the
presentation in our table and ﬁgure of apparently precise
numbers should not be taken to suggest otherwise. The
major pattern in these populations is, however, clear:
smoking-attributed mortality accounts for more than half
of the diﬀerence between these social strata in male
mortality in middle age.
Higher taxes, warning labels, and other tobacco control
interventions have already been shown to help increase
smoking cessation rates, with higher taxes being
particularly eﬀective at raising cessation rates among less
educated or poorer groups.25,26 Widespread cessation has
already greatly reduced national mortality rates in
countries such as the UK and USA, and these decreases
in the national mortality rates are continuing. Still,
however, in the present decade about a quarter of all
deaths in middle age in these countries are due to
369
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smoking.6 These remaining hazards disproportionately
aﬀect individuals in lower social strata. Irrespective of
whether these diﬀerences between strata in
smoking-attributable mortality chieﬂy involve diﬀerences
in the prevalence of smoking, diﬀerences in the intensity
of smoking, diﬀerences in various co-factors, or
diﬀerences in treatment, a substantial increase in
cessation could approximately halve these 1996 social
inequalities in adult male mortality.
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