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Abstract
The ielation between leukaemia and smoking habits
was examined in data from the veterans' smoking
study, a prospective study of mortality among
248 000 United States veterans, ofwhom 723 died of
leukaemia during 1954-69. A significant increase in
mortality from leukaemia among cigarette smokers
(relative risk 1.53) was found, together with a
dose-response relation with amount smoked (trend
p<0001). The relation was strongest (relative risk
1-72) for monocytic and chronic and unspecified
myeloid leukaemias (ICD (7th revision) codes 204.1
and 204.2). For these leukaemias the increase was
almost twofold (relative risk 1-93) among current
smokers of over 20 cigarettes daily. Ex-cigarette
smokers also showed an increase of leukaemia
(relative risk 1-39; p<0.001).
These findings are consistent with other studies

and relevant to the interpretation of minor increases
of leukaemia both in population and in individual
based studies. If causal they also imply that smoking
is responsible for many more deaths from leukaemia
in adults than all other known causes combined.

Introduction
The veterans' smoking study, a prospective study of

a cohort of United States veterans initiated in 1954, has
been an important source of information on the effects
of smoking on mortality.`'4 In the latest published
analysis (1980), covering 16 years of observation
(1954-69), a more than 50% increase in mortality from
leukaemia was reported among current cigarette
smokers as compared with non-smokers.4 In this study
we have investigated the relation between smoking and
leukaemia with reference to the amount and type of
tobacco smoked and also to certain subtypes of the
disease.

Subjects and methods
Deaths from leukaemia in the period 1954-69 were

identified among the 248 046 United States veterans
holding government life insurance policies who had
provided details of their smoking habits in 1954 or
1957. Causes of death had been coded according to the
seventh revision of the International Classification of
Diseases (ICD). The computerised file details of cause
of death, however, did not in all cases go beyond the

first three digits of the ICD codes. In the seventh
revision of the ICD leukaemia (code 204) is subdivided
into certain subtypes by the fourth digit, as follows:
204.0, lymphatic leukaemia (chronic or unspecified);
204.1, myeloid leukaemia (chronic or unspecified);
204.2, monocytic leukaemia (any type); 204.3, acute
leukaemia (of any type other than monocytic); 204.4,
other and unspecified leukaemia. For our study those
cases with only three digits computerised were coded
more completely by reference to other records which
showed the full four digit codes. Mortality from each
of the above subtypes was then examined among
non-smokers, current cigarette smokers, ex-cigarette
smokers, and cigar and pipe smokers. The numbers of
deaths recorded from a given type of leukaemia in
current cigarette smokers were compared with the
numbers expected if the rates recorded among the
non-smokers had applied. These expected numbers
were calculated by applying the age specific rates
among the non-smokers to the man years at risk
experienced by the smokers and the results summed
across the age groups covered. Observed to expected
ratios were also calculated according to the amount of
tobacco smoked. A similar procedure was followed for
ex-smokers of cigarettes as well as for cigar and pipe
smokers. Evidence of dose-response relations was
sought by using a standard test for trend for cohort
studies.

Finally, because the ICD (7th revision) did not
distinguish the different types of acute leukaemia an
attempt was made to trace as many death certificates
as possible of men in the study who had died of
leukaemia.

Results
During the 16 years of observation 723 men in the

study died of leukaemia, of whom 330 were current
cigarette smokers, 185 ex-cigarette smokers, 46 cigar
or pipe smokers, and 162 non-smokers, as recorded at
entry to the study. There was a significant excess
of leukaemia among current cigarette smokers as
compared with non-smokers (relative risk 1-53,
p<0 001 (two sided test); table I). Of the specific types
examined, significant excesses were found for myeloid
and monocytic leukaemias and also for lymphatic
leukaemia (p<0-001 (two sided) in both cases).
When the relative risk of leukaemia was examined

in relation to the number of cigarettes smoked a
significant dose-response effect w.s found (table II).
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TABLE i-Relative nrsks olf leukaemia and of certain subgroups of leukaemia strautified by smoking categor' (95"%o confidence limits in parentheses). Figures tn square brackets are
numbers oqfdeaths retcorded

'rvpe of leukaeimia (lCD 7th revision) Never smoked Cigarettes Ex-smokers Cigars Pipe

Lvmphatic (code 204.0)t 100 (072 to 136 n=41] 158(127 to l95)** [n=871 156(117 to 204)* ln=531 2-01(100to360)[n= II 083(017to243)ln=31
Monocvtic and mveloidt (codecs 204.1. 204.2) 1-00 (0 76 to 1 29) [n=60] 1 72 l145 to 203)** n= 1441 1 54 (1 22 to 192)** [n=77J 178 (097 to 298) [n= 141 -18 (043 to 257) [n=61
Acute (code 204.3) 100 (0 71 to 1 36) [n=40] 151 (1 19 to 189)** [n=761 1 15 (0-81 to 1-59) [n=371 153(0 66to3-01) [n=8j 0 85(017 to2-48)[n=3j
Otherandunspecified(code204.4) 100(062 to 153)1n=211 0 87(0 55 to 1 31)[n=231 106(0 63to l168)In=181 0 36(0 01 to2 00)[n=lI

All leukaemias 100(0-85 to 1 17(ln=1621 153(136to 1 70)t**ln=3301 1-39(120to 161)**[n=1851 1-59(1 10to2-22)In=341 0-86(0 44to 150)[n=121

*p<O001, **p<O0001 (all p values two sided (implied p<0 1)).
t For lymphatic and mveloid leukaemias. chronic or uinspecified.
tCalculated bv approximate method (observed± 1-96 \/observed)-expected).

TABLE i-Relative risks ofleukaemia bY subttype among current cigarette smokers bv amount smoked (95%/o confidence limits in parentheses). Figures in square brackets are numbers of
deaths recorded

Cigarettes smoked daily

'Fvpe of leukaemia (lCD (7th revision)) Never smoked <10 10-20 ¢21 Xi trend*

Lymphatic (code 204.0)t 1 00(0 72 to 1 36) [n=411 1 40(0 74 to 2 39) ln= 131 1 76 (129 to 234) 1n=47] 1 48 (097 to 2-17) [n=26] 5 02; p<0O05
Monocvtic and myeloidt (codes 204.1,204.2) 100(076 to 1-29)[n=601 1 31 (078 to 207)ln= 181 175 (1-37 to 221) In=72] 1-93 (145 to 252) [n=54] 1548; p<0001
Acute (code 204.3) 1 00 (0-71 to 136) ln=401 1-67 (0-94 to 2-76)[n= 151 154 (109 to 2-10)ln=391 1-40 (0-87 to 2l1 1) ln=22) 2 81
Other and unspecified (code 204.4) 1-00 (0 62 to 1l53) [n=211 0-63 (0-13 to l 85) [n= 3j 0 70 (0-32 to1l32) [n=91 140 (0 70 to 2 50) [n=l 11 0 13

Allleukaemias 1l00(085tol 17)[n=1621 1l34(099to1 77)jn=491 1l57(1-34to183)[n=1671 163(135to197)[n=113] 2187;p<0-001

Pe'rson vears 751 376 174 179 607 355 434 922

*AlI p values two sided.
tfFor lymphatic and mveloid leukaemias, chronic or unspecified.

Compared with non-smokers the risks were 1[34,
1[57, and 1-63 for men smoking less than 10, 10-20,
and 21 or more cigarettes daily respectively. In the
corresponding analysis for different subtypes of
leukaemia the most significant dose-response effect
was found for myeloid and monocytic leukaemia
(p<0-001), though lymphatic leukaemia also showed a
significant relation (p<0O05). A significant excess of
leukaemia of all types combined was noted among ex-
cigarette smokers-that is, men who had stopped
smoking cigarettes for reasons other than doctors'
orders-the excess being only slightly lower than
among current smokers (relative risk 1[39, p<0001
(two sided); table I).

Cigar smokers also showed an increased mortality
due to leukaemia (relative risk 1[59) but pipe smokers
did not (relative risk 0 86), though this last estimate
was based on only 12 deaths.
The seventh revision of the ICD does not separate

the different types of acute leukaemia. In an attempt to
remedy this deficiency a search was made for the death
certificates ofmen who had died of leukaemia. Only 65
certificates of men who had died of acute leukaemia at
ages 65-84 were found. Nevertheless, the proportion of
men with acute myeloid leukaemia who were current
cigarette smokers was higher (21/32; 66%) than among
those with other types ofacute leukaemia (14/33; 42%);
this applied both to the age group 65-74 (17/26 (65%) v
9/22 (41%)) and to the age group 75-84 (4/6 (67%) v
5/11 (45%)).With regard to the excess among smokers
of leukaemias in the category "chronic and unspecified
myeloid leukaemia," there was of course, no means of
knowing how many were really acute myeloid but had
been crudely certified as "myeloid leukaemia."

Discussion
This study found a significant excess of leukaemia in

current cigarette smokers as compared with non-
smokers together with a dose-response relation with
the amount smoked. The excess was most pronounced
for leukaemias coded to 204.1 and 204.2 (ICD
(7th revision))-that is, those described on death
certificates as chronic myeloid as well as monocytic
(any type) and unspecified myeloid leukaemias. For
acute leukaemias and also for other and unspecified
leukaemias there was no significant excess among

cigarette smokers. Consistent with these findings the
dose-response relation was highly significant for
myeloid and monocytic leukaemias (p<0001) but less
significant for lymphatic leukaemia (and not significant
for acute or other and unspecified leukaemias).
Leukaemia has in general not been regarded as a

malignancy related to smoking, though a higher
mortality from leukaemia among smokers has been
reported in several studies and to which Austin and
Cole have recently drawn attention.6 Thus an excess of
similar magnitude was described both in the veterans'
study" and in the other large prospective study of
smoking in the United States by the American Cancer
Society. Other prospective studies that included
details of leukaemia found much smaller numbers of
deaths from this cause-namely, 30 in a Californian
study of men (relative risk 1-3 for cigarette smokers')
and 33 in a Japanese study of men (relative risk 0 89).
The study of British doctors did not include details of
deaths from leukaemia but reported only that among
the 152 deaths from marrow and reticuloendothelial
malignancies (in which leukaemias are grouped with
myeloma and lymphomas) there was a negative relation
with cigarette smoking."' More than 70% of these
deaths were from lymphomas and myeloma, but
analysis of the 43 deaths from leukaemia yielded no
sign of an excess among smokers. We note, however,
that there were only 11 deaths in the non-smoking
reference group (R Peto and R Gray, personal
communication). The findings in these smaller
prospective studies, though negative, would still be
consistent with a moderate increase in mortality due to
leukaemia associated with smoking.
A fourth prospective study (though analysed by the

case-control approach) of men who had attended
universities in the United States found 41 deaths from
myeloid leukaemia; a significant excess of these
occurred among smokers compared with non-smokers
(relative risk 2 4, confidence limits 1 1 and 5 3), but
the same was not true for the 27 deaths from lymphatic
leukaemia (relative risk 1-3, confidence limits 0 5 and
3-2)."1
Few case-control studies of leukaemia have included

data on smoking habits; the main exceptions were
those by Williams and Hom'2 and Severson.' In both
these studies many of those approached refused to
participate, so that the response rates were only
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57% and 69% respectively, but in each an excess of
myeloid leukaemia among smokers compared with
non-smokers was noted.
The excess of leukaemia, and particularly myeloid

leukaemia, associated with smoking in this study of
723 deaths seems unlikely to be due to chance, given
both its statistical significance and the dose-response
relation. Nor can it be easily attributed to under-
diagnosis in the reference group (the non-smokers),
given that in the United States income and education
are inversely related to smoking, so that medical
facilities would tend to be more, not less, available in
that group. Metastases to the marrow from a bronchial
carcinoma may produce a leucoerythroblastic anaemia
that might be misdiagnosed as leukaemia, though
hardly on the scale necessary to explain the excess
found in our study. Nevertheless, and despite the
dose-response relation, the magnitude of the excess is
small enough for an indirect relation to be possible. We
know from many studies that the diet of smokers
differs from that of non-smokers in several respects,
such as a higher consumption of alcohol and coffee
and a lower intake of vegetables. None of these
dietary constituents is known to influence the risk of
leukaemia, though in one study coffee drinking was
found to be associated with a higher mortality from
leukaemia.'4

Biologically a relation between smoking and
leukaemia is not implausible. Many constituents of
tobacco smoke reach the blood, presumably including
the carcinogens responsible for the increase in, say,
bladder cancer. Moreover, smoking is known to affect
the white cells, increasing the numbers ofgranulocytes,
monocytes, and lymphocytes.' I6 The explanation for
this leucocytosis is unknown, though the fact that there
is no appreciable change in the differential white cell
count weighs against chronic bronchitis as the sole
cause. In this connection the fact that ex-smokers as
well as current smokers show a raised white cell count'6
is of interest in view of the increased mortality from
leukaemia of both groups in this study.
Two constituents of tobacco smoke that have been

linked to leukaemia may be mentioned-namely,
radioactive substances and benzene. Radioactive
substances can be dismissed as they can hardly
be regarded as relevant to the excess of leukaemia
among smokers. Radioactive substances are mainly
represented by polonium-2 10, but the tiny amounts
inhaled by smokers are much smaller than those
absorbed from food. 2""Po from such sources makes
only a small contribution to the total background
irradiation of the marrow.'7 It may be estimated that
the 210po inhaled in cigarette smoke will increase
marrow irradiation from natural background sources
only by one 10th and probably less; such an increase
in leukaemia is unlikely to be detectable epidemio-
logically. With regard to the small amounts of benzene
in cigarette smoke (10-100 ,ug per cigarette6) we do not
know how the resulting blood concentrations compare
with those among the benzene workers who in the past
experienced substantial increases in mortality due to
leukaemia. These workers were presumably exposed
to much higher concentrations than those permitted
under the recent United States occupational standard
of 32 jig/l ambient air. Even this represents an exposure
many times greater than that in the smoke of 20
cigarettes daily. On present evidence it seems unlikely
that benzene is the sole cause of the increase of
leukaemia among smokers. The question would be
helped, however, by more data both on the amounts of
benzene absorbed from tobacco smoke compared with
the workplace and on the dose-response relation of
benzene and leukaemia in occupational studies.

Finding a significant dose-response relation between
myeloid leukaemia and the amount of tobacco smoked

in this, the largest study of leukaemia and smoking
habits to date represents additional evidence that
leukaemia is a smoking related disease. In particular,
this has relevance in the interpretation of minor
increases in the mortality from and incidence of
leukaemia in both population based and individual
based studies.

This work was carried out mainly while LJK was a visiting
scientist in the environmental epidemiology branch of the
National Cancer Institute in 1978-9, where Dr J Fraumeni
and Dr R N Hoover were unfailing in their support. Sir
Richard Doll and Dr Robin Mole kindly commented on an
earlier draft of the paper.
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ONE HUNDRED YEARS AGO

The "able editor" is proverbially infallible, and as-
suredly we should be the last to question his prerogative.
If, however, the Achilles of the daily press has a
vulnerable heel, it is to be found in the domain of
medicine. The comments of the newspapers on medical
topics too often tend rather to the amusement than to the
edification of the professional mind. Not long ago the
wildest havoc was played with the pathology and surgery
of the larynx, and the spectacle, dear to the gods, was
presented day after day of good men struggling with the
adversity of having to "explain" matters which they
themselves did not in the least understand. Now, incised
wounds of the throat have taken the place of cancer, and
the phrenic nerve and carotid artery that of the vocal
cords and the epiglottis. An evening paper lately made
the startling announcement that General Boulanger
was in danger of suffocation "by haematuria in the
respiratory channels!" A little time before, the Paris
Figaro had thrilled its readers with a sensational account
of the agonies which the Emperor Frederick did not
suffer, but which the French scribe thought he ought to
have suffered. If the public insists on having the sick-
room of distinguished patients turned into a clinical
theatre for its delectation, it would be well that the
demonstrators should be persons having some rudi-
mentary knowledge of their subject. (British Medical
Journal 1888;ii:135)
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