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A recent study found high rates of leukemia and related disorders among teachers. This finding may be related to 
exposure to childhood infections. Therefore, epidemiologic studies on the risk of lymphatic and hematopoietic 
cancer among teachers were systematically reviewed. Altogether 26 relevant investigations were identified, most 
from ad hoc publications rather than from scientific journals. Elevated risks of leukemia, lymphoma, and multiple 
myeloma were found in studies using proportional mortality or mortality odds ratios as outcome measures. 
However, these observations may reflect low overall mortality and do not necessarily indicate high death rates 
from the cancers of interest. In studies deriving standardized mortality or incidence ratios, the risk estimates were 
generally lower. The most striking finding was for non-Hodgkin's lymphoma (approximate summary relative risk 
1.36, 95% confidence interval 1.13-1.62), but it was likely to have been exaggerated by publication bias. In 
conclusion, no compelling epidemiologic evidence exists for a hazard of leukemia or related diseases among 
teachers. 
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A national analysis of occupational mortality in England 
and Wales during 1979-1980 and 1982-1990 indicat- 
ed high rates of leukemia and related disorders among 
teachers (1). Teaching is not generally regarded as a haz- 
ardous occupation, and teachers' exposure to most of the 
known and suspected causes of lymphatic and hematopoi- 
etic cancer would not be expected to exceed that of the 
general population. Some science teachers in secondary 
schools and higher education work with ionizing radia- 
tion and benzene, but they are only a small minority of 
the profession as a whole, and their exposures are usual- 
ly low. Potentially more relevant is the scope for contact 
with childhood infections during teaching. 

At least 3 specific infections are known to cause lym- 
phatic and hematopoietic cancer in humans. The human 
T-cell leukemia virus-1 (HTLV-1) has been linked with 
adult T-cell leukemia and lymphoma (2); Epstein-Ban 
virus contributes to the development of Burkitt's lym- 
phoma and possibly Hodgkin's disease (2); and non- 
Hodgkin's lymphoma is a recognized complication of 
acquired immunodeficiency syndrome (AIDS) caused by 
human immunodeficiency virus (HIV) (3,4).  Together, 

these infections only account for a small proportion of 
the leukemias and lymphomas that occur in western 
countries, but the observation that leukemia and Hodg- 
kin's disease cluster geographically, without any obvi- 
ous explanation in the local environment, suggests that 
other infections may also have a causal role. In support 
of this possibility, Kinlen et a1 (5, 6) have accumulated 
evidence that rates of leukemia in children are elevated 
in communities that have experienced a recent large in- 
flux of migrants, such as in "new" towns and around new- 
ly constructed industrial facilities in rural areas. They 
proposed that the high rate of leukemia results from the 
spread of one or more infections introduced by the im- 
migration. 

There is little direct evidence on the incidence of in- 
fections among teachers. In a survey in 1990, which col- 
lected information in an interview of a representative 
sample of 75 000 adults in  England and Wales, people 
working in education and welfare reported significantly 
raised rates of work-related infectious disease (7). This 
finding may simply reflect varying perceptions of what 
is work-related, rather than a true difference in  risk. 
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However, it is plausible that teachers have a high inci- 
dence of occupationally acquired infections and that these 
infections may constitute a hazard for leukemia and lym- 
phoma. We therefore undertook a systematic review of 
the epidemiologic evidence on the risk of lymphatic and 
hematopoietic cancer among teachers. 

Methods 

We searched for relevant publications in 3 computerized 
data bases (MEDLINE from 1966, HSELINE from 1977 
and BIDS EMBASE from 1980), using the key terms leu- 
kaemialleukemia, lymphoma, myeloma, multiple - my- 
eloma, myelofibrosis, polycythaemialpolycythemia Vera, 
and anaemialanemia - aplastic in combination with any 
of teaching, teacher(s), lecturer(s), and occupational. The 
references were first evaluated on the basis of their full 
titles and abstracts if available. They were then selected 
for detailed review if it appeared that they might include 
relevant data. Apart from the British Registrar General's 
decennial supplements on occupational mortality, no 
studies were identified through HSELINE or BIDS that 
were not also identified from MEDLINE. 

In addition we consulted Dr Paolo Boffetta at the In- 
ternational Agency for Research on Cancer, who drew 
to our attention 6 large analyses of occupational mortal- 
ity or cancer incidence that had not emerged from the 
computer search, and we also contacted the UK Health 
and Safety Executive, which identified a further 13 po- 
tentially relevant publications, principally through a 
search of NIOSHTIC. One other study was discovered 
secondarily, having been referenced in reports identified 
by the primary search. 

Approximate summary estimates of relative risk were 
derived by summing observed and expected numbers of 
cases across studies. If expected numbers were not pub- 
lished, they were calculated as the ratio of observed cas- 
es to whatever measure of relative risk had been used. 
Confidence intervals for the summary estimates were 
based on the Poisson distribution. 

Results 

The following studies provided information about the risk 
of leukemia and related diseases among teachers. 

Occupational mortality in England and Wales, 1949- 
1953 
Approximately every 10 years, the Registrar General 
publishes national statistics on occupational mortality 
in England and Wales. An analysis for the years 

1949-1953 focused on deaths among men aged 20-64 
years and obtained information from death certificates 
about the last occupation of decedents and their underly- 
ing causes of death (8). Estimates of the population at 
risk in each occupation were based on the 1951 census 
and were used to calculate standardized mortality ratios 
(SMR) by occupation and cause, with age-specific death 
rates in the national population as the standard. Teach- 
ers had an SMR of 0.83 for leukemia based on 19 ob- 
served deaths. 

Occupational mortality in England and Wales, 1959- 
1963 
The next report in this series covered the 5 years cen- 
tered on the 1961 census, and used a similar method ex- 
cept that it included deaths of people between 15 and 64 
years of age, and it looked at single women as well as at 
men (9). The SMR for leukemia in nonuniversity teach- 
ers was 1.02 for men (based on 41 deaths) and 1.08 for 
women (26 deaths). The corresponding SMR for male 
university teachers was 1.50 (based on 3 deaths). 

Occupational mortality in England and Wales, 1970- 
1972 

A further analysis, based on the 1971 census, included 
deaths from only 3 years (1970-1972), but, as well as 
calculating the SMR for people of working age, the au- 
thors also derived proportional mortality ratios (PMR) for 
men aged 65-74 years and women aged 60-74 years 
(with age-specific proportions in the national population 
as the standard) (10). Among primary and secondary 
teachers, mortality from lymphoma was consistently el- 
evated for the men, while for single women the death 
rates from leukemia were higher than expected. None of 
the associations was statistically significant, however. 

Occupational mortality in Great Britain, 1979-1980 
and 1982-1983 

The next analysis centered on the 1981 census and in- 
cluded Scotland, as well as England and Wales (11). 
However, deaths during the central year of the study pe- 
riod (1979-1983) were excluded because industrial ac- 
tion in that year by Registry Office staff rendered the in- 
formation from death certificates unreliable. The SMR 
for leukemia among nonuniversity teachers aged 20-64 
years was somewhat elevated, the excess of deaths be- 
ing from myeloid leukemia and especially chronic mye- 
loid leukemia (SMR 1.46, 13 deaths). 

Occupational mortality in England and Wales, 1979- 
1980 and 1982-1990 

The most recent analysis in this series was the one that 
prompted our review. (1) It partially overlapped with the 
analysis based on the 1981 census ( l l ) ,  covering 
deaths at ages 20-74 years during 1979-1980 and 
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1982-1990, but excluding Scotland. As appropriate data 
on populations at risk were unavailable, only PMR val- 
ues could be calculated. The PMR values were signifi- 
cantly elevated for acute lymphatic leukemia, chronic 
lymphatic leukemia, acute myeloid leukemia, chronic 
myeloid leukemia, Hodgkin's disease, non-Hodgkin's 
lymphoma, multiple myeloma, aplastic anemia, and 
agranulocytosis in male nonuniversity teachers; for acute 
myeloid leukemia, Hodgkin's disease, non-Hodgkin's 
lymphoma and multiple myeloma in female nonuniver- 
sity teachers; and for chronic lymphatic leukemia, acute 
myeloid leukemia, chronic myeloid leukemia, non-Hodg- 
kin's lymphoma and multiple myeloma in male teachers 
in higher education. 

Cancer incidence in England and Wales 1966-1967 
and 1968-1969 

The Registrar General's decennial supplement on occu- 
pational mortality in England and Wales during 1970- 
1972 also included limited information on cancer regis- 
trations by occupation during 1966-1967 and 1968- 
1969 (10). Data were presented for occupations and can- 
cers where the male proportional registration ratio (PRR) 
at ages 15-74 years was significantly elevated (P<0.01) 
for either of these periods. None of the PRR values for 
leukemia or lymphoma in teachers satisfied this criteri- 
on. 

Cancer incidence in England, 1981-1987 
A larger analysis of cancer incidence by occupation was 
carried out using data from registrations for men and 
women aged 20-74 years in England during 1981- 
1987 (12). Valid occupational codes were available for 
36% of the 1 034 759 registrations over this period. PRR 
values were published when significantly (at a 5% level) 
elevated and based on 3 or more observed cases. None 
of the lymphatic or hematopoietic cancers met this re- 
quirement for teachers in higher education, but the PRR 
values for chronic myeloid leukemia (1.55 based on 25 
registrations) and myeloma (1.44 based on 60 registra- 
tions) were high for nonuniversity male teachers. Some 
of the cases may have been the same as those contribut- 
ing to the raised PMR values for these diseases during 
1979-1980and 1982-1990. 

Occupational mortality in the United States, 1950 

An analysis of mortality by occupation in the United 
States (US) was carried out using data on deaths among 
men aged 20-64 years in 1950 (13). Information about 
the cause of death and occupation of decedents was ob- 
tained from death certificates, and the SMR values were 
calculated with populations at risk derived from the 1950 
national census. There were 10 deaths from lymphatic 
and hematopoietic cancers among college presidents, pro- 
fessors and instructors and 31 among teachers, but the 

SMR values were not published for these combinations 
of occupation and cause of death. 

Occupational mortality in Washington State, 1950- 
1989 
Milhain analyzed all deaths among white males aged 
20-64 years in Washington State in the United States 
during 1950-1989 and all deaths among white females 
aged 20-64 years during 1974-1989 (14). The age at 
death, underlying cause of death, and usual occupation 
of the deceased subjects were ascertained from death cer- 
tificates and were used to derive age-standardized PMR 
values by occupation and cause of death with the annual 
proportions in the total sample as the standard. The PMR 
values for lymphatic and hematopoietic cancers in male 
and female school teachers and male professors and in- 
structors were generally elevated. 

This study overlapped an earlier proportional mortal- 
ity analysis for male residents of Washington State aged 
20 years or over, covering the period 1950-1971. In this 
earlier analysis, described in a letter to the New England 
Journal of Medicine, teachers had a PMR of 2.46 for 
Hodgkin's disease based on 12 deaths (15). 

Occupational mortality in California, 1959- 196 1 
An analysis of occupational mortality similar to those for 
Washington State was carried out for white males aged 
20 years and older in the state of California during 
1959-1961 (16). Professors and instructors had excess 
mortality from multiple myeloma, and teachers from 
Hodgkin's disease and non-Hodgkin's lymphoma, but 
none of these associations was statistically significant. 

Mortality by occupation among veterans in the United 
States 
In this study, approximately 250 000 veterans who had 
served in the US forces during 1917-1940 completed 
baseline questionnaires in 1954 or 1957 about their oc- 
cupation and smoking habits (response rate 84%) (17). 
They were subsequently followed to 1980 through life 
insurance claims and records of the Veterans' Associa- 
tion, and the mortality of white males in specified occu- 
pations was compared with that of all other occupations 
combined by Poisson regression analysis. The records of 
death were thought to be 96% complete. Estimates of rel- 
ative risk (RR) were presented separately for ever and 
never smokers. 

The relative risks for lymphatic and hematopoietic 
cancer in teachers were all close to or less than 1, the 
highest (1.2) being for malignant lymphoma and for mul- 
tiple myeloma in smokers. However, these values were 
not statistically significant. 

Occupational mortality from cancer in Massachusetts 
Mortality from cancer by occupation was analyzed 
for the state of Massachusetts using data from death 
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certificates of white males aged 20 years or older who 
died in 1971-1973 (18). Age-standardized mortality 
odds ratios (MOR) were calculated by occupation for 
specified cancers, with all noncancer deaths (other than 
from cirrhosis) as reference. Significantly elevated odds 
ratios were reported for malignant lymphoma in college 
and university teachers and administrators (5.77 based on 
6 deaths), and for multiple myeloma in school profes- 
sions (2.97 based on 5 deaths). Only findings that were 
significant at a 5% level were presented. 

Leukemia incidence in the Portland-Vancouver 
metropolitan area, 1963-1977 
Cases of leukemia among residents between the ages of 
16 and 74 years in the Portland-Vancouver metropolitan 
area during 1963-1977 were identified by a search of 
the records of all 24 hospitals in the area (tumor regis- 
tration data, diagnostic indices and pathology reports), 
and by a review of death certificates mentioning leuke- 
mia (19). Diagnostic information, demographic details, 
and usual occupation were obtained from hospital records 
and used to derive directly standardized incidence rates 
by occupation up to the age of 67 years, with the 1970 
US population as the standard. The populations at risk 
in each occupation were obtained from the 1970 census. 
Risk of leukemia was significantly elevated for both male 
and female school teachers. 

Mortality by occupation, industry, and cause of death 
in 24 states in the United States, 1984-1988 
Occupational mortality was analyzed for men and wom- 
en aged 20 years and older (other than housewives and 
homemakers) in 24 states in the United States during 
1984-1988 (20). Information about underlying cause of 
death and usual occupation was obtained from death cer- 
tificates, and age-standardized PMR values were derived 
with the proportions from all occupations combined as 
the standard. The PMR values are presented in the pub- 
lished report where they were 1.2 or higher, statistically 
significant, and based on 10 or more deaths. Such ex- 
cesses were found for leukemia in male and female 
school teachers and male postsecondary teachers, non- 
Hodgkin's lymphoma and multiple myeloma in male 
school teachers and postsecondary teachers, and multi- 
ple myeloma in female school teachers. 

Mortality from non-Hodgkin's lymphoma by 
occupation in 24 states in the United States, 1984- 
1989 
In an analysis which overlapped with that already de- 
scribed, men and women who died from non-Hodgkin's 
lymphoma in the same 24 states in the United States dur- 
ing 1984-1989 were identified from death certificates 
and compared with referents (5 per case, frequency 
matched for age, gender and race) who died of causes 

other than cancer (21). Information about each subject's 
occupation was obtained from his or her death 
certificate, and MOR values were calculated for speci- 
fied occupations in comparison with all other occupations 
combined by logistic regression. 

In the published report of this analysis, the results 
were only presented for associations that were statisti- 
cally significant at a 5% level, or based on 5 or more 
deaths in the relevant occupation with an odds ratio of 2 
or higher. Such associations were found for several cate- 
gories of teachers, including white male and female ele- 
mentary and secondary teachers and black female ele- 
mentary teachers. 

Mortality from multiple myeloma by occupation in 24 
states in the United States, 1984-1989 
This study (22) looked at occupational associations with 
myeloma using a method similar to that employed in the 
investigation of non-Hodgkin's lymphoma already de- 
scribed. Again, it overlapped the PMR analysis for 
1984-1988, and the results were only presented for as- 
sociations based on 5 or more deaths with an odds ratio 
of 2 or higher or that were statistically significant at a 
5% level. Occupational groups for which these criteria 
were satisfied included white male, white female, and 
black female elementary teachers and black female post- 
secondary teachers. 

Mortality of teachers in New Jersey, 1980-1984 
This analysis was based on deaths during 1980-1984 
among members of the New Jersey Teachers' Pension 
Fund (23). The membership of the fund included all ac- 
tive teachers, all who had retired after at least 25 years 
of service, and some who had worked in teaching for a 
shorter time but had had at least 10 years of teaching. 
Underlying causes of death were ascertained from death 
certificates, and proportional mortality ratios were cal- 
culated by cause of death with 2 alternative sets of gen- 
der-, age- and race-specific proportions as standards - 
from the national population and from the state of New 
Jersey. 

The results with the 2 standards were broadly simi- 
lar. The PMR values were significantly elevated for lym- 
phatic and hematopoietic cancer overall among white 
women and specifically for Hodgkin's disease among 
white women. However, no corresponding excesses were 
observed for white men or black teachers. Proportio~dl 
cancer mortality ratios (PCMR) were also calculated, and 
in each case they were somewhat lower than the cone- 
sponding PMR values. 

Mortality of teachers in Pennsylvania, 1983-7984 
Age-standardized PMR values were calculated for pri- 
mary and secondary school teachers in Pennsylvania us- 
ing information on occupation and cause of death from 
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death certificates of people who died during 1983-1 984 
(24). Findings were reported in which, for one or more 
strata of race and gender, there were at least 3 observed 
deaths and a PMR of >1.00, or the PMR was significant- 
ly elevated at a 5% level. Mortality from leukemia and 
Hodgkin's disease was largely unremarkable, but excess- 
es of deaths were found for multiple myeloma among 
white women, and for non-Hodgkin's lymphoma among 
white men. 

Hodgkin's disease and occupation in Boston, 1959- 
1973 
Cases of Hodgkin's disease occurring in residents of Bos- 
ton during 1959-1973 were sought from the records of 
74 out of 76 local nonpsychiatric hospitals (25). A search 
was made of diagnostic indices, tumor registry files, pa- 
thology reports, and radiotherapy records. Information 
about the cases' occupations at the time of diagnosis was 
obtained from the medical records, and ratios of observed 
to expected cases (standardized incidence ratios, SIR) by 
occupation were calculated, the expected numbers being 
based on average population data from the 1960 and 1970 
censuses and the overall age- and gender-specific inci- 
dence rates of the study population. The incidence for 
teachers was close to expectation [SIR 1.1, 95% confi- 
dence interval (95%CI) 0.7-1.61. 

Cancer incidence by occupation in Denmark, 1970- 
1979 
In this investigation, cases of cancer in the Danish popu- 
lation during 1970-1979 were identified from the Dan- 
ish Cancer Register, and their occupational histories dur- 
ing 1964-1979 were obtained by record linkage with 
national pension fund records and the central population 
register (26). Age-standardized proportional incidence 
ratios (SPIR) were calculated according to the industry 
in which the subjects had worked the longest with the 
annual age-specific proportions of the total study popu- 
lation as the standard. 

The results were not reported for teachers as such, 
but findings were given for employment in educational 
services. A small excess of cases was observed for non- 
acute leukemia in women, but this excess was not statis- 
tically significant. Otherwise, the numbers of cases were 
close to or below expectation. It is estimated that among 
those working in educational services, approximately 
90% of the men and 57% of the women would have been 
teachers (Hansen J, personal communication). 

Mortality by occupation in Turin, 1981-1989 
Residents of Turin were identified from the 1981 census 
with information about their occupation at the time of 
the census (27). The cohort was then followed for mor- 
tality to the end of 1989 through the municipal death reg- 
ister. Follow-up for the subjects who left Turin during 

the study period (1 7.6% of the total) was censored at the 
time of migration. Causes of death were ascertained from 
death certificates, and SMR values were calculated for 
specified occupational groups in comparison with the 
whole active population. (Information about the cause of 
death was missing for 4.5% of the deaths.) There were 
only small numbers of deaths from lymphatic and hemat- 
opoietic cancer among teachers, and no clear increases 
in risk were observed. 

Occupational mortality in Italy, 198 1-1982 
This analysis focused on Italian residents between the 
ages of 18 and 74 years. The subjects were identified 
from the 1981 census with information about their occu- 
pation and were followed for mortality over the next 6 
months through death registers (27). Some 16% of the 
deaths could not be linked with census records and were 
excluded from the analysis. Age-adjusted odds ratios 
were calculated for specified occupational groups and 
causes of death using all other causes of death as the con- 
trol and all other occupations combined as the compara- 
tor. For teachers and professors most of the odds ratios 
for lymphatic and hematopoietic cancer were elevated, 
several to the point of statistical significance. 

Cancer incidence in Finland by occupation, 1971- 
1985 
Registrations of people of work age in 1971-1985 at 
the Finnish Cancer Registry were linked with informa- 
tion about their current occupations from the 1970 cen- 
sus (28). Risks of specified cancers were estimated by 
occupation and were characterized by SIR values with 
expected numbers based on the incidence for the total 
economically active Finnish population of the same gen- 
der, 5-year age group, and social class during each 5-year 
period of follow-up. 

The results were reported for combinations of occu- 
pation and cancer with at least 5 cases expected or an 
SIR significantly different from the null. Small excesses 
were observed for non-Hodgkin's lymphoma among male 
teachers overall, and for multiple myeloma in female 
school teachers, but neither was statistically significant. 

Cancer mortality by occupation in Switzerland 

This analysis of cancer mortality by occupation among 
Swiss men aged 30 years or older who died during 
1979-1982 used information on occupation and cause 
of death from death certificates (29). SMR values were 
calculated using information about the occupational pop- 
ulations at risk from the 1980 census, and PMR values 
were also derived. Results were only published for oc- 
cupations with a significantly raised or lowered SMR or 
PMR for the cancers studied, and such an increase did 
not occur for leukemia or lymphoma in teachers. 
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Non-Hodgkin's lymphoma and occupation in Sweden 

This study linked data on occupation for Swedish men 
from the 1960 census with cancer registrations during 
1961-1979 and calculated standardized cumulative in- 
cidence ratios for non-Hodgkin's lymphoma in each oc- 
cupation, with expected numbers of cases based on 5- 
year birth cohort, gender, and region-specific rates for 
the general population (30). The incidence of non-Hodg- 
kin's lymphoma was significantly elevated both for 
school teachers (14 cases, SIR 2.1,95% CI 1.2-3.5) and 
for special teachers (24 cases, SIR 1.6,95% CI 1.0-2.4). 

Occupational mortality in British Columbia, 1950- 
1984 
A proportional mortality analysis was carried out based 
on deaths among men and women aged 20 years and old- 
er in British Columbia during 1950-1984 (31). Infor- 
mation about age at death, underlying cause of death, and 
occupation was obtained from death certificates. The 
PMR for leukemia was significantly elevated for male 
teachers (1.75, 95% CI 1.16-2.53). 

The findings from these studies for all leukemia, lym- 
phatic leukemia, nonlymphatic leukemia, Hodgkin's dis- 
ease, non-Hodgkin's lymphoma, and multiple myeloma 
are set out in more detail in tables 1 to 6. The tables also 
show approximate summary estimates of risk for the 
combination of all categories of teacher [including work 
in educational services in Denmark (26)], all age groups, 
and both genders. These estimates were derived separate- 
ly for the studies based on incidence or mortality rates 
and those that analyzed proportional mortality, mortali- 
ty odds ratios, or proportional cancer incidence. For all 
the disease categories examined, the summary estimates 
of relative risk derived from proportional analyses were 
significantly elevated. However, those based on inci- 
dence or mortality rates were generally lower and close 
to unity. The 2 exceptions were lymphatic leukemia (RR 
1.77, 95% CI 1.22-2.47) and non-Hodgkin's lympho- 
ma (RR 1.36, 95% CI 1.13-1.62). 

Discussion 

When the assembled evidence is interpreted, several lim- 
itations must be taken into consideration. 

Completeness of literature search 

We attempted to identify all published studies that pro- 
vide epidemiologic data relevant to the risk of leukemia 
and related disorders in teachers, but our search may not 

have been comprehensive. Many data were available only 
from government reports, and these were not always 
included in the computerized data bases that we were 
able to search. Moreover, some pertinent studies that 
were included in the data bases may have been missed 
because they did not register under the index terms that 
we used. To minimize the risk of such omissions we kept 
our initial search broad, and, although several relevant 
publications were only ascertained from a single source, 
we think major underascertainment is unlikely. 

Completeness of published data 
A related concern is the completeness with which rele- 
vant data have been published. Leukemia and lympho- 
ma are rare diseases, and findings based on small num- 
bers of cases may have escaped publication, particularly 
if the associated risk estimate was unremarkable. Such a 
problem occuwed, for example, in the Registrar Gener- 
al's analysis of cancer incidence in England during 
1981-1987 (12), from which PRR values for hematopoi- 
etic cancer among teachers were only published if they 
were significantly elevated at a 5% level and based on 
three or more observed cases. In general, the effect of 
such underreporting will be a bias towards more posi- 
tive estimates of risk. 

Completeness and reliability of occupational 
information 

Most of the studies reviewed used occupational informa- 
tion from death certificates or census returns, which nor- 
mally allow for a record of only 1 occupation. Where 
people have changed jobs over the course of their career, 
an occupation that contributed to their death would not 
necessarily be the one that was registered. In addition, 
the occupations recorded on death certificates are not al- 
ways accurate or specific. 

In general, the effect of such errors will be to bias 
risk estimates towards unity, but spurious associations 
may be generated in SMR analyses in which the occupa- 
tional information for the numerator and denominator of 
rates is derived from 2 different sources. Bias of this type 
has been well documented for certain occupations (32), 
but is less likely to apply to a profession such as teach- 
ing, which is familiar to most people and should not be 
difficult to report accurately. 

Accuracy and specificity of diagnoses 

A few of the studies reviewed used clinical records to 
confirm diagnoses, but most relied on diagnoses obtained 
from cancer registrations or death certificates. The lat- 
ter, in particular, are known to be subject to error, which, 
if nondifferential with respect to occupation would tend 
to obscure associations with work. Errors in diagnosis are 
especially likely to occur when more specific diagnostic 
classifications are employed. For example, there may be 
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Table  1. Summary of findings for  1eukemia.a (RR = relative risk, 95% CI = 95% confidence interval, SMR = standardized mortality ratio, 
PMR = proportional mortal i ty ratio, MOR = mortal i ty odds ratio, SIR = standardized incidence ratio, SPlR = standardized proportional 
incidende ratio) 

Reference Place Period Occupation Age Gender Number Measure RR 95% CI 
(years) of cases of risk 

Registrar General, England and Wales 1949-1 953 
1958 (8) 
Registrar General, England and Wales 1959-1 963 
1971 (9) 

Office of Population England and Wales 1970-1972 
Censuses and 
Surveys, 1978 (10) 

Office of Population Great Britain 1979-1980 & 
Censuses and 1982-1 983 
Surveys, 1986 (1 1) 
Coggon et al, England and Wales 1979-1980 & 
1995 (1) 1982-1 990 

Milham, 1997 (14) Washington State 1950--1989 

1974-1 989 
Petersen & Milham, California State 1959-1961 
1980 (16) 1959-1 961 
Hrubec et al, United States 1954-1 980 
1992 (17) (veterans) 
Morton & Portland-Vancouver 1963-1 977 
Marjanovic, 
1984 (19) 

Burnett et al, United States 1984-1 988 
1997 (20) (24 states) 

Dewar, 1986 (24) Pennsylvania 1983-1 984 
Olsen & Jensen, Denmark 1970-1 979 
1987 (26) 
Roseo, 1995 (27) Turin 1981-1989 

Roseo, 1995 (27) Italy 1981-1982 

Pukkala, 1995 (28) Finland 1971 -1 985 

King, 1994 (31) British Columbia 1950-1984 

Teachers 20-64 Male 

Nonuniversity teachers 15-64 Male 
Nonuniversity teachers 15-59 Femalec 
University teachers 15-64 Male 
Primary and secondary teachers 15-64 Male 
Primary and secondary teachers 65-74 Male 
Primary and secondary teachers 15-59 Femalec 
Primary and secondary teachers 60-74 FemaleC 
University teachers 15-64 Male 
University teachers 65-74 Male 
University teachers 15-59 Femalec 
University teachers 60-74 FemaleC 
Other teachers 15-64 Male 
Other teachers 65-74 Male 
Other teachers 15-59 Femalec 
Other teachers 60-74 FemaleC 
Nonuniversity teachers 20-64 Male 
Te.achers in higher education 20-64 Male 

Nonuniversity teachers 20-74 Male 
Nonuniversity teachers 20-74 Female 
Teachers in higher education 20-74 Male 
Teachers in higher education 20-74 Female 
School teachersd 20-64 Male 
Professors and instructorsd 20-64 Male 
School teachersd 20-64 Female 
Teachersd 220 Male 
Professors and instructorsd 220 Male 
Teachers (nonsmokers) All Male 
Teachers (smokers) All Male 
School teachers 16-74 Male 
School teachers 16-74 Female 
College professors 16-74 Male 
College professors 16-74 Female 
Teachers except postsecondaryd 220 Male 
Teachers except postsecondaryd 220 Female 
Teachers postsecondaryd 220 Male 
Primary and secondary teachersd All Female 
Educational services 18-66 Male 

Teachers and professors 
Teachers and professors 
Teachers and professors 
Teachers and professors 
All teachers 
All teachers 
School teachers 
School teachers 

All Male 
All Female 

18-64 Male 
18-64 Female 
35-64 Male 
35-64 Female 

220 Male 
220 Female 

SMR 

SMR 
SMR 
SMR 
SMR 
PMR 
SMR 
PMR 
SMR 
PMR 
SMR 
PMR 
SMR 
PMR 
SMR 
PMR 
SMR 
SMR 

PMR 
PMR 
PMR 
PMR 
PMR 
PMR 
PMR 
PMR 
PMR 
RR 
RR 
RR 
RR 
RR 
RR 

PMR 
PMR 
PMR 
PMR 
SPlR 

SMR 
SMR 
MOR 
MOR 
SIR 
SIR 
PMR 
PMR 

aAppr~ximate summary estimates of relative risk: studies based on incidence or mortality rates: number of cases 293, RR 1.06, 95% CI 0.94-1.19; 
tudies based on proportional mortality, mortality odds ratios or proportional cancer incidence; number of cases 1225, RR 1.40, 95% CI 1.33-1.48. 
Calculated by us. 

cSingle women only. 
Whites only. 

no doubt that a patient had leukemia, but the exact sub- compared rates of disease or mortality for teachers with 
type of leukemia may be uncertain. those of other occupations or the general population and 
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Measures of relative risk 
Various measures of relative risk have been used in the 
reviewed studies according to their design. An important 
distinction must be made between those that directly 

those that estimated risk from proportional incidence or 
mortality or from mortality odds ratios. Risk estimates 
in the latter category are influenced not only by the fie- 
quency of leukemia and related diseases among teach.. 
ers, but also by their susceptibility to other diseases, 
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Table  2. Summary of f indings for  lymphatic l e ~ k e m i a . ~  (RR = relative risk, 95% CI = 95% confidence interval, SMR = standardized 
mortal i ty ratio, PMR = proport ional mortality ratio) 

Reference Place Period Occupation Age Gender Number Measure RR 95% CI 
(years) of cases of risk 

Office of Population Great Britain 1979-1980 & Nonuniversity teachers 20-64 Male 9 SMR 0.89 041-1.69h 
Censuses and 1982-1983 Teachers in higher education 20-64 Male 11 SMR 2.92 1.46-5.22" 
Surveys, 1986 (1 1) 
Coggon et al, England and Wales 1979-1980 & Nonuniversity teachers 20-74 Male 52 PMR 1.54b 1 .15-2.02b 
1995 (1) 1982-1990 Nonuniversity teachers 20-74 Female 38 PMR 1.4Ib 1.00-1.94h 

Teachers in higher education 20-74 Male 22 PMR 2.35b 1.47-3.56b 
Teachers in higher education 20-74 Female 3 PMR 4.05h 0.84-1 1 .80b 

Milham, 1997 (14) Washington State 1950-1989 School teachersc 20-64 Male 7 PMR 2.38 0.96-4.90b 
Professors and instructorsc 20-64 Male 1 PMR - 

1974-1 989 School teachersC 20-64 Female 1 PMR - 
Petersen & Milham, California State 1959-1 961 Teachersc 220 Male 1 PMR 0.70 0.02-3.90h 
1980 (16) Professors and instructorsc 220 Male 2 PMR 1.88 0.23-6.82b 
Morton & Portland-Vancouver 1963-1977 School teachers 16-74 Male 6 RR 2.3h 
Marjanovic, School teachers 16-74 Female 8 RR 2.9b 
1984 (19) College professors 16-74 Male - RR 0 

College professors 16-74 Female - RR 0 
Burnett et al, United States 1984-1 988 Teachers except postsecondaryC 220 Female 11 4 PMR 1.30 1.07-1.56 
1997 (20) (24 states) 
Dewar, 1986 (24) Pennsylvania 1983-1984 Primary and secondary teachersc All Male 4 PMR 1.84 0.50-4.71b 

Primary and secondary teachersC All Female 7 PMR 0.94 0.38-1 .94b 
Primary and secondary teachersd All Female 1 PMR 9.09 0.23-50.60b 

a Approximate summary estimates of relative risk: studies based on incidence or mortality rates: number of cases 34, RR 1.77, 95% CI 1.22-2.47; 
studies based on proportional mortality, mortality odds ratios or proportional cancer incidence: number of cases 251, RR 1.45, 95% CI 1.27-1.64. 
Calculated by us. 
Whites only. 
Blacks only. 

Table 3. Summary of f indings for  nonlymphatic l e ~ k e m i a . ~  (RR = relative risk, 95% CI = 95% confidence interval, SMR = standardized 
mortality ratio, PMR = proport ional mortal i ty ratio) 

Reference Place Period Occupation Age Gender Number Measure RR 95% CI 
(years) of cases of risk 

Office of Population Great Britain 1979-1980 & Nonuniversity teachers 20-64 Male 35 SMR 1.33d 0.93-1.85b 
Censuses and 1982-1983 Teachers in higher education 20-64 Male 5 SMR 0.50d 0.16-1.17b 
Surveys, 1986 (11) 
Coggon et at, England and Wales 1979-1980 & Nonuniversity teachers 20-74 Male 132 PMR 1.58b 1.32-1.87b 
1995 (1) 1982-1 990 Nonuniversity teachers 20-74 Female 148 PMR 1.34b 1.13-1.57b 

Teachers in higher education 20-74 Male 44 PMR 1.90b 1.38-2.55h 
Teachers in higher education 20-74 Female 17 PMR 1 .9gb 1.1 6 ~ 3 . 1 9 ~  

Milham, 1997 (14) Washington State 1950-1989 School teachersc 20-64 Male 7 PMR 1.83d 074-3.77h 
Professors and instructorsc 20-64 Male 2 PMR 1 .9gd 0.24-7.1 9" 

1974-1 989 School teachersc 20-64 Female 7 PMR 2.54d 1.02-5.23b 
Petersen & Milham, California State 1959-1 961 Teachersc 220 Male - PMR Od .. 
1980 (16) Professors and instructorsC 220 Male - PMR 0" 
Morton & Portland-Vancouver 1963-1977 School teachers 16-74 Male 4 RR l . gb  .. 
Marjanovic, School teachers 16-74 Female 5 RR 0.9" 
1984 (19) College professors 16-74 Male - RR 0 

College professors 16-74 Female 2 RR 4.8h .. 
Burnett et al, United States 1984-1988 Teachers except postsecondaryC 220 Female 177 PMR 1 .31d 1.13-1.52 
1997 (20) (24 states) 
Dewar, 1986 (24) Pennsylvania 1983-1984 Primary and secondary teachersC All Female 13 PMR 1 . l l  0.59-1 .90h 

a Approximate summary estimates of relative risk: studies based on incidence or mortality rates: number of cases 51, RR 1.15, 95% C10.86-1.51; 
studies based on proportional mortality, mortality odds ratios or proportional cancer incidence: number of cases 547, RR 1.44, 95% CI 1.32-1.56. 
Calculated by us. 
Whites only. 
Myeloid leukemia only. 

Thus, if teachers have low mortality from all causes corn- 
bined [the all-cause SMR for male teachers aged 

1982-1983 was only 0.61 (1 I)], PMR values and mor- 
tality odds ratios will tend to be elevated for leukemia 

20-64 years in Great Britain during 1979-1980 and even when the death rate from the disease is not 
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Table 4. Summary of findings for  Hodgkin's disease.8 ( R R  = relative risk, 95% CI = 95% confidence interval, SMR = standardized 
mortality ratio, P M R  = proportional mortality ratio, SIR = standardized incidence ratio, SPlR = standardized proportional incidence ratio) 

Reference Place Period 

Office of Population England and Wales 1970-1 972 
Censuses and 
Surveys, 1978 (10) 
Office of Population Great Britain 1979-1980 & 
Censuses and 1982-1 983 
Surveys 1986 (1 1) 
Coggon et al, England and Wales 1979-1 980 & 
1995 (1) 1982-1 990 

Milham, 1997 (14) Washington State 1950-1989 

Petersen & Milham, California State 1959-1 961 
1980 (1 6) 
Hrubec et al, USA (veterans) 1954-1 980 
1 992 (1 7) 
Rosenman, New Jersey 1980-1 984 
1994 (23) 

Dewar, 1986 (24) Pennsylvania 1983-1984 

Grufferman et al, Boston 1959-1 973 
1976 (25) 
Olsen & Jensen, Denmark 1970-1 979 
1987 (26) 
Roseo, 1995 (27) Turin 1981-1 989 

Roseo, 1995 (27) Italy 1981-1982 

King et al, 1994 (31) British Columbia 1950--1984 

Occupation Age Gender Number 
(years) of cases 

Primary and secondary teachers 15-64 Male 18 
Primary and secondary teachers 65-74 Male 2 

Nonuniversity teachers 20-64 Male 14 
Teachers in higher education 20-64 Male 4 

Nonuniversity teachers 20-74 Male 
Nonuniversity teachers 20-74 Female 
Teachers in higher education 20-74 Male 
Teachers in higher education 20-74 Female 
School teachersc 20-64 Male 
Professors and instructorsc 20-64 Male 
School teachersC 20-64 Female 

Teachersc 220 Male 
Professors and instructorsc 220 Male 
Teachers (nonsmokers) All Male 
Teachers (smokers) All Male 
Primary and secondary teachersC All 
Primary and secondary teachersd All 
Primary and secondary teachersC All 
Primary and secondary teachersd All 
Primary and secondary teachersC All 
Primary and secondary teachersC All 
Primary and secondary t e a c h e r s V l l  
Teachers 20-64 

Male 
Male 

Female 
Female 
Male 

Female 
Female 
Both 

Educational services 
Educational services 
Teachers and professors 
Teachers and professors 
Teachers and professors 
Teachers and professors 
School teachers 
School teachers 

18-66 Male 4 
18-66 Female 3 

All Male - 
All Female 1 

18-64 Male - 
18-64 Female 4 

220 Male 8 
220 Female 2 

Measure RR 95% CI 
of risk 

SMR 1.43 0.85-2.2Gb 
PMR 1.49 0.18-5.38b 

SMR 0.87 0.48-1.46b 
SMR 0.70 0.19-1.79" 

PMR 1.57 1.14-2.12 
PMR 1 85 1 35-2 48 
PMR 1 3 1  063-242 
PMR 0 6 3  002-351 
PMR 1.90 1.01-3.25" 
PMR 0 
PMR 1.07 0.22-3.13b 

PMR 
PMR 
RR 
RR 

PMR 
PMR 
PMRe 
PMR 
PMR 
PMR 
PMR 
SIR 

SPlR 0.93 
SPlR 1.10 
SMR 0 
SMR 1.23 
MOR 0 
MOR 7.32 
PMR 1.87 
PMR 0.49 

a Approximate summary estimates of relative risk: studies based on incidence or mortality rates: number of cases 70, RR 1.05, 95% CI 0.82-1.33; 
studies based on proportional mortality, mortality odds ratios or proportional cancer incidence: number of cases 153, RR 1.58, 95% CI 1.34-1.85. 
Calculated by us. 
Whites, 
Blacks. 
PMR based on United States proportions as standard. 

increased. Spurious inflation of risk estimates in this way 
would not normally be specific to lymphatic and hemat- 
opoietic cancer, and, in this respect, it is notable that most 
of the proportional mortality analyses reviewed also 
showed elevated PMR values for melanoma and cancers 
of the colon, prostate, and brain among teachers. The 
same sort of effect could occur with proportional cancer 
incidence if the overall incidence of cancer among teach- 
ers were low, although this is perhaps less likely to be a 
major problem. 

Healthy worker effect 

Mortality in occupational populations is often lower than 
that in the general population because people with chron- 
ic disabling disease are excluded from or selected out of 
work, and this selection may sometimes obscure the ef- 
fects of occupational hazards. For an occupation such as 
teaching, such bias should not affect studies based on the 

last full-time or main lifetime job (eg, the Registrar Gen- 
eral's analyses of occupational mortality). It could be rel- 
evant in cohort studies based on curient occupation at 
the time of entry to follow-up, but the effect tends to be 
less for cancer than for other common causes of death, 
such as cardiovascular or respiratory disease, and even 
in these types of investigations inajor bias seems unlike- 

ly. 

Confounding effects 

Several large cohort studies have suggested an associa- 
tion between leukemia and smoking (33-36), but the 
finding has not been universal (37), and, if leukemia in- 
cidence is increased for smokers, then it is unlikely to be 
by more than 50%. Thus any confounding effect from 
smoking is likely to be weak. In the United Kingdom 
(UK), teachers smoke less than people in most other oc- 
cupations (38), and this difference would, if anything, 
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Table 5. Summary of findings for non-Hodgkin's lymph~ma.~ ( R R  = relative risk, 95% CI = 95% confidence interval, SMR = standard- 
ized mortality ratio, P M R  = proportional mortality ratio, MOR = mortality odds ratio, SIR = standardized incidence ratio, SPlR = standard- 
ized proportional incidence ratio) 

Reference Place Period Occuoation Age Gender Number Measure RR 95% CI 
(years) of cases of risk 

Office of Population England and Wales 1970-1972 
Censuses and 
Surveys, 1978 (10) 
Coggon et al, England and Wales 
1995 (1) 

Milham, 1997 (14) Washington State 

Petersen & Milham, California State 
1980 (16) 
Hrubec et al, United States 
1992 (1 7) (veterans) 
Burnett et al, United States 
1997 (20) (24 states) 
Figgs et al, United States 
1995 (21) (24 states) 

Dewar, 1986 (24) Pennsylvania 1983-1984 

Olsen & Jensen, Denmark 1970-1 979 
1987 (26) 
Roseo, 1995 (27) Turin 1981 -1 989 

Roseo, 1995 (27) Italy 1981-1 982 

Pukkala, 1995 (28) Finland 1971-1985 

Linet et al, 1993 (30) Sweden 1961 -1 979 

King et al, 1994 (31) British Columbia 1950-1984 

Primary and secondary teachers 15-64 
Primary and secondary teachers 65-74 

Nonuniversity teachers 
Nonuniversity teachers 
Teachers in higher education 
Teachers in higher education 
School teachersd 
Professors and instructorsd 
School teachersd 
Teachersd 

Teachers (non-smokers) All 
Teachers (smokers) All 
Teachers post secondaryd 220 
Teachers except post secondaryd 220 
Art, drama and music teachersd All 
Elementary teachersd All 
Elementary teachersd All 
Elementary teacherse All 
Secondary teachersd All 
Secondary teachersd All 
Post secondary teachersd All 
Other teachersd All 
Primary and secondary teachersd All 
Primary and secondary teachersd All 
Educational services 18-66 
Educational services 18-66 
Teachers and professors All 
Teachers and professors All 
Teachers and professors 18-64 
Teachers and professors 18-64 
All teachers 35-64 
All teachers 35-64 
School teachers All 
Special teachers All 
School teachers 220 
School teachers 220 

Male 
Male 

Male 
Female 
Male 

Female 
Male 
Male 

Female 
Male 

Male 
Male 
Male 
Male 
Male 
Male 

Female 
Female 
Male 

Female 
Male 

Female 
Male 

Female 
Male 

Female 
Male 

Female 
Male 

Female 
Male 

Female 
Male 
Male 
Male 

Female 

SMR 
PMR 

PMR 
PMR 
PMR 
PMR 
PMR 
PMR 
PMR 
PMR 

R R 
RR 

PMR 
PMR 
MOR 
MOR 
MOR 
MOR 
MOR 
MOR 
MOR 
MOR 
PMR 
PMR 
SPlR 
SPlR 
SMR 
SMR 
MOR 
MOR 
SIR 
SIR 
SIR 
SIR 
PMR 
PMR 

aAppr~ximate summary estimates of relative risk: studies based on incidence or mortality rates: number of cases 121, RR 1.36, 95% CI 1.13-1.62; 
studies based on proportional mortality, mortality odds ratios or proportional cancer incidencef: number of cases 1331, RR 1.50, 95% CI 1.42-1.58. 
International Classification of Diseases, code 200 only. 
Calculated by us. 
White. 

"lack. 
I Excludes reference 20 because of overlap by reference 21. 

tend to obscure an occupational hazard. None of the well- 
established causes of leukemia or lymphoma (genetic dis- 
orders such as ataxia telangiectasia, ionizing radiation, 
benzene or immunosuppressive drugs) is likely to be 
strongly associated with work as a teacher. 

Statistical po wer 

The weight that can be given to individual studies de- 
pends not only on the potential influences of bias and 
confounding, but also on their statistical power. We have 
calculated approximate summary estimates of risk for the 
2 main categories of study, which take into account their 

relative size. However, these estimates must be interpret- 
ed with caution. They are crude in so far as they ignore 
differences between studies in the precision of expected 
numbers and treat different measures of risk (eg, SMR 
values and odds ratios) as directly comparable. Further- 
more, they not only exclude unpublished findings, but 
also those for which the information reported was insuf- 
ficient for analysis (eg, where there were no cases of dis- 
ease among teachers but the expected number was not 
given). In addition, there may have been some "double 
counting" because of overlap between studies (eg, those 
of cancer registrations and occupational mortality in the 
United Kingdom). 
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Table 6. Summary of findings for multiple myel~ma.~ ( R R  = relative risk, 95% CI = 95% confidence interval, SMR = standardized 
mortality ratio, PMR = proportional mortality ratio, M O R  = mortality odds ratio, SIR = standardized incidence ratio) 

Reference Place Period Occupation Age Gender Number Measure RR 95% CI 
(years) of cases of risk 

Coggon et al, England and Wales 1979-1980 & Nonuniversity teachers 20-74 Male 107 PMR 1.69 1.39-2.05 
1995 (1) 1982-1990 Nonuniversity teachers 20-74 Female 95 PMR 1.25 1.01-1.53 

Teachers in higher education 20-74 Male 38 PMR 2.05 1.45-2.81 
Teachers in higher education 20-74 Female 7 PMR 1.61 0.65-3.32 

Roman & Carpenter, England 1981 -1 987 Non-university teachers 20-74 Male 60 PRR 1.44 l . l l -1 .87b 
1995 (12) 
Milham, 1997 (14) Washington State School teachersC 

Professors and instructorsc 
School teachersC 
Teachersc 
Professors and Instructorsc 

20-64 
20-64 
20-64 

220 
220 
All 
All 

220 

Male 
Male 

Female 

PMR 
PMR 
PMR 
PMR 
PMR 
RR 
RR 

MOR 

Petersen & Milham, California State 
1980 (16) 

Male 
Male 

Hrubec et al, United States 
1992 (17) (veterans) 

Teachers (nonsmokers) 
Teachers (smokers) 

Male 
Male 

Oubrow & Wegman, Massachusetts 
1984 (18) 
Burnett et al, United States 
1997 (20) (24 states) 

School ~rofessionsc Male 

Teachers postsecondaryc 220 
Teachers except postsecondaryc 220 
Teachers except postsecondaryC 220 
Elementary teachersc All 
Elementary teachersC All 
Elementary teacher9 All 
Postsecondary teachersd All 
Primary and secondary teachersc All 
Primary and secondary teachersc All 
Primary and secondary teachersd All 
Teachers and professors All 
Teachers and professors All 
Teachers and professors 18-64 
Teachers and professors 18-64 
All teachers 35-64 
All teachers 35-64 
School teachers 220 
School teachers 220 

Male 
Male 

Female 
Male 

Female 
Female 
Female 
Male 

Female 
Male 
Male 

Female 
Male 

Female 
Male 

Female 
Male 

Female 

PMR 
PMR 
PMR 
MOR 
MOR 
MOR 
MOR 
PMR 
PMR 
PMR 
SMR 
SMR 
MOR 
MOR 1 
SIR 
SIR 
PMR 
PMR 

Figgs et al, United States 
1994 (22) (24 states) 

Dewar, 1986 (24) Pennsylvania 

Roseo, 1995 (27) Turin 

Roseo, 1995 (27) Italy 

Pukkala, 1995 (28) Finland 

King et al, 1994 (31) British Columbia 

aApproximate summary estimates of relative risk: studies based on incidence or mortality rates: number of cases 28, RR 1.04, 95% CI 0.69-1.51; 
studies based on proportional mortality, mortality odds ratios or proportional cancer incidencee: number of cases 725, RR 1.58, 95% CI 1.47-1.70 
Calculated by us. 

Whites. 
Blacks. 
Excludes reference 20 because of overlap by reference 22. 

Overall pattern of findings 

The study that most consistently suggests high risks of 
leukemia and related diseases among teachers is the 
latest national analysis of occupational mortality for Eng- 
land and Wales (1). However, this analysis was based 
on PMR values, which will tend to overestimate the risk 
of teachers. In addition, less weight can be given to its 
findings in so far as they were the stimulus for the cur- 
rent review. 

Several other investigations have suggested elevated 
risks of leukemia, but again they have mostly been based 
on proportional mortality or mortality odds ratios. In- 
creased SMR values were found for leukemia among fe- 
male school teachers in the Registrar General's analysis 
of occupational mortality for 1970-1972 (10) and for 
myeloid leukemia among male nonuniversity teachers in 
the corresponding analysis for 1979-1980 and 1982- 
1983 (1 1). In addition, a high incidence of leukemia was 

recorded among teachers in the Portland Vancouver met- 
ropolitan area in a comparison with the general popula- 
tion (19). Against these findings, however, there was no 
materially increased risk in the earlier SMR analyses by 
the Registrar General (8, 9), in the follow-up study of 
US veterans (17), or in the national analysis of occupa- 
tional mortality for Finland during 1971-1985 (28). 

Overall, there was no significant excess of leukemia 
among teachers in investigations that analyzed incidence 
or mortality rates as opposed to proportions (RR 1.06, 
95% CI 0.94-1.19). The corresponding risk estimate for 
lymphatic leukemia was higher (RR 1.77,95% CI 1.22- 
2.47), but it was derived from only 2 studies and is like- 
ly to have been inflated by biases in reporting. 

Some studies have suggested an elevated rate of lym- 
phoma (both Hodgkin's disease and non-Hodgkin's lym- 
phoma) for teaching professions, but, as with leukemia, 
they have mostly been proportional mortality analyses or 
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case-referent studies based on death certificates. There- 
fore, their risk estimates are likely to have been exag- 
gerated by low inortality from other causes. In the 
studies that examined incidence or mortality rates there 
was no overall excess of Hodgkin's disease, but the sum- 
mary risk estimate for non-Hodgkin's lymphoma was sig- 
nificantly increased (RR 1.36, 95% CI 1.13-1.62). This 
finding is suspicious, but it may have been a product of 
publication and reporting bias and cannot be regarded as 
strong evidence of a hazard. 

Almost all of the published data on multiple myelo- 
ma in teachers corne from proportional analyses, and, 
while many of them suggest an increased risk, the find- 
ing may simply reflect low death rates frorn other dis- 
eases. 

Concluding remarks 
In balance, there is no compelling epidemiologic evi- 
dence for an occupational hazard of leukemia or related 
diseases for teachers, and the elevated PMR values found 
in England and Wales during 1979-1980 and 1982- 
1990 could well be attributable to a combination of low 
overall mortality among teachers and chance. If the inci- 
dence of lymphatic and hematopoietic cancer is in- 
creased, then the elevation of risk is probably for non- 
Hodgkin's lymphoma and small in absolute terms. 
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