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Background:Previous studies of re-
gional and temporal variation in U.S.
breast cancer mortality rates have been
confined largely to analyses of rates for
white women. Purpose:Breast cancer
mortality rates from 1969 through 1992
for white women and black women in
four regions of the United States and
for all women throughout Canada were
compared to identify racial, regional,
and temporal differences. Differences
and trends in the rates were evaluated
in view of breast cancer risk factors
and relevant medical interventions.
Methods: Age–period–cohort models
were fit to the data, and changes in
birth cohort trends (suggesting a
change in a breast cancer risk factor or
protective factor) and calendar period
trends (suggesting, in part, the impact
of new or improved medical interven-
tions) were examined.Results:Breast
cancer mortality rates for white women
were significantly higher in the North-
east than in any other region of the
United States (two-sided t tests;
P<.005); the rates for black women
were not. Birth cohort trends for all
women were similar until about 1940,
with a moderation of mortality risk be-
ginning around 1924. A marked mod-
eration of risk by 4-year birth cohorts
was observed for U.S. white women
born after 1950, whereas stable or
slightly decreasing trends were ob-
served for U.S. black women and Ca-
nadian women. For women born from
1924 to around 1938, fertility rates in-
creased for all three groups; after 1950,
they declined uniformly. Looking at
temporal effects, we found that the
slope of the mortality calendar period
trend increased in the 1980s compared
with the 1970s for all women. In the last
calendar period, 1991-1992, a trend of

decreasing mortality rates was found
for white women in the United States
and for Canadian women.Implications:
Widespread environmental exposures
are unlikely to explain the higher rela-
tive breast cancer mortality rates ob-
served for U.S. white women in the
Northeast, since the rates for black
women in this region were not higher
than in other regions. The moderation
of breast cancer mortality rates for
women born between 1924 and 1938
coincides with increased fertility rates
following World War II. Stable or de-
creasing mortality rates for U.S.
women and Canadian women born af-
ter 1950 were not expected in view of
declining fertility rates, suggesting a
change in a breast cancer risk factor or
protective factor. The increase in cal-
endar period trend slope in the 1980s
likely reflects the coincident rise in
breast cancer diagnosis via mammog-
raphy. The recent decline in calendar
period trend for white women in the
United States and for Canadian women
may be the result of earlier detection
and increased use of adjuvant therapy.
[J Natl Cancer Inst 1997;89:251-6]

Considerable geographic variation in
breast cancer mortality rates within the
United States has been reported (1-4),
with high rates found in the Northeast and
low rates found in the South (1,4). Breast
cancer mortality rates are slightly higher
in Canada than in the entire United States
(5), but the relationship between Cana-
dian rates and U.S. regional rates has not
been investigated. Previous reports of
geographic variation in U.S. breast cancer
mortality rates have been based largely on
studies of white women. In view of racial
variability in breast cancer risk (3,6), an
examination of geographic variation ac-
cording to race would seem warranted.

Breast cancer mortality risk increased
for U.S. women who were born during the
period from before the turn of the century
until around 1920 (7-12). An increase in
breast cancer incidence rates over this
same period was identified in Canada
(13). Breast cancer mortality risk then
moderated for U.S. women born between
1925 and 1940 (9,11,12). During the past
two decades, these two birth cohort trends
have led to increasing U.S. breast cancer
mortality rates for older women and de-

creasing or stable mortality rates for
younger women (11). This discordance in
breast cancer mortality trends according
to age has also been observed in Canada
(14).

Previous studies of U.S. birth cohort
patterns of breast cancer mortality risk
were based on analyses of rates for all
women or for white women only. In this
study, we compared breast cancer mortal-
ity rates for white and black women in
four U.S. regions (the Northeast, the Mid-
west, the South, and the West) and Cana-
dian women. Breast cancer mortality data
were evaluated by fitting age–period–
cohort models for both black women and
white women in each U.S. region and for
all Canadian women. Mortality risk pat-
terns were examined according to race
and region, and the implications of
changes in birth cohort and calendar pe-
riod trends with regard to breast cancer
risk factors and medical interventions
were explored.

Materials and Methods

U.S. breast cancer mortality data for white and
black women from 1969 through 1992 were ob-
tained from the Division of Vital Statistics of the
National Center for Health Statistics (Hyattsville,
MD). Canadian breast cancer mortality data for the
same period were obtained from the Health Statistics
Division, Statistics Canada (Ottawa, ON). Race is
not indicated for Canadian deaths, but 1991 census
data showed that only 9.2% of the Canadian popu-
lation is of non-European ethnic origin.
Nulliparity data for U.S. women were obtained

from annual reports on natality by the National Cen-
ter for Health Statistics. Nulliparity data for Cana-
dian women were provided by the Health Statistics
Division, Statistics Canada.
Age-adjusted breast cancer mortality rates were

calculated on the basis of year of death for women in
Canada and in each of the four U.S. regions (regions
defined by the U.S. Census Bureau independent of
breast cancer risk) using the 1970 U.S. census popu-
lation as the standard. Averages of these age-
adjusted rates were calculated to summarize the
rates in two decades (1972-1981 and 1982-1991),
and two-sidedt tests were employed to compare
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rates between races, decades, and regions. Because
of the number of comparisons made, a nominal level
of .005 was used to determine statistical significance
in preliminary analyses.
Age–period–cohort models were fit to the breast

cancer mortality data with the use of 2-year age and
calendar intervals (12,15,16). There were 30 age in-
tervals (ranging from 24-25 to 82-83 years of age),
12 calendar period intervals (ranging from 1969-
1970 to 1991-1992), and 41 4-year birth cohort in-
tervals (ranging from 1885-1888 to 1965-1968).
Each birth cohort will be identified in the text by the
second year in the interval. For example, the 1950
birth cohort will include women born from 1949
through 1952, with 75% of the women in this cohort
having been born in 1950 and 1951.
Changes in the slope of linear trends in birth co-

hort and calendar period effects were examined by
use of identifiable differences in linear contrasts
(12,15,16). A significant change in the birth cohort
trend usually indicates a change in an etiologic fac-
tor, resulting in increasing or decreasing risk. A sig-
nificant change in the calendar period trend usually
indicates the impact of new or improved medical
interventions or a change in ascertainment or coding
of cause of death. Standard errors of the linear con-
trasts were adjusted for possible overdispersion
when the deviance for the full age–period–cohort fit
exceeded the number of residual degrees of freedom
(17).

Results

For white U.S. women, breast cancer
mortality was significantly (i.e.,P<.005)
higher in the Northeast than in any other
region and significantly lower in the
South than in any other region in each
decade (1972-1981 and 1982-1991; Table
1). Canadian rates in both decades were
slightly higher than white Midwest rates
but significantly lower than white North-
east rates. For black women, rates in the

South were significantly lower than those
in any other region from 1972 through
1981 and significantly lower than those in
the Midwest and the West from 1982
through 1991. The rates for black women
in the Northeast were not significantly
higher from 1972 through 1981 than those
in the Midwest or the West and were not
significantly higher from 1982 through
1991 than even the low rates in the South.
Only in the Northeast was breast cancer
mortality higher for whites than for
blacks. The increase in rates in 1982-1991
compared with 1972-1981 was signifi-
cantly greater for black women than for
U.S. white or Canadian women.

The breast cancer mortality birth co-
hort effects for white women and black

women in the United States and for Cana-
dian women (Fig. 1) all show a moderation
of risk beginning around 1924. U.S. white
women also show a marked moderation in
birth cohort risk after 1950; the curves for
black and Canadian women show stable or
slightly decreasing trends after this time.
The magnitude of these changes in birth
cohort trend is summarized in Table 2. The
moderation in breast cancer mortality risk
beginning after the 1924 birth cohort was
significant for both black women and white
women in the United States and for Cana-
dian women; the magnitude of this change
in slope was greater for U.S. white women
and Canadian women than for U.S. black
women, and it was significant for white
women in each region.

Table 1.Average age-adjusted breast cancer mortality rates* (U.S. 1970 population as standard) for
white women and black women according to region of the United States and for Canadian women

Country/region†

1972-1981 1982-1991

White Black White Black

United States
NE 30.54 ± 0.15 28.76 ± 0.37 30.64 ± 0.18 30.43 ± 0.47
MW 27.38 ± 0.12 28.29 ± 0.55 27.78 ± 0.12 32.20 ± 0.23
SO 23.23 ± 0.11 24.57 ± 0.27 24.53 ± 0.20 29.06 ± 0.64
WE 26.47 ± 0.11 27.75 ± 0.51 26.77 ± 0.11 31.74 ± 0.33

Canada‡ 28.09 ± 0.18 28.52 ± 0.21

*Mean number of breast cancer deaths per 100 000 women per year ± standard error of the mean.
†NE 4 Northeast: Maine, Vermont, New Hampshire, Massachusetts, Connecticut, Rhode Island, New

York, New Jersey, and Pennsylvania; MW4 Midwest: Ohio, Illinois, Indiana, Michigan, Wisconsin,
Minnesota, Iowa, Missouri, North Dakota, South Dakota, Nebraska, and Kansas; SO4 South: Delaware,
Maryland, District of Columbia, West Virginia, Virginia, Kentucky, Tennessee, North Carolina, South
Carolina, Georgia, Florida, Alabama, Mississippi, Louisiana, Oklahoma, Arkansas, and Texas; and WE4

West: Washington, Oregon, California, Nevada, New Mexico, Arizona, Idaho, Utah, Colorado, Montana,
Wyoming, Alaska, and Hawaii.
‡More than 90% of Canadian women are of European ethnic origin.

Fig. 1. Maximum likelihood estimates of birth co-
hort effects for an age–period–cohort model fit to
breast cancer mortality data for white women and
black women in the United States and for all Cana-
dian women. Because of the linear relationship be-
tween year of birth, year of death, and age at death
(i.e., if any two of these quantities are known, then
the third can be calculated), a constraint must be
imposed on the parameters of the age–period–cohort
model to obtain parameter estimates. Different esti-
mates will be obtained under different constraints,
and, thus, the individual birth cohort effects do not
necessarily have an interpretation in terms of rela-
tive risk. Changes in the slope of the birth cohort
effect curves are, however, independent of the con-
straint employed and, thus, can be identified un-
equivocally, indicating changes in birth cohort risk.
The estimates plotted were obtained under the con-
straint that the final birth cohort effect (i.e., for the
1966 birth cohort) is zero. The final constrained
birth cohort effect is not plotted.
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The decrease in the slope of the birth
cohort mortality risk after 1950 for U.S.
white women was significant, despite the
variability inherent in estimates of recent
birth cohort effects (see the Canadian
curve in Fig. 1). Estimates of recent birth
cohort effects are based on a few age-
specific rates from the youngest age
groups, and, therefore, they should be in-
terpreted cautiously, particularly for
smaller populations. Nonetheless, there is
some evidence of geographic heterogene-
ity in the recent birth cohort trends for
white women in the United States and
Canada, with decreases of similar magni-

tude in the Midwest, the South, and the
West but little or no evidence of a de-
crease in Canada or the Northeast. The
recent birth cohort effects for U.S. black
women are quite variable, but only in the
Northeast is there no evidence for a de-
crease in birth cohort effects after 1950
(the positive contrast for the Midwest is a
result of a single high estimate for the
1964 birth cohort).

To document the recent decrease in
birth cohort risk among U.S. white
women in greater detail, age-specific
breast cancer mortality rates were plotted
against birth cohort according to 5-year

age intervals for ages 20-49 years (Fig. 2).
A decrease in mortality rates after 1946 is
evident for each age group under 40 years
of age, showing that the decrease in birth
cohort effects after 1950 (Fig. 1) is not an
artifact of statistical modeling.

The proportion of nulliparous women
20-24 years of age has been used to docu-
ment changes in fertility patterns, and a
high concordance between trends in this
value and breast cancer mortality has
been noted previously for white females
(9,11). These proportions are plotted
against birth cohort in Fig. 3 for white
women and nonwhite women in the
United States and for Canadian women,
and each curve indicates decreasing fer-
tility rates after 1950.

The calendar period effects for U.S.
white women and black women and for
Canadian women all show an increase in
slope in the 1980s relative to the 1970s
(Fig. 4). The curves for U.S. white
women and Canadian women also show a
decrease in the last calendar period (1991-
1992). The increased slope in the 1980s
was significant in all three curves, and the
abrupt change in slope for U.S. white
women in the last calendar period was
also significant (Table 2). In regional
analyses, a significant increase in slope in
the 1980s compared with the 1970s was
observed for U.S. white women in every
region except the West. The increases
in slope in the 1980s for black women are
of comparable magnitude in all regions
and are larger than the corresponding in-
creases for white women. There is evi-
dence of a decrease in risk in the last cal-
endar period for Canadian women and for
U.S. white women in every region, except
the Northeast.

Discussion

Regional Variation

Geographic variability in U.S. breast
cancer mortality rates is evident for both
black women and white women. The most
consistent finding is that breast cancer
mortality rates are lowest in the South,
which for white women appears to be ex-
plained, at least in part, by an earlier av-
erage age at first childbirth (a protective
factor for breast cancer incidence) in the
South (4). For white women, breast can-
cer mortality rates are highest in the
Northeast, and, although some of the ex-

Table 2.Changes in the birth cohort and calendar period trends from age–period–cohort analyses of
breast cancer mortality

Population*

Birth cohort trends†

1924-1939 versus 1900-1915 1950-1965 versus 1934-1949

United States
White −4.05 (±0.13)‡ −4.04 (±1.04)‡
Black −1.13 (±0.39)§ −1.45 (±1.54)

NE
White −3.95 (±0.26)‡ 1.10 (±1.98)
Black −0.73 (±0.85) 0.78 (±3.54)

MW
White −3.68 (±0.26)‡ −3.82 (±2.04)
Black −1.06 (±0.85) 2.02 (±3.29)

SO
White −4.28 (±0.25)‡ −4.67 (±1.81)§
Black −1.34 (±0.52)§ −2.41 (±2.13)

WE
White −4.29 (±0.32)‡ −3.60 (±2.33)
Black 0.62 (±1.43) −13.64 (±7.96)

Canada, all races −4.72 (±0.39)‡ −1.94 (±2.57)

Population*

Calendar period trends†

1980-1990 versus 1970-1980 1991-1992 versus 1990-1991

United States
White 0.57 (±0.07)‡ −0.040 (±0.009)‡
Black 1.20 (±0.18)‡ 0.026 (±0.027)

NE
White 0.52 (±0.13)‡ 0.002 (±0.018)
Black 0.54 (±0.40) 0.080 (±0.059)

MW
White 0.50 (±0.13)‡ −0.051 (±0.019)§
Black 1.40 (±0.40)‡ 0.015 (±0.060)

SO
White 0.87 (±0.12)‡ −0.045 (±0.017)§
Black 1.45 (±0.25)‡ 0.030 (±0.038)

WE
White 0.06 (±0.14) −0.020 (±0.022)
Black 0.83 (±0.65) −0.092 (±0.092)

Canada, all races 0.91 (±0.18)‡ −0.027 (±0.027)

*SeeTable 1 for region definitions. Average population size in millions: NE4 29.0 white, 3.1 black; MW
4 32.7 white, 3.0 black; SO4 38.7 white, 7.9 black; WE4 23.6 white, 1.3 black; and Canada4 14.9.
Ratios of the deviance to the residual degrees of freedom: U.S. white 1.37, black 1.36; NE4 white 1.36,
black 1.03; MW4 white 1.25, black 1.04; SO4 white 1.11, black 0.90; WE4 white 1.04, black 0.91; and
Canada4 0.96.
†Linear contrasts (± standard error) of birth cohort or calendar period effects testing for changes in the

slopes for the two eras indicated (14).
‡Significant change,P<.001.
§Significant change,P<.01.
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cess in the Northeast may be explained by
known breast cancer risk factors (4), it
appears that much of the excess risk may
remain unexplained (18). There is no evi-
dence of higher breast cancer mortality
rates for black women in the Northeast.
Thus, any environmental factors contrib-
uting to the Northeast excess for white

women (1,4) must be concentrated in ar-
eas with predominantly white residents.

Birth Cohort Trend in Mothers of
Baby Boomers

The patterns of birth cohort risk for
U.S. and Canadian women show remark-
able consistency until the late 1940s. In

particular, the marked moderation in
breast cancer mortality risk noted for all
U.S. white women beginning around
1925 (9,11,12) is evident in each region
of the United States and in Canada. It is
also observed, although to a lesser extent,
for U.S. black women in every region,
except the West. Possible explanations for

Fig. 2.Age-specific breast cancer mortality rates for
white women under the age of 50 years in the United
States plotted on a logarithmic scale against birth
cohort; bottom curve4 20-24 years of age; top
curve4 45-49 years of age.

Fig. 3.Proportion of nulliparous women 20-24 years
of age for white and nonwhite women in the United
States and for all Canadian women, plotted against
birth cohort. Examination of census counts for black
women according to year of birth indicates that the
nonwhite curve closely reflects black fertility pat-
terns.
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the moderation in birth cohort risk begin-
ning in the mid-1920s include changes in
childbearing practices following World
War II and dietary restriction early in life
because of the Great Depression (11,12).
Increased fertility rates for women born
from 1924 to 1938 are indicated by all
three curves in Fig. 3.

Birth Cohort Trend in Baby Boomers

The recent decrease in the breast can-
cer mortality birth cohort trend among
U.S. white women has not been noted
previously. Inferences in this report are
based on trends in breast cancer mortality
rates, which, at least until 1990 (19), have
been influenced primarily by changes in
etiologic factors (12). A reduction in the
risk of developing breast cancer in recent
birth cohorts is supported by a decrease in
breast cancer incidence rates for U.S.
white women 30-39 years of age from
1982 through 1993 (19). A similar non-
significant decrease in incidence has been
observed for Canadian women 30-39
years of age from 1984 through 1991
(14). In addition, a decrease in breast can-
cer incidence has been reported for Scot-
tish women in birth cohorts after 1950
(20). These decreases occurred during a
period in the United States and Canada in
which incidence rates increased sharply in
older age groups as the use of mammog-
raphy expanded rapidly (19; Gaudette
LA, Altmayer CA, Nobrega K, Lee JM:
unpublished results). The effects of some
breast cancer risk factors vary according

to age (21), and, thus, the decrease in
breast cancer mortality risk for young
women may not continue as these cohorts
age.

The decrease in birth cohort mortality
risk beginning in the late 1940s among
U.S. white women is remarkable, both in
its magnitude and because increased, not
decreased, breast cancer risk would be ex-
pected based on the trends in some known
or suspected risk factors for young
women. The fertility pattern of the baby
boom reversed around 1960 with the in-
troduction of oral contraceptives and the
increase in women in the workplace.
Early age at first childbirth appears to be
an important protective factor for both
younger and older women (21). The per-
centage of nulliparous women 20-24
years of age increased for birth cohorts
after 1940 (Fig. 3), reflecting a drop in the
frequency of women giving birth for the
first time at an early age. Thus, although
increases in breast cancer mortality for
women born during the baby boom might
be expected, no increase was observed for
Canadian or U.S. black women, and a sig-
nificant decrease occurred for U.S. white
women.

Baby boomers represent the first gen-
eration with the opportunity for early and
long-term exposure to oral contraceptives.
Oral contraceptive use is not associated
with decreased breast cancer incidence
(22), and oral contraceptive use at young
ages or of long duration may increase
breast cancer risk in premenopausal

women (21,23). Thus, the decrease in
birth cohort mortality risk after 1950
would not be predicted from the concur-
rent increase in oral contraceptive use.
Breast cancer mortality rates in the U.K.
and in Sweden also show no increases
with increased oral contraceptive use
(24). The possible association between in-
duced abortions and the incidence of
breast cancer is controversial (25-27), but
there is no evidence of an increase in
breast cancer mortality in response to the
large increase in abortions that followed
liberalization of abortion laws in Canada
in 1970 and in the United States in 1973.

The recent birth cohort trends may in-
dicate a change in a risk factor or a pro-
tective factor for breast cancer incidence.
Examination of known or suspected fac-
tors has revealed no trends consistent with
a marked decline in breast cancer mortal-
ity (data not shown). Although the geo-
graphic heterogeneity in the magnitude of
the change in the slope of the birth cohort
trend after 1950 was not statistically sig-
nificant, the fact that there was little evi-
dence of the recent decrease in the North-
eastern United States or in Canada may be
useful in identifying possible explana-
tions. Even the Northeast and the Cana-
dian birth cohort curves show no increase
after 1950, again contrary to some trends
in risk factors.

Calendar Period Trends

The increase in the mortality calendar
period trend slopes in the 1980s coincided

Fig. 4. Maximum likelihood estimates of calendar
period effects for an age–period–cohort model fit to
breast cancer mortality data for white women and
black women in the United States and for all Cana-
dian women. Estimates were obtained under the
constraint that the final birth cohort effect is zero. As
was the case for birth cohort effects (Fig. 1), the
individual calendar period effects do not necessarily
have an interpretation in terms of relative risk; how-
ever, changes in the slope of the calendar period
effect curves can be identified unequivocally, indi-
cating changes in calendar period risk.
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with marked increases in breast cancer in-
cidence rates due to the expanded use of
mammography (28-30;Gaudette LA, Alt-
mayer CA, Nobrega K, Lee JM, unpub-
lished results). Despite increases in breast
cancer survival rates in the United States
in the 1980s (6,19), the large increase in
the number of women diagnosed with
breast cancer apparently resulted in an in-
crease in breast cancer death rates, possi-
bly reflecting, in part, deaths from surgery
or chemotherapy that would not have oc-
curred or would have occurred later in the
absence of mammography. The larger in-
crease in the mortality calendar period
slope for black women than for white
women during the 1980s could reflect the
higher stage at diagnosis for black women
(6). The significant decrease in the most
recent calendar period for U.S. white
women supports inferences that a recent
mortality decrease is due to medical in-
terventions (19). Similar decreases have
been observed in the U.K. (31,32) and in
Canada (14,19). Increased use of adjuvant
therapy, particularly tamoxifen therapy, is
likely contributing to recent decreases
(31,32), although some benefit from early
detection cannot be ruled out (19,32).

Implications

The decreasing birth cohort trend in
breast cancer mortality among female
baby boomers has important implications
with regard to etiology and to projections
of future burdens on the health system,
particularly if the decrease continues as
these cohorts age. The cause of the de-
crease remains in question, but the mag-
nitude of the decrease suggests that the
factor responsible plays a substantial role
in determining breast cancer risk. Identi-
fication of this factor could increase sub-
stantially our understanding of the causes
of breast cancer.

References

(1) Blot WJ, Fraumeni JF Jr, Stone BJ. Geo-
graphic patterns of breast cancer in the United
States. J Natl Cancer Inst 1977;59:1407-11.

(2) Pickel LW, Mason TJ, Howard N, Hoover R,
Fraumeni JF Jr. Atlas of U.S. cancer mortality
among whites: 1950-1980. Bethesda (MD):
National Institutes of Health; DHHS Publ No.
(NIH)87-2900.

(3) Kelsey JL, Gammon MD. The epidemiology of

breast cancer. CA Cancer J Clin 1991;41;146-
65.

(4) Sturgeon SR, Schairer C, Gail M, McAdams
M, Brinton LA, Hoover RN. Geographic vari-
ability in mortality from breast cancer among
white women in the United States. J Natl Can-
cer Inst 1995;87:1846-53.

(5) National Cancer Institute of Canada. Canadian
Cancer Statistics 1993. Toronto: National Can-
cer Institute of Canada, 1993:55-65.

(6) Miller BA, Ries LA, Hankey BF, Kosary CL,
Harras A, Devesa SS, et al. SEER Cancer Sta-
tistics Review 1973-1990. Bethesda (MD): Na-
tional Institutes of Health; DHHS Publ No.
(NIH)93-2789: IV.1-IV.24.

(7) MacMahon B. Cohort fertility and increasing
breast cancer incidence. Cancer 1958;11:250-
4.

(8) Stevens RG, Moolgavkar SH, Lee JA. Tempo-
ral trends in breast cancer. Am J Epidemiol
1982;115:759-77.

(9) Blot WJ, Devesa SS, Fraumeni JF Jr. Declin-
ing breast cancer mortality among young
American women. J Natl Cancer Inst 1987;78:
451-4.

(10) Holford TR, Roush GC, McKay LA. Trends in
female breast cancer in Connecticut and the
United States. J Clin Epidemiol 1991;44:29-39.

(11) Tarone RE, Chu KC. Implications of birth co-
hort patterns in interpreting trends in breast
cancer rates. J Natl Cancer Inst 1992;84:1402-
10.

(12) Tarone RE, Chu KC. Evaluation of birth cohort
patterns in population disease rates. Am J Epi-
demiol 1996;143:85-91.

(13) Grace MG, Gaudette LA, Burns PE. The in-
creasing incidence of breast cancer in Alberta
1953-1973. Cancer 1977;40:358-63.

(14) Gaudette LA, Silberberger C, Altmayer CA,
Gao RN. Trends in breast cancer incidence and
mortality. Statistics Canada Catalog 82-003
(quarterly), Health Reports 1996;8:29-37.

(15) Holford TR. The estimation of age, period and
cohort effects for vital rates. Biometrics 1983;
39:311-24.

(16) Clayton D, Schifflers E. Models for temporal
variation in cancer rates. I: Age-period and
age-cohort models. Stat Med 1987;6:449-67.

(17) McCullagh P, Nelder JA. Generalized linear
models. New York: Chapman and Hall, 1989:
126-8.

(18) Boice JD Jr, Mandel JS, Doody MM. Breast
cancer among radiologic technologists. JAMA
1995;274:394-401.

(19) Chu KC, Tarone RE, Kessler LG, Ries LA,
Hankey BF, Miller BA, et al. Recent trends in
U.S. breast cancer incidence, survival, and
mortality rates. J Natl Cancer Inst 1996;88:
1571-9.

(20) Boyle P, Robertson C. Breast cancer and colon
cancer incidence in females in Scotland, 1960-
1984. J Natl Cancer Inst 1987;79:1175-9.

(21) Velentgas P, Daling JR. Risk factors for breast
cancer in younger women. Monogr Natl Can-
cer Inst 1994;16:15-24.

(22) Breast cancer and hormonal contraceptives:
collaborative reanalysis of individual data on
53 297 women with breast cancer and 100 239
women without breast cancer from 54 epide-
miological studies. Collaborative Group on
Hormonal Factors in Breast Cancer. Lancet
1996;347:1713-27.

(23) Brinton LA, Daling JR, Liff JM, Schoenberg
JB, Malone KE, Stanford JL, et al. Oral con-
traceptives and breast cancer risk among
younger women. J Natl Cancer Inst 1995;87:
827-35.

(24) Beral V, Hermon C, Reeves G, Key T. Breast
cancer trends in women in Sweden, the UK and
the USA in relation to their past use of oral
contraceptives. In: Li JJ, Li SA, Nandi A, Gus-
tafsson JA, editors. Proceedings of the Second
International Symposium on Hormonal Carci-
nogenesis. Berlin: Springer-Verlag, 1996:99-
106.

(25) Brind J, Chinchilli VM, Severs WB, Summy-
Long J. Induced abortion as an independent
risk factor for breast cancer: a comprehensive
review and meta-analysis. J Epidemiol Com-
munity Health 1996;50:481-96.

(26) Daling JR, Brinton LA, Voight LF, Weiss NS,
Coates RJ, Malone KE, et al. Risk of breast
cancer among white women following induced
abortion. Am J Epidemiol 1996;144:373-80.

(27) Newcomb PA, Storer BE, Longnecker MP,
Mittendorf R, Greenberg ER, Willett WC.
Pregnancy termination in relation to risk of
breast cancer. JAMA 1996;275:283-7.

(28) White EW, Lee CY, Kristal AR. Evaluation of
the increase in breast cancer incidence in rela-
tion to mammography use. J Natl Cancer Inst
1990;82:1546-52.

(29) Lantz PM, Remington PL, Newcomb PA.
Mammography screening and increased inci-
dence of breast cancer in Wisconsin. J Natl
Cancer Inst 1991;83:1540-6.

(30) Miller BA, Feuer EJ, Hankey BF. The increas-
ing incidence of breast cancer since 1982: rel-
evance of early detection. Cancer Causes Con-
trol 1991;2:67-74.

(31) Beral V, Hermon C, Reeves G, Peto R. Sudden
fall in breast cancer death rates in England and
Wales [letter]. Lancet 1995;345:1642-3.

(32) Quinn M, Allen E. Changes in incidence of and
mortality from breast cancer in England and
Wales since introduction of screening. United
Kingdom Association of Cancer Registries. Br
Med J 1995;311:1391-5.

Notes

We acknowledge the cooperation of the vital sta-
tistics registrars who supply the original data to Sta-
tistics Canada. We also thank Dr. Ru-Nie Gao for
preparing Canadian mortality and population data
and for making useful suggestions and Franc¸oise
Nault for providing data on nulliparous women in
Canada.
Manuscript received July 30, 1996; revised Octo-

ber 23, 1996; accepted November 18, 1996.

REPORTS Journal of the National Cancer Institute, Vol. 89, No. 3, February 5, 1997256


