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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-sidedt 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
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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

creasing or stable mortality rates for
younger womenX(1). 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
than in other regions. The moderation study, we compared breast cancer mortal-
of breast cancer mortality rates for ity rates for white and black women in
women born between 1924 and 1938 four U.S. regions (the Northeast, the Mid-
coincides with increased fertility rates west, the South, and the West) and Cana-
following World War 1. Stable or de-  dian women. Breast cancer mortality data
creasing mortality rates for U.S. were evaluated by fitting age—period—
women and Canadian women born af- cohort models for both black women and
ter 1950 were not expected in view of white women in each U.S. region and for
declining fertility rates, suggesting a all Canadian women. Mortality risk pat-
change in a breast cancer risk factor or terns were examined according to race
protective factor. The increase in cal- and region, and the implications of
endar period trend slope in the 1980s changes in birth cohort and calendar pe-
likely reflects the coincident rise in riod trends with regard to breast cancer
breast cancer diagnosis via mammog- risk factors and medical interventions
raphy. The recent decline in calendar were explored.
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]

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,

ConS|derab|e geographlc Varlatlon |nMD) Can-adian breast_cancer mortality data fOI' the
breast cancer mortality rates within thesalme period were obtained from the Health Statistics

. Division, Statistics Canada (Ottawa, ON). Race is
United States has been reporteli40, not indicated for Canadian deaths, but 1991 census
with high rates found in the Northeast antjata showed that only 9.2% of the Canadian popu-
low rates found in the Soutfi(4). Breast lation is of non-European ethnic origin.
cancer mortality rates are slightly higher Nulliparity data for U.S. women were obtained

. . . : om annual reports on natality by the National Cen-
in Canada than in the entire United Stateger for Health Statistics. Nulliparity data for Cana-

(5), but the relationship between Canasia, women were provided by the Health Statistics
dian rates and U.S. regional rates has naivision, Statistics Canada.
been investigated. Previous reports of Age-adjusted breast cancer mortality rates were
geographic variation in U.S. breast cancetalculated on the basis of year of death f_or women in
mortality rates have been based largely Oﬁarjada and in each of the four U.S. regions (regions
. . . g efined by the U.S. Census Bureau independent of
studies of white women. In view of racial breast cancer risk) using the 1970 U.S. census popu-
variability in breast cancer risk3(6), an |ation as the standard. Averages of these age-
examination of geographic variation ac-adjusted rates were calculated to summarize the
Breast cancer mortality risk increased®"d tWo-sidedt tests were employed to compare
for U.S. women who were born during the
period from before the turn of the century
until around 19207-12. An increase in .
breast cancer incidence rates over thi Afflllatlc_)ns ofauthorsR.E. Ta_rone (Division of_
%ancer Epidemiology and Genetics), K. C. Chu (Di-

same period was identified in Canadayision of Cancer Prevention and Control), National
(13). Breast cancer mortality risk thencCancer Institute, Bethesda, MD: L. A. Gaudette,
moderated for U.S. women born betweerlealth Statistics Division, Statistics Canada, Ot-
1925 and 1940911,12. During the past fawa ON. Canada.

. Correspondence tdRobert E. Tarone, Ph.D., Na-
two decades_' these_two birth cohort trendﬁonal Institutes of Health, Executive Plaza North,
have led to increasing U.S. breast cancasm. 403 Bethesda, MD 20892-7368.
mortality rates for older women and de- See“Notes” following “References.”
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rates between races, decades, and regions. BecauseTable 1. Average age-adjusted breast cancer mortality rates* (U.S. 1970 population as standard) for
of the number of comparisons made, a nominal level white women and black women according to region of the United States and for Canadian women
of .005 was used to determine statistical significance

in preliminary analyses. 1972-1981 1982-1991
Age—period—cohort models were fit to the breast . . .

cancer mortality data with the use of 2-year age ané:ountry/reglon’r White Black White Black

calendar intervalsl@,15,19. There were 30 age in- United States

tervals (ranging from 24-25 to 82-83 years of age), NE 30.54+0.15 28.76 £ 0.37 30.64 +0.18 30.43+0.47

12 calendar period intervals (ranging from 1969- MW 27.38+0.12 28.29 +0.55 27.78+0.12 32.20+0.23

1970 to 1991-1992), and 41 4-year birth cohort in- SO 23.23+0.11 24,57 £0.27 2453 +0.20 29.06 = 0.64

tervals (ranging from 1885-1888 to 1965-1968). WE 26.47 £0.11 27.75+0.51 26.77+0.11 31.74+0.33

Each birth cohort will be identified in the text by the Canadat 28.09+0.18 28.52+0.21

second year in the interval. For example, the 1950
birth cohort will include women born from 1949

*Mean number of breast cancer deaths per 100 000 women per year * standard error of the mean.

through 1952, with 75% of the women in this cohort  +NE = Northeast: Maine, Vermont, New Hampshire, Massachusetts, Connecticut, Rhode Island, New

having been born in 1950 and 1951. York, New Jersey, and Pennsylvania; MW Midwest: Ohio, lllinois, Indiana, Michigan, Wisconsin,
Changes in the slope of linear trends in birth co-Minnesota, lowa, Missouri, North Dakota, South Dakota, Nebraska, and Kansas; S@uth: Delaware,

hort and calendar period effects were examined b¥aryland, District of Columbia, West Virginia, Virginia, Kentucky, Tennessee, North Carolina, South

use of identifiable differences in linear contrastsCarolina, Georgia, Florida, Alabama, Mississippi, Louisiana, Oklahoma, Arkansas, and Texas; aad WE

(12,15,19. A significant change in the birth cohort West: Washington, Oregon, California, Nevada, New Mexico, Arizona, Idaho, Utah, Colorado, Montana,

trend usually indicates a change in an etiologic fac\Wyoming, Alaska, and Hawaii.

tor, resulting in increasing or decreasing risk. A sig- tMore than 90% of Canadian women are of European ethnic origin.

nificant change in the calendar period trend usually

indicates the impact of new or improved medical

interventions or a change in ascertainment or codinGouth were significantly lower than thosewomen in the United States and for Cana-

of cause of death. Standard errors of the linear conyy gy other region from 1972 through dian women (Fig. 1) all show a moderation

trasts were adjusted for possible overdispersion gg, 5 g gignificantly lower than those inof risk beginning around 1924. U.S. white

when the deviance for the full age—period—cohort fit . . .
exceeded the number of residual degrees of freedoff’® Midwest and the West from 1982women also show a marked moderation in

7. through 1991. The rates for black womerbirth cohort risk after 1950; the curves for
in the Northeast were not significantly black and Canadian women show stable or
Results higher from 1972 through 1981 than thoseslightly decreasing trends after this time.

in the Midwest or the West and were notThe magnitude of these changes in birth
For white U.S. women, breast cancesignificantly higher from 1982 through cohort trend is summarized in Table 2. The
mortality was significantly (i.e.P<.005) 1991 than even the low rates in the Southmoderation in breast cancer mortality risk
higher in the Northeast than in any otherOnly in the Northeast was breast cancebeginning after the 1924 birth cohort was
region and significantly lower in the mortality higher for whites than for significant for both black women and white
South than in any other region in eachblacks. The increase in rates in 1982-199%omen in the United States and for Cana-
decade (1972-1981 and 1982-1991; Tableompared with 1972-1981 was signifi-dian women; the magnitude of this change
1). Canadian rates in both decades wereantly greater for black women than forin slope was greater for U.S. white women
slightly higher than white Midwest rates U.S. white or Canadian women. and Canadian women than for U.S. black
but significantly lower than white North- ~ The breast cancer mortality birth co-women, and it was significant for white
east rates. For black women, rates in thaort effects for white women and blackwomen in each region.

0.5 * 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,
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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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Table 2. Changes in the birth cohort and calendar period trends from age—period—cohort analyses age intervals for ages 20-49 years (Fig. 2)_

breast cancer mortality A decrease in mortality rates after 1946 is
evident for each age group under 40 years
of age, showing that the decrease in birth

Birth cohort trendst

Population* 1924-1939 versus 1900-1915 1950-1965 versus 1934'196%hort effects after 1950 (Fig. 1) is not an
United States artifact of statistical modeling.
\é\ggﬁ :‘1"-22 ggég;g :‘1"-2;" gi-gg* The proportion of nulliparous women
NE e B 20-24 years of age has been used to docu-
White -3.95 (+0.26)1 1.10 (+1.98) ment changes in fertility patterns, and a
le?/laCk ~0.73 (0.85) 0.78 (+3.54) high concordance between trends in this
White -3.68 (0.26)1 -3.82 (2.04) value and breast cancer mortality has
Black -1.06 (+0.85) 2.02 (+3.29) been noted previously for white females
S?Nhite -4.28 (+0.25)1 -4.67 (+1.81)§ (9’1.])' These proportions are pIotFed
Black ~1.34 (+0.52)8 —2.41 (+2.13) against birth cohort in Fig. 3 for white
WE women and nonwhite women in the
White —4.29 (20.32)% ~3.60 (+2.33) United States and for Canadian women,
Black 0.62 (£1.43) -13.64 (+7.96)

and each curve indicates decreasing fer-
tility rates after 1950.

The calendar period effects for U.S.
white women and black women and for

Canada, all races -4.72 (x0.39)% -1.94 (+2.57)

Calendar period trendst

Population* 1980-1990 versus 1970-1980 1991-1992 versus 1990—19%}anadian women all show an increase in
Unitevt\:i/hS_tates 0,57 (£0.07)¢ 0,040 (:0.009)¢ slope in the 1980s relative to the 1970s
ite . +0. -0. +0. H ;
Black 120 (:0.18) 0.026 (+0.027) (Fig. 4). The curves for U.S. white
NE women and Canadian women also show a
White 0.52 (+0.13)% 0.002 (+0.018) decrease in the last calendar period (1991-
MV‘?/'aC" 0.54 (+0.40) 0.080 (x0.059) 1992). The increased slope in the 1980s
White 0.50 (+0.13)% -0.051 (+0.019)§ was significant in all three curves, and the
Sglack 1.40 (x0.40)% 0.015 (0.060) abrupt change in slope for U.S. white
White 0.87 (:0.12)t -0.045 (:0.017)§ women in _the last calendar penoql was
Black 1.45 (+0.25)% 0.030 (+0.038) also significant (Table 2). In regional
W\Ii/h_ 0.06 (£0.14) 0,020 (20.022) analyses, a significant increase in slope in
ite . +0. -0. +0. :
Black 0.83 (+0.65) -0.092 (£0.092) thbe 198%Sfcoﬁ‘psarec:]_‘t’v'th the 1970s was
Canada, all races 0.91 (+0.18)% -0.027 (x0.027) observed for 1J.S. white women in every

region except the West. The increases

*SeeTable 1 for region definitions. Average population size in millions: NE29.0 white, 3.1 black; Mw 1N Slope in the 1980s fpr blaf:k women are
= 32.7 white, 3.0 black; SG= 38.7 white, 7.9 black; WE= 23.6 white, 1.3 black; and Canada 14.9. 0of comparable magnitude in all regions
Ratios of the deviance to the residual degrees of freedom: U.S. white 1.37, black 1.36;Wiite 1.36, and are larger than the corresponding in-
?;Izrfzdlégg;o'\g\g: white 1.25, black 1.04; S& white 1.11, black 0.90; WE= white 1.04, black 0.91; and creases for white women. There is evi-

tLinear contrasts (+ standard error) of birth cohort or calendar period effects testing for changes irqmce of a decrease m_”Sk in the last cal-

slopes for the two eras indicateti4j. endar period for Canadian women and for
tSignificant changeP<.001. U.S. white women in every region, except
§Significant changeP<.01. the Northeast.

Discussion

The decrease in the slope of the birthude in the Midwest, the South, and the
cohort mortality risk after 1950 for U.S. West but little or no evidence of a de-Regional Variation
white women was significant, despite thecrease in Canada or the Northeast. The
variability inherent in estimates of recentrecent birth cohort effects for U.S. black Geographic variability in U.S. breast
birth cohort effects §eethe Canadian women are quite variable, but only in thecancer mortality rates is evident for both
curve in Fig. 1). Estimates of recent birthNortheast is there no evidence for a deblack women and white women. The most
cohort effects are based on a few ageerease in birth cohort effects after 1950consistent finding is that breast cancer
specific rates from the youngest aggthe positive contrast for the Midwest is amortality rates are lowest in the South,
groups, and, therefore, they should be inresult of a single high estimate for thewhich for white women appears to be ex-
terpreted cautiously, particularly for 1964 birth cohort). plained, at least in part, by an earlier av-
smaller populations. Nonetheless, there is To document the recent decrease imrrage age at first childbirth (a protective
some evidence of geographic heterogendsirth cohort risk among U.S. white factor for breast cancer incidence) in the
ity in the recent birth cohort trends for women in greater detail, age-specificSouth @). For white women, breast can-
white women in the United States andbreast cancer mortality rates were plotteder mortality rates are highest in the
Canada, with decreases of similar magniagainst birth cohort according to 5-yearNortheast, and, although some of the ex-
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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 curve= 20-24 years of age; top
curve = 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.

cess in the Northeast may be explained bwomen (1,4) must be concentrated in ar-particular, the marked moderation in

known breast cancer risk factord) it

remain unexplainedl®). There is no evi-

. . B
dence of higher breast cancer mortality
rates for black women in the Northeast.

aby Boomers

eas with predominantly white residents. breast cancer mortality risk noted for all
appears that much of the excess risk Ma%:th Cohort Trend in Mothers of

U.S. white women beginning around
1925 0,11,13 is evident in each region
of the United States and in Canada. It is

The patterns of birth cohort risk for also observed, although to a lesser extent,

Thus, any environmental factors contrib-U.S. and Canadian women show remarkfor U.S. black women in every region,
uting to the Northeast excess for whiteable consistency until the late 1940s. Inexcept the West. Possible explanations for
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o .05 4 - g = dian women. Estimates were obtained under the
= constraint that the final birth cohort effect is zero. As
B e was the case for birth cohort effects (Fig. 1), the
% 010+ *\\ N individual calendar period effects do not necessarily
QO W m”/ — have an interpretation in terms of relative risk; how-
0.15 *- \ ever, changes in the slope of the calendar period
i effect curves can be identified unequivocally, indi-
\\* cating changes in calendar period risk.
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the moderation in birth cohort risk begin-to age 21), and, thus, the decrease inwomen @1,23. Thus, the decrease in
ning in the mid-1920s include changes inbreast cancer mortality risk for youngbirth cohort mortality risk after 1950
childbearing practices following World women may not continue as these cohort&/ould not be predicted from the concur-
War Il and dietary restriction early in life age. rent increase in oral contraceptive use.
because of the Great Depressidi, (2. The decrease in birth cohort mortalityBreast cancer mortality rates in the U.K.
Increased fertility rates for women bornrisk beginning in the late 1940s amongand in Sweden also show no increases
from 1924 to 1938 are indicated by allU.S. white women is remarkable, both inwith increased oral contraceptive use
three curves in Fig. 3. its magnitude and because increased, n¢24). The possible association between in-
decreased, breast cancer risk would be extuced abortions and the incidence of
pected based on the trends in some knowreast cancer is controversias-27), but
The recent decrease in the breast camr suspected risk factors for youngthere is no evidence of an increase in
cer mortality birth cohort trend amongwomen. The fertility pattern of the baby breast cancer mortality in response to the
U.S. white women has not been notechoom reversed around 1960 with the indarge increase in abortions that followed
previously. Inferences in this report aretroduction of oral contraceptives and thdiberalization of abortion laws in Canada
based on trends in breast cancer mortalitihcrease in women in the workplace.in 1970 and in the United States in 1973.
rates, which, at least until 199Q9), have Early age at first childbirth appears to be The recent birth cohort trends may in-
been influenced primarily by changes inan important protective factor for bothdicate a change in a risk factor or a pro-
etiologic factors {2). A reduction in the younger and older womer2{). The per- tective factor for breast cancer incidence.
risk of developing breast cancer in recententage of nulliparous women 20-24Examination of known or suspected fac-
birth cohorts is supported by a decrease igears of age increased for birth cohortgors has revealed no trends consistent with
breast cancer incidence rates for U.Safter 1940 (Fig. 3), reflecting a drop in thea marked decline in breast cancer mortal-
white women 30-39 years of age fromfrequency of women giving birth for the ity (data not shown). Although the geo-
1982 through 19931Q). A similar non- first time at an early age. Thus, althoughgraphic heterogeneity in the magnitude of
significant decrease in incidence has beeimcreases in breast cancer mortality fothe change in the slope of the birth cohort
observed for Canadian women 30-39vomen born during the baby boom mighttrend after 1950 was not statistically sig-
years of age from 1984 through 1991be expected, no increase was observed fmificant, the fact that there was little evi-
(14). In addition, a decrease in breast cancanadian or U.S. black women, and a sigeence of the recent decrease in the North-
cer incidence has been reported for Scomificant decrease occurred for U.S. whiteeastern United States or in Canada may be
tish women in birth cohorts after 1950 women. useful in identifying possible explana-
(20). These decreases occurred during a Baby boomers represent the first gentions. Even the Northeast and the Cana-
period in the United States and Canada irration with the opportunity for early and dian birth cohort curves show no increase
which incidence rates increased sharply ifong-term exposure to oral contraceptivesafter 1950, again contrary to some trends
older age groups as the use of mammogdral contraceptive use is not associateth risk factors.
raphy expanded rapidlyl@; Gaudette with decreased breast cancer incidenc :
LA, Altmayer CA, Nobrega K, Lee JM: (22), and oral contraceptive use at youngEalenOIar Period Trends
unpublished results). The effects of someges or of long duration may increase The increase in the mortality calendar
breast cancer risk factors vary accordingreast cancer risk in premenopausaperiod trend slopes in the 1980s coincided

Birth Cohort Trend in Baby Boomers
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with marked increases in breast cancer in-  breast cancer. CA Cancer J Clin 1991;41;146{(22)
cidence rates due to the expanded use of 65 _ _
mammographyZS-BO;Gaudette LA, Alt- 4) Sturg_eon SR, Schairer C, Gail M, Mc_:Adar_ns

M, Brinton LA, Hoover RN. Geographic vari-
mayer CA, NObrega_ K’_ Lee JM, fmpUD' ability in mortality from breast cancer among
lished results). Despite increases in breast  \white women in the United States. J Natl Can-
cancer survival rates in the United States  cer Inst 1995;87:1846-53.
in the 1980s 6,19, the large increase in (5) National Cancer Institute of Canada. Canadiar(23)
the number of women diagnosed with Cancer Statistics 1993. Toronto: National Can-
breast cancer apparently resulted in an in-, 68" Institute of Canada, 1993:55-65.

. FG) Miller BA, Ries LA, Hankey BF, Kosary CL,
crease in _brea_lst cancer death rates, POSSI-" |4rras A Devesa SS, et al. SEER Cancer Sta-
bly reflecting, in part, deaths from surgery tistics Review 1973-1990. Bethesda (MD): Na- (24
or chemotherapy that would not have oc-  tional Institutes of Health; DHHS Publ No.
curred or would have occurred later in the  (NIH)93-2789: IV.1-1V.24.
absence of mammography. The |arger in_(?) MacMahon B. Cohort fertility and increasing

- - . breast cancer incidence. Cancer 1958;11:250-
crease in the mortality calendar period
slope for black women than for white (8) Stevens RG, Moolgavkar SH, Lee JA. Tempo-
women during the 1980s could reflect the  ral trends in breast cancer. Am J Epidemiol
higher stage at diagnosis for black women  1982;115:759-77.

(6). The significant decrease in the most (9 Blot WJ, Devesa SS, Fraumeni JF Jr. Declin-
recent calendar period for U.S. white 'Y breast cancer mortality among young
. American women. J Natl Cancer Inst 1987;78:
women supports inferences that a recent 4514
mortality decrease is due to medical in-10) Holford TR, Roush GC, McKay LA. Trends in (26)
terventions {9). Similar decreases have female breast cancer in Connecticut and the
been observed in the U.K31,32 and in United States. J Clin Epidemiol 1991;44:29-39.
Canadal4,19. Increased use of adjuvant(11) Tarone RE, Chu KC. Implications of birth co- (57)
therapy, particularly tamoxifen therapy, is hort patterns in interpreting trends in breast

. . . cancer rates. J Natl Cancer Inst 1992;84:1402-
likely contributing to recent decreases |,

(31,32, although some benefit from early (12 Tarone RE, Chu KC. Evaluation of birth cohort (og)

detection cannot be ruled out9q,32. 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 Albert29)
The decreasing birth cohort trend in o7 oon o 1077:40:358-63.

breast cancer mor_tality among .femalqm) Gaudette LA, Silberberger C, Altmayer CA,
baby boomers has important implications ~ Gao RN. Trends in breast cancer incidence and
with regard to etiology and to projections mortality. Statistics Canada Catalog 82-003(30)
of future burdens on the health system,  (quarterly), Health Reports 1996;8:29-37.
articularly if the decrease continues a 15) Holford TR. The estimation of age, period and
P y cohort effects for vital rates. Biometrics 1983;
these cohorts age. The cause of the de- 3g9.3171.04.
crease remains in question, but the magae) Clayton D, Schifflers E. Models for temporal
nitude of the decrease suggests that the variation in cancer rates. |: Age-period and
factor responsible plays a substantial rol?m ",’\‘Ageéc?lhoﬁ 'So‘lj\le'lsd Sti;'\"zd 1987|}6"(‘j4?'67- 32
. . . . cCullagh P, Nelder JA. Generalized linear
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