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pausal women in either the Northeast
or the Midwest. Conclusions:Little re-
gional variation in age-adjusted breast
cancer incidence rates was observed,
with the exception of a modest excess
for postmenopausal women in Califor-
nia. Adjustment for differences in the
distribution of established risk factors
explained some of the excess risk in
California. [J Natl Cancer Inst 1997;
89:1373-8]

Mortality rates from breast cancer vary
by geographic region within the United
States. Average annual age-adjusted mqt-
tality rates ranged from 18.0 per 100 00€
women in Hawaii to 35.7 per 1000005
women in the District of Columbia during§
the period 1987 through 1991). In re- =
gional analyses, mortality rates among
women older than 50 in the northeaste@
region have been reported to be from 20%
to 50% higher than those in the souther@
United Stateq2-4). This pattern, along &
with the rise in incidence ratesg-
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incidence was observed for postmeno-

Journal of the National Cancer Institute, Vol. 89, No. 18, September 17, 1997

© Oxford University Press

REPORTS 1373



throughout most of this centu[@), evi- 118349 women who did not report breast cancer diateral oophorectomy. Women reporting hysterec-
dence that higher rates are found in l‘”.ba_?fher cancers (with the exception of nonmelanoméomy without bilateral oophorectomy were assumed

areas(2,6), and reports of Suspected Can_skin cancer) at baseline in 1976. to be postmenopausql at the age when natural meno-
. pause had occurred in 90% of the cohort (54 years
cer C|US'[eI’S(7—9) have |ed to SpeCU|atIOI'I Assessment Of EXpOSUI’e for current Cigarette smokers and 56 years for non-

about environmental pollutants as causes . , . smokers); otherwise, we considered them to be of
Place of residence was defined as the region of the

of _breaSt cancer. quever’_ there is alsgountry in which the participant lived in 1976, the un\(/:\;ertalrlll mfndo_paflusal f_tatus. Icohol "
evidence that established risk factors fopeginning of the study. We grouped the 11 states ' - cot_ ecl ebm ormation olngg cog 0 C(:jns_tump lon
- ; : . r nning in n

breast cancer, such as fertility ratd®), represented by this cohort into four regions based oﬁpc:;ptgg 'i\f 1982@19;369 lcmd 19%10)": 19&;:?: -
delayed childbearin?,4), economic sta- ‘;Ae;sssl;schdufler:tlgOrl:lsé]\;vnY_O’r\jkorlt\lh(eevss\;ef‘(szgyr]naerc\:(;lc;;’n Quired as to whether the participant had ever had a
tus and educational levél 1), exogenous ) . o ; N i ination.
h 4 d Iel |’2 | Y sylvania), Midwest (Michigan and Ohio), South mammographic examination
_Ormone usg4), and alcoho consump- (Florida, Maryland, and Texas), and West (Califor-
tion (12), vary modestly between regions.nia). In 1976, 14 674 (12.4%) of the cohort lived in
Fu.rthermore, regional dn_‘ferences in mor-California, 6% 921 (58.2%) lived in the Northeast, ooy began on June 1, 1976. Each partici-
tality could be due to differences in the21 702 (18.3%) lived in the Midwest, and 13 052,,nt contributed person-time to the analysis up until

prevalence of early detection [e.g., mam%rlurtl?;ﬁz)ljti\ﬁg ﬂ ;?aeteiotl:]t:.cguhniyr;t;)resceif?(: 'L‘geFiE]une 1, 1992, until date of diagnosis of breast cancer
i i i _ ’ B date of death from breast cancer for the mortali
mographlc screening practices vary mOdIation distribution of the cohort reflected that of the tgj

; analysis), or until the date of death from otheg
estly by region(13)] and/or treatment of general population of white women of the same ag%aus):es lvhichever came earlier. In all analyses, 6%
incident breast cancefd4-16).In most range, with the exception of some underascertainsg ¢ those involving mortality, women who report’ecg

previous nationwide studies, mortalitymentof women inlarge urban counties in the Northy, iaqnosis of cancer other than nonmelanoma s
rates have been used, and geograph‘rfgsél?rr;‘:k')’r‘] ZT:::pCoosuur;geivg] etlrseozzl;itr:]éc;r(r)ezicd(;onucrgancer on any guestionnaire were excluded fro@
variation of potentially confounding fac- b ' Subsequent follow-up at the beginning of the ne><?r

X . y region in which the participant lived in 1986, 10 ¢ty 1ow-up cvcle. For analvses adiusting for alcoh
tors was controlled for by using regionalyears after the start of the study. In some analysesy; e vF\)/e )l;egan foIIow-ﬁp in 15:80 (VShen amohgg

prevalences of these factors, rather thame restricted the cohort to the 110741 participantg,mption was first assessed) and limited the B
adjusting for individually measured risk (94%) who lived in the same region in 1976 and inyq 4 15 the women who were cancer-free at the stait
factors. 1986, thereby deflqlng a stable population. In furtherys 1o 1980 follow-up and who provided detaileﬁ
We evaluated prospectively the re-jvr:(l)l);zes’ we restricted to the 62672 women (53[’/ﬂietary information in 1980 (n= 89512). Person- g'
: o ; X ported in 1992 that they had lived in the sam@q 1 each participant was allocated to their reS
ional variation of invasive breast cancefegion at birth. at 15 years, and at age 30 years. ; X N
.g . . , eglo atage Loy ' g y éron of residence in 1976. Each individual's risko
incidence in the Nurses’ Health Study ssessment of Outcome factor status was updated at the beginning of eagh
controlling for breast cancer risk factorsA 2-year period on the basis of information provide@
collected at the individual level. The Diagnoses of breast cancer were reported on tt@h the follow-up questionnaires. The follow-up ratey
Nurses’ Health Study represents a singleiennial follow-up questionnaires. We attempted toVas Si‘milar bet\Ngen regions and averaged 95%
occupational group; potential confound-contact nonrespondents py telephone and identifig@otential person-time. o _ =
ers related to socioeconomic status th%ﬁaths through next of kin or searches of the Na- We performed all analyses within the entire co
g e - "'Ylonal Death Index. For each case of breast cancéort and separately among premenopausal and post-
are notoriously difficult to adjust for di- reported, we requested permission to obtain medicanenopausal women. In 1976, 22990 women re3
rectly are at least partially removed byrecords and pathology reports to confirm the diagPorted that they were postmenopausal and entergh
restricting to this narrower socioeconomiaosis. Because the accuracy of self-reported breafte postmenopausal follow-up in the period 1978
cancer was extremely higii8), we included in this through 1978. As women became postmenopauss|

Allocation of Person-Time

Sl

stratum. . . . [)
report the small number of cases for whom patholduring follow-up, their person-time was added to the

Methods ogy reports were not obtained (& 191). In the ~Postmenopausal analysis. By the start of the 1999
majority of analyses, we considered incident case#irough 1992 time period, 71070 women were de;

_ of invasive breast cancer only. In one analysis, wéned as postmenopausal. Women who started fdf

Study Population included incident cases @ situ carcinoma of the low-up as premenopausal (84 692 in 1976) were ex:

' ' breast, and we also analyzed breast cancer mortalitgiuded from the premenopausal analysis as thefr
The Nurses’ Health Study is an ongoing prospecas determined by review of death certificates andnenopausal status changed. Women with missing er

tive cohort study established in 1976 when 121 70Q,edical records. uncertain menopausal status during a given time pE—
registered nurses completed a mailed questionnaire riod were excluded from the stratified analysis dure
that included items about risk factors for breast canAssessment of Breast Cancer ing that time period. %
cer and other diseases. At enrollment, the particiRijsk Factors S
pants were between the ages of 30 and 55 years old Regional Distribution of Risk Factors ™

and resided in 11 large states (California, Connecti- We obtained information on known and suspected
cut, Florida, Maryland, Massachusetts, Michiganyisk factors for breast cancer in 1976 and updated the To assess the regional distribution of breast can-
New Jersey, New York, Ohio, Pennsylvania, andnformation at the beginning of each 2-year periodcer risk factors and their potential to confound the
Texas). These states were originally chosen based as appropriate. We included the following risk fac-region/breast cancer relationship, we calculated the
their size and the approval of the study by the statéors in the multivariate models: age, menopausal stgroportion of person-time in each covariate category
nursing associations. No restrictions were made otus, age at menopause, age at menarche, parity, algg menopausal status, standardized to the age dis-
the basis of ethnicity or race; however, the partici-at first full-term pregnancy, use of oral contracep-tribution of the premenopausal or postmenopausal
pants were primarily Caucasian (approximatelytives, use and duration of use of postmenopausabhort. For the risk factors assessed for the full pe-
97%), reflecting the ethnic background of womenhormone therapy, history of breast cancer in aiod of follow-up, we used the age distribution of the
trained as registered nurses. Every 2 years, particmother or a sister, history of benign breast diseasentire postmenopausal cohort and of the entire pre-
pants completed follow-up questionnaires to updatbeight, current body mass index (weight [kg]/menopausal cohort to standardize the postmeno-
information on risk factors for breast cancer and tdheightimf), and body mass index at age 18 yearspausal and premenopausal prevalences, respectively.
report the occurrence of breast cancer and other ilWe classified a woman as postmenopausal from thEor alcohol use, we used the age distributions of the
nesses. time she returned a questionnaire on which she ret980 cohort with dietary data. History of mammog-
The subjects included in this analysis were theported natural menopause or hysterectomy with biraphy was first asked in 1988. Therefore, we calcu-
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lated the percent of women who answered the 1988 Table 1. Age-standardized distribution* of breast cancer risk factors for postmenopausal women
questionnaire and reported ever having had a mam- by region
mographic examination.

California, % Northeast, % Midwest, % South, %

Incidence Rates and Comparison to

. Menarche=<12 y 45.8 47.0 47.0 45.8
National Rates Nulliparous 10.1 7.9 7.4 95
Parity, =5 (among parous women) 15.8 21.2 22.3 13.9

To calculate the age-standardized incidence rates;24 y at first birth (among parous women) 43.2 49.8 53.7 51.7

we divided the number of incident breast cancers by30 Y at first birth (among parous women) 15.5 12.0 10.0 10.3
the person-time of follow-up and standardized théEver use of oral contraceptives 37.7 29.3 36.3 31.6
regional incidence rates to the age distribution of th&Urent use of postmenopausal hormoreS.y 19.9 79 131 181
entire cohort at baseline. To assess the comparabilif_:‘y'St(?ry of benign breast disease 29.6 26.5 28.8 31.1
, e amily history in mother or sister 8.8 8.6 8.2 8.3
of_ the Nursgs He_alth Study breast cancer mc'dencﬁeight, =168 cm 238 19.4 203 236
with the national incidence rates of invasive breaSBody mass index at age 18 Y, <19.0 14.5 11.5 125 13.8
cancer, we calculated the expected number of case®dy mass index at age 18 324.0 12.8 17.0 17.8 145
using age-specific incidence rates observed by thgurrent body mass index, <21.0 14.6 11.2 11.7 13.4
National Cancer Institute’s Surveillance, Epidemiol-Current body mass index29.0 121 15.2 16.5 12.8
ogy, and End Results (SEERProgram over the Alcohol, =15 g/day 14.3 10.7 8.0 9.9
period 1976 through 199(20), standardized to the Ever mammogram by 1988 83.8 74.8 77.6 77.5
age distribution of the Nurses’ Health Study. The”\g€ at menopause, <40'y 13.4 11.5 116 15.9

SEER program consists of data from nine populatiore‘ge at menopausez50 y 41.3 41.5 40.7 34.9

registries for cancer incidence in various locations . . -
that represent approximately 10% of the U.S. popu- Percents represent the age-adjusted person-time allocated to that category divided by the total

lation. time of follow-up for the region.

1y WouyPapeojumoq

—

Multivariate Analyses for premenopausal women were similar8% higher than the expected incidencg
W d the likelihood ratio test g th Women residing in California were morerate calculated using the SEER progra@
e used the likelihood ratio test, comparing the;. . . L . .
model with indicator variables for both age and re‘“fllk'ely to delgy chlldbegrmg comparedlr}c@ence r.ates for white women during %
gion with the model with only age, to evaluate theW'th women in other regions, and meerSImllar period (1976 throu_gh 1990_). 3
contribution of region to the model and address thén California and the South had slightly ~Among all women, region contrlbuteq‘g’
general question of whether regional variation exfewer children than women in the North-significantly to the age-adjusted modé&l (g
'Sti? ";]t';'s °°h°”'th; be C‘;’r’:s's,\tl%”lt with pf"'oufr']yeast and Midwest. Women in California= .05). We observed a small, but statis3
published research from the , we chose the . " L . 2
women residing in the South as the reference grou}glere m_UCh more Ilkely to use oral con th?.lly S|gn|f|cant, elevat.lon. of the. age 3.
when comparing incidence between regiohis We ~ traceptives and postmenopausallhonadju_sted breast cancer incidence in CakF
calculated relative risks (RRs), dividing the inci-mones, to have had a mammographic eXernia compared with the South (RR &
dence rate in each region by the incidence rate in thamination, and to consume alcohol thard.16; 95% Cl = 1.02-1.32) (Table 2).
]:Soutg_. Tof control smultzneously for pc_)tentllar: con-gther women. Women in the Midwest andHowever, the incidence rates in th%
ounding factors we conducted proportional hazarg oot - in general, were heavier thahortheast and the Midwest were not el
analyseq21) by using a pooled logistic regression . A
model (22,23)with indicator variables for each re- Other women both at age 18 years an_dvated relat'v_e to the South. After _adlus%
gion for each category of each breast cancer riseurrently. Age at menopause varied by reing for established breast cancer risk fag:
factor and for 2-year intervals of calendar time. Wegion; southern women were slightlytors, the contribution of region to the@
Ca'cr‘:';tsd the 95% confidence intervals (Cls) foyonger at menopause than other womemodel was no longer significant. How->
eac . . . . . S
To test whether including the small numbers ofIn summary, thel group residing in Cah-eyer, the RR for Caln‘ornla was Of.“ygg
non-Caucasians in the analysis altered our concltfom_|a had the highest prgvalence of ess!lgh.ﬂ.y attenuated and still of borderline;
sions, we compared our overall results with resultéablished breast cancer risk factors andignificance (RR= 1.13; 95% CI =

obtained by restricting the cohort to white womenwomen in the Midwest had the lowest. 0.99-1.29). The RRs for the Northeast

Y]

68/310

uo}

yvho answered a question on ethnicity €195 672) and the Midwest were similar to the age>
in 1992, Invasive Breast Cancer adjusted values. Including casesioiitu €
Results o c_arcinoma of the breast alo_ng with invag,
Between 1976 and 1992, 3603 incidensive breast cancer cases did not notabjy
Distribution of Risk Factors in cases of invasive breast cancer occurrethange the age-adjusted RRs. The RRs
the Cohort among 118349 nurses during 1794 56%r the established breast cancer risk fac-

person-years of follow-up. The overalltors were consistent with results from pre-
The age-standardized prevalences afge-adjusted incidence rate was 200.8ious reportq24).

established and potential risk factors foccases per 100000 person-years. As de- During the period of follow-up, 1196
breast cancer varied modestly across rdined by residence at baseline in 1976, theremenopausal women and 2005 post-
gion for both premenopausal and postregion-specific incidence rates (pemenopausal women developed invasive
menopausal women. (These difference$00 000 person-years), standardized to tHereast cancer. For the premenopausal
were statistically significant; however,age distribution of the entire cohort, werewomen, there was little evidence of re-
even very small differences are statisti225.1 in California, 197.9 in the North- gional variation in either the age-adjusted
cally significant with such a large sampleeast, 196.5 in the Midwest, and 193.4 iror multivariate-adjusted analyses (Table
size.) Prevalences for postmenopaus#the South. The overall incidence rate ob2). For the postmenopausal women, we
women are shown in Table 1; prevalenceserved in the Nurses’ Health Study wa®bserved a statistically significant el-
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Table 2. Relative risk (RR) of invasive breast cancer incidence in relation to region of residence in the United States, by menopausal status, among 118 3¢
women aged 30-55 years in 1976 and followed through 1992

California Northeast Midwest South
All women*
No. of cases 535 2034 639 395
Person-years of observation 220476 1048085 329008 196 996
RR (age adjusted) (95% CI) 1.16 (1.02-1.32) 1.02 (0.92-1.14) 1.02 (0.90-1.15) 1.00
RR (multivariate) (95% CI)T 1.13 (0.99-1.29) 1.05(0.94-1.17) 1.03 (0.91-1.17) 1.00
Premenopausal women
No. of cases 142 717 223 114
Person-years of observation 83093 489 300 152 206 75740
RR (age adjusted) (95% CI) 1.07 (0.83-1.36) 0.98 (0.80-1.19) 0.99 (0.79-1.23) 1.00
RR (multivariate) (95% CI)* 1.02 (0.80-1.31) 1.01 (0.83-1.23) 1.02 (0.81-1.28) 1.00
Postmenopausal women
No. of cases 327 1103 353 222
Person-years of observation 103956 420610 134418 90585
RR (age adjusted) (95% ClI) 1.24 (1.05-1.47) 1.08 (0.93-1.24) 1.08 (0.91-1.27) 1.00
RR (multivariate) (95% CI)§ 1.18 (1.00-1.40) 1.12 (0.97-1.30) 1.09 (0.92-1.29) 1.00

*Women of uncertain menopausal status were included in analyses of all women but were excluded from the stratified analyses.
TMultivariate RR and 95% confidence interval (Cl), adjusted for age in 5-year categories, age at mesa&;He( or=14 years), parity (nulliparous, 1-2, 3-4,0
or =5), age at first birth (nulliparouss24, 25-29, or=30 years), use of oral contraceptives (ever or never), menopausal status (premenopausal, postmengpaus
or unknown), use and duration of use of postmenopausal hormones (never use, current use <5 years, cafgraarseor past use), history of breast cancer fiy
a mother or sister, history of benign breast disease, and body mass index (five groups).
FMultivariate RR and 95% Cls, adjusted for same risk factors as in full cohort analysis, except menopausal status and postmenopausal hormone use, ake exc
from models.
§Multivariate RR and 95% Cls, adjusted for same risk factors as full cohort analysis, with the addition of age at menopause in 2-year categories.

gojumo(

LUOJ

peoe//:sdyp

evated age-adjusted incidence rate inhange the association between region Ninety-four percent of the cohort lived$
California (RR= 1.24; 95% Cl= 1.05- and breast cancer risk. Controlling forin the same region in 1986 as they did i@'
1.47). The age-adjusted RR in both théype of menopause (natural, surgical, 01976. When we restricted the cohort t&
Northeast and Midwest was 1.08, and neiether) also did not alter the associationthese women, the RRs for invasive breagt
ther was statistically significant. After ad- The increased risk in California was ap-cancer incidence were comparable tg
justing for all of the breast cancer riskparent in both the northern and southerthose obtained with the full cohort. Addi-=
factors, the excess rate in California wadalves of the state. tionally, we restricted the cohort toz
attenuated by 25% (RR= 1.18) but re- In age-adjusted mortality analysesvomen who lived in the same region a&
mained of borderline significance (95%based on 82 deaths in California and 5birth, at age 15 years, at age 30 years, an;d
Cl = 1.00-1.40). The strongest con-deaths in the South that occurred amonip 1976. The results were similar to those:
founding factors were age at first birth,postmenopausal women who were canc@&btained using the full cohort, except fora,j
postmenopausal hormone use, and age fake at baseline, risk of breast cancestronger association observed for Califor3
menopause. Finer categories of duratiodeath was nonsignificantly higher in Cali-nia (Table 3).

of postmenopausal hormone use did ndbrnia, RR= 1.34 (95% Cl= 0.95-1.89). Adjusting for alcohol intake for the

Table 3. Age-adjusted relative risk (RR) of invasive breast cancer incidence (95% confidence interval [Cl]) for region, restricted to women who lived i the

same region throughout their lifetime:* follow-up 1976-1992

Zz0oz 1snbny Lz uo Benb Aq £6£923

California Northeast Midwest South
All woment
No. of cases 92 1123 335 113
Person-years of observation 41248 658713 197572 70579
RR (age-adjusted) (95% Cl) 1.37 (1.04-1.80) 1.10 (0.91-1.34) 1.09 (0.88-1.35) 1.00
RR (multivariate) (95% CI)t 1.35 (1.02-1.78) 1.14 (0.94-1.39) 1.13 (0.91-1.40) 1.00
Premenopausal women
No. of cases 31 408 119 36
Person-years of observation 18705 331033 98 348 29894
RR (age-adjusted) (95% Cl) 1.33(0.82-2.14) 1.00 (0.71-1.40) 1.00 (0.69-1.46) 1.00
RR (multivariate) (95% CI)t 1.27 (0.79-2.05) 1.04 (0.74-1.47) 1.05 (0.72-1.52) 1.00
Postmenopausal women
No. of cases 50 617 186 63
Person-years of observation 17938 268672 80436 31966
RR (age-adjusted) (95% Cl) 1.34 (0.92-1.94) 1.16 (0.89-1.50) 1.17 (0.88-1.55) 1.00
RR (multivariate) (95% Cl)t 1.31(0.90-1.91) 1.22 (0.94-1.59) 1.19 (0.89-1.59) 1.00

*As defined by living in the same region at birth, age 15 years, and age 30 years. This question was asked in 1992, therefore only women who answered
questionnaire were eligible for this analysis.

tWomen of uncertain menopausal status were included in analyses of all women but were excluded from the stratified analyses.

Multivariate RR and 95% Cls, adjusted for breast cancer risk factors as described in Table 2.
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time period 1980 through 1992 onlyto explain 50% of the excess mortality inbility, however, that very localized expo-
slightly attenuated the RR comparingthe Northeast and Midwest, but only 10%sures within counties might cause breast
California to the South; multivariate RRin the West(4). Blot et al.(2) observed a cancer and be more common in some
= 1.19 (95% Cl= 0.97-1.46) with al- 20% increased rate of breast cancer deatftates than others or that within each
cohol versus RR= 1.21 (95% Cl = in large counties of the Northeast com-county nurses were systematically less
0.99-1.48) without alcohol. Adjustmentpared with large counties of the South antikely to live near these sources of expo-
for alcohol did not alter the lack of asso-a 50% increase when they comparedure. Our results do diminish the likeli-
ciation between the other regions and themall counties. The excess risk in thénood that environmental exposures that
risk of breast cancer. California had theNest ranged from 7% to 30% in largeare widespread and differ between re-
largest percentage of non-Caucasiaand small counties, respectively. Thagions cause large differences in breast
population (8%). However, restricting theuse of 1960 census data to control for ineancer rates.

cohort to white women defined as thoseeome, urbanization, birth rate, and Ger- Another potential limitation of this
who did not report Hispanic, African- man or Scandinavian ancestry did nostudy is that we did not have prospective
American, or Asian ancestry did not ma-eliminate the region effect among oldelinformation on screening. However, the
terially change the RRs. Results were alsewomen(2). prevalence of mammography was high
similar when we restricted the cohort to A limitation of our study is that we and similar in all regions, suggesting tha¥’
women who had had at least one mamdsed only 11 states to make inferencedifferential mammography rates were uns

mographic examination. about four large regions. However, thesdikely to have had substantial influence 0|§
states contain 53% of the entire U.Sthe results. Results were similar when w&
Discussion population and account for large proporsestricted the analysis to women who had

tions of the populations of their respectivenad at least one mammographic examlng—
In prospective analyses of a socioecoregions (17). With the exception of an tion.

nomically restricted cohort with membersunder-ascertainment of women in large Residual confounding could be respona
drawn from all four U.S. census-definedurban counties in the Northeast and irsible for our inability to explain some ofm
regions, we did not observe the hypothsmall counties in the South, the countythe excess age-adjusted rate of breast cgl-
esized elevated rate of breast cancer incspecific geographic distribution of part-cer in California compared with theo
dence in the Northeast compared with thecipants in the Nurses’ Health Study isSouth. We were not able to control f0|c
South nor did we see a significant elevaremarkably representative of these statgmtential risk factors such as physical acg
tion in the Midwest. PremenopausallLaden F, Neas LM, Hunter DJ: unpub-tivity, diet, or alcohol consumption m(:j
breast cancer incidence did not vary siglished data). However, these states arearly life. We did not directly measures
nificantly by region. We observed a mar-not necessarily representative of the relypothesized environmental risk factor§
ginally statistically significant elevated gion as a whole, particularly in the Southfor breast cancer, such as reduced sunli
age-adjusted breast cancer incidence ragd West. For example, the proportion(25), electromagnetic field$26,27), ex- =
in California among postmenopausabf college-educated persons in Floridaposure to organochlorine compounds

women that increased slightly when weMaryland, and Texas is closer to the pro{28,29),and other pollutant$30). Thus, <

restricted the analysis to women who hagbortion observed in the northern statesur results do not rule out the possibilit)g;'\’
lived in the same region throughout mosthan to the proportion in the remainderthat differences in exposure to these faégé
of their lives. In this cohort, the South hadof the southern regioif11). This limita- tors between California and the rest of the
a slightly higher prevalence of risk factorstion may explain why we did not observecountry might be responsible for some qf
for breast cancer compared with theRRs for the Northeast and Midwest ofthe small residual difference in brea
Northeast and Midwest for both premenothe same magnitude as seen in the prevtancer incidence that was observed. Re—
pausal and postmenopausal women andaas mortality studies. Furthermore, usin@ssuringly, a recent study showed that ree
slightly lower prevalence of risk factorsonly California to represent the Westgional differences in known breast cances
compared with California. After control- may explain why our RR in the West isrisk factors completely accounted for th@
ling for these factors, 25% of the exces$igher than previously observed. Thanodest elevation in breast cancer mcK;
rate of postmenopausal breast cancer foreast cancer mortality rate in Californiadence rates in the San Francisco Bay Arqg:l
California was explained. (1986-1990) was the highest in thecompared with seven other SEER regis-
Our results were consistent in direc\Western region and the San Francisctries (31).

tion, although not in magnitude, with pre-SEER registry reports the highest inci- Use of the Nurses’ Health Study cohort
vious mortality studies. Sturgeon et&) dence rate of all registries in the natiorrestricts the study population to one occu-
used data from the National Center for(1). pational group of mostly Caucasian
Health Statistics from 1987 and observed The fact that in most states the geowomen. Thus, the range of possible occu-
elevated age-adjusted mortality rate ratiographic distribution of nurses by countypational exposures is reduced, limiting the
in all regions compared with the South forwas similar to that of white women in generalizability of the study. However,
women aged 50-79 years. The RRs wergeneral suggests that we did not fail tdhis restriction allows us to focus on
1.15 in the West, 1.30 in the Northeastdetect an elevation of risk in certain statesonoccupational environmental expo-
and 1.18 in the Midwest. In an ecologicaldue to underrepresentation of individuabures that might be associated with re-
analysis controlling for group-definedcounties in which breast cancer rates magion. Also, because the Nurses’ Health
risk and prognostic factors, they were ablde higher. We cannot exclude the possiStudy is relatively homogeneous com-

Journal of the National Cancer Institute, Vol. 89, No. 18, September 17, 1997 REPORTS 1377



pared with the general population, we lation density and cancer incidence differen-(23) D’Agostino RB, Lee ML, Belanger AJ, Cupples

indirectly controlled for potential con- tials in New York State, 1978-82. Cancer LA, Anderson K, Kannel WB. Relation of
. . . Causes Control 992;3:7-15. pooled logistic regression to time dependent
founding by socioeconomic status, and 7) New York State Dept of Health, Dept of Com- Cox regression analysis: the Framingham

the participants’ relatively good access to" * nunity and Preventive Medicine SUNY at Heart Study. Stat Med 1990:9:1501—15.
health care should reduce potential con-  Stonybrook, Nassau County Dept of Health,(24) Colditz GA. Epidemiology of breast cancer:
founding by regional differences in early ~ Suffolk County Dept of Health Services. The  findings from the Nurses’ Health Study. Can-
diagnosis. Aspects of socioeconomic Long Island Breast Cancer Study: Report  cer 1993;71(4 Suppl):1480-89.

. . N 1,1 .
status that vary greatly by region in the . Burgbef , 938I | § (25) Garland FC, Garland CF, Gorham ED, Young
| lati lain wh rody JG, Rudel R, Maxwell NI, Swedes SR. JF. Geographic variation in breast cancer mor-
general popuiation may explain Why W€ = mapping out a search for environmental causes  tajity in the United States: a hypothesis involv-

did not see the same magnitude of re-  of breast cancer. Public Health Reports 1996;  ing exposure to solar radiation. Prev Med
gional variation reported in previous stud-  11:494-507. 1990:19:614-22.
ies. (9) Dusich K, Sigurdson E, Hall WN, Dean AG. (56) stevens RG, Davis S, Thomas DB, Anderson

Despite these limitations, this study as- Minnesota Dept. of Health: Cancer rates in a LE, Wilson BW. Electric power, pineal func-

. A . community exposed to low levels of creosote B ’
sesses nationwide variation of breast can-  components in municipal water. Min Med tl'gg’z_aG’_‘gSg‘eegs" of breast cancer. FASEB J

cer quenge rates in a prospective analy-o E?S%G?ggof/_G't <3, Birth and fertilty rates 27) Vena JE, Graham S, Hellmann R, Swanson

.SIS. L_JSIng_ risk factors assessed at thé )f arxe i _endura B an grnlyra es Brasure J. Use of electric blankets and risk

individual instead of the group level. The  forstates: United States, 1990. National Center 0 yn0usal breast cancer. Am J Epidemial
. ] for Health Statistics. Vital Health Stat 21(52), Ao o

use of incidence, as opposed to mortality 1994 1991;134:180-5.

rates, avoids bias from potential regionaj; 1) ysa Counties on CD-ROM— prepared by the (28) Wolff MS, Toniolo PG, Lee EW, Rivera M,

differences in early detection and treat-  Bureau of the Census.—Washington (DC): ~ Dubin N- Blood levels of organochlorine resi-

ment effectiveness as well as possible The Bureau [producer and distributor], 1994. Idnus(:slggg'g;'éj; bsrgaSt cancer. J Natl Canc
i i i i 12) Piani A, Schoenborn C. Health promotion and 1O eSS

differential migration among cases of( )disease o revention United Stafes oo, (29 Krieger N, Wolff MS, Hiatt RA, Rivera M,
breast. cancer due to health care concerns tional Center for Health Statistics. Vital Health Vogelman J, Orentrglch N. Breast cancer ang
or retirement. Our results suggest that g 10(185), 1993. serum organochlorines: a prospective stud§

there is a small excess age-adjusted incjz3) Dawson DA, Thompson GB. Breast cancer ~ among white, black and Asian women. J Nat

—
=

~

01} pepe

08//:sdny B

dence of postmenopausal breast cancer in risk factors and screening: United States, 1987(.30) gZ\r;icseerII_nsériz?oa8lﬁi_5?/?/;?l-\A Woodruff T g'
; ; ; National Center for Health Statistics. Vital ) ’ ' ’
California but not in the Northeast or Health Stat 10172). 1990, Hoel DG. Anton-Culver H. Medical hypoth-'g

MId\{VGSt. Some of the_ excess rate m_Ca“éM) Ayanian JZ, Guadagnoli E. Variations in breast ~ €Sis: xenoestrogens as preventable causes f

me|a can be explamed. by esta_b“Sh.e cancer treatment by patient and provider char-  breast cancer. Environ Health Perspect 1993

risk factors. Geographic variation in  acteristics. Breast Cancer Res Treat 1996;40:  101:372-7. o

breast cancer rates at the state or regional 65-74. (31) Robbins AS, Brescianini S, Kelsey JL. Re-5
- . L £ (15) Choi WS, Parker BA, Pierce JP, Greenberg  9ional differences in known risk factors and thep.

levelis unlikely to be due to region-specific ER. Regional differences in the incidence and  higher incidence of breast cancer in San Frari

e

~

differences in exposures to widespread oo carcinomin situ of the breast. cisco. J Natl Cancer Inst 1997:89:960-5. &
nonoccupational environmental pollutants.  cancer Epidemiol Biomarkers Prev 1996:5: Q
317-20. @

References (16) Ernster VL, Barclay J, Kerlikowske K, Grady Notes o
D, Henderson C. Incidence of and treatment for §

(1) Ries LA, Miller BA, Hankey BF, Kosary CL, ductal carcinoman situ of the breast. JAMA Editor's note: SEER is a set of geographically (3
Harras A, Edwards BK, editors. SEER cancer 1996;275:913-8. defined, population-based central tumor registries i&
statistics review, 1973-1991: tables and17) U.S. Department of Commerce, Bureau of thethe United States, operated by local nonprofit orgg
graphs, Bethesda (MD): National Cancer Insti- Census. A Guide to State and Local Censusizations under contract to the National Cancer I
tute; 1994; NIH Publ No. 94-2789. Geography. Princeton (NJ): Association ofstitute (NCI). Each registry annually submits itso

(2) Blot WJ, Fraumeni JF Jr. Stone BJ. Geo- Public Data Users, 1993. cases to the NCI on a computer tape. These corﬁ-
graphic patterns of breast cancer in the Uniteq18) Colditz GA, Martin P, Stampfer MJ, Willett puter tapes are then edited by the NCI and madﬁ:
States. J Natl Cancer Inst 1977;59:1407-11. WC, Sampson L, Rosner B, et al. Validation ofavailable for analysis. 5

(3) Pickle LW, Mason TJ, Howard N, Hoover R, questionnaire information on risk factors and S

—_

Fraumeni JF Jr. Atlas of U.S. cancer mortality disease outcomes in a prospective cohort study Supported in part by Public Health Service grants,
among whites: 1950-1980. Bethesda (MD): of women. Am J Epidemiol 1986;123: CA/ES62984 (National Cancer Institute and th&d

National Institutes of Health, 1987; DHHS 894-900. National Institute of Environmental Health Sci-
Publ No. (NIH)87-2900. (19) Willett WC, Sampson L, Stampfer MJ, Rosnerences) and Institutional National Service Award

(4) Sturgeon SR, Schairer C, Gail M, McAdams B, Bain C, Witschi J, et al. Reproducibility and 5T32CA09001 (F. Laden) and grant CA40356 (Na-
M, Brinton LA, Hoover RN. Geographic varia- validity of a semiquantitative food frequency tional Cancer Institute), National Institutes of
tion in mortality from breast cancer among questionnaire. Am J Epidemiol 1985;122: Health, Department of Health and Human Services;
white women in the United States. J Natl Can- 51-65. and by American Cancer Society Faculty Research
cer Inst 1995;87:1846-53. (20) SEER 1973-90. Cancer Incidence Public Uséward FRA-455 (D. J. Hunter).

(5) Kelsey JL, Horn-Ross PL. Breast cancer: Database. We thank the registered nurses who participated
magnitude of the problem and descrip-(21) Cox DR. Regression models and life-tables. Jn this study, Gary Chase, Karen Corsano, and Bar-
tive epidemiology. Epidemiol Rev 1993;15: R Stat Soc (B) 1972;34:187-220. bara Egan.

7-16. (22) Abbott RD. Logistic regression in survival Manuscript received March 10, 1997; revised

(6) Nasca PC, Mahoney MC, Wolfgang PE. Popu- analysis. Am J Epidemiol 1985;121:465-71. June 16, 1997; accepted July 17, 1997.

1378 REPORTS Journal of the National Cancer Institute, Vol. 89, No. 18, September 17, 1997



