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ate relative risk [RR] = 1.91; 95% estrogens have been evaluated and, with
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Speizer* mone replacement therapy.Conclu- ment error and the random within-person
sion: Our data, in conjunction with fluctuation in hormone levels over time

past epidemiologic and animal studies, (15).

provide strong evidence for a causal re- Subjects and Methods
lationship between postmenopausal es-
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plasma gstrogen levels and breast can- trogen levels and the risk of breast can- Study Population
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most of these studies have been smallig;'z [‘3) Natl Cancer Inst 1998;90: The Nurses’ Health Study cohort was established
and few have evaluated specific estro- -9] in 1976 when 121 700 female registered nurses, 30—

. . . 55 years of age, completed and returned a mailed
gen fractions (such as percent bioavail guestionnaire. The cohort continues to be followed

able estradiol). In addition, few studies Substantial indirect evidence suppOrtgery 2 years by questionnaire to update exposure
have evaluated plasma androgen levels a central role for endogenous hormones igatus and to identify cases of newly diagnosed dis-
in relation to breast cancer risk, and breast cancer developmd@). Reproduc- ease. Data have been collected on many breast can-
their results have been inconsistent. We tive factors such as early age at menarchg€' isk factors, including height, weight, age at
prospectively evaluated relationships late age at menopause, and nulliparity are
between sex steroid hormone levels in associated with an increased risk of breast
plasma and risk of breast cancer in cancer. The rate of increase in age- *Affiliations of authors:S. E. Hankinson, G. A.
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postmenopausal women not using hor- therapy (3), both positively related to Partments of Epidemiology and Nutrition, Harvard
... School of Public Health; J. E. Manson, Channing
mone _replacement therapy at blood plasma estrogen levels, alsg are posmvelyaboratom Division of Preventive Medicine, De-
collection (n = 11169 women), 156 related to breast cancer risk. Estrogengartment of Medicine, Brigham and Women's Hos-
women were diagnosed with breast also induce mammary tumors in animalgital and Harvard Medical School, and Department
cancer after blood collection but before (4). Androgens may influence breast canof Epidemiology, Harvard School of Public Health;
June 1, 1994. Two control subjects cer risk either directly(5) or indirectly, D- Spiegelman, Departments of Epidemiology and

were selected per case subject andthrough their conversion to estradioIBiOStaﬂStiCS’ Harvard School of Public Health; R. L.
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matched with respect to age, meno- (6,7). _ o Brigham and Women's Hospital and Harvard Medi-
pausal status, month and time of day of The relationships in postmenopausatal School; F. E. Speizer, Channing Laboratory,
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the time of blood collection. Results: plasma and the risk of breast cancer hav@! School, and Department of Environmental
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culating levels of estradiol (multivari- only one or two of the major circulating © Oxford University Press
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menarche and menopause, age at birth of first childyith hexane—ethyl acetate (4:1, vol/vol), and thehe same laboratories used for the main study, and
parity, postmenopausal hormone use, diagnosis @tract was applied to celite columns (celite in ethforms the basis of the reproducibility study. Addi-
benign breast disease, and family history of breastlene glycol). The steroids were eluted from the coltional details regarding this study are provided else-
cancer. umns in the following fractions: fraction 1, 3.5 mL where(15).

During the period from 1989 through 1990, bloodof iso-octane (androstenedione); fraction 2, 3.5 mL
samples were collected from 32 826 cohort membersf iso-octane containing 10% ethyl acetate (dehyData Analyses
(27% of the original cohort) who were 43-69 yearsdroepiandrosterone [DHEA] and testosterone); frac-
of age when blood was collected. Details regardingion 3, 3.0 mL ofiso-octane containing 15% ethyl ~ We used quartile categories, with cut points based
the blood collection methods have been publishedcetate (estrone); and fraction 4, 5.0 mLigp- On the distribution in the control subjects, for the
(16). Briefly, each woman arranged to have heroctane containing 40% ethyl acetate (estradiol)PUrPose of summarizing breast cancer risk according
blood drawn and then shipped, via overnight courieFractions 1—4 were then assayed by radioimmund® Plasma hormone level. For most of the hormones,
and with an ice pack to keep the sample cool, to ouassay (18-21). Dehydroepiandrosterone sulfatethe mean and standard deviation of both the control
laboratory, where it was processed and separatéDHEAS) was assayed by radioimmunoassay withvalues and the quality-control replicates were very
into plasma, red blood cell, and white blood cellout a prior separation ste(22). Percent free estra- Similar across batches; thus, quartile cut points were
components. Within 26 hours of being drawn, 97%diol (i.e., percent nonprotein bound) was assayed bjpade according to the distribution in the control
of the samples were received in our laboratory. These of equilibrium dialysi§23,24); the percent dia- Subjects overall. The lowest quartile was used as the
stability of estrogens and androgens in whole bloodyzable estradiol was calculated as described by Veféferent in all analyses. For estrone, estrone sulfate,
for 24-48 hours has been documented previouslynuelen et al(24). The percent bioavailable estradiol 2nd DHEA, the median value for the control subjects
(17). Since collection, samples have been archivei.e., percent free plus percent albumin-bound estra/aried by as much as 40% between batches, so that
at-130°C or colder in continuously monitored lig- diol) was assayed by use of an ammonium sulfatguartile cut points based on all control subjects com-
uid nitrogen freezers. As of 1994, the follow-up rateprecipitation(25,26).All case—control—control trip- Pined resulted in uneven batch-specific distributions
among women who gave a blood sample was 98%et samples were assayed together; the samples wéfed- the lowest quartile of estrone contained 12% of
The study was approved by the Committee on therdered randomly within a triplet and labeled so thathe control subjects from the first two batches but
Use of Human Subjects in Research at the Brigharthe laboratory could not identify the case—controf¥1% of the control subjects from the third batch).
and Women'’s Hospital. status. Although all members of a triplet were anaBecause the mean value of the quality-control rep-

Both case and control subjects in this analysis arlyzed at the same time, the triplets were analyzed ificates in each of the datasets varied in the same
women who, at blood collection, were postmenoup to three different batches (sent in 1992, 1993, anghanner for these three assays, much (if not all) of
pausal and had not used postmenopausal hormon&896). this difference appeared due to laboratory drift
for at least 3 months. The participants were defined For estrone sulfate, the first two batches offather than to true differences in hormone levels be-
as postmenopausal if they reported having a naturaamples were assayed at the laboratory of Dr. dween the batches. Thus, for these three hormones,
menopause or a bilateral oophorectomy. Womehongcope at the University of Massachusetts MediWe defined batch-specific quartile cut points. In ad-
who reported a hysterectomy with either one or botital Center, Worcester, and the third batch was adlition, in all analyses, we controlled for batch. For
ovaries remaining were defined as postmenopausahyed at the Nichols Institute. In each laboratorySeveral hormones (e.g., estradiol), the control distri-
when they were 56 years old (if a nonsmoker) or 5&fter extraction of estrone, estrone sulfate was adution was unequal across quartiles because of mul-
years old (if a current smoker), ages at which naturatayed by radioimmunoassay of estrone, after erfiPle identical hormone values.
menopause had occurred in 90% of the respectiveyme hydrolysis, organic extraction, and separation One matched set was removed from the analysis
cohorts. by column chromatograph(27). because the case subject’s estrogen values were in

Case subjects were women who had reported no In each batch of samples, we interspersed plasni€ Premenopausal range (estradiol411 pg/mL).
cancer diagnosis before blood collection and whaeplicates (one replicate per 10 case and/or contrdndividual values more than 2.5-fold higher than the
were diagnosed with breast cancer after blood cokamples) that were labeled to preclude their identiformal range according to the assaying laboratory
lection but before June 1, 1994. Overall, 156 casefication by the assaying laboratory; these replicaté!S0 were removed; this resulted in the removal of
of breast cancer (140 invasive and ib6situ) were  samples were used to assess laboratory precisidi/© testosterone values only. In addition, several
reported from among the 11169 women eligible atithin-batch laboratory coefficients of variation Women did not have a sufficient volume of plasma
baseline. (The other 21 657 women were not eligibleanged from 6% (percent bioavailable estradiol) tdor all assays. The final number of case and control
because they were premenopausal, were postment8.6% (DHEA). samples available for each hormone analysis is pro-
pausal but were using postmenopausal replacementThe assay detection limit was 2 pg/mL for estravided in Table 1.
hormones, were of uncertain menopausal status, diol, 0.5% for both percent free estradiol and percent 10 test for differences in hormone levels between
had a prior cancer diagnosis.) All cases of breagtioavailable estradiol, 10 pg/mL for estrone, 50 pgfFase and control subjects, we used mixed-effects re-
cancer were confirmed by medical record reviewmL for estrone sulfate (in each laboratory), 3 ng/dLgression models for clustered data to adjust for pos-
with one exception, in which the nurse confirmedfor androstenedione, 1 ng/dL for testosterone, 3 ngfiPle confounding due to the matching factors and
the diagnosis but the medical record was unavaildL for DHEA, and 5 pg/dL for DHEAS. When for any residual correlation between case and control
able; because of the high confirmation rate (99%plasma hormone values were reported as less th&ibjects within the matched s@8). To compare
upon medical record review, this case subject wathe detection limit, we set the value to half this limit Proportions between case and control subjects, we
kept in the analysis. The time from blood collection(which occurred only for estrone [s 6], estrone Used the Mantel-Haenszel t¢89). We used con-

to diagnosis ranged from less than 1 month to 5%ulfate [n= 2], and DHEAS [n= 2]). ditional logistic regression analyses to estimate rela-
months (mean [standard deviatior] 28.7 [15.8] tive risks (RRs) (odds ratios) and 95% confidence
months). Two control subjects were matched peReproducibility Study intervals (Cls)(30). In analyses stratified by prior
case subject by age (+2 years), month of blood col- postmenopausal hormone use, however, we used un-

lection, time of day that blood was drawn (x2 'hree hundred ninety Nurses’ Health Study parconditional logistic regression, controlling for the
hours), and fasting status at the time of blood colficipants who gave a first blood sample during thematching factors, to maximize our sample size. We
lection (=10 hours since a meal versus <10 hours oPeriod from 1989 through 1990 were asked to proeonducted tests for trend by modeling the natural
unknown). Ninety-three percent of control matches/ide two additional samples that were collected durtogarithm of the hormone level as a continuous vari-
were exact; the most relaxed match was within +3n9 the following 2 years. The women were post-able and calculating a Wald statis{81). All P val-
years of age, 3 months of blood collection from casénenopausal, had not used postmenopausaks are based on two-sided tests. The regression cali-
subjects, and +7 hours for time of blood collection. hormones for at least 3 months, and had no previousration method was used to correct RRs and 95%
diagnosis of cancer (except nonmelanoma skin car€ls for laboratory measurement error and random
Laboratory Analyses cer); these criteria were applied at each sample cowithin-person variability (32—35). The within-
lection. Of the 390 women, 186 (48%) sent twoperson variance was calculated from the reproduci-
With the exception of estrone sulfate, all analysesdditional samples. A random sample of 80 of theseility study and the between-person variance from
were performed by the Nichols Institute (San Juarwomen who had all three samples drawn between #he current case—control study. (Thus, intraclass cor-
Capistrano, CA). Plasma samples were extracteev and 12 noon was sent for hormone analysis, atklation coefficients are slightly different from the
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Table 1. Median and range* of plasma hormone levels for case and matched control subjects nearly identical RRs. We also evaluated
these relationships after excluding data

Case subjects Control subjects

) : from the 30 breast cancer cases that had
Hormone and No. of Median level No. of Median level been diagnosed within 1 year of blood
unit of measure subjects (range) subjects (range) Pt collection. to assess whether the positive
Estradiol, pg/mL 154 8.0 (4-16) 306 7.0 (4-14) .04associations might be due to an influence
Free estradiol, % 152 1.60 (1.33-1.85) 303 155(1.33-1.82) . ; _
Bioavailable estradiol, % 154  235(13.9-406) 305  23.0(13.5-37.2) g the breast cancer itself on hormone lev
Estrone, pg/mL 154 31 (20-51) 306 28 (17-45) o£ls. With the exception of percent free and
Estrone sulfate, pg/mL 144 232 (102-593) 288 192 (97-420) .Qgercent bioavailable estradiol, where the
Androstenedione, ng/dL 147 62 (35-99) 296 57 (30-103) . ; ; ;
Testosterone, ng/dL 147 23 (13-44) 299 22 (12-37) . Iatlons_hlps were Sllghtly st.reng.thened
Dehydroepiandrosterone, ng/dL 139 210 (97-434) 272 205 (99-366) _%ompanson of the top quartile with the
Dehydroepiandrosterone sulfafeg/dL 153 87 (42-200) 298 79 (34-163) .01pottom quartile, 1.69 [950/0 CE 0.86-

3.32] and 1.50 [95% Cl= 0.79-2.84],
respectively), results again did not differ
materially.

We next evaluated the relationships
between hormone levels and the risk of
previously published values.) In these analyses, hoPHEAS, women in the top 75% of levelsbreast cancer according to postmeno-
mone levels were log transformed to lessen the inappeared to have an increase in breapausal hormone use before blood collec-
fluence of a small number of high or low values.cancer risk compared with women withtion (i.e., never versus past use) (Table 3).
Because the measurement error correction methofﬁe lowest levels. Modest, and generallyWe hypothesized that our single hormone
require that the relationship between disease and ex- T . v
posure be linear on a logistic scale, restricted cubi@ONsignificant, positive associations wereneasure would best reflect long-term en-
spline models(36) for breast cancer incidence in noted for percent free estradiol, androdogenous hormone exposure among the
relation to each log-transformed hormone valusstenedione, and testosterone and breastver users and, therefore, we might see
were fit to the data. With this technique, as well as;ancer risk. We observed little associatiostronger associations in this group. Be-
formal significance testing criteria for nonlinearity, . . . . . .
with just one exception (DHEA), none of the hor. With either percent bioavailable estradiocause of the small numper of cases in
mones showed substantial evidence of departu@ DHEA. When we evaluated absoluteeach of the groups, we included in the
from a linear relation on the logarithmic RR scale.levels of free and bioavailable estradiolstatistical models only the matching fac-
DHEA was modeled on its original scale. the associations were similar to those fotors and other most important covariates
Results total estradiol. ' (Table 3). Among those who had never

When a number of established breasised postmenopausal hormones, the rela-

The women in this analysis ranged incancer risk factors were controlled for stationships with the estrogens, particularly
age from 46 years to 69 years (mean agistically (Table 2), the relationships estradiol and estrone sulfate, were mark-
= 62 years) and had been menopausal féended to strengthen somewhat, primarilgdly strengthened (comparison of the top
at least 1 year and up to 40 years (meabecause of control for age at birth of firstquartile with the bottom quartile: for es-
= 12 years). Compared with control subchild and body mass index at age 18radiol, RR = 3.53 [95% Cl = 1.55-
jects, case subjects had an earlier mearears. The association with estradiol wa8.03]; for estrone sulfate, RR= 4.34
age at menarche (12.4 years versus 12statistically significant (RR= 1.91; 95% [95% CI = 1.87-10.1]). The association
years) and a later mean age at the birth &€l = 1.06—3.46). Body mass index at agavith DHEAS also was stronger. In con-
their first child (26.0 years versus 25.318 was included in these models becaudeast, the relationships among past hor-
years) and were more likely to have reit is inversely related to postmenopausamnone users were weak (or null) and not
ported a family history of breast cancetbreast cancer risf); thus, we expected it statistically significant, although the 95%
(19% versus 15%), although none of theseould be a confounder. In contrast, wherCls were wide.
differences were statistically significant.we included body mass index at the time Most of the steroid hormones are posi-
We observed that case subjects, wheaof blood collection in each of the models tively correlated. For example, the Spear-
compared with control subjects, had sigRRs for the estrogens were modestly atman correlations for estradiol with es-
nificantly higher plasma levels of estra-tenuated, because, in postmenopaustbne, testosterone, and DHEAS were .67,
diol, estrone, estrone sulfate, testosteronejomen, body mass index is a major45, and .27, respectively. Therefore, we
and DHEAS but no substantial differencadeterminant of estrogen levelEl6). evaluated the independent association of
in levels of the other steroid hormoned-or example, when the top quartile iseach of the hormones with breast cancer
(Table 1). compared with the bottom quartile, therisk, among all case and control subjects

In the simple conditional models, RR decreased from 1.91 to 1.69 (95%ombined, when estradiol also was in-
women in the top quartile of plasma esCl = 0.83-3.42) for estradiol and fromcluded in the statistical model. The RRs
trone and estrone sulfate levels had an af-96 to 1.75 (95% Cl= 0.90-3.38) for for testosterone were substantially attenu-
proximately twofold increase in breastestrone. ated (comparison of the top quartile with
cancer risk, which was statistically sig- When we assessed the relationshipthe bottom quartile: RR= 1.08 [95% ClI
nificant (for estrone, RR= 1.77 [95% CI between plasma hormones and the risk of 0.52-2.25]), whereas the RRs for es-
= 1.01-3.11]; for estrone sulfate, RR  breast cancer after excludingsitubreast trone (RR = 1.50 [95% Cl = 0.64—
2.12 [95% CI = 1.21-3.71]). For cancer cases (n= 16), we observed 3.54]), DHEAS (RR= 1.90 [95% Cl=

*Range given is from median of the bottom quartile (12.5%) to median of the top quartile (87.5%).
TP values are from the mixed-effects regression model, controlling for matching factoBvAlues are
two-sided.
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Table 2. Relative risk (RR) of breast cancer (and 95% confidence intervals [Cl]) by category of plasma hormone levels among postmenopausal women in the
Nurses’ Health Study

Quartile categories

P value

Plasma hormone level 1 2 3 4 for trend*
Estradiol, pg/mL <5 6—7 8-11 =12

No. case subjects/No. control subjects 41/97 33/69 36/78 44/62

Simple RRT 1.0 (referent) 1.12 1.09 1.73 .04

Multivariate RR¥ (95% CI) 1.0 (referent) 1.17 (0.64-2.15) 1.12 (0.62-2.03) 1.91 (1.06-3.46) .03
Free estradiol, % <1.43 1.44-1.55 1.56-1.70 =1.71

No. case subjects/No. control subjects 38/74 29/79 38/75 47175

Simple RRt 1.0 (referent) 0.70 0.98 1.23 14

Multivariate RRt (95% CI) 1.0 (referent) 0.71 (0.37-1.34) 1.05 (0.55-1.98) 1.48 (0.81-2.72) .05
Bioavailable estradiol, % <17.38 17.39-23.0 23.1-31.38 =31.39

No. case subjects/No. control subjects 40/76 35/77 31/76 48/76

Simple RRT 1.0 (referent) 0.84 0.78 1.19 .26

Multivariate RRt (95% CI) 1.0 (referent) 0.84 (0.45-1.54) 0.79 (0.43-1.44) 1.27 (0.72-2.26) .28
Estrone, pg/mL§

No. case subjects/No. control subjects 27/70 36/77 38/79 53/79

Simple RRT 1.0 (referent) 1.24 1.28 1.77 .02

Multivariate RR¥ (95% CI) 1.0 (referent) 1.46 (0.77-2.77) 1.42 (0.74-2.75) 1.96 (1.05-3.65) .01
Estrone sulfate, pg/mL8§

No. case subjects/No. control subjects 29/73 27171 28/70 60/74

Simple RRt 1.0 (referent) 0.93 1.04 2.12 .02

Multivariate RR¥ (95% CI) 1.0 (referent) 1.01 (0.51-2.00) 1.14 (0.58-2.26) 2.25(1.23-4.12) .01
Androstenedione, ng/dL <40 41-57 58-77 =78

No. case subjects/No. control subjects 26/73 37/76 45/73 39/74

Simple RRt 1.0 (referent) 1.33 1.74 1.50 14

Multivariate RR¥ (95% Cl) 1.0 (referent) 1.25(0.70-2.29) 1.88 (1.00-3.54) 1.46 (0.77-2.76) .10
Testosterone, ng/dL <15 16-22 23-31 >31

No. case subjects/No. control subjects 33/75 38/79 37/78 39/67

Simple RRT 1.0 (referent) 1.12 1.10 1.34 .05

Multivariate RR¥ (95% Cl) 1.0 (referent) 1.12 (0.60-2.10) 1.07 (0.57-2.00) 1.40 (0.73-2.70) .04
Dehydroepiandrosterone, ng/dL8

No. case subjects/No. control subjects 43/73 25/68 33/65 38/66

Simple RRt 1.0 (referent) 0.62 0.90 0.99 .36

Multivariate RR¥ (95% CI) 1.0 (referent) 0.64 (0.33-1.24) 0.74 (0.40-1.36) 1.08 (0.59-1.98) 31
Dehydroepiandrosterone sulfapeg/dL <48 49-78.5 79-124 =125

No. case subjects/No. control subjects 23/73 48/76 37/75 4574

Simple RRt 1.0 (referent) 2.15 1.68 2.10 .01

Multivariate RRt (95% CI) 1.0 (referent) 2.20 (1.12-4.29) 1.62 (0.84-3.14) 2.15(1.11-4.17) .01

*P value for trend from model with the logarithm of hormone level entered as a continuous variabRevallies are two-sided.
tConditional model controlling for matching factors only.
tConditional model additionally controlling for body mass index at age 18 years (<21, 21-22.9, 23-228 lg/n?), history of breast cancer (no family history

or history in mother or sister), age at menarche (<12, 12, 133Dt years), parity/age at first birth (nulliparous, 1-4 children/age at first birth <25 years, 1-4
children/age at first birth 25-29 years, 1-4 children/age at first bi80 years=5 children/age at first birth <25 years, &5 children/age at first birte=25 years),
age at menopause (<45, 45-49, 50-55, or >55 years or missing), and past postmenopausal hormone use (continuous in years).

8For estrone, cut points for batches 1 and 2 were <25, 25-32, 33-42, and >42 pg/mL; for batch 3, they were <18, 18-23, 24-30, and >30 pg/mL. For estron
sulfate, cut points for batch 1 were118, 119-164, 165-227, and >227 pg/mL,; for batches 2 and 3, they=sabté, 142—-205, 206-299, and >299 pg/mL. For
dehydroepiandrosterone, cut points for batch 1 wetd4, 115-162, 163-252, and >252 pg/mL; for batches 2 and 3, theys&®, 160-223, 224-320, and >320
pg/mL.

0.96-3.77]), and estradiol itself were onlycorresponding to the medians of the botDiscussion
modestly reduced. When estrone and etem quartile and the top quatrtile, respec-
trone sulfate were included in the samdively, as shown in Table 1) for estradiol We observed positive associations be-
statistical model, neither was attenuatedstrengthened considerably, increasingveen circulating levels of estradiol, es-
although the 95% Cls for each widenedrom 1.77 to 2.42. Similarly, the relation- trone, estrone sulfate, and DHEAS and risk
considerably. ships with each of the other hormone®f breast cancer in postmenopausal women.
We next corrected the associations fostrengthened somewhat, although only thin contrast, we found no substantial asso-
laboratory error and random within-relationships with estrone, estrone sulfategiations for percent bioavailable estradiol,
person variability; in these analyses, horpercent free estradiol, DHEAS, and tesandrostenedione, or DHEA in relation to
mone levels were modeled as continuoutsterone were statistically significant. Asbreast cancer. The positive relationships
variables (Table 4). The RR (based on & the categorical analyses, the associatiomere considerably stronger among women
contrast in hormone levels from the 12.5vith testosterone was substantially atwith no previous use of hormone replace-
to the 87.5 percentiles of the distributiontenuated after we controlled for estradiolment therapy after menopause.
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Table 3. Multivariate relative risk* of breast cancer by plasma hormone level, according to use of postmenopausal hormones before blood collection

Multivariate RR by quartile

95%
Hormone 1t 2 3 4 confidence intervalt P8
No use of postmenopausal hormones before blood colledtion
Estradiol 1.0 2.07 1.52 3.53 1.55-8.03 .003
Free estradiol, % 1.0 0.52 1.27 1.47 0.67-3.23 .04
Bioavailable estradiol, % 1.0 0.76 0.77 1.80 0.83-3.93 A1
Estrone 1.0 0.82 157 2.85 1.23-6.61 .002
Estrone sulfate 1.0 1.33 1.36 4.34 1.87-10.1 .002
Androstenedione 1.0 1.35 1.73 1.77 0.72-4.32 27
Testosterone 1.0 0.62 1.10 1.32 0.56-3.11 12
Dehydroepiandrosterone 1.0 0.77 0.48 1.11 0.48-2.60 .92
Dehydroepiandrosterone sulfate 1.0 3.65 3.57 4.15 1.57-11.0 .005
Use of postmenopausal hormones before blood collecfion
Estradiol 1.0 0.78 1.00 1.39 0.50-3.84 .33
Free estradiol, % 1.0 0.92 0.67 1.31 0.52-3.25 42
Bioavailable estradiol, % 1.0 0.97 1.24 1.33 0.53-3.38 .40
Estrone 1.0 1.70 1.28 0.87 0.33-2.27 .85
Estrone sulfate 1.0 0.82 1.19 1.08 0.43-2.71 .23
Androstenedione 1.0 1.66 1.83 1.08 0.40-2.90 .70
Testosterone 1.0 1.56 1.23 1.61 0.59-4.37 13
Dehydroepiandrosterone 1.0 0.64 0.96 1.03 0.42-2.53 .29
Dehydroepiandrosterone sulfate 1.0 1.73 0.68 1.01 0.38-2.65 .53

*Unconditional logistic regression analyses using same category cut points as in Table 2 and controlling for the matching factors, body mass index at age 18 year
age at first birth, and parity, with categories as described in Table 2.

tReferent.

$95% confidence interval for top versus bottom quartile comparison.

8P value for trend from model with logarithmic hormone level entered as a continuous variabR values are two-sided.

[From 71 to 83 case subjects and from 168 to 190 control subjects, depending on the specific hormone.

fIFrom 65 to 71 case subjects and from 105 to 118 control subjects, depending on the specific hormone.

Table 4. Correction of multivariate relative risk (RR)* estimates and 95% confidence intervals (Cls) fover, some of the heterogeneity in RRs

random within-person measurement error between studies may be due to various
prevalences of past postmenopausal hor-
mone use in study subjects. The magni-

RR (95% Cl)

Hormone ICCt Uncorrected Corrected  tude of the associations also might be ex-
Estradiol 66 1.77 (1.06-2.93) 242 (1.10-5.35P€Cted to vary because of different
Free estradiol, % .79 1.69 (1.03-2.80) 1.97 (1.03-3.78ensitivities and specificities of the labo-
Bioavailable estradiol, % .87 1.30 (0.82-2.06) 1.36 (0.80-2.3 ; .
Estrone 77 1.91 (1.15-3.16) 2.35 (1.20-4.58}h_tor¥ assays used in the stud(6§’_,38),
Estrone sulfate 83 1.80 (1.14-2.85) 2.04 (1.17-3.581is limitation makes the comparison of
Androstenedione 64 1.51(0.89-2.58) 1.95 (0.82-4.63esults between studies difficult and esti-
Testosterone .84 1.65 (1.00-2.71) 1.83(1.01-3.3 ; ; ; ; ;
Dehydroepiandrosterone .53 1.34 (0.89-2.02) 1.75 (0.79-3. &_ltl_on of the_lncreasg in disease r_ISk per
Dehydroepiandrosterone sulfate .81 1.94 (1.17-3.24) 2.29 (1.21-4.81yit increase in estradiol levels (as is done

with plasma cholesterol level and heart
*RR based on comparing median hormone level in top quartile to median level in bottom qusetle fjisease risk) currently infeasible.
Table 1 for range in values).

. . - Free estradiol or bioavailable estradiol
TICC = intraclass correlation coefficient.

is hypothesized to be readily available to
the breast tissue and thus is considered to
Strengths of our study include that ittion with that from other recent prospec-be the most biologically active estrogen
was prospective and relatively large. Intive studieg8-12),supports a strong pre- fraction(s) (39). As such, compared with
addition, we were able to evaluate nindlictive role for plasma estradiol levels intotal estradiol, a stronger relationship be-
steroid hormones or hormone fractionstelation to breast cancer risk among postween one of these fractions and breast
all of which were assayed with good pre-menopausal women. In only one smaltancer risk might be expected. However,
cision. By using multiple hormone mea-prospective study13) has a positive as- the epidemiologic evidence has not been
sures from a subset of study participantssociation not been observed. Althougltonsistent(8,9,40-43).We noted only a
we were able to correct our RR estimatesonsiderably larger RRs have been remarginally significant positive relation-
for the random (and largely biologic) ported for contrasts in levels generallyship with percent free estradiol. We also
variation in hormone levels that cannotimilar to ours(11,12),these two studies observed no substantial relationship be-
ordinarily be captured by a single hor-had sample sizes of only 24 and 61 caseveen percent bioavailable estradiol and
mone measurement. subjects, respectively; thus, their confitisk, in contrast to the only previous large
Evidence from our study, in conjunc-dence limits broadly overlap ours. More-prospective study of this issue (compari-
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son of the top quartile with the bottomgens that decrease substantially with inaot provided. Given our findings and
quartile, RR= 4.4)(8). These differences creasing age and have little documentethose of others described above, it seems
seem unlikely to be due to confounding oiphysiologic role (52). DHEA adminis- unlikely that these levels are entirely un-
to different levels of measurement errortered to rodents can decrease the risk abrrelated. A low correlation would sug-
Our laboratory coefficient of variation spontaneous and chemically induced cargest, however, that the relationships be-
was small, and measurement error correcers (53). However, in postmenopausaltween tissue hormone levels and breast
tion did not increase the estimates apprevomen, DHEA has been proposed to aatancer risk may be stronger than those
ciably. We previously documented thatlike an estrogen in stimulating cell growthobserved with our plasma surrogates.
our blood collection methods did not alter(52), in part because of the estrogenic ef- Our data, in conjunction with past epi-
levels of percent free estradifl7), sug- fect of its major metabolite, 5-andro-demiologic (1-3,8—12)and animal(4)
gesting that a change in the bioavailablstenediol(54). studies, provide strong evidence for a cau-
fraction also is unlikely. The average age DHEAS has been evaluated in relatiorsal relationship between postmenopausal
(59 years versus 62 years) and lengths @b breast cancer risk in five previousplasma estrogen levels and risk of breast
follow-up times (5 years versus 2.5 yearsprospective studies; with one exceptiortancer(68). However, additional studies
of the populations in the study by Toniolo(55) (21 case subjects), nonsignificantare needed before conclusions can be
et al.(8) and in our study also were simi- positive associations have been reportetiade as to whether total estradiol or other
lar. In addition, although the percent bio{10,11,46,56),although in one of these specific fractions are most important to
available estradiol values varied substarstudies(46) the weak positive associationrisk. Testosterone most likely has a mod-
tially between the two studies, the resultbecame inverse after controlling for estraest, indirect influence on risk through its
of the two assays are highly correlateddiol. We observed a positive associatiortonversion to estradiol, and increasing
We sent 112 of our control samples forthat was essentially independent of estraevidence suggests a positive relationship
analysis to the laboratory used by Tonioldliol. In the two previous assessments dbetween DHEAS and the risk of breast
et al.; the Spearman correlation betweeBDHEA and breast cancét0,56),a statis- cancer. Although higher estrogen levels
the percent bioavailable estradiol assaytically significant positive association wasmay have both beneficial69) and ad-
from the two laboratories was .91. To ourobserved. We found no statistically sig-verse effects, reducing the levels or activ-
knowledge, these estrogen fractions hawveificant association but cannot rule out aty of endogenous estrogens may be a
not been evaluated in any other large promodest positive relationship. As a wholepromising means for preventing breast
spective studies; thus, additional assesthese findings should serve to cautiortancer in postmenopausal women.
ments are needed. against the increasing use of pharmaco-
Estrone sulfate is the most abundanibgic doses of DHEA as an “anti-aging” References
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