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the population would be expected to carry at least one vari-
Background: The appearance of the female breast viewed by ant allele of this putative gene. Women who inherit the vari-
mammography varies considerably from one individual to ant allele would have a mean breast density about twice that
another because of underlying differences in the relative of the rest of the population. Conclusions:Our preliminary
proportions of fat, connective tissue, and glandular epithe- findings suggest that, in this cohort of women at risk of
lium that combine to create a characteristic pattern of breast preast cancer, mammographic breast density may be geneti-

density. An association between mammographic patterns cally influenced. [J Natl Cancer Inst 1997;89:549-556]
and family history of breast cancer has previously been re-

ported. However, this association has not been found in all
studies, and few data are available on possible genetic com-
ponents contributing to mammographic breast density Pur-
pose:Our purpose was to estimate familial correlations and
perform complex genetic segregation analyses to test the hy-
pothesis that the transmission of a major gene influences
mammographic breast density. Methods:As part of a cohort
study (initiated in 1944) of families with a history of breast
cancer, the probands’ female relatives who were older than
40 years were asked to obtain a routine mammogram. The
mammograms of 1370 women from 258 independent fami-
lies were analyzed. The fraction of the breast volume occu-
pied by radiographically dense tissue was estimated visually
from video displays of left or right mediolateral oblique
views by one radiologist experienced in mammography who
had no knowledge of individual relationships to the pro-
bands. Data on breast cancer risk factors were obtained
through telephone interviews and mailed questionnaires.
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There is considerable interindividual variability in the radio- :
graphic appearance of the female breast; this variability result§
from underlying differences in the relative proportions of fat, g
connective tissue, and glandular epithelium (i.e., parenchymai
tissue) (1). The distribution of radiologically lucent fat and ra-
diologically dense connective and epithelial tissues creates
parenchymal pattern.

Wolfe (2) described four breast parenchymal patterns, con
sisting of primarily fatty breasts (N1), breasts with increasing g
parenchymal prominence (P1 and P2), and breasts in which th&
parenchyma is characterized by diffuse or nodular densitie§
(DY). A significant limitation of Wolfe’s subjective classifica- &
tion system is the potential for misclassification, and more recent:
studies [reviewed in3)] have used an alternative classification <
in which the visible mammographic breast density is expressed
as a percentage of total breast area or volume. Studies that uSe
both the Wolfe classification and percent density6] show that &

Unadjusted and adjusted familial correlations in breast den- perce_nt density IS a better_ marke_r of breast cancer risk. Thg
sity were calculated, and complex genetic segregation analy_magmtude of the risk associated with breast density is not comg

ses were performed.Results: Sister—sister correlations in pletely defined; however, th? risk of the highest compared With§
breast density (unadjusted and adjusted for age and either the lowest category of density may be as large as or Iarger thary
body mass index, menopausal status, hormone replacementthat for nearly every other established risk fact®). Studies

therapy, waist-to-hip ratio, number of live births, alcohol
consumption, or cigarette smoking status) were all statisti-
cally significant (r = .16-.27; all P<.05 [two-sided]). Esti- *Affiliations of authors:J. S. Pankow, C. M. Vachon, D.K. Arnett, D. M.
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Segregation analyses indicate that a major autosomal genegenetics, and Cancer Center), T. A. Sellers (Division of Epidemiology, School
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ability in breast density, suggests that approximately 12% of  See“Notes” following “References.”
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that have examined the association of other breast cancer Estimation of Breast Density

f rs with parenchymal rns and mammographi nsi
actors with parenchymal patterns a d ma ograpnic de St¥'o verify the breast cancer status of relatives and spouses, women older than

have shown a positive association with younger age, late ag%g%t 40 were asked to obtain a routine mammogram through their personal

menarche, nulliparity, low body mass index (BMI), smalphysician if one had not been taken in the previous year for women older than
breasts, late age at first live birth, never having breast fed, aag 50 (or the previous 2 years for women under age 50). Most mammograms
history of breast cancer. Conversely, there does not appear t(_j%é%) were taken within 1 year of the telephone survey; only 1._4% were taken
an association between breast density and type of menopag%%; interval greater than 2 years. Mammograms of poor technical quality (63

d . b f Ith h e left breast and 65 on the right breast) were not analyzed. The fraction of
age at menopause, or duration of breast feedmgAlthoug the breast volume occupied by fibroglandular stroma was estimated visually by

cross-sectional studies have generally not observed an assagigdiologist experienced in mammography (C. C. Kuni), who had no knowledge
tion between replacement hormones and breast density, a reoétt relationship to the proband. The estimate was made from a video display
longitudinal study 10) has demonstrated an increase in brezgithe left mediolateral oblique view; the right mediolateral oblique view was

nsitv in women rth in taking repl men r ﬁ(?d if the left was unavailable. The mammographic films were scanned with a
dens ty omen after t ey beg taking replacement est Og€ mican 100 film digitizer (Lumisys, Inc., Sunnyvale, CA) in 1024 x 1024 x 16

. An association between mammeraphlc patterns an_d afa”? ¥nat to generate digital data used to display the images. Software used to
history of breast cancer has been reportkt-13), but this as- analyze the digitized image was created locally. Contrast and brightness of the
sociation has not been found in all studidsl@,15). Most of displayed images were routinely manipulated to facilitate density estimation. A
these studies used Wolfe’'s qualitative classification. Few ddggrly continuous (5% increments) quantitative estimate of breast density wa§’
are available on the possible genetic components of breast d@ﬁ(ie without consideration of stromal pattern. The intra-reader reliability of =

. . . estimation, based on re-reading more than 1200 mammograms, was 0.82.
sity. A sample of 110 mother—daughter pairs and 122 sister pairs
was compared, and a greater agreement in parenchymal patt&tokiple Regression Analysis

than expected by chance was fou§). The fact that the sub- Multiple regression analysis was performed using PROC GLM in SI&$ o

Jects in this StUdy were selected by phySICIan referral squei%E%tify factors (demographic, anthropometric, lifestyle, and reproductive) asso=
that the results may not generally apply. More importantly, th@ted with mammographic breast density expressed as a continuous trait. Ind&
data provide no insight into the potential mode of genetic inharendence of the observations was assumed throughout. Age, BMIZkg/m §
itance. waist-to-hip ratio (WHR), number of live births, and age at menarche were®

: o : deled as continuous variables. Education was classified into three levels (le
The purpose of our StUdy was to estimate familial correlatlot an a high school graduate, high school graduate, or college graduate). Alcohal

an_d perform a C_Omplex segregation a!’laIySIS to test the hypog Yisumption was divided into three levels (daily, less than daily, or nondrinker).2
esis that transmission of a major gene influences mammograptigarette smoking status (ever or never), oral contraceptive use (ever or nevery,

woly papeoju

breast density. hormone replacement therapy (current user or nonuser), and menopausal sta@s
(premenopausal or postmenopausal) were modeled as dichotomous variables.

Subjects and Methods Physical activity was converted into an index (high, moderate, or low) on the%
basis of reported frequencies of vigorous and moderate activities. =

o

i .- . o
Population Familial Correlations ®
53

Details of the study design and methods have been publishgdThe study  pamjlial correlations of estimated mammographic breast density were estici

was approved by the University of Minnesota Institutional Review Board, angateq for mother—daughter and and sister pairs by use of the FCOR (i.e., famili

written informed consent was obtained from each subject. Briefly, a family stugyejation) program of the Statistical Analysis for Genetic Epidemiology Soft- &

of breast cancer initiated in 1944 ascertained female breast cancer probanqg.at Package (20). Correlations were computed by three weighting methods:

the Tumor Clinic of the University of Minnesota Hospital with microscopi(‘equa| weight to pairs, 2) equal weight to pedigrees, and 3) equal weight to®
diagnosis or clinical evidence of breast cancer. Information on 544 probands a0d|ear families.

history of cancer in their relatives was obtained by interviews, medical history g aast density was inversely correlated with age=(-.34; P<.001). There-
questionnaires, and death certificates. _ = fore, correlations were computed by each weighting method, with the mean ofg
We are now conducting a follow-up study of this cohort of families. Membefig ot density dependent on 10 age groups (i.e., 40-45 years, 46-50 years, 51-55
included in the current investigation were sisters, daughters, nieces, and gr@}@%—rs 56-60 years, 61-65 years, 66-70 years, 71-75 years, 76-80 years, 81-85
daughters of the breast cancer probands and the spouses of brothers, $88%s, and=86 years). Additional analyses were performed in which the means®
nephews, and grandsons of the breast cancer probands. The pedigrees of \gallais dependent on risk factors (i.e., age, BMI, WHR, menopausal statug;
famlly were updated to ascertain whether each family member was ahye _a_ndndfrmone replacement therapy, number of live births, alcohol consumption, and;
so, his or her current address and telephone number. For deceased individu@f§rette smoking status) that have been shown in our multiple regression analys
the date of death and address and telephone number of a designated surragal&q pave an independent association with breast density. These variables wege
preferably a spouse or a first-degree relative, were obtained. Information on @Byegorized into groups of five or fewer because of the restrictions of the FCOR

additional family members th were not born at the time of the baseline Stuﬁ%gram. Fisher's transformation was used to test whether the familial corre-
or who had subsequently married into the family was procured. lations were significantly different from zero.

Questionnaire Data Segregation Analyses

d8z5z By

=3
<
«Q

n

Telephone interviews were completed with all available female relatives olderSegregation analyses were performed by use of the REGC program (Segre-
than 18 years. The following specific topics were covered: history of canceation Analysis of a Continuous Trait Under Approximations to Class A, B, C,
education, benign or malignant breast disease, mammography, menstrual @D Regressive Models, Version 5.0) in the Statistical Analysis for Genetic
pregnancy histories, oral contraceptive use, hormone replacement therdpidemiology Software Package (20). This model assumes that mendelian in-
physical activity, cigarette smoking, and alcohol consumption. Data on deceabkedtance, if present, is due to a single autosomal locus with two alleles. Class D
female relatives were obtained through an abbreviated interview completedrbgressive models, which allow residual correlation between siblings after al-
the designated surrogate. After the telephone interview, living subjects wéwarance for common parentage, were employed. Hardy—Weinberg equilibrium
mailed a Body Measurements Questionnaire (and tape measure) designeda® assumed, and no allowance was made for major gene (or type) effect on
elicit replicated measures of current height and weight. Circumferences of th&iance estimates. Moreover, no allowance was made for sex-dependent pa-
waist (2 inches above the umbilicus) and hips (maximal protrusion) were deteameters or residual spouse and father—offspring correlations because breast
mined according to a validated protocdlg). density measurements were available only for women.
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Four mendelian hypotheses, three non-mendelian hypotheses, and one generalTable 1. Distribution of demographic, anthropometric, lifestyle, and
(unrestricted) hypothesis were fitted to the data. The mendelian hypotheses were  reproductive variables for women with breast density readings
as follows: 1) dominant inheritance, 2) recessive inheritance, 3) codominzame
inheritance, and 4) additive inheritance. The non-mendelian hypotheses were as
follows: 1) no major type, with no parent—offspring transmission and a single

Demographic

population mean; 2) random environmental inheritance, with no parerﬁ‘—ge' y (%) Educational level (%) Relation to proband (%)
offspring transmission but possible heterogeneity between founders and namyp (21) Less than a high school Blood relative (61)

founders; and 3) random environmental inheritance, with no parent-offspring graduate (14)

transmission and no heterogeneity between founders and nonfounders. The ge160 (28) High school graduate (70) Married into the family (39)
eral model imposed no restrictions on the mode of transmission or other par@t-70 (30) College graduate (16)

eters and was used to base statistical comparisons. 71-80 (17)
In the REGC program, parameter estimates were obtained by use of &8l (4)
method of maximum likelihood; likelihood ratio tests were calculated to asse=ss
the goodness-of-fit of a particular hypothesis. Twice the difference in(libe- Anthropometric
lihood) values between the hypothesis of interest and the general model is
distributed asymptotically as a chi-squared statistic. The degrees of freedom%?}g

y mass index,

given by the difference in the number of parameters estimated in the two Ijﬁg-m2 (%) Waist-to-hip ratio (%)
potheses being compared. Akaike’s Information Criterion (AlZ)(was com- <22.89 (21) <0.76 (17)
puted to help identify the most parsimonious model. It is equal to minus tvw&2.90-25.04 (18) 0.77-0.80 (17) g
times the log likelihood plus two times the number of parameters estimated25.05-27.43 (19) 0.81-0.85 (25) 2
Segregation analyses were initially performed by use of class D models wifh-44-30.69 (19) 0.86-0.90 (17) g
out inclusion of covariates in the model. Covariates were then added by forward0-70 (23) =0.91 (24) o3
selection, beginning with the covariate (BMI) most strongly associated witl =
breast density in multiple regression analysis. Multiple regression coefficients Lifestyle g
for these coyarlates were used as initial maximum likelihood p_aram_eter esti- Cigarette smoking 3
mates. Continuous vanqbl_es (age,%gﬁ\/_ll, WHR, _and number of live b|r_ths) Physical activity index (%) status (%) Alcohol consumption (%) &
were expressed as deviations from their population means. If the addition of a =
specific covariate significantly improved the fit of any of the hypotheBes(5), Low (33) Never (58) Never (14) 5
then the covariate was incorporated into the other hypotheses and retained iMaliierate (42) Ever (42) Less than daily (82) a
later runs that evaluated additional covariates. High (25) Daily (4) 3
Estimates of any residual polygenic component in regressive models were 8
achieved through familial correlations. Separate parameters for residual mother— Reproductive 1_%
daughter and sister—sister correlations were estimated for all of the hypotheses. 8
Use of oral Hormone replacement 3
Analytic Population Menopausal status (%) contraceptives (%) therapy (%) ?
Of the 5915 living female participants, 4943 (83.6%) were older than age géemenopausal (19) Never (51) Nonuser (71) 2
years and potentially eligible for mammography. Of these 4943, 2580 (52.2 /Oc;stmenopausal (81) Ever (49) Current user (29) %
had r_ecently had a' mammogra_m_ and were asked to have thg o_riginal film 2 at menarche, g
submitted for analysis. The remaining 2363 (47.8%) women were invited to hag %) No. of live births (%) g
a mammogram as part of the study; a total of 1003 (20.3%) refused. Individual 5
with incomplete covariate information and pedigrees with only one individuat10 (5) 0(9) N}
with a breast density measurement were not included in the present analykls13 (66) 1-2 (33) §
Women with a personal history of breast cancer were also excluded to reduceltfel6 (27) 3-4 (41) ®
potential for misclassification bias. The present analysis was based on mamG19 (2) 5-6 (12) -
graphic breast densities that had been measured for 1370 women in 258 inde- =7(5) <
pendent families. A total of 832 women (60.7%) were genetically related to the %
original breast cancer probands; the remaining 538 women (39.3%) married into @
the families. (6,7,9,15). These variables were age (andrgelucation level, %

Results BMI, WHR, physical activity index, cigarette smoking status, 3
alcohol consumption, menopausal status, oral contraceptive usg,
Table 1 presents demographic, anthropometric, lifestyle, ahdrmone replacement therapy, age at menarche, and number of
reproductive characteristics of the participants with mammtive births. In multiple regression, physical activity index, oral §
graphic breast density measurements. Participants ranged in @g@raceptive use, education level, and age at menarche wefg
from 40 years to 93 years (median, 61 years); approximateymoved by use of backward eliminatid®>.10). All remaining
81% were postmenopausal. Ninety-one percent of the womegariables were at least weakly associated with breast density
had given birth to at least one child. The mammographic bregbt<.10) and were retained for evaluation as possible covariates
density (mean * standard deviation) was 33% * 16%. The 25th Jater segregation analyses. The multigfefor the final model
50th, and 75th percentile values were 20%, 30%, and 40fafter backward elimination) was .31.
respectively. The estimated percent density was similar for
blood relatives and for persons who had married into the famflzya

(33.6% versus 32.1%, respectively;= .19). Of the 1370 women with breast density readings, 65 mother—
daughter pairs from 41 pedigrees and 275 sister pairs from 112
pedigrees formed the basis for the estimation of familial corre-

Thirteen variables were evaluated in multiple regressidations. Table 2 presents the familial correlations calculated from
analysis as possible covariates based on their association it equal-weight-to-pairs method only, inasmuch as all three
breast density in the present study or other published studwesighting methods produced similar results. Simple and age-

milial Correlations

Covariate Selection
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Table 2. Familial correlation of breast density with mean dependent on agegorrelated with density_ None of the additional analyses resulted

anthropometric, reproductive, and lifestyle factors using the in statistically significant mother—daughter correlations, al-
equal-weight-to-pairs weighting method though the mother—daughter and sister—sister correlations were

Mother—daughter in the same direction and of similar magnitude. The estimated

pairs Sister pairs ~ correlation of breast density for the sister pairs, with the mean

Adjustment to familial

dependent on age and BMI, was statistically signific&i.05)

correlation* r P r P - .

: (r = .16), as were the correlations with the mean dependent on
XSZdJ“S‘ed ié gg g; '8882 age and menopausal status< .21), age and hormone replace-
Age, BMI 02 99 16 ‘014 Mment therapy ( = .23), age and WHRr(= .20), age and
Age, menopausal status 14 .28 21 .0022 number of live births (r= .21), age and alcohol consumption (r
Agtﬁé:‘:gm”e replacement A7 22 23 0011 _ 19), and age and cigarette smoking status-(r22).

Yy
Age, WHR = 01 93 2000022 gegregation Analyses
Age, No. of live births .16 .19 .21 .0010
Age, alcohol consumption .09 .46 .19 .0026 it ; ;
Age, cigarette smoking Status 16 > > .ooo% Initial res_ults _of segre_gann analyses c_>f mammographl_c
reast density, without adjustment for covariates, are shown in

*Adjustment to familial correlation consists of mean of breast density depehable 3. Parameter estimates for the four mendelian hypotheseg,
dent on the following groups: age in 10 categories (40-45 years, 46-50 yedliree non-mendelian hypotheses, and the general model ae
51-55 years, 56-60 years, 61-65 years, 66-70 years, 71-75 years, 76-80 yeghipwn, along with a likelihood ratio test to assess the goodness:
81-85 years, an¢-86 years); body mass index (BMI; kgfirin five categories ¢ it tast and the AIC for each model. Tests for nonzero residual®

(<22.89, 22.90-25.04, 25.05-27.43, 27.44-30.69, 230.70); menopausal sta- th d ht lati tatistically sianifi tf e
tus in two categories (premenopausal and postmenopausal); hormone repIgEQ- er—daugnter correlations were statistically signimcant for a 3

ment therapy in three categories (current, former, and never users); waist-toliypotheses. In no hypothesis, however, did the addition of &
ratio (WHR) in five categories<0.76, 0.77-0.80, 0.81-0.85, 0.86-0.90, andresidual sibling correlation improve the fit. Parameter estimate$
=0.91); number of live births in five categories (0, 1-4, 5-8, 9-12, ai8); for residual sibling correlations were therefore fixed at zero in alls
alcohol consumption in four levels (daily, weekly, monthly, and never); andypsequent runs. All four mendelian hypotheses and all thre&
cigarette smoking in two categories (ever and never). . . .
non-mendelian hypotheses were rejected.05). According to
AIC, the general model provided the most parsimonious fit toc
adjusted correlations were .11 and .15, respectively, for moth¢ie data.
daughter pairs; the corresponding correlations for sister pairsRisk factors found to be associated with mammographic
were .27 and .22. Both the unadjusted and age-adjusted sibrerast density in multiple regression analysis were then consi

W09 dnooIwg

/

Q.
pair correlations were statistically significar®<.05). Subse- ered for inclusion as covariates in the complex segregatiors
quent analyses were performed to adjust singly for several rskalysis. Covariates were evaluated one at a time, starting witg
factors, in addition to age, that previous analyses suggested wmse that exhibited the strongest correlations with breast dergs

&

§

Table 3. Segregation analysis of mammographic breast density: maximum likelihood estimates and model fit without adjustments for covariates* ©
N
[$)]
. N
Hypothesis %
Non-mendelian ;
Mendelian inheritance <
Random Random General Q
Parametert Dominant Recessive Codominant Additive  No major type environment: environment§ model 2
Oa 0.07 0.36 0.28 0.06 0.27 0.28 0.27 S
Tan 1.00| 1.00| 1.00] 1.00| 0.29 0.281 0.00# &
Tag 0.50]| 0.50]| 0.50]| 0.50]| 0.291 0.281 0.57 >
Tes 0.00]| 0.00]| 0.00]| 0.00]| 0.291 0.281 0.13 S
Man 63.18 62.86 68.27 97.30 32.91 67.91 67.95 67.94 a
Mas 63.181 28.47 39.42 62.98| 39.88 39.90 39.82 N
Mes 28.59 28.479 21.94 28.66 21.64 21.64 21.63 N
o2 130.75 128.53 69.92 131.41 261.92 59.53 59.51 60.23
p parent-offspring 0.24 0.24 0.26 0.24 0.23 0.19 0.20 0.23
X2 (df)** 40.23 (3-4) 37.28 (3-4) 31.94 (2-3) 47.47 (3-4) 268.85 (5-6) 14.72 (1-2) 16.52 (2-3)
Ptt <.0001 <.0001 <.0001 <.0001 <.0001 .00012 .00026
Akaike’s Information 11 293.23 11290.28 11 286.94 11300.47 11517.85 11271.72 11271.52 11 259.00

Criterion (21)

*Spouse and sibling residual correlations set to zero.

tq, = estimate of allele frequency;, = probability that an individual of type transmits theA allele, whereu = AA, AB,andBB; ., = mean breast density
for individuals with typeu; o® = variability; p = parent—offspring, correlation between parents and offspring.

TAllowance for heterogeneity between founders and nonfoundersdy).

8No allowance for heterogeneity between founders and nonfountersdy).

|Parameter is fixed at this value and not estimated in this model.

fiParameter is constrained to equal the preceding parameter and is not estimated.

#Parameter estimate went to a bound.

**Because one parameter estimate went to a bound, a range of degrees of freéjigsrsfiown.

t1One-sided.
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sity. Table 4 summarizes the results of the model-building prBarameter estimates from the mendelian recessive hypothesis
cess for four hypotheses (mendelian dominant, no major typeiggest that 12% of the population &imozygoutor the allele
environmental, and general). The addition of measures of BMissociated with higher mean density. Similar to the results ob-
age, agé menopausal status, hormone replacement theraggined for the mendelian dominant hypothesis, the mean density
WHR, number of live births, alcohol consumption, and cigaretis women carrying two recessive alleles was estimated to be
smoking all significantly improved the fit of at least one of th&4%, compared with 27% in women presumed to carry at least
hypotheses tested. one wild-type allele. Parameter estimates from the mendelian
After adjustment for BMI, age, and agestimates of residual codominant hypothesis correspond to the estimates for the dom-
mother—daughter correlations were greatly reduced and werei@nt model, with the mean density of the heterozygotes very
longer statistically significant for any hypothesis (data ndtimilar to that of individuals homozygous for the allele associ-
shown). For example, the estimate of the residual motheded with a higher mean density.
daughter correlation in the no major type model was reduced The variance attributable to the putative major gene was es-
from .23 to .08 after adjustment for the BMI and age variablemated by use of data from Tables 3 and 5. The variance esti-
Table 5 presents the parameter estimates, goodness-of-fit §igté from the no major gene model with no covariates was
tistics, and the AIC obtained from segregation analyses of maf$1-9 (Table 3). Addition of covariates to the no major gene
mographic breast density adjusted for all covariates. Resid{fifde! reduced the estimated variance to 179.9 (Table 5). Ther§
mother—daughter correlations were fixed to zero for all hypotfR'e: the variance in breast density explained by covariates IS

eses. The results indicated that breast density was inverselyae%Q

roximately 31% [i.e., (261.9 — 179.9)/261.9]. The estimatecé
sociated with BMI, age, WHR, and number of live births angariance in breast density from the mendelian dominant hypoth%

positively associated with hormone replacement therapy and &> in Table 5 (103.3) includes the variance explained by cog

cohol consumption. Breast density was lower in postmenopau 35',[‘?63' '[htgrefclnre, thg V"’}”aTCEt’r:n brlea;'st density ?ccou::e;j If%
women than in premenopausal women and lower in ever smok- . € pu 26'\1/89 ocus 1S s_lmpg/ tr? r(ej_; Ve progo; lon o tho a 2
ers than in never smokers. variance (261.9) comprising by the difference between the n@

. . . . major gene hypothesis (with covariates) and the mendelian dontz
After adjustment for covariates, the mendelian additive h nant hypothesis [i.e., (179.9 - 103.3)/261.9], or 29%. The com-3

pothesis and all three non-mendelian hypotheses were rejeq1 . . . 5
(P<.05). Conversely, mendelian transmission of either a do ination of the putative locus and the covariates accounts fog
e Y, 0% of the total variance, leaving 40% unaccounted for by the>

nant, recessive, or codominant major gene could not be rejec del 3]
The dominant hypothesis, however, had the lowest AIC value %
and, therefore, provided the best fit under this criterion. Discussion 2

Mean breast density estimates for the final general model Although many studies have investigated the possible asso=

were not ordered Waa: 56%; pag: 21%; pggr 33%). Local ciation of demographic, anthropometric, lifestyle, and reproduc-2
maxima with ordered means were found after we tried a variedye characteristics with breast parenchymal patterns or breast
of initial parameter estimates to search the likelihood surfaegensity, virtually none have explored possible genetic and fa
None of these maxima, however, improved the -2 Iieli-  milial inheritance. Several studie$,{1-13,22-25) have found
hood of the general model shown in Table 5. mammographic patterns to be associated with family history o
Parameter estimates from the three mendelian hypotheses lhaast cancer, but other studigs14,15,26-29) have found no
fit the data were consistent. The mendelian dominant hypothesigh relationship. Nearly all of these studies used Wolfe's quali<
suggests that approximately 12% of the population would lbetive classification system rather than a quantitative estimate dt;;
expected tocarry at least one alleleassociated with higher mammographic breast density to assess mammographic patterfis
breast density. According to the model, individuals who inherdts used in the current study. i
this putative gene would have a mean breast density about twiceOur study of familial correlations suggests a heritable com-2
as high as that of the rest of the population (54% versus 27%pnent of breast density. All correlations for the sister pairss

1889262/6

u

c
’(ﬁ
N
Table 4. Segregation analysis of mammographic breast density: improvement of fit of selected models after adjustment for covariates* S
N
Hypothesis
Dominant No major type Random environment General
Model Covariates in model IOF %2 (df) P IOF x2 (df) P IOF %2 (df) P IOF X2 (df) P
1 None
2 Model 1 + BMI 141.09 (1) <.0001 204.93 (1) <.0001 132.34 (1) <.0001 137.68 (1) <.0001
3 Model 2 + age, ade 230.53(2)  <.0001 254.10(2)  <.0001 192.62(2)  <.0001 196.05(2)  <.0001
4 Model 3 + menopausal status 13.40 (1) .00025 11.69 (1) .00063 13.12 (1) .00029 14.39 (1) .00015
5 Model 4 + hormone replacement therapy 16.86 (1) <.0001 15.59 (1) <.0001 16.38 (1) <.0001 17.17 (1) <.0001
6 Model 5 + WHR 9.01 (1) .0027 9.80 (1) .0017 8.11 (1) .0044 8.33 (1) .0039
7 Model 6 + No. of live births 3.95(1) .047 9.42 (1) .0021 3.32(1) .068 2.70 (1) .10
8 Model 7 + alcohol consumption 8.46 (2) .015 6.16 (2) .046 10.62 (2) .0049 9.18 (2) .010
9 Model 8 + cigarette smoking 4.06 (1) .044 3.46 (1) .063 7.03 (1) .0080 3.97 (1) .046

*|OF = improvement of fit;df = degrees of freedom; BMI (kg/fh = body mass index; WHR= waist-to-hip ratio. IOF compared with previous model
(one-sidedP).
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Table 5. Segregation analysis of mammographic breast density: maximum likelihood estimates and model fit with adjustments for covariates*

Hypothesis
Non-mendelian
Mendelian inheritance
Random Random General

Parametert Dominant Recessive Codominant Additive No major type environmentt environment§ model
Ja .06 .35 .06 .06 .27 .29 31
Tan 1.00|| 1.00|| 1.00|| 1.00|| .30 291 1.00#
TaB 0.50]| 0.50|| 0.50|| 0.50|| .30 291 .50
Tag 0.00|| 0.00|| 0.00|| 0.00|| .30 291 .03
[TV 54.35 54.11 54.64 80.96 29.74 58.52 58.47 56.45
Mas 54.35 26.90 54.32 54.02 35.65 35.63 20.72
[T, 27.01 26.901 27.01 27.08 21.04 21.01 33.44
a? 103.30 102.09 103.28 104.04 179.86 58.00 57.95 63.46
BMI -.74 -.75 -.74 -.74 -.90 -.75 -.76 -.74
Age -.31 -.31 -.31 -.31 -.36 -.30 -.30 -.29
Age? +.009 +.010 +.010 +.010 +.011 +.009 +.009 +.010
Menopausal status -5.24 -5.30 -5.20 -5.24 -5.56 -4.98 -5.00 -5.08 ©
Hormone replacement  +2.72 +2.74 +2.70 +2.71 +2.81 +2.53 +2.55 +271 2

therapy, current =
WHR -13.52 -13.48 -13.51 -13.59 -16.21 -13.27 -13.21 -13.01 2
No. of live births -.29 -.28 -.29 -.29 -.56 -.24 -.25 -2 92
Alcohol consumption, +6.04 +6.05 +6.04 +5.92 +5.55 +6.82 +6.83 +6.32 3

daily 3
Alcohol consumption, +1.61 +1.66 +1.62 +1.64 +2.26 +2.07 +2.08 +1.67 =

less than daily ]
Cigarette smoking, -1.36 -1.42 -1.36 -1.39 -1.42 -1.79 -1.77 -133 =

ever &
X2 (df)y** 3.77 (3-4) 6.34 (3-4) 3.77 (2-3) 9.86 (3-4) 143.13 (5-6) 20.88 (1-2) 22.03 (2-3) ?%J
PTt .29 .096 15 .020 <.0001 <.0001 <.0001 3
Akaike’s Information 10 889.88 10892.45 10891.88 10895.97 11024.24 10910.99 10910.14 10894.115

Criterion (21)

*q, = estimate of allele frequency;, = probability that an individual of type transmits theA allele, whereu = AA, AB,andBB; ., = mean breast density
for individuals with typeu; o® = variability. All residual family correlations set to zero.

tBMI (kg/m?) = body mass index; WHR= waist-to-hip ratio.

TAllowance for heterogeneity between founders and nonfoundefsdy,).

8No allowance for heterogeneity between founders and nonfountetsdy).

|Parameter is fixed at this value and not estimated in this model.

fiParameter is constrained to equal the preceding parameter and is not estimated.

#Parameter estimate went to a bound.

**Because one parameter estimate went to a bound, a range of degrees of freé)asrsfiown.

t1One-sided.

Aq 1.889252/6%5/8/68/21o1e/10ul/Woo dno

(adjusted and unadjusted) were statistically significant. The es-Segregation analysis provided additional evidence for a majo%
timated mother—daughter correlations in breast density weagene influencing mammographic breast density. After incorpo-%
smaller in magnitude and not statistically significant. Under amation of covariates on BMI, age, agenenopausal status, hor-
hypothesis of genetic transmission, one might have expected thene replacement therapy, WHR, number of live births, alcohol?
mother—daughter and sister—sister correlations to be of a simdansumption, and cigarette smoking, hypotheses of mendelia@
magnitude. Although the exact reasons for this apparent incdransmission of a dominant, recessive, or codominant majoe
sistency are unknown, several possible explanations can be gehe all fit the data as well as the general model. A possibl%
vanced. The first is random variation due to a small sample sifiyitation of these data is the temporal difference between col-~
there were 275 sister pairs but only 65 mother—daughter pailection of risk factor data and the appointment for mammogra-
The second is lack of data on the fathers. If a putative gene fury. Although for roughly 95% of the study subjects, this inter-
breast density was transmitted in an autosomal dominant maat was less than 1 year, it is conceivable that some exposures,
ner, roughly half of the time it would occur from father tain particular oral contraceptive use and hormone replacement
daughter, a mechanism that would clearly not be reflected timerapy, have been misclassified. It should also be pointed out,
mother—daughter correlations. Also, the software used to e$towever, that all of the other covariates incorporated into the
mate familial correlations permitted adjustment for only age arsggregation analyses would not be affected in this manner.

one covariate at a time. Alternatively, it can also be argued thatTwo findings from the segregation analysis are particularly
the observed differences in the magnitude of mother—daughteteworthy. First, residual mother—daughter correlations (the
versus sister—sister correlations are consistent with expectatia@tpiivalent of the polygenic component of the trait) were virtu-
In particular, if there is no dominance at the major locus with ally eliminated after demographic, anthropometric, lifestyle, and
additive variance of near zero, then there is no dominance coeproductive variables were added to the models. This result
tribution to the covariance between mothers and daughters. suggests that, together with possible genetic influences, other

| uo
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characteristics shared by family members may account for sonmmponent. Ultimate verification of the major gene hypothesis,
of the familial aggregation of breast density. Second, statistid@wever, requires confirmation by identification of a gene by
evidence for a major gene emerged oafter breast density was linkage analysis.

adjusted for covariates, particularly BMI and age. This findin

underscores the value of including relevant covariates in gendg&ferences
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