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For more than a decade, results from
published studies have indicated that the
risk of breast cancer may be lower
among heavy premenopausal women
than among their less obese counterparts
(1-8). In heavy postmenopausal women,
however, this risk is either increased or
unchanged in comparison with non-
obese postmenopausal women (9,/0).
The mechanism explaining this reversal
in risk is unknown, although theoretical
explanations have been proposed. Obese
postmenopausal women may have ele-
vated risk from higher levels of circulat-
ing estrogens secondary to increased
conversion of androgen to estrogen in
adipose tissue (//) and a higher propor-
tion of bioavailable estrogen due to the
low levels of sex hormone-binding
globulin (SHBG) (/2,/3). Obese pre-
menopausal women may exhibit a
greater degree of anovulation, resulting
in lower levels of both progesterone and
estradiol, lower breast cell division
rates, and, consequently, a lower risk of
breast cancer (/3-15).

We had the opportunity to evaluate
the relation of body mass and hormonal
profiles in a group of 195 community
and 103 hospital control subjects from a
study of endometrial cancer described
elsewhere (16,17). Results of both con-
trol groups were similar; therefore, the
two groups were combined. Body mass
index (BMI) (kg/m?) was calculated
from reported current height and weight
obtained during an interview. Fasting
serum samples were generally drawn
within 1 month of interview and prior to
surgery for benign endometrial condi-
tions for the hospital control subjects.
Serum was extracted and separated by
celite column chromatography. Estrone,
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estradiol, androstenedione, estrone sul-
fate, progesterone, and SHBG were
measured by radioimmunoassay (RIA).
An enzymatic hydrolysis was performed
before separation for estrone sulfate. Al-
bumin-bound estradiol was assessed

using ammonium sulfate precipitation, |

and percent-free estradiol was estimated
with an equilibrium dialysis assay. The
amount of free or albumin-bound estra-
diol was calculated by multiplying the
total estradiol concentration by the per-
cent in the other fractions. Serum was
analyzed by Nichols Institute, Inc. (San
Juan Capistrano, CA). We previously
documented the reliability of this labor-
atory for steroid hormone assays (I8).
Blind quality control serum evaluated
with each daily batch of samples dem-
onstrated adequate reproducibility for
all assays, particularly for estradiol in
postmenopausal women (overall coeffi-
cient of variation = 16.6).

Written informed consent was ob-
tained from all study participants, and
procedures were approved by institu-
tional review. Of the 477 and 253
eligible community and hospital control
subjects, we were able to successfully
interview 313 and 206 of these subjects,
respectively, regarding demographic,
medical, and reproductive factors. Fol-
lowing the interview, women were mea-
sured for a variety of anthropometric
indices, and blood samples were ob-
tained from 217 community and 139
hospital control subjects. As is common
in population surveys, we obtained one
blood sample from each subject. Clear-
ly, multiple samples would better char-
acterize a woman; however, one sample
is generally adequate for epidemiologic
purposes (/9). Women were excluded
from the analysis if they had no BMI
data, if they had reported use of ex-
ogenous estrogens or oral contraceptives
within 6 months, or if they had hormone
values that indicated Premarin usage or
perimenopausal status. Women were
considered postmenopausal if they
reported not having had a menstrual
period for 6 or more months or if they
reported having had a menstrual period
within 6 months but exhibited a mea-
sured estradiol value of less than 20
pg/mL (laboratory cutoff for postmeno-
pausal status). All premenopausal
women reported having had a menstrual

period within 6 months and all but one
had experienced menses within 1 month
of the interview. Analysis of covariance
was used to determine age-adjusted
mean values within menopausal groups,
and ordinary least-squares regression
was used to test the trend of BMI with
hormone concentration. An interaction
term was entered into the regression to
test the significance of noted differences
of the association of BMI with hor-
mones by menopausal status. All P
values resulted from use of two-sided
statistical tests.

Mean values across BMI tertiles re-
vealed the expected decrease in SHBG
with higher BMI in both menopausal
groups (Table 1). As the BMI increased,
however, total estradiol decreased in
premenopausal women (P for trend =
.11) and increased in postmenopausal

women (P = .0001). Free estradiol and |

albumin-bound estradiol (i.e., the bio-
available fraction of this hormone) were
found to increase with increasing BMI
in postmenopausal women; a similar
tendency for albumin-bound estradiol
was observed in premenopausal women.
Estrone and estrone sulfate were higher
in heavy postmenopausal women but
showed no relation with BMI among
premenopausal women. Only the rela-
tion of BMI to estradiol differed sig-
nificantly by menopausal status (P =
.02).

When the analysis was restricted to
premenopausal women with proges-
terone values consistent with being in
the follicular phase of their menstrual

! cycle (50 ng/dL progesterone or less),

the results were similar (Table 2) with
the exception that all three estradiol
fractions decreased with increasing BMI
(P for trend = .03 estradiol; P = .06 free
estradiol). Interestingly, the proportion
of subjects in the luteal phase actually
increased as BMI increased; 40%, 44%,

*Affiliation of authors: Environmental Epidemi-
ology Branch, Division of Cancer Epidemiology
and Genetics, National Cancer Institute, Bethesda,
MD.

Correspondence to: Nancy Potischman, Ph.D.,
Environmental Epidemiology Branch, Division of
Cancer Epidemiology and Genetics, National In-
stitutes of Health, Executive Plaza North, Rm.
443, Bethesda, MD 20892.

See “Note” section following “References.”

Journal of the National Cancer Institute, Vol. 88, No. 11, June 5, 1996



Table 1. Age-adjusted mean hormone values by body mass index tertile* among control subjects

Premenopausal age-adjusted mean (95% confidence interval)

Tertile 1 Tertile 2 Tertile 3 Test for trend,
Hormone+ (n=30) (n=27) (n=31) P value
SHBG, nmol/L 62 (53-72) 53 (45-63) 34 (29-40) 0001
E2, pg/mL 123(93-162) 109 (81-145) 96 (73-126) 11
Free E2, pg/mL 1.67 (1.3-2.2) 1.48 (1.1-2.0) 1.49 (1.2-1.9) .32
Albumin-E2, pg/mL 16.7 (13-22) 18.6 (14-25) 22.5(17-29) 41
El, pg/mL 77.8 (65-93) 78.9 (65-95) 74.1 (62-88) .81

. El sulfate, pg/mL 1262 (953-1671) 1357 (1011-1821) 1368 (1038-1802) 94
Androstenedione, ng/dL 101 (89-113) 103 (91-117) 87 (77-98) 12
Postmenopausal age-adjusted mean (95% confidence interval)

Tertile 1 Tertile 2 Tertile 3 Test for trend,
Hormonet (n=69) (n=7%) (n=66) P value :
SHBG, nmol/L 53 (46-60) 41 (36-47) 31(27-35) .0001
E2, pg/mL 5.1(4.5-5.7) 6.1 (5.4-6.9) 10.5(9.2-11.9) .0001
Free E2, pg/mL 0.07 (0.06-0.08) 0.09 (0.08-0.10) 0.16 (0.14-0.19) 0001
Albumin-E2, pg/mL 0.9 (0.7-1.0) 1.3 (1.1-1.6) 2.8 (2.3-3.4) .0001
El, pg/mL 27.1 (24-30) 28.4 (26-31) 40.1 (36-44) 0001
El sulfate. pg/mL 271 (225-326) 286 (240-342) 458 (380-552) .0001
Androstenedione, ng/dL 60 (53-68) 62 (55-69) 63 (56-71) 56

. premenopausal women was surprising,

*Body mass index tertiles based on all control subjects; tertile 1 <23.2 kg/mz: tertile 2 = 23.2-27.1 kg/mz; and tertile 3 >27.1 kg/mz.

+SHBG = sex hormone-binding globulin; E2 = estradiol; E1 = estrone.

and 65% in tertiles 1, 2, and 3, respec- ‘ breast cancer patients (26), and there
tively. ‘ may have been few women with BMI
The finding of decreased levels of ' values that have been found to be asso-
estradiol with increasing BMI among : ciated with the reduced risk of breast
~ cancer (i.e., >27kg/m2) (25,26). In an
but not unprecedented. Several small ' earlier epidemiologic study (27), luteal
studies (20-24) (with seven to 25 sub- | phase urinary estrogens declined with
jects per group) showed that obese | increasing weight in premenopausal
premenopausal women had lower estra- * women. The results from these studies
diol values than those of women of nor- ' may have been inconsistent because of
mal weight. Most of these clinical . the ranges of BMI involved. Further-
studies involved subjects in the fol- more, inference from our study may be
licular phase of the menstrual cycle (21- ‘ limited to groups with relatively high
24). In two epidemiologic studies, BMI - BMIs, such as Western populations.
was not associated with circulating |
estradiol in any phase of the menstrual
cycle (25.26). However, these women |
were younger than most premenopausal

. versely related to BMI in premeno-
pausal women, what is the likely

If average levels of estradiol are in-

heavier women were more frequently
anovular and therefore less likely to
have blood samples taken when estra-
diol levels were higher. Evaluation of
questionnaire data revealed no differen-
ces in cycle length or frequency of ir-
regular menses among the heavy versus
the thin women. On the basis of the as-
sayed progesterone values, there was ac-
tually a higher proportion of heavy than
thin women in the luteal phase. Further,
previous data showing this inverse
relationship have included both fol-
licular and luteal phase specimens.
Another possibility is that estradiol may
be sequestered in adipose tissue, since
injected radiolabeled estradiol has been

mechanism? One possibility is that the | recovered from the adipose tissue of

Table 2. Age-adjusted mean (95% confidence interval) hormone values by body mass index tertile* among 44 follicular phase subjectst

Tertile 1 Tertile 2 Tertile 3 Test for trend,
Hormonez: (n=18) (n=15) (n=11) P value
SHBG, nmol/L 60 (49-73) 48 (38-59) 34 (26-44) .0005
E2, pg/mL 137 (94-200) 94 (62-142) 76 (47-124) 03
Free E2. pg/mL 1.9(1.3-2.7) 1.4(0.9-2.0) 1.2 (0.8-1.9) .06
© Albumin-E2, pg/mL 19.5 (14-28) 18.8 (13-28) 16.7 (11-26) 32
El, pg/mL 76.6 (62-95) 63.6 (50-81) 68.1 (52-90) 54
El sulfate, pg/mL 1212 (841-1746) 983 (659-1467) 1255 (787-2002) .69
Androstenedione, ng/dL 102 (88-118) 100 (86-117) 83 (69-99) 13

*Body mass index tertiles based on all control subjects: tertile 1 <23.2 kg/m:: tertile 2 =23.2-27.1 kg/mz‘. and tertile 3 >27.1 kg/mz.

+Follicular phase defined as progesterone values <50 ng/dL.
$SHBG = sex hormone-binding globulin; E2 = estradiol; E1 = estrone.
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obese women (28). Uptake of estradiol
and other lipophilic steroids into
adipocytes is likely to be concentration
dependent, thus, the relatively high con-
centrations of non-SHBG-bound estra-
diol among heavy premenopausal
women may result in substantial uptake
of estradiol into fat. More important, the
larger albumin-bound pool of estradiol
in obese premenopausal women will be
irreversibly cleared in the liver and
other tissues, resulting in a higher meta-
bolic clearance rate (29). Consequently,
the total plasma estradiol concentration
will be reduced in the absence of a com-
pensatory increase in ovarian estradiol
secretion.

At this point, it is provocative that the
opposite roles obesity plays as a risk
factor for breast cancer, depending on
menopausal status, may in fact be ex-
plained by differences in plasma es-
trogen concentrations. The precise
mechanistic relationships certainly de-
serve more attention. Larger studies
specifically designed to evaluate the in-
fluence of BMI, and perhaps fat dis-
tribution, on estrogen concentrations by
menopausal status should be under-
taken.
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