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• Objective: To determine whether body fat distribu
tion is associated with the onset of breast cancer. 
• Design: Case-control study. 
• Setting: Memorial Sloan-Kettering Cancer Center, 
New York, New York. 
• Patients: Three hundred thirteen healthy, white 
women, born in the United States. 
• Measurements: Waist and hip circumferences were 
measured on the day before diagnostic breast surgery, 
and an extensive risk assessment of clinical and family 
history data was done. After the results of diagnostic 
breast surgery were obtained, study participants were 
divided into three groups: women with breast cancer (n 
= 156); controls (n = 126) with benign tissue at biopsy 
and an average risk for breast cancer; and high-risk 
women (n = 31), defined as being at a risk for breast 
cancer development of 1 % per year, based on rigorous 
histologic or clinical criteria. 
• Results: The waist-to-hip ratios (WHR) were identi
cal (mean ± SD) in case patients (0.80 ± 0.06), controls 
(0.80 ± 0.06), and high-risk women (0.80 ± 0.08). 
Further, no trend could be detected between increasing 
WHR and breast cancer risk; the estimated relative risk 
for cancer incidence in women with WHR greater than 
or equal to 0.81 was 0.78 (95% CI, 0.36 to 1.71), 
compared with women with WHR of less than 0.73. No 
difference in WHR was noted between the case pa
tients and controls when analyzed separately accord
ing to menopausal status, age, absolute weight, or 
relative weight. 
• Conclusion: In the women studied, body fat topog
raphy as defined by WHR was not associated with 
breast cancer development. 
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V arious chronic illnesses are related to the pattern of 
body fat distribution. At equal degrees of relative or 
absolute body fat, a predominant upper (central) body 
fat distribution, as defined by an increased waist-to-hip 
ratio (WHR), correlates positively with glucose intoler
ance, diabetes mellitus, hyperlipidemia, coronary artery 
disease, hypertension, stroke, and premature (as well as 
overall) death (1-5). Conversely, generally healthier 
populations have been shown to exhibit a decreased 
WHR (lower body fat distribution) (6). 

Interrelations among these diverse metabolic disor
ders and their convincing association with the distinct 
WHR phenotype of upper body fat predominance sug
gest that the regional distribution of adipose tissue, with 
its site-specific hormonal activity and metabolic respon
siveness (7, 8), may have relevance in other diseases 
associated with characteristic metabolic profiles. In
deed, endometrial cancer, a malignancy long known to 
be associated with obesity, diabetes, and hypertension 
(9-11), has recently been shown to have a significant 
association with upper or central body fat distribution 
(12, 13). This body fat pattern is a stronger predictor 
than body mass of endometrial, and possibly ovarian, 
carcinomas (6). 

Breast cancer, the most prevalent malignancy occur
ring in white women, has generally not been associated 
with the other clinical entities that have been linked to 
an increased WHR (14, 15). A recent evaluation of 
mammographic breast morphologic analysis and body 
fat distribution found that women who had a high WHR 
were significantly less likely to have a putative high-risk 
mammographic pattern compared with women who had 
a low WHR, independent of age and the degree of 
obesity (16). More importantly, data from a population-
based, prospective study have shown no association 
between breast cancer development and body fat topog
raphy (12). Surprisingly, however, three other clinical 
studies have noted a positive relation between upper or 
central body fat distribution and breast cancer risk (17-
19). 

We present the results of prospective body fat topog
raphy assessment in a large cohort of demographically 
homogeneous women, analyzed with particular atten
tion to the menopausal status of the participants. 
Women subsequently diagnosed with breast cancer 

Abbreviations j 

BMI = body mass index 
SHBG = sex hormone binding globulin 

I WHR = waist-to-hip ratio | 
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were compared with w o m e n evaluated by rigorous 
pathologic and clinical criteria and considered to be at 
low risk for breast cancer . 

Methods 

Part icipants 

Consecutive white American women of any age were re
cruited the day before the excision of an undiagnosed breast 
mass between 1 August 1988 and 1 December 1989 at Memo
rial Sloan-Kettering Cancer Center, according to the guidelines 
of the Institutional Review Board. To avoid confounding vari
ables, women were excluded if they had any major systemic 
illnesses because of the association between body fat topogra
phy and various metabolic disorders. Obesity alone (without 
diabetes or hypertension) was not considered an exclusion 
criterion, unless morbid obesity (> 100% above ideal body 
weight) was present. Women were excluded if they experi
enced a weight gain or loss of 10% or more of their current 
weight in the previous 3 years. 

Because hormonal status independently affects WHR (1, 6, 
20) as well as breast cancer risk (14, 15), the hormonal status 
of potential participants was carefully defined: Women either 
had to be premenopausal or to have had a known menopause 
with no postmenopausal hormone replacement. Premenopausal 
women with intact ovaries after hysterectomy were disqualified 
because the date of ovarian cessation could not be ascertained. 
Patients taking any hormonal preparation (for example, birth 
control pills, fertility drugs, or estrogen replacement) and preg
nant patients (determined by history) were excluded. 

The research nurse reviewed the admission history and 
physical examination of 400 white American women before 
their diagnostic breast surgery. Three refused participation (all 
three were later noted to have benign biopsy results). Ten 
patients were eliminated for hormone use or uncertain date of 
menopause (six were benign; four had cancer on biopsy). One 
patient with cancer was eliminated for weight change. Seventy-
two patients were eliminated for illnesses: 40 had cancer and 
33 had benign findings on biopsy. In order of frequency, the 
most common illnesses were hypertension, diabetes, and 
asthma. These conditions were responsible for more than 80% 
of the illness exclusions. The total number of patients excluded 
was 87 (45 with cancer and 42 with benign findings on subse
quent biopsy). The remaining 313 women, found to be eligible 
and having consented to participation, formed the study group. 

Study Protocol 

The study parameters (clinical variables and the anthropo
metric measurements) were obtained from all participants be
fore the diagnostic breast operation. Clinical information about 
the major breast cancer risk factors (age, heredity, and hor
monal and reproductive factors) was obtained by interview. 
More minor or controversial risk factors, such as alcohol con
sumption, smoking history, or mammographic parenchymal 
patterns, were not considered. Data were collected on the 
number of pregnancies and deliveries as well as on the age of 
first full-term delivery. An extensive family history confirmed 
the status of all first-degree relatives: their current age or age 
at death, the presence or absence of unilateral or bilateral 
breast cancer, and the age at breast cancer diagnosis. After the 
interview, anthropometric measurements were done according 
to the method of Ashwell and colleagues (21) by a single 
examiner to reduce intertester errors. 

Waist circumference was measured with the participant 
standing with abdomen relaxed, arms at sides, and feet to
gether without footwear. The research nurse faced the partic
ipant and measured with a tape to the nearest 0.5 cm in the 
horizontal plane on the bare skin at the level of the natural 
waist, the narrowest part of the torso at the end of a normal 
expiration. 

Hip circumference was measured with the participant stand
ing in the same position. The research nurse measured with a 
tape to within 0.5 cm around the buttocks in the horizontal 

plane at the largest circumference between the waist and thigh. 
The measurement was usually over the greater trochanters. 

Participants were weighed without footwear or underwear 
and wore the standard lightweight cotton hospital gown. Using 
the Detecto Floor Scales Model II (Detecto, Inc., Brooklyn, 
New York), each participant's weight was measured to the 
nearest 0.5 kg. 

Height was measured to the nearest 0.5 cm using the stan
dard vertical attached rod on the Detecto Floor Scales Model 
II. Participants did not wear shoes during height measure
ments. 

Case-Control Assignment 

The results of the paraffin histologic sections obtained from 
the diagnostic breast surgery of study participants were made 
available by the Department of Pathology in several days. Of 
the 313 women studied, 156 had invasive breast carcinoma 
(stage I or II). These women constituted the "cases ." Because 
the remaining women with benign breast biopsies evaluated at 
a comprehensive cancer center may not be typical of women 
nationwide, we conducted a rigorous assessment to separate 
those at high risk from those at average risk. Of the 157 
women who did not have invasive breast cancer, 126 were 
considered to be without high risk ("controls"), and 31 were 
considered to be at high risk for invasive breast cancer. 

Histologic and Clinical Risk Assessment 

The breast tissue of 157 women without invasive breast 
cancer was studied for histologic changes associated with an 
increased risk for breast cancer, that yielding a breast cancer 
incidence of at least 1% per year (22). A histologic diagnosis of 
ductal or lobular carcinoma in situ or a benign biopsy sample 
showing atypical proliferative disease as defined by the classi
fication of Page and coworkers, adopted in 1986 by the con
sensus meeting of the American College of Pathologists (23) 
and modified in 1991 (22), conferred a high-risk status. 

Of the 157 patients without invasive breast cancer, 22 had 
ductal or lobular carcinoma in situ (15 had ductal carcinoma in 
situ, 3 had lobular carcinoma in situ, and 4 had both ductal and 
lobular carcinoma in situ). Four patients had atypical hyper
plasia. Therefore, 26 patients (22 with in-situ carcinoma and 4 
with atypical hyperplasia) were considered to be at high risk 
for developing breast cancer of 1% per year based on histo
logic criteria. Of the remaining 131 patients with benign biopsy 
results, 110 had Page and Dupont classification (1991) (22), 
diagnoses that conferred no increased risk (fibroadenoma, cyst, 
fibrosis, or adenosis), and 21 had sclerosing adenosis, papil
loma with fibrovascular core, or moderate or florid hyperpla
sia, diagnoses that conferred a detectable but clinically irrele
vant risk. 

A family history of breast cancer diagnoses in first-degree 
relatives, depending on their age at diagnosis and whether the 
disease is bilateral, can place a woman at a risk for breast 
cancer development of 1% per year (24). Five patients had 
such a family history and were added to the high-risk category 
due to clinical criteria. No other patients were at this level of 
risk when evaluated by a combination criteria of specific clin
ical and histologic risk factors (25). 

Thirty-one patients (26 for histologic criteria and 5 for clin
ical criteria) therefore were removed from the group of 
157 patients without invasive breast cancer and were analyzed 
separately as a group at high risk for invasive breast cancer. 
The other 126 women without breast cancer were estimated to 
have a risk similar to that of the average white American 
woman and thus served as controls. 

Statistical Analysis 

A series of anthropometric measurements (height, weight, 
waist circumference, hip circumference, WHR, body mass in
dex [BMI]) and clinical parameters (age at diagnosis, meno
pausal status, any family history of breast cancer, age at first 
full-term pregnancy, number of pregnancies) were examined in 
case patients, high-risk participants, and controls. Body mass 
index (weight in kg divided by height in m2) was used as the 
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Table 1. Demographic Characteristics of Case Patients 
and Controls* 

Characteristics 

Age,y 
< 30 

Controls 

< 

5(4) 

High-Risk 
Women 

n(%)— 

5(16) 

Case Patients 

» 

5(3) 
31 to 40 25 (19) 6(19) 20 (12) 
41 to 50 52 (41) 6(19) 53 (34) 
51 to 60 26 (20) 10 (32) 34 (22) 
61 to 70 20 (15) 4(13) 36 (23) 
71 to 80 Ml) 0(0) 7(5) 
> 81 0(0) 0(0) Ml) 

Children, n 
0 35 (28) 3(10) 31 (20) 
1 to 3 78 (61) 23 (74) 107 (69) 
> 4 15(11) 5(16) 18(11) 

Menopausal status 
Premenopausal 84 (66) 17 (55) 82 (53) 
Postmenopausal 44 (34) 14 (45) 73 (47) 

* The mean age (± SD) at first full-term delivery was 24.8 (± 4.4) 
years for controls, 23.0 (± 5.2) years for high-risk women, and 25.5 
(± 5.2) for case patients. 

measure of obesity. Except for menopausal status, variables 
were analyzed as continuous data. 

As an initial comparison of case patients and controls, 
univariate testing was done on continuous variables using the 
Student f-test and on categoric variables using chi-square tests. 
Because of the disparity in sample size between high-risk par
ticipants (n = 31) and controls and case patients (n = 126 and 
156, respectively), a three-way analysis was deemed statisti
cally inaccurate. We therefore compared all patients with be
nign biopsy results (high-risk participants plus controls, n = 
157) with case patients (n = 156). To avoid bias, we also 
compared the lowest-risk population (the controls, n = 126) 
with the "maximal-risk" population (the case patients, n = 
156). 

Stepwise logistic regression with forward inclusion of vari
ables was used to model the probability of breast cancer as a 
function of the variables considered simultaneously. The bi
nary response variable was breast cancer diagnosis compared 
with benign biopsy, as defined here. To test the hypothesis 
that the coefficient of a variable is zero, the maximum likeli
hood estimate chi-square statistic was used. The model likeli
hood ratio chi-square was also calculated to test the difference 
between each model and a model based only on the intercept. 
This measure was used to determine the significance of the 
model. 

The relative risk, defined as the ratio of the risk for devel
oping breast cancer in the presence of a factor to the risk in 
the absence of that factor, was estimated by the odds ratio. An 
odds ratio of 1.00 indicated that the probability of breast can
cer was unchanged by the presence or absence of a particular 
factor, thereby indicating no association between that factor 
and breast cancer. Confidence intervals (CIs) of 95% are pro
vided where appropriate. 

Results 

The demographic and clinical characteristics of the 
patients with breast cancer, the high-risk participants, 
and the controls are presented in Table 1. The three 
groups were similar in age at presentation, parity, and 
age at first full-term delivery. Two thirds of patients 
with benign biopsy results were premenopausal, and 
one third was postmenopausal; the patients with breast 
cancer were equally divided in terms of menopausal 
status. 

Table 2 shows the mean anthropometric values for 
the three study groups. No difference in body fat dis
tribution, as represented by the WHR (the main end 
point of the study), was shown to exist between case 
patients and controls; the mean WHR (± SD) was 0.80 
± 0.06 in both groups. Results for the 31 patients at 
high risk were also similar, with a mean WHR (± SD) 
of 0.80 ± 0.08. Women with breast cancer differed 
significantly only in age, whether analyzed with or with
out the high-risk group added to the controls. Although 
case patients appeared leaner than women without can
cer, as determined by smaller waist and hip measure
ments, these data did not differ significantly. 

The classification of women as pre- or postmeno
pausal is the most clinically relevant criterion in the 
assessment of breast cancer risk. Our data were ana
lyzed further, separately, according to menopausal sta
tus. Because the analysis with or without the high-risk 
group added to controls yielded identical results, we 
present only the data regarding comparison of case pa
tients with controls (Table 3). Premenopausal women 
with breast cancer were leaner than controls, as deter
mined by significantly lower BMI, waist circumference, 
and hip circumference. Patients with breast cancer were 
also of lower weight and greater height, although these 
differences were not significant (P = 0.07 and P = 0.06, 
respectively). Despite those differences, the body fat 
distribution, as represented by WHR, was the same in 
the two groups. Comparisons between the postmeno
pausal patients with breast cancer and controls yielded 
no significant differences in any of the anthropometric 
measurements. In case patients and controls alike, the 
age, relative weight, and absolute weight were similar. 
The mean WHR was identical in the two groups. 

Specific variables of case patients and controls (age, 
weight, height, BMI, waist, hips, WHR, and meno
pausal status) were considered simultaneously in a lo
gistic regression analysis. As a first step in modeling the 
relations of these factors to the diagnosis of breast 
cancer, all variables were considered. Patient age (and 
therefore menopausal status) was the factor that corre
lated most highly with the diagnosis of carcinoma. This 
result is not surprising because univariate testing indi
cated that the two patient groups differed by age. We 
next controlled for age and included each variable sep
arately in a logistic regression to determine its univari
ate significance in predicting carcinoma. In this multi-

Table 2. Anthropometric Measurements for Case Pa
tients and Controls* 

Variable Controls Case Patients High-Risk 
(n = 126) (n = 156) Women 

(n = 31) 

Waist-hip ratio 0.80 (0.06) 0.80 (0.06) 0.08 (0.08) 
Waist, cm 82.2 (13.4) 79.5 (12.4) 80.9 (14.0) 
Hips, cm 102.1 (13.1) 99.0 (14.7) 100.0 (14.9) 
Body mass index 26.6 (5.4) 25.4 (4.9) 26.7 (6.7) 
Weight, kg 69.8 (18.0) 66.7 (12.9) 69.9 (20.1) 
Height, cm 161.5 (7.3) 161.9 (7.5) 163.0 (6.0) 
Age, jyt 48.0 (10.9) 51.8(11.8) 48.5 (15.0) 

* All data expressed as mean (SD). 
t Significant by t test at P = 0.05. 
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Table 3. Anthropometric Measurements for Case Patients and Controls According to Menopausal Status* 

Variable Premenopausal Postmenopausal  
Controls Case Patients P Valuet Controls Case Patients P Valuet 
(n = 82) (n = 84) (n = 44) (n = 72) 

Waist-hip ratio 0.79(0.06) 0.79(0.05) % 0.83(0.06) 0.82(0.06) X 
Waist, cm 79.8 (12.7) 75.4 (10.2) 0.01 86.4 (14.1) 84.1 (13.1) X 
Hips, cm 101.1 (13.0) 95.8 (9.3) 0.003 103.4 (13.7) 102.4 (11.3) X 
BMI, kg/m2 26.2 (5.5) 24.1 (4.5) 0.03 27.3 (6.3) 26.9 (5.1) X 
Weight, Ag 69.4(15.2) 65.0(12.0) 0.07 69.9(15.5) 68.5(13.8) * 
Height, cm 162.1(7.4) 164.1(6.3) 0.06 160.2(6.9) 159.9(7.7) X 
Age,>> 41.9(7.0) 42.9(6.5) X 59.7(6.5) 61.7(7.8) X 

* All data expressed as mean (SD). 
t Results from t test. 
%P> 0.1. 

variate logistic regression, after adjusting for age, BMI 
was the only factor found to be related significantly to 
a diagnosis of breast cancer (P = 0.032). Weight, 
height, and menopausal status were not significant vari
ables, and WHR was clearly not a significant predictor 
(P > 0.2). The final model consisted of an adjustment 
for patient age (P = 0.003) and BMI (P = 0.03). The 
overall model, which showed that age was the most 
predictive factor and BMI the next most predictive fac
tor, was highly significant (P = 0.003; chi-square = 
12.02; df = 2). 

Table 4 shows the unadjusted odds ratios for the 
development of breast cancer for the four patient char
acteristics of particular interest: WHR, age, BMI, and 
absolute weight. Analyzed independently, odds ratios 
for WHR, BMI, and weight did not change substantially 
with increasing levels of the respective characteristics. 
When WHR, the variable of primary interest, was ad
justed separately for age, relative weight, or absolute 
weight, the odds ratio of developing breast cancer was 
also similar (data not shown). Because the 95% CIs of 
these odds ratios included 1.0, these odds ratios did not 
differ significantly when analyzed without (see Table 4) 

Table 4. Unadjusted Odds Ratio for Breast Cancer Re
lated to Variables Listed 

Variable Controls Case 
Patients 

Unadjusted 
Odds Ratio 

(95% CI) 

Waist-hip ratio 
< 0.73 13 20 1.00 * 
0.73 to 0.76 24 25 0.650 0.264 to 1.60 
0.77 to 0.80 32 39 0.797 0.341 to 1.86 
> 0.81 59 71 0.780 0.358 to 1.71 

Age,>> 
< 42 40 30 1.00 * 
42 to 47 34 39 1.54 0.791 to 3.01 
48 to 59 32 41 1.73 0.882 to 3.37 
> 60 23 45 2.69 1.33 to 5.44 

BMI, kg/m2 

< 23 35 54 1.00 * 
23 to 24.9 28 31 0.720 0.367 to 1.41 
25 to 26.9 19 23 0.785 0.372 to 1.65 
> 27 44 46 0.665 0.365 to 1.20 

Weight, kg 
< 56 20 33 1.00 * 
57 to 64 40 49 0.727 0.361 to 1.46 
65 to 73 34 33 0.606 0.289 to 1.27 
> 74 34 40 0.700 0.336 to 1.43 

* Reference group. 

or with (data not shown) the high-risk group added to 
the controls. The only exception was a significant risk 
for breast cancer diagnosis in patients older than 60 
years. Specifically, the odds of a woman older than 60 
years developing breast cancer was 2.69 times greater 
than that of a woman younger than 42 years of age (CI, 
1.33 to 5.44) when analyzed without the high-risk group 
and 2.75 (CI, 1.31 to 5.41) when the high-risk group was 
included. 

Discussion 

Our study did not show an association between body 
fat distribution (as measured by WHR) and breast can
cer diagnosis. Case patients (those diagnosed with early 
breast cancer) and controls (those with a benign diag
nosis and an average risk for breast cancer) had iden
tical WHRs, even when case patients and controls were 
analyzed separately according to age, menopausal sta
tus, absolute weight, or relative weight (BMI). A small 
group of women at high risk for breast cancer, but with 
benign tissue on diagnostic surgery, also showed similar 
results. Moreover, we observed no significant differ
ences or evidence for a trend in breast cancer incidence 
when we used relative risk analysis and grouped women 
according to WHR. 

Body fat distribution is related to many factors, with 
perhaps 25% of variance resulting from genetic factors 
(26); many reports have noted interracial (27, 28) and 
intercountry differences in regional adipose distribution 
as well (29). Thus, our current conclusions must be 
limited to the population under study—white, otherwise 
healthy, U.S.-born women presenting for excision of an 
undiagnosed breast mass. The referral patterns to our 
institution have assured a similarly homogeneous popu
lation for both case patients and controls. Despite con
cern about "overmatching" with bias toward showing 
no effect of the outcome variable, the unanalyzed fac
tors in these patients (that is, college education and 
higher socioeconomic class) were considered such mi
nor risk factors for breast cancer (25) that their contri
bution was presumed to be negligible. Nevertheless, 
further studies should include a more diverse sample of 
American women to expand these findings. 

Women serving as controls in our study were not 
prone to investigator bias because they were not "cho
sen" as in typical case-control studies: According to 
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study design, controls were determined by benign his
tologic findings at the time of diagnostic breast surgery 
and a low-risk clinical profile, in each instance defined 
subsequent to data collection. Because women with 
suspicious breast masses are referred more frequently 
to a comprehensive cancer center for excision, we pre
dicted, and indeed noted, a high prevalence of malig
nancy (50%) on diagnostic biopsy. In the same fashion, 
one could argue that a benign finding on surgical biopsy 
might indicate a high risk for breast cancer, not typical 
of the general population of American women, thereby 
precluding the use of these women as appropriate con
trols. According to the 1986 consensus statement of the 
College of American Pathologists (23), recently updated 
(22), diagnostic breast surgery per se does not consti
tute a risk factor for subsequent breast cancer develop
ment. Moreover, we did a rigorous risk assessment to 
identify women at high risk and selected as controls 
only women who met specific and strict criteria. De
tailed histologic features and comprehensive clinical 
data were evaluated to validate the selection of the 
control group. Major risk factors, alone or combined, 
were used to identify and eliminate women at high risk, 
defined as a breast cancer incidence rate of at least 1% 
per year (25), from serving as controls; minor (confer
ring less than twofold relative risks) and more contro
versial risk factors, such as alcohol consumption and 
mammographic patterns, were not considered (14, 15, 
25). The use of such stringent criteria resulted in the 
objective exclusion of high-risk women and the forma
tion of a valid control group. 

No data exist to suggest that a particular illness or 
nonhormonal medication use significantly alters breast 
cancer risk (14, 15). To avoid the confounding influence 
(potential as well as proven) of systemic illness on re
gional fat patterns, however, we eliminated any patient 
with illnesses from consideration in the study. The ex
clusions were done at study entry and, therefore, did 
not affect the case-control status of any participant. 
When analyzed, the proportion and the nature of exclu
sions were similar for women who later were found to 
have either breast cancer or benign tissue at biopsy. 

Our patients with breast cancer had a slightly lower 
mean BMI than did controls (25.4 compared with 26.6) 
(P > 0.05). We specifically excluded patients with a 
weight change exceeding 10% of their current weight 
occurring in the preceding 3 years. Nevertheless, some 
weight change related to whether a possible cancer di
agnosis might have occurred. Because patients who 
were later considered to be controls or case patients 
shared in the anxiety associated with an undiagnosed 
breast mass, any weight loss attributable to anxiety 
would have been the same in both groups. Moreover, 
the study design mandated the anthropometric measure
ments to be uniformly done the day before breast sur
gery specifically to minimize the impact of the breast 
cancer diagnosis on subsequent anxiety and weight 
change. In any event, it is unlikely that undetected 
preoperative weight change occurring in this sample 
could appreciably alter the study participants' WHR, as 
supported by data from several laboratories (30, 31). 

The mean age of all study participants was approxi
mately 50 years. When considered according to their 

menopausal status, premenopausal patients with breast 
cancer had a significantly lower mean BMI (24.1) than 
did premenopausal controls (26.2) (P = 0.03). This find
ing is consistent with the large body of information 
showing a significant inverse relation between body 
mass and breast cancer risk before menopause (14, 15). 
Although relative weight and WHR are positively, albeit 
weakly, correlated (1, 5, 31), BMI was controlled in the 
current analysis, and WHR was therefore unrelated to 
case-control status. The mean WHR of the premeno
pausal patients with breast cancer and that of controls 
were identical, thus underscoring the specificity of these 
findings. As expected, the postmenopausal women, 
both case patients and controls, were heavier than the 
premenopausal study participants. In agreement with 
the known increase in WHR associated with age (1, 5, 
32), lack of ovarian hormones (1, 6, 20), and obesity (1, 
5, 31), postmenopausal women had comparably higher 
WHR measurements. 

Lower values for WHR determinations than those 
noted here have been reported; the mean WHR of 0.78 
for the current premenopausal study participants and 
0.82 for postmenopausal study participants is higher 
than that reported in samples with mean relative 
weights closer to the ideal (33, 34). Our study partici
pants were generally overweight, however, possibly due 
to the exclusion of any confounding systemic illness or 
simply as a consequence of the inherent characteristics 
of our patient referral base. In light of the known as
sociation between increased BMI and WHR, the an
thropometric values in our study are typical of the 
general American population (31, 32); moreover, they 
compare favorably with data recently reported for post
menopausal women in Iowa with (WHR, 0.85; BMI, 
27.7) and without (WHR, 0.84; BMI, 27.1) breast cancer 
(17). Given the smaller number of postmenopausal con
trol subjects than patients with breast cancer in our 
study, the similarity in data between these two diverse 
American populations is all the more reassuring. 

The lack of an association between breast cancer and 
WHR found in the current study contrasts markedly 
with the only other case-control study (19) to address 
this issue. Schapira and colleagues (19) studied pre- and 
postmenopausal women and found an increasing risk for 
breast cancer with increasing WHR. Their study pa
tients, grouped according to WHRs of greater than 0.73, 
0.73 to 0.76, 0.77 to 0.80, and 0.81 or more, had relative 
risks of 1.00, 1.90 (CI, 1.06 to 3.40), 2.83 (CI, 1.58 to 
5.06) and 6.46 (CI, 3.76 to 11.10), respectively, com
pared with 1.00, 0.65 (CI, 0.26 to 1.60), 0.80 (CI, 0.34 to 
1.86), and 0.78 (CI, 0.36 to 1.71), respectively, obtained 
in our study. 

Schapira and colleagues (19), however, do not group 
study participants by age or menopausal status to de
termine the independent association of these factors 
with obesity. The relation of obesity to breast cancer 
incidence is complex, as recently reviewed (14, 15). In 
premenopausal women, obesity is significantly related 
inversely to breast cancer development, and its associ
ation with postmenopausal breast cancer appears to be 
either limited to or strongest in the oldest postmeno
pausal women. As many as two thirds of the women 
studied by Schapira and colleagues could be considered 
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premenopausal or early postmenopausal; for these 
women, the association of breast cancer with obesity 
should be inverse or null. The investigators, however, 
noted an overall significant association of breast cancer 
with obesity. This finding suggests a selection bias for 
less obesity in the controls (age-matched women from 
10 businesses and two retirement communities, the so-
called "healthy worker effect" [35]), possibly permitting 
a spurious association of breast cancer with an in
creased WHR, given the known relation of obesity with 
WHR. Indeed, when other investigators have matched 
patients with breast cancer with controls for age and 
BMI, no difference in WHR has been shown (36). Other 
differences exist between our study design and that of 
Schapira and coworkers (19). In the former study, 
women were accrued up to 3 months after the diagnosis 
of breast cancer was made, and the study controls, 
although matched in age, were more frequently prem
enopausal and nonwhite than the respective group with 
cancer. 

Three prospective cohort studies (12, 17, 18) have 
reported on body fat distribution and its relation to 
breast cancer incidence, with two (17, 18) finding this 
disease correlated to central or truncal fat distribution. 
In 1986, Folsom and colleagues (17) conducted a mail 
survey of postmenopausal women who self-reported 
their waist and hip circumferences. Compared with con
trols, women later diagnosed with breast cancer had a 
higher age-adjusted mean WHR (0.850 compared with 
0.837) (P = 0.03) as well as a trend toward a greater 
mean weight (P = 0.07) and increased BMI (P = 0.08). 
The WHR (r = 0.41) correlated significantly with the 
BMI (the most common measurement of obesity), 
thereby limiting the importance of WHR as an indepen
dent variable in postmenopausal breast cancer develop
ment. Finally, when women were divided into tertiles of 
increasing WHR, no significant trend for breast cancer 
incidence could be shown. A WHR of less than 0.794 
yielded a reference risk of 1.00, a WHR of 0.794 to 
0.873 yielded an odds ratio of 0.93 (CI, 0.65 to 1.35), 
and a WHR greater than 0.873 yielded an odds ratio of 
1.39 (CI, 0.99 to 1.96). 

Ballard-Barbash and colleagues (18), using a Framing-
ham cohort, recently reported that breast cancer corre
lated significantly with truncal (compared with extrem
ity) fat predominance. Only 5% of their patients with 
breast cancer were premenopausal. Differences in the 
choice of anthropometric end points further limit com
parison with the current study. Skinfold measurements 
from the upper and lower trunk were summed and were 
then divided by the sum of skinfold measurements from 
the upper and lower extremities. The waist and hip 
circumferences were not measured, and, thus, the dis
tribution of upper to lower body fat is unclear. Swedish 
investigators (12), assessing body fat topography by the 
standard WHR measurement as well as by skinfold 
thickness measurements, could not find a positive asso
ciation with breast cancer. This last population-based 
prospective study supports our current results. 

In general, theories on breast cancer pathogenesis 
stress the importance of estrogenic exposure that is 
prolonged in duration or increased in intensity (14, 15). 
Increased WHR and increased abdominal fat cell size 

have been associated with decreased binding of estro
gen to sex hormone binding globulin (SHBG) (8, 37); 
this mechanism, as well as the potential effect of in
creased levels of free fatty acids seen in abdominal 
obesity on the bioavailability of estrogen (5), has been 
cited to support the putative association of breast can
cer risk with increasing WHR (19). Although the role of 
estrogens in regional fat distribution has not been clar
ified, upper body fat predominance generally indicates 
androgenic over estrogenic influence (8, 38). The de
cline in SHBG noted with abdominal obesity results in 
much greater change in unbound testosterone than in 
unbound estradiol because the affinity of SHBG for 
testosterone is considerably higher than that for estra
diol (39). 

Lower body fat predominance is the norm in women, 
as well as the tendency in men exposed to exogenous 
estrogens (40, 41). Administration of estrogen in com
bination with progesterone favors gluteal-femoral fat 
distribution (20, 41, 42). In-vitro studies in adipose tis
sue show regional differences in estrogen formation, 
with cells derived from abdominal fat having a lower 
ratio of estrone to 5a-reduced androgens than cells from 
the thigh-buttock area; upper-body fat predominance 
thus has been found to favor lowered overall estrogen 
formation (40, 43). Given that decreased estrogen and 
increased androgen exposure, such as that which occurs 
with castration at an early age and in various other 
situations, is protective against the development of 
breast cancer (14, 15), it is difficult to reconcile the 
complex hormonal aspects of upper-body fat distribu
tion with the theories of breast cancer pathogenesis. 
Our findings do not support a relation between regional 
fat distribution (as measured by WHR) and the risk for 
breast cancer and suggest continued research for clari
fication of this important issue. It is hoped that our 
results will stimulate further investigation into the role 
of body fat distribution in breast cancer development. 
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