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idemiological Follow-up Study

STRACT

‘e examined the relation of anthropometric variables and breast
cer risk in the Epidemiological Follow-up Study of the first National
alth and Nutrition Examination Survey, a cohort study based on a
ple of the United States population. A total of 7149 women, 25 to 74
rs of age, who were examined during the period 1971 through 1975
¢ included in the analysis. Stature, sitting height, elbow width, weight,
subscapular and triceps skinfold measuremerts were collected during
baseline interview and examination. Breast cancer cases (N =121)
¢ identified through hospital records or death certificates. The median
ow-up period for this cohort was 10 years. Women who developed
ast cancer were taller and had greater frame size (elbow width) than
men who remained free of breast cancer during the follow-up peried.
er controlling for the effect of potential confounders, the relative risk
i breast cancer was 1.9 (95% confidence interval, 1.1 to 3.1) and 2.2
95% confidence interval, 1.3 to 3.8) among women in the fourth quartiles
f stature and elbow width, respectively. Body size defined by weight,
elative weight, or skinfold measurements was not associated with in-
creased risk of breast cancer. The positive association of stature and
rame size to risk of breast cancer suggests a potential role of early
jutrition in cancer etiology.

 Animal and human studies suggest a plausible role for dietary
factors in the etiology of breast cancer (1, 2). In epidemiological
studies, the effect of diet is difficult to evaluate because of
methodological problems associated with diet assessment (3,
4). Anthropometric indices such as stature (standing height)
and weight can be measured accurately and partially reflect
dictary practices. Additionally, specific anthropometric vari-
ables may reflect distinct exposure periods. Adult stature, for
example, is determined during childhood and adolescence while
relative weight (weight adjusted for height) may be more perti-
nent to exposures during adult life.

Body weight is the anthropometric variable most frequently
reported in epidemiclogical studies of breast cancer, and several
investigators observed a direct relationship between weight and
risk of the disease (5-9). In some investigations, body weight
was corrected for stature. The resulting relative weight was
associated with increased risk of disease in some (6, 7, 10} but
not all studies (11, 12).

Breast cancer risk may be associated with body size as defined
by skeletal dimensions rather than weight. Increased stature
was associated with increased risk in some (7, 8, 10, 13), but
“not all studies (5, 11, 12, 14). Brinkley ef al. {(15) reported that
‘women with breast cancer had larger frame size (i.e., biiliac
‘width and biacromial-biiliac ratio) compared to women without
‘the disease.

Few studies of breast cancer have included anthropometric
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measurements other than weight and stature, &
example, provides an index of frame size (16) but
studied as a risk factor for breast cancer. Relative sit g
(sitting height relative to total stature) is greater in woa‘mien
have early menarche (17), a breast cancer risk facior it n
studies (18). To our knowledge, there is only one study in wh h
relative sitting height was examined as a breast cancer risk
factor. Brinkley ef al. (15) reported that relative sitting height
was reduced in breast cancer patients as compared to controis.
Although relative weight is frequently used as am index of
obesity (19, 20), skinfold measurements provide an alternative
estimate of adiposity (21). In a study by Kolonel et al. (22),
breast cancer risk was not associated with adiposity as assessed
by skinfold measurements.

Recent data from the NCHS?® provided an opportunity to
examine prospectively in a large cohort of American women
the association between breast cancer incidence and a variety
of anthropometric variables described above.

MATERIALS AND METHODS

Study Design. The NHEFS is a prospective cohort study generated
from the original National Health and Nutrition Examination Survey
(23). NHANES I was conducted by NCHS from 1971 to 1975 in a
sampie of the civilian noninstitutionalized population of the United
States (24, 25). Individuals estimated to be at increased risk of malnu-
trition (children, women of childbearing age, the elderly, and the poor)
were oversampled to improve estimates of nutritional status for these
groups. NHANES I included a sociodemographic and medical history,
a standardized medical examination, dietary questionnaire, hematolog-
ical and biochemical tests, and anthropometry. Subjects were traced
and interviewed again for the NHEFS between 1982 and 1984. A total
of 14,407 adults 25 to 74 years of age who were examined during the
period 1971 through 1975 were eligible for inclusion in the NHEFS.
Of the 8596 women in this cohort, 83% were white and 16% were

Analytical Cohort. A total of 131 breast cancer cases were identified
through hospital records or death certificates or both. For the 111 cases
identified through hospital records, the date of the first admission for
which breast cancer was listed as the discharge diagnosis was considered
the incidence date. The date of death was regarded as the incidence
date in the 20 cases for which only death certificate data were available.

Thirteen women with a history of breast cancer on the first hospital
record represented prevalent cases of breast cancer and were excluded
from the analysis. We also removed 87 women of races other than
black or white because women of all other races combined comprised
only 1% of the cohort. We did not inciude 281 women who were
pregnant or lactating within the 3 months prior to the initial interview
because several of their anthropometry measures were unique to a
temporary physiological state. We eliminated two women with missing
values for stature and weight. A few women were represented in more
than one of these exclusion categories and the potential cohort for
prospective study included 8220 women. From that group, 609 women
could not be traced and 462 women were traced as living but did not
have a follow-up interview. The response rate then was 87%. After all
exclusions, the final analytical cohort consisted of 7149 women, includ-
ing 121 women with breast cancer. The median follow-up period for
the cohort was 10 years.

3 The abbreviations used are: NCHS, National Center for Health Statistics;
NHEFS, NHANES I Epidemiological Follow-up Study; RR, relative risk.




ANTHROPOMETRY AND BREAST CANCER

Data Collection. This study was based on baseline measurements of
stature, sitting height, elbow width, weight, and subscapular and triceps
skinfold thickness. Measurements were made by trained technicians
using standardized techniques (16, 26, 27). Weight was measured to
the nearest quarter pound. Stature, sitting height, and elbow width were
recorded to the nearest tenth of a centimeter. Skinfolds were measured
to the nearest half of a millimeter. We selected the relative weight index
(weight/height'*) recommended by NCHS for women of this cohort
(28).

Information about suggested breast cancer risk factors was obtained
at baseline (i.e., age, race, education, income, alcohol use, parity, age
at menarche, menopausal status) or at the follow-up interview (i.e., age
at first birth and family history of breast cancer). Information regarding
benign breast disease was not available.

Statistical Analysis. Group mean values of anthropometric variables,
adjusted for age, were computed in general linear regression. Since
some of the anthropometric variables were right skewed, analyses were
repeated using log transformed values. Similar results were obtained
with transformed and untransformed values. Therefore, results of the
untransformed data only are presented.

A variety of known or suspected breast cancer risk factors were
evaluated for potential confounding effects (Appendix 1). In order for
a risk factor to confound an association it must be related both to the
disease and the anthropometric variable of interest. We identified as
potential confounders the following: age, age at first birth, baseline
menopausal status, education and alcohol use. Family history of breast
cancer was associated with increased risk of the disease but was not
associated with any of the anthropometric variables. Women who
experienced early menarche (=<age 12) were shorter, heavier, more obese
(assessed by relative weight and skinfold measurements), and had
greater relative sitting height than women who had menarche later.
Early menarche, however, was not clearly associated with increased risk
of breast cancer in this cohort of women. Race, parity, and income were
associated with several anthropometric variables, but these variables
were not associated with breast cancer risk in this cohort (29).

Anthropometric variables were divided into quartiles based on their
distribution in the entire analytical cohort and RR* were calculated.
We used Cox’s proportional hazards regression technigue to examine
the independent effects of each anthropometric variable with simuita-
neous adjustment for age {modeled as a continuous variable) and
potential confounders (30). Quartiles of each anthropometric variable
were converted to a continuous variable with four values, and the latter
was included in regression analysis to assess trend (31). The analyses
were performed with the PROC PHGLM procedure available in the
SAS statistical package (32).

RESULTS

The age-adjusted mean values of the anthropometric meas-
ures of cases and noncases are shown in Table 1. Women who
developed breast cancer were taller and had greater elbow width
than women who remained free of cancer during the follow-up
period. Differences between groups were not statistically signif-
icant for comparisons of relative sitting height, weight, relative
weight, or skinfold thickness at either a central or a peripheral
site.

Relative risks of breast cancer across quartiles of anthropo-
metry variables are shown in Table 2. Risk of breast cancer
again was associated only with stature and elbow width. In-
creased stature was associated with several breast cancer risk
factors (i.e., late age at first birth, premenopausal status, greater

* Relative risk is a measure of association used for evaluating effects of an
exposure(s) variable. The relative risk is a measure of the risk of disease among
those having a particular exposure compared to those not exposed. A relative risk
of 1.0 would indicate no difference in risk between those exposed and those
unexposed. A relative risk of 2.0 would indicate that exposed individuals had a
risk of the disease twice that of those not exposed. For anthropometric variables
with several categories of exposure (i.e., quartiles) risk was compared to a baseline
of the first exposure level.

Table 1 Age-adjusted mean values of anthropometry variables of women Withoy
breast cancer (noncase) versus women who developed the disease (case)

Noncase Case o
(N = 7028)" (N=121) P

Stature (cm) 161.2 162.3 0.04
Relative sitting ht’ 0.528 0.527 0.48
Elbow width (cm) 6.3 6.4 0.03
Wt (kg) 66.6 67.4 0.61
Relative wt® 32.6 32.6 0.97

Skinfold thickness (mm}

Subscapular 20.0 20.1 0.92
Triceps 24.0 24.6 0.46

% Sample size varied slightly among analyses due to missing values.
® Sitting height/stature.
“ Weight (kg)/stature (meter)".

than high school education, and alcohol use). Controliing for
the effect of potential confounders did not remove the associ.
tion between stature and the risk of breast cancer. Women iy
the top category of stature had about a 1.9-fold risk of the
disease as compared to the shortest women. The test for trengd
across quartiles of stature was statistically significant (P =
0.03). Increased elbow width was associated with several factors
protective against breast cancer (i.e., early age at first birth,
postmenopausal status, high school education or less, and non-
drinking). Adjustment for confounding variables increased the
risk estimates for each quartile of elbow width, and the test for
trend was statistically significant (P = 0.01). Women in the
highest quartile of elbow width had about a 2.2-fold risk of
breast cancer as compared to women in the lowest quartile.
Relative sitting height was not associated with breast cancer
risk. Adjustment for potential confounders did not substantially
change the risk estimates associated with refative sitting height,
None of the weight or obesity indices was related in consistent
fashion to risk of the disease. Similar to elbow width, increased
weight, relative weight, and skinfold thickness were associated
with factors protective against breast cancer. Adjustment for
potential confounders increased the fourth quartile risk esti-
mates about 15 to 20%, but the adjusted risk estimates were

not significantly different from unity. There was no evidence of !
dose-response before or after controlling for potential confoun- |

ders. Women in the lowest quartile of triceps skinfold thickness
were at decreased risk of breast cancer as compared to women
in the other three quartiles. However, none of the risk estimates
associated with triceps skinfold was significantly different from
unity and there was no evidence of trend across quartiles. When
subscapular skinfold thickness was used as the measure of
adiposity, there was no evidence of association between fatness
and risk of breast cancer.

Additional Analyses. We assessed the independent effects of
stature and elbow width by including both variables simultane-
ously in the proportional hazards model® (data not shown). The
risk estimates for stature and elbow width were reduced when
the two variables were assessed concurrently. When we con-
trolled for potential confounders, the risk estimate for the
fourth quartile of stature (RR = 1.6) included unity and the
fourth quartile estimate for elbow width (RR = 2.0) was signit-
icantly different from unity. The test for trend across quartiles
of stature was not statistically significant (P = 0.15) and the
test for trend across quartiles of elbow width was only margin-
ally significant (P = 0.05).

In another analysis (Table 3), we evaluated the combined

effect of largest frame size and tallest stature. Women in the |

fourth quartile of stature were classified as tall, and individuals
in the other three quartiles were described as “short.” Similarly,

5 Elbow width and stature were significantly correlated in this data set (Spear-
man correlation coefficient, 0.2).
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ANTHROPOMETRY AND BREAST CANCER

able 2 Relative risk of breast cancer across quartiles of anthropometry variables

Quartile
Trend test
Variable 1 2 3 4 (P)
Stature (cm)
Mean 153 159 163 169
Cases 27 31 27 36
Total 1803 1758 1808 1780
RR* 1.0 1.4 1.3 2.0 0.01
RR* 1.0 1.4 1.3 1.9 0.03
CI (0.8-2.4) (0.7-2.2) (1.1-3.2)
FElbow width (cm)
© Mean 5.8 6.1 6.4 7.0
Cases 19 23 35 44
Total 1890 1360 2304 1594
RR 1.00 1.5 1.2 2.0 0.03
RR* 1.00 1.6 1.3 2.2 0.01
CI (0.9-3.0) (0.8-2.3) (1.3-3.8)
Relative sitting ht
. Mean 0.508 0.524 0.533 0.546
Cases 40 32 22 27
Total 1785 1787 1786 1785
RR 1.0 0.9 0.7 0.9 0.43
RR* 1.0 0.8 0.6 0.9 0.38
Cl (0.5-1.3) (0.4-1.1) (0.5-1.4)
Wt (kg)
Mean 51 60 68 87
Cases 30 26 29 36
Total 1796 1789 1781 1783
RR 1.0 0.8 0.8 1.0 0.86
RR* 1.0 0.8 0.9 1.2 0.45
CI 0.5-1.4) (0.3-1.4) (0.7-1.9)
Relative wt (wt/stature'*)
Mean 25 29 33 42
Cases 27 32 24 38
Total 1787 1788 1787 1787
RR 1.0 1.0 0.7 1.0 0.89
RR* 1.0 1.1 6.7 1.3 0.54
CI (0.6-1.8) (0.4-1.3) (0.8-2.1)
Skinfold (mm)
Triceps
Mean 14 21 26 35
Cases 20 36 33 32
Total 1692 1882 1746 1823
RR 1.0 1.5 1.4 1.4 0.45
RR* 1.0 1.6 1.4 1.6 0.19
CI (0.9-2.7) (0.8-2.5) (0.9-2.8)
Subscapular
Mean 8.2 14.6 22.4 34.6
Cases 30 31 26 34
Total 1755 1890 1658 1829
RR 1.0 0.8 0.7 0.9 0.71
RR* 1.0 0.9 0.8 1.1 0.79
CI (0.5-1.4) (0.5-1.4) (0.7-1.8)

*RR includes only age in the proporiional hazards model; RR* includes age,
age at first birth (<20, 220, nulliparous), baseline menopausal status (pre, post),
education (<high school, >high school), and alcohol use (no, yes); CI, confidence
interval.

the fourth quartile of elbow width was used to identify wide and
“narrow” frame size. Relative risk of breast cancer increased
among women described either as tall but narrow (RR = 1.7)
or wide framed but short (RR = 1.8). The relative risk estimate
for the combined effect of largest frame and tallest stature was
2.0 (95% confidence interval, 1.1 to 3.6}. The test for interaction
between stature and frame size was not statistically significant
(P =0.27).

In some studies, relative weight has been reported to be
directly associated with breast cancer risk in women diagnosed

Table 3 Relative risk of breast cancer by cross-classification of stature and elbow

width
C a
— ateory RR*? RR*
Stature Frame Case Total (95% CI) (95% CI)
Short Narrow 88 4312 1.0 1.0
Short Wide 30 1057 1.7 1.8
(1.1-2.7) (1.2-2.9)
Tall Narrow 22 1242 1.9 1.7
(1.1-3.1) (1.0-2.8)
Tall Wide 14 537 2.0 2.0
(1.1-3.6) (1.1-3.6)

2 Individuals were classified as short or tall, narrow or wide based on the fourth
quartile cuts of stature and elbow width, respectively.

5 RR includes age in the proportional hazards model; RR* includes age, age
at first birth (<20, =20, nulliparous), baseline menopausal statue (pre, post),
education (<high school, >high school), and alcohol use (no, yes); CI, confidence
interval.

postmenopausally and inversely related to risk in women with
premenopausal disease (8, 14, 33, 34). We were not able to
define with certainty the menopausal status at diagnosis except
in women who were postmenopausal at baseline (N = 78). Risk
estimates for relative weight and thickness did not increase
when the analysis was restricted to that subset of the analytic
cohort (data not shown).

Because of the possibility of joint confounding, we performed
additional analyses which included family history, age at men-
arche, parity, income, and race as potential confounders. The
risk estimates generated from these analyses were not different
from those presented in Tables 2 and 3.

DISCUSSION

In this cohort of women, stature was associated with risk of
breast cancer. As a group, women who developed the disease
were about 1 cm taller than women who were free of cancer
during the follow-up period. The small but statistically signifi-
cant difference of mean values may appear trivial, but we
observed an increasing trend across quartiles of exposure which
more convincingly suggested an association between stature
and risk of disease.

Our observation of an association between stature and breast
cancer risk was unlikely to be due to confounding or other
sources of bias. We considered the possibility of selection bias,
but it is unlikely that elimination criteria were associated with
stature such that shorter women with breast cancer were pref-
erentially removed from the analysis. Qur results were not due
to measurement bias given that the anthropometry determina-
tions were made prospectively. In a large retrospective cohort
study of 900,000 women in Norway, Waaler and Lund (35)
observed that women who developed breast cancer were about
0.5 cm taller than women without the disease. They concluded
that stature was not a risk factor for breast cancer because the
difference in height was probably explained by social class, a
recognized breast cancer risk factor. In our study, stature was
associated with socioceconomic status, but adjustment for socio-
economic status (i.e., education and income) and other factors
did not remove the association between stature and risk of the
disease. When stature and elbow width were assessed concur-
rently, the effect of each variable was less pronounced. The two
variables may reflect the same phenomenon, and controlling
for one then could diminish the relative effect of the other.

Elbow width provided another index of skeletal size. As with
stature, the difference in mean values of cases and noncases was
small but statistically significant. When the women were clas-
sified into quartiles of elbow width, we again observed a dose-
response refation. The effect of elbow width was not explained
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ANTHROPOMETRY AND BREAST CANCER

by confounding by other risk factors. In fact, large frame size
was associated with a number of risk categories protective
against breast cancer and adjustment for these factors elevated
the risk estimates for elbow width. The effect of elbow width
was not explained by its correlation with stature. When both
variables were included simultaneously in the proportional haz-
ards analysis, the effect of elbow width was only slightly re-
duced. When stature and frame size were converted to dichot-
omous variables, both were associated with increased risk of
breast cancer, but the combined effect of the two factors did
not increase risk further. Perhaps the two anthropometric vari-
ables describe the same underlying process which can be iden-
tified by either factor. Our results are in general agreement with
those of Brinkley et al. (15) who identified skeletal size as a
potential breast cancer risk factor. More recently, Kolonel et
al. (22) reported that both stature and shoe size were associated
with an increased risk of breast cancer among Japanese women,
Shoe size may provide another index of frame size.

Early menarche is generally recognized as a breast cancer
risk factor (18). We attempted to identify a specific anthropo-
metric variable (i.e., relative sitting height) which would illus-
trate the association. Women who reported early menarche had
greater relative sitting height, consistent with the observations
of Eveleth and Tanner (17), but this body proportion was not
associated with risk of disease. Perhaps relative sitting height
did not serve as a proxy for age at menarche since it is but one
of many variables related to the onset of sexual maturity.

A relatively extensive literature indicates that body weight is
a breast cancer risk factor (5-9). Those findings are in opposi-
tion to results of the NHEFS study reported here. The pro-
spective nature of the NHEFS minimized the possibility of
selection bias and measurement bias was unlikely. Since in-
creased weight was associated with categories of risk factors
protective against breast cancer, it was possible that an associ-
ation could have been masked. Adjustment for potential con-
founding variables did not, however, significantly change the
risk estimates. Body weight was assessed approximately 10
years prior to the diagnosis of breast cancer. It is possible that
excess weight is most relevant to late stage tumor promotion,
and we did not assess weight near the end of the follow-up
period.

Body weight is highly correlated with stature and must be
adjusted for the latter to have relevance as an index of obesity.
In contrast to other studies (6~7, 10), relative weight (weight
adjusted for height) was not associated with risk of breast cancer
in the NHEFS cohort. Divergent results regarding relative
weight and risk of breast cancer are not remarkable given that
this anthropometry variable serves as a composite measure of
several factors. Relative weight reflects both fat and lean com-
partments of the body and is related to body build and body
proportions (36, 37). In studies in which relative weight was
associated with breast cancer, perhaps the associations were
due to frame size, body proportions, and/or amount of lean
tissue rather than adiposity. It is also possible that relative
weight describes different components of body size in different
population groups.

The majority of adipose tissue is deposited s.c. and skinfold
measurements provide a more direct measure of adiposity than
weight or relative weight. Kelonel ef al. (22) measured triceps
skinfold thickness of postmenopausal women in Hawaii. In that
study, skinfold thickness was not associated with breast cancer
risk and the investigators expressed concern regarding meas-
urement error associated with skinfold determinations. Among
women of the NHEFS cohort, skinfold thickness did not

emerge as a breast cancer risk factor. Skinfold determination
of very obese women are subject to error, and it is possible thy;
adiposity was underestimated in obese women. However, it jg
unlikely that these women were misclassified into lower guay.
tiles of skinfold thickness. If adiposity is in fact a risk factoy
for breast cancer, either we failed to identify the appropriage
index and/or did not identify the relevant exposure period.

In summary, body size defined by either stature or frame sizg
(elbow width) was associated with breast cancer risk. Stature
and frame size per se are not causal factors. They serve ag
surrogates of other exposures. Undoubtedly, nutrition acts g
one important determinant of skeletal growth, but we cannot
define the nature of dietary exposures which influenced stature
or frame size. Given that skeletal growth is nearly complete
before adulthood, adolescence and even childhood may be crit-
ical periods related to future risk of breast cancer. Body size
defined by weight and adiposity indices were not associated
with breast cancer risk in this cohort of women. If weight and/
or body composition are related to breast cancer, perhaps
critical exposure periods also must be identified.
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APPENDIX

Mean values of anthropometric variables in relation to known or sus-
pected breast cancer risk factors

Variables were age adjusted by general linear regression. Several
reproductive and socioeconomic status variables were race dependent.
For ease of interpretation, risk factors were adjusted both for age and
race.

Anthrop(;}netry variable

Rela- Skinfold (mm)
tive e
Stat- Flbow  sit- Rela-
Risk ure  width ting Wt tive Sub- Tri- |
factor N {cm) (cm) ht (kg) wt  scapular ceps I
Age (yr)
24-34 1670 162.9° 6.2° 0.531° 63.5° 305" 17.6° 22.2°
35-44 16890 163.0 6.3 0530 674 324 200 243
45-54 1082 161.7 6.4 0531 683 332 214 25.6
55-65 879 159.7 6.5 0528 689 34.1 222 259
=65 1831 1583 6.5 0.522 66.7 335 201 23.7
Race
Black 1117 1614 6.5° 0.516° 72.7° 355 249 250
White 6034 161.2 6.3 0.530 655 32.0 19.0 239
Family
history
No 6499 161.2 6.3  0.528 66.7 326 20.0 240
Yes 408 161.5 6.3 0.528 662 322 19.5 24.0
Age (yr) at
menarche
<12 2675 160.5°  6.4° 0.530° 67.9° 33.4° 21.2° 248"
=13 4348 1616 6.3 0.527 659 327 19.2 23.8
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1 for age and

kinfold (mm)ﬁ
Sub- Tri-
apular ceps
17.6°  22.2°
20.0 24.3
21.4 25.6
22.2 259
20.1 23.7
4.9 25.0°
9.0 23.9

0.0 24.0
9.5 240
1.2° 24.8°
9.2 23.5

‘ (ppendix—continued

Anthropometry variable

Rela- Skinfold (mm)
tive e
Stat- Elbow  sit- Rela-
ure  width ting Wt tive Sub-  Tri-
N {cm) (cm) ht (kg) wt  scapular ceps

status
Pre 3447 161.3 6.3 0.527° 664 324 19.6 23.6%
Post 3694 161.0 6.3 0.529 669 32.7 20.3 24.4

ge (yr) first

birth
=19 1962 160.6° 6.4° 0529 67.8° 33.3* 209 24.7¢
20-24 2698 161.3 6.3 0.528 66.5 324 19.8 242
=25 1244 1615 6.3 0.528 654 319 194 239
Nullipa- 865 162.0 63 0.527 664 322 19.0 228
rous
arity
0 1186 161.9° 6.3° 0.527 66.1° 32.1* 18.9° 226°
1 1027 1614 6.3 0.527 64.4 314 186 229
2-3 2862 161.1 63 0.528 659 322 19.7 241
2058 1608 6.4 0.528 69.1 339 217 252

2998 160.3" 6.4° 0.528 68.3° 33.6° 21.0° 24.5°
2649 1615 63 0.528 661 322 198 24.1
1467 1625 63 0.527 644 31.1 179 231

2448 160.4" 6.4° 0.5277 67.7° 33.3° 20.6° 239
1691 161.2 6.4 0.529 67.6 33.0 203 245
2138 161.7 6.3 0.529 658 320 195 242

614 1624 63 0529 64.1 31.0 179 236

-Alcohol use
No 3612 160.8° 6.4° 0528 68.0° 33.3° 21.0° 24.9°
Yes 3521 1616 6.3 0.528 653 31.8 18.9 231

“ Mean values significaﬂtly different (P < 0.01).
& Menopausal status at baseline.

 REFERENCES

i 1. Byers, T., and Graham, S. The epidemiclogy of diet and cancer. Adv. Cancer
: Res., 41: 1-69, 1984,
i 2. Willett, W. C., and MacMahon, B. Diet and cancer—an overview (second of
: two parts). N. Engl. J. Med., 310: 697-703, 1984,
i 3. Block, G. A review of validations of dietary assessment methods. Am. J.
: Epidemiol., 7115: 492-505, 1982.
i 4. Walker, A. M., and Blettner, M. Comparing imperfect measures of exposure.
: Am. J. Epidemiol., 721: 783-790, 1985.
i 5. Lin, T. M., Chen, K. P., and MacMahon, B. Epidemiologic characteristics
i of cancer of the breast in Taiwan. Cancer (Phila.), 27: 1497-1504, 1971.
6. Choi, N. W., Howe, G. R., Miller, A. B., ef al. An epidemiologic study of
breast cancer. Am. J. Epidemiol., 107: 510-521, 1978.
7. Brinton, L. A., Hoover, R., and Fraumeni, J. F. Epidemiology of minimal
breast cancer. JAMA, 249: 483-487, 1983,
8. Kalish, L. A. Relationships of body size with breast cancer. J. Clin, Oncol.,
: 2: 287-293, 1984.
= 9, Najem, G. R., Rush, B. F., Miller, F. W., et al. Pre- and postmenopausal
;' breast cancer. Prev. Med., 11: 281-290, 1982.
:10. De Waard, F., and Baanders-Van Halewijn, E. A. A prospective study in
: general practice on breast-cancer risk in postmenopausal women. Int. J.
: Cancer, 14: 153-160, 1974,
'11. Adami, H. O., Rimsten, A., Stenkvist, B., and Vegelius, J. Influence of

12.

13.

14,

16.

17,

18.

19.
20.
21

22,

23.

24,

26.

27.

28.

29.

ANTHROPOMETRY AND BREAST CANCER

height, weight, and obesity on risk of breast cancer in an unselected Swedish

population. Br. J. Cancer, 36: 787-792, 1977.

Wynder, E. L., MacCornack, F. A., and Stellman, 8. D. The epidemiology

of breast cancer in 785 United States Caucasian women. Cancer (Phila.), 41:

2341-2354, 1978.

Valaoras, V. G., MacMahon, B., and Trichopoulos, D. Lactation and repro-

ductive histories of breast cancer patients in greater Athens, 1965-1967. Int.

J. Cancer, 4: 350--363, 1969.

Willett, W. C., Browne, M. L., Bain, C., et al. Relative weight and risk of

P;l;eélst ;ancer among premenopausal women. Am. J. Epidemiol., 122: 731~
, 1985,

. Brinkiey, D., Carpenter, R, G., and Haybittle, J. L. An anthropometric study

of women with cancer. Br, J. Prev. Soc. Med., 25; 65-75, 1971.

Frisancho, A. R. New standards of weight and body composition by frame
size and height for asscssment of nmtritional status of adults and the elderly,
Am. J. Clin. Nutr., 40: 808-819, 1984.

Eveleth, P. B., and Tanner, J. M. Worldwide Variation in Human Growth.
Cambridge, United Kingdom: Cambridge University Press, 1976.

Kelsey, J., and Hildreth, N. G. Cancer of the breast, /n: Breast and Gynecol-
ogic Cancer in Epidemiology, pp. 5-70. Boca Raton, FL: CRC Press, Inc.,
1983.

Khosla, T., and Lowe, C. R. Indices of obesity derived from body weight and
height. Br. J. Prev. Soc. Med., 21: 122-128, 1967.

Keys, A., Fidanza, F., Karvonen, M. J., Kimura, N., and Taylor, H. L. Indices
of relative weight and obesity. J. Chronic Dis., 25 329-343, 1972.
Womersley, J., and Durnin, J. V. G. A. A comparison of the skinfold method
with extent of “overweight” and various weight-height relationships in the
assessment of obesity. Br. J. Nutr., 38: 271-284, 1977.

Kolonel, L. N,, Nomura, A. M. Y., Lee, J., and Hirohata, T. Anthropometric
indicators of breast cancer risk in postmenopausal women in Hawaii. Nutr.
Cancer, 8: 247-256, 1986.

Madans, J. H., Kleinman, J. C., and Cox, C. 8. Ten years after NHANES I:
report of the initial follow-up, 1982-84. Public Health Rep., 101: 465-473,
1986.

National Center for Health Statistics. Plan and operation of the Health and
Nutrition Examination Survey. DHEW Publication No. (79-1310). Hyatts-
ville, MD: National Center for Health Statistics, 1973,

. National Center for Health Statistics. Instruction Manual: data collection.

Part 15a. Hanes Examination Staff Procedures Manual for the Health and
Nutrition Examination Survey, 1971-1973. GPO Publication No. 722-554/
89. Washington, DC, Government Printing Office, 1972.

Miller, H. W. Plan and operation of the Health and Nutrition Examination
Survey, United States, 1971-1973. Rockville, MD: National Center for
Health Statistics, 1973. (Vital and health statistics. Series 1: Programs and
Collection Procedures, Nos. 10a and 10b [DHEW Publication No. (HSM)
73-1310].)

Engel, A., Murphy, R. S., Maurer, K., and Collins, E. Plan and operation of
the Hanes 1 Augmentation Survey of Adults 25-74 Years, United States,
1974-1975. Hyattsville, MD: National Center for Health Statistics, 1978.
(Vital and Health Statistics. Series 1: Programs and Collection Procedures,
No. 14 [DHEW Publication No. (PHS) 78-1314].)

National Center for Health Statistics. Obese and overweight adults in the
United States. Hyattsville, MD: National Center for Health Statistics, 1983,
(Vital and Health Statistics. Series 11, No. 230 [DHHS Publication No.
{PHS) 83-1680}.)

Carter, C., Jones, D. Y., Schatzkin, A., and Brinton, L. A. Risk factors for
breast cancer in the NHANES T epidemiologic follow-up study. Public Health
Rep., in press.

. Cox, D. R., and Oakes, D. O. Analysis of Survival Data. London: Chapman

and Hall, 1984,

. Rothman, K. J. Analysis with multiple levels of exposure. In: Modern

Epidemiology, pp. 327-350. Boston: Little, Brown and Co., 1986.

. SAS Institute, Inc. SUGI Supplemental Library User’s Guide, 1983 edition.

Cary, NC: SAS Institute, 1983.

33. Helmrich, S. P., Shapiro, S., Rosenberg, L., et al. Risk factors for breast

5367

cancer, Am, J. Epidemiol., 117: 35-45, 1983.

. Lubin, F., Ruder, A, M., Wax, Y., and Modan, B. Overweight and changes

in weight throughout adult life in breast cancer etiology. Am. J. Epidemiol.,
122: 579-588, 1985.

. Waaler, H. T., and Lund, E. Association between body height and death

from breast cancer. Br. J. Cancer, 48: 149-150, 1983.

. Garn, 8. M., Leonard, W. R., and Hawthorne, V. M, Three limitations of

the body mass index. Am. J. Clin. Nutr., 44: 996-997, 1986.

. Garn, S. M., Leonard, W. R., and Rosenberg, K. Body build dependence,

stature dependence and influence of lean tissue on the body mass index. Ecol.
Food Mutr., 19: 163-165, 1986.




