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ABSTRACT

Endometrial cancer is associated with increased weight and body size,

diabetes, and other conditions that may result from an excess in calories
or lack ofphyslcal activity. Although a few studies have explored the effect
of dietary constituents on the risk of endometrial cancer, the nature of the
joint association ofthese constituents and obesity, energy intake, or energy
expenditure with risk is unknown. A population-based case-control study

was conducted in Hawali to examine the association ofdiet, body size, and
physical activity with the risk of endometrial cancer. Subjects included
332 histologically confirmed, primary endometrial cancer cases and 511
controls identified between 1985 and 1993. Cases and controls were resi

dents of Oahu, HawaII who were between 18 and 84 years of age and were
from one of the following ethnic groups: Japanese, Caucasian, Native

Hawaiian, Fifipino, and Chinese. Cases were identified through the Ha
waii Tumor Registryand matched to the controlson age (Â±2.5years) and
ethnicity. In-person interviews, conducted in the subjects' homes, included

dietary, reproductive, menstrual, and medical histories and use of exog

enous hormones, physical activity, and other lifestyle variables. Weight,
girth, and skinfold measurements were taken at the time of the interview.
We found a strong dose-response relation of Increased body size to the
development of endometrial cancer after adjustment for energy Intake.
The odds ratio (OR) for endometrial cancer among women in the highest
quartile of body mass index (BMI; kg/m2) was more than four times that

among women in the lowest quartile. Waist, hip, midarm, and wrist girths
were positively associated with the estimated risk of endometrial cancer
after adjustment for total calories and other nondietary risk factors,
although the trends in the ORs were attenuated after adjustment for BMI.
Physically active women had a modest reduction In their risk of disease
compared with inactive women. Cases consumed a greater percentage of

their calories from fat and a lower percentage of their calories from

carbohydrates than did controls. Adjustment for BMI reduced the ORs
for the highest compared with the lowest quartile of fat calorie Intake
from 2.0 (95% confidence Interval, 1.3â€”3.2)to 1.6 (95% confidence Inter

val, 1.0â€”2.6),suggestIng that part of the association is explained by
obesity. There was a differential effect of fat on endometrial cancer

according to BMI. For all components of fat, the associations with endo

metrial cancer were either mlnlmzi or absent among leaner women (i.e.,

those with BMI below the median), whereas, among more obese women,
two-fold differences in risk were observed between women above and
below the median of fat Intake. Foods that are high in fat and cholesterol,
such as red meat, margarine, and eggs, were positively associated with
endometrial cancer, whereas cereals, legumes, vegetables, and fruits, par
ticularly those high in lutein, were Inversely aasodated@These findIngs
suggest that women who avoid being overweight and who consume a diet
low in plant and animal fats and high in complex carbohydrates are at a
reduced risk of endometrial cancer.

INTRODUCTION

Risk factors for endometrial cancer, including reproductive history
and the use of exogenous hormones, suggest a hormone dependence
for this cancer (1â€”11). Endometrial cancer is positively associated
with obesity and diabetes (2, 5, 7, 8â€”15),conditions that may result
from an excess in energy intake or a deficit in energy expenditure, and
that are known to alter endogenous hormone levels (16, 17). Dietary
associations suggesting that differences in consumption of various
foods and nutrients may underlie some of the observed variation in
incidence among populations are beginning to emerge. Ecological
studies have shown a positive correlation between per capita fat and

animal protein consumption and the incidence of endometrial cancer
(18, 19). In a correlational analysis of cancer incidence rates and mean
nutrient intakes among five ethnic groups in Hawaii, endometrial

cancer was positively related to consumption of saturated and unsat
urated fat and animal protein (18). A similar result was found in a

large international correlation study of per capita fat consumption and
uterine cancer incidence and mortality (19).

Although it now appears that diet may be related to the risk of
endometrial cancer (7, 8, 20â€”22), the specific dietary components

involved are still unclear. Few studies have analyzed the effect of
dietary constituents on the risk of endometrial cancer and, more
particularly, the interaction of these constituents with obesity, energy
intake, and physical activity. The major objective of this analysis was
to examine the association of dietary factors, especially fat and related
foods, with the etiology of endometrial cancer, and to determine the
extent to which these associations are influenced by anthropometric
variables. We also wished to investigate the relationship of energy

intake to endometrial cancer risk and to separate the effect of calories
from the effect of fat and other dietary components. Finally, we
wanted to characterize the joint effects of dietary and nondietary
factors, especially obesity, on risk.

MATERIALS AND METHODS

We conducted a population-based case-control study of endometrial cancer
on the island of Oahu, Hawaii, between January 1, 1985, and June 1, 1993.
Eligible women were residents of Oahu who were 18â€”84 years of age and who
belonged to one of the five major ethnic groups in Hawaii: Japanese, Cauca
sian, Native Hawaiian (defined as any part Hawaiian), Filipino, and Chinese.
Women with incident, histologically confirmed, primary endometrial cancer
(International Classification of Diseases for Oncology code 182.0; Ref. 23)

were identified through medical records and pathology reports by the rapid
reporting system of the Hawaii Tumor Registry, part of the National Cancer
Institute-sponsored Surveillance, Epidemiology, and End Results program
(24).

Interview information was obtained from 356 cases, which represented 66%
of the 540 eligible women. Reasons for nonparticipation included physician
refusal (1%); patient refusal (14%); and death, inability to locate, language
barrier, or psychological reasons usually associated with the illness (19%). For
this analysis, we excluded 15 women with malignancies having morphology
codes greater than 888 (23) and 9 cases with missing nondietary information,
yielding a final sample of 332 cases.

Potential controls were selected randomly from lists of female Oahu resi
dents who were interviewed by the Health Surveillance Program of the Hawaii

Department of Health. Each year, the Department of Health identifies a 2%

representative sample of all households in the state with a sampling procedure

Received 5/2/97; accepted 9/17/97.
The costs of publication of this article were defrayed in part by the payment of page

charges. This article must therefore be hereby marked advertisement in accordance with
18 U.S.C. Section 1734 solely to indicate this fact.

1 This investigation was supported in part by USPHS Grants POl-CA-33619,

ROl-CA-58598, ROl-CA-55700, and P20-CA-57113 and by contracts NOl-CN-05223
and NOl-CN-55424 from the National Cancer Institute, NIH, Department of Health and
Human Services.

2 To whom requests for reprints should be addressed, at Etiology Program, Cancer

Research Center, University of Hawaii, 1236 Lauhala Street, Honolulu, HI 96813.

5077

Diet, Body Size, Physical Activity, and the Risk of Endometrial Cancer1

Marc T.@ j@ H. Hankin, Lynne R. Wilkens, Li-Ching Lyu, Katharine McDuffle, Lucy Q. Liu, and

LaurenceN. Kolonel

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/57/22/5077/2465164/cr0570225077.pdf by guest on 19 M

ay 2023
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modeled after that of the National Health Survey (25). A total of 1023 women
meeting the eligibility criteria who were interviewed by the Department of
Health between 1983 and 1993 were contacted to participate in the study.
Interviews were obtained for 742 (73%) of these women who were individu
ally matched 2: 1 or 3: 1 to each case on ethnicity and age (Â±2.5years). Reasons
for nonparticipation included refusal to be interviewed (18%); inability to
locate, mental incompetence, or language barrier (8%); and death or illness

(1%). Among interviewed women, 219 were hysterectomized, and I2 were
matched to cases who were subsequently excluded, leaving 511 controls with
intact uteri available for analysis.

Our trained interviewers conducted the majority (>90%) of interviews in
the subjects' homes. All interviews were administered uniformly, regardless of
the location of the interview. The questionnaire included a diet history;
reproductive, menstrual and medical histories; and use of exogenous estrogens,

physical activity, and other lifestyle practices. The diet history included 250
food items or food groups that were selected from measured food records of
representative women in each of the ethnic groups studied (26). Cases were
asked about their usual diet during the year prior to diagnosis, whereas controls
were asked about their usual diet during the year before the interview. For each
food item, we obtained frequency data on the number of times per day, week,
month, or year the item was consumed, along with quantitative estimates of the
usual amounts consumed. For most items, the subjects selected amounts

consumed from color photographs showing three different size portions. These

portions were based on the identification of three modes in the distributions of

the amounts consumed of the items reported in the measured food records.
Specific inquiry was made about added fats and oils, as well as supplements.
The dietary data were analyzed using our multiethnic food composition data
base compiled from several sources (27â€”30),which includes more than 3000
food items and recipes and more than 95 dietary components. The specific
nutrient intakes for each person were computed as the sum of nutrients divided
by all foods.

Both recreational and nonrecreational (occupational) physical activities
were assessed. We asked about the frequency (months/year) and duration
(hours per week or month) of all recreational activities engaged in for at least
I h a week for 6 months (or 26 h a year) from the age of 15 years. The specific
activity was recorded, along with the ages during which the activity was
performed. Hours spent per week or month at moderate to heavy nonrecre
ational activities were also recorded, including walking, stair climbing, lifting,
house cleaning, and other activities requiring physical exertion. Summary
measures were created separately for recreational and nonrecreational physical
activity as the lifetime hours since age 15.

Body measurements taken by the interviewer included body weight by a

calibrated digital bathroom scale (Health 0 Meter) to the nearest 0.1 pound,
circumferences by a roll tape (Hoeschtmass) to the nearest 0.1 cm, and
skinfolds by a calibrated caliper (Lange) to the nearest 0.1 mm. Waist and hip
girths were measured over skin in the majority (53%) of participants. We
subtracted 0.2 cm from measurements made over clothes to achieve compa
rability. Left midarm girth was measured at the midpoint of the left upper arm
between the acromion and olecranon processes, left wrist girth was measured

at the widest area over the protruding bone, waist girth was measured at the
smallest area on the torso (near the umbilicus) at the end of normal expiration,
and hip girth was measured at the maximum extension of the buttocks. The
average value for two measurements of the thceps skinfold measurement,
taken in the posterior of the left midarm, was used in the analysis. A BMI3 was

calculated as weight (kg)/height (rn)2 to serve as an index of general adiposity,
and the ratio of the waist:hip and arm:wrist measurements was used to assess
the distribution of body fat.

Analysis of covariance was used to compare the means of log-transformed

intakes of nutrients, foods, and body size measurements between cases and

controls while adjusting for age, ethnicity, and energy intake (31). Partial
Pearson correlations (rn) of continuous dietary and nondietary variables ad
justing for age and ethnicity were calculated to evaluate colinearity. These

means and correlations guided subsequent analyses. The risks associated with

different levels of the exposure variables were evaluated by conditional logistic
regression modeling case-control status (32). Odds ratios and 95% CIs were

computed by exponentiating the coefficients (and the 95% CIs) for the binary

3 The abbreviations used are: BMI, body mass index; CI, confidence interval.

indicator variables representing quantiles of the variable of interest. Nondietary
adjustment variables included pregnancy history (ever versus never pregnant),
oral contraceptive use (at least 1 month versus never or less than one),
unopposed estrogen use (at least 1 month versus never or less than 1 month),
diagnosis of diabetes (yes versus no), and BMI (in most analyses as a

continuous variable).
We used various methods of energy adjustment, including the standard

multivariate method (33), in which energy intake is included as a covariate in
the regression model; the residual method (34), in which the residuals of
nutrient intake regressed on total energy intake are analyzed; and the partition

method (35), in which energy intake is partitioned into macronutrient sources,
e.g., energy from fat. In some models, we used the nutrient density method for

energy adjustment, in which the calories from each macronutrient are divided

by total energy to derive the percentage of energy from each macronutrient
source. Odds ratios were generally similar for the residual and standard
methods, so we present results for the standard method in which energy was

introduced as a log-transformed model covariate. In selected analyses, we
adjusted separately for log-transformed energy from fat or carbohydrates,
instead of total energy, because these indices were less correlated than total

energy with the nutrients and foods of interest.
Food sources of vitamin A, p3-carotene,and lutein were included as addi

tional continuous model covariates in various analyses, although these are not

presented, because differences in the results were slight. We performed a test
for linear trend in the logit of risk by comparing twice the difference in log
likelihoods for models with and without a trend variable, based on a C2
distribution with 1 degree of freedom. The trend variable was assigned the

median for the appropriate quantile or category. The likelihood ratio test was
also used to evaluate the interaction between BMI and selected dietary van

ables on the risk of endometrial cancer in Table 6. This test compared a

no-interaction model containing main effect terms with a fully parameterized
model containing all possible interaction terms for the variables of interest.

RESULTS

Matched endometrial cancer case-control sets were similar with
respect to age and ethnicity as shown in Table 1. More than one-half

of the subjects were of Asian ancestry, one-fourth were Caucasian,
and the remaining subjects were of Hawaiian or part-Hawaiian an
cestry. Pregnancy and oral contraceptive use were inversely related to
the odds ratios for endometrial cancer, and the use of unopposed
estrogen and a history of diabetes were positively associated with
estimated risk. We found little relation between menopausal status, a
history of hypertension, tobacco use, alcohol use, or education (data
not shown) and endometrial cancer risk.

Energy intake, particularly from fat, was significantly higher
among cases than among controls (Table 2). Cases reported consum
ing 11% more total calories and 18% more fat calories than did
controls. Cases also derived a slightly greater proportion of their
calories from fat than controls, and a lower proportion of their calories
from carbohydrates. Greater absolute differences in intake between
cases and controls were found for unsaturated fat than for saturated fat
and for plant fat than for animal fat. Dietary cholesterol was also
higher among cases than among controls. Corresponding to their

energy intake, endometrial cancer cases weighed more than controls,
had higher BMIs, and had greater girth measurements. The ratios of
the waist:hip and arm:wrist girths were also higher among cases than
controls. Controls reported a longer duration of moderate to heavy
nonrecreational physical activity than cases, but there were no differ

ences in reported recreational physical activity.

The estimated risk of endometrial cancer in this population was
positively associated with energy intake and body size (Table 3). We
found a positive, monotonic trend in the relation of fat calorie con
sumption to the risk of endometnial cancer, after adjustment for BMI
and other confounders. The odds ratio for the highest compared with
the lowest quartile of fat calorie consumption declined from 2.0 (95%
CI, 1.3â€”3.1) to 1.6 (95% CI, 1.0â€”2.6)after adjustment for BMI. We
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Table 1 Odds ratl@@a@ 95% Cis for endometrial cancer liv selected characteristics (Hawaii,1985â€”1993)CharacteristicCase(n

= 332)Control(n = 511)Odds

ratio (95%CI)No.PercentageNo.PercentageAge<55118362054055â€”64993014929651153515731EthnicityJapanese1253820340Caucasian84251

1723Hawaiian55178917Filipino40126312Chinese288398Menopausal

statusPremenopausal9930176341Postmenopausal23370335660.9

(0.5â€”1.7)Ever
pregnantNo842560121Yes24875451880.5

(0.3â€”0.7)Oral
contraceptivesNo25376328641Yes7924183360.7

(0.4â€”1.0)UnopposedestrogenNo16750344671Yes16550167332.6(1.8â€”3.8)DiabetesNo28786483951Yes45142851.4

(0.8-2.5)HypertensionNo19659358701Yes13641152301.1

(0.8â€”1.6)Tobacco
useNo21164300591Yes12136211410.8

(0.6-1.2)Alcohol
useNo25477373731Yes7823138270.9(0.6-1.4)

Variable (unit)Cases (n = 332)Controls(n = 511)Pâ€•NutrientTotal

calories(kcal)191817850.01Fat
calories(kcal)5905700.04Protein

calories(kcal)2742720.54Carbohydrate
calories(kcal)9479700.02%

calories from fat38.737.10.02%
calories fromcarbohydrates67.469.30.04Total

fat(g)65.863.50.03Saturated
fat(g)18.618.20.28Unsaturated

fat (g)47. 145.10.01Animal
fat(g)26.726.20.47Plant

fat(g)37.135.30.03Cholesterol
(mg)2041930.04Carbohydrates
(g)2372420.02@3-carotene

from food(,.@g)302233660.01Lutein
from food(lLg)204721510.14Body

sizeCHeight
(inches)62.663.30.07Weight

(pounds)
BMI (kg/m2)148 26.51

30
23.6<0.0001<0.0001Waist

girth(cm)86.479.3<0.0001Hip
girth(cm)10599<0.0001Midarm

girth(cm)31.229.0<0.0001Wrist
girth(cm)16.115.5<0.0001Triceps

skinfold(cm)2.742.42<0.0001Waist:hip
ratio0.8220.800<0.0001Arm:wrist

ratio1.951.88<0.0001Physical
activityâ€•Nonrecreational
(h)286353210.06Recreational

(h)257426600.89

FACTORS AFFECIING RISK OF ENDOMETRIAL CANCER

a Calculated from conditional logistic regression after additional adjustment for the following unmatched covariate.s (when appropriate): pregnancy history. oral contraceptive pill

use, unopposed estrogen use, history of diabetes, and BMI (kg/m2).

Table 2 Meansâ€•and SEfor the daily intake of selected dietary nutrients and
measurements of body size and physical activity among endometrial cancer cases and

controls (Hawaii, 1985â€”1993)further adjusted the odds ratios for fat calories by carbohydrate
calories (and BMI), but this did not change the results significantly;
odds ratios (and 95% CIs) were 1.1 (0.7â€”1.7),1.4 (0.9â€”2.4),and 1.8
(1.0â€”3.4) for the second through the highest quartile of fat calorie
intake. Positive gradients in the odds ratios associated with total

calories and protein calories were attenuated substantially by addi
tional adjustment for BMI. Odd ratios increased with a higher per
centage of intake in calories from fat and decreased with a higher
percentage of intake in calories from carbohydrates.

Table 3 shows a strong dose-response relation between increased
body size and the odds ratios for endometnial cancer, even after
adjustment for total calories or fat calories, years of education, and
menopausal status (data not shown). The odds ratios for endometrial
cancer among women in the highest quartile of weight or BMI were
more than 4-fold those among women in the lowest quartile. Taller
women were not at an increased risk of endometrial cancer after
adjustment for weight. The various girth measurements, including
waist, hip, midarm, and wrist, were all positively associated with the
risk of endometnial cancer after adjustment for total calories and other
nondietary risk factors, although only the trend for waist girth re

mained strong after adjustment for BMI. Triceps skinfold and the

ratios of waist:hip and arm:wrist appeared unrelated to the odds ratios
for endometrial cancer after adjustment for calories and BMI. Women
with occupations and other nonrecreational physical activity (e.g.,
gardening) that was more physically demanding were at reduced risk
of endometrial cancer compared to women who were sedentary, even

after additional adjustment for education. However, little relation was
found for recreational physical activity and the odds ratios for endo
metrial cancer.

The remaining dietary analyses were adjusted for BMI. Total fat

a Adjusted by analysis of covaniance for age. ethnicity, and total calories (for nonen
ergy variables only). Nutrients and foods were log transformed before entry into the
model. Means were transformed back into their original units.

b@ comparing differences in the means.

C Nine cases and 33 controls were missing girth or skinfold measurements.

d Lifetime estimate from age 15 years.
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Table 3@O&is ratios' for endometrial cancer by quartilec (Q) ofdaily energy intake, body size. andphysicalactivityVariable

QdNo

body size adjustmentBody sizeadjustmenteQ2Q3

Q4P for trendQdQ2Q3Q4 P for trend

11.11.02Af0.00711.10.81.60.1311.11.52do.oo@I1.01.31.60.05I1.01.11.10.0110.91.01.30.2311.01.01.40.1310.90.81.20.6211.21.21.60.0811.31.21.60.11I1.11.01.10.6111.01.01.00.82I0.80.70.60.0710.80.80.60.0911.51.4110.0511.21.01.30.4411.33.7'@si<0.000111.333'@4.9'@<0.0001I1

.62.14.1<0.000111.2214i<0.000111.1ii210.02I1.01.53.<0.000110.91.11.90.04I1.2l.W@3.8@<0.000111.01.21.70.1011.0l.9'@3.1<0.000110.91.5l.8@0.03I0.91.331/<0.000110.81.01.40.35Il.8@2A12.5'@<0.000111.41.41.50.20I0.71.3l.7'@0.000410.10.80.70.4910.80.70.80.2710.80.70.70.0810.70.90.90.5010ff0.90.90.34

Table 4Odds ratiosâ€•for endometrial cancer by quartile'@(Q) ofdaily intake ofnutrients (Hawau. /985â€”1993)NutrientAdjusted

for carbohydrate calories or fat caloriesAdjusted fortotalcaloriesQCQ2

Q3 Q4PfortrendQCQ2Q3Q4PfortrendTotal

fat'@I1.1 1.4 1.80.0411.01.41.70.17Saturated
fatâ€•11 .3 1.0 2.4e 0.0311.20.982.20.13Unsaturated

fatâ€•11.0 1.4 2.le0.0211.01.42.10.07Monounsaturated
fatâ€•

Polyunsaturatedfatâ€•
Animalfatâ€•1

1
11

.0 1.3 2.3e 0.009
1.0 1.4 1.7 0.04
1.3 1.1 2.0'@ 0.111

1
11

.0
1.0
1.31

.4
1.4
1.02.5e

1.5
1.70.03

0.17
0.37Plant

fatâ€•
Animalprotein'@
Plant proteinâ€•
Cholesterolâ€•1

I
I
11.0

1.5 1.8 0.02
1.1 1.2 1.5 0.19
0.8 0.8 1.3 0.49
1.1 1.6e 2.2e 0.0061

1
1
10.9

1.0
0.7
1. I1.4

1.0
0.6
1.61.7

1.2
0.9
2.2e0.09

0.61
0.67

0.02Vitamin
A from food1I0.5 0.6 0.60.1610.5e0.70.60.22@3-carotene

from food1
Lycopene from foods
Lutein from food1
Vitamin C from food1
a-tocopherol from fooc(
Vitamin B6 from food11

1
I
I
I
10.5e

0.5e 0.6 0.07
0.7 0.8 1.1 0.80
0.5e o.6e @5e 0.02
0.6 0.7 0.6 0.10
0.7 0.8 0.6 0.24
0.9 0.9 0.6 0.151

1
1
1
1
1o.5@

0.7
o.5e
0.6e
0.8
1.0o.5e

0.9
0.6e
0.7
1.0
0.90.6

1.16
o.5e
0.6
0.9
0.60.09

0.60
0.03
0.10
0.75
0.21

FACTORS AFFECTING RISK OF ENDOMETRIAL CANCER

Energy intake
Total calories
Fat calories
Protein calories
Carbohydrate calories
% calories from fate
% calories from protein5
% calories from carbohydrates@

Body size5
Height
Weight
BMI
Waist girth
Hip girth
Midarm girth
Wrist girth
Triceps skinfold
Waist:hip ratio
Arm:wrist ratio

Physical activity'@
Nonrecreational
Recreational

a Hawaii, 1985â€”1993;9 cases and 33 controls were missing girth or skinfold measurements.
b Adjusted by conditional multiple logistic regression for the following unmatched covariates: pregnancy history, oral contraceptive pill use, unopposed estrogen use, history of

diabetes, and BMI (kg/m2); (in specified models), and total calories (in specified models).
CThe quartile cutpoints were as follows: total calories, 1416, 1794, and 2332 kcal; fat calories, 420, 587, and 847 kcal; protein calories, 202. 272. 366 kcal; carbohydrate calories

750. 928, 1207 kcal; percentage of calories from fat, 27.9, 32.7, and 38.1; percentage of calories from proteins, 13.1, 14.7. and 16.5; percentage of calories from carbohydrates, 45.6,
51.2, and 57.1; height, 60. 62, and 64 inches; weight, 115, 130, and 150 pounds; BMI, 21.1, 23.5, and 27.3 kg/m2; waist girth, 71.3, 79.2, and 89.8 cm; hip girth, 92.0, 98.1, and 106.0
cm; midarm girth, 26.1. 28.8, and 32.3 cm; wrist girth. 14.7, 15.4, and 16.3 cm; triceps skinfold, 1.95, 2.50, and 3.20 cm; waist:hip ratio, 0.755, 0.800, and 0.855; arm:wrist ratio, 1.74.
1.89, and 2.03; nonrecreational physical activity, 0, 5,218, and 20,089 h; and recreational physical activity, 0, 887, and 3,339 h.

d Reference category for all models.

e All models were adjusted for BMI (kg/m2) except the model for height, which was adjusted for weight, and the model for weight, which was adjusted for height.

1C1 does not include I.
S Adjusted for total calories.

a Adjusted by conditional multiple logistic regression for the following unmatched covariates: pregnancy history; oral contraceptive pill use; unopposed estrogen use; history of
diabetes; BMI (kg/m2); and one of the following variables: total calories, carbohydrate calories, or fat calories.

b The quartile cutpoints for daily nutrient intakes were as follows: total fat, 46.7, 65.2, and 94.1 g; saturated fat., 12.5, 18.5, and 27.2 g; unsaturated fat, 33.2, 46.4, and 67.4 g;

monounsaturated fat, 15.7, 22.6, and 32.5 g; polyunsaturated fat, 13.3, 18.6, and 27.0 g; animal fat. 16.9, 26.6, and 40.9 g; plant fat, 26.1, 37.0, and 53.8 g; animal protein, 28.0, 40.6,
and 59.5 g; plant protein, 19.9, 25.1, and 32.7 g; cholesterol, 132, 198, and 302 mg; vitamin A from food, 4,979, 8,142, and 12.418 international units; a-carotene from food, 2006,
3427, and 5368 @Lg;lycopene from food. 1064, 1792, and 2865 ,.@g;lutein from food, 1470, 2138, and 3018 @g;vitamin C from food, 93, 138, and 202 mg; a-tocopherol equivalent
from food, 6.8, 9.3, and 13.1 mg; and vitamin B6 from food. 1.24, 1.63, and 2.23 mg.

C Reference category for all models.

d Adjusted for carbohydrate calories.

e CI does not include 1.

1Adjusted for fat calories.

5080

consumption was positively related to the estimated risk of endome- carbohydrate calories (r@= 0.69) than with total calories (r@ 0.90).
trial cancer after adjustment for carbohydrate calories, with a risk of The intake of unsaturated fat, particularly monounsaturated fat, was
1.8 (95% CI: 1.0â€”3.4) in the highest compared with the lowest more strongly and monotonically related to the estimated risk of
quartile (Table 4). Adjustment for total calories instead of carbohy- endometrial cancer than the intake of saturated fat. Both animal and
drate calories attenuated the odds ratios associated with total fat plant sources of fat were weakly and positively related to the risk of
consumption, probably because of the lower correlation of fat with endometrial cancer after adjustment for carbohydrate calories, but the
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FACTORS AFFECI1NG RISK OF ENDOMETRIAL CANCER

Table5 Oddsratiosafor endometrialcancerbyquartileâ€•(Q)ofdaily intakeofselectedfoods(Hawaii.1985â€”1993)

Adjusted for carbohydrate calories or fat calories

QC Q2 Q3 Q4 PI@ortrend

1 1.2 1.2 1.7 0.10
I 1.0 1.6 l.9e 0.01
1 0.7 1.0 1.5 0.25
1 0.7 0.8 0.7 0.16
I 1.2 1.2 1.7 0.08
1 0.7 1.2 1.4 0.19
1 1.1 1.6 2.le 0.009
I 1.0 1.2 0.7 0.47
1 0.8 0.7 0.9 0.80
I 1.1 1.0 0.9 0.68
1 0.8 0.7 0.9 0.58
1 1.0 1.5 I.8e 0.02
1 1.1 1.5 2.2e 0.004
1 1.3 j7C 2.2e 0.002
1 1.5 1.2 2.Ie 0.02
1 0.8 1.4 1.5 0.07
I 0.9 0.8 1.2 0.66
1 1.3 0.9 o.6e 0.02
1 o.6e 0.6e 0.7 0.10
1 1.0 0.97 0.97 0.88
1 o.se o.5e 0.se 0.01
I 0.7 0.6e o.6e 0.02
I 0.8 0.7 0.8 0.37
1 0.7 0.6 0.7 0.18
1 0.7 0.9 0.7 0.41
I o.6e o.6e@
1 0.7 0.8 Ã˜4e 0.002
1 0.7 0.5e 0.6 0.008
1 1.1 0.8 0.7 0.14
1 0.8 0.4e 0.6 0.008
I o.6e@ 0.6e 0.02

1 o.6e o.6e 0.5e 0.006
1 1.0 0.8 0.7 0.15
1 0.7 0.7 0.se 0.03
1 1.1 1.1 1.1 0.57
I 1.2 1.4 0.9 0.70
1 0.9 0.8 1.3 0.78
1 1.4 1.5 1.1 0.23

1 1.0 1.5 0.9 0.63
1 0.6 0.8 0.4e 0.02
1 0.8 0.8 0.8 0.44
I 1.3 0.4 0.6 0.18
1 0.8 0.9 0.7 0.25
1 1.1 0.4 2.2 0.40

Adjustedfor totalcalories

QC Q2 Q3 Q4 P for trend

1 1.2 1.1 1.5 0.33
1 0.9 1.5 1.8 0.04
1 0.6 1.0 1.4 0.53
1 0.7 0.7 0.6e 0.006
I 1.1 1.1 1.5 0.21
1 0.7 1.1 1.3 0.38
1 1.1 1.6 2.0@ 0.03
1 0.9 1.2 0.7 0.28
1 0.8 0.7 0.8 0.59
1 1.0 1.0 0.8 0.49
1 0.8 0.7 0.8 0.29
1 1.0 1.4 1.6 0.059
I 1.1 1.5 2.2w 0.015
1 1.3 1.6 2.le 0.006
I 1.5 1.2 2.0@ 0.06
I 0.9 1.5 1.6 0.04
1 0.9 0.8 1.2 0.79
1 1.4 0.9 @5e 0.02
I 0.6e 0.6e 0.7 0.14
1 1.1 1.0 1.1 0.81
1 Ã˜5@ o.6e o.5e 0.02
1 0.8 0.6e 0.6 0.03
1 0.8 0.7 0.9 0.49
I 0.7 0.6 0.8 0.26
I 0.7 0.9 0.8 0.52
I 0.6e 0.6e Ã˜5e 0.004
1 0.7 0.8 04@ 0.002
I 0.7 o.se 0.6 0.009
1 1.1 0.8 0.7 0.14
1 0.8 Ã˜4e 0.6 0.01
I 0.6@ 0.5@ 0.V 0.02

1 0.6e 0.6e 0.5e 0.008
1 1.0 0.9 0.7 0.20
I 0.7 0.7 Ã˜,5e 0.03
1 1.1 1.1 1.1 0.55
1 1.2 1.4 0.9 0.62
1 0.9 0.8 1.3 0.80
1 1.4 1.5 1.1 0.20

1 1.0 1.5 0.9 0.61
1 0.6 0.8 o.se 0.02
I 0.8 0.8 0.8 0.45
1 1.3 0.5 0.5 0.18
1 0.8 0.9 0.7 0.29
1@ 1.2@ 0.5@ 2.1 0.37

Food or food group

All meat'@
Beef
Pork
Poultry
Fish
Processed meat
Red meat

Dairy productsâ€•
Butter
Milk
Cheese

Eggsâ€•
Fats and oilsâ€•

Margarine
Oil

Bred
Rid
Cereal

Pasta
Desserts and cand/
Vegetable1

Light-green
Dark-green
Cruciferous
Yellow-orange

Fruiti
Oranges
Cantaloupe
Mangoes
Strawberries

Fruits and
Vegetable1

Legume1
Peas and beans
Tofu

Te/
Black
Green

Coffe/
CoI/

Regular
Diet

AlcohoY
Beer
Wine
Hard liquor

a Adjusted by conditional multiple logistic regression for the following unmatched covariates: pregnancy history; oral contraceptive pill use; history of diabetes; BMI (kg/rn2); and
one of the following variables: fat calories, carbohydrate calories, or total calories.

bThe quartile cutpoints for daily food intake (g) were as follows: all meat, 72, 113, and 171; beef, 14.8, 30.0, and 54.3; pork, 3.9, 10.2, and 21.2; poultry, 10.5, 21.0. and 38.0;
fish, 10.1, 22.2, and 41.7; processed meat, 6.9, 16.4, and 33.4; red meat, 28.2, 55.4, and 98.6; dairy products, 60, 148, and 301; butter, 0.07, 0.60, and 2.12; milk, 32. 100, and 249;
cheese, 1.4, 4.5, and 12.5; eggs, 6.0, 12.8, and 23.1; fats and oils, 19.2, 29.3, and 44.4; margarine, 1.6, 4.0, and 7.4; oil, 6.1, 11.0, and 17.7; bread, 30.5, 51.3, and 77.3; rice, 80, 179,
and 248; cereals, 0.3. 15.8, and 58.2; pasta, 9.5, 21.6, and 43.7; desserts and candy, 3.4, 13.6, and 36.3; vegetables (not including juice), 132. 199, and 272; light-green vegetables,
41, 66, and 100; dark-green vegetables. 15.2, 30.2. and 52.9; cruciferous vegetables, 16.5, 33.4, and 55.1; yellow-orange vegetables. 6.5. 14.7, and 27.2; fruits (not including juice),
95, 183, and 282; oranges. 0, 17.1, and 37.1; cantaloupe, 0, 5.1, and 10.5; mangoes. 0, 11.2, and 28.5; strawberries 0, 3.3, and 7.4; fruits and vegetables (not includingjuice). 259. 397.
and 553; legumes, 8.5, 21.1, and 39.0, peas and beans, 1.6, 6.5, and 15.6; tofu, 0, 10.0, and 23.4; tea, 0, 34, and 237; black tea, 0, 34, and 118; green tea, 0, 34, and 158; coffee, 16,
240, and 480; regular cola, 0, 51, and 154; diet cola, 0. 69, and 257; alcohol (ethanol equivalents), 0, 0.2, and 17.8; beer, 0, 24. and 154, wine, 0, 0.08, and 3.95; and hard liquor, 0,
5.9,and37.0.

C Reference category for all models.

d Adjusted for carbohydrate calories.eCIdoesnotincludeI.
@â€˜Adjustedfor fat calories.

folacin, vitamin@ 2' zinc, copper, iron, calcium, or selenium (data not
shown).

We examined the association of several foods and food groups with
the risk of endometrial cancer after adjustment for energy (total
calories and fat or carbohydrate calories) and other confounders
(Table 5). We found a positive dose-response relation of beef and
other red meat to the risk of endomeirial cancer after adjustment for
carbohydrate calories, with only slight attenuation of the risks after

adjustment for total calories. Estimated risks for endometnial cancer
among women in the highest compared to the lowest quartile of red
meat consumption were 2.1 (95% CI, 1.2â€”3.6)after adjustment for
carbohydrate calories and 2.0 (95% CI, 1.1â€”3.7)after adjustment for
total calories. We found an inverse relation of poultry intake with the

5081

odds ratios were reduced after adjustment for total calories. There was
little association of animal protein or plant protein consumption with
risk. We found a strong, positive trend of increasing odds ratios by
quartile of cholesterol consumption: women in the highest intake
quartile had an estimated risk of 2.2 (95% CI, 1.2â€”4.1)compared with
women in the lowest intake quartile after adjustment for carbohydrate
calories.

Dietary micronutrient consumption was generally inversely related
to the odds ratios for endometrial cancer, although we found few
strong, monotonic gradients of risk. The estimated risk of endometrial

cancer associated with the lowest intake quartile for dietary lutein was
almost twice that of the other quartiles (Table 4). There was little
relation between endometrial cancer and the intakes of vitamin D,
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Table 6 Odds ratiosâ€•and 95% C/s for the joint association of BMI (kg/rn2)and energy. fat. and cholesterol intake with the risk of endometrial cancer (Hawaii, 1985â€”1993)BMI

<23.6 BMI @23.6
Daily

Nutrient intake (g) Odds ratio (95% CI) Odds ratio (95%CI)Energy

Total 1794 lc I.9 (1.2â€”3.0)
>1794 0.8 (0.5â€”1.4) 3.0 (1.9â€”4.8)0.05Fat

587 1 2.1 (1.3â€”3.3)
>587 1.3 (0.8â€”2.1) 4.3 (2.6â€”7.0)0.13Protein

rt272 I 2.3 (1.5â€”3.7)
>272 1.2 (0.7â€”1.9) 3.3 (2.1â€”5.2)0.52Carbohydrates

>928 1 2.1 (1.3-3.3)
@928 0.86 (0.5â€”1.4) 2.8 (1.8â€”4.4)0.15Fat

and protein 880 1 1.9 (1.2â€”3.1)
>880 1.1 (0.7â€”1.8) 3.8 (2.4â€”6.1) 0.07

Fatâ€•
Total 65.2 1 2.1 (1.3â€”3.2)

>65.2 1.2 (0.7â€”2.0) 3.8 (2.1â€”6.9)0.16Saturated

@l8.5 I 2.3 (1.5â€”3.7)
>18.5 1.0 (0.6â€”1.7) 2.8 (1.5â€”4.7)0.56Unsaturated

46.4 1 1.8 (1.1â€”2.9)
>46.4 1.1 (0.6â€”1.9) 4.2 (2.3â€”7.7)0.03Monounsaturated

22.6 I 1.9 (1.2â€”3.0)
>22.6 1.1 (0.6â€”1.9) 3.8 (2.2â€”6.7)0.05Animal

rt26.6 I 2.3 (1.4â€”3.7)
>26.6 0.90 (0.5â€”1.5) 2.6 (1.5â€”4.3)0.49Plant

37.0 I 1.8 (1.1â€”2.9)
>37.0 1.0 (0.6â€”1.7) 4.0 (2.2â€”7.0)0.01Cholesterolâ€•

rtO.2 1 2.5 (1.5â€”4.1)
>0.2 1.6 (1.0â€”2.8) 4.1 (2.4â€”6.9)1.0a

Adjusted by conditional multiple logistic regression for the following unmatched covariates: pregnancy history, oral contraceptive pill use, unopposed estrogen use, and history
of diabetes.

b Based on the likelihood ratio test comparing models with and without an interaction term.

C Reference category.

d After additional adjustment for total calories.

FACTORS AFFECTING RISK OF ENDOMETRIAL CANCER

risk of endometnial cancer, which persisted after additional adjustment
for @3-caroteneor lutein (data not shown). The consumption of dairy
products was not associated with risk. A positive, monotonic gradient
in risk was found for the intake of fats and oils, especially margarine,
even after adjustment for total calories. Egg consumption was also
positively related to the development of endometrial cancer.

Sources of starch and simple carbohydrates, such as rice, sweets,
and other desserts, were generally unrelated to risk. However, women
with diets high in vegetables and fruit, as well as cereals and pasta,
major sources of dietary fiber in this population, were at significantly
reduced risk of endometrial cancer. Adjustment of the odds ratios for

vegetables or fruits by fat calories or total calories did not change the
results, suggesting an independent association of these food groups
with endometrial cancer risk. Although we found inverse relationships
for the consumption of several vegetable groups, the inverse trend in
the odds ratios for all vegetables combined was stronger than for any
vegetable group or particular vegetable. In addition to all fruits, the
consumption of oranges and carotene-rich fruits, such as cantaloupe,
mangoes, and strawberries, was considerably more common among
controls. Legumes, especially tofu and other soy products, also re
duced the risk of endometrial cancer substantially, with strong nega
tive gradients (36). Beverages, such as tea and coffee (both caffein
ated and decaffeinated), were unrelated to risk, but higher intake of
soda, especially diet soda, was inversely related to risk. We found a
slight inverse association of alcohol consumption with the risk for
endometrial cancer that was attributable to drinking beer and wine
rather than hard liquor.

We modeled the joint association of BMI and several nutrients with
the estimated risk of endometnial cancer by creating three dummy
variables, two representing the main effects of BMI and the nutrients

and foods with dichotomization at the median (e.g., 65.2 g of fat

intake; BMI < 23.6) and one representing the interaction term (Table
6). We found a negative statistical interaction (P = 0.05) between
BMI and total caloric intake; the effect of energy intake on the risk of
endometrial cancer was limited to women above the 50th percentile of
BMI. A similar negative interaction was found for sources of dietary
fat, especially unsaturated fats and fats from plant sources. For cx
ample, high consumption of plant fat was associated with a 2-fold (4.0
divided by 1.8) increase in risk among women with a high BMI,
whereas high plant fat consumption was not associated with an
increased risk among women with a low BMI. We found no statistical

interactions (i.e., departure from additivity in the coefficients) be
tween BMI and lutein or any of the other micronutrients in Table 4 on

the risk of endometrial cancer. Heavy women who were above the
median in the consumption of beef and other red meats had four times
the odds of endometrial cancer compared with lighter women in the
lowest 50th percentile of meat intake (data not shown).

In addition to BMI, we also modeled the joint effects of the dietary
and the nondietary risk factors in this study. There was no interaction
between unopposed estrogen use and any of the dietary variables.
Using women with a low intake of calories from fat and no estrogen
use as the reference category, odds ratios were 3.5 (95% CI, 2.0â€”6.3)
for women with a high intake of calories from fat who used estrogens,
3.0 (95% CI, 1.9â€”4.7)for women with a low intake of calories from
fat who used estrogens, and 1.9 (95% CI, 1.2â€”2.8)for women with a
high intake of calories from fat who did not use estrogens.

DISCUSSION

In this analysis, we attempted to distinguish between the independ
ent effects of the amount of body fat and its distribution on endome
trial cancer risk. Measurements of the circumference of the waist and
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FACTORS AFFECTING RISK OF ENDOMETRIAL CANCER

the circumference of the hips provided us with a quantitative measure
of regional fat distribution. In agreement with other studies ofbody fat
distribution (10â€”15),we found a strong, positive dose-response rela
tion of waist girth to risk that was independent of BMI and caloric
intake. However, the waist:hip ratio was not strongly associated with
risk after adjustment for BMI. This lack of an association has been
reported by other investigators (10â€”12)and may have resulted, in
part, from the correlation between BMI and the waist:hip ratio
(r@ 0.42), as discussed by Schapira et a!. (12). It would appear that
overall obesity, not abdominal fatness, is important to the etiology of
endometrial cancer among these subjects.

The association of obesity with the risk of endometrial cancer
suggests that diet, especially energy intake, may be an underlying
cause of this malignancy. Our findings are only partially supportive of

this notion. The positive association of energy intake with the risk of
endometrial cancer was specific to dietary fat: there was little asso

ciation of protein calories or carbohydrate calories with risk after
controlling for BMI. Furthermore, a dose-response relation of various
sources of fats and oils, particularly monounsaturated fats and cho
lesterol, to the risk of endometrial cancer was independent of energy
source (total calories or carbohydrate calories) and BMI. Although

there were clearly effects of both diet and BMI on endomeirial cancer
development, we found a negative statistical interaction between BMI
and several sources of energy and fat in the diet. Thus, at least part of
the effect of nutrient overconsumption on the risk of endometnial
cancer may be mediated by being overweight.

An interaction of BMI with nutrient intakes was examined by
Potischman et a!. (21) in a multicenter case-control study in the
United States that included 399 cases and 296 controls and used an
abbreviated 60-food item version of the Block dietary questionnaire
(37). In contrast to our results, these investigators found that the effect
of dietary variables on risk was stronger among thinner women than
among heavier women. They postulated that thinner women may be
more susceptible to the effects of diet because they have less estrogen
production from adipose tissue to compete with dietary precursors of

this steroid. Although we showed stronger dietary associations among
heavier women, it is possible that differences in our findings may be
artifactual, resulting from small subgroups. Potischman et a!. (17) and
Austin et a!. (13) have reported that circulating levels of androgens
and estrogens, although related to risk, do not explain the association
of BMI with endometrial cancer. This raises the possibility of non
hormonal mechanisms for the association of adiposity with the risk of
endometrial cancer that may be influenced by diet.

This is the first epidemiological investigation of endometrial cancer
with sufficient dietary detail to examine the association of major
animal and plant sources of fats and oils with the development of
disease. In a previous analysis of these data (36), we showed that diets
high in fiber and rich in legumes (especially soybeans) and whole
grain foods decreased the risk of endometrial cancer. In this analysis,
saturated, as well as monounsaturated and polyunsaturated fats, were
related to increased cancer risk. Women consuming a greater percent
age of their calories from fat were at higher risk of endometrial cancer
compared to women with a low-fat diet, whereas women who ob

mined their calories predominantly from carbohydrate sources were at
reduced risk. Foods that are high in fat, such as red meat and
margarine, were also positively associated with endometrial cancer,

whereas the consumption of vegetables and fruits lowered risk. Dose
response relationships were stronger and more likely to be monotonic
for the foods and food groups than for the nutrients we analyzed,
implying that a combination of dietary factors, rather than specific
differences in nutrient intake, might be the basis for the variation in
endometrial cancer incidence in this population.

These dietary findings are consistent with most earlier investiga

tions of diet and endometnial cancer. Using a 12-item food frequency
questionnaire, La Vecchia et a!. (7) showed an increased intake of
high-fat foods and a reduced intake of whole grains, fruits, and green
vegetables among 206 endometrial cancer cases compared to hospital
controls in northern Italy. Levi et a!. (8) administered a more detailed
50-item food frequency questionnaire to 274 endometnial cancer cases
and 572 controls in Switzerland and Italy. They reported a positive
association of energy intake and the frequency of intake of meats,
eggs, beans, or peas with the risk of endometrial cancer, and an
inverse association with the consumption of whole-grain bread and
pasta, as well as fresh vegetables and fruits. Although the positive
association of peas and beans with risk is contrary to our finding, it
may have resulted from the limited food list and lack of adequate
control for energy intake. Results from a case-control study of 268
cases and 268 controls conducted in Shanghai (20) suggest that animal
sources of dietary fat and protein, rather than energy intake, are
important determinants of endometrial cancer. Data on the consump
tion of 63 foods were obtained from a quantitative food frequency
questionnaire. Our results were not completely consistent with this
finding: we found that fat from both animal sources (especially red
meat) and plant sources (especially margarine) were risk factors for
disease. In agreement with our results, Potischman et a!. (21) reported
an increased risk of endometrial cancer associated with oleic and
linoleic acids. In contrast, in a case-control study of 168 endometrial
cancer cases and 334 controls in Birmingham, AL, Barbone et a!. (22)
found no association between animal or vegetable fat and the risk of
endometnial cancer using the 116-food item Willett questionnaire
(38). It is possible that ethnic differences between the various studies
may explain some of the contradictory findings. Also, few studies of
diet and endometrial cancer included information about added fats and
oils, important sources of fat calories in our population.

We had hypothesized that physically active women would be at
reduced risk of endometrial cancer, because they would be leaner and
would have lower circulating estrogen levels than inactive women
(39). In agreement with Sturgeon et a!. (40), our results suggest a
modest inverse association between nonrecreational physical activity
and risk that was independent of BMI and energy intake but little
association between recreational physical activity risk. Levi et a!. (41)
and Shu et a!. (42) have also reported a decreased risk of endometrial
cancer associated with occupational activity and housekeeping. It is
possible that occupational activities are more accurately recalled than
recreational activities, although we do not have any data to support
this notion. Table 3 shows a much broader range of responses for
nonrecreational activities than recreational activities, enabling us to

distinguish more easily among exposure strata. As noted by other
investigators (40, 41), physical activity is difficult to quantify ade
quately, so these results will need confirmation.

The observed associations of obesity, diet, and physical activity
with the risk of endometrial cancer may result from alterations in
estrogen or androgen metabolism among cases. Obese women have an
increased capacity to convert testosterone and androstenedione (the
latter an androgen that is produced in the ovaries, the adrenal gland,

and fatty tissue) to estrone and estradiol by cytochrome P450 aro
matase (43). In obese postmenopausal women, androstenedione levels
may be sufficient to produce substantial amounts of estrogen, thereby
inducing mitosis in endometrial cells (17). Overweight women also
have lower levels of sex hormone-binding globulin, resulting in
greater amounts of biologically available estrogen (44). In contrast,
vegetarian women who have lower rates of endometrial cancer also
have reduced levels of free estrogen and higher levels of serum
hormone-binding globulin compared to omnivorous women (45).
Dietary fiber may decrease enterohepatic recirculation of estrogen,
increase the elimination of estrogen by the fecal route, and reduce
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study are consistent with those of other studies of diet and specific

cancers. Women with balance in energy intake and expenditure who
reduce the fat and increase the intake of complex carbohydrates in
their diets may experience a 2- to 4-fold reduction in their risk of

endometrial cancer.
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cholesterol @3-epoxidewere significantly higher among endometrial
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A limitation of this and other analyses of the relation of diet to
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important risk factor in this study. Dietary fat appears to have a direct
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mediated by energy intake. The public health implications of our
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