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Despite the established role of obesity in the etiology of endometrial cancer, limited data are available from
analytical epidemiologic studies on the association of risk with dietary factors. A case-control study of 399
cases and 296 controls conducted in five areas of the United States from 1 June 1987 to 15 May 1990, enabled
evaluation of risk related to dietary intakes adjusted for potential confounders. Caloric intake was associated
modestly with increased risk (odds ratio [OR] = 1.5, 95 percent confidence interval [CI] = 0.9-2.5 for highest
cflowest quartiles of intake), with the principal contributors being fat and protein calories. After adjustment
for other risk factors, including body mass, increased risk was associated with higher intakes of fat. Several
components of fat investigated were associated with increased risk, although associations were slightly stron-
ger for saturated fat (OR = 2.1, CI = 1.2-3.7) and oleic acid (OR = 2.2, CI = 1.2-4.0) than for linoleic acid
(OR = 1.6, CI = 0.9-2.8). Food-group analyses showed intake of complex carbohydrates—and specifically of
breads and cereals—associated with reduced risks (OR = 0.6, CI = 0.4-1.1), whereas animal fat and fried foods
were associated with elevated risks (OR = 1.5 and 1.7, respectively). The relations of endometrial cancer with
animal fat and complex carbohydrates were independent. No consistent associations were noted for intakes of
cholesterol, fiber, vitamins A and C, individual carotenoids, or folate-rich foods. These data imply an etiologic
role for a diet rich in total fat and/or animal fat and low in complex carbohydrates with endometrial cancer.
These associations are consistent with a hormonal mechanism and were independent of the associations of
obesity and other risk factors.
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Introduction

It is well established that obese women experience  have both an increased capacity for conversion of pre-
elevated rates of endometrial cancer.! This association  cursor steroids to estrogens in their peripheral fat tis-
is consistent with a well-recognized effect of estrogenic ~ sue and low levels of sex-hormone binding globulin
factors on the risk of this tumor, since obese women ~ (SHBG), resulting in high levels of free estrogen.
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Dietary factors may relate not only to the development
or maintenance of obesity, but may directly influence
circulating hormone levels.>*° The extent to which the
association of obesity with endometrial cancer is
related to dietary intake remains unknown.

Only a limited number of studies have reported on
the relation of diet and risk of endometrial cancer. Eco-
logic studies have suggested total fat''*? and saturated
far® were related to endometrial cancer incidence.
Only two analytic studies have evaluated risk related to
dietary intake and found increased risk associated with
animal fat and protein,** high fat food items," and
reduced risks associated with whole grain foods™ and
complex carbohydrates.”* No association with endo-
metrial cancer has been reported for a variety of micro-
nutrients,"** but reports from two studies indicated
lower levels of B-carotene in the blood'” and diet* of
cases. In general, these ecologic and analytic studies
have been limited by the dietary data or inadequate
adjustment for other risk factors, including obesity.

We had the opportunity to evaluate the association
of diet and endometrial cancer in a study of 399 cases
and 296 controls. The collection of detailed risk-factor
information allowed us to assess the role of diet inde-
pendent of the other major predictors of endometrial
cancer risk and the effect of diet in relation to risk from
obesity.

Materials and methods

This case-control study was conducted between 1 June
1987 and 15 May 1990 in five areas of the United States:
Chicago, IL; Hershey, PA; Irvine and Long Beach,
CA; Minneapolis, MN; and Winston-Salem, NC.
Details of the study design and interview have been
reported elsewhere.’® Eligible cases were women
newly diagnosed with endometrial cancer who were
between the ages of 20 and 74 and who resided in
defined geographic areas. We attempted to select one
community control for each eligible case, matched on
five-year age-group, race, and geographic region of
residence (telephone exchanges or zip codes). For con-
trols under age 65, random-digit-dialing techniques
were utilized,® whereas older controls were selected
using data from the Health Care Financing Adminis-
tration. Controls who were not at risk for endometrial
cancer due to previous hysterectomy were excluded
and replaced with other eligible subjects.

Overall, 498 eligible cases were identified, with 434
(87 percent) completing the interview. Of the 304
younger and 180 older eligible controls, 320 (66 per-
cent) completed the interview. The principal reason for
nonresponse among controls was refusal (22 percent),
with slightly higher nonresponse among older con-
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trols. Because of the possible etiologic differences by
histologic type, cases with nonepithelial tumors and
their matched controls were removed from the analytic
sample.

Subjects were interviewed by uniformly trained
staff. The interview, averaging 60 min in length, elicited
information regarding reproductive and menstrual his-
tories, use of exogenous hormones and contraceptive
behavior, demographic factors, physical acuvity,
alcohol use, and diet. Following the interview, another
15 min were devoted to obtaining a variety of anthro-
pometric measurements, which are described in detail
elsewhere.?!

The 60-item food-frequency Block questionnaire?
was administered as part of the interview process. Par-
ticipants were asked how often, on average, during the
past few years, they had consumed a specific food item
(e.g., eggs) or group of similar food items (e.g., ham-
burgers, cheeseburgers, or meat loaf), ignoring any
recent changes in diet. Subjects were given cards that
described medium portion sizes for each item and
asked about their intake relative to this amount. Mea-
suring cups, spoons, and beverage containers also were
used in the interview to help establish portion sizes.
Frequency of intake was asked in an open-ended for-
mat, and verbatim responses and comments were rec-
orded and used for coding purposes.

Subjects with suspect dietary data were eliminated.
Of the 405 cases with epithelial cancers and 297 com-
munity controls, six cases and one control were
removed because of inadequate dietary data (i.e., either
more than 10 percent missing frequency on foods or
fewer than three food items consumed per day). Thus,
the dietary analyses consisted of 399 cases and 296
community controls.

Dietary data were converted into nutrients based on
Block’s US National Cancer Institute (NCI) pro-
gram.? Intake of nutrients was computed based on the
frequency of consumption of each food item and the
nutrient content of a small, medium, or large serving.
Age- and sex-specific portion sizes and food compo-
sition data were obtained from the US National Health
and Nutrition Examination Survey II (NHANESII)
nutrient database. Individual carotenoids were based
on updated US Department of Agriculture data and
compilations of other sources, and were components
in the Block database. Questions regarding intake of
alcoholic beverages concerned a different timeframe
than those of the dietary questionnaire. Therefore, cal-
ories contributed from alcohol were not included in
the total calorie estimate. Frequency of consumption
of a food group was derived by adding together fre-
quency of intake of individual food items comprising
each food group (Appendix). In addition, combination
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variables were created to approximate consumption
patterns (e.g., diets high in meats and low in vegetables
compared with diets low in meats and high in veg-
etables). For these analyses, low and high intakes were
defined as below or above the median for each variable.

Analyses were performed with SAS version 6.0% and
BMDP Statistical Software.” All nutrients were log-
transformed for evaluation of means because of highly
skewed distributions. Analysis of covariance was used
to derive adjusted mean values of the nutrients and to
test differences between cases and controls after adjust-
ing for age. We used Spearman correlation coefficients
to evaluate associations among nutrients and food
groups. Unconditional logistic regression was used to
derive odds ratios (OR, approximations to relative
risks) and 95 percent confidence intervals (CI), after
adjustment for confounding variables.?

Tests for trend across quartiles were performed by
assigning the median nutrient value to each quartile
and treating it as a continuous variable. Stratified
analyses were conducted for categories of other risk
factors to determine the consistency of nutrient associ-
ations. Cross-product terms were entered into logistic
regression models to test the statistical significance of
interactions.

Nutrients were adjusted for energy intake in several
ways. Total calories were included in the model for:
percent of calories from fat, protein, and carbo-
hydrates; vitamins A and C; carotenoids; and food
groups. For those nutrients highly correlated with
total calories (r=0.5), we utilized a less correlated
macronutrient-calorie variable to preclude overadjust-
ment in our models. For example, both protein and fat
calories were highly correlated with total calories
(r=10.9) and with each other (r = 0.8). Similarly, pro-
tein and non-protein calories were correlated (r = 0.9)
as were fat and non-fat calories (r = 0.7). Thus, in the
analyses of protein and fat calories, we used carbo-
hydrate calories to adjust for the remaining macronu-
trient calories as this variable was less strongly
correlated with protein and fat (r=0.7 and 0.6,
respectively).

The major risk factors identified in this study, after
adjustment for each other, included: number of births
(OR =0.3 for =5 ¢f 0 births); smoking (OR = 0.4 for
current ¢f never); oral contraceptive usage (OR = 0.4
for ever ¢fnever); alcohol intake (OR = 0.8 for drinkers
¢f nondrinkers); age at menarche (OR = 3.1 for <12 ¢f
=15 years of age); menopausal estrogen usage
(OR = 2.2 for ever ¢f never); body mass index (BMI,
weight/height?) (OR = 2.2 for BMI =28.4 ¢f <22.5);
upper body obesity (OR = 2.3 for highest cf lowest
quartile of waist-to-thigh [WTR] ratio); and years of
education (OR = 2.6 for = 16 ¢f < 12 years). History of
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hypertension and gallbladder disease were not related
to risk of disease after adjustment for weight, but dia-
betes was somewhat related (OR = 1.6). Adjustment of
nutrient associations for study site, WTR, alcohol
intake, age at menarche, and diabetes did not materially
change the results presented and were not included as
potential confounders in logistic models. Evaluation of
the association between nutrients of interest and other
risk factors among controls revealed that women
reporting diets low in saturated fat and total calories
were likely to be older (age 70-79), nulliparous, below
the median body mass index, and users of menopausal
estrogens. In addition, younger women (age 25-49),
current smokers, those with less than 12 years of edu-
cation, or few births were more likely to report low
complex-carbohydrate intakes. Adjustment factors for
all analyses therefore included: age (< 40, 40-49, 50-59,
60-69, 70 +); menopausal estrogen usage (ever/never);
oral contraceptive usage (ever/never); parity (0, 1, 2, 3,
4, 5 +), smoking status (never, former, current); years
of education (< 12, 12, 13-15, 16 +); and BMI (< 22.5,
22.5-24.9, 25.0-28.3, 28.4 +). Finer categorization or
use of the continuous BMI, weight, or WTR variables
resulted in similar findings to those presented.

Results

Cases and controls were comparable on race and age,
with a mean age at interview of 59.1 years for cases and
58.0 years for controls. Nutrient analyses of age-
adjusted means indicated that cases consumed more
calories and higher levels of most dietary constituents
than did controls (Table 1).

Dietary intake of cholesterol showed the most
marked difference between cases and controls
(P <0.001), but intakes of fat, saturated fat, and oleic
acid were also higher among cases (P <0.01). Cases
reported higher intakes of protein, carbohydrates,
linoleic acid, and vitamin C (P < 0.05), whereas differ-
ences were not statistically significant for fiber and vit-
amin A (P =0.09 and 0.13, respectively).

The ORs for quartiles of macronutrient variables are
presented in Table 2. After adjustment for age, the
strongest trend with risk was noted for increasing total
calories (P for trend = 0.03). Modestly increased risks
were noted for intake of protein calories, fat calories,
and percent of calories from fat greater than 32.1.
Other risk factors added to the models counter-bal-
anced each other so that adjustment for all potential
confounders appeared to have little effect on point esti-
mates. Of interest, BMI had a particularly large impact
on many associations. For example, the OR in the
highest quartile of protein calories adjusted for other
risk factors excluding BMI was 1.8 (CI = 1.0-3.3) and
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Table 1. Age-adjusted mean (95% confidence interval)
daily nutrient intakes for endometrial cancer cases and
community controls

Nutrient (unit) Cases Community
(No. = 399) controls
(No. = 296)
Calories (Kcals)® 1,314 1,227
(1,267-1,362) (1,176-1,280)
Protein (g) 50.7 47.7°
(48.7-52.6) (45.6-49.9)
Carbohydrate (g) 152 143
(146-158) (137-150)
Fat (g) 55.1 50.1¢
(52.6-57.8) (47.5-52.9)
Saturated Fat (g) 19.1 17.1¢
(18.2-20.1) (16.1-18.1)
Oleic acid (g) 19.4 17.6¢
(18.5-20.4) (16.7-18.6)
Linoleic acid (g) 10.6 9.6°
(10.0-11.1) (9.1-10.3)
Cholesterol (mg) 202 174¢
(190-213) (164-188)
Fiber (g) 10.5 10.0
{10.0-11.0) {9.5-10.5)
Vitamin A (1U) 7,181 6,688
(6,802-7,580) (6,280-7,122)
Vitamin C (mg) 127 1140
(120-135) (107-122)

2 Excludes calories from alcohol.

» P<0.05 difference for cases cf control group.
¢ P<0.01.

4 P<0.001.

changed to 1.4 (CI = 0.7-2.7) after adjustment for BMI.
Similarly, in an analysis including age only, the OR in
the highest quartile of total calories was 1.6 but
decreased to 1.3 with adjustment for BMI. High caloric
intake, however, continued to be associated with
increased risk (OR = 1.5, CI =0.9-2.5) after adjust-
ment for the major risk factors, with fat and possibly
protein calories contributing to this increased risk. Be-
fore and after adjustment for carbohydrate calories,
elevated risks were observed for fat calories and, to a
lesser extent, protein calories. The variables describing
diet composition suggested that nsk of disease was
related to higher percent fat (P-trend = 0.07 and 0.11
before and after adjustment for calories, respectively)
but not to percent of protein or carbohydrates. The
ORs for total calories in these models were not altered
by adjustment for these percent-macronutrient vari-
ables, suggesting independent effects of diet compo-
sition and caloric intake.

Risks associated with types of fat, fiber, and choles-
terol are shown in Table 3. After adjustment for non-
dietary risk factors, cases had higher intakes of
saturated fat and oleic acid in all three quartiles above
the reference group, with results for linoleic acid being
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less strong. After control for carbohydrate calories, the
risks associated with high intake of saturated fat and
oleic acid were enhanced slightly (P-trend = 0.05 and
0.04, respectively). Women in the highest quartile of
cholesterol intake had two times the risk of those in the
lowest quartile. Although no trend in risk estimates
was apparent with increasing quartiles of cholesterol, a
trend test using median values indicated increasing risk
as cholesterol intakes increased (P = 0.01). Consump-
tion of fiber was not associated with risk, whereas
higher consumption of vitamins A and C was associ-
ated with elevated risks. Although the risk estimates
were elevated, no trends were observed either before or
after adjustment for total calories. Further adjustment
for intake of saturated fat did not alter the ORs. No
associations or trends were observed for individual
carotenoids including a- and B-carotene, lutein, cryp-
toxanthin, xanthins, and lycopene (data not presented).

Because of the strong association of endometrial
cancer and obesity in these data? and the influence of
BMI on nutrient associations, we attempted to assess
whether dietary patterns differed by body mass. After
adjustment for weight and other risk factors, carbo-
hydrate calories did not appear to be related differen-
tially to disease among any one body mass group
(Table 4). However, total calories, protein and fat cal-
ories—and saturated fat, in particular—appeared to be
associated more strongly with disease in women with a
BMI less than 29 compared with heavier women. Lim-
iting the analysis to the thinnest women (BMI < 23) or
to women with intermediate weights (BMI 23-28) re-
sulted in elevated risk estimates for all quartiles above
the reference for saturated fat (OR =2.0, 3.0, 2.2 for
BMI <23 and OR =5.8,4.9, 5.0 for BMI 23-28). After
women were divided into groups below or above the
median weight (69.5 kg), indings were similar to those
for BMI. However, carbohydrate calories appeared
associated with lower risks in lower-weight women
than in heavier women. Fat distribution was a strong
predictor of risk and had a positive linear relation with
risk in these data,? and so it was of interest to evaluate
risk related to dietary intake among women with low
and high-risk fat-distribution patterns. Contrary to
the finding from body mass, where risk associated with
nutritional factors appeared stronger in the women
thought to be at low risk of disease, these same factors
were stronger in women with upper body obesity
(high risk of disease). Women above the median WTR
had increased risks associated with protein, fat, and
saturated fat, and lower risks associated with carbo-
hydrate calories. No clear trends were noted for
women with lower body fat distributions although
some elevation in risk estimates was noted for satu-
rated fat. Although results for the nutrient factors



appeared differential by anthropometric strata, none of
the interactions was statistically significant. Weight
was controlled in these stratified analyses because of
possible residual effects of this factor within anthropo-
metric subgroups. In addition, further adjustment for
body fat distribution in the BMI and weight stratified
analyses did not substantially change results presented.

Evaluation of food patterns utilizing food frequency
data also were pursued (Table 5). Analyses adjusted
only for age suggested greater consumption of red
meat, foods high in animal fat, fried foods, fruit, and
citrus fruit among cases. These findings may have re-
sulted from consistent over-reporting by cases or
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under-reporting by controls of frequency in this quest-
ionnaire. We attempted to compensate for this by
adjusting for calories in a simple model with age only
(data not presented), yet increased risks persisted for
consumption of animal fat and fried foods. These two
food groups were associated with the largest and con-
sistently elevated risk-estimates after adjustment for
energy and other risk factors, and a clear trend was
noted for fried foods (P for trend =0.08). The
increased risk associated with fruit consumption dimi-
nished after adjustment for other risk factors.
Reduced risks were noted for consumption of com-
plex carbohydrates, and cereals and grains, although

Table 2. Odds ratios (OR) and 95% confidence intervals (Cl) for endometrial cancer associated with daily intakes of

macronutrients
Nutrient (cut-points) Cases Controls ORe ORe OR (Cl)
Calories
Q1 (<975 Kcals) 83 74 1.0 1.0
Q2 (975-1,247) 92 74 1.1 1.2
Q3 (1,248-1,560) 99 74 1.3 1.2
Q4 (> 1,560) 125 74 1.6 1.5
Protein calories
Q1 (< 147 Kcals) 83 74 1.0 1.0 1.0¢
Q2 (147-199) 105 74 1.3 1.3 14 (0.8-2.4)
Q3 (200-250) 88 74 1.1 1.1 1.1 (0.6-2.0)
Q4 (> 250) 123 74 1.6¢ 1.4 1.4 (0.7-2.7)
Fat calories
Q1 (< 344 Kcals) 85 74 1.0 1.0 1.0¢
Q2 (344-465) 89 74 1.1 1.1 1.2 (0.7-1.9)
Q3 (466-634) 111 74 1.4 1.6 1.7 (1.0-2.9)
Q4 (>634) 114 74 1.4 1.4 1.5 (0.8-2.7)
Carbohydrate calories
Q1 (< 463 Kcals) 94 74 1.0 1.0 1.0°
Q2 (463-598) 90 74 0.9 0.9 0.8 (0.4-1.3)
Q3 (599-758) 103 74 1.1 0.9 0.7 (0.4-1.3)
Q4 (>758) 112 74 2 1.2 0.9 (0.5-1.6)
% Calories from protein
Q1 (<13.7) 118 74 1.0 1.0 1.0'
Q2 (13.7-15.5) 81 74 0.7 0.6 0.6 (0.4-1.0)
Q3(15.6-17.2) 84 74 0.7 0.6 0.6 (0.4-1.0)
Q4 (>17.2) 116 74 1.0 1.0 1.0 (0.6-1.6)
% Calories from fat
Q1 (<32.2) 83 74 1.0 1.0 1.0
Q2 (32.2-37.7) 107 74 1.3 1.2 1.1 (0.7-1.9)
Q3 (37.8-43.4) 105 74 1.3 1.4 1.3 (0.8-2.2)
Q4 (>43.9) 104 74 1.3 1.6 1.5 (0.9-2.4)
% Calories from carbohydrates
Q1 (<40.4) 90 74 1.0 1.0 1.0/
Q2 (40.4-46.9) 126 74 1.4 1.2 1.2 (0.7-1.9)
Q3 (47.0-52.5) 96 74 1.0 0.9 0.9 (0.5-1.5)
Q4 (> 52.5) 87 74 0.9 0.8 0.8 (0.5-1.4)

* Adjusted for age-group.

® Adjusted for age-group, BMI, current smoking, years of education, number of births, ever oral-contraceptive use, ever menopausal-

estrogen use.
< Confidence interval does not include 1.00.
9 Further adjusted for carbohydrate calories.
* Further adjusted for non-carbohydrate calories.
' Further adjusted for total calories.
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the trends were not significant (P trend = 0.12and 0.15,
respectively). The components of cereals and grains
were similar to those for complex carbohydrates
excluding the contributions from vegetables (Appen-
dix). Addition of either complex carbohydrates or
breads and cereals to a model including animal fat re-
sulted in similar risk estimates to those presented. No
associations were observed for dairy foods, cruciferous
vegetables, or folate-rich foods. Inconsistent, nonsig-
nificant results were observed for ‘poultry + fish,” and
a red meat to ‘poultry + fish’ ratio (data not shown).
However, this questionnaire was limited in the compo-
nent food items for these food groups. For example, the

‘poultry + fish’ group consisted of only three line
items (fried chicken; baked, stewed, or broiled chicken
or turkey; and fried fish or fish sandwich).
Combination variables were created to better
describe dietary patterns. Increased risk was noted for
consumption of high animal fat together with low
complex carbohydrates (OR 1.6, CI =0.9-2.7), com-
pared with low animal fat and high complex carbo-
hydrates. However, evaluation of the interaction of
these two nutrients indicated this risk was no larger
than would be expected from adding the separate risks
for these dietary variables. Evaluation of risk associ-
ated with combined effects of percent fat and percent

Table 3. Odds ratios (OR) and 95% confidence intervais (Cl) for endometrial cancer associated with daily intakes of fats,

cholesterol, fiber, and vitamins

Nutrient (cut-points) Cases Controls ORs® ORe OR (C)
Saturated tat

Q1(<12g) YA 74 1.0 1.0 1.0°

Q2(13-18) 99 73 1.4. 1.7¢ 1.8 (1.0-2.9)

Q3 (19-25) 108 75 1.6 1.9 2.1 (1.2-3.6)

Q4 (> 25) 121 74 1.9¢ 1.9 2.1 (1.2-3.7)
Oleic acid

Q1(<13q) 71 74 1.0 1.0 1.0°

Q2 (14-19) 110 74 1.6° 1.9¢ 2.0 (1.2-3.3)

Q3 (20-25) 95 74 1.4 1.7¢ 1.9 (1.1-3.3)

Q4 (>25) 123 74 1.8 2.0¢ 2.2 (1.2-4.0)
Linoleic acid

Q1(<7g) 87 73 1.0 1.0 1.0°

Q2 (8-10) 96 74 1.1 1.1 1.1 (0.6-1.7)

Q3 (11-14) 87 75 1.0 1.0 1.0 (0.6-1.8)

Q4 (>14) 129 74 1.6¢ 1.6 1.6 (0.9-2.8)
Cholesterol

Q1 (< 123 mg) 86 74 1.0 1.0 1.0

Q2(123-177) 91 74 1.1 1.4 15 (0.9-2.4)

Q3 (178-245) 68 74 0.9 0.8 0.8 (0.5-1.5)

Q4 (>245) 154 74 2.0° 1.9 20 (1.2-3.3)
Fiber

Q1(<7.79) 79 72 1.0 1.0 1.0°

Q2(7.7-10.1) 98 76 1.2 0.9 0.8 (0.5-1.3)

Q3 (10.2-13.6) 140 73 1.7 1.4 1.2 (0.7-2.0)

Q4 (>13.6) 82 75 1.0 0.9 0.7 (0.4-1.3)
Total vitamin A

Q1 (<4,531 V) 68 74 1.0 1.0 1.0

Q2 (4,531-6,803) 115 74 1.7 1.6 1.6 (0.9-2.6)

Q83 (6,804-9,692) 101 74 1.5 15 1.4 (0.8-2.4)

Q4 (>9,692) 115 74 1.7¢ 1.6¢ 1.5 (0.8-2.5)
Total vitamin C

Q1 (<76 mg) 63 74 1.0 1.0 1.0

Q2 (77-125) 123 74 1.9¢ 1.7¢ 1.6 (1.0-2.7)

Q3 (126-180) 105 74 1.7¢ 1.2 11 (0.6-1.9)

Q4 (> 180) 108 74 1.7 1.5 1.3 (0.7-2.2)
a Adjusted for age-group.

» Adjusted for age-group, BMI, current smoking, years of education, number of births, ever oral-contraceptive use, ever menopausal

estrogen use.
< Confidence interval does not include 1.00.
¢ Further adjusted for carbohydrate caiories.
* Further adjusted for non-carbohydrate calories.
! Further adjusted for total calories.
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Table 4. Odds ratios (OR) and 95% confidence intervals (Cl) for endometrial cancer by body mass index (BMI), weight, and

waist-to-thigh ratio (WTR) group?®

Quartiles Total calories Protein calories® Fat calories® Saturated fate Carbohydrate calories®
within group
BMI <29
Q2 1.4 (0.8-2.6) 1.6 (0.8-3.0) 1.4(0.8-2.7) 2.9 (1.5-5.5) 0.9 (0.5-1.7)
Q3 1.5 (0.8-2.8) 1.3(0.6-2.7) 2.1(1.1-4.1) 3.1(1.6-6.3) 0.7(0.4-1.5)
Q4 1.8(0.9-3.3) 25(1.1-5.7) 1.9(0.9-3.9) 2.8(1.3-6.0) 0.7 (0.3-1.4)
BMI =29
Q2 0.8(0.3-2.2) 1.4(0.5-4.0) 0.9 (0.3-2.5) 0.8(0.3-2.2) 0.4(0.2-1.1)
Q3 0.9(0.3-2.2) 1.0(0.4-2.8) 1.5(0.5-4.3) 1.4 (0.5-3.9) 0.7 (0.3-2.0)
Q4 1.3(0.5-3.2) 0.7(0.2-2.4) 1.3(0.4-4.2) 1.2(0.4-3.5) 0.9(0.3-2.7)
< Median weight
Q2 1.2(0.6-2.4) 2.1(1.0-4.3) 1.7 (0.8-3.5) 2.4(1.2-5.0) 0.5(0.3-1.1)
Q3 1.5(0.7-2.9) 1.7(0.7-3.8) 3.5(1.7-7.2) 3.9(1.8-8.5) 0.5(0.2-1.1)
Q4 1.8(0.9-3.7) 3.2(1.2-8.2) 2.6(1.1-6.0) 3.0(1.3-6.8) 0.4(0.2-1.1)
> Median weight
Q2 1.3(0.6-2.9) 1.0(0.4-2.3) 0.8 (0.4-1.9) 1.5(0.6-3.4) 0.9(0.4-2.1)
Qs 1.1(0.5-2.5) 1.0(0.4-2.4) 1.0(0.4-2.4) 1.6 (0.6-3.9) 0.9(0.4-2.1)
Q4 1.5(0.7-3.2) 0.8(0.3-2.1) 1.1(0.4-2.9) 1.7(0.7-4.4) 1.2(0.5-2.9)
< Median WTR
Q2 1.1(0.5-2.3) 1.1(0.5-2.4) 0.9(0.4-1.9) 1.8(0.8-3.8) 1.1(0.5-2.5)
Q3 1.5(0.7-3.1) 0.7 (0.3-1.7) 1.1(0.5-2.5) 1.7(0.7-3.8) 1.4 (0.6-3.0)
Q4 1.5(0.7-3.2) 1.0(0.4-2.7) 1.0 (0.4-2.5) 1.3(0.5-3.1) 1.5(0.6-3.8)
> Median WTR
Q2 1.5(0.7-3.4) 1.4 (0.6-3.3) 1.4 (0.6-3.3) 2.0(0.9-4.7) 0.4 (0.2-0.9)
Q3 1.1(0.5-2.3) 1.6 (0.6-4.0) 2.8(1.1-6.7) 3.0(1.2-7.3) 0.4(0.2-1.1)
Q4 1.7 (0.8-3.6) 2.1(0.7-5.7) 2.4 (0.9-6.3) 3.8(1.4-10) 0.4 (0.1-1.0)

* No. = 205 and 223 cases and controls, respectively, with BMI < 29; 194 and 73 with BM| =29; 179 and 169 below median weight (69.5 kg);
220 and 126 above median weight; 165 and 161 below median WTR (1.8); 213 and 112 above median WTR.
® All models adjusted for age, ever estrogen usage, ever oral contraceptive usage, number of births, current smoking, education and weight

(continuous).
¢ Further adjusted for carbohydrate calories.
¢ Replaced carbohydrate calories with non-carbohydrate calories.

carbohydrate, saturated fat and fiber, red meat and
fruit, red meat and ‘poultry + fish’ consumption did
not demonstrate a group at substantially increased or
decreased risk.

Discussion

In this study, we observed that endometrial cancer was
associated with high intakes of: total calories; fat calor-
ies and percent calories from fat; saturated fat and oleic
acid; animal fat; and fried foods. Some elevation of risk
was noted for high intakes of cholesterol, vitamin A,
and vitamin C. Reduced risks were observed for con-
sumption of complex carbohydrates, particularly
cereals and grains, and no associations were noted for
intake of carotenoids, fiber, fruits, vegetables, crucifer-
ous vegetables, or folate-rich foods.

The possibility of bias due to the response rate
among controls was of concern in this study. We evalu-
ated some key findings among the younger and older
controls, since the response rate was higher in the
younger control group (76.3 percent). Results from

these analyses indicated that the nutrient effects were
not restricted to one age-group. Further, analyses of
other risk factors in this study'® were consistent with
other studies published previously, suggesting that the
effect of this bias would be minimal. Our findings were
congruent with ecologic and analytic studies that had
suggested endometrial cancer was associated with
higher fat,!1215 saturated fat,” animal fat and protein,**
and lower complex carbohydrate consumption.>* In
contrast to a protective role suggested for a carotene
index in one study,” we did not observe any associ-
ation between carotenoids and endometrial cancer.
The association between fried foods and endometrial
cancer risk had been reported previously." There may
be some alteration of the food composition due to
high-temperature cooking or the effect may reflect the
fact that these foods are high in fat or saturated fat con-
tent (Appendix). It was not possible to distinguish the
independent effects of fried foods and animal fats as
these variables were correlated (r = 0.60).

As in any dietary study, we were concerned about
the dietary methodology. In this study and another
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Table 5. Odds ratios (OR) and 95% confidence intervals (Cl) for endometrial cancer associated with weekly intakes of food
groups

Food group* Cases Controls ORe ORe ORs (o]}]
All meats
Q1 (<5.1) 88 74 1.0 1.0 0 —
Q2(5.1-7.6) 106 74 1.2 1.2 1.2 (0.7-1.9)
Q3(7.7-10.8) 97 74 1.1 1.1 1.0 (0.6-1.6)
Q4 (>10.8) 108 74 1.3 1.2 0 (0.6-1.7)
Red meats
Q1 (<2.9) 74 67 1.0 1.0 1.0 —
Q2 (2.9-5.2) 110 79 1.3 1.4 1.3 (0.8-2.2)
Q3 (5.3-8.0) 96 74 1.2 1.2 11 (0.6-1.9)
Q4 (>8.0) 119 76 1.5 1.6 1.3 (0.8-2.4)
Animal fat
Q1(<7.5) 69 73 1.0 1.0 1.0 -
Q2 (7.5-12.0) 95 72 1.4 1.5 1.5 (0.9-2.6)
Q3(12.1-18.9) 118 75 1.8¢ 1.7¢ 1.6 (0.9-2.8)
Q4 (> 18.9) 17 76 1.7¢ 1.7¢ 1.5 (0.8-2.7)
Fried foods
Q1(<1.5) 76 74 0 1.0 1.0 -
Q2 (1.5-2.9) 90 72 1.2 1.2 1.2 (0.7-2.0)
Q3(3.0-4.9) 103 YAl 1.5 1.4 1.3 (0.8-2.2)
Q4 (>4.9) 130 79 1.6° 1.8° 1.7 (1.0-2.9)
High-fat snacks/desserts
Q1 (<2.6) 97 70 1.0 1.0 1.0 —
Q2 (2.6-6.1) 110 78 1.0 1.1 1.0 (0.6-1.6)
Q3 (6.2-10.5) 98 73 1.0 1.0 0.9 (0.5-1.5)
Q4 (>10.5) 94 75 0.9 0.9 0.7 (0.4-1.2)
Dairy foods
Q1 (<6.0) 90 72 1.0 1.0 1.0 -
Q2 (6.0-10.5) 104 75 1.1 1.0 1.0 (0.6-1.6)
Q3(10.6-17.6) 86 75 0.9 0.9 0.8 (0.5-1.3)
Q4 (>17.6) 119 74 1.3 1.4 1.2 (0.7-2.0)
Complex carbohydrates
Q1 (<13.9) 100 73 1.0 1.0 1.0 —
Q2 (13.9-18.9) 104 75 1.0 0.9 0.8 (0.5-1.4)
Q3(19.0-23.9) 93 73 0.9 0.8 0.7 (0.4-1.2)
Q4 (>23.9) 102 75 1.0 09 0.7 (0.4-1.2)
Cereals and grains
Q1(<9.6) 108 74 1.0 1.0 1.0 —
Q2(9.7-12.7) 77 73 0.7 0.6 0.6 (0.3-1.0)
Q3(12.8-17.2) 106 72 1.0 0.8 0.7 (0.4-1.1)
Q4 (>17.2) 108 77 0.9 0.8 0.6 (0.4-1.1)
Fruit
Q1 (<8.5) il 74 1.0 1.0 1.0 —
Q2(8.5-14.7) 101 73 1.4 1.2 1.2 (0.7-1.9)
Q3 (14.8-21.9) 114 75 1.5 1.2 11 (0.7-1.9)
Q4 (>21.9) 113 74 1.5 1.2 11 (0.6-1.9)
Citrus fruit
Q1 (<2.1) 75 73 1.0 1.0 1.0 —
Q2 (2.1-7.0) 129 73 1.7¢ 1.6° 1.6 (1.0-2.6)
Q3 (7.1-8.5) 76 75 1.0 0.8 0.8 (0.4-1.3)
Q4 (>8.5) 119 75 1.5 1.2 141 (0.6-1.8)
Vegetables
Qt (<11.1) 98 73 1.0 1.0 1.0 —
Q2(11.1-15.8) 88 75 0.9 0.9 0.8 (0.5-1.3)
Q3 (15.9-21.0) 103 74 1.0 0.9 0.8 (0.5-1.4)
Q4 (>21.0) 110 74 1.1 11 1.0 (0.6-1.6)
Continued . ..
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Table 5. Continued

Diet and endometrial cancer

Food group® Cases Controls ORe ORe OR¢ (Cl)
Cruciferous vegetables
Q1 (<1.0) 101 72 1.0 1.0 1.0 -
Q2(1.0-1.7) 85 72 0.8 0.9 0.9 (0.5-1.4)
Q3 (1.8-3.1) 123 78 1.1 1.2 1.1 (0.7-1.8)
Q4 (>3.1) 90 74 0.9 0.9 0.8 (0.5-1.3)
Folate-rich foods
Q1 (<6.4) 91 74 1.0 1.0 1.0 .-
Q2 (6.4-10.7) 93 73 1.0 0.8 0.8 (0.5-1.3)
Q3 (10.8-15.9) 101 75 1.1 0.9 0.9 (0.5-1.4)
Q4 (>15.9) 114 74 1.2 1.1 0.9 (0.6-1.6)
* Quartile cut-points in times per week.
® Adjusted for age-group.

< Adjusted for age-group, BMI, ever estrogen usage, ever oral-contraceptive usage, number of births, current smoking, education.

9 Further adjusted for total calories.
¢ Confidence interval does not inciude 1.00.

comparable endometrial cancer study conducted in
China," cases reported higher intakes of most nutrients
and foods than did controls. Although we cannot
exclude the possibility of reporting bias in these stu-
dies, it is of interest that increased risk was related to fat
intake, particularly from animal sources, in both the
US and Chinese studies.

We utilized the 60-item Block questionnaire because
this abbreviated questionnaire can rank individuals
adequately and requires only 15-20 min rather than
30-35 min for the more detailed questionnaire.?? The
reduced questionnaire produces lower absolute esti-
mates of calories and macronutrients, yet these esti-
mates correlate well with values from the expanded
questionnaire (r = 0.96-0.98).2 Thus, although some
estimates are lower, the ranking of individuals should
be satisfactory. In addition, percent of calories from fat
are comparable to other dietary instruments as the
reduced questionnaire yields similar estimates to those
from multiple diet records.?

It was not surprising that ‘total calories’ was related
to risk of disease, as cases appeared to consume slightly
higher amounts of most nutrients compared with con-
trols. Evaluation of mean caloric intakes within strata
of BMI showed that cases consumed more calories at
every level of BMI and that caloric intake increased in
conjunction with BMI (data not presented). Adjust-
ment for calories was problematic, however, as most
nutrients were correlated with total calories (r=0.7),
and macronutrient calorie variables were correlated
with each other (r = 0.6-0.8). Thus, it was difficult to
disentangle increased total consumption of foods from
increased intake of particular nutrients. The possibility
of residual confounding using the macronutrient cal-
orie variables, or even total calories cannot be
excluded. Given the homogeneity of dietary intakes in
this study and the inherent drawbacks with any energy

adjustment method, we were reassured by the congru-
ence of our findings with other reports as well as with
results between the nutrient and food group analyses
that employed different methods of energy
adjustment.

The consistency of our results among the percent fat,
total fat, saturated fat, and animal fat calories initially
appeared incongruous with the finding of increased
risk associated with the typically vegetable-associated
fats, i.e., oleic and linoleic acids. These fatty acids in the
nutrient database are markers for mono- and polyun-
saturated fats in the diet. Interestingly, an international
analysis’? showed that, among seven cancers investi-
gated, monounsaturated fat was associated only with
cancer of the endometrium. In our study, oleic and
linoleic acid were correlated with saturated fat
(r=0.95, 0.73, respectively). We did not assess intakes
of specific oils, which would be expected to be major
contributors and sources of variance to the fatty acid
indices. An analysis of principal contributors to our
fatty acid indices demonstrated that meats contributed
substantially to both the saturated fat and oleic acid
indices (25 percent and 27 percent of the total), while
added fats (margarine and mayonnaise/salad dressing)
made less of a contribution. Thus, without other infor-
mation on the major sources of unsaturated fats in the
diet (i.e., oils), we cannot disentangle effects of compo-
nent fats with these data.

It is believed that the association between obesity
and endometrial cancer risk is mediated by the
increased endogenous hormone production and pos-
sibly higher free-estrogen concentrations.'”® The risk
related to BMI was not altered by adjustment for nutri-
ents. Although some dietary associations were affected
by adjustment for BMI, associations persisted after
adjustment for BMI, weight, or WTR. Of particular
interest, risk associated with saturated fat persisted
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after adjustment for BMI and was found to be consist-
ently stronger among thinner women (BMI<29 or
weight below median) than among obese women. Since
thin women would not have the stores of adipose tissue
and resulting estrogen production from that source,
they may be more susceptible to effects of dietary fac-
tors. In addition, our results suggest that diet does not
influence the risk associated with obesity, and that
dietary factors may explain some risk which is not
related directly to obesity. In support of this, Austin
and co-workers? noted higher serum estrogens and
androstenedione levels among endometrial cancer
cases after adjustment for BMI, suggesting additional
mechanisms of altered hormone metabolism beyond
those associated with obesity.

The observed increased risk associated with total fat
and saturated fat in our study may be due to alterations
in estrogen metabolism among cases. A variety of diet-
ary studies have demonstrated nutritional influences
on hormone levels. Observational and intervention
studies have shown higher levels of plasma estrone, 5!
estradiol,***** and prolactin®* among women con-
suming a high-fat or omnivorous diet compared with
those consuming a low-fat or vegetarian-style diet.
Further, total fat intake has been correlated positively
with total plasma estrogens,? estrone and estradiol,®
and prolactin levels® and negatively related to SHBG.**
Goldin and coworkers* also reported a positive corre-
lation between intake of saturated fat and fecal B-glu-
curonidase activity, suggesting increased uptake of
estrogens through enterohepatic circulation. Similarly,
supplementation with dietary wheat-bran has been
shown to decrease plasma estradiol and estrone con-
centrations and has been associated with reductions in
fecal B-glucuronidase activity.'® In addition to an effect
of lowering levels of circulating estrogens, fiber from
grains has been correlated positively with SHBG
levels,'®” which would cause further reductions in bio-
logically available estradiol. Although unlikely, we
* cannot exclude the possibility that some of these find-
ings on diet and hormone levels may have been due to
concomitant differences in weight noted in many
studies. Nonetheless, our observed increased risk of
endometrial cancer associated with high intakes of
total fat and saturated fat, and low intakes of breads and
cereals may be mediated by circulating estrogen levels.
Although other effects of this dietary pattern may
influence risk, the established epidemiologic risk fac-
tors all support a hormonal mechanism of risk
enhancement.

Acknowledgements—The authors wish to thank
Linda Lannom for support of field activities, Drs
Trisha Hartge and Susan Sturgeon for comments on

248  Cancer Causes and Control. Vol 4. 1993

the analytic approach; Dr Shalom Wacholder for con-
tributions on energy adjustments, and Tim Brooker
for technical assistance with programming.

References

1. Parazinni F, La Vecchia C, Bocciolone L, Franceschi S.
Review: The epidemiology of endometrial cancer. Gyn-
ecol Oncol 1991; 41: 1-16.

2. Siiteri PK. Extraglandular oestrogen formation and
serum binding of oestradiol: relationship to cancer.
J Endocrinol 1981; 89: 119-29.

3. Siiteri PK. Adipose tissue as a source of hormones. Am J
Clin Nutr 1987; 45: 277-82.

4. Enriori CL, Reforzo-Membrives J. Peripheral aromati-
zation as a risk factor for breast and endometrial cancer
in postmenopausal women: A review. Gynecol Oncol
1984; 17: 1-21.

5. Hill P, Garbaczewski L, Helman P, Huskisson ],
Sporangisa E, Wynder EL. Diet, lifestyle, and menstrual
activity. Am J Clin Nutr 1980; 33: 1192-8.

6. Rose DP, Boyar AP, Cohen C, Strong LE. Effect of low-
fat diet on hormone levels in women with cystic breast
disease. 1. Serum steroids and gonadotropins. JNCI
1987; 78: 623-6.

7. Boyar AP, Rose DP, Loughridge A, et al. Response to a
diet low in total fat in women with postmenopausal
breast cancer: a pilot study. Nutr Cancer 1988; 11: 93-9.

8. Bennett FC, Ingram DM. Diet and female sex hormone
concentrations: an intervention study for the type of fat
consumed. Am J Clin Nutr 1990; 52: 808-12.

9. Prentice R, Thompson D, Clifford C, Gorbach S, Goldin
B, Byar D. Dietary fat reduction and plasma estradiol
concentration in healthy postmenopausal women. [NC/
1990; 82: 129-34.

10. Rose DP, Goldman M, Connolly JM, Strong LE. High-
fiber diet reduces serum estrogen concentrations in pre-
menopausal women. Am J Clin Nutr 1991; 54: 520-5.

11. Armstrong B, Doll R. Environmental factors and cancer
incidence and mortality in different countries, with spe-
cial reference to dietary practice. Int J Cancer 1975; 15:
617-31.

12. Prentice RL, Sheppard L. Dietary fat and cancer: consist-
ency of the epidemiologic data, and disease prevention
that may follow from a practical reduction in fat con-
sumption. Cancer Causes Control 1990; 1: 81-9.

13. Kolonel LN, Hankin JH, Lee J, Chu SY, Nomura AMY,
Hinds MW. Nutrient intakes in relation to cancer inci-
dence in Hawaii. Br | Cancer 1981; 44: 332-9.

14. Shu XO, Zheng W, Potischman N, ez al. A population
based case-control study of dietary factors and endo-
metrial cancer in Shanghai, People’s Republic of China.
Am ] Epidemiol 1993; 137: 155-65.

15. LaVecchia C, Decarli A, Fasoli M, Gentile A. Nutrition
and diet in the etiology of endometrial cancer. Cancer
1986; 57: 1248-53.

16. Heinonen PK, Kuoppala T, Koskinen T, Punnonen R.
Serum vitamins A and E and carotene in patients with
gynecologic cancer. Arch Gynecol Obstet 1987; 241:
151-6.

17. OrrJW, Wilson K, Bodiford C, et al. Corpus and cervix
cancer: A nutritional comparison. Am J Obstet Gynecol
1985; 153: 775-9.



18. Brinton LA, Berman ML, Mortel R, et al. Reproductive,
menstrual and medical risk factors for endometrial can-
cer: Results from a case-control study. Am | Obstet
Gynecol 1992a; 167: 1317-25.

19. Brinton LA, Barrett R}, Berman ML, Mortel R, Twiggs
LB, Wilbanks GD. Cigarette smoking and the risk of
endometrial cancer. Am | Epidemiol 1993; 137: 281-91.

20. Waksberg J. Sampling methods for random digit dialing.
J Am Stat Assoc 1978; 73: 40-6.

21. Swanson CA, Potischman N, Wilbanks GD, et al.
Relation of endometrial cancer risk to past and contem-
porary body size and body fat distribution. Cancer Epi-
demiol Biomarkers Prev (in press).

22. Block G, Hartman AM, Naughton D. A reduced dietary
questionnaire: development and validation. Epidem:-
ology 1990; 1: 58-64.

23. Block G. Health habits and history questionnaire, diet
history and other risk factors, personal computer packet.
Bethesda: National Cancer Institute, Division of Preven-
tion and Control, 1989.

24. Block G, Hartman AM, Dresser CM, Carroll MD, Gan-
non |, Gardner L. A data-based approach to diet ques-
tionnaire design and testing. Am J Epidemiol 1986; 124:
453-69.

25. SAS Institute, Inc. SAS Users Guide. Cary, NC: SAS
Institute, Inc., 1990.

26. BMDP Statistical Software. Berkeley, CA: University of
California Press, 1990.

27. Breslow NE, Day NE. Statistical Methods in Cancer
Research: The Analysis of Case-Control Studies. Lyon,
France: International Agency for Research on Cancer,
1980: IARC Sci. Pub. No. 32.

28. Voigt LF, Weiss NS. Epidemiology of endometrial can-
cer. In: Surwit E, Alberts D, eds. Cancer Treatment and
Research, Vol. 29. Boston: Kluwer Academic Publishers,
1989.

APPENDIX. Food group components

Meat

Hamburgers, cheeseburgers, or meat loaf; beef such as
steaks or roast; beef stew or pot pie; liver; pork such as
pork chops or roasts; fried chicken; baked, stewed, or
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dogs; ham or lunch meats; bacon; sausage.
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Hamburgers, cheeseburgers or meat loaf; beef such as
steaks or roasts; beef stew or pot pie; liver; pork such as
pork chops or roasts; spaghetti, lasagna, or pasta with
tomato sauce; hot dogs; ham or lunch meats; bacon;
sausage.

Animal fat

Hamburgers, cheeseburgers, or meat loaf; beef such as
steaks or roasts; beef stew or pot pie; pork such as pork
chops or roasts; fried chicken; spaghetti, lasagna, or
pasta with tomato sauce; hot dogs; ham or lunch meats;

Diet and endometrial cancer

29. Austin H, Austin JM Jr., Partridge EE, Hatch KD,
Shingleton HM. Endometrial cancer, obesity, and body
fat distribution. Cancer Res 1991; 51: 568-72.

30. Goldin BR, Aldercreutz H, Gorbach SL, et al. The
relationship between estrogen levels and diets of Cauca-
sian American and Oriental immigrant women. Am |
Clin Nutr 1986; 44: 945-53.

31. Shimizu H, Ross RK, Bernstein L, Pike MC, Henderson
BE. Serum oestrogen levels in postmenopausal women:
comparison of American whites and Japanese in Japan.
Br ] Cancer 1990; 62: 451-3.

32. Gorbach SL, Goldin BR. Diet and the excretion and
enterohepatic cycling of estrogens. Prev Med 1987; 16:
525-31.

33. Barbosa JC, Shultz TD, Filley SJ, Nieman DC. The
relationship among adiposity, diet, and hormone con-
centrations in vegetarian and nonvegetarian postmeno-
pausal women. Am J Clin Nutr 1990; 51: 798-803.

34. Bernstein L, Yuan ]J-M, Ross RK, et al. Serum hormone
levels in pre-menopausal Chinese women in Shanghai
and white women in Los Angeles: results from two
breast cancer case-control studies. Cancer Causes Con-
trol 1990; 1: 51-8.

35. Armstrong BK, Brown JB, Clarke HT, Crooke DK,
Hahnel R, Masarei JR, Ratajczak T. Diet and repro-
ductive hormones: A study of vegetarian and non-
vegetarian postmenopausal women. /NCI 1981; 67:
761-7.

36. Goldin BR, Adlercreutz H, Gorbach SL, ez al. Estrogen
excretion patterns and plasma levels in vegetarian and
omnivorous women. N Engl ] Med 1982; 307: 1542-7.

37. Adlercreutz H, Hockerstedt K, Bannwart C, et al. Effect
of dietary components, including lignans and phyto-
estrogens, on enterohepatic circulation and liver metab-
olism of estrogens and on sex hormone binding globulin
(SHBG). J Steroid Biochem Mol Biol 1987; 27: 1135-44.

beans such as baked beans, kidney beans or in chili;

cheese; eggs; bacon; sausage; butter; ice cream; whole
milk.

Fried foods

French fries or fried potatoes; hamburgers, cheese-
burgers or meat loaf; liver; fried chicken; fried fish or
fish sandwiches; bacon; sausage.

High-fat snacks and desserts

French fries or fried potatoes; salty snacks like chips or
popcorn; ice cream; pie; doughnuts, cookies, cakes, or
pastry; chocolate candy.

Dairy

Cheese or cheese spreads; butter; ice. cream; whole
milk; 2% milk; skim milk, 1% milk or buttermilk; milk
in coffee or tea; cream or half-and-half in coffee or tea.
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Complex carbohydrates

Carrots or mixed vegetables containing carrots; peas;
french fries and fried potatoes; baked, boiled, or
mashed potatoes; sweet potatoes or yams; rice; beans
such as baked beans, kidney beans, or in chili; cooked
cereals; high fiber cereals such as shredded wheat or
bran cereal; white bread, rolls, or crackers including
sandwiches and bagels; dark breads such as wheat, rye,
or pumpernickel; corn bread, corn muffins, corn tortil-
las, or grits.

Cereals and grains

Rice; cooked cereals; high fiber cereals such as shred-
ded wheat or bran cereal; highly fortified cereals; other
cold cereals such as Rice Krispies or Corn Flakes; white
bread, rolls, or crackers including sandwiches and
bagels; dark breads such as whole wheat, rye, or pum-
pernickel; corn bread, corn muffins, corn tortillas, or
grits.

All fruit

Orange or grapefruit juice; other fruit or fortified fruit
drinks; oranges; grapefruit; cantaloupe in season;
apples or applesauce; bananas.
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Citrus
Orange or grapefruit juice; oranges; grapefruit.

Vegetables

Carrots or mixed vegetables containing carrots; broc-
coli; peas; spinach; mustard greens, turnip greens or
collards; cole slaw, cabbage or sauerkraut; tomatoes;
green salad; vegetable soup; french fries or fried
potatoes; baked, boiled, or mashed potatoes; sweet
potatoes or yams; beans such as baked beans, kidney
beans, or in chili.

Cruciferous vegetables
Broccoli; cole slaw, cabbage or sauerkraut; mustard
greens, turnip greens or collards.

Folate-rich foods

Orange or grapefruit juice; oranges; grapefruit; canta-
loupe in season; spinach; mustard greens, turnip greens
or collards; beans such as baked beans, kidney beans, or
in chili; liver; peanuts or peanut butter.



