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Endometrial Cancer Risk in Relation to Serum Lipids
and Lipoprotein Levels
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Leo B. Twiggs, George D. Wilbanks, Robert N. Hoover, serum cholesterol and, perhaps more importantly, to alter
and Louise A. Brinton cholesterol lipoprotein profiles (e.g., LDL 2 and HDL cho-
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Plaza North, Suite 430, Bethesda, Maryland 20892 [C. A. S., N.P., intake, and substitute mono- and polyunsaturates for animal
R. N. H., L. A. B.]; Department of Obstetrics and Gynecology, The fat (2). While these recommendations are widely endorsed
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The inverse relation of blood cholesterol and cancer

risk observed in several cohort studies appears to be most
Abstract pronounced for cancers of the lung and colon and for
Blood lipids are useful biochemical indicators for hemopoietic cancers (5-7). Most investigations have been
assessingthe risk of a number of chronic diseases, restricted to men or included women in such small numbers
particularly those associated with obesity. In a that gender-specific analyses either were not feasible or
multicenter case-control study that included 256 cases were difficult to evaluate. Studies of endometrial cancer
and 185 controls lessthan 75 years old, we studied the may be instructive since a number of risk factors for this
risk of endometrial cancer in relation to serum disease (e.g., estrogen exposure, obesity, diet) are associ-
cholesterol, low density lipoprotein cholesterol, high ated with blood lipids (8, 9). For example, obesity, a major
density lipoprotein cholesterol, and triglycerides, risk factor for endometrial cancer, is positively associated
Contrary to expectation, blood lipids were, in general, with increased levels of triglycerides and concomitant
lower among cases compared with controls. The effects reductions in HDL cholesterol (9). Several studies suggest
of low blood lipids, specifically cholesterol and low that diets rich in total fat and/or animal fat are positively
density lipoprotein cholesterol, were limited to older associated with the risk of endornetrial cancer (10-13).
women (_55 years). Risk of the disease in this subgroup Consumption of diets rich in saturated fat is associated
of 177 casesand 110 controls was increased 3-4-fold with increased blood levels of total cholesterol and LDL
among those with the lowest cholesterol or low density cholesterol (9).
lipoprotein cholesterol values. For example, after The relationship of cholesterol to endometrial cancer
adjustment for age, education, smoking status, obesity, risk has not been adequately studied and, to our knowl-
and body fat distribution, the relative risks of edge, the role of various cholesterol lipoproteins has not
endometrial cancer across decreasing quartiles of serum been evaluated. A large multicenter case-control study pro-
cholesterol were 1.0, 2.5, 2.4, and 4.2 (P for trend vided an opportunity to evaluate riskfactors for endometrial
< 0.01). We examined blood lipid levels by disease cancer (14). The purpose of this report was to assessthe risk
stage. The low lipid values of older casesdid not appear of endometrial cancer in relationship to serum lipids and
to be a consequence of the disease. While we cannot cholesterol lipoproteins.
rule out the possibility that hypocholesterolemia is a
predisposing factor for endometrial cancer, there is no
obvious biological explanation for the inverse Materials and Methods
association. This report is based on data obtained from women who

participated in a multicenter case-control study. Caseswere

Introduction accrued during the period June 1, 1987, to May 15, 1990,
from seven hospitals in five geographic areas of the United

Blood lipids are useful biochemical measurements for as- States (Chicago, IL; Hershey, PA; Irvine and Long Beach,
sessingthe risk of developing a number of chronic diseases. CA; Minneapolis, MN; and Winston-Salem, NC). All newly
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diagnosed patients with endometrial cancer who were be- versus 2.5 years) because interviewing of controls lagged
tween the ages of 20 and 74 years, resided in defined behind that of cases.
catchment areas (usually within 150 miles of the participat- Serum cholesterol, HDLC, and triglycerides were mea-
ing medical centers), and had not received previous treat- sured enzymatically (21,22) using an autoanalyzer (Hitachi
ment for their cancer were eligible for the study. A total of Model 704/717). Samples for HDLC analysis were pre-
498 incident cases were considered eligible, treated with dextran sulfate to precipitate very low and low

For each eligible case, we attempted to select one density lipoproteins (23). LDLC was calculated by the
control matched for age (same 5-year group), race, and Friedewald equation (24). The samples were analyzed in
location of residence (based on either telephone exchange batches over a 6-month period. In-house reference samples

or zip code). For cases under the age of 65, controls were and blinded quality surveillance samples were inserted into
selected using random digit dialing techniques (15). Of the each batch of samples.
residential households identified through random digit di- Due to skewed distributions, lipid values were Iog-

aling, an enumeration of female members was obtained for transformed to evaluate means. Least squares means anal-
86%. Older controls were identified by randomly selecting ysis was used to derive age-adjusted mean values of serum
from current Health Care Financing Administration com- lipids. To estimate the risk of endometrial cancer associated
puter tapes a woman of the same age, race, and zip code of with serum lipids, we calculated odds ratios as approxima-
residence as each eligible case. A total of 125 of the initially tions of relative risks (25). Unconditional logistic regression
selected random digit dialing controls and 88 of the Health was used to adjust for potential confounding variables,
Care Financing Administration controls were eliminated deriving maximum likelihood estimates of relative risks and
because they reported hysterectomies. These women were 95% CIs. Tests for trend in the logistic analyses were ob-
replaced with other eligible subjects. A total of 304 random tained by categorizing the exposure variable and treating
digit dialing and 173 Health Care Financing Administration the scored variables as continuous, after eliminating un-
controls were enlisted, known values. To test for trend across stage of disease, we

Interviews were completed with 434 of 498 eligible used least-squares regression with stage as the outcome
cases (87.1%) and with 313 of 477 eligible controls variable and the serum lipid and age as the independent
(65.6%). The primary reason for nonresponse was refusal variables. The regression analyses included age as a con-
(4.8% of cases versus 21.8% of controls). Eligible subjects tinuous variable but results were similar when it was en-
who were not interviewed were not replaced. All cases tered _s a categorical variable (<45, 45-54, 55-64, and
were pathologically confirmed with 93% of the interviewed ->65 years). Education, smoking status, BMI, and body fat
caseshaving a classification of epithelial cancer. Because of distribution were entered into regression analyses as cate-
the distinct epidemiological characteristics of sarcomas gorical variables. Further adjustment for other potential
(16), 29 caseswith sarcomas and16 matched controls were confounders (i.e., age at menarche, oral contraceptive
removed from the analysis. Eighty of the interviewed cases use, age at menopause, past use of exogenous estrogens,
and 80 controls refused to provide a blood sample. Blood diabetes, alcohol use, physical activity, and intake of total
lipids of 22 cases and 14 controls were not determined fat and saturated fat) did not materially alter the results.
due to insufficient sample. Because of the effect of exoge-
nous estrogens on blood lipids and lipoproteins (8, 17),
women taking oral contraceptives (2 cases and 0 controls) Results
or menopausal estrogens (44 cases and 16 controls) during The mean age of cases at interview was 58.9 years, com-
the 6-month period prior to the blood collection were re- pared with 57.1 years among the controls (Table 1). Cases
moved from the analysis, as were 3 women (1 case and 2 and controls were comparable on race, with 90% of the
controls) whose use of exogenous hormones could not be respondents classifying themselves as non-Hispanic whites.
determined. This analysis focused on the remaining 256 Cases had more years of education and were less likely to
epithelial cancer cases and 185 controls, be current drinkers or smokers. Early menarche was asso-

Uniformly trained interviewers administered a stan- ciated with an increased risk of endometrial cancer but age
dardized questionnaire. The interview included information at natural menopause was not. Cases had fewer births and
on demographic factors, pregnancies, menstruation, con- were less likely to have been oral contraceptive users but
traceptive behavior, use of exogenous hormones, family they were more likely to have taken menopausal estrogens.
history of cancer, medical conditions, diet, alcohol use, and Cases, more often than controls, had a history of diabetes,
physical activity. Following the interview a variety of an- were physically inactive, were obese, tended to accumulate
thropometric measurements were obtained, including waist fat on their upper body, and consumed more saturated fat.
and thigh circumference to estimate body fat distribution. Among controls, total cholesterol was highly corre-
Detailed descriptions of the methods for diet, alcohol in- lated with LDLC (Spearman r = 0.90) and triglycerides
take, anthropometry, and physical activity assessment are (r = 0.31). Similarly, LDLC was positively associated
provided elsewhere (13, 18-20). with triglycerides (r = 0.21). HDLC and triglycerides were

Participants were asked to provide a fasting blood sam- inversely associated (r = -0.46). With the exception of
pie. Nurse interviewers collected samples from cases in the HDLC, the blood lipids were directly related to age
2-day period prior to surgery. A phlebotomist visited con- (P < 0.01). Spearman correlation coefficients ranged from
trois in their homes usually within 1 month of the interview. 0.33 for triglycerides and age to 0.40 for cholesterol and
Each field center stored serum samples at -70°C until the age. Table 2 shows age-adjusted partial correlation coeffi-

specimens were shipped on dry ice to a central storage cients of serum lipids with selected potential confounders.
facility where they were kept at -85°C. In mid-1992 the After adjusting for age, neither cholesterol nor LDLC was
stored samples were sent to a clinical laboratory for chem- significantly correlated with education, alcohol intake,
ical analysis. The median time from sample collection to smoking, recreational physical activity, BMI, or body fat
chemical analysis was longer for cases than controls (3.9 distribution. HDLC was directly related to education, alco-
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Table I Distribution of endometrial cancer cases and controls by other
risk factors a

Table2 Age-adjusted Spearman correlation coefficients of serum lipids a
Cases Controls and potential risk factors for endometrial cancer among 185 control

No. % No. % subjects

Age (yr) Cholesterol LDLC HDLC Triglycerides

<45 25 9.8 25 13.5 Education b 0.02 -0.03 0.23 C -0.14

45-54 54 21.1 50 27.0 Alcohol d -0.05 -0.03 0.32 c -0.25 C

54-64 92 35.9 61 33.0 intake

->65 85 33.2 49 26.5 Smoking e 0.06 0.08 0.12 -0.09

Education (yr) Recreational 0.01 0.01 0.17 c -0.11
<12 60 23.4 40 21.6 physical

12 76 29.7 55 29.7 activity_

13-15 39 15.2 40 21.6 BMH 0.11 0.11 -0.30 c 0.30 _

->16 78 30.5 49 26.5 Waist-to-thigh 0.08 0.07 -0.17 c 0.10
circumference

Alcohol use ratioa
No 116 45.3 62 33.5

Yes 138 53.9 123 66.5 _ In quartiles.

Smoking status b Education groups defined as <12, 12, 13-15, and ->16 years.
Never 177 69.1 109 58.9 c p < 0.05.

dAIcohol groups defined as 0, <1, 1-4, and >4 drinks/week.Former 60 23.4 43 23.2
e Categories include nonsmokers, former smokers, and current smokers.

Current 17 6.6 33 17.8 _Recent physical activity in tertiles.
Age at menarche (yr)

<13 130 50.8 76 41.1

13 66 25.8 58 31.4

14 38 14.8 27 14.6 hol intake, and physical activity and inversely associated
->15 21 8.2 22 11.9 with BMI, and upper body fat predominance. Triglycerides

Ageat menopause b (yr) were inversely related to alcohol intake but positively as-
<45 27 14.3 19 15.0 sociated with BMI. None of the blood lipids were associ-45_19 52 27,5 40 31.5

50-54 82 43.4 49 38.6 ated with intake of energy, cholesterol, total fat, or saturated
->55 25 13.2 15 11.8 fat (data not shown).

No.of full termbirths Table 3 shows the relationship of endometrial cancer
0 54 21.1 16 8.7 risk to levels of serum lipids and lipoproteins. In general,
1 39 15.2 13 7.0 risk was highest among women with the lowest lipid values.
2 51 19.9 61 33.0 Risk was elevated nearly 2-fold among women in the lowest
34 86 33.6 62 33.5 quartile of serum cholesterol and among women in the
->5 26 10.2 33 17.8 lowest quartile of LDL cholesterol. Adjustment for age,

Oralcontraceptiveuse education, smoking status, BMI, and body fat distributionNo 210 82.0 119 64.3
Yes 46 18.0 66 35.7 did not materially alter these associations. Low levels of

Menopausalestrogenuseb HDL cholesterol were also associated with increased risk of
No 163 86.2 119 93.7 the disease (relative risk, 2.7; 95% CI, 1.6-4.6). The rela-
Yes 25 13.2 8 6.3 tionship, however, was not linear, and the effect of low

Historyof diabetes HDLC was less pronounced (relative risk, 1.7; 95% CI,
No 213 83.2 172 93.0 0.9-3.2) after adjustment for confounders, particularly BMI.

Yes 41 16.0 13 7.0 The age-adjusted risk estimates indicated that endometrial
Recreational physical activity

tertile cancer risk was reduced about 25% among women with the
Low 109 42.6 61 33.0 lowest serum triglycerides compared with women in the
Medium 98 38.3 77 41.6 highest quartile. After adjustment for BMI and other factors,
High 46 18.0 47 25.4 the direction of the association was reversed; risk was 30%

BMI(kg/m2)_ higher (95% CI, 0.7-2.5) among women in the lowest quar-
<22.5 49 19.1 41 22.2 tile of serum triglyceride compared with women in the
22.6-24.9 29 11.3 46 24.9 highest quartile. There was, however, no response gradient,
25.0-28.3 37 14.4 49 26.5 and no confidence interval excluded unity. No single blood
>28.3 139 54.3 44 23.8 lipid appeared to explain the observed risks. For example,Waist-to-thigh circumference

ratiod when cholesterol, HDLC, and triglycerides were included
<1.62 28 10.9 45 24.3 in the same regression model the risk estimates for the
1.62-1.78 49 19.1 49 26.5 lowest quartile of the three variables were 1.7 (95% CI,
1.79-1.99 69 27.0 41 22.2 0.8-3.6) for cholesterol, 1.7 (95% CI, 0.8-3.4) for HDLC,
>1.99 92 36.0 46 24.9 and 1.4 (95% CI, 0.6-2.9) for triglycerides.

Saturatedfatintake(g/day) The effect of serum lipids across two strata of age are
<12 41 16.0 45 24.3 shown in Table 4. Age 55 was selected as the cut point
13-18 85 33.2 47 25.4 primarily to assess the relationship of HDLC to risk of the
19-27 60 23.4 46 24.9 disease. Serum HDLC was a potential biochemical marker>27 67 26.2 46 24.9

for alcohol consumption which, in two previous studies
For some variables, the number of observations does not equal 441 (256 (19, 26), was strongly associate( with reduced risk of en-cases,185 controls) because of missing values.
Restrictedto postmenopausal women, dometrial cancer among wome.J younger than 55 years.

c Body mass index calculated from self-reported weight and height. While there was no clear response gradient, young women
dlndex of body fat distribution, in the lowest quartile of HDLC had 2.7 times the risk of
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Table 3 Relative risk of endometrial cancer cases and controls by serum Table 4 Relative risk of endometrial cancer by quartiles of serum lipids

lipoprotein levels (mg/dl) _ and ]ipoproteins (mg/dl) according to age group

Variable Cases Controls RRb RR_: 95% CI Variable Cases Controls RR_ 95% CI

Cholesterol <55 years
>255 52 47 1.0 1.0

227-255 51 46 1.02 1.12 0.6 2.1 Cholesterol

195-226 73 49 1.53 1.72 0.9-3.2 >229 18 18 1.0

-<194 80 43 2.11 2.06 1.1-4.0 204-229 16 19 0.74 0.2-2.4

Trend test Pvalue (0.01) 180-203 20 18 1.21 0.4-3.8
-<179 25 20 0.91 0.3-2.8

LDLC Trend test P value (0.95)

>170 52 46 1.0 1.0 LDLC
145-170 60 45 1.18 1.28 0.7-2.4 >150 20 18 1.0

122-144 62 47 1.27 1.36 0.7 2.5 125-150 14 19 0.85 0.3-2.6

-<121 79 44 1.96 1.93 1.0 3.7 112-124 18 18 0.94 0.3-2.9

Trend test P value (0.05) -<111 25 19 0.96 0.3-2.8

Trend test P value (0.98)
HDLC

>63 49 50 1.0 1.0 HDLC
53-63 47 47 1.02 0.98 0.5 1.8 >64 12 18 1.0b

48 52 46 42 1.14 0.81 0.4 1.6 53-64 12 16 1.32 0.4_l.3

-<47 114 44 2.72 1.74 0.9-3.2 48-52 13 19 0.81 0.2-2.6

Trend test P value (0.08) -<47 42 21 2.36 0.8-7.2
Trend test P value (0.05)

Triglycerides Triglycerides
>146 90 47 1.0 1.0 >111 40 18 1.0
100-146 59 47 0.(,6 0.73 0.4-1.3 77 111 9 17 0.30 0.1-0.9

73 99 48 47 0.54 0.84 0.4 1.6 60 76 15 20 0.42 0.2-1.2

-<72 59 44 0.76 1.30 0.7 2.5 -<59 15 20 0.38 0.1-1.1

Trend test P value (0.48) Trend test P value (0.09)

" For some variables, the number of observations does not equal 441 (256 >-55 years
cases, 185 controls) because of missing values.
bAge-adjusted relative risk. Cholesterol
• Relative risk further adjusted for education, smoking, BMI, and body fat >274 21 27 1.0
distribution. 240-274 41 28 2.47 1.0-6.0

211-239 40 27 2.38 1.0-5.7

-<210 75 28 4.15 1.8-9.7

women in the highest quartile. Risk associated with low Trend test Pvalue (0.002)

HDLC was reduced to 2.4 (95% CI, 0.8-7.2) after control- LDLC
ling for alcohol intake. Cholesterol and LDLC were not >183 26 27 1.0

155 183 29 27 1.93 0.8_-.5
associated with endometrial cancer risk among women
under 55 years. Low triglyceride levels were associated 134-154 44 27 1.85 0.8_1.3-<133 67 27 3.06 1.3-7.0

with reduced risk of endometrial cancer but there was no Trend test Pvalue (0.01)
response gradient.

Increased risks associated with low serum cholesterol HDLC
and LDLC were limited to older women (Table 4). Risk of >63 34 24 1.054-63 27 29 0.52 0.2-1.2

endometrial cancer was increased about 4-fold among 47-53 41 28 0.72 0.3-1.6

women in the lowest quartile of serum cholesterol com- -<46 75 28 1.03 0.5-2.2
pared with women in the highest quartile (P for trend, TrendtestPvalue (0.70)
0.002). Risk was increased about 3-fold among women in
the lowest quartile of LDLC (P for trend, 0.01). HDLC was Triglycerides>171 46 25 1.0

not associated with endometrial cancer risk among older 118-171 39 29 0.76 0.3-1.7

women after controlling for potential confounders, specifi- 90-118 32 27 0.88 0.4 2.0
cally BMI. Women with the lowest triglyceride values had -<90 60 29 2.10 0.9_..8
2.1 times the risk (95% CI, 0.9-4.8) of those with values TrendtestPvalue (0.05)

above 171 mg/dl but there was no gradient in response. "Adiusted forage,education, smoking, BMI,andbody fat distribution.
Because total cholesterol and LDLC were highly cor- bFurtheradjusted foralcoholconsumption.

related we were not able to disentangle the effects of the
two variables. Further analyses of older women focused on
total cholesterol. To explore the possibility that the relation-
ship of endometrial cancer risk and cholesterol differed activity (moderate-high and low), saturated fat (quartiles 1
among subgroups, we performed a variety of stratum-spe- and 2-4), alcohol intake (drinker and nondrinker), and
cific analyses (Table 5). Two categories (-->240 and <240 smoking status (current smoker and nonsmoker). The lower
mg/dl) were created for total cholesterol. The dichotomous blood cholesterol level was associated with increased risk
cholesterol variable then was cross-classified with two cat- among women whose obesity (BMI > 28.3 kg/m2) put them
egories (low versus high risk) of BMI (quartiles 1-3 and 4), at increased risk of endometrial cancer and among wo-
body fat distribution (quartiles 1-2 and 3-4), physical men whose BMI was not associated with risk. The effect of
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Table 5 Relative riska of endometrial cancer among older women (>-55 of the relationship of endogenous sex hormones and blood
years) by two categories of serum cholesterol within strata of potential lipids. In one recent study (28), the investigators found no

confounders association between endogenous sex steroid hormone con-
Serumcholesterol centrations, including estrogens, and serum lipid levels in

Variable and category Cases Controls (mg/dl) postmenopausal women.
Concern about low serum lipids, specifically choles->_240 <240

terol, was raised more than 20 years ago following a report
BMI(kg/m 2) of increased cancer risk among men placed on cholesterol-

-<28.3 76 81 1.0 2.40b lowering diets (29). However, three subsequent interven-
>28.3 99 25 6'16a 7"456 tion studies did not provide evidence of increased cancer

Waist-to-thigh circumferenceratio risk among men placed on cholesterol-lowering drugs or
<1.79 45 48 1.0 3.02b diets (30-32). The controversy regarding the relationship of
_1.79 117 60 2"88b 4"41b cholesterol and cancer risk has been sustained by conflict-

Physical activity ing results of prospective epidemiological studies. In two
Moderate to high 88 71 1.0 1.57 reviews (3, 4) of more than 30 published cohort studies, the
Low 87 39 1.37 3.20b authors found ample evidence that serum cholesterol was

Saturatedfat intake(g/day) lower among individuals who subsequently developed can-
<19 32 33 1.0 2.00 cer. In numerous investigations, the inverse association of
_19 142 77 1.81 3.36b serum cholesterol and cancer risk was limited to the first

Alcoholintake few years of follow-up. This suggested that preexisting but
Drinker 88 64 1.0 2.05 undiagnosed disease at the time of the blood measurement
Nondrinker 87 46 1.65 2.47° caused the lower cholesterol levels, a phenomenon known

Smokingstatus asthe preclinical disease effect. In some long-term prospec-
Currentsmoker 50 48 1.0 2.46° tive studies (33-35), a preclinical disease effect seemed an
Nonsmoker 125 62 2.74o 4.34b unlikely explanation for the low cholesterol values of indi-

Adjusted for age and education and further adjusted for smoking, BMI, and viduals who developed cancer 10-20 years later.
body fat distributionasappropriate. At the time our study was initiated we thought it un-
o95%cI excludesunity, likely that blood levels of cases would reflect disease ef-

fects. We believed that it was appropriate to collect blood
samples from women already diagnosed with the disease

lower blood lipids also was generally consistent across because endometrial cancer is usually localized and de-
strata of other risk factors including body fat distribution, tected in its early stages. Some investigators (36, 37) have
physical activity, intake of saturated fat, alcohol intake, and reported an increase in LDL receptor activity associated
smoking, with tumor growth and concomitant decreases in LDLC and

Finally, to examine the possibility that low levels of total cholesterol concentration. When we examined lipid
cholesterol and other lipids among older cases reflected levels by disease stage we found little evidence that the low
altered metabolism due to disease, we examined blood lipid values of older cases were a consequence of the
levels of cases across disease stages (Table 6). A decrease in disease. LDLC, for example, was constant across the three
blood lipid levels with increasing stage could indicate al- disease stages. There was a slight decrease in total choles-
tered metabolism due to the disease process. On the other terol with progression of the disease. Before completely
hand, blood levels similar for all stages of endometrial ruling out disease effects as an explanatory factor for the
cancer but different from control values would suggest that low cholesterol values of cases, it is worth noting that both
blood levels reflected usual status rather than disease ef- cholesterol and triglyceride concentrations were signifi-

fects. None of the trends in blood levels across disease stage cantly lower at higher disease stage in a recent study of
were statistically significant but mean cholesterol and invasive cervical cancer (38).
triglyceride values of older women with more advanced To our knowledge, only one previous analytic epide-
disease were lower than those with early stage disease, miological study included women in adequate numbers to

assess the relationship of serum cholesterol and endome-
trial cancer risk. Hiatt and Fireman (39) examined the in-

Discussion cidence of cancer in California women who had previ-
To our knowledge this is the first large analytic epidemio- ously provided a blood sample as part of a health
logical study of endometrial cancer to show that serum examination for a prepaid health plan. The 448 incident
cholesterol is inversely associated with risk of the disease, cases of endometrial cancer had serum cholesterol levels
Theeffect of Iowcholesterol (and/or LDLC) was restricted to only slightly lower than those of controls. Other cohort
women over 55 years but we observed a dose-response studies with many fewer cases of endometrial cancer
relationship in this subgroup, providing further support for have produced conflicting results. In one investigation,
the inverse association. Estrogens, both exogenous and en- the relationship of serum cholesterol to endometrial can-
dogenous, play a central role in the etiology of endometrial cer risk was inverse (33), in one it was direct (40), and in
cancer. Menopausal women who use estrogens have in- another there was no association (34).
creased risk of endometrial cancer (27), and they also ex- A shortcoming of our study is the low response rate
perience a reduction in blood cholesterol (8). In the present among cases and controls. A significant number of subjects
study, the inverse association of blood cholesterol and en- were lost at the interview stage and many of those inter-
dometrial cancer risk could not be attributed to recent use viewed refused to provide a blood sample. Unlike those
of exogenous estrogens. Furthermore, adjustment for ever who refused to be interviewed, we could examine charac-
use of estrogens did not alter the findings (data not shown), teristics of cases and controls who declined to provide a
In contrast to exogenous estrogens, relatively little is known blood sample. In general, refusers (both casesand controls)
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Table 6 Mean values a (with 95% CI) of serum lipids and lipoproteins (mg/dl) among controls and cases according to stage of endometrial cancer (analysis
restricted to women ->55 years)

Group Number Cholesterol LDLC HDLC Triglycerides

Controls 110 239 154 52.7 127

(230-248) (146-162) (50.1 -55.4) {116 -139)

Cases 174 b 219 141 49.1 113

(213-226) (135 -146) (47.2 -51.0) (105 -121 )

Cases by stage

1 123 221 141 49.8 112

(213-229) (134 -148) (47.5 -52.1 ) (103 -122)

II 35 217 138 46.6 127

(203-232) (126 -151 ) (42.7 -50.8) (109 -149)

III 16 214 142 49.0 91

(194--236) (124 -162) (43.0 -55.7) (72 -115)

a Adjusted for age and 8MI.
_'The number of cases does not equal 177 because of missing values for stage or lipid determination.

tended to be older, less educated, smokers, and drinkers, significant degradation of lipids in serum samples main-
Control women who refused to provide a blood sample tained at -70°C. 3
tended to be heavier than cases who refused. With the We found an inverse association of serum cholesterol

exception of H DLC, this differential would be expected, if and risk of endometrial cancer among older women but it is
anything, to increase rather than decrease the observed not clear that low blood cholesterol directly contributes to
case-control differences in blood lipids. The fact that other risk of developing the disease. While we cannot completely
risk factors for endometrial cancer were similar to those of rule out bias or confounding as explanatory factors, we did

other studies is also reassuring. We searched for sources of not find clear evidence that lipid levels of the cases were a
consequence of the disease. There is, however, evidence in

bias which could have resulted in artificially high lipid
values among controls and/or low values among cases. We the literature that lipid metabolism is altered by tumors. To

fully evaluate the possibility of a preclinical cancer effect for
explored the the possibility that the control group had un- endometrial cancer would require data from a large long-
usually high blood lipid levels by comparing the distribu- term prospective study, preferably with serial measure-
tion of serum cholesterol values of our control group to ments.
those of a reference population. Our quartile cut points for

controls were slightly lower than those of women age Acknowledgments
55-64 years in the second National Health and Nutrition We gratefully acknowledge Mary McAdams and Tim Brooker for assistance
Examination Survey (41). with data management and analysis.

We considered the possibility that the inverse associ-

ation of serum cholesterol and risk of endometriaI cancer References
was secondary to the relationship between cholesterol and 1. Consensus Conference. Lowering blood cholesterol to prevent heart dis-
some other factor related to the disease. A major strength of ease. JAMA, 253: 2080-2086, 1985.

our study was the comprehensive assessment of potential 2. Grundy, S. M., Bilheimer, D., Blackburn, H., Brown, W. V., Kwiterovich,

risk factors including diet and anthropometry. Others (42, P.o., Mattson, F., Schonfeld, G., and Weidman, W. H. Rationale of the

43) have suggested that the inverse association of choles- diet-heart statement of the American Heart Association. Report of NutritionCommittee. Circulation, 65: 839A-854A, 1982.

terol and cancer risk might be secondary to an association 3. McMichael, A. J. Serum cholesterol and human cancer. In: R. B. Alfin-

of antioxidants with cancer. We did not measure serum Slater and D. Kritchevsky (eds.), Cancer and Nutrition, pp. 141-158. New
micronutrients but we found no evidence of an inverse York: Plenum Publishing Corp., 1991.

association of dietary vitamin C, vitamin A, or carotenoids 4. Law, M. R., and Thompson, S. G. Low serum cholesterol and the risk of

and cancer risk in this study (13). Kritchevsky (44) observed cancer: an analysis of the published prospective studies. Cancer CausesControl, 2: 253-261, 1991.
that the relationship of serum cholesterol and cancer risk 5. Morris, D. L., Borhani, N. O., Fitzsimons, E., Hardy, R. J., Hawkins C. M.,

among women was dependent on body fat distribution. In Krans, }. F., Labarthe, D. R., Mastbaum, L., and Payne, G. H. Serum choles-

our study, low serum cholesterol was associated with in- terol and cancer in the Hypertension Detection and Follow-up Program.

creased risk of endometrial cancer regardless of body fat Cancer (Phila.}, 52: 1754-1759, 1983.

distribution pattern. It is possible that some unknown risk 6. Sherwin, R. W., Wenthworth, D. N., Cutler, J. A., Hulley, S. B., Kuller, L.H., and Stamler, J. Serum cholesterol levels and cancer mortality in 361,662

factor (e.g., genetic) for endometrial cancer also predis- men screened for the multiple risk factor intervention trial, lAMA, 257:

poses women to low serum lipids. 943-948, 1987.

It is unlikely that the apparent risk associated with low 7. Wald, N. J., Thompson, S. G., Law, M. R., Densem, }. W., and Bailey, A.
Serum cholesterol and subsequent risk of cancer: results from the BUPA

blood cholesterol was due to collection procedures or to study. Br. J. Cancer, 59: 936-938, 1989.

an artifact of laboratory analyses. The samples were col-
lected, stored, and analyzed under standardized condi-
tions. Although the time period between collection and

3 Elaine Gunter (Center for Disease Control and Prevention), personal com-
analysis was longer for cases than controls, there is no munication.



Cancer Epidemiology, Biomarkers & Prevention 581

8. Wallace, R. B., Hoover, J., Barrett-Connor, E., Rifkind, B. M., Hunning- 27. Brinton, L. A., Hoover, R. N., Estrogen replacement therapy and endo-
hake, D. B., MacKenthun, A., and Heiss, G. Altered plasma lipid and metrial cancer risk: unresolved issues. Obstet. Gynecol., 81:265-271, 1993.
lipoprotein levels associated with oral contraceptive and oestrogen use.
Lancet, 2:111-115, 1979. 28. Cauley, J. A., Gutai, J. P., Kuller, L. H., and Powell, J. G. The relation of

endogenous sex steroid hormone concentrations to serum lipid and lipopro-
9. Grundy, S. M., and Denke, M. A. Dietary influences on serum lipids and tein levels in postmenopausal women. Am. J. Epidemiol., 132: 884-894,
lipoproteins. J. Lipid Res., 31:1149-1172, 1990. 1990.
10. Kolonel, L. N., Hankin, J. H., Lee, J., Chu, S. Y., Nomura, A., and Hinds,
M. W. Nutrient intakes in relation to cancer incidence in Hawaii, 8r. J. 29. Pearce, M. L., and Dayton, S. Incidence of cancer in men on a diet high
Cancer, 44: 332-339, 1981. in polyunsaturated fat. Lancet, I: 464-467, 1971.

11. La Vecchia, C., Decarli, A., Fasoli, M., and Gentile, A. Nutrition and diet 30. Ederer, F., Leren, P., Turpeinen, O., and Frantz, I. D. Cancer among men
in the etiology of endometrial cancer Cancer (Phila.), 57:1248-1253, 1986. on cholesterol-lowering diets. Lancet, 2: 203-206, 1972.

12. Shu, X. O., Zheng, W., Potischman, N., Brinton, L. A., Hatch, M.C., 31. Turpeinen, O. Effect of cholesterol-lowering diet on mortality from
Yu-Tang, G., and Fraumeni, J. F., Jr. A population-based case-control study coronary heart disease and other causes. Circulation, 59: 1-7, 1979.
of dietary factors and endometrial cancer in Shanghai, People's Republic of

China. Am. J. Epidemiol., 137: 155-165, 1993. 32. Committee of Principal Investigators, WHO co-operative trial on pri-

13. Potischman, N., Swanson, C. A., Brinton, L. A., McAdams, M. Barrett, R. mary prevention of ischaemic heart disease using clofibrate to lower serum
J., Berman, M. L., Mortel, R., Twiggs, L. B., and Wilbanks, G. D. Dietary cholesterol: mortality follow-up. Lancet, 2: 379-385, 1980.

associations in a case-control study of endometrial cancer. Cancer Causes 33. Kark J. D., Smith, A. H., and Haines, C. G. The relationship of serum

Control, 4: 239-250, 1993. cholesterol to the incidence of cancer in Evans County, Georgia. J. Chronic
14. Brinton, L. A., Berman, M. L., Mortel, R., Twiggs, U B., Barrett, R.J., Dis., 33:311-322, 1980.
Wilbanks, G. D., Lannom, L., and Hoover, R. N. Reproductive, menstrual
and medical risk factors for endometrial cancer: results from a case-control 34. Williams, R. R., Sorlie, P. D., Eeinleib. M., McNamara, P. M., Kannel,

study. Am. J. Obstet. Gynecol., 167:1317-1325, 1993. W.B., and Dawber, T. R. Cancer incidence by levels of cholesterol. JAMA,
245: 247-252, 1981.

15. Waksberg, J., Sampling methods for random digit dialing. J. Am. Stat.

Assoc., 73: 40-46, 1978. 35. Schatzkin, A., Hoover, R. N., Taylor, P. R., Ziegler, R. G., Carter, C. L.,

16. Schwartz, S. M., and Thomas, D. 8. The World Health Organization Albanes, D., Larson, D. B., and Licitra, L. M. Site-specific analysis of total
collaborative study of neoplasia and steroid contraception. Cancer (Phila.), serum cholesterol and incident cancer in the National Health and Nutrition
64:2487-2492, 1989. Examination Survey I Epidemiologic Follow-up Study. Cancer Res., 48:

17. Bradley, D. D., Wingerd, J., Petitti, D. B., Krauss, R. M., and Ramcharan, 452-458, 1988.

S. Serum high-density-lipoprotein cholesterol in women using oral contra- 36. Vitols, S., Gahrton, G., Bjorkholm, M., and Peterson, C. Hypocholes-
ceptives estrogens and progestins. N. Engl. J. Med., 299: 17-20, 1978. terolaemia in malignancy due to elevated low-density lipoprotein receptor
18. Swanson, C. A., Potischman, N., Wilbanks, G. D., Twiggs, L. B., Mortel, activity in tumor cells: evidence from studies in patients with leukaemia.
R., Berman, M. L., Barrett, R. J., Baumgartner, R. N., and Brinton, L.A. Lancet, 2: 1150-1154, 1985.
Relation of endometrial cancer risk to past and contemporary body size and
body fat distribution. Cancer Epidemiol., Biomarkers &Prev., 2: 321-327, 37. Henriksson, P., Eriksson, M., Ericsson, S., Rudling, M., Stege, R., 8er-
1993. glund, L., and Angelin, B. Hypocholesterolaemia and increased elimination

of low-density lipoproteins in metastatic cancer of the prostate. Lancet, 2:
19. Swanson, C. A., Wilbanks, G. D., Twiggs, L. B., Mortel, R., Berman, M. 1178-80, 1989.
L., Barrett, R. J., and Brinton, L. A. Moderate alcohol consumption and the
risk of endometrial cancer. Epidemiology, 4: 530-536, 1993. 38. Potischman, N., Hoover, R. N., Brinton, L. A., Swanson, C. A., Herre-

20. Sturgeon, S. R., Brinton, L. A., Berman, M. L., Mortel, R., Twiggs, L.B., ro,R., Tenorio, F., de Britton, R. C., Gaitan, E., and Reeves, W. C. The
Barrett, R. J., and Wilbanks, G. D. Past and present physical activity and relations between cervical cancer and serologic markers of nutritional status.
endometrial cancer risk. Br. J. Cancer, 68: 584-589, 1993. Nutr. Cancer, 21: 193-202, 1994.

21. Allain, C. C., Poon, L. S., Chan, C. S., Richmond, W., and Fu, P.C. 39. Hiatt, R. A., and Fireman, B. H. Serum cholesterol and the incidence of
Enzymatic determination of total serum cholesterol. Clin. Chem., 20: 470- cancer in a large cohort. J. Chronic Dis., 39: 861-870, 1986.

475, 1974. 40. Wallace, R. B., Rost, C., Burmeister, L. F., and Pomrehn, P. R. Cancer

22. Bucolo, Q., and David, H. Quantitative determination of serum triglyc- incidence in humans: relationship to plasma lipids and relative weight. J.
erides by the use of enzymes. Clin. Chem., 19: 476-482, 1973. Natl. Cancer Inst., 68: 915-918, 1982.

23. Warnick, G. R., 8enderson, J., Albers, 1. J. Dextran sulfate-Mg 2+ pre- 41. National Center for Health Statistics. Serum lipids of adults 20-74 years:
cipitation procedure for quantitation of high-density lipoprotein cholesterol. United States, 1976-80. In: Vital and Health Statistics Series I1, No. 242.
C[in. Chem., 28:1379-1388, 1982. Department of Health and Human Services Pub. No. (PHS) 93-1692. Hyatts-
24. Friedwald, W. T., Levy, R. I., and Fredrickson, D. S. Estimation of the ville, MD: National Center for Health Statistics, 1993.
concentration of low density lipoprotein cholesterol in plasma, without use
of the preparative ultracentrifuge. Clin. Chem., 18: 499-502, 1972. 42. Kark, J. D., Smith, A. H., and Hames, C. G. Serum retinol and the inverse

relationship between serum cholesterol and cancer. Br. Med. J., 284: 152-
25. Breslow, N. E., and Day, N. E. Statistical Methods in Cancer Research: 154, 1982.
The Analysis of Case-Control Studies. IARC Scientific Pub. No. 32. Lyon,
France: International Agency for Research on Cancers, 1980. 43. Peto, R. Cancer, cholesterol, carotene and tocopherol. Lancet, 2: 97-98,

26. Webster, L. A., Weiss, N. S., and the Cancer and Steroid Hormone Study 1981.

Group. Alcoholic beverage consumption and the risk of endometrial cancer. 44. Kritchevsky, S. 8. Dietary lipids and the low blood cholesterol cancer
Int. J. Epidemiol., 18:786 791, 1989. association. Am. J. Epidemiol., 135: 509-520, 1992.


