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Abstract

A case-control study investigating the association between plasna
lipids and breast cancer was conducted in Buffalo, New York.

Women aged

30-80 conpleted a questionnaire and donated a fasting blocxi sample prior
to diagnostic breast biopsies.

'!he 83 women fO\.li'Xl to have breast cancer

(cases) had significantly higher plasna triglyceride values than did the
113 women fO\.li'Xl not to have breast cancer (controls).

I.ower beta-

carotene values were associated with breast cancer, but only in those
women with elevated triglyceride or cholesterol.

Plasna cholesterol

values were lower in those breast cancer cases presenting with a more
advanced stage of disease suggesting that metabolic effects of clinical
and preclinical breast cancer may lower cholesterol levels.

The

obseJ:vation of a positive association with triglycerides and a negative
association with beta-carotene is consistent with the hypothesis that
women who develop breast cancer may consume diets higher in total and
saturated fat, and lower in carotene-rich vegetables.
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Introduction
Much research has been devoted to the association between breast
cancer and various indicators of fat consumption.

A number of

ecological studies have shovm a direct association between breast cancer
rates and per capita fat intake (1-6), total fat estimated from a food
frequency questionnaire (7), and animal but not vegetable fat (8,9).
Results from analytical studies of individuals, however, have been
inconsistent.

Investigators have generally reported no significant

association between total dietary fat intake and breast cancer ( 10-17) ,
although a few studies have shovm weak direct associations ( 18, 19) .
Most ecological studies (20-22) and analytical studies (23-28) using
food items have suggested that diets more frequently including foods
high in total and saturated fat are associated with breast cancer.

One

other investigation (29) reported no association between consumption of
high fat food items and fatal breast cancer.

other research of

individuals using estimated dietary intake of saturated fat have been
equivocal (11,13,14,18).

In surrnnary, ecological studies generally

indicate a direct association between breast cancer and total and
saturated fat, while analytical studies have found either a weak
association or none at all.
The relationship between plasma cholesterol levels and breast cancer
is also unclear.

Investigations using case-control designs report

higher (30) , lower (31) and similar plasma cholesterol levels (32) in
breast cancer cases compared with controls.

An inverse association

between plasma cholesterol and overall cancers in women has been
suggested in two cohort studies (33,34); however, the differences
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between cases and controls were not statistically significant.

'IWo

prospective studies (35, 36) reported significantly higher cholesterol
values among women who later developed breast cancer, while two other
prospective studies (37 ,38) fourrl no association.

However, further

analyses of these data revealed a terrlency for cholesterol values to be
lower in women with breast cancer (39), or in women with overall cancers
(36,40) when that cancer was diagnosed less than two years after the
blood sample was drawn.

'Ihese results support the concept that

preclinical cancer can lower serum cholesterol.
'!he inconsistencies noted in the studies of dietary fat and breast
cancer may be related, in part, to the oftentimes serious limitations of
dietary methodology (41-43).

In theo:ry, one approach which may obviate

this difficulty might be the use of metabolic indicators of the
consumption of high fat diets.

We, therefore, investigated the

association between two plasma lipids and breast cancer.

Although

plasma triglycerides and cholesterol do not always reflect dieta:ry
intake, high levels of these lipids are consistent with high total and
saturated fat dieta:ry patterns (44-53) .

'!he inconsistencies in the

plasma cholesterol studies and the suggestion of a preclinical effect
warranted further investigation because the effect of disease on
circulating levels of cholesterol would be of methodological interest to
epidemiological studies obtaining blood samples on cancer patients.

In

addition, because of the interest in beta-carotene and cancer risk (54)
and because beta-carotene may be an important anti-oxidant against lipid

peroxidation (55), the relationships between plasma beta-carotene and
plasma lipids and cancer risk were investigated.
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Methods

Between September 1985 arrl September 1986, women were enrolled from
the breast clinic at Roswell Park Memorial Institute, arrl from the
offices of two private surgeons in Buffalo, New York.

Eligible patients

were 30 to 80 years of age, had no previous histo:ry of cancer arrl had
lived in upstate New York or Pennsylvania for at least one year.

After

subjects were scheduled for a diagnostic biopsy, infonned consent was
obtained arrl they were given a questionnaire arrl directions for the
blood collection proc:edure.

'!he self-administered questionnaire

ascertained info:nnation regarding the subjects' medical and reproductive
histo:ry.
Patients were classified into one of three groups based on their
pathology reports from the diagnostic breast biopsies; cases (n=83) ,
controls (n=113) or excluded (n=40).

Patients with biopsy reports that

described lesions thought to be at increased risk of breast cancer,
predominantly of an atypical hyperplastic nature, were excluded from the
control group because these lesions, though not rna.lignant, are thought
to correlate with much higher risk of subsequent breast cancer (56-58).
SUbjects with the remaining benign lesions, such as lipomas or fibromas,
were included in the control group, as well as 34 patients who completed
the diagnostic workup, but were detennined not to have rna.sses requiring
biopsy.
Fasting blood samples were drawn from subjects prior to their
biopsies, or on a designated day for the 34 patients without biopsies.
'!he samples were centrifuged, plasma was preserved in scxiium asco:rbate
(10 ngjml plasma) arrl frozen at -80° until all samples had been
5

collected.

Samples were thawed once for portioning of aliquots and once

for the laborato:ry analysis.

Triglycerides were analyzed by a manual

colorimetric methcxi (59) and total cholesterol was assessed using a
spectrophotometric kit methcxi (Sigma Chemical Co., St. I..ouis, ID).
Statistical analyses were perfonned using SYSTAT (version 3. o,
Systat, 1985) and the supplementa:ry legit module on an AT&T 6300
Personal Conputer.

t-test.

Differences in means were tested with the student's

Nutrients were log-transfonned and categorized into quartiles

based on the distribution in the controls.

Multivariate legit analyses

were conducted with case status as the dependent variable; there were
three possible outcome categories but only the case versus control
results are presented here.

In the mu1tivariate analyses, the non-

nutrient breast cancer risk factors used as covariates were age, age at
menarche, age at menopause, age at first birth, parity, menopausal
status, family histo:ry in a first degree relative, Quetelet's index,
marital status and income.

The legit models and variables were assessed

Tests for trend were conducted

using the log likelihood ratio test.

using the continuous fonn of the nutrient variable in the legit analyses
and in the ordina:ry least squares regression of stage of disease on the

nutrient of interest.

A general stage variable was used with 4

categories (In situ, Stage I, Stage II, and Stage III & IV) , and a more
specific stage variable was created with 20 ordinal categories based on
the severity of disease designated from categories in the standard T-N-M
staging fonn ( 60) .
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Results
eorrparisons of the baseline characteristics for the cases and
controls has indicated (61) that the cases were significantly older than
the controls.

Many of the known breast cancer risk factors (such as

family histo:ry of breast cancer, higher weight, earlier age at menarche)
were not more prevalent in cases than in controls, suggesting that these
controls were at high-risk for breast cancer.

Therefore, this study

compared women with breast cancer to women at high-risk for breast
cancer.
A comparison of the mean cholesterol levels (Table 1) indicated no
differences between cases and controls, however there was a significant
trend of decreasing cholesterol with increasing stage of breast cancer.
Mean triglyceride levels for controls were lower than for cases
(p=O.OOl).

A slight trend of decreasing triglyceride levels is apparent

with more advanced stage of disease, however this trend is not
statistically significant (p=0.20).
The unadjusted logit model indicated no association between
cholesterol and breast cancer (Table 2), but adjustment for the other
risk factors and for other nutrients (triglyceride and beta-carotene)
indicated a statistically significant association.

Although not

apparent from the odds ratios, a significant test for trend indicated an
increasing risk of being a case associated with decreasing cholesterol
values (test for trend p=0.03). Therefore, lower cholesterol values were
associated with case status.
'!he unadjusted model for triglycerides indicated a significant trend
of decreasing risk with decreasing triglyceride values (Table 3).
7

Adjusbnent for the other risk factors diminished this association,
hO'iNever the best-fit model included the other nutrients and predicted a
4-fold increased risk of breast cancer in the highest compared with the
lO'iNest triglyceride quartile.
'Ihese models were assessed by adding and testing variables and
interactions hypothesized to be important in predicting case status.
Previous analysis indicated that lO'iN beta-carotene levels were
associated with increased risk of breast cancer (61).

A test of the

interaction between beta-carotene and triglyceride, and beta-carotene
and cholesterol indicated that both interactions were significant

predictors of case status (p<0.005 for the addition of both
interactions) and that the interactions were related to one another
(17) .

'!he results from the one and two interaction models were similar;

for ease of inteJ::pretation, the results from the one interaction model
are presented.
Table 4 summarizes the cholesterol by beta-carotene interaction.
Within the highest cholesterol level, lO'iN beta-carotene was associated
with an increased risk of breast cancer, and risk decreased as betacarotene increased.

A slightly elevated odds ratio was apparent within

the median cholesterol level, in combination with lO'iN beta-carotene,
hO'iNever this confidence interval included unity.

In contrast

to the

results from the main effect analysis, these results from the
interaction analysis suggest an increased risk of breast cancer
associated with the combination of higher cholesterol and lower beta-

carotene values.
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'!he evaluation of the triglyceride by beta-carotene interaction is
shCM.n in Table 5.

'!here were no increased risks observed within the

low triglyceride level, but a markedly increased risk associated with
high triglyceride and low beta-carotene.

'!here was also a suggestion of

increased risk associated with low beta-carotene and the median level of

triglyceride.

Di..c::cnssian

Plasma Triglycerides
High triglyceride values in fasting blood samples were associated
with breast cancer.

Previous studies have found both elevated (30,62)

and normal plasma triglyceride values (31, 32) in breast cancer patients

compared with controls.

It is unclear whether there is a metabolic

alteration due to the malignancy, dietcu:y differences, or other factors
resulting in higher triglyceride values among breast cancer cases.
One explanation for the high triglyceride values in our study is the

possible presence of cachectin or "tumor necrosis factor" in some cases.
cachectin has been shown to inhibit lipoprotein lipase and thus inhibit
clearance of triglycerides (63).

Although there is some indication that

cachectin may be present in small quantities early in the disease
process, it is more prominent when wasting is observed in the later
stages of disease (64).

Wasting was not evident in the newly diagnosed

cancers in this study, and in fact, the cases had relatively high
Quetelet's index (mean ± SD

=

25.8 ± 5.2).

'!here was no trend of

decreasing Quetelet' s index with stage of disease, which provides
indirect evidence that the disease or the malignancy was not mediating
9

the higher triglyceride levels.

'!his fact, together with the higher

mean triglyceride values in the earlier stages of disease, and the lack
of a significant test for trerrl in triglyceride levels with stage of
disease in this and another study ( 62) argue against an effect of
cachectin.
These higher triglyceride values ma.y be attributed to dietary
differences among the cases.

Studies have shown that higher

triglyceride values are associated with diets higher in total fat (45),
saturated fat (45,46,48,50,51,65) and simple carbOhydrates (45,66.
Williams et al (67) showed that diets low in polyunsaturated fat and
plant-protein, and high in animal-protein were associated with high
triglyceride levels.

In

the present study, the observed association of

higher plasma cholesterol and lower plasma beta-carotene values with
breast cancer supports the concept of cases consuming diets higher in
saturated fat, animal protein and lower in polyunsaturated fat and in
carotene-containing vegetables compared to controls.

The dietary

analysis in this study (17) demonstrated a lower intake of
polyunsaturated fat among cases, although no association was evident
between saturated fat and case status.
Higher triglyceride values also ma.y be related to the honnonal
enviromnent.

Elevated triglyceride values have been associated with

oral contraceptive use (68), estrogen treatment (69, 70) and the
ovulato:ry phase of the menstrual cycle (71).

A post hoc test

controlling for exogenous estrogen use did not alter the results of
higher triglyceride levels in cases compared with controls.
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However,

the elevated triglyceride levels ma.y be an irx:licator of an envirornnent
higher in circulating estrogens.

Plasma Cholesterol
'!his study revealed that both high arrl lCJW' cholesterol levels were
associated with breast cancer but most likely in very different ways.
'!he apparent disparity can be reconciled by the flCJW' diagram of
hypothesized events shown in Figure 1.

'!he intake of diets low in

carotene-containing vegetables arrl high in saturated fats results in
plasma. that is low in beta-carotene arrl high in cholesterol arrl
triglyceride levels.

'!he combination of low beta-carotene arrl high

cholesterol is associated with breast cancer, which is consistent with
results from the evaluation of this interaction.

After development and

progression of the breast cancer, the disease process causes the
cholesterol levels to be lowered.

'!his is consistent with the observed

lower cholesterol levels among breast cancer patients with more advanced
disease.
'lhree investigations support these findings (30, 31, 72}.

Compared

with the control groups, women with early stage breast cancers were
shown to have higher cholesterol values (30,72}, whereas women with

metastatic breast cancer were shown to have lower cholesterol values
(31).

No association between plasma. cholesterol and breast cancer was

reported in a fourth investigation (32}; this study was lilnited by
small sample size (17 cases and 16 controls, power<50%), however.
'!he observed trend of decreasing cholesterol with increasing
severity of disease in the present study is consistent with a metabolic
11

alteration of cholesterol values caused by the disease.

Although the

trerrl of lower cholesterol values with more advanced disease has been

observed in colon cancer (73), no evidence was fourrl for this
phenomenon in breast cancer (74).

Several cohort studies, however,

suggested a preclincial effect (36,39,40).

Only one study (39)

suggested a preclinical cholesterol effect in breast cancer, but these

results were not significant.

In the Iowa cohort (36) , the mean

cholesterol values were 12 rrgjdl lower in female cases diagnosed within
2 years of the blc:xxl drawing compared with cases diagnosed later but
these authors did not detennine the statistical significance of this
difference.

There was also a suggestion of a preclinical effect in

overall cancers in women in the NHANFS data (40).
Although the mechanism remains to be elucidated, cholesterol may be
metabolized more quickly during the disease process resulting in lowered
plasma levels.

Hill et al (75) and Gorbach (76) have postulated that

breast cancer patients may have increased conversion of biliru::y steroids
into estrogens that could become reabsorbed.

MacMahon and coworkers

(77) reported that urinru::y estrogen excretion was higher among cases
carrprred to controls, suggesting higher plasma estrogen levels.

Plasma

studies have been inconsistent, but evaluation of populations at low and
high-risk of breast cancer support the concept of higher plasma estrogen
levels in high-risk populations (78).

Another explanation for the

lower cholesterol in the cases could be an aberration in the
enterohepatic circulation.

There may be increased loss of cholesterol

via fecal bile acids and neutral steroids as has been noted in breast
cancer (79) and colon cancer patients (80} •
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Alternatively, the lower cholesterol levels may be unrelated to
metabolic disturbances, perhaps beinJ of genetic andjor dietal:y origin.
'!he trerxi in stage could be explained by a more rapid progression of the
disease, with less opportunity for early detection arrl a later stage of

cancer at diagnosis.

'!his hypothesis could best :be tested usinJ

prospective data with periodic blood samples arrl consistent screening.

Commentary
'!he ma.in effect of cholesterol was only marginally significant arrl
in:licated that lower cholesterol was asscx:::iated with case status.

'!he

interaction with :beta-carotene was highly significant, however, and
described the relationship :between these nutrients arrl breast cancer
more precisely.

'Ihese results demonstrate the importance of

investigatinJ nutrient-nutrient interactions in relation to cancer risk.
Although there are difficulties in interpretinJ statistical interactions
(81-83), nutrients are known to interact with one another biologically,

ma.kinJ it prudent to investigate interactions

and describe the

conditional nature of the effect more fully.
'!he increased risk associated with low :beta-carotene is consistent
with cases consuming diets lower in carotene-containing vegetables
because plasma beta-carotene has :been shown to reflect dietal:y intake of
carotenes (84-86).

Furthennore, this risk is higher in combination

with the higher plasma lipid levels suggestinJ an interrelationship
between these nutrients and carcinogenesis.
intriguinJ and deserve further attention.
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'lhese findings are

References

1.

lea AJ. Dietary factors associated with death rates from certain

neoplasms in man. Lancet 1966;2:332-333.
2.

carroll KK, Gammal EB arrl Plunkett ER. Dietary fat arrl mammary cancer.
canad Med Ass J 1968;98:590-594.

3.

Hems G. Epidemiological characteristics of breast cancer in middle arrl

late age. Br J
4.

cancer

1970;24:226-234.

Drasar BS arrl I:rving D. Environmental factors arrl cancer of the colon

and breast. Br J

cancer

1973;27:167-172.

5.

Annstrong B and Doll R. Environmental factors and cancer incidence and
mortality in different countries with special reference to dietary
practices. Int J cancer 1975;15:617-631.

6.

Gray GE, Pike MC arrl Henderson BE. Breast cancer incidence and
mortality rates in different countries in relation to known risk
factors and dietary practices. Br J cancer 1979; 39: 1-7.

7.

Kolonel IN, Hankin JH, lee J, et al. Nutrient intakes in relation to
cancer incidence in Hawaii. Br J cancer 1981;44:332-339.

8.

carroll KK. Experimental evidence of dietary factors and honnonedeperrlent cancers. cancer Res 1975;35:3374-3383.

9.

Rose DP, Boynar AP and Wynder EL. International comparisons of
mortality rates for cancer of the breast, ovary, prostate, and colon,
and per capita food coilS1.ll1ption. cancer 1986; 58: 2363-2371.

10. Graham s, Marshall J, Mettlin C, et al. Diet in the epidemiology of
breast cancer. Am J Epidemiol 1982;116:68-75.
11. Kolonel IN, Nomura Al!ri, Hinds, et al. Role of diet in cancer incidence
in Hawaii. cancer Res SUppl 1983;43:2397-2402.
12. Hirohata T, Shigematsu T, Nomura Al!ri, et al. Occurence of breast
cancer in relation to diet and reprc:x:luctive history: A case-control
study in Fukuoka, Japan. Natl cancer Inst Monogr 1985;69:187-190.
13. Hirohata T, Nomura Al!ri, Hankin J, et al. An epidemiologic study on the
association between diet arrl breast cancer. JNCI 1987; 78: 595-600.
14. Willett we, Stanpfer MJ, Colditz GA, et al. Dietary fat and the risk
of breast cancer. N Engl J Med 1987;316:22-28.
15. Katsouyanni K, Willett W, Trichopoulos D, et al. Risk of breast cancer
among Greek women in relation to nutrient intake. cancer 1988:61;181185.
14

16. Rohan TE, McMichael AI and Baghurst PA. A population-based casecontrol study of diet and breast cancer in Australia. Am J Epidemiol
1988;128:478-489.
17. Potischman NA. thesis '!he associations between breast cancer and
biochemical and dietary in::ticators of nutrient status. Ih. D.
Dissertation. Con1ell University, 1989.
18. Miller AB, Kelly A, Choi NW, et al. A study .of diet and breast cancer.
Am J Epiderniol 1978;107:499-509.
19. I.ubin F, Wax Y, Modan B. Role of fat, anllna1 protein, and dietary
fiber in breast cancer etiology: A case-control study. JNCI
1986;77:605-612.
20. Stocks P. Breast cancer anomalies. Br J

cancer

1970;24:633-643.

21. Gaskill SP, McGuire WL, Osborne CK, Stern MP. Breast cancer mortality
and diet in the United States. cancer Res 1979 ;39:3628-3637.
22. Kinlen IJ. Meat consumption and cancer mortality: a study of strict
religious orders in Britain. Lancet 1982;1:946-949.
23. Ihillips RL. Role of life-style and dietary habits in risk of cancer
among Seventh-Day Adventists. cancer Res 1975;35:3512-3522.
24. Hirayama T. Epidemiology of breast cancer with special reference to
the role of diet. Prev Med 1978;7:173-190.
25. I.ubin JH, Burns PE, Blot WJ. Dietary factors and breast cancer
risk. Int J cancer 1981;28:685-9.
26. Talamini R, Ia Vecchia c, Decarli A, et al. Social factors, diet and
breast cancer in a northern Italian population. Br J cancer
1984;49:723-729.
27. Ie M:i, Moulton IH, Hill c, Kramar A. Consurrption of dai:ry produce and
alcohol in a case-control study of breast cancer. JNCI 1986;77:633636.
28. IaVecchia c, Decarli A, Franceschi s, et al. Dietary factors and the
risk of breast cancer. NUtr cancer 1987;10:205-214.
29. Mills PK, Annegers JF, Ihillips RL. Animal product consumption and
subsequent fatal breast cancer. Am J Epiderniol 1988; 127: 440-453.
30. Bani IA, Williams CN, Boulter PS and Dickerson JWI'. Plasma lipids and
prolactin in patients with breast cancer. Br J cancer 1986;54:439-446.
31. Feldman E and carter AC. Circulating lipids in women with metastatic
breast cancer. J Clin Endocr 1971;33:8-13.
15

32. Malarkey WB, Schroeder LL, stevens vc, et al. Twenty-four-hour
preoperative errlocrine profiles in women with benign arxl malignant
breast disease. cancer Res 1977;37:4655-4659.
33. Kark JD, Smith AH, Hames a;. '!he relationship of serum cholesterol to
the incidence of cancer in Evans County, Georgia. J Chron Dis
1980;33:311-322.
34. Williams RR, Sorlie PD, Feinleib, et al. cancer incidence by levels of
cholesterol. JAMA 1981;245:247-252.
35. Dyer AR, Stamler J, Paul 0, et al. Serum cholesterol arxl risk of death
from cancer arxl other causes in three Chicago epidemiological studies.
J Chronic Dis 1981;34:249-260.
36. Wallace RB, Rest C, Bunneister LF arrl Pornrelm PR. cancer incidence in
humans: relationship to plasma lipids arxl relative weight. JNCI
1982;68:915-918.
37. Hiatt RA, Friedman GD, Bawol RD, U:ry HK. Breast cancer arrl sen.n:n
cholesterol. JNCI 1982; 68: 885-889.
38. Schatzkin A, Hoover RN, Taylor PR, et al. Site-specific analysis of
total sen.n:n cholesterol arrl incident cancer in the National Health and
Nutrition Examination SUrvey I Epidemiologic Follow-up Study. cancer
Res 1988;48:452-458.
39. Hiatt RA arxl Fireman m. Serum cholesterol arrl the incidence of cancer
in a large cohort. J Chron Dis 1986;39:861-870.
40. Schatzkin A, Hoover RN, Taylor PR, et al. Serum cholesterol and cancer
in the NHANES I epidemiologic followup study. Lancet 1987;ii:298-301.
41. Rohan TE arrl Bain CJ. Diet in the etiology of breast cancer. Epidemiol
Rev 1987;9:120-145.
42. Hebert JR arrl Miller DR. Methodologic considerations for investigating
the diet-cancer link. Am J Clin Nutr 1988; 47: 1068-77.
43. Freudenheim J arrl Marshall J. '!he problem of profound mismeasurement
arrl the power of epidemiological studies of diet arrl cancer. Nutr
cancer 1988;11:243-250.
44. Ahrens EH, Hirsh J, Insull W, et al. '!he influence of dieta:ry fats on
serum-lipid levels in man. Lancet 1957;i:943-953.
45. Antonis A and Bersohn I. '!he influence of diet on serum-triglycerides
in South African White and Bantu prisoners. Lancet 1961;i:3-9.

16

46. Beveridge JMR, Jagannathan SN am Cormell WF. The effect of the type
am anomt of dietary fat on the level of plasma triglycerides in
human subjects in the postabso:rptive state. Can J Biochem 1964;42:9991003.
47. Keys A. Coroncuy heart disease in seven countries. Circulation 1970;41
(suppl. 1).

48. Chait A, Onitiri A, Nicoll A, et al. Reduction of serum triglyceride
levels by polyunsaturated fat. Atherosclerosis 1974;20:347-350.
49. Schaefer EJ, lEVy RI, Ernst ND, et al. The effects of lOW' cholesterol,
high polyunsaturated fat, am lOW' fat diets on plasma lipid and
lipoprotein cholesterol levels in nonnal am hypercholesterolemic
subjects. Am J Clin Nutr 1981;34:1758-1763.
50. Stein FA, Shapero J, McNen1ey c, et al. Olanges in plasma lipid and
lipoprotein fractions after alteration in dietary cholesterol,
polyunsaturated, saturated, and total fat in free-livin:J nonnal and
hypercholesterolemic children. Am J Clin Nutr 1982;35:1375-1390.
51. Vega GL, Groszek E, WolfRam Grundy SM. Influence of polyunsaturated
fats on composition of plasma lipoproteins am apolipoproteins. J
Lipid Res 1982;23:811-822.
52. Ehnh.olm c, Huttunen JK, Pietinen P, et al. Effect of a diet lOW' in
saturated fatty acids on plasma lipids, lipoproteins, and HDL
subfractions. Atherosclerosis 1984;4:265-269.
53. Boyar AP, Rose DP, Loughridge JR, et al. Response to a diet lOW' in
total fat in women with postmenopausal breast cancer: A pilot study.
Nutr cancer 1988;11:93-99.
54. Peto R, Doll R, Buckley JD, et al. can dietary beta-carotene
materially influence htnnan cancer rates? Nature 1981;29:201-208.
55. Burton GW am Ingold KU. B-Carotene: An unusual type of lipid
antioxidant. Science 1984;224:569-573.
56. Cook M:; and Rohan 'IE. '!he patho-epidemiology of benign proliferative
epithelial disorders of the female breast. J of Pathology 1985;146:115.
57. Page DL, OJpont WD I Rogers llV am Rados MS. Atypical hyperplastic
lesions of the female breast. A long tenn follOW"-up study. cancer
1985;55:2698-2708.
58. Olpont WD and Page DL. Breast cancer risk associated with
proliferative disease, age at first birth, am a family history of
breast cancer. Am J Epidemiol 1987;125:769-779.

17

59. Briggs HG, Erikson JM arrl Moorehead WR. A manual colorimetric assay
of triglycerides in serum. Selected Methods of Clin Chern 1977 ;8:7175.
60. American Joint Committee on cancer. Manual for Staging of cancer,
secorrl edition, 13ea!:brs, O.H. arrl Myers, M.H., eds. Fhiladelphia:
J.B. Lippincott company, 1983 p127-133.
61. Potischrnan NA et al. '!he associations between breast cancer arrl plasma
arrl dietary vitamin A arrl carotenoids. In progress.
62. Oilman ZM, Berstein IM Ost.roum::Jva MN, et al. Peculiarities of
hyperlipidaemia in tumor patients. Br J cancer 1981;43:637-643.
63. Kawakami M, Pekala m, lane MD, Cerami A. Lipoprotein lipase
suppression in 3T3-IJ.. cells by an endotoxin-in:iuced mediator from
exudate cells. Proc Natl Acad Sci USA 1982;72:912-916.
64. Moldawer LL, I£Mry SF arrl Cerami A. cachectin: Its impact on
metabolism arrl nutritional status. Ann Rev Nutr 1988;8:585-609.
65. Zarmi EE, Stephan ZF, Zarmis VI, et al. ApoE distribution among
lipoprotein of rhesus m::>nkeys is modulated by dietary fat arrl
cholesterol. J Nutr 1986;116:1611-1619.
66. Hallfrisch J, West S, Fisher c, et al. Modification of the United
States' diet to effect changes in blood lipids arrl lipoprotein
distribution. Atherosclerosis 1985;57:179-188.
67. Williams PI', Krauss RM, Kindel-Joyce s, et al. Relationship of dietacy
fat, protein, cholesterol, arrl fiber intake to atherogenic
lipoproteins in men. Am J Clin Nutr 1986;44:788-797.
68. Moser PB, Behall KM, Kelsey JL, Prather ES. cartx::>hydrate tolerance and
serum lipid responses to type of dietacy carbohydrate arrl oral
contraceptive use in young women. JAm Coll Nutr 1986;5:45-53.
69. Molitch ME, Oill POdell WD. Massive hyperlipemia during estrogen
therapy. JAMA 1974;227:522-525.
70. Feldman E arrl carter AC. Diethylstilbesterol arrl circulating lipids in
women with metastatic breast cancer: lack of dose response over three
log units. J Clin Errlocrinol Metab 1973;36:381-384.
71. Woods M, Schaefer EJ, Morrill A, et al. Effect of menstrual cycle
phase on plasma lipids. J Clin Endocrinol Metab 1987;65:321-323.
72. Smethurst M, Basu TK arrl Williams oc. levels of cholesterol, 11hydroxycorticosteroids arrl progesterone in plasma from postmenopausal
women with breast cancer. Europ J cancer 1975;11:751-755.

18

73. Miller SR, Tartter PI, Papatestas AE, et al. Serum cholesterol and
human colon cancer. JNCI 1981;67:297-300.
7 4. Howson CP, Kinne D and Wynder EL. Body weight, sennn cholesterol, and
stage of primary breast cancer. cancer 1986;58:2372-2381.
75. Hill MJ, Goddard P and Williams RID. Gut bacteria and aetiology of
cancer of the breast. Lancer 1971;ii:472-473.
76. Go:rbach SL. Estrogens, breast cancer, and intestinal flora. Reviews of
Infectious Diseases 1984;6(suppl):S85-S90.
77. MacMahon B, Cole P, Brown JB, et al. Urine estrogens, frequency of
ovulation, and breast cancer risk: case-control study in premenopausal
women. JNCI 1982;70:247-250.
78. Trichopoulos D, Yens, Brown J, et al. '!he effect of westernization on
urine estrogens, frequency of ovulation, and breast cancer risk. A
study of ethnic chinese women in the Orient and the USA. cancer
1984;53:187-192.
79. Papatestas AE, Panvelliwalla D, Tartter PI, et al. Fecal steroid
metabolites and breast cancer risk. cancer 1982;49:1201-1205.
80. McMichael AJ, Jensen CM, Parkin IM, Zaridze I:G. Dietary and
en:iogeneous cholesterol and human cancer. Epidemiol Reviews
1984;4:192-216.
81. Rotlnnan KJ, Greenland s, Walker AM. Concepts of interaction. Am J
Epidemiol 1980;112:457-470.
82. Saracci R. Interaction and

~ism. Am

J Epidemiol 1908; 112: 465-466.

83. Weed DL, Selmon M and Sinks T. Links between categories of
interaction. Am J Epidemiol 1988;127:17-27.
84. Buzina R, Jusic M, Brodarec A, et al. '!he assessment of dietary
vitamin intake of 24 Istrian fanners: II. Coirparison between the
dietary intake and biochemical status of ascorbic acid, vitamin A,
thiamine, riboflavin, and niacin. Internat J Vit Nutr Res 1971;41:
289-300.
85. Peto R. '!he marked differences between carotenoids and retinoids:
methodological inplications for biochemical epidemiology. cancer
SUrveys 1983;2:327-340.
86. Stryker ws, Kaplan IA, Stein FA, et al. '!he relation of diet,
cigarette smoking, and alcohol consumption to plasma beta-carotene and
alpha-tocopherol levels. Am J Epidemiol 1988;127:283-296.

19

Table 1
Effect of diagnosis and stage on mean values of
plasma cholesterol (mg/dl) and triglycerides (mg/dl)
Cholesterol
Group

Triglycerides

Mean

(SD)

N

101
81

237
233

(53)
(48)

6
26
37
12

253
245
225
221

(71)

(53)
(36)
(54)*

N

Mean

(SD)

100
81

99
123

(55)**
(64)

6
25
37
12

141
122
128
105

(55)
(51)
(78)
(39)

General Diagnoses
Controls
Cases
Cancer Stages
In Situ
Stage I
Stage II
Stage III+IV

* Significant (p=0.02) test for trend with "specific" stages
** Controls significantly (p=O.OOI) different from cases

Table 2
Changes in the case-control odds ratios for
cholesterol quartiles with adjustments for other variables

Adjustment

High
Q1

Cholesterol Quartiles
Q2

Q3

Low
Q4a

Trendb
p-value

Unadjusted

0.53
o.85c d
{0.38, 1.87) {0.23,1.27)

0.70
{0.31,1.57)

1.00

0.60

Other risk
Factorse

0.41
(0.14,1.14)

0.24
{0.08,0.73)

0.45
(0.16, 1. 28)

1.00

0.03

Other risk
Factors
0.38
Triglyceride (0.12, 1.16)
Beta-carotene

0.26
{0.08,0.85)

0.52
1.00
{0.18,1.56)

0.03

a
b
c
d
e

Reference group
Test for trend across quartiles
Odds ratio of quartile compared with the fourth quartile
95% confidence limits
Adjusted for age, age at first birth, family history, menarche,
Quetelet index, parity, age at menopause, income and marital
status.

Table 3
Changes in the case-control odds ratios for
triglyceride quartiles with adjustments for other variables
Trigl~ceride

Adjustment

High
Q1

Q2

guartiles
Q3

Low
Q4a

Trendb
p-value

Unadjusted

1.70
3.9oc d
(1.60,9.49) (0.65,4.43)

1.50
(0.57,3.97)

1.00

<0.01

Other Risk
Factorse

2.84
(0.82,9.87)

1.08
(0.31,3.85)

1.39
(0.41,4.68)

1.00

0.10

Other Risk
Factors
Cholesterol
Beta-carotene

4.19
(0.99,17.6)

1.57
(0.40,6.10)

1.64
(0.45,5.94)

1.00

0.07

a
b
c
d
e

Reference quartile
Test for trend of across quartiles
Odds ratio
95% confidence limits
Adjusted for age, age at first birth, family history, parity,
age at menarche, Quetelet's index, age at menopause, income
and marital status.

Table 4
Case-control adjusteda odds ratios with 3 reference groups
for the beta-carotene by cholesterol interaction
Odds Ratios CCI)
Cholesterol
Level
(percentile)b

Median (50)

High (75)

Low
Q1

Beta-Carotene guartiles
Q2

Q3

0.33
(0.04,2.97)
[6/7]e

0.18
(0. 02, 1. 79)
[6/6]

0.12
(0.01,1.16)
[6/5]

1.53
(0.35,6.61)
[12/15]

0.66
(0.15,2.83)
[6/12]

0.44
(0.11, 1.86)
[5/16]

5.99
(1.10,32.6)
[6/3]

2.04
(0.48,8.73)
[5/7]

1.40
(0.33,5.93)
[7/4]

High
Q4C
1.00
[1/2]
1.00
[6/12]
1.00
[4/11]

a Adjusted for age, age at first birth, family history, age at
menarche, Quetelet index, parity, age at menopause, income,
marital status, beta-carotene, triglyceride, plus the betacarotene by triglyceride and beta-carotene by cholesterol
interactions; triglyceride held constant at its mean.
b Percentile based on ranking of all study subjects
c Reference group
d Low= 196 mg/dl, Median= 228 mg/dl, High= 262 mg/dl
e Number cases/controls

Table 5
Case-control adjusteda odds ratios with one reference group
for the beta-carotene by triglyceride interaction
Odds Ratios CCI)
Triglyceride
level
(percentile)b

Median (50)

High (75)

low
Q1

Beta-Carotene guartiles
Q2

Q3

0.83
(0.16,4.40)
[3/9]e

1.04
(0.20,5.38)
[4/7]

1.14
(0.27,4.86)
[3/7]

2.69
(0.71,10.3)
[15/12]

1.52
(0.42,5.52)
[7/13]

0.96
(0.27,3.43)
[12/15]

8.86
( 1.81 '43 .3)
[17/4]

2.23
(0.50,9.90)
[6/5]

0.82
(0.17,4.01)
[3/3]

High
Q4
1.ood
[2/7]
1.00
[6/13]
1.00
[3/5]

a Adjusted for age, age at first birth, family history, age at
menarche, Quetelet index, parity, age at menopause, income,
marital status, cholesterol, beta-carotene, plus the betacarotene by triglyceride and beta-carotene by cholesterol
interactions; cholesterol held constant at its mean.
b Percentile based on ranking of all study subjects
c low= 67 mg/dl, Median= 95 mg/dl, High= 136 mg/dl
d Reference group
e Number cases/controls
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Flow diagram of the hypothesized association between three plasma nutrients and
breast cancer. Direct arrows indicate direct associations, arrow on arrow indicates
effect modification, dotted arrows indicate risk factors not evaluated in this
investigation.

