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ABSTRACT

The association between total serum cholesterol and triglycÃ©ridesand
the incidence rate of breast cancer has been examined in 242 incident
cases of breast cancer that developed among 24,329 Norwegian Â»omen
during 11-14 years of follow-up. At the time of lipid measurement they
were between 35 and 51 years of age.

There was an inverse relation between serum cholesterol and risk of
breast cancer which was confined to women diagnosed before the age of
51. The incidence rate ratio was 0.53 (95% confidence limits, 0.32 and
0.88) for women in the highest quartile of serum cholesterol (mean =
8.52 HIM= 329 mg/100 ml) compared to women in the lowest quartile
(mean = 5.28 HIM = 204 mg/100 ml), and the relation displayed a
negative trend over quartiles of cholesterol (xj for trend = 3.94, P =

0.05). No association with cholesterol was found among cases diagnosed
during the initial 2 years of follow-up, whereas a strong inverse relation
was observed among cases that were diagnosed during the following 4
years (x2 trend = 12.6, P < 0.001).

For serum triglycÃ©ridesthere was an overall negative, but not statis
tically significant, association with breast cancer incidence, which was
weakened after further adjustment for body mass index and serum
cholesterol. The lack of information on reproductive factors associated
with breast cancer risk is a limitation of this study, since potential
confounding with the results cannot be excluded.

We conclude that there is an inverse relation between serum cholesterol
and breast cancer risk among women diagnosed before the age of 51
years. The findings indicate that the negative association cannot easily
be attributed to a preclinical effect of the cancer.

INTRODUCTION

No consistent relation has been reported between serum
lipids and breast cancer incidence in women (1, 2). One large
cohort study (3) found no association between quartiles of
serum cholesterol and risk of breast cancer, and both cholesterol
and serum triglycÃ©rideswere not related to breast cancer risk
in two other studies (4, 5). A positive association between
cholesterol and breast cancer risk has been reported among
postmenopausal women (6), but an overall, although not statis
tically significant, positive relation has also been suggested (7).
A negative association between serum cholesterol and risk of
breast cancer was suggested in follow-up studies from Evans
County (8) and Framingham (9), and one large Scandinavian
study (10) observed an inverse relation with serum cholesterol
among women who developed breast cancer before the age of
50 years. Hence, the negative association between cholesterol
and overall cancer often detected in males (2, 11) has generally
not been replicated for breast cancer among women.

Laboratory and epidemiolÃ³gica! evidence suggest that ovar
ian activity may be an important determinant for breast cancer
incidence (12, 13), and sex steroids (including estrogens) are
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related to lipid metabolism (14-16). In studying the relation
between serum lipids and breast cancer, distinguishing cases
occurring before and after menopause might therefore be help
ful. Thus, a lipid effect on breast cancer risk, possibly depending
on ovarian status, may more easily be allowed to appear. Among
cohort studies which have investigated the relation between
serum cholesterol and breast cancer risk, two were based on
sufficiently large numbers of cases (3, 10), but the relationship
according to age at diagnosis was reported only in one (10). In
this study, we have examined the association between serum
cholesterol and triglycÃ©rideson the subsequent incidence rate
of breast cancer diagnosed in women before the age of 51 years,
in contrast to the incidence among women above this age.

In males, the observed positive association between serum
cholesterol and overall cancer has often been interpreted as a
possible preclinical consequence of the disease (1, 2, 17, 18).
Among women, one cohort study (19) found a negative associ
ation between cholesterol and overall cancer which was confined
to cases that developed within the first 2 years of follow-up. In
this study a possible "preclinical cancer effect" has been ex

plored by examining the relation between cholesterol and breast
cancer incidence separately for cases diagnosed during the first
2 years of follow-up and among cases that were diagnosed
during the following 4 years.

SUBJECTS AND METHODS

Study Population. From 1974 to 1977 all men and women ages 35
to 51 years living in three separate counties in Norway were invited to
participate in a health screening examination organized by the National
Health Screening Service. The screening procedure included a ques
tionnaire, and standardized measurements of height, weight, and blood
pressure were performed. A chest X-ray was taken, along with a
nonfasting blood sample to be analyzed on total serum cholesterol,
triglycÃ©rides,and glucose. A comprehensive description of the health
screening procedures has previously been given by Bjartveit et al. (20,
21).

A total of 26,252 women were invited. Altogether, 24,617 (93.8%)
women attended the screening and had blood samples taken. To reduce
a potential bias due to preclinical effects on lipid metabolism, all women
who had been diagnosed with any malignancy (including breast cancer)
prior to or during the calendar year of examination were excluded.
These numbered 288 women, giving a total of 24,329 women found to
be eligible for analysis.

Questionnaire. The questionnaire was primarily designed to obtain
information on known and suspected risk factors for cardiovascular
disease. For this reason there is a lack of information on factors that
are known to predict risk of breast cancer, such as age at menarche.
age at first full term pregnancy, breast cancer in relatives, and infor
mation on exact age at menopause.

However, the questionnaire did include detailed history of past and
current smoking habits and various demographic variables.

Serum Lipid Measurements. Nonfasting blood samples were col
lected. The serum was prepared at the screening site and analyzed at
the Central Laboratory, Ullevaal Hospital, Oslo, where total cholesterol
and triglycÃ©rideswere measured according to the method used in the
Lipid Research Clinics Program (22). According to comparisons with
results obtained at the Lipid Research Clinics Program, George Wash-

2341

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/50/8/2341/2443448/cr0500082341.pdf by guest on 19 M

ay 2023



COHORT STUDY ON CHOLESTEROL AND BREAST CANCER

ington University, Washington, DC, and participation in the Cooper
ative Cholesterol and TriglycÃ©ridesStandardization Program (WHO),
the reported values of cholesterol were approximately 0.4-0.5 mmol/
liter (15-19 mg/100 ml) higher than the expected values based upon
the reference method of Abell et al. (23). An explanation for this
difference has been given by Bjartveit et al. (20). Analogously, triglyc
Ã©rideswere reported approximately 0.2 mmol/liter higher than the
expected values.

Stability of the analyses was controlled by inserting reference serum
among the actual sera. Although minor fluctuations were observed over
time, no systematic changes were observed between 1974 and 1978 (20,
21).

Identification of Cases. An oliici al 11-digit person number attached
to each participant's record enabled a linkage to the Cancer Registry of

Norway. This allowed for identification of every incident case of breast
cancer that occurred in the cohort from the time of examination till the
end of the follow-up period, October 1, 1988. The reporting of malig
nant diseases to the Cancer Registry is mandatory by law, and the
registry has a reliable and nearly complete registration of incident cases
of breast cancer (24).

A total of 242 incident cases of breast cancer were diagnosed in the
cohort during II to 14 years of follow-up. Among these, 139 had
occurred in women younger than 51 years and 103 in women aged 51
or older. The age of 51 years as a dividing line for allocating breast
cancers to a pre- and postmenopausal group was chosen arbitrarily. It
can only sene as a rough separation between the two groups. Separation
at later ages would leave too few probably postmenopausal women for
analysis. In spite of the considerable length of follow-up, the oldest
participant in the study at this point has been followed only until the
age of 63 years.

This means that the study includes nearly all of the premenopausal
breast cancer cases that eventually will develop in this cohort. With
regard to the incidence of postmenopausal breast cancer, a comprehen
sive study will only be feasible at some future date.

Data Analysis. The variables serum cholesterol and triglycÃ©rideswere
categorized into quartiles based on the values found for these factors in
the complete study population. For each person belonging to a certain
quartile of cholesterol or triglycÃ©rides,observation years at risk of
developing breast cancer were computed as the number of years accu
mulated from the screening examination until withdrawal in the year
of diagnosis, at death from another cause, or at the end of follow-up.
Conversely, years at risk of developing breast cancer before age 51 years
were censored when a person reached this age, and years at risk of
developing breast cancer at age 51 years or later were computed from
the time a person reached 51 years until withdrawal. This procedure
allowed comparison of person-time based incidence rates of breast
cancer for each quartile of cholesterol and triglycÃ©ridesand distin
guished risk of diagnosis made before and after the age of 51 years,
roughly approximating pre- and postmenopausal breast cancer inci
dence.

IRRs' were computed as the rate in a specific quartile of cholesterol

or triglycÃ©ridesdivided by the estimated rate in the lowest quartile. The
precision of the IRR estimates were assessed by 95 percent confidence
limits using Miettinen's test-based method (25).

The estimates of effect were adjusted for age at entry, body height,
and BMI. BMI was computed as the weight (g) divided by the squared
value of height (cm) to provide Davenport's index, to yield numeric
values which are one-tenth of the more often used Quetelet's index

(26). In the adjustment for age we used 5-year age categories for person
years, and in the additional adjustments for height and body mass,
applying stratified analysis, we used two categories (median splits) for
both covariates and followed the Mantel-Haenszel procedure (25, 27).
In the trend analyses Mantel's (27) test was applied.

RESULTS

We first examined the relation between total serum choles
terol and triglycÃ©rideswith age, body height, body mass index,

and cigarette smoking (Tables 1 and 2), to evaluate whether
any one of these factors might distort the association between
serum lipids and the risk of breast cancer. Cholesterol and
triglycÃ©ridesdisplayed a similar relation with each factor. There
appeared to be a positive association between age and serum
values for both lipids. After adjustment for age, there was an
inverse relation between body height and lipid values, whereas
there was a positive association with body mass index. Non
smoking was associated with lower lipid values, and current
smokers (>IO cigarettes/day) tended to have increased values
of serum cholesterol and triglycÃ©rides.

Among women in this cohort, being taller than 163 cm
(population median) was associated with an increased incidence
of breast cancer (IRR = 1.57, P = 0.001 ). The risk was decreased
among women whose body mass index was 2.40 or greater (IRR
= 0.70, P = 0.008), and no association was observed between
smoking 10 or more cigarettes per day and risk of breast cancer
(IRR= 1.03, P =0.85).

There was an overall inverse relation between total serum
cholesterol and the age-adjusted incidence rate of breast cancer
(Table 3), which appeared to be confined to an effect observed
among women diagnosed before the age of 51 years. The
relation displayed a negative trend (x2 for trend = 3.94, P =

0.05), and women in the fourth quartile of cholesterol (mean =

Table 1 Percentages of women according to quartiles of total serum cholesterol
within the factors age, body height, body mass index, and current cigarette

smoking"

Total serum cholesterol(mmol/liter)Mean:

(mg/100ml):Age

(yrs) (atentry)35-39
(n =7660)40-44
(n =7702)45-51
(n =8967)Body

height<
163cmÃ¯
163cmBody

massindex<2.40
g/cm2>2.40

g/cm2Cigarette

smokingNonsmokera

10 cigarettes/day<5.85

5.28
(204)3426162228282127215.85-6.63

6.26
(242)2726232427262426246.64-7.517.05(272)222527262424262526>7.52

8.52
(290)172334292222292229

" Age-adjusted (5-year age categories) by the direct method for body height,

body mass index, and cigarette smoking.

Table 2 Percentages of women according lo quarti les of serum triglycÃ©ridesby
age, body height, body mass index, and current cigarette smoking"

Serum triglycÃ©rides(mmol/liter)Mean:Age

(yr)35-39
(n =7660)40-44
(n =7702)45-51
(n =8967)Body

height<163cm2

163cmBody

massindex<2.40
g/cm222.40

g/cm2Cigarette

smokingNonsmokera

10 cigarettes/day0.913125182326301828201.11-1.441.272726252626282427241.45-1.931.6623252625252426242621.932.75192431272318322130

1The abbreviations used are: IRR. incidence rate ratio; BMI, body mass index.
a Age-adjusted (5-year age categories) by the direct method for body height,

body mass index, and cigarette smoking.
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Table 3 Adjusted" IRR of breast cancer, according to quartiles of total serum cholesterol1' in all cases, cases diagnosed before the age of il, and cases diagnosed at age

51 years or later

Total serum cholesterol(nimol/liter)Age

(yr) Mean:
(at measurement) (mg/100ml):A.

Allcases35-39CasesPerson

yr40-44CasesPerson

yr45-51CasesPerson

yrTotalCasesPerson

yrAge-adjusted
IRR95%

confidencelimitsMultivariatc
IRR95%

confidencelimitsB.

Cases <5 1yr35-39CasesPerson

yr40-50CasesPerson

yrTotalCasesPerson

yrAge-adjusted
IRR95%

confidencelimitsMultirariate
IRR95%

confidencelimitsC.

Cases >51yr37-44CasesPerson

yr45-51CasesPerson

yrTotalCasesPerson

yrAge-adjusted
IRR959r

confidencelimitsMultivariatc
IRR95%

confidence limits<5.85

5.28
(204)1931,2183023.2511516.6296471.0981.01.01930.9312822.4284753.3591.01.076.5191011.2371717.7561.01.05.85-6.63

6.26
(242)2025,1671724,1602723,3796472.7060.94(0.66.

1.34)0.93(0.65.

1.32)1924,8301724,9113649.7410.80(0.52.

1.23)0.83(0.54.

1.28)86,962201

5.9 152822,8771.28(0.70.

2.35)1.15(0.61,2.15)6.64-7.51

7.05(272)2020,8451822,8263027,5686871,2391.02(0.72.

1.44)1.08(0.76.

1.54)1920,5451824,7403745.2850.92(0.60.

1.40)0.99(0.65.

1.52)66.8792519.3083126,1871.22(0.67,

2.32)1.26(0.67.

2.34)>7.52

8.52
(290)915,7741321,4912436,2194673,4840.65(0.44.

0.97)0.70(0.46.

1.06)91

5.4331025.8281941,2610.53(0.32.

0.88)0.56(0.33.

0.97)67,0662125,8292732,8950.87(0.47.

1.62)0.92(0.48.

1.77)x2

trend3.71P

=0.053.94P

=0.050.67F

= 0.41

" Age-adjusted IRR. adjusted for 5-year age categories of person years; multivariate IRR. adjusted for age (3 categories), height (2 categories), and body mass index

(2 categories).
Data are based on 242 incident cases of breast cancer that occurred during 11 to 14 years of follow-up among 24.329 women who were 35-51 years of age in the

year of cholesterol determination.

8.52 mmol/liter = 329 mg/100 ml) had an IRR of 0.53 (95%
confidence limits, 0.32 and 0.88) relative to the lowest quartile
(mean = 5.28 mmol/liter = 204 mg/100 ml). Further adjust
ment for the effect of body height and BMI did not alter this
association (IRR = 0.56; 95% confidence limits, 0.33 and 0.97).

To investigate whether this result may be attributed to a
"preclinical cancer effect" on the metabolism of cholesterol,

cases diagnosed during the first 2 years of follow-up and inci
dent cases from the 3rd throughout the 6th year of follow-up
were analyzed separately (Table 4). During the initial 2 years
no association was observed with serum cholesterol (\- for
trend = 0.01, P = 0.92), but among cases diagnosed during the
following 4 years there was a strong inverse relation between
total serum cholesterol and incidence of breast cancer (x2 for
trend = 12.6, P < 0.001).

For serum triglycÃ©ridesthere was an overall inverse relation
with breast cancer risk, which appeared to be present in cases
diagnosed both before and after age 51 (Table 5). The test for
trend was of borderline statistical significance (x2 = 3.58, P =

0.06). and the age-adjusted ratio between breast cancer inci
dence in the highest and lowest quartile of triglycÃ©rideswas not
statistically significant (IRR = 0.73; 95% confidence limits,
0.50 and 1.06). Adjustment for the effect of BMI and choles
terol further weakened the association (IRR = 0.82; 95% con
fidence limits, 0.55 and 1.23).

DISCUSSION

In this study, women whose serum values of total cholesterol
were in the highest quartile of the study population had more
than 40% reduced risk of breast cancer diagnosed before the
age of 51 years, compared to women whose concentration of
cholesterol was in the lowest quartile. For serum triglycÃ©rides
there was an analogous overall tendency, but the association
was statistically significant only for cholesterol.

The inverse relation with cholesterol was not present among
cases that were diagnosed during the first 2 years of follow-up
but appeared as a strong negative association among cases that
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Table 4 Age-adjusted" IRR of breast cancer diagnosed before the age of 51 years, according to quartiles of total serum cholesterol,1' by years of follow-up

Cholesterol(mM)<5.855.85-6.636.64-7.512:7.51X2Trend2-yr
follow-upCases6967Person

yr11,44011.57011.24911,330IRR1.01.40.91.1G.01P

= 0.9295%

c.l/0.5.

3.70.3.
2.60.4,

2.9Cases2115933-6-yr

follow-upPerson

yr19.27518.09116,30214.490IRR1.00.70.40.212.6/><

0.00195%

c.l.0.4,

1.40.2,
1.00.1,0.5

" Adjusted for 5-year age categories.
* Data are based on 76 incident cases of breast cancer that occurred within 6 years after cholesterol determination among 24,329 Â»omenages 35-50 years in the

year of blood collection.
cc.l.. confidence limits.

Table 5 Adjusted" IRR of breast cancer, according to quartiles of serum triglycÃ©rides11in all cases, cases diagnosed before the age of SI years, and cases diagnosed at

age 51 years or later

Serum triglycÃ©rides(mmol/liter)Age

(yr)
(at measurement)Mean:A.

Allcases35-39CasesPerson

yr40-44CasesPerson

yr45-51CasesPerson

yrTotalCasesPerson

yrAge-adjusted
IRR95%

confidencelimitsMultivariate
IRR95%

confidencelimitsB.

Cases <51yr35-39CasesPerson

yr40-50CasesPerson

yrTotalCasesPerson

yrAge-adjusted
IRR95%

confidencelimitsMultivariate
IRR95%

confidencelimitsC.

Cases a51yr37-44CasesPerson

yr45-51CasesPerson

yrTotalCasesPerson

yrAge-adjusted
IRR95%

confidencelimitsMultivariate
IRR95%

confidence limits<1.I1

0.01 mM 1.27mivi2628.4862522,9461819.1646970.5961.01.02528.1422222.6794750.8211.01.096.7641312,9642219.7281.01.01.11-1.441.66mM1525.2571924,4083125,6776575.3420.86(0.61,

1.21)0.84(0.59,

1.19)1424.9002125.3763550.2760.74(0.48.

1.15)0.78(0.51,

1.21)67,2752417.7863025.0611.07(0.61,

1.86)0.93(0.52,

1.69)1.45-1.932.75

mM1921,5941622.7982027.0475571.4390.79(0.56,

1.13)0.89(0.62,

1.26)1921,2791224.5923145,8710.75(0.48.

1.18)0.80(0.51,

1.27)76.7461718.9332425.6790.85(0.48.

1.53)1.03(0.59,

1.82)>1.94817.6671821.5762731.9075371.1500.73(0.50.

1.06)0.82(0.55,

1.23)817.4181825.2602642.6780.65(0.40.

1.06)0.84(0.50,

1.41)56,6412222,6062729,2470.83(0.47,

1.48)0.78(0.40.

1.48)X2

trend3.58,

Id.f.P
=0.062.96,

1d.f.P
=0.090.94,

1d.f.P
= 0.33

Â°Age-adjusted IRR: adjusted for 5-year age categories of person years, and multivariate IRR: adjusted for age (3 categories), body mass index (2 categories), and

total serum cholesterol (4 categories).
* Data are based on 242 incident cases of breast cancer that occurred during 11-14 years of follow-up after triglycÃ©ridedetermination among 24,329 women ages

35-51 years in the year of blood collection.

occurred during the subsequent 4 years. Unless breast cancer breast cancer risk was suggested in a prospective study from
among young women tends to exert an effect which reduces
serum cholesterol levels a number of years prior to diagnosis
(18), this observation may reduce the likelihood that the inverse
relation between cholesterol and breast cancer risk can be
attributed to a possible "preclinical cancer effect" (2) on lipid

metabolism.
A negative association between total serum cholesterol and

Evans County, GA (8), which, however, was based on only
seven cases. A prospective study among women in Framingham
(9) found a negative, but not statistically significant, correlation
with serum cholesterol based on 75 cases accrued over 18 years.
In a large Swedish population (10) there was a statistically
significant negative association between total serum cholesterol
and breast cancer among 196 women who developed the disease
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before the age of 50. Another large prospective study (3) found
no relationship between cholesterol and incidence of breast
cancer but did not report specific effects related to age at
diagnosis or to menopausa! status. Other studies (4-7) based
their results on cases that were predominantly diagnosed after
the age of 50 and could not feasibly address the hypothesis that
serum cholesterol is negatively associated with risk of breast
cancer among premenopausal women.

The preclinical cancer effect on cholesterol has previously
been demonstrated in relation to overall risk of cancer in women
(19), where the negative association with cholesterol was con
fined to cases that were diagnosed within the first 2 years of
follow-up. The specific relationship of this effect on breast
cancer has been examined in one study (10), which showed that
after excluding from analysis 17 (of 196) cases that occurred
during the initial 2 years of follow-up, the statistically signifi
cant negative association with serum cholesterol persisted, in
dicating that a possible preclinical effect on cholesterol would
need to take place several years before the clinical diagnosis of
breast cancer.

In this study, the population counted approximately 94% of
the total number of registered women living in three counties
at the time of examination. More than 24,000 women were
followed for 11-14 years, constituting more than 280,000 per
son years of observation. The study variables were standardized
measurements, and information on incident breast cancer cases
was collected through the Norwegian Cancer Registry, which
also reassured the completeness and reliability of the registra
tion.

Separating cases occurring before and after the age of 51
years would roughly distinguish pre- and postmenopausal breast
cancer, although some misclassification is likely to occur (28).
The focus of this study was disease diagnosed before the age of
51 years, and postmenopausal women who were part of this
age group might be more likely to dilute a possible premeno
pausal effect and bias the results towards the null.

The overall negative association between serum triglycÃ©rides
and risk of breast cancer was not statistically significant, and
after adjustment for body mass index and cholesterol, the
association was weakened, indicating the presence of confound
ing between the observed triglycÃ©rideeffect and these covaria-
bles.

A limitation of this study is the lack of information on factors
that are known to affect the risk of breast cancer. Apart from
being independent risk factors for the disease in the absence of
the exposure under study, potentially confounding variables
should be associated with the exposure (27). Consequently,
serum cholesterol should be associated with variables like, e.g.,
age at menarche and age at first full term pregnancy for con
founding from these factors to be anticipated in the data.
Although we are not familiar with evidence linking serum lipids
to known risk factors for breast cancer, a potentially confound
ing effect cannot be excluded.

The results of this study seem to argue against a preclinical
cancer effect (2) to explain the inverse relation with cholesterol
on the risk of breast cancer diagnosed before the age of 51
years. The absence of an association among women diagnosed
after this age may indicate that the cholesterol effect is modified
by menopausa! status and may reflect a relationship between
ovarian steroids and metabolism of cholesterol (14-16, 29).
Endogenous estrogens appear to lower the concentration of low
density lipoprotein (14, 29), which is the major component in
the measurement of total serum cholesterol. If ovarian activity
is an important determinant for the concentration of total

serum cholesterol in premenopausal women, this could be a
link which connects low serum cholesterol to an increased risk
of breast cancer in young women.

Another component of cholesterol, which has been shown to
be increased by endogenous estrogens, is high density lipopro
tein (29). Assuming that the observed inverse effects of choles
terol do reflect ovarian influence, one would anticipate a posi
tive association between high density lipoprotein cholesterol
and risk of breast cancer among premenopausal women. If this
could be shown, a hormonal explanation of the main results of
this study would be strengthened.

In summary, in this cohort there was an inverse relation
between total serum cholesterol and the incidence rate of breast
cancer diagnosed among women younger than 51 years. The
results do not indicate that the negative association with cho
lesterol can be attributed easily to a reduction in serum choles
terol which may be caused by a preclinical effect of the disease.
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