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Abstract

Background: There is strong evidence that breast cancer risk is influenced by environmental factors. Blood lipid 
and lipoprotein levels are also influenced by environmental factors and are associated with some breast cancer risk 
factors. We examined whether serial measures of serum lipids and lipoproteins were associated with breast cancer 
risk.

Methods: We carried out a nested case-control study within a randomized long-term dietary intervention trial with 
4690 women with extensive mammographic density followed for an average of 10 years for breast cancer incidence. We 
measured lipids in an average of 4.2 blood samples for 279 invasive breast cancer case subjects and 558 matched control 
subjects. We calculated subaverages of lipids for each subject based on menopausal status and use of hormone replacement 
therapy (HRT) at blood collection and analyzed their association with breast cancer using generalized estimating equations. 
All statistical tests were two-sided.

Results: High-density lipoprotein-cholesterol (HDL-C) (P = .05) and apoA1 (P = .02) levels were positively associated with 
breast cancer risk (75th vs 25th percentile: HDL-C, 23% higher; apoA1, 28% higher) and non-HDL-C (P = .03) and apoB (P = .01) 
levels were negatively associated (75th vs 25th percentile: non-HDL-C, 19% lower; apoB, 22% lower). These associations 
were observed only when lipids were measured when HRT was not used. Total cholesterol and triglyceride levels were not 
statistically significantly associated with breast cancer risk.

Conclusions: These results demonstrate that serum lipids are associated with breast cancer risk in women with extensive 
mammographic density. The possibility that interventions for heart disease prevention, which aim to reduce non-HDL-C or 
raise HDL-C, may have effects on breast cancer risk merits examination.

The incidence of breast cancer varies widely between countries 
and is about four times higher in Western countries than in Asia 
(1), largely because of an excess of hormone receptor–positive 
tumors occurring after age 50 years (2). Migrants from Asia to 

the West eventually acquire the breast cancer incidence of the 
country to which they have moved (3–5). These data provide evi-
dence that the incidence of breast cancer is influenced by envi-
ronmental factors. The strong correlation between international 
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breast cancer incidence rates and estimates of nutrient intakes 
(6) suggest that differences in diet may account for differences 
in incidence.

Plasma lipids and lipoproteins are influenced by environ-
mental factors, including weight and diet, and have associa-
tions with breast cancer risk factors that suggest that lipids 
may be relevant to breast cancer risk. We have previously shown 
that extensive mammographic density, a strong risk factor for 
breast cancer (7), is associated with higher levels of high-density 
lipoprotein-cholesterol (HDL-C) and lower levels of low-density 
lipoprotein-cholesterol (LDL-C) (8), and that HDL-C levels are 
influenced by several other breast cancer risk factors (9).

Previous studies of lipids and lipoproteins in relation to 
breast cancer risk have given conflicting results; however, 
almost all of these studies were based on measurements made 
in a single blood sample. In this study, we measured blood lipids 
at multiple time points in the years preceding the diagnosis of 
breast cancer, and accounted for menopausal status and hor-
mone replacement therapy (HRT) at the time of blood collection. 
This study design is expected to reduce measurement error and 
generate more precise estimates of the effects of blood lipids on 
breast cancer risk than has been possible to date.

Methods

Source of Subjects

This case-control study was nested within the cohort of the 
Canadian Diet and Breast Cancer Prevention Study, a multi-
center randomized controlled trial that tested whether a reduc-
tion in dietary fat intake would reduce the incidence of breast 
cancer in women at increased risk of for the disease (10). We 
recruited 4690 women with extensive mammographic density 
and followed them for an average of 10 years (minimum of seven 
years). Data on risk factors and anthropometric measures were 
collected at baseline and annually thereafter by personal inter-
view. At the end of active follow-up in 2005, 220 cases of invasive 
breast cancer had been identified, and an additional 63 cases 
(diagnosed by the end of 2009) were identified by record linkage 
with provincial cancer registries. Of the total of 283 cases, 279 
had at least one prediagnosis blood sample and were included 
in this study.

Case subjects were individually matched to two control 
subjects (women who did not develop breast cancer) accord-
ing to age (within one year), date of random assignment (within 
one year), study center, and duration of follow-up (within six 
months). All P values are for two-sided statistical tests.

Blood Samples

Subjects provided a nonfasting blood sample at baseline and 
annually thereafter. Lipids were measured in a maximum 
of six prediagnosis blood samples selected in the following 
order of priority: at baseline, the last sample before breast 
cancer diagnosis, at two years after baseline, the second-to-
last sample before diagnosis, and up to two additional sam-
ples approximately evenly spaced between the two-year and 
the second-to-last sample. On average, measurements were 
performed in 4.2 samples per subject. The last sample was 
collected on average 2.0  years (SD 2.8) before breast cancer 
diagnosis.

For control subjects, blood samples collected at time points 
as close as possible to those for their respective case subjects 

were selected. Written informed consent to use blood for poten-
tial breast cancer biomarkers was obtained from subjects at 
entry to the trial. The trial protocol was approved by the research 
ethics board of the University Health Network, Cancer Care 
Ontario, University of British Columbia, McMaster University, 
and University of Western Ontario.

Lipid Assays

Blood samples from case subjects (n = 279) and their matched 
control subjects (n  =  558) were analyzed in the same batches 
but in random order. Lipids assays were performed at the Lipid 
Research Laboratory at St Michael’s Hospital, Toronto, Canada, 
and included total cholesterol (TC), HDL-C, triglyceride (TG), and 
apolipoproteins A1 and B (apoA1 and apoB). Non-HDL-C was cal-
culated as TC minus HDL-C. Serum lipid measures were stand-
ardized with the Centers for Disease Control (CDC, Atlanta, GA) 
Lipid Standardization Program. HDL-C was measured by a direct 
homogeneous assay reagent HDLC3 on the Roche Cobas 6000 
c501 System (Roche Diagnostics, Indianapolis, IN). ApoA1 and 
apoB were measured by nephelometry using the BN Prospec 
(Siemens, Mississauga, ON).

Statistical Analysis

There was no statistically significant effect of the dietary inter-
vention on breast cancer incidence in the trial (10); therefore, 
the low-fat dietary intervention and comparison groups were 
combined for the main analysis. Baseline characteristics of case 
and control subjects were compared using two-sample t tests 
for continuous variables and chi-square tests for categorical 
variables.

For each lipid, we examined the association of the baseline 
measure and the overall average of all measures per subject 
with breast cancer risk using conditional logistic regression. 
Models were adjusted for date of random assignment, diet study 
group, baseline or average weight, and baseline breast cancer 
risk factors, including baseline HRT use and menopausal status.

Since HRT use and menopausal status changed over time for 
some subjects, and these variables were associated with lipid 
levels (see Supplementary Figure 1, available online), it is unlikely 
that adjustment for HRT and menopausal status at baseline 
only would be optimal when examining the overall average of all 
measures per subject. Therefore, we used time-varying variables 
for HRT/menopausal status and the lipid measurements. HRT/
menopausal status at the time of blood collection was coded 
as one categorical variable with three levels (1 = premenopausal 
no HRT, 2 = postmenopausal no HRT, and 3 = postmenopausal 
with HRT). We then calculated subaverages of the lipid measure-
ments for each subject that corresponded to each category of 
the HRT/menopausal variable. Figure 1 shows examples of how 
the lipid subaverages would be calculated for subjects with six 
measurements. Sixty percent of subjects had one subaverage (all 
samples in one category), 33% had two subaverages, and 7% had 
three subaverages. Women were considered premenopausal at 
blood collection if they had had a menstrual period within the 
previous 12 months or had had a hysterectomy with only one 
ovary removed and were younger than 50 years. Women were 
classified as postmenopausal if they had at least 12 months of 
amenorrhea, had an oophorectomy, were older than 50  years 
and had a hysterectomy, or were taking HRT.

For the primary analysis, we assessed the association of 
lipid subaverages with breast cancer risk using generalized 
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tion matrix) to account for multiple observations per subject. 
Case-control status was the outcome variable, and serum lipid 
level (subaverage) and HRT/menopausal status were time-var-
ying independent variables. Case subjects and control subjects 
were not matched on menopausal status or HRT use (used in 
determining the subaverages); therefore, we used unmatched 
analysis. Results were adjusted for breast cancer risk factors at 
baseline, date of random assignment, study group, and subaver-
ages of age and weight calculated in the same manner as lipids. 
Interaction terms were tested for diet study group, body mass 
index (BMI), and HRT use. The fit of alternative GEE models was 
compared using the Quasi-likelihood under the Independence 
Model Criterion (QIC) statistic (11;12), where models with 
smaller QIC statistics are preferred.

We also performed a stratified analysis based on the catego-
ries of premenopausal, postmenopausal (no HRT), and postmen-
opausal (taking HRT) using unconditional logistic regression.

To express the results as odds ratios in the figures, we deter-
mined the interquartile range for each lipid based on all sub-
averages for all subjects and then calculated the odds ratio 
corresponding to that difference using the beta estimate for 
each lipid. All statistical tests were two-sided.

The main objective of our analysis was to identify which 
serum lipids and lipoproteins are associated with breast cancer 
risk; therefore, we did not correct the estimates for attenuation 
because of measurement error. Our simpler analysis produces 
in general asymptotically valid P values (13).

Results

Characteristics of Subjects

Table 1 shows selected characteristics of case subjects and control 
subjects. Similar proportions of subjects (50%) were in the compari-
son and dietary intervention arms of the trial. On average, breast 
cancer case subjects weighed more than control subjects (63.3 vs 
62.0 kg, P = .03) and had a higher BMI (23.6 vs 23.2, P = .03). Case sub-
jects had a higher frequency of family history of breast cancer, an 
earlier age at menarche, and later age at first child, but the differ-
ences were not statistically significant. There were no statistically 
significant differences between case subjects and control subjects in 
the baseline values of serum lipids or lipoproteins. The average time 
between baseline and breast cancer diagnosis was 7.9 years (4.7 SD).

Premenopausal 
(no HRT)

Postmenopausal 
and HRT use

B

Follow-up �me

Premenopausal (no HRT)

Subaverage 1 ( = total average)

A

C

Premenopausal 
(no HRT)

Postmenopausal 
and HRT use

Postmenopausal
(no HRT)

Premenopausal 
(no HRT)

Subaverage 1

Subaverage 1 Subaverage 2 Subaverage 3

Subaverage 1 Subaverage 2

Postmenopausal 
(no HRT)

Subaverage 3

D

Figure 1.  Examples of calculation of lipid subaverages. A maximum of three subaverages of serum lipid measurements were calculated for each subject depending on 

menopausal status and hormone replacement therapy (HRT) use at the time of blood collection: 1) premenopausal (no HRT), 2) postmenopausal and taking HRT, and 

3) postmenopausal and not taking HRT. The figure shows examples of how the lipid subaverages would be calculated for subjects with measurements at six time points: 

(A) premenopausal, no HRT, (B) premenopausal, no HRT and postmenopausal, HRT, (C) premenopausal, no HRT and postmenopausal, no HRT, (D) premenopausal, no 

HRT, postmenopausal, HRT, and postmenopausal, no HRT. Sixty percent of subjects had only one subaverage (all of their samples in one category), 33% had two subaver-

ages, and 7% had three subaverages. HRT = hormone replacement therapy.
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Serum Lipids, Lipoproteins, and Breast Cancer Risk

Table  2 shows the association between lipid variables (baseline, 
overall average, and subaverages) and breast cancer risk. There 
were no statistically significant associations of baseline lipid meas-
ures with breast cancer risk, although the inverse association with 
apoB was of borderline statistical significance (P = .06). When the 
overall average lipid values were examined, the beta estimates 
for all lipids increased compared with baseline, but the effect was 
greatest for HDL-C and TG (about a two-fold increase). The inverse 
association with apoB became statistically significant (P  =  .03). 
However, the precision of the beta estimates for the overall average 
of lipids was not improved compared with the single measure at 
baseline (ie, standard error of the beta estimates was not reduced). 
Compared with the overall average of lipid values, the subaverage 
results, which took advantage of multiple measures per subject but 
also controlled for HRT use and menopausal status at the time of 
blood collection, showed larger beta estimates for several lipids, 
and again the effect was greatest for HDL-C and TG (about a two-
fold increase). In addition, the standard errors of the beta estimates 
were slightly reduced. The results of the subaverage analysis are 
further described below and in Figure  2, which shows the odds 
ratios for a difference equal to the interquartile range (calculated 
using subaverages for all subjects) for selected lipid variables.

The subaverages of HDL-C (P = .05) and apoA1 (P = .02) were 
both statistically significantly and positively associated with 
risk of all breast cancer (Table 2). HDL-C values at the 75th per-
centile were associated with a 23% (95% confidence interval 
[CI] = 1 to 51) higher risk of breast cancer compared with values 
at the 25th percentile (Figure 2). ApoA1 levels at the 75th percen-
tile were associated with a 28% (95% CI = 3 to 60) higher risk of 
breast cancer compared with values at the 25th percentile.

The subaverages of non-HDL-C (P  =  .03) and apoB (P  =  .01) 
were both statistically significantly and negatively associated 
with risk of all breast cancer (Table  2). Non-HDL-C values at 
the 75th percentile were associated with a 19% (95% CI  =  2 to 
34) lower risk of breast cancer compared with values at the 25th 
percentile (Figure  2). ApoB values at the 75th percentile were 
associated with a 22% (95% CI = 6 to 36) lower risk of breast can-
cer compared with values at the 25th percentile. Total cholesterol 
and triglyceride values, and the ratios of HDL-C to apoA1 and 
non-HDL-C to apoB, were not statistically significantly associ-
ated with overall breast cancer risk (Table 2).

There were no statistically significant interactions between 
lipids and BMI (P ≥ .45). The results stratified by diet study group are 
shown in Table 3. Overall, the associations tended to be stronger 
in the comparison group compared with the low-fat dietary inter-
vention group, but the interaction terms were not statistically sig-
nificant (P = .09 for TG and P > .25 for HDL-C, non-HDL-C, ApoA1, 
and ApoB).

ApoB showed the most statistically significant association 
with breast cancer risk (P = .01), and the model with apoB had 
the lowest QIC (1580.5) among the single lipid models. The model 
QIC reduced to 1758.1 when apoA1 was added to the model. 
Although the beta estimates for both apoA1 and B were reduced 
slightly compared with their single lipid models, these apopro-
teins appeared to be independently associated with breast can-
cer risk (P = .07 for apoA1 and P = .02 for apoB) (data not shown).

A small number of patients (4%, 11 case subjects and 24 con-
trol subjects) reported taking LDL-lowering statin drugs at some 
point during the study period. Adjusting for statin use (ever/
never) in the main analysis (GEE model) had virtually no effect 
on the results, and statin use was not associated with breast 
cancer risk (P ≈ .75) (data not shown).

Table 1.  Selected demographic characteristics and serum lipid variables at baseline*

Characteristic

Mean (SD) or %

PCase subjects (n = 279) Control subjects (n = 558)

Group†
Intervention  50.5  49.8  .84
Comparison 49.5 50.2

Age, y 48.4 (6.4) 48.5 (6.4) .94
Weight, kg 63.3 (8.8) 62.0 (7.7) .03
Height, cm 163.5 (6.4) 163.2 (6.2) .55
Body mass index, kg/m2 23.6 (2.7) 23.2 (2.4) .03
Smoked ever, % yes 50.5 48.4 .56
Age at menarche, y 12.8 (1.3) 13.0 (1.4) .07
Parous, % yes 68.5 69.9 .67
Age at birth of first child‡, y (n = 191, 

389)
26.2 (5.1) 25.4 (4.8) .10

Number of live births‡ (n = 191, 390) 2.18 (0.84) 2.24 (0.84) .41
Postmenopausal, % yes 30.5 33.0 .46
HRT used, % yes 26.9 22.0 .12
Family history of breast cancer§, % yes 21.9 17.2 .10
Total cholesterol, mmol/L 5.04 (0.89) 5.11 (0.91) .30
HDL-C, mmol/L 1.42 (0.40) 1.42 (0.39) .95
ApoA1, g/L 1.73 (0.28) 1.71 (0.26) .36
HDL-C/ApoA1 ratio 0.818 (0.180) 0.825 (0.165) .60
Non-HDL-C‖, mmol/L 3.62 (0.97) 3.69 (0.97) .35
ApoB, g/L 0.835 (0.203) 0.857 (0.218) .17
non-HDL-C/ApoB ratio 4.33 (0.39) 4.32 (0.48) .68
Triglyceride, mmol/L 1.35 (0.77) 1.34 (0.67) .85

* ApoA1 = apolipoprotein A1; ApoB = apolipoprotein B; HDL-C = high density lipoprotein cholesterol; HRT = hormone replacement therapy.

† Randomization group.

‡ Among parous.

§ At least one first-degree relative diagnosed with breast cancer.

‖ Calculated as the difference between total cholesterol and HDL-C.
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Analysis according to estrogen receptor status of breast can-
cer (Figure 2) showed that the associations observed for all inva-
sive cancers were in general similar in direction and magnitude 
in women with estrogen receptor–positive tumors, although 
statistical significance was lost for apoA1 in the smaller num-
ber of subjects (n = 210 case subjects, 420 control subjects). An 
inverse association with triglyceride levels (P = .04) and a posi-
tive association with the ratio of HDL-C to apoA1, with risk of 
estrogen receptor–positive tumors, was observed (P = .05) (data 
not shown). There were no statistically significant associations 
seen in women with estrogen receptor–negative breast cancer, 
although there were few patients in this group (n = 56 case sub-
jects, 112 control subjects).

To better understand the effect of HRT and menopausal sta-
tus on the results, we stratified the analysis of the associations 
between selected lipid variables and breast cancer risk by meno-
pausal status and HRT use at time of blood collection (Figure 3). 
The results using samples collected when women were not using 
HRT (pre- and postmenopausal women) were in general similar 
to those seen using all samples (Table 2 and Figure 2), although 
the magnitude of the associations was greater in the stratified 
analysis. No statistically significant associations between lipid 
measures and breast cancer risk were seen when lipids were 
measured when HRT was used. The interaction term for lipid 
variable with HRT use (yes/no) was statistically significant for 
HDL-C (P  =  .04), of borderline significance for non-HDL-C and 

Table 2.  Serum lipids (baseline, overall averages and subaverages) and risk of breast cancer*

Lipid

Baseline†
All subjects (279 case subjects, 

558 control subjects)

Overall averages‡
All subjects (279 case subjects, 

558 control subjects)

Subaverages§
All subjects (279 case subjects, 

558 control subjects)

Beta SE P Beta SE P Beta SE P

Total cholesterol, 
mmol/L

-0.1291 0.0910 .16 -0.1334 0.1008 .19 -0.1290 0.0948 .17

HDL-C, mmol/L 0.1073 0.2333 .65 0.2356 0.2323 .31 0.4074 0.2048 .05
Apo A1, g/L 0.4170 0.3285 .20 0.5428 0.3317 .10 0.7136 0.3181 .02
HDL-C / Apo A1 ratio -0.0637 0.5889 .91 0.2687 0.6583 .68 0.8283 0.5308 .12
Non-HDL-C, mmol/L -0.1277 0.0855 .14 -0.1520 0.0938 .11 -0.1919 0.0874 .03
Apo B, g/L -0.7240 0.3812 .06 -0.8987 0.4032 .03 -1.0099 0.384 .01
Non-HDL-C / Apo B 

ratio
-0.0775 0.1902 .68 0.3887 0.2455 .11 0.1730 0.2188 .43

Triglyceride, mmol/L -0.0426 0.1156 .71 -0.0743 0.1267 .56 -0.1779 0.1114 .11

* ApoA1 = apolipoprotein A1; ApoB = apolipoprotein B; HDL-C = high density lipoprotein cholesterol; HRT = hormone replacement therapy.

† Conditional logistic regression, adjusted for randomization group (intervention, comparison), parity at baseline (parous, nonparous), if smoked ever at baseline (yes, 

no), if had first-degree relatives with breast cancer at baseline (yes, no), study site (Toronto, London, Hamilton, Windsor, Vancouver, Surrey), age at menarche (years), 

age at birth of first child (years), number of live births, baseline menopausal status and hormone replacement use, baseline weight (kg). All statistical tests were two-

sided.

‡ Conditional logistic regression, adjusted for same factors as in (†), except average weight was used instead of baseline weight.

§ Generalized estimating equations, adjusted for randomization group (intervention, control), parity at baseline (parous, nonparous), if smoked ever at baseline (yes, 

no), if had first-degree relatives with breast cancer at baseline (yes, no), study site (Toronto, London, Hamilton, Windsor, Vancouver, Surrey), age at menarche (years), 

age at birth of first child (years), number of live births, subaverage weight (kg), subaverage age (years), date of random assignment and menopausal status and HRT 

use (three categories). All statistical tests were two-sided.

1.23 (1.00 to 1.51)

All invasive cancers
(279 case subjects, 558 control subjects)

Estrogen receptor posi�ve
(210 case subjects, 420 control subjects)

Odds ra�o

HDL-C
1.72 vs 1.21, mmol/L

Non HDL-C
4.29 vs 3.16, mmol/L

ApoB
1.00 vs 0.75, g/L

Triglyceride
1.74 vs 0.94, mmol/L

ApoA1
1.91 vs 1.56, g/L

Estrogen receptor nega�ve
(56 case subjects, 112 control subjects)

1.28 (1.03 to 1.60)

0.81 (0.66 to 0.98)

0.78 (0.64 to 0.94)

0.87 (0.73 to 1.03)

0 1 2 0 1 2 0 1 2

1.27 (1.00 to 1.62)

1.24 (0.96 to 1.60)

0.80 (0.64 to 0.99)

0.77 (0.62 to 0.95)

0.81 (0.66 to 0.99)

0.92 (0.61 to 1.39)

1.04 (0.66 to 1.66)

0.97 (0.59 to 1.61)

1.02 (0.64 to 1.64)

0.97 (0.67 to 1.40)

Figure 2.  Serum lipids (subaverages) and risk of breast cancer: interquartile odds ratio (95% confidence interval). Results are adjusted for study group (low-fat dietary 

intervention or comparison), parity at baseline (parous, nonparous), if smoked ever at baseline (yes, no), if had first degree relatives with breast cancer at baseline 

(yes, no), study site (Toronto, London, Hamilton, Windsor, Vancouver, Surrey), age at menarche (years), age at birth of first child (years), number of live births, average 

weight (kg), average age (years), date of random assignment, and menopausal status and homone replacement therapy use (three categories). Data missing for estrogen 

receptor status for 13 subjects. The interquartile range for each lipid was determined based on all subaverages for all subjects, and then the odds ratios calculated 

corresponding to that difference using the beta estimate for each lipid. All statistical tests were two-sided. ApoA1 = apolipoprotein A1; ApoB = apolipoprotein B; 

HDL-C = high density lipoprotein cholesterol; HRT = hormone replacement therapy.
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TG (P = .06 and .11, respectively), but not significant for ApoA1 
(P = .24) and ApoB (P = .19).

As a sensitivity analysis, we stratified the analysis of baseline 
data by the three-level HRT/menopausal status variable (data 
not shown). The results for the premenopausal no-HRT category 
(n = 186 case subjects) were qualitatively similar to those from 
the stratified subaverage analysis of the same group (n  =  188 
case subjects) (Figure 2), but the baseline effect sizes were 15% 
to 30% smaller and none of the associations were statistically 
significant. There were no statistically significant associations 
for baseline lipid levels in the postmenopausal HRT group 
(n = 67 case subjects), and the sample size of 18 case subjects 
for postmenopausal no-HRT was considered too small for reli-
able results.

Discussion

In a large cohort of women with extensive mammographic den-
sity, we observed that higher levels of serum HDL-C and apoA1 
and lower levels of non-HDL-C and apoB were associated with 
a 20% to 30% higher risk of developing estrogen receptor–posi-
tive breast cancer, when comparing lipid values across the inter-
quartile range. These associations may appear modest, but their 
magnitude is in the same range as many accepted breast cancer 
risk factors, such as age at menarche, parity, and postmenopau-
sal obesity (14), and the lipid associations are independent of 
these factors. These associations were absent when HRT was 
used, which suggests that further evaluation of serum lipopro-
tein/apolipoprotein levels in relation to risk of breast cancer 
should exclude women taking HRT.

Although some case-control studies have reported a positive 
association between HDL-C and breast cancer risk (15), prospec-
tive studies have reported either no association (16–18) or an 
inverse association (19–22) with breast cancer risk. Some studies 
examined the associations of HDL-C by menopausal status, but 
the results are also inconsistent (17,20,21). Two studies exam-
ined LDL-C (similar to non-HDL-C) and reported no associa-
tion with breast cancer risk (16,22). Only one other prospective 

study has examined the relationship of apoA1 and apoB with 
breast cancer risk and found no association (16). Almost all stud-
ies of the association of blood lipids with breast cancer risk in 
the literature have used a single baseline measure of lipids and 
covariables. These results are consistent with our results using 
baseline measures only, which showed no statistically signifi-
cant associations of serum lipids with breast cancer risk.

To our knowledge, there is only one other study that exam-
ined the association of serial lipid measures with breast cancer 
risk (18). No association between average measures of HDL-C 
and breast cancer risk was observed, but average TG levels were 
positively associated with breast cancer risk. However, the study 
included postmenopausal women only, had a small sample size, 
and adjusted only for ever/never use of HRT at baseline.

In our study, the associations of lipids with breast cancer 
were larger when we examined the overall average of lipid 
measures from multiple blood samples compared with baseline. 
When we accounted for menopausal status and HRT use at the 
time of collection for each blood sample (using time dependent 
subaverages), the magnitude of the risk associations increased 
further and the associations with HDL-C, apoA1, and non-HDL-
C levels became statistically significant. The change in risk 
estimates was larger for HDL-C and TG compared with other 
lipids, although the association with TG did not attain statisti-
cal significance (P = .11). Similarly, when we stratified the base-
line lipid results by HRT/menopausal status, the associations of 
HDL-C and TG in the premenopausal no-HRT group increased 
compared with overall baseline more than those for other lipids. 
The reason for the larger effect for HDL-C and TG is not known, 
but the results suggest that the association of these lipids with 
breast cancer risk may be more sensitive to the effect of HRT 
(see below).

The mechanism for an association between blood lipids 
and breast cancer risk is unknown. The observed lipid profile 
(higher HDL-C and apoA1, and lower non-HDL-C and apoB) 
could reflect higher levels of, or greater response to, endogenous 
estrogens, which are associated with an increased risk of breast 
cancer, particularly estrogen receptor–positive disease (23). In 

Table 3.  Lipids and risk of breast cancer: GEE analysis stratified by diet study group*

Lipid

All subjects†  
(279 case subjects, 558 

control subjects)

Intervention group§
(141 case subjects, 278 

control subjects)

Comparison group§
(138 case subjects, 280 

control subjects)

Beta SE P Group interaction
P‡

Beta SE P Beta SE P

Total cholesterol, 
mmol/L

-0.1290 0.0948 .17 .54 -0.0911 0.1325 .49 -0.1711 0.1400 .22

HDL-C, mmol/L 0.4074 0.2048 .05 .35 0.4030 0.2956 .17 0.4866 0.2904 .09
Apo A1, g/L 0.7136 0.3181 .02 .71 0.7350 0.4644 .11 0.7429 0.4415 .09
HDL-C / Apo A1ratio 0.8283 0.5308 .12 .11 0.5391 0.7429 .47 1.3489 0.7842 .09
Non-HDL-C, mmol/L -0.1919 0.0874 .03 .25 -0.1472 0.1222 .23 -0.2598 0.1292 .04
Apo B, g/L -1.0099 0.384 .01 .35 -0.8391 0.5284 .11 -1.2657 0.5650 .03
Non-HDL-C / Apo 

B ratio
0.1730 0.2188 .43 .30 0.3285 0.3140 .30 0.0415 0.2946 .89

Triglyceride, mmol/L -0.1779 0.1114 .11 .09 -0.0406 0.1663 .81 -0.3304 0.1723 .06

* ApoA1 = apolipoprotein A1; ApoB = apolipoprotein B; GEE = generalized estimating equation; HDL-C = high density lipoprotein cholesterol; HRT = hormone replace-

ment therapy.

† Adjusted for diet study group (intervention, comparison), parity at baseline (parous, nonparous), if smoked ever at baseline (yes, no), if had first-degree relatives 

with breast cancer at baseline (yes, no), study site (Toronto, London, Hamilton, Windsor, Vancouver, Surrey), age at menarche (years), age at birth of first child (years), 

number of live births, subaverage weight (kg), subaverage age (years), date of randomization, and menopausal status and HRT use (three categories).

‡ P value for diet study group x lipid interaction term in GEE model.

§ Adjusted as in (†), except for diet study group.
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premenopausal women, plasma HDL-C levels are higher (24) 
and/or LDL-C levels are lower (25,26) in the luteal phase (higher 
estrogen) compared with the follicular phase of the menstrual 
cycle; however, the associations are small and not consistent 
(27,28). In postmenopausal women not taking HRT, endogenous 
estrogen levels are positively associated with HDL-C levels and 
inversely associated with LDL-C levels in some (29,30) but not all 
studies (31,32).

Alcohol intake, which is associated with higher breast can-
cer risk (33), and higher blood estrogen (34) and HDL-C levels 
(35) might also be responsible for the associations seen between 
HDL-C and breast cancer in this study. However, the association 
of apoB with breast cancer risk, which was the most statisti-
cally significant association among the factors examined, is less 
likely to be explained by alcohol intake because, in contrast to 
HDL-C, apoB and LDL-C levels are not consistently associated 
with alcohol intake (36–39). 

Lipoproteins may also have direct effects on breast cancer. 
For example, in vitro exposure to HDL increases proliferation 
and migration in some breast cancer cell lines (40), and it has 
recently been shown that these effects may result from choles-
teryl ester uptake from HDL, as well as from the induction of 
signal transduction via the scavenger receptor B1 (SR-B1) (41).

In the analysis stratified by HRT and menopausal status, we 
did not see an association between lipids and breast cancer risk 
when HRT was used. Exogenous (oral) estrogen increases HDL-C 
and TG levels and reduces LDL-C levels (42); however, combined 
estrogen and progesterone replacement therapy, the type used 
by most women in this study, tends to have smaller effects on 
lipid levels (42,43). The metabolism of exogenous sex hormones, 
and their effects on lipid and lipoprotein metabolism, differs 
from that of endogenous hormones (43). The complex hormo-
nal environment created by HRT may obscure the association of 
lipids with breast cancer that is seen when lipids are measured 
in women not taking HRT.

We examined women who are at increased risk of breast can-
cer because they have extensive mammographic density; there-
fore, our results may not be generalizable to other populations. We 

have previously reported that premenopausal women with high 
mammographic density had higher levels of serum HDL-C (8,44) 
and lower levels of LDL-C, triglyceride, and apoB (8) compared 
with those with little to no mammographic density. Women from 
families with familial breast cancer had lower total cholesterol, 
LDL-C, and apoB levels compared with those from families with 
sporadic breast cancer (45). Therefore, there may be differences 
in lipid metabolism in women at increased risk for breast cancer. 
Further studies are needed to determine whether the association 
between serum lipids and breast cancer risk varies according to 
mammographic density. An association of lipids and breast can-
cer risk that is limited to women with high mammographic den-
sity would still be an important finding, because mammographic 
density is common in the population and has a high attributable 
risk for breast cancer (7).

In addition to multiple blood samples and careful adjust-
ment for menopausal status and HRT use, the strengths of our 
study include the prospective nested case-control design, com-
plete documentation of invasive breast cancers, measurement 
of all lipids at a single laboratory, and the examination of tumor 
subtypes. A potential limitation of this study is that nonfasting 
blood samples were collected and we were not able to adjust for 
time of day or time since food consumption for blood collection. 
Nonfasting samples may have increased the variation in TG lev-
els and reduced our ability to find a statistically significant asso-
ciation of TG levels with breast cancer risk. However, nonfasting 
status would have little effect on the other lipid measures, in 
particular apolipoproteins (46).

We examined the association of several lipid variables with 
breast cancer risk; however, we did not adjust for multiple com-
parisons because many of the lipid variables are strongly related 
to each other. For example, the apolipoproteins ApoA1 and B are 
highly correlated with their respective lipoprotein particles, HDL 
and LDL. The consistency of the associations seen for apoA1 and 
HDL-C, and for apoB and non-HDL-C, strengthens the results. In 
addition, apoA1 and B–containing lipoproteins tend to be nega-
tively correlated, and as expected their associations with breast 
cancer risk are in opposite directions.

1.31 (1.01 to 1.71)

Premenopausal
no HRT use

(188 case subjects, 361 control subjects)

Postmenopausal
no HRT use

(92 case subjects, 243 control subjects)

Postmenopausal
HRT use

(126 case subjects, 230 control subjects)

Odds ra
o

HDL-C
1.72 vs 1.21, mmol/L

Non HDL-C
4.29 vs 3.16, mmol/L

ApoB
1.00 vs 0.75, g/L

Triglyceride
1.74 vs 0.94, mmol/L

ApoA1
1.91 vs 1.56, g/L 1.36 (1.02 to 1.81)

0.79 (0.61 to 1.02)

0.75 (0.58 to 0.97)

0.80 (0.62 to 1.04)

0 1 2 0 1 2 0 1 2

1.47 (1.09 to 1.99)

1.45 (1.04 to 2.02)

0.65 (0.46 to 0.92)

0.66 (0.47 to 0.91)

0.77 (0.55 to 1.07)

0.96 (0.71 to 1.30)

1.12 (0.84 to 1.49)

0.92 (0.69 to 1.23)

0.87 (0.65 to 1.15)

0.95 (0.75 to 1.20)

Figure 3.  Serum lipids (subaverages) and risk of breast cancer stratified by menopausal status and hormone replacement therapy use: interquartile odds ratio (95% 

confidence interval). Results are adjusted for study group (low-fat dietary intervention or comparison), parity at baseline (parous, nonparous), if smoked ever at base-

line (yes, no), if had first degree relatives with breast cancer at baseline (yes, no), study site (Toronto, London, Hamilton, Windsor, Vancouver, Surrey), age at menarche 

(years), age at birth of first child (years), number of live births, average weight (kg), average age (years), and date of random assignment. The interquartile range for each 

lipid was determined based on all subaverages for all subjects, and then the odds ratios calculated corresponding to that difference using the beta estimate for each 

lipid. All statistical tests were two-sided. ApoA1 = apolipoprotein A1; ApoB = apolipoprotein B; HDL-C = high density lipoprotein cholesterol; HRT = hormone replace-

ment therapy.
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Several pharmacological and behavioral interventions for 
cardiovascular disease prevention aim to reduce apoB-con-
taining particles (such as LDL-C) and increase apoA1 particles 
(such as HDL-C). Our results raise the possibility that these lipid 
changes may increase breast cancer risk in women at increased 
risk for the disease, but this potential effect requires further 
examination.

Body weight and some nutrients were associated with 
breast cancer risk in the trial cohort examined in this study 
(10). Because serum lipid levels are influenced by diet, alcohol 
intake, and body weight, further planned analyses will exam-
ine whether lipids mediate the effects of these factors on breast 
cancer risk. If serum lipids play a role in mediating breast can-
cer risk, they will have potential application in risk prediction, 
breast cancer prevention, and in the monitoring of preventive 
interventions.
Clinical Trial registration: Clinicaltrials.gov identifier: NCT00148057.
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