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Abstract

Purpose Epidemiologic evidence supports an association between high mammographic density and increased breast cancer
risk yet etiologic mechanisms remain largely unknown. Mixed evidence exists as to whether circulating lipid levels influ-
ence mammographic density and breast cancer risk. Therefore, we examined these associations in the Nurses’ Health Study
(NHS) and Nurses’ Health Study II (NHSII), two large prospective cohorts with information on PMD and circulating lipid
measures, long follow-up, and breast cancer risk factor and outcome data.

Methods We conducted a nested case—control study among women in the NHS and NHSII. Percent mammographic density
(PMD) was measured using Cumulus software, a computer-assisted method, on digitized film mammograms. Cross-sectional
associations between circulating lipids [total cholesterol (n=1,502), high-density lipoprotein (HDL-C; n=579), and tri-
glycerides (n=655)] and PMD were evaluated among controls. All analyses were stratified by menopausal status at time of
mammogram. Relative risks for breast cancer by lipid and PMD measures were estimated among postmenopausal women
in the full nested case—control study (cases/controls for cholesterol, HDL-C, and triglycerides were 937/975, 416/449, and
506/537, respectively).

Results There were no significant associations between circulating lipid levels and PMD among healthy women, irrespective
of menopausal status. The association between PMD and breast cancer risk among postmenopausal women was not modified
by circulating lipid levels (p interaction=0.83, 0.80, and 0.34 for total cholesterol, HDL-C, and triglycerides, respectively).
Conclusion Overall, no association was observed between lipid levels and PMD, and there was no evidence that lipid levels
modified the association between PMD and breast cancer risk.

Keywords Breast neoplasms - Mammography - Lipids - Cholesterol - Breast density

Introduction

High percent mammographic density (PMD), indicating the
resen f a high amount of fibroglandular ti relativ
Electronic supplementary material The online version of this presence of a high amount of fibroglandular tissue relative

article (https://doi.org/10.1007/s10552-019-01201-2) contains to adipose tissue in the breast, is strongly and consistently
supplementary material, which is available to authorized users.

P4 Sarah A. Lucht 4 Slone Epidemiology Center at Boston University, Boston,
sal413 @mail.harvard.edu MA, USA

Department of Surgery, The Robert Larner, MD College

Institute of Occupational, Social and Environmental of Medicine, University of Vermont, Burlington, VT, USA

Medicine, Medical Faculty, Heinrich-Heine University
of Diisseldorf, Diisseldorf, Germany

2 Harvard T.H. Chan School of Public Health, Harvard
University, Boston, MA, USA 7 Department of Biostatistics and Epidemiology, School

of Public Health and Health Sciences, University

of Massachusetts, Amherst, USA

Division of Oncology and Pathology, Department of Clinical
Sciences, Lund University, Lund, Sweden

Channing Division of Network Medicine, Department
of Medicine, Brigham and Women’s Hospital and Harvard
Medical School, Boston, MA, USA

@ Springer


http://orcid.org/0000-0001-5904-2844
http://crossmark.crossref.org/dialog/?doi=10.1007/s10552-019-01201-2&domain=pdf
https://doi.org/10.1007/s10552-019-01201-2

944

Cancer Causes & Control (2019) 30:943-953

associated with increased risk of breast cancer [1]. Epide-
miologic evidence indicates that the risk of breast cancer
is 1.5- to 2-times greater for women with extremely dense
breasts [>75% dense; Breast Imaging Reporting and Data
System score of 4 (BIRADS-4)] compared to women with
average PMD (25-50% dense; BIRADS-2) [2]. High mam-
mographic density is common and generally decreases with
age and parity [3], with an estimated 37% of premenopausal
and 12% of postmenopausal women having breast densi-
ties>50% [1]. While consistent epidemiologic evidence
supports a link between dense breasts and increased risk
of breast cancer, the etiologic mechanisms by which higher
fractions of connective and ductal tissue, compared to adi-
pose tissue, in the breast contribute to the carcinogenic pro-
cess remain largely hypothetical [4, 5].

Circulating lipids, including high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), and triglycerides, play key physiologic roles in
cholesterol transport and in energy expenditure within the
human body. To date, the few studies that have investigated
the potential links between various circulating lipids and
mammographic density have been inconclusive, with Aiello
et al. [6] observing positive associations between total cho-
lesterol and LDL-C, but not HDL-C, and mammographic
density only in former hormone therapy users and Flote
et al. [7] observing positive associations between HDL-C
and PMD. Two additional studies have observed no associa-
tions between LDL-C, HDL-C, or triglycerides and breast
density after adjustment for potential confounders [8, 9].
Methodological limitations such as modest sample size [6,
7, 9] and inclusion of only pre- [7, 9] or postmenopausal
women [6] may contribute to the difficulty in interpreting
these findings.

It has been hypothesized that HDL-C and LDL-C may
influence cancer risk because of their roles in transporting
cholesterol-a sterol involved in, among many biological
processes, the biosynthesis of steroid hormones [10]. Estro-
gen levels, in particular, may play a role, as prior studies
have observed associations between HDL-C and estrogen
[7, 11] as well as between estrogen and breast cancer risk
[12, 13]. Nevertheless, the evidence connecting circulating
lipids with breast cancer risk is mixed, with several studies
showing positive associations between HDL-C levels and
breast cancer risk [9, 11, 14, 15] while others show inverse
associations [16—18]. Prior investigation within the Nurses’
Health Study showed no association between self-reported
cholesterol and breast cancer risk [19]. Of these prior stud-
ies, only tangential investigation of any connections between
circulating lipids, mammographic density, and breast cancer
risk has been done, with one study restricted to women with
high PMD (> 50%) showing significant associations between
HDL-C and breast cancer risk [OR for 75th v. 25th percen-
tile: 1.23 (95% CI 1.00, 1.51)] [15].
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These prior studies provide some information on the
potential connections between circulating lipids, PMD, and
breast cancer risk, but no study has investigated all three
factors jointly within a population of women with varying
mammographic densities. To elucidate these relationships
more clearly, we examined these associations in the Nurses’
Health Study (NHS) and Nurses’ Health Study II (NHSII),
two large prospective cohorts with information on PMD and
circulating lipid measures, long follow-up, and breast cancer
risk factor and outcome data.

Methods
Study population

The NHS and the NHSII are long-standing prospective
cohort studies. NHS was established in 1976 and included
121,701 registered female nurses residing in the United
States between the ages of 30-55 at enrollment. NHSII is
an ongoing cohort of 116,429 women who were between 25
and 42 years old at baseline in 1989. Nurses in both cohorts
complete self-administered questionnaires every 2 years to
collect updated information on diseases and risk factors,
including weight, age at menarche, parity, alcohol use,
menopause hormone therapy (MHT), and medication use.

Circulating lipid measures

Blood samples were collected from 32,826 cancer-free
women in NHS between 1989 and 1990 and from 29,611
women in NHSII between 1996 and 1999. Briefly, blood
was collected in heparin-treated tubes, stored on ice dur-
ing transport to the laboratory, centrifuged, separated into
plasma, red blood cell and white blood cell components,
and divided into aliquots. As fasting status was not the same
across all samples, information on fasting time was collected
for each sample. All blood samples were stored in liquid
nitrogen freezers (— 196° C) after collection. Greater detail
on sample collection and design in this nested case—control
study can be found in prior publications [20-22].

Breast cancer cases were identified in NHS through 1
June 2011 and in NHSII through 1 June 2007. Cases and
controls were matched on age (+2 years), menopausal status
at blood draw, MHT, month/year of blood collection, time of
blood draw (+2 h), and fasting status, with NHSII cases and
controls additionally matched on race and luteal day for pre-
menopausal women (+ 1 day). It should be noted that these
matched pairs could not be maintained through this study, as
PMD measures were not obtained for all cases and controls.

For the NHS, incident breast cancer cases were identi-
fied at each follow-up cycle and circulating lipid levels were
assayed in their respective blood samples as well as those
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of selected controls. For the NHSII, circulating lipid levels
were assayed in 2011 for all incident cases over the follow-
up and the identified controls. Total cholesterol, high-density
lipoprotein, and triglyceride levels (mg/dL) were assayed
with enzymatic methods using Roche Diagnostics reagents
as previously described [23, 24]. Plasma total cholesterol
was assayed in 12 batches for NHS and 4 batches for NHSII,
yielding 5,840 women with cholesterol measures. Plasma
triglyceride levels were assayed in eight batches in NHS for
2,685 women. High-density lipoprotein levels were assayed
in three batches for 1,467 women in NHS. Case—control
pairs were always assayed in the same batch and were placed
next to each other in random order. To account for batch-to-
batch variation in lipid measures and to facilitate reporting
absolute levels, all batches were recalibrated to achieve a
distribution comparable to an ‘average’ batch for each lipid
separately, independent of BMI, age, menopausal status,
and case—control status, according to methods previously
outlined [25]. The range for within-run mean CVs for total
cholesterol, HDL-C, and triglycerides were (1.3-14.0%),
(5.8-14.7%), and (5.9-15.7%), respectively.

Mammographic density measures

Mammograms were successfully obtained from approxi-
mately 80% of eligible women, and those who provided
mammograms had similar breast cancer risk factors com-
pared with those who did not [20, 26]. PMD was assessed
using films from the most recent mammogram procedures
to blood collection (median time from blood collection to
mammogram: 14 months; interquartile range: (-55 months,
1 month) among controls). For all films from NHS and
the first two batches of NHSII, mammogram films of both
breasts using the craniocaudal views were digitized at
261 pm/pixel with a Lumisys 85 laser film scanner covering
the range of 0—4.0 absorbance. The third batch of mammo-
grams from NHSII was scanned using a VIDAR CAD PRO
Advantage scanner (VIDAR Systems Corporation; Hern-
don, Virginia) at a resolution of 150 dots per inch and 12-bit
depth. In a sample of 50 mammograms digitized with both
scanners, the correlation between percent mammographic
density measurements from the digitized images from each
scanner was 0.88 with a mean difference of 2.3 percentage
points. Total dense area and total breast area were quantified
using Cumulus software [27]. Percent density measures were
calculated by dividing absolute dense area by total breast
area. Two individuals read images collected for NHS, and all
images for NHSII were read by one of these same individu-
als. No batch effects were present for NHS mammograms,
but there was evidence of between-batch variability for the
NHSII mammograms. To address this variability, we fit-
ted multivariable linear regression models to estimate the
effect of batch on density measures while adjusting for age,

menopausal status, BMI, and case status [20]. The second
and third batches from NHSII were then adjusted to estimate
the density values that would have been obtained had they
been in the first batch. Percent density was averaged across
both breasts.

Statistical analyses

For the final analyses, women were excluded if missing
information on BMI at the time of blood draw (n=2) or
at age 18 (n=109). An indicator variable for missingness
was utilized for the alcohol use variable (n=67, 27, and 32
controls and n =159, 30, and 33 cases for total cholesterol,
HDL-C, and triglyceride analyses, respectively). Separate
cross-sectional analyses of the association between each cir-
culating lipid and PMD were conducted among controls for
total cholesterol on 1,502 women (527 premenopausal; 975
postmenopausal), for HDL-C on 579 women (130 premeno-
pausal; 449 postmenopausal), and for triglycerides on 655
women (118 premenopausal; 537 postmenopausal). Meas-
ures for all three markers were available for a small group
of controls (46 and 257 pre- and postmenopausal women,
respectively).

To analyze the association between circulating lipid levels
and PMD, we conducted a cross-sectional analysis among
controls, stratifying women by menopausal status at the time
of mammographic evaluation. Multivariable linear regres-
sion models were fit using PMD (for normality purposes,
square root-transformed PMD was used) as the dependent
variable and quartile of lipid level as the independent vari-
able. Models were run separately for total cholesterol, HDL-
C, and triglycerides. Minimal models were run, adjusting
for age, BMI at blood draw, time and fasting status of blood
draw. Full models were adjusted for parity and age at first
birth (nulliparous; 1-2 children and < 25 years; 1-2 children
and 25-29 years; 1-2 children and > 30 years; 3 + children
and <25 years; 3 +children and > 25 years), alcohol intake
(none, <5,>5 g/day, missing), race (white, non-white),
cohort (NHS, NHSII), fasting status (>8 h,<8 h), age
at menarche (< 12 (reference), 12, 13,> 14 years), use of
MHT (never, past, current), age at blood draw (continuous),
BMI at age 18 (continuous), BMI at blood draw (continu-
ous), family history of breast cancer (yes, no), and biopsy-
confirmed history of benign breast disease (yes, no). These
variables were selected due to their status as established pre-
dictors of mammographic density and/or breast cancer. For
triglyceride and HDL-C models, the ‘cohort’ variable was
not included as all samples were obtained only from NHS.
Tests for trend were conducted using the median lipid level
of each quartile as a continuous variable.

Additional models were stratified by BMI category (Normal
[£25 kg/mz] and Overweight/Obese [> 25 kg/mz]) in order to
further investigate the intersection between menopausal status,
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BMI, and mammographic density. Associations were also
modeled for total cholesterol and HDL-C restricting to con-
trol women with high PMD (> 50% average percent density) to
replicate conditions from the recent Martin et al. [2015] study.
In secondary analyses, we investigated the outcomes of abso-
lute dense and non-dense breast area as alternative measures
of breast density. Analyses were also conducted in the group
with complete measures on all three markers (n =257 con-
trols). Sensitivity analyses were also conducted in which we
excluded women who were taking cholesterol-lowering drugs
(n=122 excluded) or on MHT (n=509, 210, and 282 excluded
for total cholesterol, HDL-C, and triglycerides, respectively) at
time of blood draw, as these treatments may have been poten-
tial confounders.

Prospective analyses of the association between circulat-
ing lipids and PMD on breast cancer risk among postmeno-
pausal women were conducted for total cholesterol among
1,912 women (937 cases, 975 controls), for HDL-C on 865
women (416 cases, 449 controls), and for triglycerides on
1,043 women (506 cases, 537 controls). Due to low numbers,
it was not possible to estimate the association between circu-
lating lipids and PMD on breast cancer risk among premeno-
pausal women. Analyses were also conducted among the 257
postmenopausal controls and 217 postmenopausal cases with
complete measures for all lipid markers.

To determine if the association between circulating lipid
levels and breast cancer risk varied by mammographic den-
sity among postmenopausal women, we used unconditional
logistic regression modeling as a cross-classified variable
between lipid tertile and average percent density tertile with
the lowest tertile of lipid measure and lowest tertile of average
percent density as the reference category. Tertiles were calcu-
lated using the distribution of markers among controls. Mod-
els were adjusted for age, BMI, blood matching factors, alco-
hol consumption, race, family history of breast cancer, prior
diagnosis of benign breast disease, age at menarche, MHT,
and parity/age at first birth. Odds ratios, p trend statistics, p
interaction statistics, and 95% confidence intervals (CI) were
calculated. We also conducted models after excluding cases
diagnosed within 12 months of blood collection (n=59, 48,
and 45 for total cholesterol, HDL-C, and triglyceride analyses,
respectively).

All analyses were conducted using SAS version 9.4 for
UNIX (SAS Institute, Cary, NC). All p values were based on
two-sided tests and considered statistically significant if <0.05.

Results
Demographic characteristics

Established risk factors for breast cancer were examined
in relation to circulating total cholesterol (Table 1). Total
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cholesterol level was inversely associated with benign breast
disease (BBD) and current use of MHT among postmeno-
pausal women. Total cholesterol was positively associated
with BMI at time of blood draw for both pre- and post-
menopausal women, age at blood draw and mammogram,
and family history of breast cancer among premenopausal
women.

HDL-C level was positively associated with alcohol
among postmenopausal women, while inversely associated
with MHT in postmenopausal women and BMI at blood
draw among all women (Table S1). Triglyceride level was
positively associated with BMI at age 18 in premenopausal
women, inversely associated with parity and family history
of breast cancer in postmenopausal women, and positively
associated with BMI among pre- and postmenopausal
women (Table S2).

Cross-sectional associations between circulating
lipoproteins and mammographic density

Among premenopausal women, increasing levels of total
cholesterol were weakly inversely associated with average
PMD in the minimally adjusted model (Table 2; p trend:
0.12). There was little evidence of confounding by other
covariates in the fully adjusted model [Estimate (EST) for
Q4 vs. Q1: —0.24 (95% CI —0.59, 0.11); Table 2). Among
postmenopausal women (Table 3), there was no association
between total cholesterol and PMD (p trend: 0.36 for full
model). While not statistically significant for either pre-
or postmenopausal women, HDL-C levels appeared to be
positively associated with PMD [e.g., in premenopausal
women: EST for Q4 vs. Q1: 0.74 (95% CI —0.11, 1.58); p
trend: 0.10]. Triglyceride levels were not associated with
PMD for either pre- or postmenopausal women [e.g., for
postmenopausal women: EST for Q4 vs. Q1: —0.13 (95%
CI —0.51, 0.25)]. The results were similar when excluding
women taking cholesterol-lowering drugs (or with unknown
use of cholesterol-lowering drugs) at time of blood draw
(data not shown). When restricting the analyses to women
not currently on MHT (Table 3), no clear differences from
the analyses including current MHT users were apparent.
Restriction to women with measures on all three markers
also did not qualitatively alter the results (data not shown).

Upon stratification by BMI, no significant associations
were seen between lipids and PMD among overweight/obese
postmenopausal women [e.g., EST for Q4 vs. Q1 in HDL-C:
0.64 [95% CI —0.23, 1.50); Table 4]. Among postmenopau-
sal lean women, HDL-C was significantly positively associ-
ated with square root percent density [EST for Q4 vs. Q1:
0.61 (95% CI —0.03, 1.26); p trend: 0.03]; however, there
was no evidence of significant statistical interaction between
BMI and HDL-C (p interaction: 0.56). When analyses were
restricted to the subset of women who were currently not
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Table 1 Demographic characteristics at blood collection for breast cancer controls in NHS and NHSII by quartile of serum total cholesterol (mg/

dL), stratified by menopausal status

Premenopausal controls (n=527)
Quartiles of circulating total cholesterol

Postmenopausal controls (n=975)
Quartiles of circulating total cholesterol

Ql (n=131) Q2 (n=134) Q3 (n=128) Q4 (n=134)

Ql (n1=243) Q2 (n=244) Q3 (n=243) Q4 (n=245)

Total cholesterol (median, 161.6 (12.2) 184.9(5.5) 205.1(6.7)
mg/dL)

Square root mammographic 6.5 (1.7) 6.3 (1.7) 6.2 (1.8)
density (%)

Age at blood draw (y) 44.5 (4.7) 44.9 (4.6) 453 (4.1)

Age at mammogram (y) 46.0 (4.3) 459 (4.4) 46.2 (3.9)

BMI at age 18 (kg/m?) 208(24) 21.13.1) 21127

Current BMI (kg/mz) 24.2 (4.6) 25.3(6.2) 25.0(5.1)

Parity (children) 2.3(1.3) 2.2 (1.4) 2.2 (1.3)

Age at first birth (y) 26.2 (4.0) 25.8 (4.0) 25.3(3.7)

Alcohol use (g/day) 3.8(7.2) 4.6 (7.5) 4.8 (7.4)

Family history of breast 8 8 10
cancer (%)

Diagnosis of biopsy-con- 19 14 20
firmed BBD (%)

Menopause hormone NA NA NA
therapy (%)

Current
Past
Never

2354 (24.2) 177.6 (14.1) 206.0 (6.8) 228.9(7.2) 260.6 (20.0)
5.8 (1.7) 4.7(1.8) 4.8 (1.9) 4.8 (1.8) 4.6 (1.9)
46.9 (4.4) 55.7(6.7) 56.3 (6.9) 56.9 (6.8) 57.2(6.1)
479 (4.4) 58.6 (7.2) 59.3(7.4) 59.1(7.2) 60.0 (7.3)
21.6 (2.9) 21.2(2.8) 21.2(3.1) 21.0 2.9) 21.3(3.0)
26.5(5.1) 25.1(5.2) 254 (4.8) 25.5(4.9) 26.1 (5.0)
22(1.2) 3.0(1.7) 29@1.7) 3.1(1.9) 291.7)
25.5(3.8) 24.8 (2.9) 252 (3.4) 25.1 (3.5) 252 3.7)
4.7(7.3) 49(1.5) 6.7 (11.6) 5.8(9.2) 6.1 (8.8)
12 12 10 9 11
20 26 21 20 18
NA

58 54 53 44

17 20 18 20

25 26 29 36

Values are means (SD) or percentages

Among premenopausal controls, n=218 from NHS and n=309 from NHSII. Among postmenopausal controls, n=_872 from NHS and n=103

from NHSII

on MHT (n=239), a non-significant positive association
between HDL-C and PMD was seen for both lean and over-
weight/obese women [EST for Q4 vs. Q1 for lean women:
0.76 (95% CI —0.28, 1.80)]. There was no association
between total cholesterol and triglycerides with mammo-
graphic density among lean or heavy women in the full
dataset (Table 4), but we saw a significant inverse associa-
tion between triglyceride level and PMD among lean post-
menopausal women when restricting to women who were
not currently on MHT [EST for Q4 vs. Q1: —0.89 (95% CI
—1.63, —0.14); p trend: 0.03]. Upon testing for interaction
among women not currently on MHT, no significant inter-
action between BMI and triglyceride level was apparent (p
interaction=0.17).

In analyses investigating lipid levels and absolute dense
breast area, no significant associations with HDL-C were
observed, but total cholesterol was positively associated with
dense area among postmenopausal women [EST for Q4 vs.
Q1:0.41 (95% CI 0.04, 0.79); p trend: 0.03; Table S3]. For
non-dense area analyses (Table S4), HDL-C was inversely
associated [EST for Q4 vs. Q1: —0.92 (95% CI —1.79,
—0.05); p trend: 0.03] while triglycerides were positively
associated [EST for Q4 vs. Q1: 0.91 (95% CI 0.36, 1.46);

p trend: 0.001] with non-dense area among postmenopau-
sal women. Upon restriction to women with PMD > 50%
(n=101 for total cholesterol, n=55 for HDL-C), no associa-
tion between lipids and PMD was observed.

Circulating lipoproteins, mammographic density,
and breast cancer risk

Across all lipid analyses, cases had greater PMD, more fre-
quently reported a family history of breast cancer, and were
more likely to report a prior diagnosis of biopsy-confirmed
BBD than control women (Table S5). Among postmeno-
pausal women, there was no association between total cho-
lesterol and breast cancer risk regardless of extent of PMD
[e.g., OR for T3 vs. T1 total cholesterol among T1 of PMD:
1.10 (95% C10.71, 1.70); Table 5]. As expected, compared
to women with low PMD, women in the top tertile of PMD
had approximately twice the risk of breast cancer (OR 2.27,
95% CI 1.75, 2.94; data not shown), but the association did
not vary by cholesterol level (p interaction: 0.83). Similar
results were observed for HDL-C (Table 5; p interaction:
0.80). In contrast, higher triglyceride concentrations were
associated with increased risk of breast cancer among
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Table 2 Beta estimates, representing the predicted change in square root percent mammographic density for each respective quartile of circulat-
ing lipid compared to the lowest quartile, among premenopausal controls®

Total cholesterol (n=527) Plasma lipid quartiles p trend®
01 (n=131) 02 (n=134) 03 (n=128) 04 (n=134)

Age-adjusted® Ref. —0.14 (- 0.55,0.27) —0.28 (-=0.69, 0.14) —0.57 (-=0.99, —-0.15) 0.01

Minimal model? Ref. 0.03 (-=0.33,0.38) —0.16 (-0.52, 0.20) —0.24 (-0.60, 0.13) 0.13

Full model® Ref. 0.03 (-0.31,0.37) —0.12 (- 0.46, 0.23) —0.24 (-0.59,0.11) 0.12

HDL-C (n=130) Plasma lipid quartiles p trend®
01 (n=32) Q2 (n=33) 03 (n=33) 04 (n=32)

Age-adjusted® Ref. 1.01 (0.08, 1.93) 1.45 (0.52, 2.38) 1.33 (0.41, 2.26) 0.01

Minimal model Ref. 0.71 (- 0.15, 1.57) 0.99 (0.10, 1.88) 0.55(-0.37,1.47) 0.28

Full model® Ref. 0.76 (- 0.10, 1.62) 0.87 (0.03, 1.72) 0.74 (-0.11, 1.58) 0.10

Triglycerides (n=118) Plasma lipid quartiles p trend®
01 (n=29) Q2 (n=30) 03 (n=30) 04 (n=29)

Age-adjusted® Ref. 0.15 (-0.62, 0.92) —0.22 (- 0.99, 0.55) —0.82 (- 1.60, —0.04) 0.01

Minimal model Ref. 0.17 (-0.52, 0.85) —0.21 (-0.89, 0.53) —0.18 (-=0.90, 0.53) 0.43

Full model® Ref. 0.40 (- 0.30, 1.09) —0.02 (-0.74, 0.69) 0.01 (-=0.72,0.74) 0.62

“Total Cholesterol Quartiles: Q1 (116.2-175.5 mg/dL), Q2 (175.6-194.0 mg/dL), Q3 (194.1-218.2 mg/dL), Q4 (218.3-399.3 mg/dL); HDL-C
Quartiles: Q1 (27.7-47.5 mg/dL), Q2 (47.6-55.6 mg/dL), Q3 (56.0-67.8 mg/dL), Q4 (68.3—112.2 mg/dL); Triglyceride Quartiles: Q1 (28.7—

58.9 mg/dL), Q2 (59.0-82.5), Q3 (82.6-120.2 mg/dL), Q4 (120.3-361.9 mg/dL)

Trend test based on median value of each quartile as a continuous variable in the multivariable model

¢Adjusted for age at blood draw

dAdjusted for BMI at blood draw, age at blood draw, time of blood draw, cohort (cholesterol analyses only), and fasting status

¢Additionally adjusted for alcohol consumption, race, family history of breast cancer, prior diagnosis of benign breast disease, age at menarche,

BMI at age 18, and parity/age at first birth

women in the lowest and middle tertiles of PMD [e.g.,
OR for T3 (143.9-761.3 mg/dL) v. T1 (12.8-91.5 mg/dL)
among women with low PMD: 1.95 (1.01, 3.77)] However,
the interaction was not statistically significant (p interac-
tion: 0.49). Restriction to women with measures on all three
markers and exclusion of cases diagnosed within 12 months
of blood collection did not qualitatively alter the results (data
not shown).

Discussion

In this study of pre- and postmenopausal women in the NHS
and NHSII, we observed no association between circulating
lipids and average PMD. Additionally, there was no evidence
that lipid levels modified the association between mammo-
graphic density and risk of breast cancer in postmenopausal
women.

In HDL-C analyses, we saw no associations between
circulating levels and mammographic density in the fully
adjusted models, which is consistent with the null findings
reported by Boyd et al. [9] and Sung et al. [2010]. However,
these results are in contrast to the Flote et al. [7] study, which
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reported a positive association between HDL-C and PMD
among premenopausal women. These inconsistencies may
be due to the differences in adjustment sets, as HDL-C was
significantly positively associated with PMD in models with
minimal adjustment within the present study as well as in
Boyd et al. [9] and Sung et al. [8]. As several epidemiologic
studies have linked low HDL-C levels to elevated estrogen
levels [7, 11] and current results on whether endogenous
estrogen levels are linked to mammographic density are
mixed [28, 29], it is possible that varying adjustment for
birth control measures and/or MHT as well as menopausal
status makes comparison of these studies difficult. While
we did see evidence suggestive of a negative association
between HDL-C and mammographic density among lean
postmenopausal women, the HDL-C and PMD association
did not vary significantly by BMI, decreasing our confidence
of a true interaction. To our knowledge, no prior study has
looked at this association stratified by BMI, therefore further
analyses are needed to confirm or deny its existence. While
a significant negative association between HDL-C and abso-
lute non-dense area was observed in secondary analyses, it
is probable that this primarily reflects the strong correlation
between non-dense tissue and body fat [30].
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Table 3 Beta estimates, representing the predicted change in square root percent mammographic density for each respective quartile® of circulat-
ing lipid compared to the lowest quartile, among postmenopausal controls

Total cholesterol (n=975) Plasma lipid quartiles p trend®
01 (n=243) 02 (n=244) 03 (n=243) 04 (n=245)
Age-adjusted® Ref. 0.05 (-=0.27,0.37) 0.16 (=0.16, 0.49) —0.07 (-=0.39, 0.26) 0.81
Minimal model? Ref. 0.06 (=0.23, 0.35) 0.20 (= 0.09, 0.49) 0.08 (=0.21,0.37) 0.44
Full model® Ref. 0.05 (-0.23,0.33) 0.19 (-=0.09, 0.47) 0.10 (- 0.18, 0.38) 0.36
No current MHT use (n=466)°  Ref. —0.06 (-0.48, 0.36) 0.29 (-0.12,0.71) 0.02 (-0.38,0.43) 0.63
HDL-C (n=449) Plasma lipid quartiles p trend®
01 (n=112) Q2 (=112) 03 (n=113) 04 (n=112)
Age-adjusted® Ref. 0.40 (-0.13, 0.92) 0.81 (0.29, 1.33) 1.20 (0.68, 1.72) <0.0001
Minimal model Ref. 0.13 (-0.34,0.59) 0.34 (-0.13, 0.80) 0.30 (-0.19, 0.78) 0.19
Full model® Ref. 0.11 (- 0.34, 0.56) 0.37 (= 0.10, 0.83) 0.29 (-0.19, 0.78) 0.19
No current MHT (n=239)° Ref. 0.05 (-0.51,0.61) 0.27 (- 0.34, 0.89) 0.30 (—0.41, 1.00) 0.34
Triglycerides (n=>537) Plasma lipid quartiles p trend®
0l (n=134) 02 (n=132) Q3 (n=137) 04 (n=134)
Age-adjusted® Ref. —0.34 (-0.75, 0.07) —0.26 (-0.75, 0.07) —0.58 (-0.99, —0.17) 0.01
Minimal model Ref. —0.08 (-0.45, 0.28) 0.19 (-0.18, 0.56) 0.02 (-0.35, 0.40) 0.74
Full model® Ref. —0.18 (-0.54, 0.18) —0.05(-0.31,0.41) —0.13 (-0.51, 0.25) 0.71
No current MHT (n=255)° Ref. —0.46 (- 0.96, 0.03) 0.03 (-0.49, 0.55) —0.34 (-0.85,0.18) 0.43

#Total Cholesterol Quartiles: Q1 (123.2-192.6 mg/dL), Q2 (192.7-216.4 mg/dL), Q3 (216.5-243.0 mg/dL), Q4 (234.1-351.8 mg/dL); HDL-C
Quartiles: Q1 (26.8-49.6 mg/dL), Q2 (49.8-59.1 mg/dL), Q3 (59.3-72.0 mg/dL), Q4 (72.4-124.2 mg/dL); Triglyceride Quartiles: Q1 (25.5-
79.6 mg/dL), Q2 (79.7-114.5 mg/dL), Q3 (114.8-167.9 mg/dL), Q4 (168.0-734.7 mg/dL)

®Trend test based on median value of each quartile as a continuous variable

¢Adjusted for age at blood draw

4Adjusted for BMI at blood draw, age, time of blood draw, cohort (cholesterol analyses only), and fasting status

¢Additionally adjusted for alcohol consumption, race, family history of breast cancer, prior diagnosis of benign breast disease, age at menarche,

BMI at age 18, menopause hormone therapy, and parity/age at first birth

Additionally, we saw no significant associations between
HDL-C level and breast cancer risk, in contrast to the
recent report of inverse association by His et al. [16]. We
also did not replicate the association between breast cancer
risk and HDL-C that was observed by Martin et al. [15],
when restricting our analyses to women with high percent
mammographic density (>50%). Nevertheless, the num-
ber of women with PMD > 50% was relatively low in this
study (n=355 for HDL-C) compared to Martin et al. [15]
(Meases = 2795 Nognuors = 88) and thus these associations were
measured with poor precision.

Prior studies evaluating the relationship between total
cholesterol (which includes a combined measure of HDL-C
and LDL-C), triglyceride levels, and mammographic density
have shown a mix of null [8, 9] and positive associations [6].
The inverse relationship between total cholesterol and per-
cent mammographic density we observed for premenopausal
women was also seen, while not statistically significant, by
Sung et al. [8]. This association was not observed in other
studies [9]. Because of the composite nature of total choles-
terol measures, variation in the results may be attributable

to variation in the relative concentrations of HDL-C and
LDL-C between studies (e.g., LDL-C/HDL-C ratios <2.0 in
[9] vs.>2.8 in [6]). Should a true association between one
component and PMD or breast cancer risk exist, combining
this component with others that are not associated with PMD
or breast cancer may result in dilution of any effect.

In the main analysis, we did not observe any significant
associations between triglycerides and PMD, though triglyc-
erides were significantly negatively associated with PMD
among lean postmenopausal women not using MHT. Serum
triglyceride levels, which are involved in the regulation of
glucose and adipose fat transfer, were significantly inversely
associated with percent mammographic density in one prior
study before adjustment for potential confounders [9] but
were non-significant in a more recent study by Sung et al.
[8], which unfortunately did not look at the results strati-
fied by MHT use. The weak negative association between
triglycerides and PMD observed in this study as well as
prior studies may be due to residual confounding despite
adjustment for BMI, as higher body adiposity is positively
associated with triglyceride level and inversely associated
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Table 4 Beta estimates, representing the predicted change in square root percent mammographic density for each respective quartile of circulat-
ing lipid compared to the lowest quartile, for fully adjusted models among pre- and postmenopausal control women, stratifying by BMI

Quartile 1 Quartile 2

Quartile 3 Quartile 4 ptrend® p interaction”

Total cholesterol

Premenopausal women

BMI <25 (n=307) Ref. 0.00 (—0.38, 0.39)
BMI > 25(n=220) Ref. —0.05 (-0.72,0.61)
Postmenopausal women
BMI <25 (n=542) Ref. 0.09 (—0.27, 0.46)
BMI>25 (n=433) Ref. —0.01 (—0.46, 0.45)
BMI <25-no current MHT Ref. 0.23 (-0.37,0.83)
(n=238)
BMI > 25-no current MHT Ref. —-0.24 (-0.89,0.41)
(n=228)
HDL-C
Premenopausal women
BMI <25 (n=175) Ref. 0.59 (—0.46, 1.65)
BMI>25 (n=55) Ref. 0.96 (—0.42,2.34)
Postmenopausal women
BMI <25 (n=246) Ref. 0.09 (—0.62, 0.80)
BMI>25 (n=203) Ref. 0.30 (—0.33,0.92)
BMI <25-no current MHT Ref. 0.47 (-0.63, 1.57)
(n=114)
BMI > 25-no current MHT Ref. 0.07 (-0.63,0.76)
(n=125)
Triglycerides
Premenopausal women
BMI <25 (n=68) Ref. 0.96 (0.13, 1.78)
BMI>25 (n=50) Ref. —0.33 (- 1.55,0.89)
Postmenopausal women
BMI<25 (n=314) Ref. —0.11 (-0.55, 0.30)
BMI>25 (n=223) Ref. —0.62 (—1.34,0.10)
BMI <25-no current MHT Ref. —0.32 (-0.95, 0.30)
(n=132)
BMI > 25-no current MHT Ref. —0.34 (-1.22,0.54)

(n=123)

—0.01(-0.40,0.38) —0.42(-0.85,0.01) 0.08 0.86
—0.13(-0.80,0.55) 0.07 (-=0.56,0.70)  0.76

0.28 (—0.09, 0.65)
0.15 (—0.30, 0.60)
0.74 (0.13, 1.34)

0.06 (—-0.32,0.44)  0.55 0.98
0.07 (-0.37,0.51)  0.63
0.30(-0.29,0.88)  0.20 0.14

—0.04 (-0.64,0.56) —0.27(-0.87,0.34) 0.51

0.79 (= 0.20, 1.78)
1.24 (=0.22, 2.70)

0.23(-0.72,1.19)  0.83 0.41
1.25(-0.43,2.92) 0.07

0.65 (—0.03, 1.32)
0.22 (—0.48, 0.93)
0.64 (—0.36, 1.63)

0.61(-0.03,1.26)  0.03 0.56
0.64 (-0.23,1.50) 0.18
0.76 (—0.28,1.80)  0.17 0.07

0.21(=0.72,1.13)  0.72(=0.66,2.10)  0.34

0.22(—0.55,0.99)  0.70 (-=0.35, 1.74)  0.68  0.63
0.20 (= 1.16, 1.56) —0.38 (—1.49,0.73)  0.52

0.10 (=0.36,0.56) —0.30(-0.79,0.19) 0.32 0.60
—0.17 (-0.84,0.50) —0.55(-1.22,0.11) 0.27
—0.07 (-0.81, 0.67) —0.89 (-1.63,-0.14) 0.03 0.17

0.58 (=0.27, 1.43) —0.02 (=0.85,0.80) 0.73

Models were adjusted for age, BMI at blood draw, time of blood draw, fasting status, race, alcohol consumption, age at menarche, parity, prior
diagnosis of biopsy-confirmed BBD, BMI at age 18, menopause hormone therapy, cohort (cholesterol analyses only), and family history of

breast cancer

“Trend test based on median value of each quartile as a continuous variable in the multivariable model

bp-value associated with the coefficient of an interaction term between BMI (continuous) and lipid level (continuous) in the unstratified model

with percent mammographic density. It is worth noting that
in the secondary analyses on absolute dense area, which is
thought to be less confounded by body fat [31], we observed
statistically non-significant positive associations between tri-
glyceride levels and absolute dense area, results which may
be worth investigating in future studies.

No significant association was observed in this study for
triglycerides, PMD, and BC risk, a result which is consistent
with prior studies on triglycerides and BC [15, 16]. Never-
theless, we did see some evidence of a higher risk of breast
cancer in postmenopausal women with high triglyceride

@ Springer

levels and low PMD, a result in the opposite direction to
that seen by Martin et al. [15] between triglycerides and BC
among postmenopausal women with no MHT use. These
differences may be partially explained by the fact the Martin
et al. [15] study was conducted only among women with
high PMD. Triglycerides are hypothesized to influence
breast cancer risk through their role in fatty acid oxida-
tion, which may be associated with higher aggressiveness
in tumors [32].

The connection between HDL-C, PMD, and breast cancer
is hypothesized to arise through steroid hormone pathways.
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Table 5 Adjusted odds ratio of incident breast cancer among postmenopausal women, according to tertiles of plasma lipid and square root aver-

age percent mammographic density

Tertile of total cholesterol

Tertile of square root average percent mammographic density

T1 (0.0-3.84 sqrt.%)

T2 (3.85-5.58 sqrt.%) T3 (5.58-9.41 sqrt.%)

T1 (117.2-202.0 mg/dL) 1.0 (ref.)
Cases/controls 64/102

T2 (202.0-232.9 mg/dL) 0.96 (0.62, 1.50)
Cases/controls 69/110

T3 (233.0-351.8 mg/dL) 1.10 (0.71, 1.70)
Cases/controls 80/113

p trend® 0.86

1.55 (1.01, 2.37) 2.67 (1.74,4.11)

102/117 1571107

1.85 (1.20, 2.86) 1.86 (1.22, 2.85)
99/94 126/121

1.46 (0.96, 2.23) 2.60 (1.69, 4.00)
102/114 138/97

0.87 0.45

Tertile of HDL-C

Tertile of square root average percent mammographic density

T1 (0.0-3.66 sqrt.%)

T2 (3.67-5.65 sqrt.%) T3 (5.67-9.41 sqrt.%)

T1 (10.4-52.9 mg/dL) 1.0 (ref.)
Cases/controls 47167

T2 (52.9-67.0 mg/dL) 0.70 (0.37, 1.32)
Cases/controls 23/53

T3 (67.1-125.9 mg/dL) 1.17 (0.57, 2.42)
Cases/controls 19/29

p trend* 0.51

1.65(0.93,2.94) 3.32(1.79, 6.15)

46/49 65/34

1.58 (0.84, 2.98) 1.71 (0.93, 3.13)
37/40 54/56

1.33(0.73, 2.43) 2.52(1.39, 4.58)
45/61 80/60

0.78 0.83

Tertile of triglycerides

Tertile of square root average percent mammographic density

T1 (0.0-3.84 sqrt.%)

T2 (3.85-5.37 sqrt.%) T3 (5.37-9.41 sqrt %)

T1 (12.8-91.4 mg/dL) 1.0 (Ref.)
Cases/controls 19/49

T2 (91.5-143.8 mg/dL) 1.41 (0.71, 2.79)
Cases/controls 39/63

T3 (143.9-761.3 mg/dL) 1.95 (1.01, 3.77)
Cases/controls 57/67

p trend® 0.67

1.53 (0.77, 3.05) 3.32(1.75, 6.30)

36/63 88/69
2.95(1.52,5.72) 3.13 (1.62, 6.04)
64/53 75/61

2.25 (1.16, 4.34) 3.38 (1.73, 6.62)
60/63 68/49

0.74 0.90

Adjusted for BMI at blood draw, fasting status, time of blood draw, age, alcohol consumption, race, family history of breast cancer, prior diagno-
sis of benign breast disease, age at menarche, BMI at age 18, menopause hormone therapy, and parity/age at first birth

“Trend test based on continuous lipid measure in multivariable models within strata of square root percent mammographic density tertiles. Test
for interaction for cholesterol (p =0.83), for HDL-c (p =0.80), and for triglycerides (p=0.34)

One promising potential connection between cholesterol and
breast cancer involves the cholesterol metabolite 27-hydrox-
ycholesterol, which has been shown to be positively asso-
ciated with cell growth and tumor progression in estrogen
receptor-positive tumors [33]. Alternatively, HDL-C has
been shown to be inversely associated with insulin growth
factor I IGF-I) among premenopausal women [34], a marker
for which increased levels are associated with increases in
breast density [35]. Studies also show that exogenous use
of hormones (e.g., estrogen + progesterone therapy) influ-
ences mammographic density [12, 36] and breast cancer
risk, with a recent study suggesting that the increased risk
of breast cancer is entirely mediated through increases in
mammographic density [12]. Estrogen and other sex hor-
mones have also been associated with breast cancer risk

independently from mammographic density [13]. While
an analysis stratified by estrogen receptor tumor status is
beyond the power of this study primarily due to low num-
bers of estrogen receptor-negative tumors (n=118, 67, and
56 in total cholesterol, HDL-C, and triglyceride analyses,
respectively) and missingness, further studies with a greater
number of cases would be interesting for further investigat-
ing this intersection.

We saw no difference in the association between circu-
lating lipids and mammographic density after excluding
those on cholesterol-lowering drugs at time of blood draw,
which is partially consistent with a recent study by Skarp-
ing et al. [37] that found no association between statin use
and absolute dense area density but did observe a clear
association between statin use and percent dense volume
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[37]. It should be noted that the data on statin use at time
of blood draw did not include duration of use, though this
is not of great concern as statin drugs made their clinical
debut not long before the NHS and NHSII mammograms
were conducted.

There are several key strengths to this analysis. The NHS
and NHSII cohorts utilized in this study are large and well
established with extensive demographic data, including
complete information on important risk factors for both
breast cancer and mammographic density. High-quality bio-
marker data are also available for several circulating lipids,
including total cholesterol, HDL-C, and triglycerides, with
assays conducted following rigorous, standardized labora-
tory protocols and batch effects being taken into account.

This study is limited by the lack of biomarker data on
other important lipoprotein factors, specifically ApoAl and
ApoB, that several prior studies have shown to be associ-
ated with mammographic density and breast cancer risk [9,
15, 38]. While we had sufficient power to evaluate cross-
sectional associations of biomarkers with mammographic
density in premenopausal women, there were too few breast
cancer cases among premenopausal women for meaningful
analysis of breast cancer associations in this group. It is also
possible that the important biologic window for lipids to
influence mammographic density may be earlier in develop-
ment, and we would have been unable to observe an associa-
tion, as the lipid and mammographic density measures were
obtained contemporaneously during late adulthood.

Potential associations between circulating lipid levels,
mammographic density, and breast cancer risk have been
reported in prior studies, but we did not observe any such
associations in this study in NHS and NHSII, with the pos-
sible exception of triglycerides and breast cancer incidence.
While we may have been underpowered to detect weak-to-
moderate associations, our findings support the conclusions
that there is little association between circulating lipid levels
and mammographic density and that the association between
mammographic density and breast cancer risk is most likely
not explained by lipid levels.
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