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Abstract

The objective of the present study was to conduct the first systematic review and meta-analysis of prospective studies investigating the
associations between total cholesterol (TC), HDL-cholesterol (HDL-C) and LDL-cholesterol (LDL-C) levels and the risk of breast cancer.
Relevant studies were identified in PubMed (up to January 2014). Inclusion criteria were original peer-reviewed publications with a
prospective design. Random-effects models were used to estimate summary hazard ratios (HR) and 95 % CI. Distinction was made between
studies that did or did not exclude cancer cases diagnosed during the first years of follow-up, thereby eliminating potential preclinical bias.
Overall, the summary HR for the association between TC and breast cancer risk was 0-97 (95 % CI 0-94, 1-00; dose—response per 1 mmol/l
increment, thirteen studies), and that between HDL-C and breast cancer risk was 0-86 (95% CI 0-69, 1:09; dose—response per 1 mmol/l
increment, six studies), with high heterogeneity (1> = 67 and 47 %, respectively). For studies that eliminated preclinical bias, an inverse
association was observed between the risk of breast cancer and TC (dose—response HR 094 (95% CI 0-89, 0-99), seven studies,
1% = 78%; highest v. lowest HR 0-82 (95% CI 0-66, 1-02), nine studies, I*>=81%) and HDL-C (dose—response HR 0:81 (95% CI 0-65,
1:02), five studies, 7% = 30%; highest v. lowest HR 0-82 (95% CI 0-69, 0-98), five studies, /* = 0%). There was no association observed
between LDL-C and the risk of breast cancer (four studies). The present meta-analysis confirms the evidence of a modest but statistically
significant inverse association between TC and more specifically HDL-C and the risk of breast cancer, supported by mechanistic plausibility
from experimental studies. Further large prospective studies that adequately control for preclinical bias are needed to confirm the results
on the role of cholesterol level and its fractions in the aetiology of breast cancer.
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(2—4)

Breast cancer is one of the leading causes of death among
women in developed countries. The association between
deregulated lipid metabolism and the risk of CVD is well
established”. In contrast, regarding breast cancer, the role
of biomarkers of lipid metabolism has been less investigated
and remains unclear. This is notably the case for blood choles-
terol levels, which represent easily measurable markers that
are often assessed in clinical practice.

Experimental studies have provided evidence about the
possible mechanisms by which cholesterol (especially

HDL-cholesterol (HDL-C)) could influence carcinogenesis
Since the 1980s and until very recently®~'®
investigated the relationship between total cholesterol (TC) and
the risk of breast cancer®”~2" some providing specific results
regarding HDL-C®~2122=27 and fewer investigating LDL-
cholesterol (LDL—C)(7’9’15'16) ,apoAland apoB(w). These studies
have shown contrasting results that need to be synthesised and
put into perspective(@. However, to our knowledge, no
systematic review and meta-analysis of prospective studies
investigating these relationships has been published so far.

, many studies have

Abbreviations: ER, oestrogen receptor; HDL-C, HDL-cholesterol; HR, hazard ratio; LDL-C, LDL-cholesterol; PR, progesterone receptor; TC, total cholesterol.
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Caution is needed regarding potential preclinical bias in epi-
demiological studies investigating the association between
blood cholesterol level and the risk of breast cancer®.
Indeed, cancer itself (even at the subclinical stage) is likely
to influence blood cholesterol levels by several possible mech-
anisms, such as increased cholesterol catabolism due to
improved LDL receptor activity in malignant cells®=3"
greater utilisation of cholesterol for new membrane bio-
genesis, or accumulation of esterified cholesterol in tumour
tissues®?. Thus, the most relevant epidemiological studies
are those with a prospective design, and, even better, those
that have tested the associations between blood cholesterol
parameters and the risk of breast cancer after exclusion

of cancer cases diagnosed during the first years of
follow-up®?~1416:19.22:24.2639 * A recent publication®” meta-

analysed the association between TC (>6-5mmol/) and the
risk of breast cancer, and found a hazard ratio (HR) of 1-08
95% CI 0-89, 1-31). However, both prospective and non-
prospective studies were included in that meta-analysis,
which limited the interpretation. A recent meta-analysis on
the metabolic syndrome and the risk of postmenopausal
breast cancer observed an inverse association of these risk
factors with HDL-C levels®™; however, only three of the
available studies were included.

The objective of the present study was to perform a systematic
review and meta-analysis of prospective studies investigating
the association between TC, HDL-C, LDL-C, ApoA1l, ApoB and
the risk of breast cancer. The meta-analysis was performed
overall and separately for studies that excluded cancer cases
diagnosed during the first years of follow-up (thereby
eliminating potential preclinical bias) and for pre- and
postmenopausal breast cancers. A highest v. lowest as well as
dose—response meta-analysis was conducted.

Materials and methods

The PRISMA protocol/checklist was followed for the present
systematic review and meta—analysis(%).

Literature search

We conducted a search in MEDLINE (up to January 2014),
without publication date or language
combining the medical subject and corresponding entry
terms for TC, HDL-C, LDL-C, apolipoproteins, primary breast
neoplasms and observational studies (see online Supple-
mentary material 1). We also hand-searched reference lists of
retrieved articles, reviews and meta-analysis papers on the
related topic.

Study selections or full-text manuscripts were identified and
reviewed independently by two investigators, with all discre-
pancies resolved through discussion or arbitration by a third

restrictions, by

reviewer.

Studies were included if they met the following inclusion
criteria: original research article; cohort or nested case—control
study design with female primary breast cancer as the
outcome; assessment of serum or plasma cholesterol levels;
report of the HR or OR and 95% CI for blood cholesterol

level. Only published peer-reviewed studies were included.
No age restriction or minimum length of follow-up was
required. For a given meta-analysis, only one publication
per cohort study was retained. In the case of duplicate
publications, selection was based on longer follow-up, more
cases recruited, and completeness of information required to
perform the meta-analysis. A total of twenty-six potentially
relevant full-text publications were identified® 2733373 e
excluded two duplicate publications®”*®.

Data extraction

Using a standardised data collection form, the following infor-
mation was extracted for each study: first author’s last name;
publication year; study characteristics (country and region,
design, recruitment, and mean follow-up periods); participant
characteristics (sample size, number of cases, ethnic origin of
participants, mean age, and percentages of pre- and postme-
nopausal women); blood cholesterol assessment (parameter
assessed and serum or plasma); cholesterol level comparisons
and corresponding HR or OR and 95% CI: adjustment for
covariates; results of stratified analyses (e.g. by menopausal
status). Data regarding the association between cholesterol
and the risk of breast cancer according to different breast
cancer types (by histological type and hormonal receptor
status) were also recorded.

We assessed the quality of each individual study according
to the Newcastle—Ottawa Scale®®, designed for assessing
the quality of non-randomised studies in meta-analyses.

Statistical analyses

Summary HR and 95% CI for highest v. lowest and dose—
response meta-analyses were computed using random- and
fixed-effects models when at least two studies were available.
Random-effects models were retained as the main analysis as
there was evidence of heterogeneity in most models“*”. The
weight of each individual study in the random-effects meta-
analysis was calculated by the Stata ‘Metan’ procedure based
on within- and between-study variations in the DerSimonian
and Laird method“*". We used the most fully adjusted relative
risk in each article, provided that they were not adjusted
for factors potentially in the causal pathway. If studies
reported results
combined two specific estimates using fixed-effects models
to generate a global estimation. Dose—response meta-analysis
was performed using either directly the HR per 1mmol/l
increment when it was provided, or the method described
by Greenland & Longnecker™® to compute study-specific
slopes (linear trends) and 95% CI from the natural logarithms
of HR and CI across blood cholesterol categories (at least
three) reported in the studies. The method requires the
report of the distribution of cases and person-years or non-
cases, and the relative risk with the variance estimates for at
least three quantitative exposure categories. Using standard
methods™™, we estimated the distribution of cases or
person-years in studies that did not report these parameters
but reported the total number of cases and person-years.

separately by menopausal status, we
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The median level of exposure in each category was assigned
to the corresponding HR or OR when reported. If not
reported, the value assigned was the midpoint of the lower
and upper bounds in each category. For extreme open-
ended categories, half the width of the adjacent exposure
category was subtracted (for the lowest category) or added
(for the uppermost category) to obtain the midpoint. Dose—
response slopes for an increment of 1mmol/l of blood
cholesterol parameters were estimated using the midpoint of
each cholesterol category. The slopes and CI were back-
transformed using the exponential function.

The thresholds for the ‘highest v. lowest” meta-analysis were
those determined by the authors of each original publication
(i.e. based on either the distributions within their study
population or predefined cut-offs). All cut-offs used in each
study are provided in online Supplementary Table S2 and in
forest plots (Figs. 2(b) and 3(b)).

The parameters studied were TC, HDL-C, LDL-C, ApoAl,
ApoB, TC:HDL-C ratio and LDL-C:HDL-C ratio. The meta-
analysis was also conducted separately in pre- and postmeno-
pausal women, and in studies that did and did not exclude
cancer cases diagnosed during the first years of follow-up
(1-5 years excluded, depending on the studies).

The influence of each individual study with low HR®"'#141>
on the summary relative risk was examined by excluding each
in turn and pooling the rest.

Heterogeneity between the studies was assessed by the
Cochran Q test and the 72 statistic, which is the amount of
total variation explained by the between-study variation*?.
To investigate the potential sources of heterogeneity, we also
conducted bivariate linear meta-regression analyses (procedure
‘Metareg’ in Stata) ™ for each of the following parameters in
turn: length of follow-up (short or long median follow-up dur-
ations); range of exposure (low or high median of ranges
between midpoints of extreme categories in mmol/l across all
studies); geographical location; year of publication (<2000 or
=2000); adjustment for confounding factors (such as physical
activity, alcohol intake, smoking status, parity, height, glycae-
mia and TAG levels, BMI, and simultaneous adjustment for all
components of the metabolic syndrome except HDL-C, one
meta-regression per factor). Among studies that excluded pre-
clinical bias, a meta-regression analysis was also performed to
test the influence of the number of years of follow-up excluded
(<3 v. =3 years). Since the number of years of follow-up
excluded varied between 1 and 5 across the studies, we used
the median value (i.e. 3 years) as the cut-off for this sensitivity
analysis. When the results of the meta-regression were
statistically significant, stratified analyses were performed. Pub-
lication bias was assessed with the following complementary
indicators: funnel plots; Egger’s test®®; Begg’s test“”.

The non-linear association between total blood cholesterol
and the risk of breast cancer was explored by using restricted
cubic splines with three knots (two spline transformations) at
fixed percentiles (10, 50 and 90%) of the cholesterol
distribution. Only studies showing data for four or more cat-
egories of blood cholesterol were included in the analysis.
The P value for non-linearity was obtained by testing whether
the regression coefficient of the second spline was null“*®’.

A two-sided P<0-05 value was considered statistically
significant. All statistical analyses were performed with Stata
version 12 (Stata Corporation).

Results

Figure 1 shows the flow chart of the study selection process.
The results from twenty-four articles were included in the
main or stratified meta-analysis (twenty-two cohort and two
nested case—control studies), corresponding to twenty different
studies. Of the included studies, thirteen were from Europe,
seven from America and four from Asia. The characteristics of
the included studies are provided in online Supplementary
Tables S1 and S2. All the included studies were performed in
adults, with a long follow-up (minimum 8 vyears). The
Newcastle—Ottawa Scale® score range was narrow (number
Of points out Of 9: 6(6,12,13,17,19,21,22)7 7(5,7711,14—16,20,23—27,49)
and 9“®). All the twenty-four selected studies met sufficient
quality criteria to be included in the analysis. There was no
indication of publication bias with Egger’s and Begg’s tests in
all the meta-analyses tested. Most of these studies reported
only on TCOWO-1417-2139  ypless otherwise mentioned
below, excluding each study with a low HR in turn and pooling
the rest did not affect the summary estimates.

Total cholesterol

For TC and the risk of breast cancer, thirteen cohort studies
(21436 breast cancer cases/1192565 participants) were
included in the dose—response meta—analysis(s'w"14’16"20)

1473 reports identified with MEDLINE

1398 reports excluded by the review of the abstract:
- Irrelevant objective or outcome: 1056
- Irrelevant exposure: 172
- Irrelevant study design: 19
- Non-human studies: 101
- Review/comments: 50

Seventy-five full-text articles assessed for eligibility

Forty-nine full-text articles excluded:
- Irrelevant objective or outcome: 36
- Irrelevant exposure: 4
- Irrelevant study design: 8
- Review/comments: 1

Twenty-six publications meeting inclusion criteria for
further examination

> Two publications excluded for duplicate publication

Twenty-four studies with usable information
included in the meta-analysis:

- Twenty-two cohort studies
- Two nested case-control studies

Fig. 1. Flow chart of the study selection process for the prospective associ-
ation between total cholesterol, HDL-cholesterol, LDL-cholesterol, ApoAt,
ApoB and the risk of breast cancer (up to January 2014).
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Table 1. Summary hazard ratios (HR) for the meta-analysis of prospective studies investigating total cholesterol (TC), HDL-cholesterol (HDL-C) and LDL-cholesterol (LDL-C) levels and the risk of

breast cancer

(Hazard ratios and 95 % confidence intervals)

Summary result

Random-effects model Fixed-effects model Heterogeneity
No. of studies (references) No. of cases HR 95% CI P HR 95% ClI P P for Cochran’s Q test 12 (%)
TC Dose—response
All studies 13(5:7,:9-14,16-20) 21436 0-97  0-94, 1-00 0-064 097 0.96,0-.99  <0-0001 <0-0001 67
Menopausal status
Pre-menopause 4(12.14,19,39) 1990 0-86 0-80,0.92 <0-0001 086 080,092  <0-0001 0-708 0
Postmenopause 4(12:14,19.33) 6764 0-95  0-90, 1-00 0-058 094 0.91,0.97  <0-0001 0-040 64
Excluding preclinical bias
No 11(5:7,10-14,17-20) 20993 097  0.94,1.01 0-111 097 0.96,0-99  <0-0001 <0-0001 70
Yes 7(9:11,12,14,16,19,33) 7009 0-94  0-89, 0-99 0-032 095 0.93,0.:98  <0-0001 <0-0001 78
Highest v. lowest
All studies 14(5:7.9-17.19-21) 22831 0-94 0-84,1.05 0-258 096  0.92, 1-01 0-130 <0-0001 67
Menopausal status
Pre-menopause 6(5:12.14.19.21.39) 4389 0-82 062, 1.09 0-165 090 0-78, 1.04 0-151 0-012 66
Postmenopause 5(5:14,19,21,33) 9973 098 0-84,1.13 0-733 099  0.92,1.07 0-820 0-019 66
Excluding preclinical bias
No 12(5:7:10-15,17.19-21) 22388 095 085, 1.07 0-390 097  0.92,1.02 0-180 <0-0001 71
Yes 9(5:9-14.16,19) 12017 0-82 066, 1-02 0-080 098  0.91,1.06 0-619 <0-0001 81
HDL-C Dose—response
All studies 6(7:9,22-24,26) 1566 0-86  0-69, 1-09 0-216 0-93  0-80, 1-08 0-321 0-093 47
Menopausal status
Pre-menopause 4(0.22-24) 1057 070  0-31,1.59 0-397 097 067,1.52 0-886 0-010 74
Postmenopause 5(9.22-24,26) 480 0-82 056, 1-19 0-294 0-81  0-65, 1.03 0-080 0-053 57
Excluding preclinical bias
No 4(7:28.24,26) 2114 098  0-83,1-16 0-794 098 0-84,1.15 0-834 0-354 8
Yes 5(9,16,22,24,26) 1030 0-81 065, 1-02 0-074 0-87  0-75,1-00 0-056 0-229 29
Highest v. lowest
All studies 11(6-9.15:22-27) 3965 090 0.77,1.04 0-144 095  0.97,1.04 0-250 0-022 52
Menopausal status
Pre-menopause 5(6.9.22-24) 994 085 0-58,1.24 0-393 096 0-81,1-14 0-639 0-029 63
Postmenopause 7(6:9.22-24,26.27) 1762 0-86  0-68, 1-08 0-198 090  0-79, 1-02 0-108 0-033 56
Excluding preclinical bias
No 9(6-8.15:23-27) 3733 092 079, 1.06 0-251 096 0-88, 1.05 0-351 0-023 55
Yes 5(9:16.22,24,26) 1030 0-82  0-69,0-98 0-032 0-82  0-69, 0-98 0-032 0-457 0
LDL-C* Dose—-response
All studies 3(7:8.16) 1323 0-94  0-88, 1.02 0-136 0-95 0-88, 1.02 0-136 0-485 0
Excluding preclinical bias
No 1D 885 095 0-86, 1-04 0-290 095  0-86, 1.04 0-290
Yes 20919 438 093 079, 1.08 0-325 0-94  0-83, 1.06 0-285 0-236 29
Highest v. lowest
All studies 4(7,9:15.16) 1354 090 0-77,1-06 0-211 090 0-77,1-06 0-211 0-405 0
Excluding preclinical bias
No 2719 916 0-99  0-65, 1-51 0-956 094 077,115 0-526 0-277 16
Yes 20019 438 082 059, 1.15 0-252 0-84  0-64, 1-11 0-212 0-249 25
ApoA1t Dose—response
All studies 279 1026 067 0-21,2:13 0-502 0-89 0-64,1.25 0-505 0-004 88
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Table 1. Continued

Summary result

Heterogeneity

Fixed-effects model

Random-effects model

P Pfor Cochran’s Qtest 12 (%)

95% ClI

95% CI P

HR

No. of cases

No. of studies (references)

Highest v. lowest

0-015 83

0-973

1.00 0-85,1-19

0-518

0-42, 1-55

0-81

1026

2(7,9)

All studies

Dose—response
All studies

ApoBt

0-503

0-482

0-91 0-90, 1-19

0-482

0-70, 1-19

0-91

1026

2(7.9)

Highest v. lowest

0-354

0-371

0-91 0-75, 1-11

0-371

0-75, 1-11

0-91

1026

2(7.9)

All studies

*For LDL-C, no study provided risk estimates for the risk of breast cancer separately in pre- and postmenopausal women.

1 For ApoA1 and ApoB, information was only available for the overall meta-analysis.
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and fourteen (22831 cases/1208 300 participants) in the high-
est v. lowest meta—analysis@j’g*17’19721) (Table 1).

Overall, the summary HR for the prospective association
between TC and the risk of breast cancer was 0:97 (95% CI
0-94, 1:00) in the dose—response meta-analysis (per 1 mmol/l
increment) (Fig. 2(a) and Table 1) and 0:94 (95 % CI 0-84, 1-05)
in the highest v. lowest meta-analysis (Fig. 2(b) and Table 1).
In both cases, heterogeneity was high (1% = 67 % for both).

For studies that eliminated preclinical bias, a modest but
statistically significant inverse association was observed
between TC and the risk of breast cancer in the dose—
response meta-analysis (HR 0:94 (95% CI 0-89, 0-99), seven
studies, 2= 78%; Fig. 2(a) and Table 1). When testing the
influence of each individual study with low HR®21419 his
result became statistically non-significant when the study of
His et al” was excluded (HR 0-95 (95% CI 0-90, 1-0D),
=79 %), while the exclusion of other studies did not
modify the findings. The HR for the highest v. lowest analysis
was 0-82 (95% CI 0-66, 102, nine studies, I* = 81 %; Fig. 2(b)
and Table 1). This inverse association tended to be slightly
stronger among pre-menopausal women (dose—response: all
studies — HR 086 (95% CI 0-80, 0:92), 7% = 0%, four studies
(Table 1); in studies without preclinical bias — HR 0-79 (95 %
Cl 066, 0:94), I*=71%, four studies (data not shown)),
whereas the corresponding results were not statistically signifi-
cant among postmenopausal women (dose—response: all
studies — HR 0-95 (95% CI 0-90, 1-00), 1% = 64 %, four studies
(Table 1); in studies without preclinical bias — HR 0:94 (95%
CI 085, 1-:04), I 2=g7 %, two studies (data not shown))
(P for meta-regression by menopausal status=0-023).

Within the studies that excluded preclinical bias, no hetero-
geneity was detected according to the number of years of
follow-up excluded (P=0-7). Similarly, other factors tested
by the meta-regression as potential sources of heterogeneity
were not statistically significant (all £>0-05), except for geo-
graphical location (Ppega-regression = 0-012 for dose—response
analyses). In stratified analyses, an inverse association
between TC and the risk of breast cancer was observed for
the dose—response meta-analysis of European studies (HR
094 (95% CI 091, 0:98), I*=55%, eight studies), but not
for American studies (P=0-800, three studies) and Asian
studies (P=0:051, two studies).

There was a suggestion of potential non-linearity
(Ppon-linearity = 003) in the analysis including all studies
(ten studies with the required data; see online Supplementary
Fig. S1(a)). However, the non-linearity appeared to be restricted
to the studies with the risk of preclinical bias as there was no evi-
dence of non-linearity when the analysis was restricted to the six
studies that controlled for preclinical bias (Phon-tinearicy = 0-30;
see online Supplementary Fig. S1(b)). Also, the curve for the
studies that did not account for preclinical bias (eight studies,
Pron-inearity = 0-00) was similar to that observed for all studies
(see online Supplementary Fig. S1(c)).

HDL-cholesterol

For HDL-C and the risk of breast cancer, five cohort
studies 72232420 and one nested case—control study®?
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(a) Author Year Reference Cases (n) HR 95% Cl  Weight (%)

Overall
Steenland 1995 (17) 163 —— 112 0-93,1-35 2-61
Kitahara 201 (5) 3805 - 1-04 1-00, 1-08 1278
Knekt 1988 (13) 95 — 1-01 0-83,1-22 2-47
Iso 2009 (20) 178 — 1-00 0-84,1-19 292
Eliassen 2005 (19) 2468 2 0-99 0-94, 1-04 11-35
Gaard 1994 (16) 302 — 0-99 0-86, 1-13 425
Hiatt 1986 (11) 1088 o 0-99 0-93, 1-05 10-16
Melvin 2012 (7) 6105 0-98 0-95, 1-01 13-64
Tornberg 1988 (12) 1182 0-96 0-93, 1-00 13-03
Vatten 1990 (14) 242 — 0-92 0-79,1-08 341
Tulinius 1997 (18) 439 0-91 0-84,0-99 791
Strohmaier 2013 (10) 5228 0-90 0-87,0-94 12:70
His 2014 (9) 141 0-83 0-69, 0-99 2:76

Subtotal (/2=67-3%, P=0-000) 097 0-94,1-00  100-00

Excluding preclinical bias
Hiatt 1986 (11) 1006 .- 1-:01  0-95, 1-08 18-06
Eliassen 2005 (19) 2468 2 0-99 0-94, 1-04 19-76
Gaard 1994 (16) 302 — 0-99 0-86, 1:13 10-01
Térnberg 1988 (12) 1182 - 0-93, 1-00 21-36
Bjorge 2010 (33) 1862 0-91 0-87,0:95 20-54
His 2014 (9) 141 0-83 0-69, 0-99 7-01

Vatten 1990 (14) 48
Subtotal (/2=77-5%, P=0-000)

Not excluding preclinical bias

o
&
A

0-40, 0-72 3-25
0-94 0-89, 0-99 100-00

R o‘”-a‘ll L0 }‘lln; o|.+‘.nllhl| |

Steenland 1995 (17) 163 — 112 093,135  2:81
Kitahara 2011 (5) 3805 ol 1-04 1:00,1-08  13-85
Knekt 1988 (13) 95 — 101 083,122 266
Iso 2009 (20) 178 — 1.00 082,122 253
Eliassen 2005 (19) 2468 + 099 094,104 1229
Hiatt 1986 (11) 1088 - 099 093,1-05  10-99
Melvin 2012 7) 6105 098 095101 1479
Toérnberg 1988 (12) 1182 0-96 0-93,1-00 1411
Vatten 1990 (14) 242 o 092 079,108 367
Tulinius 1997 (18) 439 091 0-84,099 854
Strohmaier 2013 (10) 5228 090 0-87,0-94  13-76
Subtotal (/2=70-3%, P=0-000) 0-97 094,101  100-00
1 1
0-2 2
(b) Levels of
Author Year Reference Cases (n) exposure (mmol/l) HR 95%Cl  Weight (%)
Overall
Steenland 1995 (17) 163 >7-0 v. <4-4 —t—e—> 1.52 0-89,2:59 3.22
Kitahara 2011 (5) 3805 26.7 v. <39 —a— 117 1-03,1-33  12:59
Eliassen 2005 (19) 2468 265 v. <44 —— 103 0-91,116  12:86
Knekt 1988 (13) 95 >7-6 v. <50 e 102 0-62,1-67 3-60
Hoyer 1992 (15) 31 Q4v. Q1 100 0-43,2:35 144
Fagherazzi 2010 (21) 2932 >66 v. <66 —— 0-99 0-85,1:15 1176
Melvin 2012 (7) 6105 267 v. <45 - 097 0-89,1-05 1405
Hiatt 1986 (11) 1088 >7-0 v. <45 —— 097 082,114 1127
Iso 2009 (20) 178 >65 v. <4-9 —_— 092 051,165 275
Gaard 1994 (16) 302 >7-3v. <49 —_— 0-87 061,124 582
Strohmaier 2013 (10) 5228 275 v. <4-4 —a— 070 0-61,0-81 1210
Vatten 1990 (14) 242 >80 v. <565 —e—t 070 046,106 463
His 2014 (9) 141 269 v. <4-9 - 065 0-39,1-09 336
Térnberg 1988 (12) 53 >7-4v. <53 032 008,130 056
Subtotal (/=67-3%, P=0-000) <> 0-94 0-84,1:05  100-00
Excluding preclinical bias
Kitahara 2011 (5) 2748 267 v. <39 —— 121 104,141 17:01
Knekt 1988 (13) 23 >59 v. <69 &———> 104 046,237 501
Eliassen 2005 (19) 2468 265 v. <4-4 I 103 091,116 17:57
Hiatt 1986 1) 1006 >7-0 v. <45 1-00 0-85,1-18 1678
Gaard 1994 302 >7-3v. <49 e 0-87 0-61,1-24 1245
His 2014 (10 141 >6:9 v. <4-9 — 065 0-39,1:09 895
Strohmaier 2013 (10) 5228 >7-5 v. <4-4 — e 0-62 049,079 1498
Térnberg 1988 (12) 53 >7-4 v. <53 032 008,130 208
Vatten 1990 (14) 48 >79v.<65 €———— 020 009,045 517
Subtotal (/2=80-9%, P=0-000) = 0-82 0-66,1-02  100-00
Not excluding preclinical bias
Steenland 1995 (17) 163 >7-0 v. <44 ————e—> 152 0-89,2:58 358
Kitahara 2011 (5) 3805 >67 v. <39 —— 117 1-03,1-33 1366
Eliassen 2005 (19) 2468 >65 v. <4-4 - 1.03 091,116 13-93
Knekt 1988 (13) 95 >7.6 v. <50 b 102 062,167 3-98
Hoyer 1992 (15) 31 Q4v.Q1 1-00 0-43,2:35 1-60
Fagherazzi 2010 (21) 2932 >66 v. <66 —— 099 085,115 1277
Melvin 2012 (7) 6105 >67 v. <45 - 0-97 089,105 1518
Hiatt 1986 (11) 1088 >7-0 v. <45 —a— 097 082,114 1225
Iso 2009 (20) 178 >65 v. <4-9 B 0-80 049,1-29 4-16
Strohmaier 2013 (10) 5228 >75v. <44 —- 070 0-61,0-81 1313
Vatten 1990 (14) 242 >8.0 v. <65 _ 070 0-46,1-06 511
Térnberg 1988 (12) 53 >74v.<63 € 0-32 0-08,1-30 063
Subtotal (/2=70-9%, P=0-000) <> 0-95 0-85,1-07  100-00
1 1
0-2 1 2

Fig. 2. Meta-analysis of total cholesterol and the risk of breast cancer, overall and separately in studies that did and did not exclude cancer cases diagnosed
during the first years of follow-up. (a) Dose—response (for an increment of 1 mmol/l) and (b) highest v. lowest meta-analyses. P values were obtained using the x2

test for heterogeneity. Q, quartile.

(1566 cases/56 042 participants) were included in the dose—

9,15,23—-206) and two

response meta-analysis, and nine cohort®~

nested case—control®*?” studies (3965 cases/178 564 partici-

pants) were included in the highest v. lowest meta-analysis.
Overall, the summary HR for the prospective association

between HDL-C and the risk of breast cancer was 0-86 (95%

Cl 069, 109 in the dose-response meta-analysis
(per 1mmol/l increment) (Fig. 3(a) and Table 1) and 0-90
95% CI 077, 1:04) in the highest v. lowest meta-analysis
(Fig. 3(b) and Table 1). In both cases, heterogeneity was mod-
erate (I* = 47 and 52%, respectively). Regarding studies that
eliminated preclinical bias, a modest inverse association was

ssa.d Ausianiun abpriquied Aq auljuo paysiignd XegL00S LS L LL000S/ZL0L 0L/Bio 10p//:sdny


https://doi.org/10.1017/S000711451500183X

‘
o

British Journal of Nutrition

Cholesterol and breast cancer risk

(a)

353

Author Year Reference Cases (n) HR 95% Cl ~ Weight (%)
Overall
Melvin 2012 (7) 885 —_ 1-09 0-86,1-39  27-32
Kucharska-Newton 2008 (24) 359 _—t 1-05 0-78, 1:42 23:28
Moorman 1998 (22) 196 > 0-86 0-36, 2-07 5-86
Furberg 2004 (23) 708 —_— 0-80 0-56, 1-15 19:98
Kabat 2009 (26) 162 — 0-72 0-40, 1-29 11-22
His 2014 (9) 141 —_—— 0-48 0-28, 0-83 12:34
Subtotal (/2=47-0%, P=0-000) > 0-86  0-69,1-:09  100-00
Excluding preclinical bias
Kucharska-Newton 2008 (24) 233 — . 0-93 0-78, 1-10 4873
Gaard 1994 (16) 298 - 0-90 0-58, 1-40 18-85
Moorman 1998 (22) 196 > 0-86 0-36, 2:07 6:08
Kabat 2009 (26) 162 _e 0-72 0-40, 1-29 12:45
His 2014 (9) 141 —_— 0-48 0-28, 0-83 13-89
Subtotal (/2=28-9%, P=0-229) & 0-81 0-65, 1-02 100-00
Not excluding preclinical bias
Melvin 2012 (7) 885 —to— 1-09 0-86,1-39  42:70
Kucharska-Newton 2008 (24) 359 —_— 1-05 0-78, 1-42 28-40
Furberg 2004 (23) 708 —_— 0-80 0-56,1-15 2065
Kabat 2009 (26) 162 e 0-72 0-40,1-29 826
Subtotal (/2=7-8%, P=0-354) <> 098 083,116  100-00
1 1
0-2 1 2
(b) Cases Levels of
Author Year Reference (n)  exposure (mmol/l) HR 95% Cl  Weight (%)
Overall
Inoue 2008 (25) 120 >1-0 v. <1-0 +———ea—> 154 0-98, 243 7-09
Melvin 2012 (7) 885 >2:1v.<1-3 1-05 0-86, 1:29 15-32
Bosco 2012 (6) 1228 213 v.<1:3 _—r 1-03 0-90, 117 18-37
Moorman 1998 (22) 91 >1-0 v. <0-7 0-97 050,189  4-02
Kucharska-Newton 2008 (24) 359 219 v.<1-3 —_—e— 0-95 0-66, 137 9-33
Furberg 2004 (23) 708 >1-8 v. <11 —a— 0-87 0-70, 1-09 14-52
Kabat 2009 (26) 162 >1-8 v. <11 —_—— 0-80 0-53, 1-21 8-:06
Osaki 2012 (8) 77 >1-3 v. <13 —— 0-79 0-48, 1-:29 6-42
Agnoli 2010 (27) 163 >1-3v.<1-3 —— 0-63 0-43, 0-92 9-05
His 2014 (9) 141 >2:2 v.<1-6 ——— 0-60 0-36, 1-00 5.97
Hoyer 1992 (15) 31 Q4 v.Q1 0-30 0-11, 0-85 1-86
Subtotal (/2=52-2%, P=0-022) <> 0-90 0-77,1-04 100-00
Excluding preclinical bias
Gaard 1994 (16) 298 >1-8 v. <11 —_— 1-02 0-73,1-42 28-78
Moorman 1998 (22) 196 >1-0 v. <0-7 0-97 0-50, 1-89 7-15
Kabat 2009 (26) 162 >1-8 v. <11 _— 0-80 0-53, 1:21 1870
Kucharska-Newton 2008 (24) 233 >1-3 v.<1-3 e 0-75 0-55, 1-:02 3340
His 2014 (9) 141 >2:2v.<1-6 —_— 0-60 0-36, 1-00 11-97
Subtotal (/?=0-0%, P=0-457) < 0-82 0-69, 0-98 100-00
Not excluding preclinical bias
Inoue 2008 (25) 120 >1-0 v. <1-0 +—e—> 154 0-98, 2:43 7-34
Melvin 2012 (7) 885 >2-1v. <13 —_r 1-05 0-86, 1-:29 16-57
Bosco 2012 (6) 1228 213 v.<1-3 1-03 0-90, 1-17 20-20
Kucharska-Newton 2008 (24) 359 213 v.<1-3 — 0-93 0-72,1-20 13-89
Furberg 2004 (23) 708 >1-8 v. <11 —— 0-87 0-70, 1-09 15-63
Kabat 2009 (26) 162 >1-8 v. <1+1 ———f— 0-80 0-53, 1-21 8-39
Osaki 2012 (8) 77 213 v.<1-3 e 0-79 0-48, 1:29 6-62
Agnoli 2010 (27) 163 >1-3v.<1-3 —_— 0-63 0-43, 0-92 9-47
Hoyer 1992 (15) 31 Q4 v.Q1 € 0-30 0-11, 0-85 1-88
Subtotal (/2=55-1%, P=0-023) <P 0-92 0-79, 1-06 100-00
L L
0-2 1 2

Fig. 3. Meta-analysis of HDL-cholesterol and the risk of breast cancer, overall and separately in studies that did and did not exclude cancer cases diagnosed

during the first years of follow-up. (a) Dose—response (for an increment of 1 mmol/l) and (b) highest v. lowest meta-analyses. P values were obtained using the x

test for heterogeneity. Q, quartile.

observed between HDL-C and the risk of breast cancer, which
was statistically significant in the highest . lowest meta-analysis
(HR 0-82 (95 % CI 0-69, 0-98), five studies, I* = 0% (no hetero-
geneity); Fig. 3(b) and Table 1). This result became statistically
non-significant when the study of His et al.” was excluded
(HR 0-86 (95% CI 071, 1:04), I*=0%). The HR for the

2

dose-response analysis was 0-81 (95% CI 0-65, 102, five
studies, I>=30 %; Fig. 3(a) and Table 1).

The results stratified by menopausal status were all non-
statistically significant for HDL-C, except for an inverse association
observed in the highest v. lowest meta-analysis of studies that

excluded preclinical bias, in pre-menopausal women (HR 045
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(95% C1 0-31, 0-67), I* = 0%, three studies; P for meta-regression
by menopausal status=0-043; data not shown).

Other factors tested by the meta-regression as potential
sources of heterogeneity were not statistically significant (all
P>0-05), including the number of years of follow-up excluded
in studies that accounted for preclinical bias (P=0-6).

Since the non-linear analysis requires a sufficient number of
studies (7 = 5) that provided complete data for at least four
categories of exposure, it could not be performed for other
relationships studied than TC. However, visual inspection of
data across the categories of exposure in individual studies
did not suggest a non-linear association between HDL-C and
the risk of breast cancer.

LDL-cholesterol

For LDL-C and the risk of breast cancer, only three cohort
studies7?1® (1323 cases/68373 participants) provided the
risk estimates for the dose—response meta-analysis, and four
cohort studies (1354 cases/73 580 participants) were included
in the highest v. lowest meta—analysis(7'9’15’1(’) .

No statistically significant association was observed between
LDL-C and the risk of breast cancer in the dose—response
(P=0-136) and highest v. lowest (P=0-211) meta-analyses,

with no heterogeneity (/ 2= 09%) (Table 1).

ApoA1 and ApoB

Only two prospective studies investigated the association
between ApoAl and ApoB and the risk of breast cancer”™”
(1026 cases/38510 participants). Regarding ApoAl, one study
observed an inverse association with the risk of breast cancer
(HR 036 (95% CI 0-18, 0-73) and one did not observe any
association”. Regarding ApoB, both studies observed no
association with the risk of breast cancer”?. In both cases,
summary estimates were not significant (Table 1).

Ratios

We performed the meta-analysis of two studies that provided
the results on the association between the risk of breast cancer
and the TC:HDL-C and LDL-C:HDL-C ratios"””. The results
were not significant (HR 0:99 (95% CI 0-81, 1-20), 1= 0%
for the LDL-C:HDL-C ratio and HR 1:01 (95% CI 0-75, 1:36),
1% =28% for the TC:HDL-C ratio.

Specific results according to breast cancer types

Only one study investigated the association between cholesterol
level and the risk of breast cancer by taking the histological
type into account®. That study found an inverse association
between the risk of ductal breast cancer and HDL-C (HR 0-39
(95% CI 0-20, 0-76)) and ApoAl (HR 0-33 (95% CI 0-14, 0-77))
but not TC and ApoB. However, lobular and other histological
types could not be tested in that study due to an insufficient

number of cases.
provided regarding

Only
hormonal receptor status®'?*" All the results from these

three studies information

studies were not statistically significant with regard to blood
TC level and oestrogen receptor (ER) + /progesterone
receptor (PR) + @*'”  ER — /PR — 1 ER + /PR — @V
and ER — /PR +® breast cancer types. Of these studies,
one investigated the relationship between HDL-C and the
risk of ER 4+ /PR + breast cancer, and found a significant
inverse association (HR 0-41 (95 % CI 0-21, 0-97). However,
that study did not investigate other receptor types due to
insufficient statistical power.

All the results of the meta-analysis were similar or slightly
improved in terms of statistical significance when fixed-effects
models were used instead of random-effects models (Table 1).

Discussion

To our knowledge, the present study is the first systematic
review and meta-analysis of all prospective studies that inves-
tigated the associations between several parameters of blood
cholesterol levels and the risk of breast cancer. Since preclini-
cal bias may largely influence these associations, the stratified
meta-analysis separating studies that did or did not exclude
cancer cases diagnosed during the first years of follow-up
represents an important strength. Indeed, the presence of a
tumour is likely to influence blood cholesterol concentrations
by several mechanisms®®*~32. The meta-analysis conducted in
studies that eliminated potential preclinical bias suggested a
modest but statistically significant inverse association between
pre-diagnostic blood levels of TC and HDL-C and the risk of
breast cancer. While heterogeneity was low for HDL-C, it
remained high for TC. The latter result should thus be
interpreted with caution. These complementary investigations
allowed us to draw an overview of the prospective relation-
ships between the different blood cholesterol parameters
and the risk of breast cancer.

Several elements suggest that the association with TC
could in fact be driven by HDL-C, although further studies
are needed to confirm this interpretation. First, only HDL-C,
but not LDL-C (the other important component of TC) was
associated with the risk of breast cancer. In line with this
finding, a recent meta-analysis has shown no association
between statins, which mainly influence LDL-C concen-
trations, and the overall risk of cancer”?.

Second, mechanistic data also support the plausibility of the
observed inverse associations between cholesterol, more
specifically HDL-C, and the risk of breast cancer. Indeed,
experimental studies have shown that HDL presents anti-
oxidant and anti-inflammatory properties®>>”. HDL plays a
role in the inhibition of the LDL oxidation cascade®®, and
thus it could reduce oxidative stress. The ability of apoAl
(the major protein component of HDL-C in serum®®) to
inhibit cell proliferation and cell-cycle progression, shown in
vascular smooth muscle cells, is also a possible involved
mechanism®. A recent study®® has revealed a cholesterol
metabolite (dendrogenin A) that triggers breast cancer cell
redifferentiation and improves survival in animal models.

Third, regarding studies that excluded cancer cases in the
early follow-up, HDL-C was found to be inversely associated
with the risk of breast cancer (five studies), and all
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heterogeneity disappeared. In contrast, TC was also inversely
associated with the risk of breast cancer (seven studies
included in the dose—response meta-analysis), but hetero-
geneity remained high (7> =78%) even when considering
the studies that eliminated preclinical bias. Thus, the result
on TC should be interpreted with caution. This point is in
favour of a more robust relationship between the risk of
breast cancer and HDL-C than TC, and consistently suggests
that the result of TC may in fact be driven by the HDL-C result.

Apart from the potential influence of preclinical bias, several
other possible sources of heterogeneity were investigated by
the meta-regression and stratified analysis where appropriate.
Notably, stratification by menopausal status was performed.
While no statistically significant result was observed in the
postmenopause, several inverse associations were statistically
significant in the pre-menopause between the risk of breast
cancer and TC and HDL-C levels, and the P value of the
meta-regression by menopausal status was statistically
significant. Although this may be a false positive result due
to first-kind error, menopause influences both sex hormone
levels and cholesterol metabolism®®. In addition, pre- and
postmenopausal breast cancers are differentially associated
with body adiposity and are heterogeneous in terms of
receptor status®>. Thus, a different association of cholesterol
parameters with pre- and postmenopausal breast cancers
might be possible. The present results need to be confirmed
and research on mechanisms is warranted to elucidate this
specific aspect.

All other sources of heterogeneity were not statistically
significant in meta-regression analyses, except for broad
geographical region in the dose—response meta-analysis for
TC, for which a statistically significant inverse association
with the risk of breast cancer was observed only in European
but not in American and Asian studies. However, even in
European studies, this stratification did not substantially
decrease heterogeneity, which remained high.

There was no influence of the number of years of follow-up
excluded within studies that accounted for preclinical bias,
suggesting that 1 year may already be sufficient to avoid
main bias effects.

As it is usually the case in the highest v. lowest meta-
analysis, compared categories of blood cholesterol levels
varied across the studies. However, this variation was limited
since the range of blood cholesterol concentrations is
relatively similar across human populations (unlike other
more fluctuant parameters such as dietary intakes). According
to the National Cholesterol Education Program (NCEP)
Adult Treatment Panel IH(SG), TC levels <5-2mmol/l and
>62mmol/l are considered as ‘high’,
respectively, and HDL-C level <1-:3mmol/l is considered as
low’” in women and is one of the criteria for the metabolic

‘desirable’ and

syndrome. Higher and lower cut-offs used in most studies
were consistent with these reference values. Although the
highest v. lowest meta-analysis is less ‘precise’, it requires
less information than the dose—response meta-analysis, and
thus it can include more available studies. Both types of
meta-analysis are thus complementary. In addition, the
present results were overall consistent between the two

types of meta-analysis (same direction and same order of
magnitude), which strengthen the consistency of our findings.
However, for TC, a significant result was observed for the
dose—response analysis, while for HDL-C, a significant result
was found for the highest v. lowest analysis.

The limitations of the present study should be considered.
First, it is possible that the observed relationships could be
partly due to unmeasured or residual confounding. For
instance, relatively few studies adjusted for lifetime oral
contraceptive use (see online Supplementary Table S2),
which is potentially related to both cholesterol levels and
the risk of breast cancer. Similarly, only three studies®2021
controlled for diabetic condition and none controlled for
insulin levels (see online Supplementary Table S2). Only
one study®” excluded subjects who were on lipid-lowering
medications as an initial exclusion criterion (but two
(9,20) adjusted for this factor). However, most of the
studies included in the meta-analysis adjusted for major
known risk factors of breast cancer, and when it was not the
case, the influence of the adjustment for these factors was

studies

tested by the meta-regression in the present study (and did
not influence the findings). Thus, residual confounding is
not likely to entirely explain our findings. Second, the imper-
fections associated with published information may constitute
limitations of the meta-analyses. Notably, lack of information
about therapeutic strategies potentially influencing lipid
biomarkers during the follow-up (such as treatments for
metabolic disorders), as well as a single measurement of
cholesterol biomarkers at baseline represent limitation of
most individual studies included in these meta-analyses.
However, it has been shown that lipids and lipoprotein
biomarkers could be considered reliable enough to be used
in cohort studies, based on measurements made at two
different time points several years apart®”’. Third, only the
MEDLINE database was searched. However, this approach is
often used in meta-analysis on health-related topics®®>”,
and in this field, the use of other databases such as Embase
usually does not retrieve additional relevant articles compared
with those already retrieved by the MEDLINE search. In
addition, we systematically screened the references of the
relevant articles, reviews and meta-analyses retrieved by our
search, and we could not identify any missing study. Next,
available information did not allow us to meta-analyse the
associations between blood cholesterol parameters and the
risk of breast cancer according to histological and receptor
types. This would be interesting information since oestro-
gens may have hypolipidaemic properties that potentially
influence cholesterol metabolism . Thus, the hypothesis of
a differential association between cholesterol and different
breast cancer types is plausible and should be further
investigated. Finally, in some analyses, our statistical power
was limited and did not allow us to cumulate several levels
of stratification and thus several potential sources of hetero-
geneity that could exert cumulative or opposite effects on
the summary result.

In conclusion, the quantitative summary of the existing
evidence from prospective studies supports a modest yet
significant inverse association between cholesterol (high
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heterogeneity), more specifically HDL-C (low heterogeneity),
and the risk of breast cancer. These associations are supported
by mechanistic plausibility from experimental studies®*¥.
From an aetiological standpoint, it appears highly interesting
to more thoroughly elucidate the implication of cholesterol
and its components in carcinogenesis. Before being able to
formulate official recommendations for health professionals
and the general population, these results need to be con-
firmed by further large prospective observational studies and
randomised clinical trials that adequately control for preclini-
cal bias and for all major potential confounders. Also, these
further studies should be able to elucidate whether TC has
an effect per se or only via HDL-C, as hypothesised here. If
the latter is confirmed, efforts would be made to develop life-
style and pharmacological interventions that would have a
positive impact on blood HDL-C levels to contribute to pri-
mary breast cancer prevention, in line with recommendations
for cardiovascular health.

Supplementary material

To view supplementary material for this article, please visit
http://dx.doi.org/10.1017/5000711451500183X
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