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Abstract

Objective: Associations between serum lipids and their individual components with premeno-

pausal breast cancer risk are unclear. This meta-analysis summarized the literature on serum

lipids and premenopausal breast cancer risk to elucidate their relationship.

Methods: Eligible studies were identified by searching the PubMed, Embase, China National

Knowledge Infrastructure, and Wanfang databases until 31 December 2020. Standardized

mean difference (SMD) scores with 95% confidence intervals (95%CIs) were used to assess

the impact of serum lipids on premenopausal breast cancer risk. The I2 statistic was calculated

to measure the percentage of heterogeneity, and Egger’s test was performed to measure publi-

cation bias.

Results: Thirteen studies were included. The SMD scores of triglycerides (TG) and low-density

lipoprotein cholesterol (LDL-C) were 12.90 (95%CI: 7.19–18.61) and 31.43 (95%CI: 8.72–54.15),

respectively. The SMD scores of total cholesterol (TC) and high-density lipoprotein cholesterol

(HDL-C) were not significantly different between the groups. The included studies were highly

heterogeneous. There were no publication biases found in TC, LDL-C, or HDL-C analyses,

whereas publication bias was present in the TG analysis.

Conclusions: TG and LDL-C were higher in premenopausal breast cancer patients than in

women without breast cancer. However, no significant differences were found in TC or

HDL-C levels.
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Introduction

Carcinoma of the breast is the most
common cancer in women worldwide.1

Epidemiologic evidence has suggested that
metabolic syndrome is associated with a
higher risk of breast cancer.2–4 Metabolic
syndrome represents a complex group of
metabolic disorders including obesity,
hyperglycemia, hypertension, and dyslipi-
demia.5 Although dyslipidemia is a compo-
nent of metabolic syndrome, its relationship
with breast cancer risk remains unclear.

Dyslipidemia is a cluster of lipoprotein
abnormalities that is defined by the pres-
ence of one of the following: high levels of
triglycerides (TG), total cholesterol (TC),
low-density lipoprotein cholesterol
(LDL-C), or low levels of high-density lipo-
protein cholesterol (HDL-C). The
primary metabolite of cholesterol,
27-Hydroxycholesterol (27-HC), is an
endogenous selective estrogen receptor
modulator (SERM) with estrogen-like
effects; it can induce the proliferation of
estrogen receptor-positive breast cancer
cells and can facilitate metastasis.6,7

Laboratory studies have indicated that cho-
lesterol is a component of lipid rafts, which
act as platforms for cell signaling, invasion,
and migration.8,9 LDL-C and HDL-C reg-
ulate cholesterol levels by mediating choles-
terol transport between the liver and blood
and the transport of 27-HC through esteri-
fication;10 thus, they may have an indirect
effect on breast cancer progression.
Meanwhile, LDL-C can trigger the prolifer-
ation and migration of cancer cells by acti-
vating the P38 signaling pathway, which is
related to breast cancer development.11

Furthermore, increased HDL-C content
can lead to increased expression of anti-
inflammatory cytokines such as
interleukin-10 and decreased expression of
insulin-like growth factor-I; the former pro-
tects against breast cancer, whereas the
latter promotes carcinogenesis.12–14 The
diversity of lipid components and the com-
plex mechanisms of each component has
made elucidating the relationship between
blood lipids and breast cancer difficult.

Menstrual status can also affect serum
lipids. LDL-C and TG levels are lower in
premenopausal women compared with in
postmenopausal women, whereas HDL-C
levels show the opposite trend.15,16

Therefore, the role of lipoproteins in breast
cancer risk may vary according to meno-
pausal status, and several studies support
this conclusion.17,18 To our knowledge, this
is the first meta-analysis to explore the rela-
tionship between serum lipids and breast
cancer risk only in premenopausal women.

Materials and methods

This meta-analysis was registered with
INPLASY in September 2021 (registration
number ID: INPLASY202190011), and the
DOI number is 10.37766/
inplasy2021.9.0011. This meta-analysis was
performed in accordance with the PRISMA
2020 guidelines.19

Search strategy

We searched the PubMed, Embase, China
National Knowledge Infrastructure, and
Wanfang databases without restrictions
for articles published until 31 December
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2020. The following keywords were used for
the search: “breast cancer,” “breast
carcinoma,” “breast neoplasm,” “serum
lipid,” “blood lipid,” “dyslipidemia,”
“lipoprotein,” “triglyceride,” and
“cholesterol.” Furthermore, we also reviewed
the reference lists of all retrieved articles to
identify additional studies.

Inclusion and exclusion criteria

Relevant studies were selected if they ful-
filled the following criteria: 1) all subjects
in the case group were histopathologically
diagnosed as having primary breast cancer
before menopause and had not started any
antitumor treatments; and 2) the risk fac-
tors explored included at least one of the
selected lipid components (TG, TC,
LDL-C, and HDL-C). The study was
excluded if included patients had primary
hyperlipidemia, metabolic syndrome, or
were taking drugs or hormones that affect
lipid metabolism.

Data extraction and quality assessment

Two authors (JW and WL) independently
assessed study eligibility and extracted data,
any disagreements were resolved by consen-
sus. If the study met the inclusion criteria,
the following data were extracted: author,
year of publication, country, study design,
sample size, and mean� standard deviation
(SD) of serum lipids in the case and control
groups.

The nine-star Newcastle–Ottawa Scale
(NOS)20 for case–control studies was used
to assess methodological quality. NOS con-
sists of three major aspects: selection,
comparability, and exposure/outcome.
High-quality studies were defined as those
with seven or more stars.

Statistical analysis

We used STATA version 15.1 (STATA
Corp., College Station, TX, USA) for all

analyses. As the explored exposure factors
(serum lipids) were measurement data, stan-
dardized mean difference (SMD) scores
with 95% confidence intervals (CIs) were
calculated. The I2 statistic was calculated
to measure the percentage of heterogeneity,
with I2 values of 25%, 50%, and 75% cor-
responding to low, medium, and high data
heterogeneity, respectively. When substan-
tial heterogeneity was detected, random
effect models were used. Otherwise, fixed
effect models were used to assess the effect
of the size of the included studies in the
meta-analysis. Egger’s tests were performed
to measure publication bias. A p-value
<0.05 was considered statistically significant.

Ethical approval

This study was a meta-analysis, and all data
were extracted from previously published
articles. Thus, obtaining informed consent
was not required.

Results

Literature search results

The process for the literature search and
study selection is displayed in a flow dia-
gram in Figure 1. A total of 2027 articles
were identified through the search strategy,
among which 1842 were excluded because
their contents did not meet the purpose of
our study. After screening the titles and
abstracts of 185 potentially relevant
articles, 24 full texts were reviewed for eli-
gibility. Ultimately, after excluding articles
whose data did not contain the mean� stan-
dard deviation or did not report the blood
lipid data of premenopausal and postmeno-
pausal women separately, 13 studies were
included in this systematic review.

Study characteristics

Characteristics of the 13 included
articles21–33 are listed in Table 1. NOS
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scores of all included articles were seven

stars; thus, they were all considered to be

of high quality. Four articles21–23,25 were

published in Chinese, and the remaining

seven were published in English. The 10

articles that analyzed TG included 915 pre-

menopausal women with breast cancer as

the case group and 1779 healthy premeno-

pausal women as the control group. The 12

articles that analyze TC included 1202

women in the case group and 1943 women

in the control group. The 11 studies that

analyzed LDL-C included 1142 and 1913

women in the case and control groups,

respectively. For HDL-C analysis, there

were 1279 cases enrolled in 12 studies with

2051 control subjects.

Relationship between serum lipids and

premenopausal breast cancer risk

Figure 2 shows the relationships between

the four serum lipid components and the

risk of premenopausal breast cancer from

our meta-analyses. The SMD of TG was

12.90 (95% CI: 7.19–18.61) (Figure 2a),

indicating that TG levels of premenopausal

breast cancer patients were significantly

higher than those of healthy premenopausal

women. Similarly, a significant increase in

LDL-C (SMD 31.43, 95% CI: 8.72–54.15)

was detected in the case group compared

with the control group (Figure 2b).

Although premenopausal women with

breast cancer tended to have lower TC

and higher HDL-C than those without

breast cancer, no significant differences

were found in TC (SMD 31.10, 95% CI:

�9.98–70.18) or HDL-C (SMD �1.39,

95% CI: �2.90–0.12) between the two

groups (Figure 2c and 2d).
According to demographic characteris-

tics described in the 13 included articles,

four studies included an African popula-

tion,28,29,31,32 eight included an Asian pop-

ulation,21–27,30 and one had a European

population.33 Subgroup analyses were per-

formed based on the African and Asian

populations (Table 2). In the African pop-

ulation, only TG levels of premenopausal

Figure 1. Flow diagram depicting the literature search and study selection.
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Figure 2. Forest plot depicting the standardized mean difference (SMD) scores and 95% confidence
intervals for studies comparing the serum lipid levels of premenopausal breast cancer patients with those of
healthy women: (a) triglycerides (TG), (b) low-density lipoprotein cholesterol (LDL-C), (c) total cholesterol
(TC), and (d) high-density lipoprotein cholesterol (HDL-C).

Table 2. Subgroup analysis based on different ethnic groups.

Subgroup

Number of

studies

Number of patients

SMD (95% CI)

Heterogeneity

Case Control I2 (%) P

TG

African 3 128 91 12.92 (9.84–16.01) 0.00 0.996

Asian 7 787 1683 13.54 (5.57–21.51) 76.0 <0.001

LDL-C

African 3 165 126 42.40 (�18.89–103.69) 98.5 <0.001

Asian 8 977 1787 27.26 (2.49–52.03) 99.4 <0.001

TC

African 4 225 156 50.98 (�7.08–109.04) 99.9 <0.001

Asian 8 977 1787 16.94 (2.00–31.87) 97.9 <0.001

HDL-C

African 3 165 126 3.22 (�3.47–9.91) 78.8 0.009

Asian 8 977 1787 �3.18 (�5.64–�0.72) 88 <0.001

TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein

cholesterol; SMD, standardized mean difference; CI, confidence interval.
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breast cancer patients were significantly
higher than in the healthy premenopausal
population. However, in the Asian popula-
tion, TG, TC and LDL-C levels were all
significantly higher in the case group than
in the control group, while HDL-C levels
showed the opposite trend.

Percentage of heterogeneity and
publication bias

The studies selected in this analysis were
performed in different countries and with
different populations. The I2 values of all
four blood lipid components were >75%
(TG: 85.0%, LDL-C: 99.9%, TC: 99.9%,
and HDL-C: 86.8%) (Figure 2). Thus, the
studies included in this meta-analysis were
highly heterogeneous, and random effect
models were used to estimate summary
hazard ratios (HRs) and 95% CIs.
Considering the small study effect, publica-
tion bias was tested using Egger’s test. No
evidence of publication bias was found in
the TC (P¼ 0.189), LDL-C (p¼ 0.107), or
HDL-C (p¼ 0.575) analyses, whereas evi-
dence of publication bias was found in the
TG (p¼ 0.001) analysis.

Discussion

We performed this meta-analysis to deter-
mine whether serum lipids are a risk factor
for premenopausal breast cancer. The
results support the hypothesis that a signif-
icant positive association exists between
dyslipidemia (high levels of TG and
LDL-C) and premenopausal breast cancer
risk. In Asian populations, all four indica-
tors of dyslipidemia (high levels of TG,
LDL-C, TC, and low levels of HDL-C)
were considered risk factors for premeno-
pausal breast cancer. Most of the studies
included in this meta-analysis included
Asian or African populations, probably
because the peak age of breast cancer
varies in different regions. Epidemiological

evidence has shown that the peak age of
breast cancer in Asia and Africa is earlier
than in western countries.34,35 For example,
in Asian countries, the peak age of breast
cancer ranges from 40 to 50 years old,
whereas in western countries, the peak age
ranges from 60 to 70 years old.36

Compared with the other lipid compo-
nents, relatively few studies have been con-
ducted on the relationship between breast
cancer risk and TG. Some studies have indi-
rectly reflected the relationship between TG
and breast cancer risk by confirming that a
high-fat diet can increase breast cancer
risk.37,38 As early as the 1990s, Goodwin
et al.39 found that elevated triglyceride
levels were an independent risk factor for
premenopausal breast cancer. Han et al.40

also reported that elevated serum TG levels
might be correlated with an increased risk
of breast cancer. Four studies included in
our meta-analysis reached the same conclu-
sion.22,26,30,31 A statistically significant dif-
ference was found in the TG concentrations
between premenopausal breast cancer
patients and healthy women, with patients
having higher TG levels; this was consistent
in African and Asian populations.

Cholesterol plays an important role in
the etiology of cardiovascular disease.
High levels of TC and LDL and low levels
of HDL are adverse factors that lead to
cardiovascular disease.41,42 Changes in
these three lipids are also risk factors for
breast cancer, However, a review of related
studies still cannot provide a clear picture
because the results are inconsistent. A large
prospective study showed a correlation
between serum TC and breast cancer.
Women with TC levels >240mg/dL report-
edly had a higher risk of developing breast
cancer than those with TC levels <160mg/
dL.43 In contrast, another large prospective
study that included 288,057 female partici-
pants suggested that low serum TC was a
favorable factor for the prevention of breast
cancer.44 A study of 38,823 Norwegian
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women found a 25% increased risk of
breast cancer in the low HDL-C group
compared with in the high HDL-C
group.45 A meta-analysis conducted by
Melvin et al.46 showed that increasing TC
and decreasing HDL were associated with
an increased cancer risk (including breast
cancer) of 18% and 15%, respectively.

In 2015, two meta-analyses arrived at
different conclusions regarding the relation-
ship between these three lipids and breast
cancer risk. One observed a modest inverse
association between TC and HDL-C and
the risk of breast cancer after considering
studies that eliminated preclinical bias,
and no association was found between
LDL-C and breast cancer risk.47 The
other meta-analysis suggested that serum
HDL-C may protect against breast carcino-
genesis among postmenopausal women but
not premenopausal women, whereas serum
TC and LDL-C levels may be not associat-
ed with breast cancer risk.48 Unfortunately,
most of these articles did not separately dis-
cuss the premenopausal and postmenopaus-
al populations. In this meta-analysis,
elevated LDL-C was found to be an adverse
factor for premenopausal women, but
higher TC and lower HDL levels were not
related to the risk of premenopausal breast
cancer. Notably, our subgroup analyses
confirmed that TC and LDL-C were
modest but statistically significant unfavor-
able factors, whereas HDL-C was a favor-
able factor for premenopausal breast cancer
patients in the Asian population. No signif-
icant relationship was found between TC,
LDL-C, or HDL-C and premenopausal
breast cancer risk in the African
population.

Our meta-analysis had several limita-
tions. First, all studies included were of
high quality according to the NOS assess-
ment; however, the outcomes in the four
components of serum lipids were moderate
either because of high heterogeneity or the
limited number of case–control trials

available for analysis. Additionally, the
populations studied were mostly from
Asia, followed by Africa. Data from
European and American countries were
lacking. Second, because studies with posi-
tive results tended to be published, especial-
ly case–control studies, publication bias
might be a concern. In particular, when
the number of articles included in the
meta-analysis was small, tests for publica-
tion bias tended to lack statistical power.
Finally, some relevant articles might not
have been included in the analysis due to
the different ways data are evaluated in var-
ious articles. For example, studies were
excluded if the data did not report the
mean� SD or failed to separately list the
premenopausal and postmenopausal
women.

The etiology of breast cancer is multifac-
torial. Thus, an increase or decrease in iso-
lated cholesterol may not be the decisive
factor for carcinogenesis. The results of
our meta-analysis should be interpreted
with caution, because the number of studies
was extremely limited. Many studies have
focused on postmenopausal women with
breast cancer. We hope to find more
large-scale prospective clinical studies that
are focused on breast cancer in premeno-
pausal women in the future.

Conclusion

To our knowledge, no previous meta-
analysis has specifically evaluated the role
of dyslipidemia in assessing breast cancer
risk in premenopausal women. TG and
LDL-C levels were higher in premeno-
pausal breast cancer patients than in
healthy premenopausal women. High
serum TG and LDL-C levels may be asso-
ciated with increased premenopausal breast
cancer risk. Among Asian women, serum
HDL-C may play a protective role, whereas
TG, TC, and LDL-C may promote carcino-
genesis in premenopausal breast.
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