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Introduction
The association of serum lipids 
(total cholesterol [TC], high-density 
lipoprotein cholesterol [HDL-C], low-
density lipoprotein cholesterol [LDL-C], 
and triglycerides [TG]) with the risk 
and incidence of different cancers has 
been proposed by many researchers.[1-4] 
Modifications in the serum cholesterol 
levels are related to the etiology of 
colorectal and breast carcinoma.[5] It could 
be due to the important role of cholesterol 
as a precursor of steroid hormones.[6] In 
a study that was conducted on mice with 
breast cancer (BC), it was revealed that 
the primary metabolites of cholesterol 
could increase the size of tumor and 
metastasis.[7] A meta-analysis that was 
based only on cohort studies found an 
inverse relationship between TG levels 
in serum and the risk of BC, but TC 
and LDL did not show any significant 
relationship with BC risk and occurrence. 
They found the protective effect of 
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Abstract:
Background: This meta-analysis was performed to investigate the effect of serum lipids on the 
risk of breast cancer incidence. Methods: PubMed, Web of Science, Scopus, and EMBASE 
were searched systematically from January 1998 to April 2019. Inclusion criteria were English 
observational studies (cohort or case-control) and the concentration of at least one of the lipid 
profile components (total cholesterol/triglycerides/low‑density lipoprotein cholesterol/high‑density 
lipoprotein cholesterol) measured before a diagnosis of breast cancer (BC). The studies were 
included in which the relative risk (RR) had been reported with 95% confidence intervals (CIs). 
A random-effects model was used. Results: A total of 25 studies were found, including 2,882,789 
participants in cohort studies with 45,481 cases with BC, and 1983 BC cases and 2963 case-control 
studies. Combined RR of cohort studies for the highest versus lowest for the BC was LDL-C: 
0.95 (95% CI: 0.89–1.01), triglycerides (TG): 0.95 (95% CI: 0.91–0.99; P = 0.02), total 
cholesterol (TC): 0.98 (95% CI: 0.91–1.05), and HDL-C: 0.86 (95% CI: 0.63–1.18). Combined RR 
of case-control studies for the highest versus lowest was LDL-C: 1.08 (95% CI: 0.78–1.48), TG: 
1.73 (95% CI: 0.94–3.18), TC: 1.02 (95% CI: 0.80–1.29), and HDL-C: 0.79 (95% CI: 0.65–0.97). 
Conclusions: Based on the results, it can be concluded that only TG but not TC and/or LDL‑C had a 
significant inverse association with the risk of BC incidence. HDL‑C showed a significant protective 
effect against breast cancer in postmenopausal women and case-control studies.
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HDL among postmenopausal women.
[8] However, they did not consider the 
case-control studies[9-11] and several large 
cohort studies[12-16] that inevitably could 
introduce biases. Another meta-analysis 
reviewed the association of TC, HDL-C, 
and LDL-C levels with the BC risk and 
confirmed the inverse association between 
TC and HDL-C and the risk of BC,[17] but 
did not investigate the effect of TG on 
BC. Given the different and controversial 
results obtained from various studies and 
meta-analyses about the effect of lipid 
profiles on the risk of BC, the effect of 
lipid profile on BC remains questionable. 
Therefore, the current meta-analysis was 
performed to systematically evaluate 
the association between individual lipid 
components (TC, HDL, LDL, and TG) 
and BC risk in a more comprehensive 
study taking into account both updated 
studies in this area after 2015 through 
April 2020 and also case-control studies 
that were not included in the previous 
meta-analysis by Haibo et al. 2015.[8]
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Material and Methods
These systematic review and meta-analysis were performed 
following the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses statement recommendations.

Systematic search
Relevant studies were identified by searching PubMed, 
Scopus, Web of Science, and EMBASE from 1998 up 
to April 2019 using Medical Subject Heading [MeSH] 
and related keywords. We used AND and OR Boolean 
Operators to combine different concepts and similar 
concepts, respectively. The following keywords were 
used: “lipid,” “cholesterol,” “triglyceride,” “high-density 
lipoprotein [HDL],” “low-density lipoprotein [LDL],” 
“breast neoplasms,” “breast cancer,” “risk,” “incidence,” 
and “prevalence.” The search strategy in PubMed was 
“(lipid[Title/Abstract]) OR (cholesterol[Title/Abstract])) 
OR (HDL[Title/Abstract])) OR (LDL[Title/Abstract])) OR 
(triglycerides[Title/Abstract])) AND ((breast cancer[Title/
Abstract]) OR (breast tumor[Title/Abstract]))) AND (breast 
tumor[Title/Abstract]).

We included prospective cohort and case-control studies 
estimating the relative risk (RR) with 95% confidence 
intervals (CIs) for the associations of specific lipid 
components including TC, HDL-C, LDL-C, and TG with 
breast cancer risk of incidence.

Study screening

Eligible studies for this meta‑analysis were fulfilled in the 
following criteria: (1) the study design was an observational 
study (cohort or case-control study), (2) the exposure of 
interest was serum concentration of at least one of the 
selected lipid components (TC, HDL-C, LDL-C, and TG) 
measured before a diagnosis of BC, (3) the outcome of 
interest was the occurrence of BC, and (4) the relative 
risk (RR) with corresponding 95% CI or data to calculate it 
had been reported. If data had been duplicated in more than 
one study, we included the study with the most number of 
cases.

Quality assessment

Since all of the included studies were observational, their 
methodological quality was assessed by the nine‑star 
Newcastle Ottawa Scale,[18] which consists of three major 
aspects: selection, comparability, and exposure or outcome. 
A study with seven or more stars is considered to be high 
quality. Quality assessment was performed by two authors 
independently.

Data extraction

Two independent investigators (AA and GV) screened all 
retrieved articles and extracted the data from all eligible 
publications. Any disagreement was settled by discussion. 
In the end, a third researcher (ZF) approved the selection 
to ensure the accuracy of the data. The following data 

were recorded: first author’s surname, publication year, 
country of origin, ethnicity, study and follow-up periods, 
characteristics of the study population (age and menopausal 
status), numbers of cases and participants, ranges of serum 
lipid levels, RRs from the most fully adjusted model for 
the highest versus lowest category of serum lipids, and the 
corresponding 95% CIs and matching or adjustments for 
confounding factors.

Statistical analysis

Two measures of association were used in the studies: 
Odds Ratio (OR) in the case-control and incidence rate 
ratio or Hazard Ratio (HR) in the cohort studies. For 
simplicity, we report the Relative Risk (RR) as a common 
measure of association. As the prevalence of BC is quite 
low, the OR in case-control and HR in cohort studies 
yielded a similar estimation of RR.[19] In each study, the 
risk estimates reflected the comparison of the highest 
versus lowest categories. We produced some forest plots 
to evaluate the adjusted RRs and corresponding 95% CI 
visually across studies. If the heterogeneity among the 
studies was significant, the random‑effects model using 
Der Simonian and Laird methods was used to summary 
RR and its corresponding 95% CI, otherwise, a model with 
fixed effect was calculated.[20] The homogeneity among 
the studies was assessed with Cochran’s Q statistic and 
the I2 statistic. For the I2 statistic, values above 50%, and 
for the Chi‑square test, P values < 0.1 were statistically 
supposed significant.[21] We did subgroup analyses for each 
component to assess the impacts of different variables on 
outcomes and identify the sources of heterogeneity based 
on some characteristics including the geographic area, 
follow-up length, study design, and menopausal status. 
The sensitivity analysis was measured for assessment of 
the robustness of the combined risk estimates to evaluate 
whether the low‑quality studies would influence the overall 
result. Publication bias was evaluated with Begg’s rank 
correlation tests and Egger’s linear regression tests.[22,23] All 
analyses were performed using STATA version 14.

Results
Study characteristics

PubMed, Scopus, Web of Science, and EMBASE were 
searched for observational studies from 1998 to April 2019 
and a total of 3544 articles were found. After removing 
duplicates, non-human studies, and non-English studies, 125 
remained. After excluding the studies which did not meet our 
inclusion criteria finally, 25 studies were selected including 
21 cohort studies[13-16,24-40] and 4 case-control studies.[9,11,12,41]

The main characteristics of the selected studies have been 
summarized in Table 1. Studies were found and collected 
through the systematic search and selection process. Figure 
1 shows the study selection procedure. 

Altogether, 2,882,789 cases had participated in the cohort 
studies of which, 45,481 cases were affected with BC. 
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Moreover, 1983 cases and 2963 controls have participated in 
the case-control studies. Studies were published between 1998 
and 2019, and their follow-up periods had a range from 2 to 
13.5 years for the case-control and 4 to 26 years for the cohort 
studies. The populations were categorized into three groups: 
Americans (n = 6), Europeans (n = 13), Africans (n = 1), 
and Asians (n = 5). Except for two studies conducted among 
nurses and teachers,[24,25] the rest were population-based. Of 
the 25 included studies, 15 contained the results for TC, 
14 for HDL-C, 13 for TG, and 7 for LDL-C. Four studies 
only included postmenopausal women[9,12,15,26] and 5 studies 
presented the estimates by menopausal status.[24,27-29,40,41]

The results of the study quality assessment (score 0–9) 
ranged from 6 to 9, with an average score of 7.8, indicating 
high‑quality studies.

Main results
HDL‑C: Combined RR for the highest versus lowest 
HDL-C categories are shown in Figure 2. The summary 
result of 14 studies that examined the effect of HDL-C 
categories on BC was 0.86 (95% CI: 0.63–1.18). The 
negative association between HDL-C and BC in the 
case‑control studies was significant at 0.79 (95% CI: 0.65–
0.97), but the pooled risk estimate in the cohort studies was 
not 0.87 (95% CI: 0.58–1.32).

LDL‑C: Seven studies examined the relationship between 
LDL-C and BC. As shown in Figure 3, the combined RR 
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Potentially relevant studies identified through 4 databases
(PubMed, EMBASE, Web of Science, Scopus) search after

removing duplicates (n = 3544)

Before 1998
Non-English
Non-human

Were
excluded

Full–text article reviewed for more detailed assessment (total n = 125;
n = 74 Scopus, n = 42 PubMed, n = 7 Web of Science, n = 2 EMBASE)

Were
excluded Association was not relevant

Not available qualitative results
Not available risk estimates or hazard

ratio

The article included after 2015 (n = 2)
Article before 2015 not included in
Meta-analyses by Haibo et al. 2015

(n = 8)

Additional articles from
Meta-analyses

by Haibo et al. 2015 (n = 15)

Accepted for analysis (n = 25; 21 cohort studies, 4 case-control)
Examined TC (n = 15)

Examined HDL (n = 14)
Examined LDL (n = 7)
Examined TG (n = 13)

Figure 1: Flow diagram of study selection. The flow chart shows literature 
search and selection for prospective cohort and case‑control studies 
of serum lipids about the breast cancer risk. TC = total cholesterol; 
HDL‑C = high‑density lipoprotein cholesterol; LDL‑C = low‑density 
lipoprotein cholesterol; TG = triglycerides.
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for the highest versus lowest LDL-C concentrations was 
0.95 (95% CI: 0.89–1.01). The summary risk estimate 
of BC in five included cohort studies was 0.94 (95% CI: 
0.88–1.01) and the combined result from two included 
case-control studies was 1.08 (95% CI: 0.78–1.48).

TG: An association between BC risk and serum TG was 
reported in 13 studies [Figure 4]. The pooled RR for the 
highest category versus the lowest was 1.15 (95% CI: 
0.96–1.38). The result of meta-analysis on 10 cohort 
studies showed that the highest levels of TG compared to 
the lowest levels had a significant effect on the reduction of 
BC (RR = 0.95) (95% CI: 0.91–0.99; P = 0.02). Inversely, 
the combined results of the three case-control studies did 
not reporte a significant effect of 1.73 (95% CI: 0.94–3.18).

TC: In 15 studies, the effect of TC on BC had been 
examined. The summary risk estimate of BC for the highest 
TC compared with the lowest was 0.98 (95% CI: 0.91–
1.05). The combination of the results of 15 cohort studies 
showed this effect size of 0.97 (95% CI: 0.90–1.06), and in 
the case-control studies (n = 2) pooled effect size of TC on 
BC was 1.02 (95% CI: 0.80–1.29). The result is shown in 
Figure 5.

Subgroup analysis

Subgroup analysis was performed according to some 
factors, such as the geographic region, follow-up length, 
the number of cases, and menopausal status. According 
to the results, when we stratified the analysis according 
to the geographical region, a significant positive effect 
of TC on BC in Asian studies (RR = 1.15, 95% CI: 
1.03–1.28) and a positive relation between TG and 

BC (RR = 3.78, 95% CI: 2.73–5.23) among African studies 
were detected [Table 2]. The stratified analysis according 
to menopausal status showed that an increase in HDL-C 
levels could cause a reduction in BC risk among women 
who were postmenopausal at baseline (RR = 0.84, 95% CI: 
0.74–0.97), while a direct relationship between TG and BC 
risk in the postmenopausal women was found (RR = 1.43, 
95% CI: 1.16–1.76). The result of the subgroup analysis 
based on case‑control studies was significant only for 
TG. As a result, an inverse association between TG and 
BC risk was observed among the studies with more than 
500 cases (RR = 0.94, 95% CI: 0.90–0.99). Inversely 
in studies with less than 500 cases, a direct relationship 
between TG and BC was detected (RR = 1.36, 95% CI: 
1.01–1.84). We did not find any evidence of significant 
effects on BC in other subgroups.

Publication bias

Begg’s rank correlation and Egger linear regression tests 
were used for the evaluation of publication bias for each 
lipid component. The obtained results for TC and LDL-C 
did not confirm the publication bias, while the outcomes 
of these tests were significant for HDL‑C and TG (HDL‑C: 
P value = 0.008, TG: P value = 0.015). Therefore, the Trim 
and fill methods were used to modify the results; however, 
the results did not change.

Sensitivity analysis

Sensitivity analysis was done to examine the effect of 
each study on the final result. Each time, one study was 
removed and the rest were separately analyzed for each 
lipid component. According to the HDL-C results, Hoyer 
et al. (1992)[16] reported the most effective which caused a 
change in RR estimate of 0.09 (RR = 1.02, 95% CI: 0.92–

Figure 2: Forest plot of the highest versus lowest categories of serum HDL‑C 
levels and breast cancer risk. Squares indicate study‑specific relative risk 
estimates (size of the square reflects the study‑specific statistical weight); 
horizontal lines indicate 95% confidence intervals (CI); diamond indicates 
the overall relative risk with its 95% confidence interval. a: Premenopausal; 
b: Postmenopausal

Figure 3: The forest plot of the highest vs. the lowest categories of serum 
LDL‑C levels and breast cancer risk. Squares indicate study‑specific relative 
risk estimates (size of the square reflects the study‑specific statistical 
weight); The horizontal lines indicate 95% confidence intervals (CI); The 
diamond indicates the overall relative risk with its 95% confidence interval.
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1.15). Laamiri et al. (2013)[11] also caused a change in RR 
estimate of 0.09 on TG which with the elimination of this 
study, the result changed but not significantly (RR = 1.02, 
95% CI: 0.88–1.17). The sensitivity analysis on TC showed 
that three studies, Bosco et al (2012), Bjørge et al (2010), 
and Fagherazzi et al. (2010),[25,29,38] caused changes in 
RR estimate of 0.02. So we removed these studies and 
analyzed the remaining studies. But the result was not 
still significant (RR = 1, 95% CI: 0.92–1.08). For LDL‑C, 
it was found that studies did not affect the combined risk 
estimates.

Discussion
In the current meta-analysis, 21 cohort studies[13-16,24-39] and 
4 case-control studies[9,11,12,40] were pooled and analyzed. 
Altogether, 45,481 BC cases in cohort studies and 
1983 cases in the case-control studies were studied. So 
far, the most up-to-date and comprehensive meta-analysis 
on the association of lipid profile with breast cancer risk 
was published by Haibo et al. 2015,[8] which included 15 
cohort studies. In our meta-analysis on this topic, 21 cohort 
studies and 4 case-control studies[9,11,12,40] were gathered 
and analyzed in addition to their references. More than 
two articles that were published between April 2015 and 
April 2019[31,32] were also reviewed in our meta-analysis. 
They excluded Borena et al. 2011[14] and Ha et al. 2009[15] 
because they believed that they duplicated the reports of 
Strohmaier et al., 2013,[34] and Kitahara et al., 2011,[33] 
respectively. When we went, however, through the articles 
more deeply, we found that although the population studied 
by Borena et al. 2011[14] and Strohmaier et al. 2013[34] 

was the same (Norway, Austria, and Sweden), the former 
had studied the role of TG in cancer risk but the later 
studied the role of cholesterol on cancer risk. Although 
the population studied by Ha et al. 2009[15] is a subset of a 
larger one by Kitahara et al. 2011,[33] we considered both in 
our study because we wanted to study the postmenopausal 
women separately in our subgroup analysis.

According to the results, all lipid profile components 
were related to the risk of BC occurrence; however, the 
association was not significant. The subgroup analysis 
showed a significant association only for TG. Moreover, an 
inverse association between TG and BC risk was observed 
among the studies with more than 500 cases. A significant 
positive effect of TC was also observed among the studies 
in Asia and a positive relation between TG and BC in a 
study in Africa.

According to the subgroup analysis, HDL-C showed a 
positive protective effect among postmenopausal women. 
A negative association between HDL-C and BC was also 
found in the case-control studies. These results are in 
agreement with reports by Esposito et al. 2013[41] and Haibo 
et al. 2015[8] about the protective role of HDL-C against 
BC. The protective effect of HDL-C on BC occurrence 
can be explained by the role of serum HDL-C level as 
a marker of androgen status.[41] Among postmenopausal 
women, the ovaries and adrenals keep on producing 
androgens which can be converted to biologically active 
estrogens in peripheral tissues. Therefore, the lack of 
HDL‑C might result in androgen deficiency and subsequent 

Figure 4: The forest plot of the highest vs. lowest categories of serum 
TG levels and breast cancer risk. Squares indicate study‑specific relative 
risk estimates (size of the square reflects the study‑specific statistical 
weight); The horizontal lines indicate 95% confidence intervals (CI); The 
diamond indicates the overall relative risk with its 95% confidence interval. 
a: Premenopausal; b: Postmenopausal

Figure 5: The forest plot of the highest vs. lowest categories of serum 
TC levels and breast cancer risk. Squares indicate study‑specific relative 
risk estimates (size of the square reflects the study‑specific statistical 
weight); The horizontal lines indicate 95% confidence intervals (CI); The 
diamond indicates the overall relative risk with its 95% confidence interval. 
a: Premenopausal; b: Postmenopausal
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BC development. It is also believed that HDL-C has 
anti‑inflammatory properties which are inversely associated 
with BC risk.[42]

Dyslipidaemia is considered responsible for BC.[42,43] 
The carcinogenic potential of TG in tumor growth as an 
independent source for fatty acid oxidation has been 
stated previously.[44,45] Recently, it was found that body 
mass index (BMI) and obesity increase the chance of 
triple-negative breast cancer (TNBC) occurrence.[45-47] An 
association has also been reported between the increased 
risk of BC recurrence and mortality with obesity and high 
BMI.[46,47]

The results on the effect of TG on BC were also conflicting. 
TG was found to have a positive effect on BC among 
the studies with less than 500 cases. Meanwhile, despite 
triglyceride carcinogenic potential, a significant inverse 
relationship was observed between TG and BC risk in the 
cohort studies, but not among case-control studies with 
more than 500 cases. In line with our findings, Haibo et al. 
2015[8] also proposed that TG may be inversely associated 
with BC risk. The biological mechanisms for the inverse 
association between TG and BC risk still remain unclear. 
Meanwhile, in our analysis by ethnicity, we observed 
a significant positive relationship between TG and BC 
risk in African but not in Asian, European, and American 
populations. Since only one study for Africa was available, 
more studies are necessary to determine whether this 
association is valid.

A positive effect of cholesterol on BC risk was observed 
among Asian populations in five studies included in this 
meta‑analysis. These findings are in agreement with the 
ethnicity analysis by Haibo et al. 2015,[8] because they 
also reported a positive effect of cholesterol on BC risk in 
two Asian studies. Accordingly, it seems that the ethnicity 
difference might have an important role in heterogeneity. 
The positive role of cholesterol in BC progression has been 
attributed to its role as a precursor of steroid hormones, 
estrogen, and progesterone.[48,49] Cholesterol has been 
also reported to accelerate and enhance tumor growth 
and formation. Some epidemiological studies showed 
that there is an association between abnormal levels of 
HDL-C and LDL-C in patients with cancer. However, no 
positive correlation was observed in our ethnicity analysis 
between cholesterol levels and the risk of BC except for 
the Asian population. These discrepancies among different 
ethnicities could be attributed to genetic variations and 
high heterogeneity of the BC subtypes. The metabolic 
heterogeneity which is likely to be present in all cancers, 
including BC, can be also considered as an explanation for 
this association.[49,50]

LDL‑C level showed no significant effect on BC in our 
analysis. Meanwhile, LDL-C lowering drugs such as statins 
have been widely studied for their positive role on BC.[51] 
Inversely, some studies presented no association between 

statin use and the BC risk.[52] Mansourian et al. (2016)[53] 
merged the results for 124,669 cases (eight cohort studies) 
with BC. Their results suggest a significant reduction in 
recurrence and death among statin users. On the other 
hand, Undela et al. (2012)[54] studied 24 studies (76,759 
participants), and finally, they did not find any significant 
reduction in BC incidence among statin users, either 
short- or long-term. In this study, LDL also showed no 
significant effects on BC risk even in subgroup analysis. 
Since statins work through LDL reduction, our results are 
supported by Undela et al. (2012)’s[54] study. LDL was the 
only lipid profile content that did not show a significant 
heterogeneity among the studies. TC was the second with 
less heterogeneity but TG and HDL showed substantial 
heterogeneity among the studies. For HDL-C, Hoyer 
et al. (1992)[16] presented the most effective, and for TG, 
Laamiri et al. (2013)[11] showed significant heterogeneity. 
Future research with larger sample sizes, higher quality, 
detailed information on geographical regions and 
menopausal status, and less variation in methodology is 
warranted to extend our findings.

Conclusions
According to this meta-analysis, an inverse association 
was observed between breast carcinogenesis risk and the 
serum TG in cohort-design and case-control studies with 
a population of more than 500. Serum HDL-C showed 
almost a protective role against breast cancer among 
postmenopausal women and case-control studies.
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