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Background: Breast cancer is becoming more common in young adults. The relationships between blood 
lipids and breast cancer have been widely studied in recent years. In our current study, we investigated 
the potential correlations between blood lipids and clinicopathological features of breast cancer in young 
females.
Methods: Fifty-nine young adults (40 years or younger) with pathologically confirmed invasive breast 
cancer that were treated in our center from October 2015 to March 2020 were enrolled in this study. 
These patients were divided into the negative group (n=40, with normal blood lipids) and positive group 
(n=19, with abnormal blood lipids) according to the preoperative blood lipid profiles, and differences in the 
clinicopathological features were compared between these two groups.
Results: Compared with the negative group, the positive group had a significantly higher rate of lymph 
node positivity (P=0.034); compared with the positive group, the negative group had a significantly higher 
rate of HER2 positivity (P=0.029). However, these two groups showed no significant difference in tumor 
size, molecular type, clinical stage, histological grade, tumor thrombus, and Ki-67 index (P values were 0.071, 
0.227, 0.593, 0.396, 0.198, and 0.593, respectively).
Conclusions: Blood lipid level has a certain correlation with lymph node metastasis and HER2 expression 
in young breast cancer patients. Therefore, blood lipid levels has a certain reference value in the clinical 
treatment of breast cancer.
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Introduction

Breast cancer is one of the most common and fatal female 
malignant tumors, and epidemiological data suggest it 
affects middle-aged and older women (1,2). In recent years, 
however, more breast cancer cases have been found in young 
females (3,4). As the deadliest malignancy in young women, 
breast cancer has a remarkably poorer prognosis in young 
females than in older women (5). Although many studies 
have investigated the pathogenesis and epidemiological 
characteristics of breast cancer in young females, there is 
no widely recognized definition of breast cancer in this 
population. In most published articles, young women 
with breast cancer were those under 40 years of age (6-8). 
Therefore, this study defines the upper age limit for young 
adults with breast cancer as 40 years. Lipid abnormality has 
become prevalent in modern society. Research has shown 
abnormal blood lipid levels are correlated with the prognosis 
of breast cancer. The prognosis of breast cancer patients is 
closely related to its clinicopathological features, especially 
young breast cancer patients. However, the relationship 
between blood lipids and clinicopathological characteristics 
of young breast cancer has not been studied yet. Here, we 
collected the blood lipid profiles and clinicopathological 
data from 59 female breast cancer patients aged 40 years 
and younger and analyzed the potential differences in 
the clinicopathological features between patients with or 
without lipid abnormality. We present the following article 
in accordance with the MDAR reporting checklist (available 
at http://dx.doi.org/10.21037/gs-20-616).

Methods

Clinical data

Fifty-nine patients who underwent surgical treatment in 
our center from October 2015 to March 2020 were enrolled 
in our study. These patients had pathologically confirmed 
invasive breast cancer and were aged 40 years or younger. 
All patients met the following inclusion criteria: (I) the 
diagnosis was pathologically confirmed after the surgery; (II) 
the tumor was treatment-naive before surgery, and blood 
lipid profiles were retrieved; and (III) the postoperative 
clinicopathological data including pathological type, tumor 
size, lymph node metastasis, estrogen receptors (ER), 
progesterone receptors (PR), human epidermal growth 
factor receptor 2 (HER2), and cell proliferation marker Ki-
67 were complete. All procedures performed in this study 
involving human participants were in accordance with the 

Declaration of Helsinki (as revised in 2013). The ethics 
committee approved the study of our hospital (No. 2020-
ZNW-01) and due to the retrospective nature of the study, 
informed consent was waived.

Pathological stages

The breast was staged according to the American Joint 
Committee on Cancer’s TNM classification (8th edition). 

Blood lipids

Measurements of blood lipids were obtained from the 
Clinical Laboratory of our center. The “normal” or 
“abnormal” results were based on the upper and lower 
thresholds of the blood lipids. According to the Guidelines 
on Adult Lipid Control in China (2016 Edition), we defined 
dyslipidemia based on the following criteria: the level of 
total cholesterol, triglyceride, low-density lipoprotein, and/
or Apo-B is higher than the normal range or the level of 
high-density lipoprotein and/or Apo-A1 is lower than the 
normal range. Patients were divided into a positive group 
(with abnormal blood lipids) and a negative group (with 
normal blood lipids) according to the blood lipid levels.

Pathological data

The pathological classification criteria were based on the 
WHO Classification of Tumors of the Female Reproductive 
Organs (4th Edition). The expressions of ER, PR, and 
HER2 were defined according to ASCO/CAP laboratory 
testing guidelines. For ER and PR, nuclear staining in ≥1% 
of the tumor cells was positive. HER2 status was assessed 
using the following criteria: − (no membrane staining), 1+ 
(weak or incomplete staining of any proportion of tumor 
cells), 2+ (weak but complete membrane staining in ≥10% 
of tumor cells or incomplete membrane staining, or strong, 
complete membrane staining in <30% of tumor cells), and 
3+ (strong, complete membrane staining in ≥30% of tumor 
cells). All patients with an HER2 score of 2+ were subjected 
to fluorescent in situ hybridization (FISH). HER2 was 
defined as positive if the immunohistochemical score was 
3+ or if the immunohistochemical score was 2+, but FISH 
showed HER2 gene amplification; HER2 was defined as 
negative if the immunohistochemical score was − or 1+ or if 
the immunohistochemical score was 2+, but FISH showed 
no HER2 gene amplification. The proliferation marker  
Ki-67 was defined as the percentage of tumor cells 
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positive for Ki-67 nuclear staining. The breast cancer 
was divided into four molecular subtypes based on the 
immunohistochemical measures of ER, PR, HER2, and  
Ki-67: Luminal A: ER and/or PR positive, HER2 negative, 
and Ki-67 <14%; Luminal B: ER and/or PR positive, HER2 
negative, and Ki-67 ≥14%; or, ER and/or PR positive 
and HER2 positive; HER2 over-expression: ER and PR 
negative and HER2 positive; and triple-negative: ER, PR, 
and HER-2 were negative.

Treatment and follow-ups

All patients received surgical therapy in our center. The 
surgical procedures included breast-conserving surgery, 
modified radical mastectomy, and skin-sparing mastectomy 
+ breast reconstruction. After the surgery, chemotherapy, 
radiotherapy, targeted therapy, and/or endocrine therapy 
were offered according to the pathological findings and 
clinical stage. Some patients received these treatments 
recently, and therefore their disease-free survival (DFS) and 
overall survival (OS) were unfollowed up.

Statistical analyses

Data were processed using SPSS 17.0 software. Qualitative 
data are presented using frequencies and contingency tables. 
Data in two groups were compared using a chi-square test. 
A P value of <0.05 was considered significantly different.

Results

Age compositions

These 59 patients aged 23–40 years [mean: (35.93±4.19) years],  
and the specific age composition was: ≤25 years, 2 patients 
(3.4%); 26–30 years, 4 patients (6.8%); 31–35 years,  
16 patients (27.1%); and 36–40 years, 37 patients (62.7%).

Clinicopathological features

Among these 59 breast cancer patients, 14 patients (23.7%) 
were in stage I, 34 (57.6%) in stage II, and 11 (18.6%) in 
stage III. There were 35 patients (59.3%) with lymph node 
metastasis and 24 (40.7%) without metastasis. Forty-four 
patients (74.6%) were luminal A/B, 9 (15.3%) were triple-
negative, and 6 (10.2%) were overexpression. Histologically, 
39 patients (66.1%) were in grade I–II and 20 (33.9%) in 
grade III. HER2 expression was positive in 21 patients 

(35.6%) and negative in 38 patients (64.4%). Tumor 
thrombus was positive in 24 cases (40.7%) and negative in 
35 cases (59.3%). The Ki-67 proliferation index was ≤30% 
in 25 cases (42.4%) and >30% in 34 cases (57.6%).

Relationship between blood lipid levels and 
clinicopathological features in breast cancer patients

Of these 59 patients, blood lipid levels were normal in  
40 patients and abnormal in 19 cases. Chi-square test was 
performed to compare the differences in tumor size, lymph 
node metastasis, molecular type, clinical stage, histological 
grade, HER2 positive expression, tumor thrombus, and 
Ki-67 expression. Compared with group A, group B had a 
significantly higher rate of positive lymph nodes (P=0.034); 
compared with group B, group A had a significantly higher 
rate of HER2 positivity (P=0.029). However, these two 
groups showed no significant difference in tumor size, 
molecular type, clinical stage, histological grade, tumor 
thrombus, and Ki-67 index (P values were 0.071, 0.227, 
0.593, 0.396, 0.198, and 0.593, respectively) (Table 1).

Discussion

In recent years, multidisciplinary treatment strategies, 
including surgery, chemotherapy, radiotherapy, targeted 
therapy, and endocrine therapy have been applied in the 
management of breast cancer, which has dramatically 
improved the outcomes of breast cancer patients, with 
some patients achieving prolonged survival time (9). 
However, the number of new breast cancer cases is still 
rising annually, especially in young females (10). Breast 
cancer is more invasive and more likely to recur in young 
patients. Disease relapse is associated with lower treatment 
response, faster disease progression, and shorter survival, 
resulting in an extremely poor prognosis for these patients. 
Therefore, further investigations on the clinicopathological 
characteristics of young patients with breast cancer are 
urgently needed. Research has shown the subtypes and 
grades of breast cancer in young women are different from 
those in elderly populations. Young patients suffer from a 
more aggressive phenotype. In particular, HER2-positive 
breast cancer is more common for young women (11).  
Our  current  s tudy  re t rospect ive ly  ana lyzed  the 
clinicopathological features of 59 young patients with breast 
cancer, among whom postoperative pathology confirmed 
positive HER2 expression in 35.6% (n=21) of the patients, 
which was higher than the average percentages in the 
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general breast cancer patients and was consistent with the 
findings in other literature (12,13).

Abnormalities of lipid metabolism are common in 
populations and are the known risk factors for cardiovascular 
diseases (14). The relationships between abnormal blood 
lipid metabolism and malignant tumors (especially breast 
cancer) have been widely studied worldwide (15,16). Blood 
lipids and lipoproteins are affected by environmental 

factors, including body weight and diet. Bodyweight and 
diet are closely related to the risk factors of breast cancer, 
suggesting that lipids may be related to breast cancer by 
affecting breast cancer risk factors. Some recent studies have 
explored the relationships between lipids and breast cancer. 
For example, a large prospective study in the Republic of 
Korea showed high cholesterol increased the risk of breast 
cancer (17). Another study showed the average levels of 

Table 1 Relationship between blood lipids and clinicopathological features

Pathological features Negative group (n=40) Positive group (n=19) P

Tumor size (cm)

≤2 19 10 0.071

2–5 21 7

>5 0 2

Lymph metastasis

Negative 20 4 0.034

Positive 20 15

Molecular classification

Luminal A/B 31 13 0.227

Basal-like 4 5

HER2 overexpression 5 1

Clinical stages

I 10 4 0.593

II 24 10

III 6 5

Histological grade

I–II 25 14 0.396

III 15 5

HER2

Negative 22 16 0.029

Positive 18 3

Carcinoma embolus

Negative 26 9 0.198

Positive 14 10

Ki-67

≤30 16 9 0.593

>30 24 10

HER2, human epidermal growth factor receptor 2.
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total cholesterol, low-density lipoprotein, and high-density 
lipoprotein were lower in patients with malignant tumors 
than in patients with non-malignant tumors (18). A clinical 
study enrolling 38,823 Norwegian women, the first survey 
showed there was a positive correlation between HDL-C 
and tumor occurrence in breast cancer patients before 
menopause. However, in the second survey, HDL-C was 
uncorrelated with the occurrence of breast cancer; rather, 
low HDL-C is associated with increased postmenopausal 
breast cancer risk (19). In one of our previous cell 
experiments, we found the lipid-lowering drug simvastatin 
could suppress the proliferation of breast cancer MCF-
7 cells, and further research suggested that simvastatin 
could induce the cell cycle arrest and apoptosis of tumor 
cells by up-regulating the expression of Bax protein and 
down-regulating the expression of Bcl-2 protein. Thus, the 
relationships between blood lipids and breast cancer are 
complex and deserve further investigations.

Up to now, no study has reported the correlation between 
blood lipid levels and clinicopathological features of breast 
cancer in young populations. In our current study, tumor 
size, molecular type, clinical stage, histological grade, tumor 
thrombus, and Ki-67 index were not significantly different 
between patients with normal and abnormal blood lipids. 
Compared with patients with normal blood lipids, those 
with abnormal blood lipids had a significantly higher rate of 
positive lymph nodes. Thus, positive lymph nodes suggest 
the tumor is in a more advanced stage and is at higher risk 
of recurrence. Clinically, positive lymph nodes are one 
criterion for initiating postoperative adjuvant radiotherapy 
and chemotherapy, suggesting that breast cancer patients 
with dyslipidemia may have a worse prognosis.

The HER2 protein is a member of the epidermal growth 
factor receptor family having tyrosine kinase activity. The 
HER2 gene is on chromosome 17q12-21.32. Patients with 
positive HER2 protein expression or gene amplification 
account for 15–20% of breast cancer cases (20). HER2, as 
the most critical gene of breast cancer, takes part in the 
growth, proliferation, invasion, and migration of breast 
cancer. As an indicator of targeted adjuvant therapy, HER2 
gene amplification can predict the prognosis of patients 
(21,22). The HER2 positivity rate was higher in our patients 
with normal blood lipid levels than in those with abnormal 
blood lipid levels, suggesting that patients with normal 
blood lipids have a higher chance of receiving anti-HER2 
treatment. The relationship between HER2 and blood 
lipids is worth exploring. Cha et al. (23) showed that HER2 
can induce transcriptional activation of leptin in MCF10A 

human mammary epithelial cell-line through p38 mitogen-
activated protein kinase signaling. The results indicate that 
leptin is closely related to HER2. Another study found 
that HER2 was positively correlated with various obesity-
related parameters, such as triglycerides, hyperglycemia, 
and BMI (24). The abnormal expression of leptin can lead 
to disorders of blood lipid metabolism. Therefore, HER2 
and blood lipids may interact through leptin.

To sum up, the blood lipid level has a certain correlation 
with lymph node metastasis and HER2 expression in 
young breast cancer patients. Therefore, the levels of blood 
lipids may be informative when offering individualized 
treatment for these patients. However, our current study 
was limited by its single-center retrospective design. Due to 
the small sample size, the study did not analyze total serum 
cholesterol (TC), triglyceride (TG), and high-density 
lipoprotein (HDL) cholesterol separately. The conclusion 
needs to be confirmed by a large sample study. 
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