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Objective: To explore the predictive value of the ratio of monocyte to apolipoprotein A1 (MAR) (a new index related to inflammation 
and lipid in breast cancer (BC)) and its relationship with clinicopathological staging.
Methods: The hematological test results of 394 patients with breast diseases, including 276 cases of BC, 118 cases of benign breast 
disease (BBD), and 219 healthy volunteers (HV), were retrospectively collected. The clinical value of MAR was analyzed with binary 
logistic regression.
Results: Using statistical software analysis, the results showed that MAR level (P<0.001) was the largest in the BC group, followed 
by BBD, and the lowest in the HV group, and it was found to be an indicator to distinguish BC from BBD, also an independent risk 
factor for BC. The increase in MAR level showed that the risk of BC was 3.733 times higher than that of HV (P<0.001). In addition, 
there was a notable difference in MAR between early, middle and late stages of BC patients (P=0.047), with the highest MAR level in 
late stage (0.510±0.078) and the lowest MAR level in early stage (0.392±0.011); the MAR level of those with tumor invasion depth of 
Phase 4 was the highest (0.484±0.072), and that of Phase 1/2 was the lowest (0.379±0.010), with a statistically significant difference 
(P<0.001). MAR was positively correlated with tumor invasion depth (P<0.001, r=0.210), that’s, the size of MAR increased when 
there was more deeper tumor invasion.
Conclusion: MAR is a new indicator for the auxiliary differential diagnosis of benign and malignant breast diseases, and is also an 
independent risk factor for BC. High-level MAR is closely related to late staging and tumor invasion depth of BC. It can be seen that 
MAR is a potentially valuable predictor of BC, and this is the first study to explore the clinical value of MAR in BC.
Keywords: breast cancer, breast benign disease, the ratio of monocyte to apolipoprotein A1, Monocyte, Apolipoprotein A1

Introduction
Breast cancer (BC) has become the most common malignant tumor among women in the world. In the past two decades, 
epidemiological reports published in different regions of the world have shown that the mortality rate of breast cancer has 
increased significantly.1 In 2020, there were about 2.3 million new cases of breast cancer and 685,000 deaths worldwide,2 

and the number of cases is expected to reach 4.4 million in 2070.3 At the same time, breast cancer accounts for 24.5% of 
all cancer cases in women.2 The global burden of breast cancer is increasing rapidly, and the population with breast 
cancer is becoming younger and younger. Its occurrence and development are the result of multiple factors. Surgical 
treatment is the first choice for the clinical treatment of BC, however, the postoperative recurrence and metastasis rate are 
high, and the prognosis is poor. Therefore, early screening and diagnosis of breast cancer are of great clinical significance 
for the development of suitable treatment programs; it is urgent to investigate the biological and pathological 
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characteristics of breast cancer, and determine more reliable hematological predictors that are closely related to the 
pathological characteristics of BC.

At present, the relationship between cancer-related chronic inflammation, dyslipidemia and malignant tumors has 
attracted attention.4,5 MAR, obtained from the ratio of monocyte count (M) to ApoA1, is a new diagnostic indicator of 
some chronic diseases in recent years, such as metabolic syndrome in patients with type-2 diabetes.6 Monocytes are the 
innate immune cells of the mononuclear phagocyte system in chronic inflammation, and have become an important 
regulator of cancer development and progression.7 Apolipoprotein A1 (ApoA1) is an important component of blood 
lipids. It has been shown that dyslipidemia can increase the risk of tumor and is closely related to the prognosis and 
development of diseases, such as prostate cancer, colorectal cancer and BC.8–10 The ease of collection and detection of 
blood cell count and blood lipid level from human venous blood samples allows timely evaluation of the patient’s 
condition. This study aimed to explore the clinical value of MAR, a new index related to inflammation and blood lipid in 
breast cancer patients, and this was the first study to evaluate the role of MAR in BC in China.

Patients and Methods
Patients
394 patients with breast diseases hospitalized in the Department of Breast and Thyroid Surgery of our hospital from 2019 
to 2022 were selected. All of them underwent ultrasound-guided breast biopsies. Based on the results of pathological 
biopsies, patients were divided into the breast cancer group (276 cases, age 50 ± 10) and the BBD group (118 cases, age 
49 ± 12). The selection criteria of patients: 1) meeting the breast cancer staging criteria of the American Joint 
Commission on Cancer Staging (7th Edition); 2) No anti-cancer treatment. Exclusion criteria: 1) After/post-treatment; 
2) Suffering from severe infection; 3) Other tumors; 4) Suffering from diabetes and autoimmune diseases. Additionally, 
219 volunteers (aged 48 ± 10 years) who had physical examination in our hospital were selected, and their basic personal 
information and clinical laboratory parameters were collected. The study protocol was approved by the Ethics Committee 
of the People’s Hospital of Guangxi Zhuang Autonomous Region (Ethics No.KY-KJT-2021-83), Guangxi Academy of 
Medical Sciences, (Nanning, China). All subjects were informed of the study and patient consent was obtained.

Methods
The basic personal information and pathological biopsy-related results of involved patients, including age, sex, patho-
logical stage, depth of tumor invasion, lymph node metastasis and the presence of distant metastasis, as well as clinical 
laboratory parameters, including eosinophil, basophil (B), neutrophil, M, lymphocyte count, platelet count, were 
collected in this study. These laboratory parameters, such as total cholesterol (TC), triglyceride (TG), low-density 
lipoprotein cholesterol, high-density lipoprotein cholesterol, ApoA1, were tested by Sysmex (XN9000 automatic blood 
analyzer). Apolipoprotein B (ApoB) was determined by BECKMAN COULTER AU5800 automatic biochemical 
analyzer. These instruments were used after daily quality control inspections in strict accordance with operation 
protocols. All blood samples were collected within two weeks before the operation, during which period the patients 
were required to quit smoking, drinking and eat light food. NLR is the ratio of neutrophil to lymphoid cells; PLR is the 
ratio of platelet count to lymphocyte; NAR is the ratio of neutrophil to ApoA1; LAR is the ratio of lymphocyte to 
ApoA1; PAR is the ratio of platelet to ApoA1; BAR is the ratio of ApoB to ApoA1; MAR is the ratio of monocyte to 
ApoA1.

Statistical Analysis
In this study, Kolmogorov Smirnov was used to test the normality of data. When continuous variables conformed to 
normal distribution or logarithmic normal distribution after logarithmic transformation, t-test was used to evaluate the 
difference between the two groups, otherwise Mann Whitney U-test was used. The truncation value, area under the curve 
(AUC) and Youden index of each valuable variable were calculated using the receiver operating characteristic curve 
(ROC). Continuous variables were expressed as mean ± standard deviation (SD) or median (range), and categorical 
variables were expressed as frequency (percentage). Multivariate logistic regression was used to analyze the risk factors 
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of BC. In addition, Pearson correlation/ Spearman’s rho correlation was used to analyze the correlation between the 
variables and the clinicopathological staging of BC. A two-tailed P value of no more than 0.05 was considered 
statistically significant.

Results
The information about the subjects available was retrospectively collected from the medical electronic recording system. 
All 394 BC patients included in this study received ultrasound-guided breast biopsies, 276 of whom were breast cancer 
cases. Their general information was as follows: 80 (29.0%), 123 (44.6%), 61 (22.1%), and 12 (4.3%) patients with 
tumor stage I, II, III, and IV, respectively; 101 (36.6%), 124 (44.9%), 38 (13.8%) and 13 (4.7%) patients had tumor 
invasion depth of stage 1, 2, 3 and 4, each; 13 (4.7%) patients had distant metastasis. The remaining 118 patients were 
diagnosed with benign breast diseases, such as breast fibroadenoma, breast cystic hyperplasia, etc.

Difference Analysis of Three Groups
Through statistical software analysis, the comparison of hematological indicators among the breast cancer group, the 
benign breast disease group and the healthy volunteer group showed that there were statistically significant differences in 
B (P=0.04), TCHO (P<0.001), TG (P=0.004), ApoA1 (P<0.001), ApoB (P<0.001), NLR (P<0.001), PLR (P<0.001), 
LMR (P<0.001), NAR (P=0.003), MAR (P<0.001), PAR (P<0.001), BAR (P=0.006) among the three groups (Table 1). 
Subsequently, the comparison between the two groups showed that B, TG, ApoA1, NLR, PLR, LMR, NAR, LAR, MAR, 
PAR, BAR was notably different between breast cancer and benign breast disease groups (P<0.05); There were 
conspicuous differences in TCHO, TG, ApoA1, ApoB, NLR, PLR, LMR, NAR, MAR, PAR between breast cancer 
and healthy volunteers (P<0.05). Among them, MAR level was the highest in the breast cancer group (0.40 ± 0.16), 

Table 1 Comparison of Hematological Parameters Among Patients with Breast Cancer, Those with 
Benign Breast Disease and Healthy Volunteers

Group Breast Cancer Benign Breast Disease Healthy Volunteers F P

N 276 118 219
Age 50±10 49±12 48±10 1.297 0.274

E 0.13(0.00–1.37) 0.13(0.03–0.62) 0.14(0.00–1.37) 0.158 0.924
B 0.04(0.00–0.21) 0.03(0.01–0.10)a 0.03(0.01–0.06)b 6.417 0.04

TCHO 4.64(2.79–7.75) 4.56(2.57–7.21) 4.31(3.10–5.20)b 28.824 <0.001

TG 1.02(0.27–7.31) 0.85(0.29–4.08)a 1.15(0.56–1.7)b 11.083 0.004
LDL-C 2.85(1.27–5.51) 2.89(1.43–5.36) 2.95(2.70–3.13) 2.849 0.241

ApoA1 1.32(0.69–1.91) 1.35(0.86–2.00)a 1.39(1.20–1.62)b 17.380 <0.001

ApoB 0.85(0.37–1.48) 0.85(0.51–1.27) 0.95(0.80–1.06)b 27.563 <0.001
Lp(a) 0.14(0.00–3.29) 1.21(0.02–1.35) 0.16(0.00–0.31)b 2.138 0.343

NLR 1.86(0.30–26.51) 1.61(0.69–5.45)a 1.64(0.75–4.70)b 16.605 <0.001

PLR 137(54–683) 120(54–298)a 122(62–288)b 22.403 <0.001
LMR 4.16(0.65–9.64) 5.10(1.93–10.23)a 5.20(1.93–10.05)b 60.952 <0.001

NAR 2.86(0.37–35.72) 2.49(0.94–9.69)a 2.54(1.19–5.25)b 11.844 0.003

LAR 1.53(0.49–3.48) 1.64(0.82–3.08)a 1.55(0.72–2.67) 4.896 0.086
MAR 0.40±0.16 0.35±0.13a 0.30±0.08b 32.171 <0.001

PAR 207(88–697) 195(92–433)a 191(87–292)b 19.882 <0.001

HAR 0.98(0.14–1.80) 0.99(0.44–1.53) 0.98(0.72–1.29) 1.391 0.499
BAR 0.65(0.31–1.23) 0.62(0.35–0.99)a 0.67(0.50–0.88) 10.299 0.006

Notes: aBreast cancer vs Benign breast disease (P<0.05, LSD/Mann Whitney U-test). bBreast cancer vs Healthy volunteers 
(P<0.05, LSD/Mann Whitney U-test). P value is analyzed by one-way ANOVA tests or Kruskal–Wallis H-test. 
Abbreviations: E, Eosinophils; B, Basophil; TCHO, total cholesterol; TG, triglyceride; LDL, low density lipoprotein cholesterol; 
ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; Lp(a), lipoprotein a; NLR, neutrophil-to-lymphocyte; PLR, platelet-to- 
lymphocyte; NAR, neutrophil-to-apolipoprotein A1; LAR, lymphocyte-apolipoprotein A1; MAR, monocytes-to-apolipoprotein 
A1; PAR, platelet-to-apolipoprotein A1; HAR, high-density lipoprotein-to-apolipoprotein A1; BAR, apolipoprotein B-to- 
apolipoprotein A1.
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followed by benign breast disease (0.35 ± 0.13), and the lowest in the healthy volunteer group (0.30 ± 0.08), as shown in 
Figure 1.

Calculation of Cut-off Value of MAR
In Table 2, by drawing the ROC of the subjects, the cut-off values and AUC of NLR, PLR, NAR, PAR, LAR, AAR, 
MAR were calculated. The cut-off value of MAR in breast cancer and benign breast disease groups was >0.44; the area 
under the curve was 0.587 (Figure 2), while the cut-off value in the breast cancer and the healthy volunteer groups was 
>0.37; the area under the curve was 0.683 (Figure 3).

Figure 1 Difference of MAR among patients with breast cancer, those with benign breast disease and healthy volunteers.

Table 2 Identification of Optimal Cut-off Values for Different Predictive Factors 
Based on the ROC Curve

Group BC vs BBD BC vs HV

Parameter Cut off AUC Youden Cut off AUC Youden

NLR >1.84 0.613 0.204 >1.96 0.580 0.169
PLR >147.83 0.614 0.206 >146.26 0.609 0.202

NAR >3.30 0.579 0.162 >2.91 0.581 0.185

PAR >241.03 0.572 0.136 >229.33 0.616 0.214
LAR ≤1.26 0.568 0.146 ≤1.09 0.525 0.099

BAR >0.73 0.550 0.124 ≤0.59 0.540 0.244

MAR >0.44 0.587 0.171 >0.37 0.683 0.318

Notes: The truncation value, AUC and Youden index of each valuable variable were calculated using the 
receiver operating characteristic curve. 
Abbreviations: BC, breast cancer; BBD, benign breast disease; HV, Healthy volunteers; NLR, neutrophil-to- 
lymphocyte; PLR, platelet-to-lymphocyte; NAR, neutrophil-to-apolipoprotein A1; PAR, platelet-to- 
apolipoprotein A1; LAR, lymphocyte-apolipoprotein A1; BAR, apolipoprotein B-to-apolipoprotein A1; 
MAR, monocytes-to-apolipoprotein A1.
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Binary Logistic Regression Analysis
As shown in Table 3, binary logistic regression analysis showed that MAR was an indicator to distinguish breast cancer 
from benign breast disease, and also an independent risk factor for breast cancer. The increase in MAR level demon-
strated that the risk of breast cancer was 3.733 times higher than that of the healthy volunteers (P<0.001).

Relationship Between MAR and Clinicopathological Staging of 276 Cases of Breast 
Cancer
As shown in Table 4, there was a significant difference in MAR among the early, middle and late stage of breast cancer 
(P=0.047, Figure 4A), with the highest MAR level in late stage (0.510 ± 0.078) and the lowest MAR level in early stage 

Figure 2 ROC curve analysis of MAR in patients with breast cancer and those with benign breast disease.

Figure 3 ROC curve analysis of MAR in patients with breast cancer and healthy volunteers.
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(0.392 ± 0.011). In addition, the MAR level of breast cancer patients with tumor invasion depth of phase 4 was the 
highest (0.484 ± 0.072), and that of breast cancer patients with tumor invasion depth of phase 1/2 was the lowest (0.379 ± 
0.010), with a statistically significant difference (P<0.001, Figure 4B).

In addition, as shown in Table 5, MAR was correlated with PLT (P<0.001, r=0.221), N (P<0.001, r=0.484), 
E (P<0.001, r=0.221), TCHO (P=0.031, r=−0.130), HDL-C (P<0.001, r=−0.350), NLR (P<0.001, r=0.400), and PLR 
(P<0.001, r=0.248). Importantly, MAR was positively correlated with tumor invasion depth (P<0.001, r=0.210), that’s, 
the size of MAR increased when there was more deeper tumor invasion.

Table 3 The Predictive Factors of the Two Groups Identified by Univariate and 
Multivariate Logistic Regression

Group BC vs BBD BC vs HV

Parameter Univariate Multivariate Univariate Multivariate

OR P OR P OR P OR P

Age 1.012 0.259 1.014 0.125

NLR 1.594 0.002 1.116 0.858 1.501 0.001 1.105 0.798
PLR 1.009 <0.001 1.014 0.212 1.009 <0.001 1.007 0.267

NAR 1.214 0.032 1.000 1.000 1.404 <0.001 0.905 0.743

PAR 1.004 0.040 0.993 0.351 1.009 <0.001 1.004 0.406
LAR 0.634 0.044 1.450 0.625

BAR 3.838 0.052 2.659 0.225

MAR 2.634 0.001 2.690 0.003 3.878 <0.001 3.733 <0.001

Abbreviations: BC, breast cancer; BBD, benign breast disease; HV, Healthy volunteers; NLR, neutrophil-to- 
lymphocyte; PLR, platelet-to-lymphocyte; NAR, neutrophil-to-apolipoprotein A1; PAR, platelet-to-apolipoprotein 
A1; LAR, lymphocyte-apolipoprotein A1; BAR, apolipoprotein B-to-apolipoprotein A1; MAR, monocytes-to- 
apolipoprotein A1.

Table 4 Analysis of MAR and Clinicopathological Staging of Breast Cancer 
Patients

N MAR F P

Tumor stage
I+II 203(73.6) 0.392±0.011 3.099 0.047

III 61(22.1) 0.396±0.021
IV 12(4.3) 0.510±0.078

Tumor invasion depth

1+2 225(81.5) 0.379±0.010 8.333 <0.001
3 38(13.8) 0.477±0.028

4 13(4.7) 0.484±0.072

Lymph node metastasis
0+1 229(83.0) 0.405±0.011 1.807 0.166

2 34(12.3) 0.375±0.025

3 13(4.7) 0.328±0.031
Distant metastasis

0 263(95.3) 0.392±0.009 1.854 0.095

1 13(4.7) 0.520±0.072

Notes: Data are expressed as mean±standard deviation or median (quartile), categorical variables were 
expressed as frequency (percentage). P value was analyzed by one-way ANOVA tests or t-test. 
Abbreviation: MAR, monocytes-to-apolipoprotein A1.
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Discussion
Specific metabolic processes are involved in the occurrence and development of tumors, and malignant transformation of 
tumor cell phenotype mainly occurs in the process of lipid metabolism.11,12 The presence of lipids in the human body 
mainly comes from the diet and the synthesis of liver cells. The change of the local microenvironment of tumor may 
cause lipid metabolism disorder.13 ApoA I is the main apolipoprotein in HDL and the largest component of ApoA family, 
which plays a key role in blood lipids.14 Additionally, chronic inflammation is closely related to the occurrence and 
development of tumors.15 Inflammation provides a good environment for oncogenesis. The continuous production of 
reactive oxygen species by inflammatory cells may cause oxidative stress reactions. Strong oxidative stress will lead to 
cell and DNA damage and the accumulation of gene mutations, inducing the occurrence and development of inflamma-
tion-related tumors.16 M is the main inflammatory cell, and MAR is derived from the ratio of M to ApoA I. Its clinical 
value has been preliminarily explored in patients with type-2 diabetes metabolic syndrome.6

Figure 4 Difference of MAR in breast cancer patients with diverse tumor stage (A) and depth of invasion (B).

Table 5 Correlation Between MAR and Clinicopathological 
Staging and Other Parameters of Breast Cancer Patients

Parameter Monocytes-to- 
Apolipoprotein A1

P r

TNM stage 0.474# 0.043

Tumor invasion depth <0.001# 0.210

Lymph node metastasis 0.050# −0.118
Distant metastasis 0.069# 0.110

Albumin 0.187* −0.080

Platelet <0.001* 0.221
Neutrophils <0.001* 0.484

Lymphocyte 0.861* −0.011

Eosinophils <0.001* 0.221
Basophil 0.127* 0.092

Total cholesterol 0.031* −0.130

Triglyceride 0.281* 0.065
High density lipoprotein cholesterol <0.001* −0.350

Low density lipoprotein cholesterol 0.070* −0.109

Apolipoprotein B 0.301* −0.062
Lipoprotein a 0.857* −0.011

Neutrophil-to-lymphocyte <0.001* 0.400

Platelet-to-lymphocyte <0.001* 0.248

Notes: #P value was analyzed by Spearman’s rho correlation. *P value was 
analyzed by Pearson correlation.
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In this study, the venous blood indicators of breast cancer, benign breast diseases and healthy volunteers were 
analyzed, and it was found that the level of MAR was the largest in the breast cancer group, followed by benign breast 
diseases, and the lowest among the healthy volunteers, suggesting that MAR can be used for the auxiliary differential 
diagnosis of benign and malignant breast diseases. It is speculated that the difference of MAR ratio in benign and 
malignant breast diseases is mediated by abnormal blood lipid and chronic inflammation in patients. It is believed that the 
rapid division and proliferation of tumor cells require the use of lipid biosynthesis to provide a large number of 
biomembrane components and organelles.17,18 Through this process, a series of oxidative signal molecules such as 
sphingomyelin and phosphatidylinositol are synthesized to accelerate the progression of cancer.19 This mechanism can 
potentially be used to explain the relationship between dyslipidemia and the progression of breast cancer.20,21 Some 
studies22,23 found that adipocytes from the tumor microenvironment (TME) showed less differentiation than adipocytes 
from the normal microenvironment, indicating that the adipose microenvironment was involved in the signal transduction 
pathway of breast cancer, thus contributing to tumor growth and distant metastasis.

Using binary logistic regression analysis, it was found that MAR is an independent risk factor of breast cancer, and 
the increased level of MAR indicated that the risk of breast cancer is 3.733 times higher than that of healthy volunteers. 
In addition, analysis of the pathological data of these 276 breast cancer patients showed that 1) there was a statistically 
significant difference in MAR among these patients in the early, middle and late stages, that is, the level of MAR in the 
late stage was the highest and that in the early stage was the lowest; 2) In these patients, the MAR level in phase 4 was 
the highest, and that in Phase 1/2 was the lowest; 3) MAR was positively correlated with tumor invasion depth, that’s, the 
size of MAR increased when there was more deeper tumor invasion, suggesting that MAR is closely related to the poor 
pathological characteristics of BC. The lipid in TME is activated and used as the main energy source and key regulator in 
tumor cells and related immune cells. Mononuclear cells are the main inflammatory cells in tumor stroma. Mononuclear 
phagocytes, composed of innate immune cells, circulate from blood flow to tissues under normal conditions. When 
stimulated by inflammatory signals, their number and transport speed continue to increase. They play an important role in 
supporting tissue homeostasis, initiating and spreading host responses to pathogens, and enhancing the immune response 
to excessive tissue damage.7,24,25 Recent research26 showed that tumor cells surviving in malignant tumors escape host 
immune defense through various methods, and reprogram anti-tumor immune response into a tumor-friendly phenotype 
to achieve unlimited growth and metastasis. Its high proliferation rate increases the demand for local nutrition and 
oxygen, aggravating the hypoxic TME wireless vicious cycle, which is also in the process of cancer occurrence and 
development as a result of complex interaction between TME and tumor cells.4,27

Wang et al6 believed that MAR was a risk factor for type-2 diabetes metabolic syndrome. The MAR level of diabetes 
patients with metabolic syndrome was lower than that of patients without metabolic syndrome, with a cutoff value of 
3.95. The results of this study showed that high MAR was an independent risk factor for BC, with a cutoff value of 3.7 
close to the value in the study by Wang et al, suggesting that high MAR was a risk factor for breast cancer. Li et al28 also 
discussed the prognostic value of MAR in patients with stage 3 nasopharyngeal carcinoma, albeit without promising 
results. In any case, the data in this study demonstrated that MAR is an independent risk factor for BC, and the high level 
of MAR is closely related to the pathological characteristics of BC, underscoring the important clinical significance of 
MAR in BC.

This study has some limitations. For example, most of the subjects included in this study are local residents, and some 
patients may have other undiagnosed diseases, which may affect the accuracy of the conclusion. Secondly, the exact 
mechanism of MAR in BC is still unclear.

Conclusions
In conclusion, the results of this study showed that MAR is a new indicator for the differential diagnosis of benign and 
malignant breast diseases, and also an independent risk factor for breast cancer. High MAR is closely related to late 
stages of breast cancer, deeper tumor invasion, and distant metastasis. It can be seen that MAR is a potential predictor 
of BC. To our knowledge, this is the first study to investigate the clinical value of MAR in BC in China. It is hoped that 
more research in the future will explore the exact pathogenic mechanism of BC in this direction, provide reference for the 
diagnosis and the treatment of BC, and contribute to the improved quality of life of patients.
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