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Abstract 

Background Metabolic syndrome (MetS) is an important factor related to the poor 

prognosis of breast cancer (BC). Molecular heterogeneity in the tumor may affect the 

consequence of BC. The main purpose of this study was to assess the prognostic link 

between MetS and the different BC molecular subtypes.  

Methods A total of 960 patients with BC were recruited from January 2010 to June 

2014. The relationship between MetS and disease prognosis was assessed by using 

univariate and multivariate analyses.  

Results At recruitment, MetS was diagnosed in 199 patients (20.7%). The mean 

follow-up period was 68.5 months (range, 2–103 months). MetS remained 

significantly associated with 64% increased risk of recurrence (Hazard Ratio 

(HR)=1.64; 95% confidence interval (CI) 1.19–2.27, P<0.01) and twofold increased 

risk of mortality (HR=2.02, 95% CI 1.29–3.16, P<0.01) according to multivariate 

analysis. By reviewing BC molecular subtypes, the significant associations remained 

in the subsets of Luminal A (HR=3.1, 95% CI 1.28–4.57, P=0.01), Luminal B (Her2-

negative) (HR=3.3, 95% CI 1.31–8.33, P=0.01), and Her-2-positive (non-Luminal) 

(HR=2.2, 95% CI 1.10–4.39, P=0.03).  

Conclusions MetS was significantly related to unfavorable prognosis in operable BC, 

especially in the subgroup of Luminal A. More studies are needed to definitively 

determine which factors influence the association of MetS with Luminal A subtype.  

Keywords Metabolic syndrome; Breast cancer; Molecular subtype; Prognosis 
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Background 

The new breast cancer (BC) cases in the world are estimated to be more than 2 million 

in 2018 based on the GLOBOCAN (1). In Asia, the incidence of BC has been rising 

rapidly compared with the stable or decreasing incidence in western countries (2,3). In 

China, the five-year survival rate of BC has increased up to 73.1%–83.0% in the past 

15 years (4). However, according to the latest data of CONCORD, the 5-year overall 

survival rate of BC has reached 90.2% in the United States from 2010 to 2014, 

whereas the 5-year overall survival rate during the same period in China is only 

83.2% (5). The major differences in mortality reflected the variation in the level of 

knowledge regarding the importance of keeping a healthy lifestyle and the monitoring 

of post-treatment symptoms (6). Adopting the westernized lifestyle is considered as 

the main driving force of this trend in the post-treatment status of patients with BC, 

which remains a controversial issue. 

 Metabolic syndrome (MetS) is a set of metabolic abnormalities that include 

hypertension, obesity, dyslipidemia, and hyperglycemia (7). Growing epidemiological 

data revealed that the increase in incidence and mortality of BC was associated with 

MetS (8,9). Epidemiological studies have indicated the close association between 

MetS and increased risk of recurrence and overall mortality due to BC (7,9,10). Based 

on the intrinsic molecular subtypes, some researchers reported that a non-significant 

trend for increased risk of mortality was observed among the hormone-receptor (HR)-

positive patients with BC and MetS (11,12). Moreover, the lack of data on Her-2 

status may affect the conclusion of the impression of Mets on the prognosis of early 
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BC, which is based on the molecular profiles. Accordingly, several related studies 

have shown conflicting results because of the hypothesis that the different 

components of MetS may be involved in the development and prognosis of the 

molecular subtypes of BC (11–14).  

This study aimed to evaluate whether MetS could affect the different prognoses 

of BC with different molecular subtypes.  

 

Methods 

Study design  

The study included 960 patients with BC with operable stages I–III. We collected all 

clinical data from a single center, The First Affiliated Hospital of Wenzhou Medical 

University, between January 2010 and June 2014. Eligible patients met the following 

criteria: (1) women, (2) adults (>18 years old), and (3) patients without a history of 

other cancers. This study was approved by the Ethics Committee of the First 

Affiliated Hospital of Wenzhou Medical University. Written informed consent was 

required for all patients included in the study.  

 

Diagnostic criteria of MetS 

In this report, we applied the criteria of the Chinese Medical Association Diabetes 

Society (CMADS) in 2004 (15). The definition of MetS should meet at least three of 

following: (1) overweight and/or obese with a body mass index (BMI) of ≥ 25.0 

kg/m2; (2) systolic/diastolic blood pressure of ≥ 140/90 mmHg or taking drug for 
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diagnosed hypertension; (3) fasting serum triglyceride level of ≥ 1.7 mmol/L 

(150mg/dL) and/or high-density lipoprotein cholesterol content of < 0.9 mmol/L 

(35mg/dL) (male) and < 1.0 mmol/L (39mg/dL) (female); and (4) fasting plasma 

glucose level of ≥ 6.1 mmol/L (110mg/dL) and/or 2 h postprandial glucose level of ≥ 

7.8 mmol/L (140mg/dL) or taking drug for diagnosed diabetes mellitus. 

 

Clinical-pathological and laboratory data 

Adjuvant treatment after curative surgical resection is adjusted to the National 

Comprehensive Cancer Network guidelines whether or not the patient received such 

treatment. The pathological stage for each patient with BC was established according 

to AJCC (7th edition) (16). BC molecular subtypes were classified by estrogen 

receptor (ER), progestogen receptor (PR), Her-2, and Ki-67 status based on the 2013 

St. Gallen Consensus Statement as follows (17): Luminal A, ER-positive and PR-

positive (PR >20%), Her2-negative, Ki-67 <20%; Luminal B (Her-2 negative), ER-

positive and/or PR-positive (PR <20%), Her2-negative, Ki-67 ≥20%, or PR-negative; 

Luminal B (HER2-positive), ER- and/or PR-positive, HER2-positive, any Ki-67; 

HER2-positive (non-luminal): ER- and PR-negative, HER2-positive, any Ki-67; and 

triple-negative breast cancer (TNBC), ER- and PR-negative, HER2-negative, and Ki-

67. 

 

Follow-up evaluation 

Patients received routine follow-up evaluation after being discharged from the 
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hospital and underwent a postoperative examination that included mammography, 

chest x-ray, ultrasound imaging, computed tomography, and tumor biomarkers. 

Information about adverse events, including relapse and death, was obtained from the 

inpatient and outpatient records. The follow-up deadline was September 2018. Overall 

survival (OS) was well-defined as the period from the time of surgery to the time of 

demise or last follow-up. Disease-free survival (DFS) is described as the period from 

the time of surgery to the time of relapse or recurrence of cancer, as confirmed by 

radiological or histological examination, or to the last follow-up.                                                                                                                             

 

Statistical analysis 

Differences in the clinicopathological parameters were compared between the patients 

with and without MetS. The comparisons were made by using Chi-square test and 

Student’s t-test as appropriate. The survival curves were plotted by the Kaplan–Meier 

method and the differences evaluated by the log-rank test. Hazard ratio (HR) with 

95% confidence interval (CI) were estimated to express the risk effect size. When the 

P-value of the variable was less than 0.1 in univariate analysis, the variable entered 

the multivariate logistic regression analysis model. Entirely statistical tests were 2-

sided, and the correlation of statistical significance was set at 0.05 level. All analyses 

were conducted by using the SPSS 19.0 for Windows. 

 

Results  

Among the 960 Patients with BC, 199 patients (20.7%) had MetS according to the 
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CMADS criteria (15). The mean age was 51.8 years old. At initial diagnosis, a total of 

342 (35.6%) patients with BC were at stage I, 511 (53.2%) were at stage II, and 107 

(11.1%) were at stage III. MetS is more common among the elderly (P<0.01) and 

post-menopausal patients (P<0.01). Patients with and without MetS did not differ 

significantly in TNM staging, tumor differentiation, molecular subtype, and 

therapeutic regimen (Table1). 

During the mean follow-up period of 68.5 months (range, 2–103 months), a total 

of 120 patients died, 40 of which had MetS. According to the Kaplan-Meier survival 

function analysis, the patients with MetS had lower DFS (P < 0.001) and lower OS (P 

< 0.001) than those without MetS (Figures 1A and 1B, respectively).  

Based on the univariate analysis (Table 2), MetS was related to 68% greater risk 

of recurrence (HR=1.68; 95% CI 1.21–2.32) and twofold greater risk of mortality 

(HR=2.05; 95% CI 1.40–2.99). In the multivariable-adjusted models, the results of 

recurrence and mortality were still highly consistent with the above data (HR=1.64; 

95% CI 1.19–2.27 and HR=2.02; 95% CI 1.29–3.16, respectively). Nevertheless, any 

component of MetS was not an independent risk factor for the prognosis. 

In the sub-group analysis (Table 3), MetS was related to a twofold greater risk of 

BC recurrence between pre-menopausal patients (HR=2.09 95% CI 1.13–3.88, 

P=0.02) and 50% higher risk of BC recurrence among post-menopausal women 

(HR=1.54 95% CI 1.04–2.30, P=0.03). Similar results were shown in the analysis of 

mortality stratified by menopausal status. In patients with normal BMI (≤25 kg/m2), 

MetS was associated with a 2.89-fold (HR=2.89 95% CI 1.95–4.28, P < 0.01) and 
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3.58-fold (HR=3.58 95% CI 2.27–5.64, P < 0.01) greater risk of BC mortality and 

recurrence, respectively. However, high BMI was not related to a greater risk of BC 

recurrence and mortality. Compared with stages II and III, MetS in stage I 

significantly affected both DFS and OS in early BC. In models evaluating differences 

by molecular subtypes, MetS was significantly related to a greater risk of BC 

mortality for Luminal A (HR=3.10 95% CI 1.36–7.08, P=0.01), Luminal B (Her2-

negative) (HR=3.31 95% CI 1.31–8.34, P=0.01), and Her2-positive (non-luminal) 

(HR=2.19 95% CI 1.10–4.39, P=0.03). Additionally, MetS was significantly 

associated with a 2.4-fold higher risk of BC recurrence in the Luminal A group 

(HR=2.42 95% CI 1.28–4.57, P=0.01).  

    In multivariate analysis adjusting for TNM stage, menopause status, and BMI 

(Table 4), MetS was still statistically significantly related to a greater risk of BC 

mortality for Luminal A subtype (HR=4.70, 95% CI 1.80–2.30), Luminal B (Her2-

negative) (HR=3.11, 95% CI 1.10–8.77), and Her2-positive (non-luminal) (HR=2.85 

95% CI 1.18–6.88) but not for Luminal B (Her2-positive). It was related to an even 

lower risk of mortality for TNBC (HR=0.89, 95% CI 0.31–2.55). Furthermore, in the 

Luminal A subgroup, MetS had a significant effect on the mortality of patients with 

post-menopausal status, normal BMI, and Stage III BC. However, each component of 

MetS was not related to the risk of mortality in each molecular subtype, except for the 

Luminal B (Her2-positive) subgroup, in which high cholesterol was significantly 

associated with mortality (HR=1.93. 95% CI 1.01–3.68).  
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Discussion 

In the present cohort study, MetS had an independent impression on the prognosis of 

BC, especially among the subgroups of Luminal A and Luminal B (Her2-negative), in 

which over a threefold increase in the risk of mortality was observed. These findings 

were in strong agreement with the data obtained from other studies, which showed 

that MetS had a 2.12-fold greater risk of mortality (in a US study) and 2.17-fold 

higher risk of relapse (in an Italian study) (9,11). Given the heterogeneity of BC, 

clinical characteristics of the tumor were not sufficiently precise to evaluate the 

prognosis of early BC (18). Therefore, the molecular subtypes of BC are important as 

guides in optimal management during the long follow-up period. Some studies 

supported the great relationship between MetS and poor BC prognosis based on the 

outcomes linking MetS with advanced cancer stages, relapse, and mortality (9,11). 

Watanabe reported that the multivariate-adjusted HR of death from BC was 11.9 (95% 

CI 2.25–62.84) in Japanese women (19). The data were much higher than our data on 

BC mortality (HR = 2.06) but were similar to our subgroup findings in advanced stage 

BC with Luminal A subtype (HR=13.4).  

Some studies indicated that obesity was an important prognosis factor related to 

an increased risk of mortality (20,21). In the Asia-Pacific region, being overweight 

and/or obese was significantly 1.63-fold related to the greater risk of mortality from 

BC. Low HDL-C was an important risk indicator for the prognostic effect on BC 

women with MetS, which was consistent with our findings (9). Even after analyzing 

the relationship between the prognosis and other components of MetS, including total 
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cholesterol, triglycerides, and HDL, the conclusion was still uncertain (11,14,22). 

The previous findings that the prognostic effect of MetS was analyzed according 

to the molecular subtypes were not in exact agreement. In the Crosstalk between the 

ER and IGF pathways, obesity may promote ER-positive BC progression and 

endocrine therapy resistance, because obesity and the related increase in adiposity 

could intensify the metabolic pathways involved in aromatase regulation, which 

converts androgens to estrogen (23,22). Goodwin found that a high level of serum 

insulin could impact the mortality of ER-negative cases (24). Dibaba and colleagues 

reported that in the subgroup of ER-positive BC, the presence of MetS increased the 

risk of mortality by 28%, whereas the risk was lowered by 56% in the ER-negative 

subgroup. Moreover, missing Her2 status is one of the primary reasons affecting the 

prediction of the mortality of BC subtypes (11). Hypercholesterolemia is another 

factor that may influence the prognosis of HR-positive post-menopausal patients with 

BC. Longer duration of aromatase inhibitor use has more than twice the risk of 

contracting hypercholesterolemia compared with tamoxifen (25). Our research further 

confirmed that MetS was significantly associated with the mortality in the HR-

positive Her2-negative subgroup, especially in Luminal A. Additionally, the subgroup 

patients of HR-positive Her2-negative may experience MetS due to the impact of 

long-term use of tamoxifen or aromatase inhibitor. Although we did not have data 

regarding the subjects' treatment history, long-term medication therapy can lead to 

MetS or its complications.  

MetS influences the risk and mortality of BC through some potential biological 
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pathways. Insulin can encourage the proliferation of some BC cells, and 

hyperinsulinemia is an independent risk factor of BC. Furthermore, blocking the IGF 

pathway may be an effective method for cases of hormone therapy-resistant BC (26-

28). In Her2-positive patients with BC who received neo-chemotherapy, the low level 

of IGF-1 was significantly associated with higher pCR rate but not with recurrence 

and mortality (29).  

MetS is now recognized as a reversible condition depending on the degree of 

intervention. Physical activity and specific dietary patterns appeared to provide 

improved protection. Some trials have consistently reported that adherence to the 

Mediterranean diet is linked with the reduced risk of BC and is believed as protective 

factor in the progress of BC (30,31). In terms of the association between 

Mediterranean diet and molecular subtypes of BC, the recent systematic review 

indicated that the Mediterranean diet pattern was negatively associated with BC risk 

particularly in ER- tumors subgroup and ER-/PR-/HER2-(“triple-negative” tumors) 

(32). Among ER- tumors, the influence of dietary factors may be greater and easier to 

detect than among ER+ tumors because of the strong influence of hormonal factors 

(33,34). 

Admittedly, the analysis of the abovementioned results has some limitations. 

First, the analysis was based on the retrospective cross-sectional single-center design 

with a relatively modest number of MetS patients (N=199). Second, the National 

Cholesterol Education Program-Adult Treatment Panel criteria and the International 

Diabetes Federation standards have been widely used to define MetS. The range of 
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the diagnostic agreement of MetS was from 75% to 88% when compared by pairing 

with other criteria (35). The different definitions of MetS may lead to its inconsistent 

prognostic assessment (36,37). Third, all the patients with BC were recruited between 

2010 and 2014. During six years, an update on the therapeutic options for BC might 

potentially lead to judgment bias.  

 

Conclusions 

In summary, MetS was an independent risk factor of mortality with BC, especially in 

the subset of Luminal A. Additional larger prospective findings are required to better 

explain the effect of MetS on the molecular subtypes of BC. 
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MetS: Metabolic syndrome; BC: Breast cancer; HR: Hormone-receptor; CMADS: 

Chinese Medical Association Diabetes Society; BMI: Body mass index; ER: Estrogen 
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FIGURES 

Figure 1. Kaplan-Meier survival curves showing DFS (A) and OS (B) in BC patients 

stratified by MetS. 

 

TABLES 

Table 1. Baseline characteristics of breast cancer patients stratified by mets. 

 

Table 2. Cox proportional hazards regression models of risk factors associated with 

prognosis among BC patients. 

 

Table 3. Cox proportional hazard regression analysis of overall and disease-free 

survival in BC adjusting for MetS 

 

Table 4. Cox regression analysis of OS in the molecular subgroups of BC patients. 
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Figure 1

Kaplan-Meier survival curves showing DFS (A) and OS (B) in BC patients strati�ed by MetS.


