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and study design were performed.

p<0001).

in Caucasians.

Background: Metabolic syndrome (MetS) has been suggested to be a risk factor for many cancers, including breast
cancer. However, it remains unclear whether MetS predicts poor prognosis in women with breast cancer. A meta-anal-
ysis was performed to summarize the association between MetS and clinical outcome in women with breast cancer.

Methods: Cohort studies were identified by search of PubMed and Embase databases. A random-effect model incor-
porating the potential heterogeneity was applied to pool the results. Subgroup analyses according to the ethnicity

Results: Nine cohort studies with 17,892 women with breast cancer were included. Pooled results showed that MetS
was significantly associated with an increased risk of breast cancer recurrence (adjusted risk ratio [RR]=1.52, 95%,
p=0.02). Subgroup analyses showed that MetS was independently associated with increased recurrence of breast
cancer in Caucasians (adjusted RR=1.75, p=0.02), but not in Asians (adjusted RR=1.07, p=0.81), and MetS was
associated with a trend of increased risk of breast cancer recurrence in both the prospective and retrospective stud-
ies. Although we failed to show a significant association between MetS and breast cancer related deaths (adjusted
RR=1.24, p=041), MetS was associated with increased risk of all-cause deaths in these patients (adjusted RR=1.80,

Conclusions: MetS may predict the risk of cancer recurrence and mortality in women with breast cancer, particularly

Keywords: Metabolic syndrome, Breast cancer, Recurrence, Mortality, Meta-analysis

Background

Despite of the improvements in the prevention and man-
agement of cancer, breast cancer remains a common
malignancy in women, and about 1.4 million women are
diagnosed with breast cancer annually [1-3]. Metabolic
disorders, such as obesity and insulin resistance, have
been suggested to be involved in the pathogenesis and
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progression of breast cancer [4—6]. Metabolic syndrome
(MetS), which indicates a cluster of metabolic abnor-
malities including abdominal adiposity, insulin resist-
ance, hyperglycemia, hypertension, and dyslipidemia
[7-10], has been considered to be a risk factor of a variety
of cancers, including breast cancer in postmenopausal
women [11, 12]. In addition, MetS have been proposed
as a prognostic factor in women with breast cancer. Par-
ticularly, MetS has been associated with more aggres-
sive tumor biology of breast cancer [13, 14], and some
studies showed that MetS is associated with higher risk
of recurrence and mortality in these patients [15-18].
However, other cohort studies failed to show a significant
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association between MetS and poor clinical outcomes in
women with breast cancer [19-23]. Moreover, whether
factors such as ethnicity and study design affects the
association between MetS and prognosis in women with
breast cancer remains to be determined [24]. Therefore,
in this study, we performed a meta-analysis to evalu-
ate the potential association between MetS and risks of
recurrence or death in women with breast cancer.

Methods

The meta-analysis was designed and performed in
accordance with the MOOSE (Meta-analysis of Obser-
vational Studies in Epidemiology) [25] and Cochrane’s
Handbook [26] guidelines.

Literature search

Electronic databases of PubMed and Embase were sys-
tematically searched using the combination of the fol-
lowing terms: (1) “metabolic syndrome” OR “insulin
resistance syndrome” OR “syndrome X”; (2) “breast can-
cer”; and (3) “survival” OR “prognosis” OR “mortality”
OR “death” OR “recurrence” OR “surgery” OR “opera-
tion” The search was limited to human studies without
restriction of the publication language. The reference lists
of original and review articles were also analyzed manu-
ally. The final literature search was performed on August
24, 2019.

Study selection

Studies were included if they met the following criteria:
(1) published as full-length article; (2) designed as cohort
studies with the minimal follow-up duration of 1 year; (3)
included women with breast cancer; (4) MetS was identi-
fied as exposure of interest at baseline; (5) documented
the incidence of at least one of the outcomes during fol-
low-up, including the primary outcome of breast cancer
recurrence, and the secondary outcomes of breast cancer
related deaths and all-cause deaths; and (6) reported the
adjusted risk ratios (RRs, at least adjusted for age) and
their corresponding 95% confidence intervals (Cls) for
the above outcomes comparing breast cancer women
with and without MetS. Definitions of MetS were con-
sistent with that was applied in the original studies.
Reviews, editorials, preclinical studies, and non-cohort
studies were excluded.

Data extracting and quality evaluation

Literature search, data extraction, and study qual-
ity assessment were independently performed by two
authors according to the predefined inclusion criteria.
If inconsistencies occurred, discussion with the corre-
sponding author was suggested to resolve these issues.
The following data were extracted: (1) name of the first
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author, publication year, study location, and study design;
(2) characteristics and numbers of women with breast
cancer, ethnic groups, criteria for the diagnosis of MetS,
and follow-up period; and (3) number of cases with
breast cancer recurrence, breast cancer related deaths,
and all-cause deaths during follow-up, and variables
adjusted when presenting the RRs. The quality of each
study was evaluated using the Newcastle-Ottawa Scale
(NOS) [27]. This scale ranges from 1 to 9 stars and judges
the quality of each study regarding three aspects: selec-
tion of the study groups; the comparability of the groups;
and the ascertainment of the outcome of interest.

Statistical analyses

The association between MetS and breast cancer recur-
rence or mortality outcome was measured by RRs in this
study. To stabilize its variance and normalize the distri-
bution, RR data and its corresponding stand error (SE)
from each study was logarithmically transformed [26].
The Cochrane’s Q test was performed to evaluate the het-
erogeneity among the include cohort studies [26, 28], and
the I? statistic was also calculated. A significant heteroge-
neity was considered if I>>50%. A random effect model
was used to pool the results since this model has been
indicated to incorporate the potential heterogeneity of
the included studies and therefore could provide a more
generalized result. Sensitivity analysis by omitting one
study at a time was performed to evaluate the stability
of the results [26]. To evaluate the influences of ethnicity
and study design on the outcome, predefined subgroup
analyses were performed [29]. Potential publication bias
was assessed by visual inspection of the symmetry of the
funnel plots, complemented with the Egger regression
test [30]. The RevMan (Version 5.1; Cochrane Collabora-
tion, Oxford, UK) and STATA software were used for the
statistics.

Results

Literature search

The flowchart of database search was shown in Fig. 1.
Briefly, 472 studies were obtained from database search,
and 443 of them were excluded primarily due to the irrel-
evance to the objective of the study. For the remaining 29
potential relevant studies that underwent full text review,
20 were further excluded because eight of them were not
cohort studies, two did not include MetS as exposure of
interest, eight included patients without breast cancer
at baseline, and the other two were repeated abstracts of
the included studies. Finally, nine follow-up studies were
included [15-23].
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Articles identified through database search (n=472)

Articles excluded based on title and abstract (n = 443)
Not relevant studies
Not follow-up studies
Review articles, letters or editorials

Potentially relevant articles (n = 29)

Articles excluded based on full-text review (n =20)
Not follow-up studies (n=8)
MetS not considered as exposure of interest (n = 2)
Including patients without cancer at baseline (n = 8)
Repeated abstract of the included studies(n=2)

Articles included in meta-analysis(n=9)
Association between MetS and prognosis in breast cancer

Fig. 1 Flowchart of database search and study inclusion

Study characteristics and quality

Overall, this meta-analysis included nine cohort stud-
ies [15—23] with 17,892 women with breast cancer. Since
three studies provided data based on the status of hor-
mone receptors (HR) of the cancer [16, 19, 20] and one
study based on age stratification [22], these datasets were
included separately. The characteristics of the included
cohorts were shown in Table 1. Three of them were pro-
spective cohort studies [15, 18, 19], while the other six
were retrospective cohort studies [16, 17, 20-23]. All of
these studies included breast cancer women who received
anti-cancer therapy and were with no signs of recurrence
at baseline. Among them, 2583 women (14.4%) were
diagnosed as MetS at baseline according to the criteria
of the revised National Cholesterol Education Program’s
Adults Treatment Panel III (NCEP-ATP III), the Inter-
national Diabetes Federation (IDF), American Associa-
tion of Clinical Endocrinologists (AACE), and American
Heart Association (AHA)/National Heart, Lung, and
Blood Institute (NHLBI) [31-34]. The mean follow-up
durations varied from 2.4 to 11.1 years, and outcomes of
breast cancer recurrence, breast cancer related deaths,
and all-cause deaths were reported. Potential confound-
ing factors, including age, cancer stage at diagnosis, HR
status, and treatment were adjusted to a varying degree
in the included studies. The qualities of the included fol-
low-up studies were generally good, with the NOS rang-
ing from seven to nine points (Table 2).

Association between MetS and recurrence risk of breast
cancer

Ten datasets from seven cohort studies [15-17, 19-21,
23] were included for the meta-analysis of the association
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between MetS and recurrence risk in women with breast
cancer. Moderate heterogeneity was detected (p for
Cochrane’s Q test=0.12, I>=36%). Pooled results with a
random-effect model showed that MetS at baseline was
significantly associated with increased recurrence risk of
breast cancer (adjusted RR=1.52, 95% CI 1.08 to 2.13,
p=0.02; Fig. 2). Results of sensitivity analyses by omit-
ting one study at a time did not significantly change the
results (adjusted RR: 1.44 to 1.64, p all<0.05), suggest-
ing the robustness of the finding. Subgroup analysis by
the ethnicity of the included women showed that MetS
was independently associated with increased recur-
rence risk of breast cancer in Caucasians (five datasets,
adjusted RR=1.75, 95% CI 1.07 to 2.85; p=0.02), but not
in Asians (five datasets, adjusted RR=1.07, 95% CI 0.64
to 1.79; p=0.81; Fig. 3a). Subgroup analyses according to
the study design showed that MetS was associated with
a trend of increased recurrence risk of breast cancer in
both the prospective and retrospective cohort studies
(Fig. 3b).

Association between MetS and mortality risk in women
with breast cancer

Meta-analysis of two studies [17, 18] showed that MetS
was not significantly associated with increased risk of
breast cancer related deaths (adjusted RR=1.24, 95% CI
0.74 to 2.09; p=0.41; >=63%; Fig. 4a). However, meta-
analysis of six datasets from four studies [17, 18, 20, 22]
showed that MetS was significantly associated with an
increased risk of all-cause deaths in women with breast
cancer (adjusted RR=1.80, 95% CI 1.54 to 2.10; p <0.001;
I>=0%; Fig. 4b).

Publication bias

The funnel plots for the association between MetS and
risks of recurrence and all-cause deaths in women with
breast cancer were shown in Fig. 5a, b. The plots were
symmetrical on visual inspection, suggesting low risks of
publication biases. Results of Egger’s regression tests also
showed similar results (p =0.542 and 0.344, respectively).
Publication bias for the meta-analysis of the association
between MetS and risk of breast cancer related deaths
was difficult to estimate since only two studies were
included.

Discussion

In this meta-analysis of longitudinal follow-up stud-
ies, we found that MetS in women with breast cancer
may predict poor clinical prognosis. Specifically, MetS
was associated with an increased risk of breast cancer
recurrence, even after controlling of potential confound-
ing factors including age, disease stage at diagnosis, HR
status, and treatments. Moreover, we found that the
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Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI

Pasanisi 2006 1.09861229 0.45351358 10.0% 3.00[1.23, 7.30]

Oh 2011 ER/PR- -0.040822 0.61090703 6.4% 0.96 [0.29, 3.18] - 1

Oh 2011 ER/PR+ 0.66782937 0.80751914  4.0% 1.95[0.40, 9.49] I

Calip 2014 0.50077529 0.18554555 23.8% 1.65[1.15, 2.37] -

Berrino 2014 ER- 1.4861397 0.48768336 9.1% 4.42[1.70, 11.50] -

Berrino 2014 ER+ 0.39204209 0.24139581 20.0% 1.48 [0.92, 2.38] l

Fan 2015 TNBC -0.05129329 0.34323275 14.3% 0.95[0.48, 1.86] -

Fan 2015 Non-TNBC 0.09531018 0.9898659  2.8% 1.10[0.16, 7.66] -

Muniz 2016 -0.69314718 0.54593525 7.7% 0.50[0.17, 1.46] -

Tong 2019 0.49469624 1.21513084 1.9% 1.64 [0.15, 17.75] -

Total (95% CI) 100.0% 1.52[1.08, 2.13] L 4

Heterogeneity: Tau? = 0.09; Chi? = 14.03, df = 9 (P = 0.12); I = 36% ’ ‘ ‘ ’

Test for overall effect: Z =2.43 (P = 0.02) 0.01 04 ! 10 100
Fig. 2 Meta-analysis for the association between MetS and recurrence of breast cancer

association between MetS and increased recurrence risk
of breast cancer was significant in studies including Cau-
casians, but not in Asians. In addition, although a signifi-
cant association between MetS and breast cancer related
deaths was not retrieved by meta-analysis of only two
studies, we found that MetS was significantly associated
with increased all-cause deaths in women with breast
cancer. These results demonstrated that MetS may be a
prognostic factor in women with breast cancer, which
may predict higher risk of overall mortality.

To the best of our knowledge, our study is the first
meta-analysis to evaluate the potential association
between MetS and clinical outcomes in women with
breast cancer. By combining the results of multivariable-
adjusted data, results of our study showed that MetS
in women with breast cancer is associated with higher
recurrence risk and overall mortality, which is independ-
ent of some known prognostic factors, such as age, dis-
ease stages, and HR status. These results highly indicated
that MetS may be an independent predictor of poor prog-
nosis in women with breast cancer. These findings should
be validated in large-scale prospective cohort studies,
and clinical studies are needed to determine whether
optimized management of MetS in women with breast
cancer could improve their clinical outcomes. Another
interesting finding of the study is that our subgroup anal-
ysis showed that MetS is associated with a higher recur-
rence risk of breast cancer in Caucasian women, but not
in Asian women. Although the mechanisms underlying
the potential racial difference between the association
of MetS and prognosis in breast cancer remain unde-
termined, some previous studies did indicate a potential
racial difference regarding the influence of comorbidities
on the survival in women with breast cancer. A previous

retrospective cohort study using the Surveillance, Epide-
miology and End Results-Medicare linked data showed
that diabetes was associated with increased breast can-
cer-specific mortality in white women, but not in the
other ethnicities [35]. Moreover, previous studies indi-
cated that prevalence of breast cancer subtypes varied
by race/ethnicity [36, 37], which may also be the reason
of the potential mechanism underlying the racial differ-
ence between the association of MetS and prognosis in
women with breast cancer. Further studies investigating
the potential mechanisms are warranted.

The potential pathophysiological mechanisms under-
lying the association between MetS and poor prognosis
in breast cancer may be multifactorial. Previous clini-
cal studies showed that MetS may be associated with
more aggressive tumor biology of breast cancer [13, 14],
although different findings are also shown from another
study [38]. Insulin resistance and chronic inflamma-
tion are the characterized pathophysiological features
in MetS [39]. Experimental studies showed that insulin
resistance could lead to compensatory hyperinsuline-
mia, which enhanced the cross-binding of insulin to the
insulin-like growth factor-1 (IGF-1) receptors expressed
on breast epithelial cells [40]. The activated IGF-1 path-
way may stimulate the carcinogenesis and progression of
breast cancer [40]. Moreover, hyperinsulinemia may also
accelerate the progression of breast cancer by stimula-
tion of hepatic IGF-1 synthesis and inhibition the hepatic
expression of IGF-1 receptors, leading to an increased
circulating IGF-1 level [40]. Also, the chronic low-grade
inflammation in MetS patients has also been involved
in the development and aggression of many malignan-
cies, including breast cancer [41]. A previous study in
obesity-resistant BALB/c strain of female mice showed
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Fig. 3 Subgroup analyses for the association between MetS and recurrence of breast cancer. a Stratified by ethnicity; and b stratified by study
design
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Heterogeneity: Chi? = 1.08, df =5 (P = 0.96); I> = 0% 02 05 1 2 5

Test for overall effect: Z=7.35 (P < 0.00001)

Fig. 4 Meta-analysis for the association between MetS and mortality in women with breast cancer. a Breast cancer related deaths; and b all-cause

deaths
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Fig. 5 Funnel plots for the meta-analyses of the association between
MetS and prognosis of breast cancer. a recurrence of breast cancer;
and b all-case deaths

that a high-fat diet could stimulate growth of an estrogen
receptor (ER) -negative murine mammary carcinoma cell
line, and its metastasis from the orthotropic injection site
to the lungs and liver. This accelerated cancer progres-
sion was accompanied by enhanced tumor-related angi-
ogenesis and increased serum concentrations of several
proinflammatory cytokines, including interleukin 6, and
leptin, which suggested the potential association between
MetS, inflammation, and cancer invasion [42]. Moreover,
in women with breast cancer, inflammation in the tumor
microenvironment, with local elevation in the expression
of proinflammatory cytokines (such as tumor necrosis
factor-a), has also been associated with increased inva-
siveness and a poor prognosis [43]. Although all of the
components of MetS have been linked with an increased
risk of breast cancer in postmenopausal women in a
previous meta-analysis, the combination of these com-
ponents in MetS seemed to confer stronger association
than individual components [44]. The key mechanisms
and the exact molecular signaling pathways underling the
association between MetS and poor prognosis in women
with breast cancer deserve further investigation.

Our study has limitations, which should be considered
when interpreting the results. Firstly, as a meta-analysis
of observational studies, although we combined RR data
after adjustment of potential confounding factors, we
could not exclude other residual factors that may con-
found the association between MetS and recurrence
of breast cancer, such as treatment with metformin or
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making diet and or exercise in breast cancer survivors to
modify the components of the MetS, which have all been
suggested to confer anticancer efficacy [45-47]. Secondly,
MetS were diagnosed with various criteria in the included
studies. Although these criteria were based on the same
components for the diagnosis of MetS [7, 31, 32], the dif-
ferences of the criteria may be a source of heterogene-
ous of the meta-analysis. Importantly, the prevalence of
MetS may be varying according to the different criteria
used for the diagnosis of MetS. For example, among 168
Spanish postmenopausal women with breast cancer, the
prevalence of NCEP-ATP III defined MetS was 53.7%
[14], while another study showed that the prevalence of
MetS defined by IDF criteria was 39% in another cohort
of postmenopausal women with breast cancer [13]. How-
ever, due to the limited datasets available, we were una-
ble to determine the potential influences of the different
diagnostic criteria for MetS on the outcomes of the meta-
analysis (Additional file 1: Figure S1). Thirdly, it has been
suggested that the potential pathophysiological associa-
tion between MetS (such as insulin resistance and inflam-
mation) and breast cancer may be affected by hormone
status of the cancer [4]. Therefore, it is of clinical impor-
tance to determine the potential influence of HR status
on the association between MetS and outcomes of breast
cancer. However, only three of the included studies pro-
vided data stratified by HR status of the cancer [16, 19,
20]. One focused on the status of estrogen receptor (ER)
[16], one analyzed ER and progesterone receptor (PR)
[19], and another one evaluated ER, HR and human epi-
dermal growth factor receptor-2 (HER-2) [20]. The dif-
ferences of the HRs analyzed in the above studies made
it unable to perform a subgroup analysis with available
data. Therefore, further large-scale prospective cohort
studies are needed to determine the association between
MetS and clinical outcomes in women with breast cancer
of different HR status and of different menopausal status.
Fourthly, due to the limited number of the included stud-
ies, result for the association between MetS and breast
cancer related mortality should be interpreted with cau-
tion until further studies are available. Fifthly, the mean
follow-up durations varied significantly across studies
(from 2.4 to 11.1 years), and including very short follow-
up studies may affect the outcome of the meta-analysis.
In addition, menopausal status has been shown to affect
the association between MetS and risk of breast cancer
in a previous meta-analysis [44]. Similarly, in the Me-
Can (metabolic syndrome and cancer) project, MetS was
associated with a decreased risk of incident breast can-
cer in women below age 50 with high body mass index,
and with an increased risk of breast cancer mortality in
women above 60 [48]. It remains unknown whether men-
opausal status may affect the association between MetS
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and prognosis in women with breast cancer, and fur-
ther researches are needed. Finally, a causative relation-
ship between MetS and poor prognosis in breast cancer
should not be retrieved from our results. Future studies
are needed to determine whether management of MetS
in women with breast cancer could improve their clinical
outcomes.

Conclusions

In conclusion, our meta-analysis showed that MetS may
predict higher risk of cancer recurrence and mortal-
ity in women with breast cancer, particularly in Cauca-
sians. Future studies are needed to clarify the potential
influence of cancer HR status and menopausal status
on the association between MetS and prognosis, and to
determine whether management of MetS in women with
breast cancer could improve their clinical outcomes.
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