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Abstract

Purpose Breast cancer affects females from puberty onward, with incidence rates increasing with age. Although metabolic
syndrome (MetS) has reportedly increased the incidence of almost all cancers, no clear consensus on the role of MetS in
breast cancer development exists. We aimed to clarify the effects of MetS on breast cancer incidence.

Methods To investigate this relationship, we analyzed Japanese healthcare data of females from 2005 to 2020 and examined
the incidence of breast cancer. MetS was evaluated based on the Japanese criteria or the NCEP ATP III guidelines at enroll-
ment. Of 1,144,791 participants without missing data in our general public cohort, 32,775 with breast cancer at the beginning
of the observation period were excluded; 54,330 participants with breast cancer were identified during the observation period.
Results Both pre-stage MetS and MetS, defined using the Japanese criteria, were associated with the less frequent incidence
of breast cancer (hazard ratios [HRs], 0.90; 95% CI, 0.86-0.94; p <0.005: HR, 0.83; 95% CI, 0.80-0.87; p <0.005). Fur-
thermore, MetS using NCEP ATP III was associated with the lower HR (0.87: CI, 0.84-0.90; p <0.005), and the number
of the factors from 1 to 5 was gradually associated with the lower HRs. Analysis according to age group revealed that this
observation was the most prominent in the < 50-year-old group.

Conclusion MetS is associated with the less frequent breast cancer incidence in females, especially aged < 50 years.
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Introduction

Cancer poses substantial economic and healthcare burdens
worldwide [1]. Although early detection, prompt diagno-
sis, and innovative medical and surgical treatments have
gradually mitigated various cancer types, cancer-related
mortality has been high even in developed countries.
In particular, breast cancer is the most frequently diag-
nosed cancer type among females worldwide, especially
affecting those in their 30-50 s [2]. Cancers, including
breast cancer, are reportedly primed by family history [3],
genetic background [4], smoking [5-7], and type II diabe-
tes mellitus (T2DM) [8]. We and several investigators have
reported that metabolic syndrome (MetS) increases the
risk of pancreatic cancer [9, 10], and we have shown that
MetS increases the risk of almost all cancer types [11].
The overall incidence of cancers may be influenced by the
molecular mechanisms of MetS, including (1) insulin, (2)
adipokine, and (3) reactive oxygen species (ROS) [12].
Among almost all cancer types, breast cancer is special
owing to its estrogen sensitivity. Estrogen is known to ini-
tiate or proliferate breast cancer [13, 14], and MetS or obe-
sity increases estrogen production in adipose tissues [15]
along with the basal secretion of estrogen from the ovary.
Furthermore, MetS increases insulin resistance, leading

to a high risk of breast cancer [16]. Several investigators
have examined the relationship between the incidences
of MetS and breast cancer, and a meta-analysis of nine
articles encompassing 6417 cases of cancer revealed that
MetS is associated with a moderately increased risk of
postmenopausal breast cancer [17]. Furthermore, MetS
reportedly increased the risk of breast cancer in females
aged > 60 years, which is not confirmed in younger
females in 4862 cases of breast cancer [18]. Conversely,
MetS is a risk factor for breast cancer in females aged
40-80 [19] and > 18 years [20]. Taken together, MetS,
especially obesity, may increase breast cancer incidence,
and age may serve as a critical threshold that determines
whether MetS exacerbates or mitigates breast cancer risk;
however, no clear evidence exists regarding the relation-
ship between MetS and breast cancer, as the sample size of
each study is relatively small, with < 50,000 participants,
2000 of whom have breast cancer. Such an investigation
is valid; however, we needed a single and large cohort of
one million females by age group.

Therefore, we planned to form a cohort of more than one
million individuals from the general population and followed
them for more than 10 years, and we decided to investigate
the relationship between the occurrence of MetS or the early
phase of MetS and the incidence of breast cancer.

Table 1 Characteristics of 1,112,016 subjects with complete data for identifying MetS and important risk factors

The parameters for ~ All data Japanese criteria of MetS

NCEP/ATPI criteria of MetS

the diagnosis of
MetS and impor-
tant risk factors

(N=1,112,016)

NonMetS
(N=1,013,480)

PreMetS
(N=45,984)

MetS (N=52,552)

NonMetS
(N=1,019,413)

MetS (N=92,603)

Age, median age

Smoker, n (%)

BMI, median BMI

Abd circumference,
median cm

sBP, median
mmHg

dBP, median
mmHg

HbAlc, median %

Fasting glucose,
median mg/dL

HDL-cholesterol,
median mg/dL

LDL-cholesterol,
median mg/dL

TG, median mg/dL

53 (46-60)

124,339 (11.2%)
21.1 (19.3-23.5)
70.5 (76.0-83.0)

112 (103-124)

69 (62-77)

5.4 (5.2-5.6)
89 (84-95)

70 (60-81)
115 (95-137)

66 (49-93)

53 (46-61)
111,144 (11.0%)
20.7 (19.1-22.7)
75.0 (70.0-81.0)

111 (102-122)

68 (61-76)

5.4 (5.2-5.6)
89 (84-94)

71 (61-82)

113 (94-135)

64 (48-88)

56 (50-64)*

5943 (12.9%)*
28.0 (26.0-30.4)*
94.5 (92.0-99.0)*

121 (112-128)*

74 (68-81)*

5.6 (5.4-5.9)*
94 (89-102)*

60 (52-70)*

130 (110-151)*

92 (70-118)*

59 (53-67)**
7252 (13.7%)**

29.1 (26.9-32.0)**

96.0 (92.5—
101.8)%*

136 (129-146)**

84 (77-90)**

5.8 (5.6-6.2)**
100 (93-112)**

56 (48-66)**
137 (116-160)**

133 (91-181)**

52 (45-60)

111,146 (10.9%)
21.3 (20.0-24.2)
76.3 (73.0-85.0)

112 (106-126)

69 (64-80)

5.4 (5.2-5.6)
89 (85-97)

72 (53-75)

116 (98-138)

72 (55-110)

59 (51-65)*
13,193 (14.2%)*
27.0 (24.8-29.5)*
91.0 (88.0-98.5)*

135 (126-143)*

82 (78-91)*

6.0 (5.5-6.2)*
110 (99-117)*

56 (41-57)*

138 (110-153)*

159 (125-233)*

Values are median (interquartile ranges), and only values of “women” and “smoker” are number (percent). Both symbols of * and * indicate
p<0.001 between the NonMetS and Mets groups and between the preMetS and MetS groups, respectively. It should be noted that, due to vari-
ation in the timing of subject entry, the exact year of entry could not be specified. As our database comprises annual data from 2005 through
2020, subjects meeting the entry criteria were included irrespective of their year of entry

BMI body mass index, Abd abdominal, sBP systolic blood pressure, dBP diastolic blood pressure, Hb hemoglobin, HbAIc hemoglobin Alc,
HDL high-density lipoprotein, LDL low-density lipoprotein, 7G triglyceride
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Table 2 Characteristics of 696,142 subjects with complete data for subanalysis of temporal appearance of MetS

The parameters for the  All data Type of MetS

diagnosis of MetS and —

important risk factors (n=696,142) NonMetS (n=620,663) MetS-developed MetS-persistent MetS-recovered
(n=26,830) (n=29,051) (n=19,598)

Age, median age 55 (49-63) 55.0 (48.0-62.0) 61.0 (54.0-68.0)* 62.0 (56.0-69.0)* 62.0 (55.0-69.0)*

Smoker, n (%)
BMI, median BMI

Abd circumference,
median cm

71,462 (10.3%)
21.1 (19.3-23.6)
76.5 (71-83.5)

61,583 (9.9%)
20.8 (19.1-22.9)
75.2 (70.0-81.2)

113 (103-125)
dBP, median mmHg 69 (62-78)
HbAlc, median % 5.4 (5.2-5.7)

Fasting glucose, median 70 (60-82)
mg/dL

HDL-cholesterol,
median mg/dL

111.0 (102.0-122.0)
68.0 (61.0-76.0)
5.4 (5.2-5.6)

89.0 (84.0-94.0)

sBP, median mmHg

116 (97-139)  72.0 (62.0-83.0)

LDL-cholesterol, 68 (50-96) 114.0 (96.0-136.0)
median mg/dL
TG, median mg/dL 90 (84-96) 64.0 (49.0-87.0)

3423 (12.8%)*
25.3 (23.2-28.2)*
87.5 (83.0-93.8)*

133.0 (124.0-141.0)*
81.0 (74.0-88.0)*
5.7 (5.5-6.0)%

102.0 (95.0-108.0)*

56.0 (47.0-67.0)*

134.0 (114.0-156.0)*

147.0 (91.0-181.0)*

4002 (13.8%)*
26.8 (24.3-30.1)*
90.5 (85.5-97.8)*

136.0 (126.0-146.0)*
83.0 (75.0-90.0)*
5.9 (5.6-6.4)*

106.0 (99.0-117.0)*

50.0 (44.0-61.0)*

135.0 (114.0-158.0)*

157.0 (108.0-208.0)*

2454 (12.5%)*
24.8 (22.6-27.7)*
86.5 (81.0-93.0)*

125.0 (117.0-135.0)*
77.0 (70.0-84.0)*
5.7 (5.4-6.0)*

96.0 (91.0-104.0)*

59.0 (52.0-69.0)*
132.0 (111.0-155.0)*

104.0 (79.0-132.0)*

Values are presented as medians (interquartile ranges), except for “smoker,” which is expressed as number (percentage). p <0.01 compared with
each value of the MetS-free group. It should be noted that, due to variation in the timing of subject entry, the exact year of entry could not be
specified. As our database comprises annual data from 2005 through 2020, subjects meeting the entry criteria were included irrespective of their

year of entry

BMI body mass index, Abd abdominal, sBP systolic blood pressure, dBP diastolic blood pressure, Hb hemoglobin, HbAIc hemoglobin Alc,
HDL high-density lipoprotein, LDL low-density lipoprotein, 7G triglyceride

Methods
Study Design

This retrospective observational study adhered to the
principles of the Declaration of Helsinki and the Japanese
Ethical Guidelines for Clinical Research.

Participants

Our analyses were based on the data from healthcare insur-
ance claims provided by JIMDC (Japan Medical Data Center),
Inc. (Tokyo, Japan). The database comprised standardized
eligibility and claims data provided by health insurance socie-
ties for insured individuals from 2005 to 2020. It included the
data of general corporation employees, their family members,
and all medical treatments received by insured individuals at
treatment facilities. While breast cancer can occur in men,
our dataset did not include any male patients diagnosed with
breast cancer. Accordingly, this study included only female
participants.

Moreover, it included a comprehensive record of all
the treatments administered to a patient. In this study, the

decoding indexes stored by JMDC, Inc. were discarded,
and the personal data were analyzed under unlinkable
anonymization.

Definition of MetS

The Japanese criteria defined MetS as abdominal central obe-
sity with an abdominal circumference at the umbilical levels
of > 85 and>90 cm for males and females, respectively, with
two or more of the following factors: (1) elevated triglyceride
and/or reduced high-density lipoprotein levels, (2) elevated
blood pressure, and (3) elevated fasting glucose levels [21].
Premetabolic syndrome (preMetS) was defined as the presence
of abdominal central obesity combined with one of the above-
mentioned factors. Furthermore, the nonMetS group comprised
participants not classified as having either MetS or preMetS.
Additionally, MetS was defined according to the modi-
fied National Cholesterol Education Program Adult Treat-
ment Panel III (NCEP ATP III) criteria [22], with the
presence of >3 of the following factors: (1) serum tri-
glycerides (TG) > 1-69 mmol/L (150 mg/dL), (2) high-
density lipoprotein (HDL)-cholesterol < 1-03 mmol/L
(40 mg/dL) for men and < 1:29 mmol/L (50 mg/dL) for
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«Fig. 1 Kaplan-Meier curves of breast cancer incidence in the preM-
etS or MetS group (A), and Kaplan—Meier curves of breast cancer
incidence in the MetS groups with two and three factors (B) based
on the Japanese MetS criteria. In A, p<0.01 between nonMetS and
MetS groups, p<0.01 between nonMetS and preMetS groups, and
p<0.01 between preMetS and MetS groups were observed. In B,
p<0.01 between preMetS group and MetS group with 2 factors,
p<0.01 between preMetS group and MetS group with three factors,
and p<0.01 between the MetS group with two factors and three fac-
tors were observed

women, (3) glucose>6-11 mmol/L (110 mg/dL) fasting
or>7-77 mmol/L (140 mg/dL) non-fasting, or on treatment,
(4) blood pressure (BP) > 130/85 mm Hg or medication use,
and (5) body mass index (BMI) >25-0 kg/mz.

Study Protocol

Of the 1,144,791 females with complete baseline informa-
tion, 32,775 with breast cancer at the beginning of the obser-
vation period were excluded, and breast cancer occurrence
was evaluated (Table 1). Our results showed that 54,330 par-
ticipants had breast cancer during the observation period
according to the International Classification of Diseases 10th
Revision (coded as C50.0 to C50.9).

After acquiring each dataset, we used the Kaplan—-Meier
analysis to compare breast cancer occurrence with and
without MetS or preMetS. Furthermore, we calculated the
hazard ratios (HRs) using Cox proportional hazard mod-
els between two and three groups. Moreover, we exam-
ined breast cancer incidence in the subgroups of females
aged <50 or > 60 years and aged > 50- and < 60- years old.

For another subanalysis, we enrolled 696,142 participants
with well-followed metabolic states for >3 years to inves-
tigate the effects of metabolic dynamics on breast cancer
occurrence (Table 2). We classified the participants into four
groups based on the presence or absence of MetS at baseline
and after three years:

Participants with nonMetS were categorized into either
MetS-developed (26,830 participants) or nonMetS (620,663
participants) groups on the basis of either MetS appeared or
not-appeared. Participants with MetS were categorized into
either the MetS-recovered (19,598 participants) or MetS-
persistent (29,051 participants) groups on the basis of the
conditions that MetS improved/disappeared or persisted for
3 years. These participants were followed until the end of
the observation period or breast cancer onset.

Statistics

Time-to-event data were evaluated using Kaplan—Meier esti-
mates and compared using the log-rank test for primary anal-
yses. The entry time, that is, time =0 for the Kaplan—Meier
plots, varied. Censoring occurred when the patient died or

was lost to follow up. We employed a complete case analysis
(listwise deletion) for missing data, and a sensitivity analysis
was not performed.

Cox proportional hazard models were employed for esti-
mating HRs with the MetS or preMetS group assignment or
combinations of the components with the MetS, preMetS,
and nonMetS groups for calculating the p-values regard-
ing the hypothesis testing between the groups. For those
analyses involving multiple comparisons, we applied the
Holm-Bonferroni correction [23] to adjust for the inflation
of type I error.

The models were adjusted for smoking and age because
the incidence of cancer is believed to be affected by these
factors. After checking the interactions between the vari-
ables of age and smoking through likelihood ratio tests on
regression coefficients of interaction terms, no interaction
between smoking and age was noted to be significant.

All statistical analyses were performed using Python v310
and packages, including lifelines v0278 (https://github.com/
nkimoto/PKMetS).

Results

The clinical characteristics of patients with and without
preMetS or MetS are presented in Table 1. The results of
the Kaplan—Meier analysis of the participants with and
without MetS defined using the Japanese MetS criteria for
breast cancer incidence are depicted in Fig. 1. As shown in
Fig. 1A, along with progression from the nonMetS to MetS
via preMetS, breast cancer was associated with less frequent
incidence in a stepwise manner; as shown in Fig. 1B, MetS
with two or three factors was associated with the less fre-
quent incidence of breast cancer compared with preMetS/
nonMetS. Both preMetS and MetS were associated with
the less frequent incidence of breast cancer (HR, 0.90; 95%
CI, 0.86-0.94; p <0.005: HR, 0.83; 95% CI, 0.80-0.87;
p <0.005), and MetS with one, two, or three factors, as well
as preMetS, was associated with the less frequent incidence
of breast cancer (HR, 0.90; 95% CI, 0.86-0.94; p <0.005:
HR, 0.83; 95% CI, 0.80-0.87; p <0.005: HR, 0.85; 95% CI,
0.78-0.94; p <0.005). The results of the subanalysis for
investigating the relationship between the presence of MetS
or preMetS and breast cancer incidence by age group are
shown in Fig. 2. In the < 50-year-old age group, both MetS
(HR, 0.71: CI, 0.62-0.82; p <0.005) and preMetS (HR,
0.69: CI, 0.61-0.79; p < 0.005) were associated with the less
frequent incidence of breast cancer to the same extent. In
the > 50- and < 60-year-old age group, both MetS or preMetS
(MetS: HR, 0.73: CI, 0.67-0.78; p <0.005; preMetS: HR,
0.83: CI, 0.77-0.88; p <0.005) were associated with less
frequent incidence of breast cancer. In the > 60-year-old age
group, preMetS was associated with more frequent incidence
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of breast cancer (HR, 1.07: CI, 1.00-1.15; p <0.05), whereas
MetS did not affect it (HR, 1.01: CI, 0.95-1.07; p=0.75)
compared with nonMetS.

The results of the Kaplan—Meier analysis indicated
that participants with and without MetS, defined using the
NCEP/ATP III criteria, had showed the association with less
frequent breast cancer incidence (HR, 0.87: CI, 0.84-0.90;
p <0.005) (Fig. 3A). The negative relationship between the
number of the factors of MetS and the incidence of breast
cancer is shown in Fig. 3B. The HR for the incidence of
breast cancer monotonically was associated with the less
frequent incidence as the number of MetS factors increases:
Particularly, for one factor, the HR was 0.95 (95% CI,
0.93-0.97; p <0.005); for two factors, the HR was 0.90 (95%
CI, 0.87-0.92; p <0.005); for three factors, the HR was 0.84
(95% CI, 0.81-0.88; p < 0.005); for four factors, the HR was
0.83 (95% CI, 0.77-0.88; p <0.005); and for five factors, the
HR was 0.82 (95% CI, 0.71-0.94; p < 0.005).

Regarding the effects of changes in the status of MetS
during the observation period, Kaplan—-Meier analyses
(Fig. 4) and log-rank test among the nonMetS, MetS-devel-
oped, MetS-persistent, and MetS-recovered groups revealed
that even the temporal MetS status is associated with the
less frequent incidence the risk of breast cancer. Compared
with the nonMetS groups, the incidences of breast cancer
were associated with the less frequent incidence in the MetS-
developed (HR, 0.91; 95% CI, 0.85-0.98; p <0.01), MetS-
persistent (HR, 0.87; 95% CI, 0.81-0.93; p <0.005), and
MetS-recovered (HR, 0.88; 95% CI, 0.81-0.95; p <0.005)
groups. No differences in breast cancer incidences were
observed among the MetS-developed, MetS-recovered, and
MetS-persistent groups. Even though the differences in the
Kaplan—Meier curves appear subtle, the large sample size
may have contributed to the statistical significance. Taken
together, these findings suggest that the temporary occur-
rence of MetS is associated with the less frequent breast
cancer incidence.

Discussion

This study revealed that MetS is linked to the incidence of
breast cancer in females with an average age of 53 years.
Interestingly, in females aged < 50 years, MetS and preM-
etS are linked to the incidence of breast cancer compared
with nonMetS, with preMetS exhibiting a protective effect
comparable to that of MetS. In females aged 50-60 years,
although either MetS or preMetS is linked to the incidence
of breast cancer compared with nonMetS, preMetS seemed
to exhibit a weaker effect than MetS. In contrast, in females
aged > 60 years, the effects of MetS on breast cancer were
attenuated, and the breast cancer incidence in participants

@ Springer

with either MetS or preMetS was high compared with that
of participants with nonMetS, with no significant difference.
Considering that females aged < 50 years may not yet have
entered menopause, whereas most of those aged > 60 years
have already reached menopause, the observed significant
age-dependent relationship between MetS (or preMetS) and
breast cancer appears to be strongly mediated by menopausal
status.

Cardiovascular Relevance of MetS in Relation
to Breast Cancer

It is highly consistent that the patients with MetS are man-
aged not only by endocrinologists but also by cardiologists,
since numerous studies have reported that MetS is closely
associated with the development of cerebrovascular and
cardiovascular diseases [24—27]. In other words, MetS is
considered a part of cardiovascular disease. In our previous
work, we demonstrated that MetS is also linked to the inci-
dence of various cancers [10, 11], suggesting that cardiolo-
gists treating the patients with MetS should pay attention
not only to the risk of cerebrovascular and cardiovascular
diseases but also to the potential development of cancer. In
the present study, we further investigated the association
with breast cancer, which had not been addressed in our
prior research [10, 11], and found an intriguing result that,
unlike previous reports, MetS appeared to be less frequently
associated with the incidence of breast cancer. This finding
suggests that cardiologists, when managing the patients with
MetS, should also keep in mind the potential involvement of
MetS in breast cancer development, even if such an associa-
tion appears attenuated.

Differences and Similarities Between Previous
and Present Results

In the cohort investigated in this study, MetS, including
preMetS, was associated with a less frequent incidence
breast cancer incidence overall. This finding contrasts with
previous results from a meta-analysis of 97,277 females,
which showed that MetS increased breast cancer incidence
[20], suggesting that our findings differ from those of pre-
vious studies. However, a larger cohort study encompass-
ing 287,320 females reported that although MetS increased
breast cancer incidence in females aged > 60 years, this trend
was not observed in younger females [18]. This hypothe-
sis was also proved in a Japanese cohort [28]. The present
study, with a cohort of 1,112,016 females, including 54,330
participants with breast cancer who can provide potential
and definite power to analyze the relationship among MetS,
breast cancer, and age, revealed a reversal in the relation-
ship between MetS and breast cancer risk, especially in
the < 60-year-old age group. Furthermore, this inverse
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Fig.2 Kaplan—Meier curves
of breast cancer incidence
according to <50-, 50-60-,
and > 60-year-old age groups.
In age <50 years old, p<0.01
between nonMetS and MetS
groups, p<0.01 between the
nonMetS and preMetS groups,
and non-significant differ-
ence between the preMetS and
MetS groups were observed. In
50 years old <age <60 years
old, p <0.005 between the
nonMetS and MetS groups,
p<0.001 between nonMetS
and preMetS groups, and

p <0.05 between preMetS and
MetS groups were observed. In
60 years old < age, no signifi-
cant differences were observed
among the groups
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«Fig. 3 Kaplan—Meier curves of the incidence of breast cancer with
and without MetS (A) and pancreatic cancer incidence among the
six groups with 0-5 components of MetS (B) based on the modified
NCEP/ATP III criteria. In A, p<0.005 between nonMetS and MetS
groups was observed. In B, significant differences were observed
between the no factor group and the groups with 1, 2, 3, 4, and 5 fac-
tors (p <0.05, p<0.05, p<0.01, p<0.01, and p <0.01, respectively)

association between breast cancer incidence and MetS
occurrence became stronger as the number of MetS-related
factors, including hypertension and dyslipidemia, beyond
obesity alone, increased. Additionally, of note, this study
showed that preMetS, considered an early stage of MetS,
exhibited similar effects to those observed with MetS.
This interesting phenomenon is observed in patients with
T2DM. A more recent meta-analysis of 20 studies encom-
passing 30,407 cases of cancer revealed that females with
diabetes (vs. females without diabetes) had a statistically
significant 20% increased risk of breast cancer (1.20; 95%
CI, 1.12-1.28). However, in the stratified analysis by meno-
pausal status, diabetes was associated with a 16% increased
breast cancer risk in postmenopausal females and a 9%
reduced risk in premenopausal females [29].

These findings have profound clinical implications. How-
ever, understanding why such a discontinuous relationship
between age and breast cancer incidence occurs with age is
a major challenge in the present observation.

Age-Related Relationship Between MetS and Breast
Cancer

Understanding the impact of MetS on breast cancer neces-
sitates investigating its molecular mechanisms, which cul-
minate in the effects of (1) insulin, (2) adipokine, (3) ROS,
and (4) estrogen [12]. Insulin is a major anabolic hormone
that stimulates cell proliferation. An indirect mechanism,
including insulin-like growth factor (IGF)—1 stimulation,
is believed to mediate the effects of insulin on cancer cell
proliferation in vivo. IGF-1 receptor activation stimulates
the p21 ras/sMAPK pathway for cell proliferation and the
PI3K/AKT cell survival pathway [30]. Furthermore, IGF-1
stimulates angiogenesis by increasing vascular endothe-
lial growth factor production [31]. These findings may be
related to breast cancer incidence. However, insulin, adi-
pokine, or ROS may not explain the discontinuous relation-
ship between age and breast cancer incidence that occurs
with age.

Conversely, the levels of estrogen, which increases the
incidence of breast cancer [13], may be changed through-
out a female’s life. Breast cancer is mainly influenced by
estrogen, and estrogen levels remain high until 50 years old
during the premenopausal period; however, they are known
to significantly decrease once menopause is reached. In

contrast, obesity, frequently observed in MetS, leads to
estrogen production in the adipose tissue. After meno-
pause, the primary source of estrogen production shifts
from the ovaries to fat cells. Why, then, does MetS appear
to reduce the risk of breast cancer before menopause,
whereas following menopause, the relationship between
MetS and breast cancer risk seems to have disappeared or
reversed?

MetS, during the premenopausal period, is associated
with increased anovulatory cycles [32, 33]. More fre-
quent anovulatory cycles cause reduced estrogen produc-
tion from the ovaries, which is hypothesized to lower
the risk of breast cancer. This phenomenon is consistent
with findings that breast cancer incidence shows less fre-
quent not only in the MetS-persistent group but also in
those who recover from MetS or develop it temporarily.
In other words, even a transient premenopausal MetS
occurrence may increase anovulatory cycles, thereby
decreasing estrogen levels and potentially affecting
breast cancer risk.

Study Limitations and Notable Features

One limitation of our study is the reliance on ICD-10
diagnosis codes to identify breast cancer cases, without
pathological confirmation. While this may raise concerns
regarding diagnostic accuracy, it is important to note that,
in Japan, all cancer diagnoses are legally mandated to be
reported to the national cancer registry under the Cancer
Registry Act, and false registration is subject to legal pen-
alties. Thus, cancer diagnoses are generally applied with
considerable rigor. Nevertheless, the absence of direct
pathological evidence remains a limitation and should be
acknowledged. Additionally, we cannot rule out the pos-
sibility of residual confounding or unmeasured factors
influencing the observed association between metabolic
syndrome and breast cancer.

The relationship between MetS and cancers overall
should be carefully concluded. Big data analyses may reveal
subtle changes in the cohort. However, we observed that
each factor responsible for MetS is independently associated
with breast cancer, suggesting that MetS exhibits a stepwise
effect on cancer risk modulation.

We also should consider the residual confounding or
unmeasured variables that could explain the unexpected
association between MetS and breast cancer. It is possible
that differences in hormonal environments between individu-
als with and without MetS contribute to this association.
Moreover, patients diagnosed with MetS are more likely
to receive medical interventions and to engage in lifestyle
modifications, including smoking cessation, alcohol restric-
tion, and dietary control.
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Fig.4 Kaplan—-Meier curves of the nonMetS-free and MetS-devel-
oped groups and the MetS-recovered and MetS-persistent groups for
breast cancer incidence. Compared with the nonMetS groups, breast
cancer incidences are less frequent in the MetS-developed (p <0.05),

Racial differences may exist whether MetS regulates
breast cancer incidence. In Japan, as the lifestyle has recently
been westernized, cancers with high prevalence are becom-
ing similar to those of Western countries, and the popula-
tion with MetS has increased. As we employed a diagnostic
method using the NCEP ATP III and Japanese criteria, our
conclusion remains unchanged, suggesting that the present
conclusion can be applicable worldwide.

As the study cohort was obtained from employees of
general corporations and their family members, the average
age of the participants may be younger than the average of

@ Springer

MetS-recovered (p <0.05), and MetS-persistent (p <0.01) groups. No
differences in breast cancer incidences are observed among the MetS-
developed, MetS-recovered, and MetS-persistent groups

the population in Japan. In 2020, the average age of the
Japanese population was 48.9 years, which was similar to
the average of the cohort of this study. The present cohort
may lack older adult participants aged > 80 years; there-
fore, the relationship between MetS and breast cancer for
females aged > 80 years may not be comparable with the
present results.

For a therapeutic perspective, clinicians should recog-
nize that women without MetS during the peri-menopausal
period may show a lower likelihood of cerebrovascular and
cardiovascular disease, whereas a tendency toward breast
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cancer should not be overlooked. Furthermore, women with
MetS who undertake excessive intentional weight reduction
during the menopausal transition might warrant attention, as
this could potentially affect their breast cancer risk.
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